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Executive Summary 
The Great Lakes region is an important corridor for freight transportation in the United 

States (US).  The region serves as a connection between the Midwest and the Eastern seaboard 
and includes such major industrial cities as Detroit, Chicago, Cleveland, Buffalo, and Toronto, 
among others. Within this region, three modes of freight transportation dominate: rail, truck, and 
ship.  Each of these modes presents a different set of attributes to shippers, consumers, and 
society, including: economic costs, time-of-delivery, environmental impact, reliability, and 
energy use. 

For the most part, shipping decisions in the Great Lakes region (as in other parts of the 
country) are made by considering economic costs, reliability, and time-of-delivery.  Unless 
mandated by law, environmental impacts are usually ignored, as they represent social costs that 
are not captured in the market prices for transportation services.  Moreover, few tools exist that 
can help decision makers characterize and evaluate the environmental impacts of their shipping 
decisions. 

This project provides such a tool for the Great Lakes region by enhancing the Geospatial 
Intermodal Freight Transport (GIFT) model currently under development in a joint research 
collaborative between Rochester Institute of Technology (RIT) and the University of Delaware.  
GIFT is a Geographic Information Systems (GIS) based model that integrates water, rail, and 
road transportation networks and intermodal transfer facilities to create an intermodal network 
that can be used to solve a variety of interesting problems.  In particular, GIFT calculates optimal 
routing of freight between origin and destination points based on user-defined objectives.  GIFT 
not only solves for typical objectives such as costs and time-of-delivery, but also for energy and 
environmental objectives, including emissions of carbon dioxide (CO2), carbon monoxide (CO), 
oxides of nitrogen (NOx), sulfur oxides (SOx), particulate matter (PM10), and volatile organic 
compounds (VOCs). 

In this project, we develop a detailed network characterization for the Great Lakes region 
(GL-GIFT), and demonstrate how one can use GL-GIFT for answering important transportation 
planning and policy decisions.  GL-GIFT connects US and Canadian highway, rail, and shipping 
networks through ports, rail yards, and other transfer facilities to create an intermodal, 
international freight transportation network.  This network is developed in ArcGIS 9.2, and 
captures network attributes such as costs, time, energy, and emissions.  GL-GIFT allows for the 
analysis of optimal freight routing across a host of objective functions within the Great Lakes 
region.  In this way, users can evaluate the tradeoffs associated with different goods movement 
choices, as well as explore how infrastructure development, technology adoption, and economic 
instruments may affect freight transport decision making.   

In order to validate and demonstrate our model, we explore a case study involving the 
transportation of containerized freight from outside of Cleveland, OH to Toronto, Canada. We 
have conducted three types of analyses using this case to illustrate different applications of GL-
GIFT: 

1. Example 1: We optimize for one single-objective function which is to minimize PM10 
emissions.  This example demonstrates a general use of GL-GIFT with an 
environmental objective. 

2. Example 2: We optimize on three different single-objective functions: (1) minimize 
operating cost; (2) minimize time-of-delivery; and (3) minimize CO2 emissions.  This 
example demonstrates how GL-GIFT can be used to show tradeoffs associated with 
different decision objectives. 



ES-2 
 

3. Example 3: We optimize for two single-objective functions: (1) minimize NOx and 
(2) minimize NOx accounting for stricter emission standards which will take effect in 
2014. This example demonstrates how GL-GIFT can be used to evaluate the potential 
impact of new technologies on affecting route decisions under environmental 
objectives. 

The case study results can be depicted in both graphical and tabular form. Figure ES-1 
depicts a graphical representation for the second example. These examples serve as illustrations 
on how GL-GIFT can be used in the Great Lakes region to determine optimal intermodal route 
choices and to model the introduction of new technologies and policies (such as the NOx 
emission standard reductions). 

Figure ES-1. Results of example 2 – optimal routes for least time, least cost, and least CO2 for moving freight 
from Cleveland, OH to Toronto, Canada. 

 

 We plan on continuing to update and improve GL-GIFT and will be working to integrate 
it as an important tool in sustainable shipping decision making in the Great Lakes region. The 
following areas are likely areas of continued improvements and are discussed in more detail in 
the report:  

1. Ensure transportation network database and objective cost evaluators are robust and 
flexible.  

2. Refine speed limit data.  
3. Improve intermodal transfer time estimates.   
4. Incorporate speed, traffic control, and congestion constraints.  
5. Verify the capabilities of intermodal transfer facilities. 
6. Conduct freight systems modeling.  
With these and other improvements, we expect GL-GIFT to be an important tool for 

policymakers, planners, shippers, and others interested in sustainable shipping in the Great Lakes 
region. 
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1 Chapter 1: Introduction 
The Great Lakes region is an important corridor for freight transportation in the United 

States (US).  The region serves as a connection between the Midwest and the Eastern seaboard 
and includes such major industrial cities as Detroit, Chicago, Cleveland, Buffalo, and Toronto, 
among others. Within this region, three modes of freight transportation dominate: rail, truck, and 
ship.  Each of these modes presents a different set of attributes to shippers, consumers, and 
society, including: economic costs, time-of-delivery, environmental impact, reliability, and 
energy use. 

For the most part, shipping decisions in the Great Lakes region (as in other parts of the 
country) are made by considering economic costs, reliability, and time-of-delivery.  Unless 
mandated by law, environmental impacts are usually ignored, as they represent social costs that 
are not captured in the market prices for transportation services.  Moreover, few tools exist that 
can help decision makers characterize and evaluate the environmental impacts of their shipping 
decisions. 

This project provides such a tool for the Great Lakes region by enhancing the Geospatial 
Intermodal Freight Transport (GIFT) model currently under development in a joint research 
collaborative between Rochester Institute of Technology (RIT) and the University of Delaware 
(UD).  GIFT is a Geographic Information Systems (GIS) based model that integrates water, rail, 
and road transportation networks and intermodal transfer facilities to create an intermodal 
network that can be used to solve a variety of interesting problems.  In particular, GIFT 
calculates optimal routing of freight between origin and destination points based on user-defined 
objectives.  GIFT not only solves for typical objectives such as costs and time-of-delivery, but 
also for energy and environmental objectives, including emissions of carbon dioxide (CO2), 
carbon monoxide (CO), oxides of nitrogen (NOx), sulfur oxides (SOx), particulate matter (PM10), 
and volatile organic compounds (VOCs). 

In this project, we develop a detailed network characterization for the Great Lakes region 
(GL-GIFT), and demonstrate how one can use GL-GIFT for answering important transportation 
planning and policy decisions.  GL-GIFT connects US and Canadian highway, rail, and shipping 
networks through ports, rail yards, and other transfer facilities to create an intermodal, 
international freight transportation network.  This network is developed in ArcGIS 9.2, and 
captures network attributes such as costs, time, energy, and emissions.  GL-GIFT allows for the 
analysis of optimal freight routing across a host of objective functions within the Great Lakes 
region.  In this way, users can evaluate the tradeoffs associated with different goods movement 
choices, as well as explore how infrastructure development, technology adoption, and economic 
instruments may affect freight transport decision making. 

Chapter 2 of the report provides background information and explains the state of freight 
transportation in the Great Lakes region, the environmental and energy use concerns associated 
with goods movement, and the need for novel tools that allow decision makers to integrate 
energy and environmental objectives into policy and planning decisions.  Chapter 3 discusses the 
research methodology including the development, data population, and uses of the GL-GIFT 
model.  Chapter 4 provides an example case study used to demonstrate and to validate GL-GIFT.  
Chapter 5 explains our plans for future work on the model.  And Chapter 6 provides information 
on all publications, presentations, and classroom material related to GL-GIFT model research. 
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2 Chapter 2: Background 

2.1 The State of Shipping in the Great Lakes 
Nationally, and in the Great Lakes region as well, freight transport patterns have shifted 

over the last few decades, with the decline of heavy industry and the increasing prominence of 
“just-in-time” supply chain models. Bulk transport by water or rail is no longer the standard 
method of industrial transport, with trucks being used more often to carry cargo that is time-
sensitive and high value. Mass shipping is now typically reserved for low value-per-unit 
shipments of raw materials such as coal, iron ore and grain and is typically transported by rail or 
ship in the Great Lakes region.   
 The majority of waterborne cargo in the Great Lakes is carried by a fleet of dry-bulk 
cargo ships and “self-unloaders” – a type of ship that is essentially a dry-bulk carrier with 
integrated lifts and conveyors to facilitate unloading without extensive shore-side infrastructure.  
Tug boats are often used to push a small number of barges, which can be used on the lakes as 
well as on most of the waterways that communicate with the Great Lakes. Increasingly, 
Integrated Tug-Barge combination ships are being used, in which the flat area of the barge is 
being included in an extended section of the tug boat hull. 
 The vast majority of ships (excluding tugs and barges) are owned by a very few number 
of companies. Nineteen of the 27 bulk carriers are owned by four owners; 77 of the 85 self-
unloaders are owned by eight owners [1]. The vast majority of shippers operate on relatively 
long-term contracts. Sixty percent of freight shipments are carried out under contracts of 3-5 
years in length and a further 20% are under even longer contracts [2]. The combination of these 
factors presents a very stable picture of Great Lakes shipping.  However, shipment levels tend to 
vary due to transient economic and seasonal factors.  Between 2002 and 2005, water-borne 
freight flows, including those to Canada, totaled between 130 and 170 million tons per year on 
the Great Lakes [2].  The vast majority of the bulk commodities remained in the Upper Midwest. 
Approximately 47 million tons of cargo exited the Great Lakes through the Welland Canal and 
into the Saint Lawrence Seaway, much of it destined for other US or Canadian ports; only ~6 
million tons were intended for ports elsewhere [3].  

Marine freight traffic in the Great Lakes St. Lawrence Seaway is expected to increase 
over time at a steady rate [4].  One way to estimate marine freight transportation throughout the 
Great Lakes region is to look at the annual tonnage that passes through the major sections of the 
Great Lakes.  There are three major sections: (1) the Montreal/Lake Ontario section; (2) the 
Welland Canal; and, (3) the Soo Locks.  Table 2-1 summarizes the projected increase in annual 
tonnage by the year 2050 through each of these three sections. 

Table 2-1. Annual tonnage and average annual growth rate by the year 2050 for the Montreal/Lake Ontario, 
Welland Canal, and Soo Locks sections of the Great Lakes. 

Section Annual tonnage (Mt) Average annual growth rate (%) 

Optimistic Most Likely Pessimistic Optimistic Most Likely Pessimistic
Montreal/Lake 
Ontario 51 42 33 1.1 0.7 0.1 

Welland Canal 54 42 32 1.0 0.5 0.0 
Soo Locks 131.3 107.3 91.4 1.3 0.7 0.3 
Source: Great Lakes St. Lawrence Seaway Report, Fall 2007, pg 48. 
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 Notably absent from the discussion of Great Lakes freight is containerization. As of this 
writing, there is only one container vessel on the Great Lakes (the Dutch Runner). Only two 
dedicated Roll-on/Roll-off (Ro/Ro) transport ferries operate, though trucks can often be driven 
onto barges or passenger ferries to the same effect.  However, new vessel technologies are being 
developed that could potentially be used for containerized freight transport in the Great Lakes-St. 
Lawrence Seaway (GLSLS) region.  These vessels include: containers on barge, fast freighters, 
GLSLS container vessels, and partial air cushion support catamaran (PASCAT) vessels. Table 2-
2 identifies various attributes for each of these vessel types. Using these types of vessels (and 
others), containerized traffic is expected to increase in the Great Lakes region over time [4]. 
 Freight traffic in the GLSLS region could increase significantly more than the steady 
growth projections currently predicted.  International freight originating in Asia and destined to 
the US predominantly arrives at US west coast ports such as LA/Long Beach, Oakland, Seattle, 
and Tacoma.  As these ports become more congested and environmental impact becomes a 
greater concern, shippers seeking routes from Asia to destinations in the interior of North 
America are considering transport through the Red Sea, Suez Canal, Mediterranean, Atlantic 
Ocean and Saint Lawrence Seaway with off-loading to smaller vessels for transport through the 
Great Lakes system.  With efficient freight handling and capacity planning, this traffic from Asia 
would be integrated with freight destined for or originating in the Middle East, Eastern Africa, 
and Europe as well as North America.  This alternate routing from Asia to North America may 
provide significant benefit for economic growth and reduced global environmental impact, but 
may raise concerns of increased local environmental impact in the Great Lakes region. 

Table 2-2. Attributes of new vessel technologies for Great Lakes containerized shipping, illustrating speed, 
energy consumption, and capacity. 

 Containers on 
Barge 

Fast 
Freighter 

GLSLS 
Container Vessel 

PACSCAT 

Speed (mph) 9.2 39.7 23 23 
Fuel Consumption (kg/TEU-mi) 0.098 1.72 0.087 1.04 
Capacity (TEU) 620 95 1330 210 
Source: Great Lakes St. Lawrence Seaway Report (2007), p113. 

2.2 Energy and Environmental Issues Related to Freight Movement 
Energy use from freight transport nationally and in the Great Lakes region is expected to 

continue to rise for the foreseeable future, as shown in Figure 2-1.  Much of this growth will 
occur in the truck and air sectors, which are traditionally the most energy- and carbon-intensive 
modes of freight transport [5].  In addition, emissions from freight transport are increasing at a 
more rapid rate than other types of transportation [6, 7], and freight transport represents a non-
negligible component of local air pollutants and greenhouse gases (GHG) [8-11].   

Because truck transport has a higher energy- and carbon-intensity compared to rail or 
ship, these trends do not bode well for developing a sustainable freight transportation sector in 
the US.  Some of the many options being pursued to reduce the energy and environmental 
contributions of goods movement include: (1) reducing overall ton-miles traveled by either 
reducing cargo tonnage, cargo distance, or both; (2) improving the efficiency of existing 
transport modes through technological and/or operational changes; (3) moving to low-carbon and 
less-polluting fuels; and (4) shifting from high-polluting modes to less polluting modes. Of this 
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last element, mode-shifting from truck to rail/ship may be beneficial in the Great Lakes region 
not only for reducing emissions, but also to reduce on-highway congestion in the region. 

2.3 Routing and Logistics Tools for Improving Freight Transport Decision Making 
In the Great Lakes region, decisions on routes and modes of freight transportation are 

based largely on economic and time-of-delivery considerations.  Basing route and transportation 
mode choices on these metrics alone ignores the inherent tradeoffs associated with freight 
transport decisions.  As an example, an auto parts manufacturer is likely to choose trucking as 
their mode of freight transport since auto parts are a relatively high-value, time-sensitive good.  
Shipping by truck may be an optimal decision under a time-of-delivery objective, but may be 
sub-optimal under sustainability objectives. 
 

Figure 2-1. Expected energy use from freight transport by mode through the year 2030. 

 
Source: Derived from data in EIA (2007), Supplemental Table 33.  

 
 There are proprietary tools available now which companies use to determine optimal 
routes based on economics and time-of-delivery criteria.  However, these tools neglect to 
calculate other “costs” associated with route choices – namely, energy and environmental costs.   
One way to address these growing environmental impacts is through careful consideration of 
routes along an intermodal freight system [12, 13].  Route selection based on energy and 
environmental criteria, as opposed to the traditional criteria of cost and time-of-delivery, could 
help identify environmentally-sustainable ways to move freight throughout the US and abroad 
[13].  
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The GL-GIFT model will be useful in identifying opportunities for intermodal freight in 
the Great Lakes region.  As discussed above, GL-GIFT is capable of determining the optimal 
route choice for freight transport from origin to destination under a variety of objectives, 
including those related to energy and the environment.  Multi-objective analyses will allow 
policymakers to explore the tradeoffs associated with decisions related to mode choice, 
technology implementation, infrastructure expansion, economic incentives, and other policy 
related activities.  
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3 Chapter 3: Methodology 

3.1 General Approach 
Network optimization models are an important tool for evaluating freight transport 

logistics [14]. Two important types of network optimization models are: (1) trans-shipment 
models; and, (2) shortest path models. Model choice depends on the problem being studied. 

In trans-shipment models, macro-level supply and demand for commodities are identified 
(usually exogenously). The network models are used to determine how to meet demand at least 
cost given constraints on supply and delivery mechanisms. An example of this type of modeling 
could be a manufacturer looking to find the least-cost way to distribute product from several 
production facilities to a number of distribution outlets throughout the country.  

Integrated into these models could be shortest-path algorithms, such as the Dijkstra 
algorithm [15], to ensure the model selects the distribution network that achieves least cost. 
Researchers such as Southworth (2000, 2005) and Luo and Grigalunas (2002) have used such 
models to better understand large-scale intermodal freight transport in the US [16-18]. These 
intermodal freight models are unique in that they must include the costs (penalties) associated 
with intermodal terminal operations, as discussed in detail by others [19].  

The integration of these modeling approaches with Geographic Information Systems 
(GIS) is relatively new. For example, Boile applied a GIS based system (TransCAD) with a 
linear programming approach (GAMS) to conduct shortest-path analysis of intermodal freight 
movement [20]. Standifer and Walton also integrated highway, rail, and marine networks in an 
intermodal GIS environment to study freight transport [21], as did others [16]. Finally, recent 
work by the U.S. Bureau of Transportation Statistics has combined some shortest path 
algorithms in a GIS environment to validate travel distances for freight movement in the US 
[22]. 
 In this project, we extend our previous GIFT work to the Great Lakes region by building 
a GL-GIFT model that connects highway, rail, and shipping networks through ports, rail yards, 
and other transfer facilities to create an intermodal freight transportation network.  This 
intermodal network, connecting both US and Canadian systems, is shown in Figure 3-1.  The 
model is developed in ArcGIS 9.2 and uses the ArcGIS Network Analyst tool to conduct its 
network optimization calculations. 
 Importantly, we also introduce economic, time, energy, and environmental attributes to 
this intermodal network, which allows for the analysis of optimal freight routing across a host of 
objective functions.  In this way, users can evaluate the tradeoffs associated with different goods 
movement choices, as well as explore how infrastructure development, technology adoption, and 
economic instruments may affect freight transport decision making.  The remainder of this 
chapter discusses the methodology used to build GL-GIFT.  

3.2 Building an Intermodal Network Using a Hub-and-Spoke Approach 
 The GL-GIFT model uses a hub-and-spoke approach in order to form a connection 
between the three modal networks, as shown in Figure 3-2.  Before we proceed to an explanation 
of how the hub-and-spoke method works, it is important to define the terms “segments” and 
“spokes.”  Network segments refer to actual corridors for freight traffic.  For example, a segment 
would include a portion of an interstate, railroad, or on-water shipping lane.  Network spokes are 
the artificial connections that we have created in order to connect the three modal networks.  
Spokes connect the networks through the various US and Canadian intermodal transfer facilities, 
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where the transfer facilities are the hubs of the hub and spoke connection model.  This 
connection is crucial since it allows freight shipments to transfer from one mode to another via 
actual transfer facilities.  Each intermodal transfer facility only includes spokes for those modes 
it supports. 

The hub-and spoke method connects modes directly through facilities using a Python-
based ArcGIS script we developed that builds an artificial link between appropriate modal 
networks and the transfer facility.  These spokes are “artificial” because they may not follow a 
physical connection (such as a road) but instead are used as proxy transfer paths.  We can also 
apply transfer penalties along each of these spokes to represent costs, energy use, time delays, 
and/or emissions associated with intermodal transfers.  These penalties are integrated into the 
overall optimization calculations so that they are incorporated in route determination. 

Figure 3-1. The Great Lakes Geospatial Intermodal Freight Transport (GL-GIFT) network showing 
integration of US and Canadian networks. 

 

Figure 3-2. The hub-and-spoke approach to making intermodal network connections in the GL-GIFT model. 
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3.3 Creating the US Intermodal Network 
The GL-GIFT model was created with ESRI’s ArcGIS 9.2 software using its Network 

Analysis tool.  As shown in Figure 3-3, shapefiles are vector-based files that serve as the “grid 
work” for the actual map. These data had to be obtained from various sources since each country 
(US and Canada) maintains their own data, and GIFT represents transportation networks over 
geo-political boundaries. 

The US network was created using shapefiles for rail, road, and marine shipping routes 
taken from the National Transportation Atlas Database (NTAD), published by the Bureau of 
Transportation Statistics. NTAD is a set of digitized maps of the major transportation networks 
in the US (road, rail and water), which are displayed in Figure 3-4. The US road, rail, and marine 
shipping routes were sourced from NTAD’s 2006 spatial data collection and added to create a 
US transportation network in ArcGIS.  After using the 2006 data in our model, NTAD released 
the 2007 version of their spatial map collection.  Our model (created with the 2006 data) was 
then checked against the NTAD 2007 database.  We found that virtually no changes were made 
between the 2006 and 2007 data that would affect our model, so we continued to build our 
network with the NTAD data from 2006.   

Figure 3-3. The anatomy of a shapefile in ArcGIS. 
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Figure 3-4. The US road, rail, and marine shipping network based on NTAD data, clockwise from top left.  

 
 
 NTAD also includes a list of intermodal transfer facilities, including ports. This list was 
not, by itself, sufficient as a database of intermodal transfer facilities in the US. We modified this 
list by removing many facilities that obviously do not handle freight (civilian boat ramps are 
considered intermodal transfer facilities by NTAD) and added some major commercial ports 
from data provided by the United States Army Corps of Engineers (USACE).  The USACE data 
for facility locations were transformed by us into point shapefiles using the provided latitude and 
longitude coordinates, and then introduced into ArcGIS where they were transposed over the 
NTAD data.  We were then able to inspect our maps to see where additional facilities were found 
with the USACE data.  These additional multi-modal facilities, that were absent in the NTAD 
data, were added to our model.  Improving the database of transfer facilities will be an ongoing 
task as the GL-GIFT model is refined. 

3.4 Creating the Canadian Network 
Our Canadian map data for rail, road, and water networks came from Transport Canada.  

Unfortunately, we were unable to source pre-made shapefiles that place multimodal facility 
locations within Canadian boundaries so this piece of the network needed to be manually 
entered.  Our data for Canadian port facilities were obtained from online sources that cater to this 
type of information.  Shipping port data for Canada was obtained from Transport Canada and 
www.worldportsource.com.  Multi-modal rail facility data for Canada were obtained from 
Canadian National (www.cn.ca) and Canadian Pacific (www.cpr.ca).  Accurate placement of a 
facility in a separate shapefile was a manual process involving taking the latitude and longitude 
coordinates for a particular facility, and then visually inspecting to see that such a facility exists 
within Google Earth™ (see Figure 3-5). This methodology worked 100% of the time as each 
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port and rail facility in the Canadian network was visually identifiable within Google Earth™. 
Occasionally, however, coordinates for a port would mark a spot in the middle of a metropolitan 
area (usually corresponding to a mailing address), while the actual port could be visually 
identified in close proximity to this point (and matched by name in Google Earth™).  In these 
instances, coordinates were obtained for a port’s true location by creating a marker in Google 
Earth™ over the identifiable port, recording the latitude and longitude, and then transposing 
those coordinates in ArcGIS.  

Figure 3-5. The use of Google Earth™ to validate intermodal transport facility locations. 

 

3.5 Creating Spokes 
Since shapefiles for each transportation network (i.e. rail, truck, and water) are layered 

and separate from one another, connective links needed to be established to allow the flow of 
freight from one mode of transportation to another through a rail, truck, or port facility.  As 
discussed above, these features, called “spokes,” are an important piece for completing the 
network model as they not only offer connectivity between modes of transportation and hubs 
(facilities), but also hold attribute information for emissions, operation costs, and travel delays 
that are instrumental in performing complete route analysis.  For instance, we can represent the 
amount of CO2 that is emitted when unloading a container from a ship in a spoke connecting a 
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water route to a facility and then represent the amount of CO2 emitted by loading that container 
onto a rail car for further transport. 

With over 3,000 multimodal transfer facilities between the US and Canada, we developed 
a macro tool to generate spokes between facilities and transport segments automatically.  The 
macro generates connections by taking selected points which represent transfer facilities and 
creates a link between that hub and the closest endpoint of a line segment representing a road, 
railway, or marine shipping segment. 

3.6 Reconciling Differences between the US and Canadian Rail and Road 
Networks 

Finally, rail and road lines between the US and Canada required links where border 
crossings exist since transportation networks in different spatial localities do not automatically 
connect.  Therefore further connections between road and rail lines were required to model 
realistic traffic flows over borders.  This was performed manually in ArcGIS since there are only 
a handful of border crossings between these two countries.  We used online sources to verify 
where border crossings do in fact exist, and then created the links necessary to connect US and 
Canadian transportation lines.  Figure 3-6 depicts the process of reconciling differences between 
the US and Canadian rail and road networks on the international border. 

Figure 3-6. Reconciling differences between the US and Canadian rail and road networks on the international 
border. 
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3.7 Using GIFT as a Network Optimization Tool 
Our last step in developing GL-GIFT was to integrate the thirteen separate layers of 

spatial data representing our network between the US and Canada into one seamless network. 
We used the Network Analyst tool in ArcGIS to do this. With this holistic, intermodal, 
international network, we are able to model intermodal freight flows from various origin and 
destination points. 

At its core, GL-GIFT uses the principles of network optimization and shortest-path 
algorithms similar to those underlying online mapping systems like Google Maps™ and 
MapQuest™.  A transport system is approximated as a series of points or “nodes” which can be 
origin, destination or transit points in the network. Linking the nodes are segments, each with a 
“weight” that quantifies the cost or distance between two nodes.  When two points are selected 
(origin and destination), the computer calculates the shortest path between the two points by 
testing a variety of potential routes and selecting the one with the least “weight”. Several 
methods of shortest path determination have been described in literature, but we use the one 
described by Dijkstra, which has been repeatedly validated and is in wide use today, and is the 
foundation for the Network Analyst tool of ArcGIS [23]. 

The unique feature of the GL-GIFT model is the combination of multiple modes of 
freight transport into a single network as well as the inclusion of energy and environmental 
factors as “weights” in the network.  GL-GIFT solves for the optimal freight transport route by 
taking into consideration costs along network segments and spokes. GL-GIFT model is able to 
solve for optimal routes based on a number of different criteria such as least cost, time, emissions 
(CO2, NOx, SOx, PM10, CO, and VOCs), and energy through the use of user-defined cost factors 
(parameters) and a graphical user interface (GUI) tool developed by the RIT team.  This is where 
network optimization can help policymakers and decision makers determine the preferred route 
based on their selected criteria. 

3.8 Using User-Defined Cost Factors to Drive Objective Functions through the 
GUI 

In order to improve the functionality and usability of GL-GIFT, we created a graphical 
user interface (GUI) that allows users to modify “cost factors” representing data inputs for the 
GL-GIFT model.  An example cost factor is the amount of CO2 emitted by a truck carrying a 
twenty-foot equivalent container of freight for one mile (grams of CO2 per TEU-mile).  Each 
cost factor can be modified based on known information about each mode (truck, rail, or ship).  
Figure 3-7 depicts the GUI (the values in this figure are for example purposes only).  Note that 
for each mode (truck, rail, and ship) and each intermodal transfer spoke (truck spoke, rail spoke, 
and ship spoke), values can be added and edited by the user.  The user can also input information 
on truck, rail, and ship speed and transfer times between modes (such as the time it takes to 
transfer a container from a truck to a ship).  These cost factors are then combined with custom 
evaluators written as C# (C-sharp) program modules that combine the cost data with network 
data (segment length, speed, etc.) and then called by the ArcGIS Network Analyst as it solves for 
the optimal route based on the user-defined optimization objective.  Actual data can be retrieved 
on the accumulated cost, energy, and emissions for the route as well. 
 There are two approaches that one can take to calculate energy use and emissions cost 
factors for each mode (truck, rail, and ship).  The first approach is a “bottom-up” approach and 
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the second is a “top-down” approach.  In a bottom-up approach emissions estimates are 
developed by looking at specific activity levels for individual ships, trains, and trucks involved in 
the good’s movement.  A top-down approach involves calculating average values for energy use 
and emissions for the mode based on aggregate sectoral data.  A bottom-up approach was used to 
calculate energy use and emissions for ship, a top-down approach was used for truck, and a 
mixture of the two approaches was used for rail. 

Because the user can modify the cost factors, they can adjust them to reflect their own 
specific operating scenarios, based on current observed data or predicted data resulting from 
operational changes such as emissions control technologies or adjusted operating costs reflecting 
carbon tax and trading policies.  Using GL-GIFT to find optimal routes under different cost 
factor scenarios enables analysis and comparison of alternative policies, transportation 
infrastructure investments, vehicle technologies, etc. 

Figure 3-7. The GUI used to modify the cost factors for the evaluators for GL-GIFT. 

 
 
 For the case studies discussed later, emissions data for each mode were obtained using a 
combination of the Total Energy and Emissions Analysis for Marine Systems (TEAMS) model 
[10] and the most recent Greenhouse Gas, Regulated Emissions, and Energy Use in 
Transportation (GREET v.1.8b) model [24-26].  Note that although we use these models, our 
emissions data are for operational stages of each transport mode, and not total fuel cycle 
emissions. 
 In general, the user of the GIFT model will be in a better position for determining 
emissions factors for each mode they use.  Our case studies discussed in Chapter 4 make use of 
what we consider the best available data to reflect current Great Lakes freight transportation 
operations. 
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4 Chapter 4: GL-GIFT Case Study Demonstration 

4.1 Case Study Overview 
In order to validate and demonstrate our model, we explored a case study involving the 

transportation of containerized freight from outside of Cleveland, OH to Toronto, Ontario, 
Canada. We have conducted three types of analyses using this case to illustrate different 
applications of GL-GIFT in policy, technology, and operational trade-off analysis: 

1. Example 1: We optimize for one single-objective function which is to minimize PM10 
emissions.  This example demonstrates a general use of GL-GIFT with an 
environmental objective. 

2. Example 2: We optimize on three different single-objective functions: (1) minimize 
operating cost; (2) minimize time-of-delivery; and (3) minimize CO2 emissions.  This 
example demonstrates how GL-GIFT can be used to show tradeoffs associated with 
different decision objectives. 

3. Example 3: We optimize for two single-objective functions: (1) minimize NOx and 
(2) minimize NOx accounting for stricter emission standards which will take effect in 
2014. This example demonstrates how GL-GIFT can be used to evaluate the potential 
impact of new technologies on affecting route decisions under environmental 
objectives. 

4.2 Environmental, Energy, and Economic Factors by Mode used in the Case 
Study 

4.2.1 Summary of Energy, Economic, and Environmental Factors 
Table 4-1 summarizes the environmental, energy, and emission cost factors we used for 

our case study analysis.  Emissions values were derived from TEAMS and GREET, as 
mentioned above and discussed in more detail below.  Operating costs are based on a study by 
Global Insight (2006), but will likely be different depending on the user’s actual costs.  Users can 
input their own average cost per TEU-mi or cost per TEU for intermodal transfers. Spoke values 
are more difficult to derive.   

Table 4-1. Environmental, economic, energy, and operational factors used in the case study. 

  
Emission Rates (g/TEU-mi) 

or (g/TEU) for spokes 

($/TEU-
mi) or 

($/TEU) 

 (BTU/TEU-
mi) or 

(BTU/TEU) (mph) (hrs) 
Transport 

Mode CO2 NOx PM10 SOx 
Operating 

Cost Energy Rate Speed  
Transfer 

Times 
Truck 1000 6.86 0.12 0.01 0.87 10700 50.0 -- 
Rail 200 3.93 0.09 0.05 0.55 2590 25.0 -- 
Ship 340 10.74 0.06 0.08 0.50 4560 13.5 -- 
Truck Spoke 9200 1035 31.50 6.21 35 86740 -- 1.0
Rail Spoke 4105 53.14 1.16 0.50 35 51070 -- 1.0
Ship Spoke 2520 42.11 2.05 0.33 35 31380 -- 1.0
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4.2.2 Emissions Factors for Rail 
For our rail mode, we derive emissions factors (g/TEU-mile) using the following three 

inputs: (1) emissions factors in kg/MBtu of fuel consumed in a locomotive using on-road diesel 
fuel obtained from GREET 1.8b/EF Tab; (2) energy use in Btu/ton-mile derived from a top-
down estimate using data found in Table 7 of EIA’s Annual Energy Outlook 2008 [27], which 
show 2.9 ton-miles per thousand Btu (or 343 Btu/ton-mile); and (3) an average weight of 7 
tons/TEU [28].  

4.2.3 Emissions Factors for Truck 
For our truck mode, we use emissions factors (g/mile) found in GREET 1.8b/EF Tab for 

a Class 8 diesel truck operating on on-road diesel. We then assumed 2 TEUs/truck.  To calculate 
energy use in Btu/TEU-mi, we divide the energy content of conventional diesel fuel (Btu/gal) by 
the fuel efficiency (mi/gal) to obtain Btu/mi.  Then, we divide by the number of TEU’s per truck 
to obtain Btu/TEU-mi.  

4.2.4 Emissions Factors for Ship 
For our case study, we modeled a Great Lakes container vessel named the Dutch Runner.  

This vessel has a single, 3071 horsepower (hp) engine and operates at a service speed of 13.5 
statute miles per hour.  In our case study, we assume that it is operating on DMA (Marine 
Distillate Fuel A).  The Dutch Runner is capable of transporting up to 221 TEUs at full capacity.  
We have analyzed this vessel using the Total Energy and Emissions Analysis for Marine 
Systems (TEAMS) model  [8, 10]. Energy use is a factor of an engine’s rated power (kw) at the 
propeller shaft, the time it travels (hrs), it’s average load, and efficiency.  

4.2.5 Emissions Factors for Intermodal Transfers 
 With the hub-and-spoke approach, we estimate emissions from transfer activities for each 
of the three spokes (rail-, truck-, and ship-to-hub) using an activity based “Container Transfer 
Emissions Model” (CTEM). CTEM identifies the different pieces of equipment used to move 
containers from one mode to another, applies temporal and engine load factors for such transfers, 
and applies emissions factors from the OFFROAD model for each piece of equipment to 
estimate actual emissions for mode-to-mode transfers (for more information on OFFROAD, see: 
www.arb.ca.gov/msei/offroad/offroad.htm).  

Estimating emission rates for intermodal transfers (spoke values) is a challenge because it 
is a factor of the type of vessel selected. In addition, the values we use are averages between 
modes.  So for example, a ship to rail transfer requires much less CO2 than a ship to truck 
transfer. Also, if we have a Ro/Ro vessel, then much of the equipment used for intermodal 
transfers is not required.  The user of the GIFT model may be in a better position to estimate the 
types of equipment necessary to transfer between modes for their particular case.  

4.2.6 Time and Cost Factors 
To calculate time-of-delivery for a given intermodal route, we sum the travel time for 

each segment of the route and the time it takes to transfer between modes (if such transfers take 
place).  

The speed we use for truck segments varies depending on the classification of the road.  
For instance, the segment speed associated with interstate travel is greater than that associated 
with back road travel.  Table 4-2 summarizes road segment speed limits by class that we have 
used in the GIFT model.  Since each state may have a different speed limit for the same road 
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class, we use an average value of those speed limits in the GIFT model.  The speed we use for 
rail segments is 40 mph which represents a Class 3 rail line as defined in 49 CFR 213.9(a). 
Finally, the speed we use for the ship segments is 13.5 mph, which is the service speed of the 
Great Lakes container vessel the Dutch Runner modeled in the case study. 

We use a 1 hour penalty for each intermodal transfer facility spoke (or 2 hours for a 
mode-to-mode transfer).  Our future work may involve visiting intermodal transfer facilities and 
timing how long intermodal transfers take for each mode.  This would add more realistic time 
penalties for intermodal transfers and make the GIFT model stronger. 

Table 4-2. Road segment speed limit by road class. 

Road Class Speed Limit (mph) Description 
0 45 Unclassified/unknown 
1 65 Rural Interstate 
2 50 Rural Principal Arterial 
6 50 Rural Minor Arterial 
7 40 Rural Major Collector 
8 30 Rural Minor Collector 
9 30 Rural Local 
11 65 Urban Interstate 
12 55 Urban Freeway or Expressway 
14 35 Urban Principal Arterial 
16 40 Urban Minor Arterial 
17 30 Urban Collector 

19 25 Urban Local 
Source: http://www.bts.gov/publications/journal_of_transportation_and_statistics/volume_09_number_01/html/paper_03/table_03_06.html 
 

Modal operating costs for each segment were derived from the Four Corridor Case 
Studies of Short-Sea Shipping Services prepared by Global Insight [29, 30].  Intermodal transfer 
costs were obtained from a report on short-sea shipping and are a sum of the port cost and the 
local drayage costs outlined in that report [31]. The cost data used in this analysis are: 
$0.87/TEU-mile for truck; $0.55/TEU-mile for rail; and $0.50/TEU-mile for ship. We assumed a 
cost of $35/TEU for each intermodal transfer facility spoke (or $70/TEU for a mode-to-mode 
transfer) based on the National Ports and Waterways Institute Report (2004). 
 
Case Study Results 
 In our first example (Example 1), we demonstrate GL-GIFT for a simple case of finding 
the least PM10 intermodal route for moving a container of freight from outside the Cleveland, OH 
area to Toronto, Canada. The results of this analysis are shown in Table 4-3 and Figure 4-1. 
Least PM10 emissions were obtained by transporting freight primarily by ship using the Dutch 
Runner (with a transfer from truck to ship at the Cleveland port). This result indicates that the 
Dutch Runner vessel, at full TEU capacity, can compete with other modes such as rail for a low 
PM10 route choice.  

In our second example (Example 2), we run the model three times to demonstrate its use 
in exploring tradeoffs across objectives. We explore least cost, least time, and least CO2 routes. 



17 
 

The results of these model runs are shown in Table 4-4 and Figure 4-2. Here, the least cost 
solution was obtained by transporting the freight primarily by ship.  The least time solution was 
obtained by transporting freight primarily by truck along major US Interstates and Canadian 
highways.  Finally, the least CO2 emissions solution was obtained by transporting freight 
primarily by rail.  The table for this example shows how tradeoffs can be made across policy 
objectives. 
 In our third example (Example 3), we model a least NOx route but under two conditions. 
The first condition assumes current NOx emissions factors (approximately 12.09 g/TEU-mi) for 
our Great Lakes vessel. The second condition assumes a vessel that would meet the 2014 NOx 
emissions standards approved by the US EPA as published in the Federal Register (5/6/2008), 
approximately 2.42 g/TEU-mi. As shown in Table 4-5 and Figure 4-3, with the current NOx 
emissions values, the least NOx route would be by rail; however, with 2014 NOx standards, the 
least NOx route would be by ship. This illustrates the uses of GL-GIFT to explore potential 
impacts of emissions control technology on optimal routing. Here, we look at emissions controls 
for ships; however, one could also model emissions control technology implementation at ports 
or rail facilities, which also have an impact on optimal route selection. 
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Figure 4-1. Results of example 1 – optimal route for least PM10 moving freight from Cleveland, OH to 
Toronto, Canada. 

 

Table 4-3. Summary of results for the least PM10 example. 

Least PM10 
Primary Mode Ship 
Operating Cost ($) $290 
Time (hrs) 15.5 
CO2 (kg) 128 
PM10 (g) 54 
NOx (kg)  4.2 

 
  



19 
 

Figure 4-2. Results of example 2 – optimal routes for least time, least cost, and least CO2 for moving freight 
from Cleveland, OH to Toronto, Canada. 

 

Table 4-4. Summary of results for the least cost, least time, and least CO2 example. 

 Least Cost Least Time Least CO2 
Primary Mode Ship Truck Rail 
Operating Cost ($) $240 $330 $290 
Time (hrs) 15.5 6 15.5 
CO2 (kg) 128 340 96 
PM10 (g) 55 70 65 
NOx (g)  4190 2210 2450 
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Figure 4-3. Results of example 3 – optimal routes for least NOx emissions for moving freight from Cleveland, 
OH to Toronto, Canada under different emissions control technology assumptions for marine vessels. 

 

Table 4-5. Summary of results for the least NOx example under different emissions control technologies for 
marine vessels. 

 Least NOx 
(Current Limits) 

Least NOx  
(2014 Limits) 

Primary Mode Rail Ship 
Operating Cost ($) $290 $240 
Time (hrs) 15.5 15.5 
CO2 (g) 96 128 
PM10 (g) 65 55 
NOx (g)  2450 1820 
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5 Chapter 5: Conclusion and Future Work 
 This report describes the GL-GIFT model and provides examples of how it might be used 
to facilitate sustainable freight decision making in the Great Lakes region. We plan on 
continuing to update and improve GL-GIFT. The following areas are likely areas of continued 
improvements:  
 

1. Ensure transportation network database and objective cost evaluators are robust and 
flexible. We will continue to work on the user-interface in order to improve the 
flexibility of evaluator cost factor values.  One goal is to integrate the actual TEAMS 
and GREET modeling approaches into GL-GIFT so that users can input basic 
characteristics of their truck, rail, or ship modes, and GL-GIFT will calculate 
emissions and energy factors internally. 

2. Refine speed limit data. We expect to improve the resolution of data for each of our 
modes.  For example, at this point we are limited to assigning one constant speed 
limit to our rail and waterway network.  This is despite the obvious fact that certain 
sections of railroad tracks have a higher speed limit and railroad segments in urban 
areas are becoming very slow due to congestion.  We are in the beginning phases of 
attempting to find quality data to allow for more realistic modeling of freight 
transport in the Great Lakes region and throughout the entire GIFT network.  We are 
also looking to validate that our bottom-up and top-down approaches to calculating 
emission factors are accurate. 

3. Improve intermodal transfer time estimates. It has become clear that a better 
understanding on the time it takes to transfer freight from one mode to another is 
necessary to improve the usefulness and accuracy of the GL-GIFT model.  We plan to 
collect better data through various mechanisms in the future.  

4. Incorporate speed, traffic control, and congestion constraints. Currently, the GIFT 
model uses road classes to assign speed limits to the U.S. and Canadian road network 
rather than one constant speed for any road regardless of its classification.  As of 
now, the speed limit for the entire rail and ship networks are one constant speed.  We 
are in the beginning phases of incorporating more realistic speed constraints for rail 
across the GIFT network, potentially based on rail class. To improve our road 
network, we are investigating methods for incorporating traffic control devices and 
congestion constraints.  For example, we may be able to incorporate time penalties 
for intersections and traffic patterns throughout the network. 

5. Verify the capabilities of intermodal transfer facilities. We will be improving our 
understanding of the modal capabilities of intermodal transfer facilities in the GL-
GIFT network.  We will likely use Google Earth™ to verify a facility’s capabilities. 

6. Conduct freight systems modeling. We are developing ways to move from a single 
origin-destination analysis to a system-wide analysis that could be used to inform 
larger, system-wide decisions. 

 With these and other improvements, we expect GL-GIFT to be an important tool for 
policymakers, planners, shippers, and others interested in sustainable shipping in the Great Lakes 
region.  



22 
 

6 Chapter 6: Economic Impacts and Dissemination of Study Results 

6.1 Potential Economic Impacts of the Research Results 
The GL-GIFT model provides a tool for policymakers, planners, shippers, and others to 

explore optimal intermodal freight transportation under energy, economic, time-of-delivery, and 
environmental objectives.  With the model, users can explore the potential impacts of 
infrastructure development, new technology implementation, and objective tradeoffs associated 
with goods movement in the Great Lakes region. Therefore, the tool can help the region identify 
and develop a sustainable shipping system that will enhance the long-term economic 
performance of the region. 

6.2 Publications Related to or Referencing GIFT 
Winebrake, J. J., J. J. Corbett, et al. (2008). "Assessing Energy, Environmental, and Economic 

Tradeoffs in Intermodal Freight Transportation " Journal of the Air & Waste 
Management Association 58(8). 

 
Winebrake, J. J., J. J. Corbett, et al. (2007). "Energy Use and Emissions from Marine Vessels: A 

Total Fuel Life Cycle Approach." Journal of the Air and Waste Management Association 
57: 102-110. 

6.3 Presentations Related to or Referencing GIFT 
Falzarano, A., S. Ketha, et al. (2007). Development of an Intermodal Network for Freight 

Transportation Analysis. ESRI International User Conference. San Diego, CA. 
 
Hawker, J. S., A. Falzarano, et al. (2007). Intermodal Transportation Network Custom 

Evaluators for Environmental Policy Analysis. ESRI 2007 User Conference. San Diego, 
CA. 

 
Murphy, C., J. Winebrake, et al. (2008). Geospatial Emissions Characterization for Intermodal  

Freight in the Great Lakes. ESRI 2008 User Conference. San Diego, CA. 
 
Murphy, C., K. Korfmacher, et al. (2008). Evolution of an Intermodal Freight Transport Model:  

A Hub-and-Spoke Approach. ESRI 2008 User Conference. San Diego, CA. 
 

Various other, informal presentations have been made to academic and industry groups, such as 
at the RIT Innovation Festival, Xerox Corporation, Hewlett Packard Corporation, and the Great 
Lakes Maritime Research Institute Annual Affiliates Meeting. 

6.4 Use of Material in Classroom or Graduate Student Work Related to GIFT 
• Master’s thesis: Aaron Falzarano (2008), “An Evaluation of Energy Consumption and 

Emissions from Intermodal Freight Operations on the Eastern Seaboard: A GIS Network 
Analysis Approach.” 

• Case study for the course 1006-350 Applications of Geographic Information Systems.   
• Sai Ketha, Multi-Modal Freight Transportation System, Project Report for Master's of 

Science in Information Technology, Rochester Institute of Technology, October, 2007. 
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• Ben Weisberg, Geographic Intermodal Freight Transport: An ArcGIS Server Based Web-
Application for Analyzing Environmental Costs of Transportation, Project Report for 
Master's of Science in Information Technology, Rochester Institute of Technology, 2008. 
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