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EXECUTIVE SUMMARY

The purpose of this summary is to provide a high-level view of the overall strategy adopted by the
NCHRP 08-111 project team to conduct the “Effective Decision-Making Methods for Freight-Efficient
Land Use (FELU)” project, including the definition of goals and guiding principles, and the work done.

Urban and metropolitan areas exist because they are efficient markets where goods and services are
traded, individuals can find suitable employment opportunities, and companies can find the personnel they
need. At the heart of these activities is the production and consumption of physical goods. Without a doubt,
the vast majority of human and economic activities—including highly sophisticated service activities—
utilize physical goods in one form or another. In this context, the ultimate goal of land-use planning, in
relation to freight activity, should be to help achieve a seamless integration of freight activity into urban,
suburban, and rural areas in ways that foster quality of life and livability, enhance economic competitive-
ness and efficiency, and reduce congestion and such related externalities as emissions, crashes, and conflicts
with other road and sidewalk users. Achieving this goal, however, requires the implementation of land-use
initiatives that seek to:

(1) Maximize the beneficial impacts associated with the production and consumption of physical goods,

while mitigating or eliminating the externalities produced by the resulting freight traffic; and,

(2) Recognize the dramatic effects of economic and technological trends—particularly, e-commerce and
novel freight technologies—that are reshaping, and will continue to reshape, consumer behavior,
transportation systems, land use, and the economy.

As implied in consideration (1), it is important to consider the production
and consumption of goods separately from the freight traffic that is gen-
erated. The reason is that freight generation—both freight production
and attraction—is, in most cases, an inherently beneficial activity that
increases economic welfare and wellbeing by making it possible for
businesses and individuals to access needed supplies. In most cases the
places of production are physically separated from the places of con-
sumption, therefore the physical transport of goods to consumption lo-
cations is required. The resulting freight traffic—a byproduct of the eco-
nomic transactions—produces negative externalities. Instead of curtail-
ing freight traffic, which is bound to have negative impacts on the econ-

omy, the best approach is to use policies to maximize the benefits of the activities that produce and consume
goods, while minimizing the negative externalities produced by the associated freight traffic. Properly ac-
counting for the effects of e-commerce and emergent technologies on consumer behavior, transportation
systems, land use, and the economy—as suggested in consideration (2)—is imperative because their inter-
actions determine the amount and nature of the freight activity. It suffices to say that the number of deliv-
eries and shipments in the US, driven by e-commerce, has more than tripled since before e-commerce.
Notwithstanding the major changes already produced by e-commerce, all signs indicate that the speed of
the transformation and the depth of the impacts produced by e-commerce will increase with the eventual
deployment of such emergent vehicular technologies as autonomous freight vehicles, including delivery
droids, drones and others. These trends have a direct implication on land use and transportation. The fully
or semi-automated freight vehicles, on the one hand, will tend to increase the distance of facilities and
decrease the delivery frequency, while promoting long-haul travel. On the other hand, the drones and de-
livery droids will shift the location of facilities closer and increase the frequency of deliveries.
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The term freight activity is used here to collectively refer to all manifestations of production and supply
chain systems—the flows of freight (the supplies) and freight trips (the vehicles), and the associated pick-
ups and deliveries—that materialize at the urban, suburban, and rural levels.

In considering freight activity, it is important to make a distinction between two sets of metrics: (1)
deliveries received and shipments sent out, and (2) the freight vehicle-trips that arrive at the establishment
(freight trip attraction) and the freight vehicle-trips that depart from the establishment to deliver shipments
elsewhere (freight trip production). While the number of deliveries and shipments are associated with the
characteristics of the establishments, the number of freight trips produced depends on the ability of freight
carriers to consolidate multiple deliveries and shipments in the same trip. In situations where multiple de-
liveries are made to locations in close proximity to each other, they could be made as part of the same trip.
In contrast, a single delivery to an isolated location requires a freight trip. Fostering consolidation of deliv-
eries destined for nearby areas, whenever possible, could indeed reduce the number of freight trips and the
associated externalities, without materially impacting the production and consumption of the supplies.
These metrics do not distinguish between types of vehicles, yet the most common types of delivery vehicles
are delivery vans and small trucks. These vehicles typically represent between 80 to 90% of the total freight
traffic in urban areas (Holguin-Veras et al., 2017a).

Throughout the Guide, to facilitate the exposition, the term business-to-consumer (B2C) is used to refer
to the freight activity associated with consumer-oriented e-commerce, while business-to-business (B2B)
represents B2C’s counterpart for commercial establishments.

Land-use planning and policymaking is central to how communities manage their economic activity and
the social and environmental impacts these activities have. Because of this central role, enhancing land-use
practices to better incorporate the needs and impacts of freight activity has strong potential to improve the
efficiency of their associated supply chains. Freight activity is integral to the economic activity of every
municipality, both large and small. However, in any concept of freight, efficiency is highly dependent on
land-use plans and the decisions made by transportation stakeholders.

Freight-Efficient Land Uses (FELUs) are the land-use patterns that minimize the social costs (private
plus external costs) associated with both the supply chains and the economic activities that consume and
produce goods, at all stages of production and consumption; including reverse and waste logistics.

The main goal of NCHRP Project 08-111 “Effective Decision-Making Methods for Freight-Efficient
Land Use” was to develop tools that assist land-use and transportation decision-makers in supporting the
efficient movement of freight. A key deliverable to accomplish this task is the Planning Guide (the Guide),
a unique document designed to prepare practitioners to make land use decisions that, step by step, lead to
freight-efficient land uses (FELUs) by providing them with the tools needed to analyse the freight efficiency
of current and future land uses in their jurisdictions, and identify and select initiatives. The Guide attempts
to be both rigorous in the treatment of the subject matter, and pragmatic in the formulation of the suggested
FELU process. Due to their importance, the Guide places a great deal of emphasis on the economic activities
that create supply chains and freight traffic. The reason is simple: solid knowledge of these interconnections
will help ensure that land-use planners and policymakers are aware of the broader impacts of their decisions.
Emphasis has been placed on the use of the team’s state-of-the-art research results. Throughout the Guide,
these results are discussed to help the reader understand the role played by supply chains in the economy,
the associated externalities, and the ways that land-use planning can play a constructive role in fostering
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freight sustainability. As a starting point for integrating FELU concepts into current land-use practices,
several key principles were identified. The principles are:

#1: Minimize the private and external costs of supply chains and their stages

#2: Reduce the distance traveled at supply chain stages, up and downstream

#3: Mitigate, or eliminate, the externalities at supply chain nodes and Large Traffic Generators

(LTGs)
#4: Recognize and account for local conditions
#5: Proactively engage all stakeholders
The first principle highlights that land-use planning should consider the effects of land-use decisions

across all supply chains, as only focusing on the effects at specific locations could lead to significant unin-
tended effects. The second principle provides a pragmatic and robust rule that operationalizes the FELU
decision-making process. The gradual implementation of this rule will result in more compact and efficient
supply chains. The third principle reflects the social and economic imperative of ensuring that LTGs, such
as distribution centers and ports, do not negatively impact the surrounding communities. The fourth princi-
ple explicitly states the importance of context appropriate and sensitive FELU initiatives. The fifth Principle
recognizes the importance of participatory exercises to ensure that all involved contribute to the develop-
ment of sound land-use planning and policy.

Developing a set of tools and recommendations that are applicable to a wide variety of agencies and
regions is a challenging task. They have to consider the heterogeneity in land-use patterns, economic
conditions, and government structures across the United States. To help consider the local context, the
project team developed tools and methods to evaluate existing conditions unique to local areas and to
understand how these conditions influence freight mobility. The methods rely on publicly available data
that allow the tools to be more accessible to practitioners that seek to understand the geographic distribution
of freight activity and the separation between key stages of the supply chain.

The term initiative is used here to refer to an entire spectrum of mechanisms, including projects,
programs, regulations, and policies, that the public and private sectors can use to foster sustainable
practices.

A key component of this research effort was to develop a comprehensive list of initiatives that promote
freight efficiency. These recommendations are not only limited to those that alter land-uses, but also include
complementary transportation initiatives that support freight-efficient operations. To ensure the reader has
a holistic treatment of how to address freight issues, the team included—with approval from NCHRP—the
urban freight transportation decision-making process and the freight transportation initiatives identified in
NCFRP Report 33 (Holguin-Veras et al., 2015). The freight transportation initiatives from NCFRP Report
33 were combined with the ones designed as part of this project to form a comprehensive framework that
encompass both land-use and transportation initiatives.

Initiatives were conceived based on literature reviews, expert academic and practitioner knowledge, and
discussions with public and private sector stakeholders, all of which sum to over 300 references. Forty-
three land-use-related initiatives and sixty-one transportation-related initiatives were categorized into
several major groups, listed and described below:

BOTH LAND-USE-RELATED AND TRANSPORTATION-RELATED INITIATIVES:
e Facilities/Infrastructure Management: construct or upgrade private or public facilities and

infrastructure to enhance freight efficiency
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e Parking/Loading Areas Management: expand parking and loading areas or optimize the space
available for these activities to maximize freight efficiency

e Pricing, Incentives, and Taxation: use monetary transactions or voluntary regulations to
incentivize and encourage FELUs

e Stakeholder Engagement: facilitate stakeholder interactions and provide platforms that allow
education, communication and collaboration between stakeholders

LAND-USE-RELATED INITIATIVES:
e Long-term Planning: employ planning tools or planning strategies that foster FELUs while

acknowledging the local economic and land-use conditions

e Zoning: utilize zoning tools (either regulatory controls or discretionary approaches) as ways to
enhance freight movements and reduce the negative externalities created by freight activity

e Site/Building Design: change the design of sites and buildings to minimize or eliminate the
negative effects of freight activity on surrounding communities

TRANSPORTATION-RELATED INITIATIVES:
e Vehicle-related Strategies: foster the use of technologies and practices that reduce the negative
externalities produced by freight vehicles

e Traffic Management: improve traffic conditions using techniques from traffic engineering and
control, including vehicle restrictions, time restrictions, and traffic control

e Logistical Management: implement intelligent transportation systems and improved last-mile
delivery practices to coordinate local freight activity

e Freight Demand Management: address the negative externalities generated by freight activity
by altering the modes of travel and the timing of deliveries

Each initiative is accompanied by a short description, analysis of the initiative’s implementation barriers
and potential unintended effects, and examples of best practice implementations.

By design, the Guide allows the user to explore only land-use initiatives, only transportation initiatives,
or both. The team expects that by presenting both land-use and transportation initiatives together, transpor-
tation and land-use practitioners will be able to familiarize themselves with the tools used by both areas.
Achieving a better understanding of each type of initiative’s strengths and limitations will facilitate better
coordination. This is particularly important because combining land-use and transportation initiatives may
have substantial positive results. That is, land-use initiatives can help achieve transportation objectives,
while transportation initiatives can help foster FELUs. These synergies must be exploited to the fullest.

Another key deliverable of this project is the Behavioral Micro-Simulation for Freight Efficent Land Uses
(BMS-FELU), a software tool that uses data to simulate freight and freight vehicles flowing through a
metropolitan area. The BMS-FELU software estimates the routes and aggregated performance measures
such as total vehicle miles traveled (VMT) by freight vehicles and transportation costs. The BMS-FELU
software also simulates the consequences of alternative land-use policies to assess their effectiveness from
the perspective of freight efficiency.

The following document acts as the final report for NCHRP Project 08-111. Chapter 1 provides an over-
view of the NCHRP 08-111 research project. Chapters 2 and 3 summarize the key findings and processes
followed in each task for Phase 1 and 2 respectively. Chapter 4 discusses the main deliverables of the project
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and the target audience of each product. Chapter 5 concludes the project and provides recommendations for
future works. The last sections contain references and appendices that accompany this report.
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1 INTRODUCTION

Land-use planning and zoning are tools used by decision-makers to regulate the use of land by specifying
the types of economic activities that can take place in a given area. Land-use planning and zoning can
profoundly affect the efficiency of supply chains and freight activities, and not always in a beneficial man-
ner. Quite often, land-use planning and zoning are conducted with only a partial view of the role of supply
chains in metropolitan areas. Although it is natural to focus attention on the most visible form of freight
infrastructure—airports, marine ports, manufacturing sites, and distribution centers, and the like—the real-
ity is that supply chain and freight activities are not limited to these “Large Traffic Generators” (LTGs).
Supply chains are pervasive. At the highest level, global supply chains interconnect large regions of the
world through these LTGs. National/regional supply chains serve the needs of population centers and LTGs,
connecting global supply chains to metropolitan/urban economies and supply chains. At the local level,
there are innumerable supply chains that serve the myriad of establishments at the core of local economies.

Supply chains are the backbone of the economy, yet emerging trends and technologies can transform
supply chains, freight transportation systems, and the spatial distribution of economic activities in ways
that are not foreseen or fully understood. Trends such as globalization have lifted millions of people in
developing countries out of poverty, while large portions of traditional manufacturing activities in devel-
oped countries have been wiped out, leading to dramatic changes in land-use patterns and rising concerns
about the environmental effects of the resulting freight transportation activity. In contrast to years ago—
when local supply chains handled mostly local products with minimal interactions with global supply
chains—all levels of supply chains are now tightly interconnected. A store in the Midwest may sell T-shirts
made in Bangladesh; a diner at a Seattle restaurant may enjoy Kobe beef or Chilean grapes; a shopper in
Memphis may be pondering whether to buy high-end leather boots from Finland or a pair made in Australia.

Emergent technologies are producing, and will continue to produce, major changes in the economy, sup-
ply chains, and land-use patterns. Smart City technologies, truck platooning, drones, 3D Printing, delivery
crowdsourcing, and others are already making their mark. Truck platooning—where a single driver operates
a chain of connected trucks—will provide a new alternative transportation mode with characteristics of
both trucking and rail freight. This could lead to the use of platoons of ten or more trucks transporting
containers from marine ports to distribution centers, inducing changes in the location of these facilities and
freeing up land for other uses. 3D Printing may lead to the decentralization of manufacturing, and to the
development of on-demand manufacturing; the space occupied by former manufacturing sites may be freed
up for other uses, with an increase in demand for space for small-scale manufacturing throughout metro-
politan areas. Drones could play a role in transporting high-priority small shipments, though in so doing,
drones would require the provision of suitable land and airspace. Smart City technologies offer a framework
that integrates these technologies, providing a measure of public policy on what otherwise could be a pro-
cess driven solely by private-sector forces. However, this poses challenging questions related to the proper
balance between the private-sector interests of technology developers, and broader, societal interests in
achieving sustainable and livable cities. These scenarios exemplify what planners may have to contend with
in the near future. Although the extent and direction of these impacts are not yet clear, they must be antici-
pated to take preparatory steps and corrective actions to minimize negative impacts.

The profound diversity in land-use patterns in metropolitan areas, and among jurisdictions within those
areas, presents other challenges to fostering freight-efficient land uses. At one end of the spectrum, metro-
politan areas like Los Angeles, Chicago, and New York City serve as major freight hubs and global gate-
ways. The local supply chains and freight transportation systems in those areas facilitate global trade while
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handling significant demand to sustain their regional/local economies. Midsize areas, such as Memphis and
Kansas City are major freight hubs, but their freight activity related to national/regional supply chains is
relatively narrow and specific, with less of a localized impact. Finally, the most common medium and small
metropolitan areas generally have mixed economies served by supply chains that are largely dependent on
regional hubs located in larger cities.

The heterogeneity among metropolitan areas extends as well to their institutional and decision-making
environments; each with their own land-use controls, comprehensive plans, and political environments. To
complicate things further, each state has its own unique land-use enabling legislation and case law. Gov-
ernance structures within a metropolitan area can be very diverse as well. Land-use control may be the
responsibility of a city, county, village, or township.

There are also differences between metropolitan areas associated with a wide range of geographic den-
sities of the population and economic activities. Most of the large metropolitan areas in the US have an
urban core, with a high density of both population and consumer-oriented businesses, as well as relatively
old street networks not originally designed to handle the large number of urban deliveries generated there.
The challenges to urban freight mobility in these areas are different from those faced by midsize and small
metropolitan areas, where the population density and the density of freight activity are typically lower, and
the network capacity is typically not as restricted.

The goal of Freight-Efficient Land Uses (FELUs) is to foster land uses that minimize the social costs
associated with supply chain activity. The principles (outlined below) provide guidance for the formulation
of FELU programs. Far from being prescriptive, the FELU principles should be interpreted as guidance for
action, to be adapted to the local conditions. The principles adopted are:

#1: Minimize the private and external costs of supply chains and their stages

#2: Reduce the distance traveled at supply chain stages, up and downstream

#3: Mitigate, or eliminate, the externalities at supply chain nodes and Large Traffic Generators
(LTGs)

#4: Recognize and account for local conditions

#5: Proactively engage all stakeholders

NCHRP 08-111’s goal is to respond to challenges facing freight transportation and to the need to fight
climate change by developing methods of effective decision-making for freight-efficient land-use (FELU).
Due to the rise in internet deliveries to households, in the team’s view, this goal could only be accomplished
if the decision support tools and methods developed account for the freight and service activity generated
by both commercial establishments and households. As stated in the project’s proposal, the project was
centered on the following objectives:

e Quantify and evaluate the impact of land-use practices and policies to support efficient movement of
all modes of freight generated by both commercial establishments and households.

o  Quantify and evaluate the impact of land-use practices and policies to support efficient movement of
the service activity generated by both commercial establishments and households.

e  Produce quantitative and qualitative land-use assessment tools to assist local, regional, and state
land-use and transportation decision makers in supporting efficient movement of freight.

o Fully exploit the comprehensive establishment-level and household-level internet-delivery models
developed by the team, which together provide a unique foundation to identify FELUs.

®  Build on the acclaimed DSTs developed by the team for NCFRP 38, which provide a comprehensive
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framework to improve freight systems.
e Take advantage of the Behavioral Micro-Simulation (BMS) developed with USDOT funding, as it
could readily be re-purposed to assess the impacts of land-use decisions.

To achieve these goals, the research project was separated into a series of tasks, as shown in Figure 1.
Phase 1 starts with the Kick-Off meeting and ends with the submission of the Interim Report. During Phase
2, the team developed and refined decision support tools and methods based on feedback from a workshop
and finalized the Planning Guide.

Figure 1: Project Work Plan

Phase 1
1) Kick-Off meeting
2) Land-use concepts 6) Interim Report and Phase 2
and FELUs Workshop
3) Emerging market 7) Develop/validation
and technology trends of DSTs and methods
4) Land-use policy / 8) Land-use policies,
decision-making (DM) DM for FELU
5)A t of
) SSESSMENt o J 9) Final Deliverables
1mpacts
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2 SUMMARY OF PHASE 1 RESEARCH

Phase 1 is very important, as it lays the groundwork for the entire project. The project started with a
Kick-Off meeting (Task 1), which was in the form of a webinar, where the team presented the work plan
and gathered feedback from the panel. Task 2 focused on developing a thorough conceptual understanding
of land-use theory and practices to guide the research work. Task 3 identified the impacts of emerging
trends that may influence freight activities and land uses. Task 4 analyzed the land-use decision-making
environment to identify its main features, stakeholders, and the best ways to transform practices to foster
effective decision-making methods for FELU. In Task 5, the team re-purposed the Behavioral Micro-Sim-
ulation, which had been previously used to analyze the impact of off-hour deliveries, to simulate changes
in supply chain activity due to altering land-use policies. These efforts allow the estimation of freight VMT,
total cost and time spent doing deliveries and pick-ups, and the environmental impacts of freight activity.

2.1 Task 1: Kick-Off Meeting

The NCHRP project panel and the research team were introduced to each other during the kick-off
meeting held on April 17, 2017. The goals and objectives of the research were reviewed and the research
team sought input on potential case studies and emerging trends, possible efficiency metrics and the overall
direction of the research. The minutes of the kick-off meeting can be found in Appendix A.

2.2 Task 2: Analyze Land-Use Concepts and FELUs

The main objective of Task 2 is to develop a thorough conceptual understanding of land-use theory and
practice to guide the research work. The work focused on three main areas: definition of FELU concept,
identification of existing and potential land-use practices, and evaluation of their impacts on freight activity.
A brief description of the work in each area follows.

2.2.1 Concept of Freight-Efficient Land Uses

To foster Freight-Efficient Land Uses (FELUSs), it is important to adopt an unambiguous definition of
“efficiency” to guide the overall process. In doing so, it should be stressed that the definition of FELUs is
aspirational in nature, as it represents the goal to be achieved through the application of the principles and
tools outlined and developed in this project. Recognizing the need to consider the impacts that freight and
supply chain activity have, the following definition is adopted:

“Freight-Efficient Land Uses (FELUs) are the land-use patterns that minimize the social costs (private
plus external costs) associated with both the supply chains and the economic activities that consume and
produce goods, at all stages of production and consumption, including reverse and waste logistics.”

The private costs involve all of the production/logistics/facility costs incurred by the business and infra-
structure operators. The external cost is the sum of the externalities produced. An externality is a cost or
benefit that affects those who are not directly involved in the economic activity being performed. An ex-
ample of this is a polluting factory that produces negative health effects on nearby communities, a negative
externality. For land-use planning, considering the external costs is important, as not doing so runs the risk
of leading to land-use patterns that generate significant externalities that negatively impact local communi-
ties.

To demonstrate the importance of considering the externalities caused by land use, a notable example
from the New York City (NYC) region provides a compelling lesson. In the early 20th century, the New
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York City (NYC) harbor was the biggest and most important port in the United States (Lueck, 1986).
NYC'’s industrial sector grew due to its proximity to the port, and manufacturers crowded near the water-
front so that they could be near shippers (Boyd, 2014). By 1950, after the Port Authority took over the
failing Port of Newark, maritime activities started to shift to the Port of Newark, which became the first
port that could handle containerized cargo (Port Authority of New York and New Jersey, 2019). Over time,
for reasons unrelated to the relocation of the port, the economic nature of NYC dramatically changed as its
economic base evolved from manufacturing to a service orientation. This major economic shift did not
mean that freight activity diminished. In fact, the opposite is true. At the height of its manufacturing heyday
in the early 1960s, the 18.5 million residents and 8 million employees in the NYC metropolitan area gen-
erated about 2.8 million freight-trips per day (about 90% by delivery vans and 6-tire trucks) (Wood, 1970).
As of 2016, the area’s 20.2 million residents and 8 million employees generate about 5 million deliveries
per day (Holguin-Veras et al., 2019). This includes about 2.0 million deliveries to commercial establish-
ments, and about 3 million internet deliveries to households. As the bulk of the freight being transported to
NYC arrives at locations in Pennsylvania and New Jersey, the supplies must be transported across the
Hudson River, causing congestion on the bridges and tunnels, and costing NY C billions of dollars in con-
gestion—over sixty years—to transport the cargo across the Hudson River.

To illustrate the concept of efficiency through land-use planning, consider the case of locating a distri-
bution center in a monocentric linear city, shown in Figure 2. The city has an urban core (on the right edge
of the figure) where the receivers are located. The supplier of the goods is located to the left of the figure,
which represents the least urbanized area and the farthest location to the urban core. In this model, locating
a distribution center is an essentially unidimensional problem since the only decision is the distance from
the urban core where the distribution center is to be located. As is typical with many supply chains, it is
assumed in this model that large trucks transport goods between the regional supplier and the distribution
center, and small trucks carry supplies from the distribution center to the final customers. In this simplified
case, the private and external costs associated with the decision of where to locate the distribution center
are summarized in Table 2.

Figure 2: Linear Monocentric City
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Table 1: Components of Social Costs in the Linear City Example

Private Impacts External Impacts (Externalities)
Producer / supplier: Communities near the distribution center (DC):
e Cost of labor, land, buildings, | ® Congestion, pollution, noise, accidents, aesthetic degradation etc. ...
equipment to operate the distri- produced by the DC operations
bution center Communities along the corridor Producer-DC:
Carriers: o Congestion, pollution, noise, accidents, aesthetic degradation etc. ...
e Cost of labor, acquisition and produced by the traffic of freight vehicles
operation of freight vehicles Traffic along the corridor Producer-DC:

e Congestion, pollution, noise, accidents, aesthetic degradation etc. ...
produced by the traffic of freight vehicles
Traffic in local streets DC-consumers:

o Congestion, pollution, noise, accidents, aesthetic degradation etc. .
produced by the traffic of freight vehicles between DC and consum-
ers

Communities along the corridor DC-consumers:

e Congestion, pollution, noise, accidents, aesthetic degradation etc. ...
associated with the traffic of freight vehicles

The discussion on the location of distribution centers can begin with the private-sector perspective that
only considers the private costs and does not necessarily consider the externalities produced. In reality,
firms decide on the location of their facilities based on strategic, economic, technological, and political
factors, as well as on the available infrastructure, competence, response time, logistics and facility costs.
For simplicity, the analysis assumes that the private sector decision of the location of the distribution center
is only based on operational and facility costs. Thus, a distribution center will seek to be located where it
maximizes its net revenue, which is the difference between its gross revenue and total logistics and facility
costs. Since the cost of using the large truck is lower than the total cost of operating the smaller trucks, it is
beneficial for the company to maximize the use of the large truck as much as possible. At the same time,
the company must consider the land costs, which generally increases with proximity to the urban core.
Getting closer to the urban core makes sense if the savings in transportation costs are larger than the incre-
ment in land costs. The optimal location is the point no further improvements are needed and the marginal
saving in transportation costs is equal to the marginal increase in the land cost. This optimization is depicted
through the thin solid line shown in Figure 3.

If the cost of externalities (dashed line in Figure 3) is considered, a different outcome emerges. This is
because a distribution center located far from the urban core will produce large flows of small trucks and
delivery vans, which will increase congestion in the network. Moving the distribution center closer to the
urban core will reduce the external pollution and congestion costs, as transporting the same amount of cargo
with a single large truck produces fewer negative externalities than using multiple delivery vans. The ben-
efit of using larger trucks to replace multiple smaller vehicles is more substantial nearer to the urban core,
where transportation systems are often closer to reaching capacity and where there is often more pollution.
However, locating distribution centers within the urban core may be counterproductive as large trucks could
produce excessive negative externalities if navigating through narrow streets and intersections.

The implication is that land-use policy should facilitate the location of facilities such as distribution cen-
ters at the locations that minimize the social costs. They can do this by regulating the locations that the
private sector is permitted to operate on, or by encouraging the private sector to internalize the external
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costs they produce. If land-use decisions are made based on the social perspective, the potential benefits
produced by FELU programs are bound to be substantial.

Figure 3: Location Decision under Private and Social Objectives

Social Cost

, External Cost

Private Cost

Regional Urban Distribution Urban Distribution Urban Core
supplier Center Private Center Social
Optimal Location Optimal Location

Figure 4 more concisely shows the concept of measuring efficiency through the relative location of dis-
tribution centers to the city center. The figure shows a city with a major retail district in its urban core, and
supplies demanded by the retail district come from a regional distribution center outside the city. Large
trucks transport supplies between the regional distribution center and the urban distribution center, and from
the urban distribution center, supplies are delivered to retail locations using ten delivery vans for every
large truck that arrives at the urban distribution center. In this figure, there are three alternative locations
for the urban distribution center: A, B, and C. To denote the degree of road congestion, a color gradient
pattern from bright red in the areas close to the center (indicating high congestion) to light yellow in the
outskirts of the city (minimal congestion) has been applied to the figures.

From the private-sector perspective, the only consideration is private cost; the externalities produced
may not even be considered. Using a similar cost analysis as Figure 3, the best candidate for the urban
distribution center is likely to be location A or B, as these locations have relatively low land costs. However,
in both A and B, high reliance on delivery vans is bound to produce significant externalities as they travel
to deliver supplies to their customers in the urban core. In addition, from the perspective of the communities
near the urban distribution center, locations A and B are most optimal because the externalities produced
by these facilities would be experienced by the fewest residents as these areas have the lowest population
density and traffic congestion. From the social perspective, location C would minimize the total sum of the
cost of externalities associated with traveling between the regional distribution center, the urban distribution
center, and the retail district, in addition to the associated cost to the private sector.
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Figure 4: Effects of the Location of an Urban Distribution Center (DC)
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2.2.2 Identification of Existing and Potential Land-Use Practices

The team conducted an extensive literature review of both land-use and freight practices. The topics
covered include, but are not limited to, land-use concepts, land-use practices and tools, freight practices and
tools, and freight and land-use planning. The team also reached out to the CoE-SUFS’ partners and trans-
portation, retail, and land-use experts to identify innovative FELU practices. Nineteen speakers from the
US and abroad have presented at webinars on some of the innovative practices (See Appendix B for a list
of webinars). The topics covered include, but are not limited to: innovative freight/land-use planning, state-
of-the-art freight operations, and planning retail spaces in the era of major e-commerce disruption.

The research takes advantage of NCFRP Report 33 “Improving the Performance of Metropolitan Freight
Systems” (Holguin-Veras et al., 2015), which produced a comprehensive review of all potential initiatives
to address freight issues. Land-use initiatives developed as part of this project, together with the NCFRP
Report 33’s initiatives, were organized in part of a continuum of initiatives that can be used by both land-
use and transportation agencies. A schematic of the entire set of initiatives is shown in Figure 5. As shown
in the figure, the center pillar of achieving freight-efficiency is based on the process of stakeholder engage-
ment, without which implementing effective FELU initiatives is very difficult. As shown in Figure 5, these
initiatives are divided based on their targeted audience. Each group is listed and defined below.

o Land-use initiatives can be used to, among others, facilitate or enact changes in zoning, build-
ings, sites, and the nature of the activities that could be performed at the site.

o Transportation-related initiatives would mitigate, or eliminate, the negative effects on local
communities that could jeopardize the implementation of land-use initiatives to foster FELUs.

e Joint initiatives share the goals of land-use and transportation initiatives, but would benefit
from the joint efforts of land-use and transportation agencies.
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Figure 5: Land-Use and Transportation Initiatives
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Figure 6 shows only the subset of the initiatives classified as related to land-use. Seven categories of
initiatives were identified that are geared toward altering land uses: Long-Term Planning, Zoning, Site and
Building Design, Facilities and Infrastructure Management; Parking and Loading Areas Management; Pric-
ing, Incentives, and Taxation; and Stakeholder Engagement. These initiatives are projects, programs, or
policies that land-use planners and land-use decision makers can use to foster FELU.

Figure 6: Land-Use Related Initiatives

Figure 7 shows only the subset of the initiatives classified as related to transportation. These are divided
into eight categories: Facilities and Infrastructure Management; Parking and Loading Areas Management;
Vehicle-Related Strategies; Traffic Management; Pricing, Incentives, and Taxation; Logistical Manage-
ment; Freight Demand Management; and Stakeholder Engagement. These initiatives aim to mitigate, or
even eliminate, the negative effects of freight activity on local communities. By doing so, they can com-
plement land-use initiatives to allow them to be more effective at fostering FELUs.
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Figure 7: Transportation Related Initiatives

Each initiative was analyzed based on the geographic scope of potential influence, the perceived problem
source it resolves, expected cost and level of effort to implement, the stakeholders that should be involved,
the estimated timeframe to reap benefits, the advantages and disadvantages, and related land-use initiatives
and complementary transportation initiatives. The results of the analysis is captured in one-page summaries
so that practitioners can refer to them easily. These one-pagers can be found in the Planning Guide.

2.2.3 Evaluation of Land-Use Practices on Freight Activity

Cities exist because they are efficient markets where goods and services are traded, individuals can find
suitable employment opportunities, and companies can find the personnel they need. At the heart of these
activities is the production and consumption of physical goods. Without a doubt, the vast majority of human
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and economic activities—including highly sophisticated service activities—utilize physical goods in one
form or another.

The team selected several US cities and US metropolitan statistical areas (MSAs) of varying sizes to
represent the freight activity across a wide variety of region sizes and geographic areas in the United States.
The list of cities and MSAs are presented in Figure 8. These cities and MSAs were analyzed in terms of
their population sizes, the composition of their economies, and the spatial distribution of their economies
and the impacts on freight activities.

Figure 8: Map of Selected Cities and MSAs with Population

The production and consumption of goods is a physical expression of the economy. In general, freight
activities increase with population. Across select areas, the estimated amounts of daily freight vehicle trips
ranges from 29,400 (Kingsport MSA) to 2,066,000 (NYC MSA) for deliveries to establishments and 6,700
(Kingsport MSA) to 608,300 (NYC MSA) for deliveries to households. To provide a sense of the economic
activity that freight activity generates, establishment and employment indicators were analyzed by industry
sector in two major clusters: freight-intensive sectors (FIS), and service-intensive sectors (SIS). The FIS
consist of those industry sectors for which the production and consumption of freight is the most essential
component of the economic activity, such as the sectors of manufacturers, retailers or restaurants. The SIS
are those industry sectors where the provision of services is the main activity, such as healthcare or educa-
tion facilities. Classification of an establishment as FIS or SIS is based on the North American Industry
Classification System (NAICS) as shown in Table 2.
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Table 2: Classification of Industry Sectors based on Freight and Service Activity

7 7
% Freight-Intensive Sectors (FIS) % Service-Intensive-Sectors (SIS)
4 4
11 |Agriculture, Forestry, Fishing, Hunting 51 |Information
21 |Mining, Quarrying, Oil/ Gas... 52 |Finance and Insurance
22 |Utilities 53 |Real Estate and Rental and Leasing
23 |Construction 54  |Professional,Scientific, Tech. Services
31-33 |Manufacturing 55 |Management of Companies /
42 |Wholesale Trade 56 |Administrative,Support, Waste Manag,
44-45 |Retail Trade 61 |Educational Services
48-49 |Transportation and Warehousing 62 |Health Care and Social Assistance
72 |Accommodation and Food Services 71 |Arts, Entertainment, and Recreation
81 |Other Services
92  |Public Administration

At the broadest scale, the economy of MSAs can be defined as freight-inclined or service-inclined, de-
pending on whether the majority of the employees work in freight-intensive sectors (FIS) or service-inten-
sive sectors (SIS). In the US, 67% of the MSAs have freight-inclined economies, while 33% of the MSAs
have service-inclined economies.

Analyzing the breakdown of freight trips by industry sectors provides insights into the source of freight
activity in these areas. Across US MSAs, the FIS represents 45% of the total number of establishments and
49% of total employment. FIS, as opposed to SIS, rely more directly on freight activity. Typically, estab-
lishments within FIS generate about 90% of a region’s B2B freight trips. Within FIS, the primarily con-
sumer-oriented establishments—such as retail, restaurants, hotels, food stores, and “big-box” retailers—
generate the bulk of freight traffic. These consumer-oriented sectors generate 70% or more of all B2B
freight trips in the cities analyzed. In addition, the Transportation and Warehousing sector represents less
than 13% of the total. The rising popularity for online shopping is increasing the amount of B2C transac-
tions and home deliveries. A significant proportion of freight traffic is generated from these home deliver-
ies, especially in larger cities. In large cities, B2C activity often represents more than 20% of all freight
traffic.

By analyzing the selected cities and MSAs, the team produced indicators that can assist practitioners
estimate the amount of freight activity in their jurisdiction. The indicators, available in Chapter 5 of the
Planning Guide, can be used to estimate freight activity using a region’s total employment, number of
establishments, or population. More disaggregated indicators are available to estimate the rates of freight
trip generation by individual industry sector, which allows, for example, the practitioner to estimate how
many freight trips are generated by the warehousing sector. Indicators to estimate B2C are also available.

The analyses of the composition of the economy and freight activity provide insight into the main con-
tributors of freight activity. However, it is equally important to understand how these activities are distrib-
uted across the geographic areas under study. In a basic view of land use, the production and consumption
of supplies take place in different areas. Various quantitative methods were developed to describe the spatial
distribution of freight activity. A key method first identifies the sectors that comprise the key interactions
in an economy—for example, the manufacturing to warehouse—and then estimates the geographic separa-
tion between these sectors. This analysis is important to freight efficiency, as the spatial separation between
the production (supply) and consumption (demand) zones has a direct impact on the distance for deliveries.
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The team conducted a comprehensive review of the existing literature to identify potential typologies of
metropolitan areas that could be used to gain insight into the various ways in which the wide range of
economic activities are organized. However, the team could not find any suitable existing typology that
could be used for this project.

The team developed multiple techniques to analyze the spatial urban pattern using publicly available
data. Details on these techniques can be found in Chapter 6 of the Planning Guide. These techniques are
built on the idea that accounting for the local conditions is critical to making decisions relating to land use.

In addition, the team characterized the wide range of supply chains to understand the relationship between
the establishments of different sectors, their roles, and their characteristics. These analyses are important
because, in order to foster FELUs, one must consider how efficient the supply chains—from points of origin
to the points of sale—are. Focusing exclusively on large traffic generators—such as ports and distribution
centers—in isolation of the rest ignores the upstream and downstream linkages between these facilities and
the rest of the supply chains they are part of. The primary function of supply chain activity is to ensure that
all participants in a production system—ifrom manufacturers to consumers—have access to the supplies
needed. Due to the flow of goods between participants, each participant typically performs at least one of
the following functions: production, distribution, or consumption of goods. For example, an establishment
has the function of production when it is shipping out goods from its facility, but at the same time, it con-
sumes goods (consumption) when it receives raw materials from a supplier. Each participant can be classi-
fied to be playing one of the following main roles:

e Gateways: Transportation facilities—marine ports, airports, intermodal terminals, highway access
points and the like—that provide critical interconnections with supply chains beyond the metropoli-
tan region. In most cases, these gateways interact primarily with suppliers and distributors.

e Suppliers: Commercial establishments that mainly undertake the physical transformation of input
supplies into either final or intermediary goods. They could be physically located inside or outside
of the metropolitan region. In both cases, they likely ship goods to distributors.

e Distributors: Commercial establishments, mostly warehouses and distribution centers that store, pro-
cess and distribute supplies from the suppliers to the receivers and, in some cases, get involved in
reverse logistics. They represent the middleman in supply chains. Distributors could locate inside or
outside of the metropolitan region.

e Receivers: Commercial establishments whose primary function is consumer-oriented, e.g., restau-
rants and retail stores. These establishments are frequently the terminus of supply chains. They usu-
ally receive goods from distributors, but may receive them from suppliers in certain cases. They also
contribute to the bulk of freight trips in metropolitan areas. Households will be included as receivers,
which is critical in accounting for the surge of internet deliveries.

To untangle the complexity of supply chains and to understand land-use needs from the perspective of
freight facilities, thirteen different types of supply chains were analyzed: (1) Gasoline and Petroleum Fuels;
(2) Aggregate-based Construction Materials; (3) Pharmaceutical and Biotechnology ; (4) Retail Drug Store;
(5) Hospital; (6) Soft Drink Beverage; (7) Urban Wholesale Food; (8)Supermarket; (9) Food Services; (10)
Big Box Retailers; (11) Retail Apparel; (12) Waste Management; (13) Parcel Delivery. The first twelve
supply chains were adapted from NCFRP Report 14 (Rhodes et al., 2012), which provides an overview of
the urban goods movement. In addition, the Parcel Delivery Service supply chain was incorporated into the
analysis due to its growing importance related to the movement of parcels in urban and metropolitan areas.
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To this effect, the teams created simplified depictions of the various stages of these supply chains, with
emphasis on the metropolitan and urban portions of the supply chains. Starting with the general template
shown in Figure 9, various supply chains were characterized. The team analyzed the role of facilities within
the supply chain, the relationship between facilities, and the spatial patterns of the facilities in an urban
environment. The approach is to examine the roles that various stakeholders play in each of the supply
chain stages and the spatial arrangement of the facilities in a metropolitan context. The resulting analysis
of the thirteen supply chains is documented in Appendix D of the Planning Guide.

Figure 9: Schematic of Generic Supply Chain

Legend:
———>  Global - > Metropolitan
=essneeaad  National/ Regional — >  Local

2.3 Task 3: Identify Emerging Market and Technological Trends

The objective of this task was to identify the impacts of emerging trends that may influence freight ac-
tivities and land use in metropolitan areas. The task has two key parts: (1) identification of emergent trends;
and, (2) qualitative assessments of the impacts of these trends on freight and land use.

Identification of emergent trends

Trends are forces that continuously transform economies, business practices, and supply chains, and
evolve the economic system. Market trends are the physical manifestations of the economy, and internal
forces in the economic system. However, there are also external forces that can change the economic sys-
tem. These trends or external forces can be classified into four distinct categories: economic, technological,
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societal, and environmental. Economic trends are those that define the overall direction in which the econ-
omy is moving. Technological trends account for developments in software and/or hardware that result in,
or influence, economic trends. Societal trends are changes in the ways in which people live, or the charac-
teristics of the population itself, such as the aging population and the increase of urbanization. Environ-
mental trends are related to impacts on living conditions in the planet biomass, the atmosphere and any
component that affects living things. Trends within these categories can be market trends within the eco-
nomic system or external forces that interact with the economic system.

Essentially, all trends exist in the same realm. They can indirectly influence other trends through inter-
action with the economic system. At the same time, one trend can directly exert external forces on another
trend and change the trajectory of its development. Forces exerted by trends can propel, stifle or change the
direction of development of other trends. Rising environmental awareness can encourage the acceptance of
electrification, or discourage the acceptance of expedited B2C deliveries if the community is aware of their
environmental impacts. However, consumers’ desire to receive parcels faster and low transportation costs
have fueled the demand for expedited B2C deliveries, causing significant impacts due to the prevalence of
the trend. At this moment in time, it is unlikely for rising environmental awareness to change the trajectory
of expedited B2C deliveries, due to the lack of awareness of their environmental impacts. These trends
continuously influence each other, transforming business operations, supply chains, and freight transporta-
tion systems to varying degrees.

Figure 10: The Economic System and Emergent Trends

Each trend under these categories has the ability to transform supply chain operations, but the relevant
ones are those with the most significant impact on land use, supply chains, and freight transportation sys-
tems. The key trends are listed in Table 3. The selected trends were classified into those that have a direct
and indirect effect on freight activities and land-use decisions.
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Table 3: List of Selected Emerging Trends
Impact Trend

Globalization

Anti-globalization
Expedited B2C deliveries
Regular B2C deliveries

Sharing economy

Direct . .
Unmanned autonomous delivery vehicles

Connected and autonomous trucks

Urbanization

Electrification

Advanced manufacturing

Artificial intelligence and big data analytics
Indirect | Internet of Things (IoT)
Rising environmental awareness

Analysis of emergent trends

Emerging trends and technologies have the power to alter economic activities and supply chain opera-
tions, including changes in the amount of freight produced or consumed, the locations where activities take
place, the distances traveled to perform deliveries, the types of vehicles used, as well as their characteristics.
To understand the drivers of change in freight activities and land use, it is important to understand how
trends impact the decisions of the agents involved in the supply chain. Changes in decisions ultimately
result in changes in the land-use pattern, and freight traffic pattern and externalities. Therefore, the impacts
of trends are considered at two levels: first, how the trends impact individual decisions, and second, how
the individual decisions impact transportation and land-use systems. Figure 11 illustrates these dynamics
and interconnections between the levels of impacts of the trends. This chart provides a guideline to analyze
the potential impacts that emerging trends can have on the freight activities and land uses, from the supply
chain perspective.

Figure 11: Interconnections between Levels of Impacts

Individual Decisions

Geographical area Land-use choices Logistical choices

. - Local/Urban .| - Distance to suppliers or customers - Total demand
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System-level Impacts
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- - Density . - Travel time .. - Congestion
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. - Land-use diversity i - Truck trips ., - Pavement damage
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This approach can be used to gain insight on the impacts of a single trend at a single geographic area.
However, the economy in general, the urban patterns, and the freight activities are shaped by many trends
at the same time. Depending on the extent or direction of these trends, the effects of some of the trends may
be amplified, while in other cases, may diminish on a system level. Figure 12 illustrates an example of such
interaction considering the effect of individual decisions on both expedited B2C deliveries, and the use of
connected and autonomous vehicles. These two trends exert competing forces on the demand for land and
space, evolving the urban pattern in different directions. Expedited B2C deliveries increase the establish-
ment sizes, but decreases the distance to customers or suppliers, and number of establishments. On the other
hand, the connected and autonomous vehicles trend has the opposite effects on individual decisions. When
both the trends have similar magnitude of impact, it may be impossible to see a distinct trend on the change
in urban pattern. In terms of freight activities, both trends are likely to increase demand and shipment fre-
quency, and decrease in shipment size. Hence, there will be a distinct growth in freight demand and freight
trips.

Figure 12: Effects of Expedited B2C Deliveries, and Connected and Autonomous Vehicles
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This is an era defined by social, economic and technological transformation. The various trends are cur-
rently producing and will continue to produce counterbalancing effects. The net effects will be determined
by the net result of these forces. More than ever, transportation and land-use decision-makers must fre-
quently update policy procedures to keep up the changing pace of these dynamics.

2.4 Task 4: Land-Use Policy and Decision-Making Framework

Task 4’s main objective is to understand the typical decision-making environment and institutional set-
ting in the metropolitan areas so that the existing framework can be enhanced to foster FELU. The team
began the process by understanding the complexities and differences between the typical transportation and
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land-use planning processes. The traditional planning process, described in urban planning textbooks, pre-
sents a pragmatic linear process that is deliberate and features a feedback loop to ensure that activities
undertaken result in their intended purpose(s). In practice, this is not always the case.

In addition, the planning processes between land use and transportation are very different. The most
obvious divergence is that transportation planning is largely a federally driven process and land use is a
local process. However, that is only one part of the dichotomy. There are also large temporal differences,
complicated even further by community differences, and their respective values and stakeholders. Effec-
tively, every state has a different land-use planning framework and each community has its own culture,
personality, and practices. The typical land-use decision-making process (described in Figure 13) consists
of three major phases, including: developing a comprehensive plan, zoning ordinance and an implementa-
tion phase (approvals and enforcement).

Figure 13: Typical Decision-making Framework

Long-Term Planning Phase

Comprehensive Plan Master Plan

A 4

Current Planning Phase

Zoning Ordinance Subdivsion/Design Control Ordiance

A 4

Implementation Phase

Staff Approvals Board of Zoning Appeals State Court System

In review of the stakeholders that should be involved in the process of FELU decision-making, it was
identified that transportation planning has largely integrated transportation stakeholders (shippers, carriers,
receivers, and their representative associations) into its planning process — most notably, the FAST Act
advocated state freight advisory committees. However, integrating freight stakeholders with transportation
planning is only a part of the process to create freight-efficient land-use decisions. Freight stakeholders
must also be part of the land-use planning process. This is because a great deal of freight movement is
driven by the geographical location of freight shippers, distribution points, and receivers.

2.5 Task 5: Assessment of Impacts

The main objective of this task is to produce a quantitative assessment of the impacts of various land-use
patterns on supply chain activity in metropolitan areas. This important effort is only possible due to the
resources brought to bear by the team, specifically the FTG models from NCFRP 25(01), and the Behavioral
Micro Simulation (BMS) from the USDOT projects. The task consists of main components: (1) re-purpos-
ing the BMS; (2) baseline simulation of case study; (3) selection of land-use initiatives; (4) final simulation
of case study; and (5) post-processing of results to obtain social and economic indicators. The work con-
ducted is described next.
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2.5.1 Re-purposing the BMS

The first step is to repurpose the BMS into the BMS-FELU. The original BMS was developed to support
the design and implementation of the NYC Off-Hour Delivery project. It simulates (using real data) the
generation of freight tours, where a carrier makes pick-ups/deliveries. Then, the BMS uses behavioral mod-
els to simulate the receivers’ reactions to public-sector incentives. Once the receivers’ decisions are ob-
tained, the BMS simulates the reaction of the carrier: if the resulting operation leads to cost savings, the
carrier agrees to do it; otherwise, the carrier does not. However, for purposes other than modeling off-hour
delivery policies, there is no need to model these interactions. Thus, the simulation subroutines that depict
these interactions were removed from the BMS, leading to a more compact and efficient software that only
focuses on the estimation of the freight tours that match the freight trip generation estimates (the ground
conditions).

To estimate the impacts of land-use policy on freight activity, one must consider the policy’s potential
impacts on supply chain operations. Assessing these impacts, however, requires estimating the amount of
travel associated with delivering supplies to/from distribution centers, and to/from commercial establish-
ments in the city. This is a major challenge as traditional transportation models cannot conduct such anal-
yses. The main issue is the consideration of the various echelons of the supply chains with the fine level of
details required for land-use policy analyses. The combination of a complex depiction of supply chains, and
the need for a fine level of detail creates a situation where simulation systems are the only practical choice.

The BMS-FELU was repurposed to consider those additional echelons in the supply chains. Doing so,
however, requires careful consideration of the data and computational implications. To start, modern supply
chains consist in some cases of dozens, and even hundreds of interactions. These interactions differ from
company to company, and from industry sector to industry sector. It is not possible to consider each of them
individually. In most cases, the interactions that matter are those that take place in the metropolitan region
of interest. The key ones are identified to be

(1) “Gateways to Large”: from gateways to large establishments,

(2) “Large to Large”: from large establishments to large establishments,

(3) “Large to Small”: from large establishments to small establishments, and
(4) “Small to Small”: from small establishments to small establishments.

The repurposed BMS-FELU considers the key interactions under a layered structure comprised of seven
types of agents: freight gateways, large manufacturers, large distributors, large receivers, small manufac-
turers, small distributors, and small receivers. Figure 14 depicts the overall logic that the repurposed BMS-
FELU follows to incorporate the various echelons of the supply chain.
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Figure 14: Supply Chain Interactions Considered by the BMS-FELU
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Along with producing the list of delivery tours, an additional consideration for the repurposing of the
BMS is to generate statistics from the delivery tours for policy assessment. The statistics generated by the
BMS include total miles traveled by freight vehicles, travel costs, and estimated emissions from freight
activity. Using these performance metrics, impacts of various FELU policies can be assessed. To compare
the estimated effects of multiple land-use policies, each policy can be inputted as a separate case into the
BMS-FELU software. It is important to note that the outputs are only estimates and may not replicate real-
world outcomes. It is recommended that the assessments of land-use policies rely on the direction of the
change rather than the estimated magnitudes of change.

2.5.2 Baseline simulation of case study

This task consists of selecting a metropolitan area for a case study that assesses the impacts of land-use
initiatives on the freight activity by using the BMS-FELU. Although the BMS produces a fine level simu-
lation, it is best for analysis at the metropolitan level. The Albany, New York metropolitan area has been
selected for a case study due to availability of data, as well as the team’s knowledge and familiarity of the
area. Data preparation for the case study included the estimates of Freight Trip Generation (FTG) for com-
mercial establishments, classified in the freight intensive industry sectors listed in the North American In-
dustry Classification System (NAICS), and the FTG at the corresponding freight gateways. In addition, the
team collected the Use Tables built from the Commodity Flow Survey from the US Census Bureau, and the
Input-Output account from the US Bureau of Economic Analysis (Bureau of Economic Analysis, 2009) to
infer the supply-demand relationship between industry sectors. The parameters for the individual pick-up
and delivery tours were assumed based on previous research (Holguin-Veras et al., 2013), used in conjunc-
tion with travel cost functions which model cost as a function of distance (ZIP code level) and travel times.
Finally, the major gateways of the area were identified, including ground transportation, waterways, and
railways.

The results from the baseline simulation consist of the sequence tours for all levels of the supply chain,
and statistics about the tours, including vehicle-miles traveled, total vehicle hours, average tour cost. In
addition to the outputs from the BMS, a set of maps helps users visualize the freight trip flows modeled in
the Albany case. The visualization will assist in validating the results based on ground knowledge, in this
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case, leveraging the team’s knowledge from the area.

The baseline simulation of the case study provides the initial data that will serve for comparison of im-
pacts from land-use initiatives. This simulation of the Albany metropolitan area captures the picture of the
status of the area before implementing any change in the system.

2.5.3 Selection of land-use initiatives

Through a series of case studies, the BMS software was used to assess the performance of various land-
use initiatives in the Albany metropolitan area. As the target area is an entire metropolitan area, the initia-
tives to be considered must be implemented at a relatively large scale. Multiple scenarios were developed
that address common freight efficiency issues. These scenarios could be the result of implementing one
initiative while others could be a combination of multiple initiatives. Case studies analyzed the effects of
densifying logistics activities towards the urban core, which is expected to reduce freight vehicle miles
traveled. This initiative can be implemented by using incentives to attract developers to build their new or
relocate their existing urban distribution center to the urban core. Another case study that could potentially
be considered is to reduce logistics sprawl, which can be achieved through many land-use initiatives such
as preserving land near logistics facilities or relocating large traffic generators or co-locating auxiliary fa-
cilities near major gateways.

2.5.4 Final simulation of case study

Once a set of initiatives was defined, the inputs to the BMS software were modified to incorporate each
of the initiatives. Each iteration can represent individual initiatives, or it is possible to combine initiatives
if the intention is to determine the aggregated effects of multiple initiatives. For example, implementing
urban consolidation centers would require assuming additional establishments that generate freight, and are
connected with other larger and smaller establishments. Once the new input data have been arranged, the
BMS can be run again. The new input would be obtained in the same format of the input for the baseline
case. Additional maps could be developed according to the needs that each initiative requires.

2.5.5 Post-processing of results to obtain social and economic indicators

Once the baseline case and the final simulation are performed, the different metrics produced in each
simulation can be compared in order to understand the actual impacts of the initiatives on supply chains.
These impacts relate directly with transportation and land-use effects, and indirectly with externalities on
to the system and the society. After the former impacts have been quantified, further analysis can be carried
out to identify the social and economic indicators that are affected by the initiatives. Overall validation of
the results from the study cases are obtained from expert knowledge of the local region.

For example, in the case of building a new distribution center, the BMS software was used to estimate
the impact of the facility’s location on freight efficiency by comparing the freight vehicle miles traveled
resulting from different locations of the distribution center. The results show that adding a large distribution
center located 35 miles from the urban core of Albany, NY would increase the demand for roadways 6,300
miles more every day than locating the large distribution center only 6 miles from the urban core of Albany.
This represents increasing congestion, pollution, and other transportation externalities. More details about
the assumptions of these cases and the estimated results can be found in Chapter 10 of the Planning Guide.
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3 SUMMARY OF PHASE 2 RESEARCH

The Phase 2 work focused on the production of decision support tools (DSTs) and decision-making
methods to support FELUs. Phase 2 began with synthesizing the information and analysis conducted in
Phase 1 into an Interim Report, and gathering feedback on the work to be done during the remaining part
of Phase 2. The DSTs produced as part of this research includes: (1) A Planning Guide for Effective FELU
Planning and Decision-Making; (2) Land-Use and Transportation Initiative Selector; and (3) Behavioral
Micro-Simulation for Freight Efficient Land Uses (BMS-FELU). This section describes the objective and
limitations of the DSTs.

3.1 Task 6: Interim Report and Peer Exchange Workshop

The objective of this task was to summarize the research completed in Phase 1, outline the research to be
completed in Phase 2, and to get feedback on the research to date. The Interim Report summarizes the work
done in Tasks 1 thru 5 and also outlines the work to be done in Tasks 7, 8, and 9. The Interim report also
includes the plan for the Peer Exchange Workshop that was conducted as part of the task. The team sub-
mitted the Interim Report on December 17, 2018. The team organized an online meeting with the panel, in
webinar form, to discuss the outcomes of Phase 1 and any potential changes required for Phase 2 and the
Peer Exchange Workshop.

As another part of Task 6, the team arranged and conducted a one-day workshop with potential guide
users, including panel members, and invited public and private-sector participants. The workshop was de-
signed to demonstrate, vet and evaluate the Freight-Efficient Land Use Planning Guide and the Decision
Support Tools with its intended audiences, including public and private-sector participants from a variety
of metropolitan areas.

The workshop was held at the Keck Center of the National Academies in Washington, DC on June 26,
2019. The project team was responsible for invitations, agenda, electronic presentations, and handout ma-
terials during the event.

The workshop agenda included presentations of principles of Freight-Efficient Land Uses; the potential
impacts of emerging trends and technologies; tools developed to understand local conditions; public sector
initiatives; Initiative Selector and the Behavioral Micro-Simulation for Freight-Efficient Land Use (BMS-
FELU); stakeholder engagement and implementation process. Table 4 presents the Workshop Agenda.

Breakout sessions were held to receive comments and feedback from participants on the project’s prod-
ucts (e.g., the Guide, Initiative Selector, and Freight and Service Activity Generation Software). Participants
will discuss the following four questions:

1. How and under what conditions can the Guide, Initiative Selector, Freight and Service Activity
Generation Software and other project products be applied to freight mobility issues?

2. Is the information, the manner in which it is presented, and the level of detail provided adequate,
useful and useable to the participants and their group?

3. What changes are needed to the Guide?

4. Are any major concepts, topics or issues missing from the study and products?
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Table 4: Workshop Agenda

8:00 am — 8:30 am Registration

8:30 am — 8:45 am Presentation 1: Welcome and Overview
8:45 am —9:15 am Presentation 2: Introduction to Freight-Efficient Land Use
9:15 am — 9:45 am Presentation 3: Potential Impacts of Emerging Trends and Technologies

9:45 am — 10:00 am  Break

10:00 am — 11:00 am  Presentation 4: Proposed Tools to Understand Local Conditions
11:00 am — 12:00 pm  Small group working session 1

12:00 pm — 12:30 pm  Presentation 5: Potential Initiatives

1230 pm — 1:30 pm  Lunch

1:30 pm — 2:00 pm Presentation 6: Proposed Tools to Design and Analyze FELU Programs
2:00 pm — 2:30 pm Presentation 7: Potential Tools to Influence Land-Use

2:30 pm — 3:00 pm Presentation 8: Potential Roles of Stakeholders

3:00 pm — 4:00 pm Small group working session 2

4:00 pm — 5:00 pm Group report and wrap-up

5:00 pm Adjourn

A workshop summary (see Appendix C) was produced to capture the chief recommendation and deci-
sions made at the Peer Exchange Workshop. This summary was shared with the participants of the Work-
shop on September 24, 2019.

3.1.1 Agenda Detail

The workshop included three types of facilitated interactions: 1) presentations and demonstrations; 2)
small group working sessions; and 3) discussions and reporting by participants. To accomplish the work-
shop goals within a single day, each interaction was held to a tight facilitated schedule yet open to comments
by participants; given that the understanding of and reactions to the products of the Guide is the primary
reason for the workshop. Workshop facilitators included members of the research team. Each presentation
focused on specific topics. A PowerPoint handout covering the materials presented was provided to each
participant, which provided the background information for the Working Sessions.

Welcome, Introductions, and Objective: During this first workshop segment, the Principal Investigator
(PI) welcomed the participants and asked them to introduce themselves, including their role in freight and
land use in their metropolitan area. The PI presented a high-level overview of the project and its intended

products and outcomes. He explained the purpose of the workshop, provided an overview of the content
and explained the role of the participants in helping to evaluate the products.

Presentation on Freight-Efficient Land Use Planning: During the presentations, the team members pre-
sented and discussed the approach adopted to define FELU, and the planning approach that could be
adopted to encourage consideration of freight-efficient land uses.

Presentation on Understanding Local Conditions: The team presented and discussed in detail how differ-
ent cities could be characterized and understood from the perspective of freight activities and urban form.
This included discussing typologies based on freight activities, urban forms, and types of governance struc-

tures. Participants were asked to provide feedback on the approach based on their experience, and suggest
possible case studies that they would like to see covered as part of the project.

Presentation on Emerging Trends and Technologies: The team presented and discussed the list of trends
and technologies that would likely to affect freight activities and land use. The presentation also included
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the approach adopted by the team to assess the impact of these trends and technologies. Participants were
asked to provide insights or lessons learned, and their perceptions of the trends and technologies.

Small Group Working Sessions: Following the presentations, the participants were divided into small
groups, with a mix of public and private-sector stakeholders at each table. Team members were distributed

at as many tables as feasible to help facilitate the discussions. Each table was given one or more strategy
groups to discuss, evaluate and make recommendations about. Instructions for the working sessions were
provided on each table and explained at the end of the presentations.

Presentation on Tools Available for FELU Analyses: The team members presented the tools that could be
available for FELU, such as regulatory controls and policy tools, discussing each strategy type, its objective,

expected costs, advantages, and disadvantages. Participants were asked to share their experiences with the
tools and their perceptions of how the tools could work for them.

Overview of the Products: The team members presented an overview of the products that will be provided
as part of the deliverables. The presentation includes the purpose of the tools, the conceptual appearance of
the tools, and how the tool is used in conjunction with the guide.

Group Session Reports and Workshop Wrap-Up: This final workshop segment was opened and led by the
facilitator of each session. The main purpose of the segment is to have each group share their comments
and have the research team acknowledge a full understanding of those comments.

3.1.2 Public and Private-Sector Workshop Participants

For the workshop, participants came from both private (e.g., shipper and carrier companies, real estate
companies) and public sectors (e.g., land-use planning departments, urban economic development partner-
ships, metropolitan planning organizations, state and city department of transportation officials). Table 5
shows the mix of participants representing a variety of metropolitan areas from throughout the US. The
complete list of participants is shown in Appendix D.

Table 5: Summary of Workshop Participants

Stakeholder group Nul'nl‘)er of
participants

Motor carriers 3

Real Estate / Receivers

1

Metropolitan Planning Organizations 6
State Department of Transportation (DOT) and Port Authorities 8
5

1

4

Land-use Organizations

Urban economic development partnerships

City DOTs and Metro DOT Districts
Total 28

3.2 Task 7: Production of Decision Support Tools and Methods

This task involved the production of decision support tools to foster FELUs that are developed based on
the knowledge gained from the previous tasks. The intended users of these tools are a variety of land-use
and transportation stakeholders and these tools were designed with a broad range of users in mind. The
purpose of the decision support tools is primarily to provide qualitative and quantitative assessments to
support decision makers in fostering FELUs. The goals of these tools are that they are effective in providing
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sound results and suggestions, flexible to enable their use in a wide variety of decision-making environ-
ments, and trustworthy so that decision-makers do not doubt their results. These tools act as qualitative and
quantitative decision support tools that provide conceptual depictions and ideas about general impacts and
implications of land-use initiatives, and some of the numerical estimates needed for engineering and eco-
nomic analyses. The decision support tools suggested for use include:

e Freight and Service Trip Generation Software (FASTGS): This tool estimates the generation of
freight and service trips by commercial establishments. This uniquely important tool uses either em-
ployment data at the ZIP Code, county, city, MSA and State levels, which are publicly available, or
employment data at the establishment-level provided by the user, to estimate the number of deliveries
received and shipments sent out by commercial establishments (Holguin-Veras et al., 2017b).

e Land-Use and Transportation Initiative Selector: A dynamic webpage that includes both land-
use initiatives and the transportation initiatives from NCFRP Report 33 and allows users to specify
the problem they face, and obtain suggestions of potential solutions. Clicking on a suggestion pro-
duces a one-page summary that provides additional information about the initiative, to aid the user
in considering its use (Holguin-Veras et al., 2021).

e Behavioral Micro-Simulation for Freight Efficient Land Uses (BMS-FELU): This stand-alone
software enables practitioners to compute aggregate metrics of performance related to the impacts of
land use on supply chain activity. The BMS-FELU reads freight trip data files (produced by the
FASTGS), the travel times to-from the transportation analysis zones (including the location of dis-
tribution centers), the distribution of number stops by industry sectors, and other input files to con-
duct a simulation of the supply chains operating in the area. The BMS-FELU produces a number of
performance metrics that quantify the efficiency of the study area’s supply chains.

3.3 Task 8: Land-use Policy and Decision-Making for FELUs

The objective of task 8 was to synthesize the research completed into a FELU decision-making frame-
work. This was completed by reviewing the typical decision-making process identified as part of Task 4,
and recommending steps to foster FELUs. As such, the team proposed an approach to develop FELU pro-
grams so that all jurisdictions can foster FELU practices. This robust process is outlined in Figure 15.

Figure 15: Steps to Produce a FELU Program

. Identification of Priorities Selection of Most Effective
Understanding Local o
Condition and FELU Initiatives
© ons Opportunities (land-use / transportation)

') |

Stakeholder Engagement

As shown, there are four major steps intended to (1) gain a solid understanding of the chief features of
the local economy, freight activity, and supply chain patterns in the area; (2) develop an understanding of
the issues to be addressed, and the opportunities that could be exploited; (3) obtain a general idea about
how the prevailing economic and technological trends may impact land-use patterns and freight activity;
identify the most effective FELU initiatives; and, (4) engage stakeholders to determine the way forward.
These regulatory instruments, widely used around the country, provide a legal mechanism to ensure that
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the issues identified during the approval processes—those undertaken by land-use and transportation agen-
cies—are fully addressed. As implied in the figure, stakeholder engagement is intended to permeate the
entire process of developing the FELU program.

A key step in this process is to understand the local conditions, many of the recommendations and initi-
atives are only suited for regions with certain characteristics. For example, it is likely that the same set of
initiatives that work for dense urban areas such as New York City would not be as effective in rural areas
that experience high volumes of through-traffic. Understanding the local conditions helps identify the key
issues regarding transportation and land-use, and helps decision-makers identify opportunities to combat
these issues. A technical document that describes analytic techniques to account for the local conditions is
provided in Chapter 6 of the Guide.

To help accomplish this task, the team has developed the Land-Use and Transportation Initiative Selector
and has made it accessible to the public. The Initiative Selector is a publicly available webpage that aids in
the selection of potential alternatives for various metropolitan freight and land-use problems and suggests
initiatives that fosters freight-efficient land-use practices. In this way, users can input details about their
local conditions and the problems they face, and in turn, receive suggestions about potential initiatives that
could be implemented to fix a given problem.

3.4 Task 9: Final Deliverables

The final deliveries were produced to translate the findings of this project into reports, guides, and soft-
ware that are accessible to all audiences. To ensure that these products are of high quality, key deliverables
have been reviewed by the panel and revised based on their suggestions. This section will review some of
the key deliverables that were produced as part of this project.

3.4.1 A Guide for Effective Freight-Efficient Land Use Planning and Decision-Making

The Planning Guide provides practitioners with a point of entry to FELU policy and planning. It offers
practitioners with general guidance and a framework for decision-making. It includes the principles of
freight-efficient land use, the approach to developing a freight-efficient land use program and its strategies,
the steps to develop a freight-efficient land use plan, and the tools to understand the local condition and
assess impacts of land-use policies. A comprehensive list of FELU initiatives was incorporated into the
Guide, with discussion on their impacts on freight activity, advantages and disadvantages, and related pol-
icies. The Guide also included discussion of the various decision support tools to assist in identifying suit-
able freight-efficient land-use initiatives, and the user manuals of the various DSTs were appended at the
end of the Guide.

The Guide has limitations worth mentioning. It is not a substitute for the due diligence required to
properly analyze any particular initiative’s potential to address a given urban freight issue. In-depth anal-
yses must always be conducted, including: an adequate diagnosis of the problem, an objective analysis of
potential alternatives, careful consideration of associated benefits and costs, assessment and consideration
of tradeoffs involved, and identification of potential unintended consequences. The Guide’s main objective
is to provide guidance regarding the alternatives that could be considered in a variety of common freight
system situations/scenarios. The Guide is intended to be general; it would not be possible to discuss the
myriad highly specific application environments that characterize land-use practice in the US. The initia-
tives presented are those that have been adopted into practice, discussed, or are on the verge of being
adopted; futuristic ideas are not presented, as there is not enough research on their applicability for freight-
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efficient land uses. The Guide is intended to serve as a comprehensive reference for all aspects of an urban
area, from the urban core to more suburban and exurban areas (urban fringe), which together encompass
the metropolitan area.

3.4.2 Land-Use and Transportation Initiative Selector

A key component of this research effort was to develop a comprehensive list of initiatives that promote
freight efficiency. Throughout this Guide, the term “initiative” refers to an entire spectrum of mechanisms,
including projects, programs, regulations, and policies, that the public and private sectors can use to foster
sustainable practices. These recommendations are not only limited to those that alter land-uses, but also
include complementary transportation initiatives that support freight-efficient operations. The land-use
initiatives were developed as part of this project and the complementary transportation initiatives consist
of an updated set from those found in NCFRP Report 33 (Holguin-Veras et al., 2015). Initiatives were
conceived based on literature reviews, expert academic and practitioner knowledge, and discussions with
public and private sector stakeholders, all of which sum to over 300 references. Forty-three land-use-related
initiatives and sixty-one transportation-related initiatives were categorized into several major groups, listed
and described below:

BOTH LAND-USE-RELATED AND TRANSPORTATION-RELATED INITIATIVES:
e Facilities/Infrastructure Management: construct or upgrade private or public facilities and

infrastructure to enhance freight efficiency

e Parking/Loading Areas Management: expand parking and loading areas or optimize the space
available for these activities to maximize freight efficiency

e Pricing, Incentives, and Taxation: use monetary transactions or voluntary regulations to
incentivize and encourage FELUs

e Stakeholder Engagement: facilitate stakeholder interactions and provide platforms that allow
education, communication and collaboration between stakeholders

LAND-USE-RELATED INITIATIVES:
e Long-term Planning: employ planning tools or planning strategies that foster FELUs while
acknowledging the local economic and land-use conditions

e Zoning: utilize zoning tools (either regulatory controls or discretionary approaches) as ways to
enhance freight movements and reduce the negative externalities created by freight activity

e Site/Building Design: change the design of sites and buildings to minimize or eliminate the
negative effects of freight activity on surrounding communities

TRANSPORTATION-RELATED INITIATIVES:
e Vehicle-related Strategies: foster the use of technologies and practices that reduce the negative
externalities produced by freight vehicles

e Traffic Management: improve traffic conditions using techniques from traffic engineering and
control, including vehicle restrictions, time restrictions, and traffic control

e Logistical Management: implement intelligent transportation systems and improved last-mile
delivery practices to coordinate local freight activity

e Freight Demand Management: address the negative externalities generated by freight activity
by altering the modes of travel and the timing of deliveries
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3.4.3 Behavioral Micro-Simulation for Freight Efficient Land Uses (BMS-FELU)

The Behavioral Micro-Simulation for Freight Efficient Land Use (BMS-FELU) is a stand-alone software
that enables practitioners to compute aggregate metrics of performance related to the impacts of land-use
pattern on supply chain activity. The BMS-FELU reads the freight trip generation input files (produced by
the FASTGS), the travel times to-from the transportation analyses zones (including the location of distri-
bution centers), the distribution of number stops by industry sectors, and other input files to conduct a
simulation of the supply chains operating in the area. The BMS-FELU produces a number of performance
metrics that allow to study the efficiency of the study area’s supply chains.

By modeling a complete representation of supply chains, the BMS-FELU allows to understand freight
trip patterns within various levels of the supply chains, differentiating by establishment sizes and industry
sectors. It is a flexible tool that allows the user to analyze based on their preferred level of geographical
disaggregation (e.g., ZIP Code, or plot level) or focus on the industry sector of their interest. The users are
able to insert their own freight generation data and travel cost data. The inputs provide the flexibility to
adapt each case to a broad type of information, from general broader areas, to specific more detailed zones.
The BMS-FELU focuses on the tours and the optimization of the tours within the metro area and it can also
be used to model trips along a corridor or regional area with small changes of the input. The calibration
process can be relatively easy in case of available data.

However, the BMS-FELU remains as a tool that simulates tours at an aggregate level, without performing
traffic assignment. Finer level of analysis, such as street analysis, or any other analysis that requires a net-
work input, would be out of the scope of the BMS-FELU. Also, the logic of the BMS-FELU assumes that
key types of interactions and key agents remain fixed. If the user requires to consider more interactions or
agents, it must be targeted from modifying the input files (maybe give an example to give more context).
Finally, the tool uses several inputs, from which a few are difficult to obtain or estimate, and other are based
on experience.
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4 IMPLEMENTATION OF RESEARCH FINDINGS AND PRODUCTS

The main research findings and products were comprehensively documented in the Planning Guide, and
the tools were validated with the best data available. Equally important is to ensure that these products are
in the reach of potential users. The products include:

¢ PowerPoint Presentation. Slides describing the research conducted and the results as included in the
Guide that can be tailored to various groups.

¢ Executive Summary. A stand-alone executive summary of the research project.

¢ A Guide for Effective FELU Planning and Decision-Making. This document explains in detail how
practitioners could use the decision-making process and the DSTs and methods developed by the pro-
ject. This guide also helps practitioners identify and weigh critical factors involved in the selection,
design, and implementation of the selected FELU initiatives (strategies, programs, and projects).

e Final Report. A document summarizing the work undertaken and completed in the project. This doc-
ument also presents recommendations on needs and priorities for additional research.

e FELU Initiative Selector. A dynamic HTML webpage that, for a given set of inputs, provides practi-
tioners with suggestions about potential initiatives to address land-use issues.

¢ Behavioral Micro-Simulation for Freight Efficient Land Uses (BMS-FELU). This software enables
practitioners to compute aggregate metrics of performance related to the impacts of land use on supply
chain activity.

4.1 Putting Research Findings/Products into Practice

Since NCHRP 08-111’s main goal is to foster adoption of FELU initiatives, the main thrust of the im-
plementation plan is the dissemination of research products that will make it easier for practitioners to use
the DSTs and methods developed to support FELU planning, design, and implementation. This is essential
to enhance the skills and technical competence of land-use decision-makers and analysts, and to help bring
about a new generation of professionals with a deeper understanding of freight matters and more insight
into how best to influence freight systems for the better by means of land-use policy. To foster successful
implementations, an effective outreach process must be undertaken to ensure widespread dissemination of
research findings and the DSTs and methods developed. To this effect, the team has:

¢ Identified target audiences and the most appropriate outreach mechanisms. The team has re-
viewed the typical land-use planning process and has geared various products towards stakeholders in
every stage, ranging from planners at Metropolitan Planning Organizations (MPOs) to elected officials
at local Planning Commissions. In addition to preparing products for policymakers and planners, the
team is also engaging with other urban freight researchers to expand the impact of this research.

¢ Shared research findings at conferences and through webinars. The team has shared their research
findings with policymakers and researchers at conferences and through webinars. As the team sees
great potential to encourage altering land-use practices for the better by sharing their findings, the team
will continue to spread our findings after the completion of this project. The experience with NCFRP
38, a previous, yet similar, project, taught the team the value of speaking at conferences and participat-
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ing in interactive workshops, as these efforts enabled the team to reach out to professionals that other-
wise would not have been aware of our findings. After the end of the NCFRP 38 project, team members
gave presentations at the New York MPO Conference, Talking Freight Webinar, Mid-America Freight
Coalition, and APA National Conference. The latter presentation was extremely well attended, which

led APA to request team members to contribute an article for its magazine.

To date, the team has shared research findings from NCHRP 08-111 at multiple conferences.

(0]

Lawson, C. T., “Linking Land Use and Freight Performance Measurement: Lessons from
New York State”, presented at the Transportation Research Board (TRB) Meeting, January
12-16, 2020, in Washington, D. C.

Holguin-Veras, J., Ramirez-Rios, D., Kalahasthi, L., Coutinho Amaral, J., “Freight and Ser-
vice Activity Patterns in U.S. Cities”, poster presentation at the Transportation Research
Board (TRB) Meeting, January 12-16, 2020, in Washington, D. C.

Holguin-Veras, J., Rivera-Gonzalez, C., Schmid, J., Calderon, O., Caron, B., Kim, W., “Cen-
trality and Measures of Spread to Characterize Metropolitan Statistical Areas”, poster
presentation at the Transportation Research Board (TRB) Meeting, January 12-16, 2020, in
Washington, D. C.

Ramirez-Rios, D., “On-Street Parking Requirements for Freight and Service Activity,” US
DOT Talking Freight Webinar in November 2019.

Ng, J., Holguin-Veras, J., Rivera-Gonzalez, C., Schmid, J. “Characterization of Spatial Pat-
terns in Metropolitan Statistical Areas,” presented at the International Urban Freight Con-
ference, October 16-18, 2019, in Long Beach, California.

Rivera-Gonzalez, C., Holguin-Veras, J., Calderon, O., “Spatial Patterns of Freight-Intensive
Sectors,” presented at the International Urban Freight Conference, October 16-18, 2019, in
Long Beach, California.

Lawson, C. T., “NCHRP 08-111: Effective Decision-Making Methods for Freight-Efficient
Land Use” presented at the TRB Applications Conference, June 2-5, 2019, in Portland, Or-
egon.

Lawson, C. T. and J. Wojtowicz, “Potential Impacts of Emergent Technologies on Freight-
Related Land Uses in Urban Area” presented at the Urbanism Next Conference, May 7-8,
2019, in Portland. Oregon.

Lawson, C. T., “What Should Land Use Agencies Do?”, presented at the Transportation
Research Board (TRB) Meeting, January 13-17, 2019, in Washington, D. C.
Holguin-Veras, J. “Impacts of New Technological and Economic Trends in Transportation
and Land Use Activity,” Plenary session of Freight Day, Part 2. Transportation Research
Board (TRB) Meeting, January 13-17, 2019, in Washington, D. C.

Ng, J., Holguin-Veras, J., Ramirez-Rios, D., “Urban Economies and Freight Activity,” pre-
sented at the VREF Conference on Urban Freight, October 17-19, 2018, Gothenburg, Swe-
den.

Perez-Guzman, S., Wang, C., Ng, J., Ramirez-Rios, D., Calderon, O., “Emerging Market
and Technological Trends Impacting Freight Landscape,” presented at the VREF Confer-
ence on Urban Freight, October 17-19, 2018, Gothenburg, Sweden.

Lawson, C. T. and D. Ramirez-Rios, “Land Use/Freight and Service Generation Modeling”,
presented at the Volvo Research and Educational Foundation Advanced Studies Institute on

36



Project No.: 08-111

Sustainable Urban Freight Systems (VASI-SUFS), August 6, 2018, in Troy, New York.
0 Lawson, C. T., “Freight Efficient Land Use: Tools of the Trade”, presented at the Urbanism
Next Conference, March 3-5, 2018, in Portland, OR.

e Engaged with targeted users during product development. Throughout the project, the team has
shared research findings and the decision support tools with organizations such as the Capital District
Transportation Council (CDTC), who generally see value in the products we are developing. In addi-
tion, at the NCHRP 08-111 workshop in June 2019, the team discussed their products with workshop
participants and determined the most desired features of both land-use and transportation stakeholders.
By engaging with the targeted users of NCHRP 08-111’s products, the team has received feedback that
allowed us to enhance the usefulness of our products.

4.2 Challenges for Implementation and Measuring the Impact of Products

As the goal of NCHRP 08-111 is to foster change in current land-use practices for the better, there are
numerous challenges to overcome. To start, there are barriers related to prevailing limitations in technical
knowledge, models (DSTs), and data. The team hopes to overcome these challenges by means of an ag-
gressive program of dissemination (to address the knowledge limitation), the development of appropriate
and sound DSTs and methods that use minimal data and that could function with publicly available data (to
address the limitations related to models and data).

Institutional and professional inertia could also be impediments. In an era when public sector practition-
ers are over-stretched, after decades of highly constrained budgets, it is very difficult to change decision-
making procedures if doing so leads to additional efforts and expenses. The team expects that dissemination
efforts, and the creation of effective and freely available DSTs and methods will provide the incentive
needed for prompt adoption of project products.

The ultimate accomplishment of any research idea is to bring about transformation for the benefit of
society. Yet, the transition from research to practice often takes a long time. As the research focuses on
developing the Guide and DSTs that would be applied soon after its publication and release, the team as-
sumes that NCHRP is interested in conducting short-term assessments. For that reason, after the project is
completed, the team will use a set of metrics that will examine the impact of our products. The metrics
include:

e The number of practitioners and researchers involved in outreach and dissemination activities such
as webinars and presentations to professional organizations;

e The number of practitioners and researchers who use project products (measured by number of down-
loads), especially for the Guide and the decision support tools;

e The number of citations received by the journal papers produced and project products created.
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5 CONCLUSIONS AND RECOMMENDATIONS

This project identified approaches and developed tools that assist decision-makers in fostering freight-
efficient land uses. The Guide first offers methods for the initial steps in developing freight-efficient poli-
cies: understanding existing conditions and identifying existing concerns and potential opportunities. It then
identifies a wide range of initiatives that help decision-makers consider potential alternatives on both the
supply and demand sides of freight transportation. There are ten major groups of initiatives that are classi-
fied as land-use initiatives, transportation initiatives, or joint initiatives, where the collaboration of both
land-use and transportation agencies may be needed or advised. Each initiative is paired with a short de-
scription and an analysis of the initiative’s implementation barriers and potential unintended effects. The
initiatives differ in scope, with some covering large areas or long time horizons while others offer short-
term or local solutions.

The chief impacts of each initiative are identified based on evidence reported in the literature and are
reported considering six performance criteria: geographic scope of the initiative, investment required, time
required for implementation, perceived problem source, anticipated major impacts, and potential for unin-
tended consequences. A qualitative assessment of the performance of each initiative is provided in Chapter
7 and Chapter 9 of the Guide. A tool was developed by Rensselaer Polytechnic Institute (RPI) entitled
Initiative Selector for Fostering Freight System Performance, Energy Efficiency, and Freight-Efficient
Land Use (Holguin-Veras et al., 2021). This tool facilitates the identification of potential initiatives that
could be used to address a freight-related issue by electronically searching for initiatives that may solve a
given set of inputs provided by the user. This “Initiative Selector” allows users to specify the type of prob-
lem they need to solve and outputs initiatives that could be effective in addressing the specified issue.
Selecting a given initiative leads the user to a one-page summary, complete with examples, references, and
links to related initiatives.

The Initiative Selector is not designed to be a substitute for good engineering or detailed planning studies:
it can only offer general guidance on best-practice alternatives. Detailed studies are required for a fully
informed selection of the most appropriate solution to a particular freight-related issue. Such complex anal-
yses can only be achieved by competent professionals who explicitly take into account the specific local
conditions surrounding the issue.

Chief recommendations

The research conducted suggests that to maximize the potential transformative impacts of the initiatives
discussed in the Planning Guide, a number of preparatory steps must be undertaken. These actions will lay
the groundwork for land-use and transportation agencies to move forward with innovative and effective
initiatives to help achieve goals such as reducing congestion, improving productivity, increasing sustaina-
bility, and enhancing livability in urban areas. The following actions are recommended:

1) Integrate freight into land-use planning. Public agencies should consider how they could have a role

in supporting freight activity through comprehensive land-use planning. Agencies can consider the
extent to which their current land-use plan harms or helps the efficiency and sustainability of supply
chains that are integral to the economic activity in their regions. Successfully doing this would min-
imize the externalities produced by freight traffic and maximize the efficiency of freight activity.
Specific recommendations to improve the integration of freight activity into land-use planning are as
follows: the creation of a Freight-Efficient Land Use Plan; and the creation of joint land-use and
transportation committees.
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2)

3)

4)

5)

6)

Consider local conditions in the process of planning and designing freight initiatives. For effective

land-use planning and policy design, it is important to recognize the heterogeneity in land-use pat-
terns, economic conditions, and government structures between regions. Studying the existing fea-
tures of local economies and their associated supply chains will help to identify any strengths and
weaknesses. The resulting knowledge will assist policymakers in identifying suitable policies to en-
sure that freight activities take place in the most sustainable manner. For example, an understanding
of the extent of freight activity in the region can be gained from reviewing the geographical distri-
bution of economic activity and the number of freight trips. In addition, engaging the private sector
is key to gaining qualitative knowledge about supply chain activity and the challenges that local
supply chain stakeholders face.

Educate practitioners on FELU practices. It is essential for practitioners to understand the implica-

tions of land-use decisions on freight activities and to be equipped with the knowledge and skills to
foster freight-efficient land-uses. Key findings and training programs can be used to equip policy and
technical staff at transportation agencies and land-use agencies with the technical expertise needed
to play a competent and effective role in planning, design, implementation, and follow-up of FELU
initiatives. The potential organizations to undertake dissemination or training programs include
American Planning Association, Association of Collegiate Schools of Planning, Urban Land Insti-
tute, US Department of Transportation, Federal Highway Administration, and Transportation Re-
search Board.

Educate decision-makers on FELU goals. Inform public and private sector decision-makers on the
importance of freight so that they do not put in place policies and/or projects that will negatively
affect freight operations. In addition, decision-makers may benefit from knowledge on developing a

FELU program, using decision support tools to gain insight into local conditions, and understanding
a wide range of land-use and transportation initiatives. Specific recommendations include the fol-
lowing: the creation of technical workshops and webinars; the education of elected officials in
freight-related matters; and the education of members of the community in freight-related matters.

Communicate and collaborate with multiple stakeholders across disciplines. Freight-Efficient Land

Uses require a multi-disciplinary approach to enhancing the sustainability of economic activity.
Gathering feedback from stakeholders, or those involved in freight activity, can help identify poten-
tial opportunities and can lead to improved outcomes. Stakeholders could provide critical infor-
mation on how best to achieve particular urban freight goals. Specific recommendations include the
following: the designation of a “Freight-Person” at key agencies; the creation of a joint land-use and
freight committees that also includes the participation of the private sector; and the implementation
of Community Engagement Programs.

Conduct ex-post evaluations on the performance of implemented initiatives. Complete an assessment

of the overall performance of the implemented initiative by gauging the effectiveness of an initiative
at addressing a particular freight issue and reviewing any negative consequences that resulted from
the initiative. These evaluations will help future decision-makers (either within the agency or within
other agencies) understand the effects, both good and bad, of freight initiatives that have been im-
plemented in real life settings.
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APPENDIX A: NCHRP 08-111 KICK-OFF MEETING MINUTES

Date: April 17,2017
Time: 1:00 PM
Venue: Conference Call

Attendees:

NCHRP Panel:
TRB Staff Representative
¢ William (Bill) Rogers (BR)

Chairman
e Gabe Sherman (GS)

Research Team:

Rensselaer Polytechnic Institute (RPI):

e Jose Holguin-Veras (JHV) o Jeff Wojtowicz (JW)
e Cara Wang (CW) e Juvena Ng (JN)

Members

¢ Steve Bowman (SB)

e David Lee (DL)

e Jose Marquez-Chavez (JMC)
e Peter Martin (PM)

e Scott Marco (SM)

e Spencer Stevens (SS)

¢ Carlos Rivera (CRG)
¢ Diana Ramirez-Rios (DR)
e Trilce Encarnacion (TE)

SRF Consulting (SRF): University at Albany (SUNY): ATRI:
e Dan Haake (DH) e Catherine Lawson (CL) e Dan Murray (DM)
e Jessica Huffman (JH)
Discussion | Action
I. Introduction

JHV gave an overview of the project.

Goals and objectives

Research approach

Team members and their responsibilities
Project timeline

Deliverables

2. Current work status

Panel will also be invited to future webinars.

RPI has scheduled webinars with key international researchers to learn about their experience
with land-use related freight initiatives. Their experience can be relevant to us as we share
similar problems with urban freight. These webinars have been recorded and will be shared | RPI
with the Panel. RPI will continue to organize webinars as part of the data collection and the

3. Efficiency Metrics

tioners when assessing freight-efficient land use initiatives.

JHV asked the Panel to discuss on the efficiency metrics which are most relevant for practi-
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Discussion Action

PM stated that the traffic engineering community (e.g., modeling LOS of links) treats all trucks
alike, however they are obviously not alike (e.g., small trucks vs big trucks). Differentiating
trucks of different sizes will be useful.

BR enquired about the approach to differentiate vehicles.

JHV suggested using RPI’s FTG models and vehicle breakdown data extracted from cameras
at key areas of NYC could help bridge the gap for classified vehicle data.

DM acknowledged the potential of using the state truck data. However, he also highlighted that
the key data required is freight truck data such Amazon and UPS freight truck data, and men-
tioned that ATRI has access to some of the freight truck data. He also added that there is another
traffic data provider which can provide freight truck data. But their data also includes mostly
utility trucks and school buses. It is a terrible surrogate data for freight activity and will be
challenging to process.

BR highlighted that it is important to profile the vehicles to understand the efficiency of each
vehicle type. An initiative, such as replacing 2 or 3 small trucks with 1 large truck, will require
understanding of vehicle type efficiency.

GS suggested that different efficiency metrics will appeal to different user groups. For example,
local authorities may be more concern with the dwell time while on the state level, users may
be more concern with greenhouse gases and truck miles travelled. Products of the research
project should be presented in way which appeal to different levels of practitioners.

SB enquired on the approach to integrate land-use and efficiency metrics. JHV proposed using
the freight models in NCHRP 25 which can determine the freight traffic volume based on eco-
nomic classes. The team plans to convert NCHRP 25 models to be based on land-use class,
whereby the team will map economic classes to land-use classes in a seamless manner. For
example, if a city decided to develop a street of restaurants, the model will be able to determine
the number of freight trips generated.

4. Case Studies

As the project can only cover limited number of case studies, JHV asked for suggestions on the
type of cases which the Panel consider to be the most important.

PM suggested that the greatest ignorance on the research topic is at the local level of the city
(neighborhood level) rather than the MPO or state level. It may have the greatest payoff if the
project highlights the pros and cons for zoning regulation on the district level.

JMC suggested Gateway City, located beside Port of Long Beach, as they have similar issues
which preliminarily related to freight.

GS suggested that to consider different size of municipalities. Big cities have more resources
to conduct more comprehensive planning compared to mid-size cities, which may not have
sufficient resources to complete an entire freight land-use plan.
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Discussion Action

SB enquired if it is imperative to plan for case studies at this point or to select as the work
progress. JHV agreed that it is too early to make final decision on the case studies now, but it
will be beneficial for the team to be guided by Panel’s perspective while researching on case
studies.

5. Emerging Trends

JHV noted that the market forces are drastically changing manufacturing, retail, transportation
and others. Some trends are having impact now (e.g., e-commerce) while some may have im-
pact in the future (e.g., truck platooning). JHV enquired on the approach to balance selection
of trends.

BR asked for the duration to research on trends and highlighted that the answer is likely the
change over time.

One of the Panel members mentioned that many people do not have a good grasp of the details
and implications of trends. He suggested getting insights from various stakeholders (e.g., trans-
portation professional, shippers) to gather the common understanding among various parties
on a trend. BR suggested some of the information are already available in literatures. JHV
agreed and presented New York Times article on “Zombie Malls”.

6. Other Suggestions

One of the Panel members suggested to consider the freight land-use decisions based on im-
mediate term (e.g., what they can do now?) to long term (e.g., what they can do to consider the
trends?).

DL highlighted that the products delivered by this project should be practical and generalizable
could be applied to other regions. Tennessee DOT can offer cooperation and provide data for
case studies, if available.

JHV shared experience of the team which products of previous projects are validated with local
data to ensure applicability. JHV highlighted that the team are aware of the need to develop
tools which are applicable to wide range of conditions and are committed to that.

7. Any Other Business

BR shared that there will be a webinar on freight on Wednesday (April 19) organized by
FHWA.

One of the Panel members asked if they could be updated regularly rather than on official
meetings such as kick-off and interim meeting. BR mentioned that the team are supposed to
submit quarterly report to update the Panel.

The meeting adjourned at 2pm.
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APPENDIX B: LIST OF WEBINARS

3/9/17 Mike Browne — General Discussion of Freight-Efficient Land Use
In this webinar, Prof. Mike Browne, from University of Gothenburg, explored with the team possible in-
ternational case studies that the project could look into, and potential definition of freight-efficient land use.

3/28/17 Laetitia Dablanc — Logistics Hotel

In this webinar, Prof. Laetitia Dablanc, from IFSTTAR, University of Paris-Est, spoke to the team about
Logistics Hotel. The objective of a Logistics Hotel is to address logistics sprawl issues by accommodating
logistics buildings in the center of the Paris Metropolitan Area. One of the intentions of the facility is to
consolidate freight transport to Paris and transfer to cleaner modes of transport. Logistics Hotel is also a
mixed development that contains activities such as logistics activities, leisure, office spaces and housing.

4/10/17 Russell Thompson — Deliveries to Towers
In this webinar, Prof. Russell, from University of Melbourne, shared the Australian experience in handling
freight trips for LTGs, which involves the use of a slot booking system to stagger delivery trips.

4/11/17 Jardar Andersen — Common Logistics Function for Shopping Centers

Shopping centers often represent challenges for logistics service providers, as individual retailers may be
located far from the freight receipt area, and the norm is that truck drivers have to bring all items to the
shop. In Norway, shopping centers represent around 30% of retail trade. Steen & Strem AS is a Nordic
branch of the Klépierre group, which is planning a new shopping centre at @kern in Oslo with the goal of
establishing common functions for inbound and outbound freight flows. The implementation will facilitate
identification of consolidation opportunities for logistics service providers as well as off-hour deliveries, as
the transport leg and the in-house transport leg in the shopping center may be decoupled. To read more,
please visit http://www.citylab-project.eu/Oslo.php.

4/19/17 Sonke Behrends — DenCity

DenCity develops innovative solutions for sustainable passenger and freight mobility in dense neighbor-
hoods, with high standards of attractiveness, accessibility and sustainability. DenCity stands for radically
new thinking and innovative processes for sustainable densification. To read more about DenCity, please
visit http://closer.lindholmen.se/en/projects-closer/dencity

4/21/17 Sara Verlinde — Brussel’s experience especially on the innovative solutions to make
deliveries to small independent stores

Brussels has around 900 independent small grocery stores and average store is replenishing stock twice per
week, mostly by the store owner buying goods from a wholesaler and in some cases by van delivery through
a distributor. Dr. Verlinde will share with us a solution whose main concept is to introduce a new online
sales channel and to use spare van capacity from existing service providers to reach these stores. The goal
is to replace inefficient store owner collections and increase the vehicle load factors of the service providers.
To read more, please visit http://www.citylab-project.eu/Brussels.php
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5111/17 Hans Quak — The Future of City Logistics: Trends and Development Leading To-
wards a Smart and Zero Emission System

City logistics system faces serious challenges in the near future: zero-emission transport in cities and de-
carbonization to meet the climate agreements. Dr. Quak will discuss the main trends and developments
influencing city logistics that enable, through new opportunities and expected policies, zero emission city
logistics initiatives in the near future.

5/22/17 Eiichi Taniguchi — Tokyo SkyTree Town

Tokyo SkyTree is the tallest structure in Japan in 2010. It is a major large traffic generator (LTG) as has a
broadcasting tower, exhibition hall (observatory), aquarium, Dome Theater, Offices, Halls, Academic In-
stitutes, and over 300 shops. Prof Eiichi will share with us the strategies adopted by SkyTree Town to
handle the chaos created by the large number of freight trips it attracts.

6/1/17 Gordon Feller — Emerging Trends and Technologies

Gordon Fellers, co-founder of Meeting of the Minds, provided the team with an overview of emerging
trends which may impact freight and land use. He discussed in detail the impact of Internet of Things, such
as connected vehicles and smart devices, have on logistics.

6/19/17 Julian Allen — Logistics Land Availability in London

Dr. Julian Allen is a Senior Research Fellow from University of Westminster. He shared with the team the
challenges London faced in providing land for logistics purposes and their proposed solutions. He also
discussed proposals work and do not work in London.

8/3/17 Kazuya Kawamura — Effects of land-use policies on local conditions for truck deliv-
eries

Kazuya Kawamura is a Professor at the Department of Urban Planning and Policy at the University of
Illinois at Chicago. He presented the findings from a study that examined the relationship between local
land-use policies such as zoning code, tax increment financing district (TIF), and planned manufacturing
districts, and the built environment factors that are important for urban freight deliveries using data from
Chicago. The presentation also introduced a tool called "Truck Scores", which measures local conditions
for ease of making urban freight deliveries.

8/4/17 Anne Strauss-Wieder — NJTPA’s perspective on freight planning
Ms. Anne Strauss-Wieder is the Director of Freight Planning in NJTPA. She shared her perspective on
freight planning based on her experience in NJTPA.

8/29/17 Sergio Jara-Diaz — A Parametric Description of Cities for Strategic Transport Plan-
ning

Sergio Jara-Diaz is a Professor at the University of Chile. He shared his approach for defining a typology
of cities and its uses for strategic transport planning.
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11/16/17 Ian MacMillan — Facility-Based Mobile Source Measures

Ian MacMillan is the Planning and Rules Manager at South Coast Air Quality Management District. He
shared the strategy that the South Coast Air Quality Management is pursuing to go from having the worst
air quality in the nation to meeting federal air quality standards in the next few years. The strategy focuses
on reducing emissions from mobile sources (cars, trucks, ships, etc), which are the primary contributor to
local smog. Facility-based Mobile Source Measures are one of many measures that are proposed to reduce
emissions from mobile sources visiting facilities like warehouses, ports, etc. In order to better understand
truck activity and to assist in quantifying mobile source emissions, SCAQMD funded a study to evaluate
truck trip generation in southern California warehouses. This study and an overview of some of the chal-
lenges in reducing mobile source emissions was discussed in the presentation.

11/21/17 Tom O’Brien — Land-Use Needs for Port Development

Tom O’Brien is the Executive Director of the Center for International Trade and Transportation (CITT) at
California State University, Long Beach and the Associate Director of Long Beach Programs for the
METRANS Transportation Center. He shared with the team some of the challenges faced by port operators
/ users and the land-use related solutions that were proposed.

11/23/17 Seckin Ozkul — Land-Use Analysis to Enhance Successful Logistics Activity Center
(LAC) Development

Seckin Ozkul is a Research Associate Faculty at Center for Urban Transportation Research/ University of
South Florida. He shared with us an approach to determine potential locations for a Logistics Activity Cen-
ter (LAC).

1/3/18 Jean-Paul Rodrigue — Comparative City Logistics: Land Use and Home Deliveries
Jean-Paul Rodrigue is a Professor from the Department of Global Studies and Geography in Hofstra Uni-
versity. He spoke about the different types of freight landscapes and the impacts of home deliveries.

3/19/18 David Greensfelder — Planning for Retail in an On-line World
Mr. David Greensfelder is the Founder and Managing Principal at Greensfelder Commercial Real Estate.
He shared with the team on the planning of retail spaces in light of growing ecommerce sales.

4/03/18 Larisa Ortiz — Retail and Land-Use Patterns

The rise in e-commerce has made retail planning even more complex, with significant implications for
those who design public policy, make capital investment decisions, and develop the regulatory and zoning
frameworks that inform land use and urban design. What we do know is that these changes have caught the
retail industry, as well as those in the public sectors by storm. This presentation offered a set of solutions
to help mitigate impact and take advantage of opportunities during this time of transition.
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APPENDIX C: NCHRP 08-111 PEER EXCHANGE WORKSHOP
SUMMARY

Date: June 26, 2019
Venue: Keck Center, Washington, DC

Q1. Key land-use and freight issues suggested by participants during the Workshop

Land-use or space-related

Lack of loading zones
Lack of space for truck parking, including parking for long-range trucks/overnight

0 In Atlanta, large DCs do not have space for trucks to park after making their deliv-
ery on site. These DCs generate a lot of traffic, but force the drivers to park/ rest
illegally somewhere else.

0 Even with space available for truck parking facility, operating it may be a challenge.

0 Example: One of the State DOT in the southern region owned 60 acres of land and
allocated it for a truck parking project. The private sector would lease the land, but
it is proving to be challenging.

Lack of availability to set transfer points to make micro deliveries (final deliveries into the
city)
Lack of suitable land available for freight activities

0 lack of large parcels of land for industrial use

0 lack of parcels within the urban area and close to customers

0 incompatible adjacent land uses or regulations (e.g., noise concerns)

Competition of road space with other users, such as complete streets requirements, or cy-
cling lane, transit, traffic calming facilities, etc.
Competition of prime land for freight activities with other land uses

0 Developers compete for land and develop facilities/uses that give the highest return
on investments (ROI). This results in (1) Change of land use tends to go from
freight to non-freight; and (2) land prices are too high for freight use (freight activ-
ity has lower ROI compared to other uses), which reduces the ability for freight to
compete with other land uses.

0 Where congestion is not a significant issue and there is sufficient road infrastruc-
ture, the freight community tends to buy cheaper land that is farther away and drive
additional miles.

Many land-use planners do not understand the economics of land use, not even the price
per square foot. When they do planning, they do not consider the economic implications
of their plans.

Lack of buffer between truck routes and residential building (e.g., residential buildings are
constructed up to the sidewalk along truck routes in Baltimore)
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e Logistics sprawl, with industries moving away from the city center and the general spread
of industries away from each other

Mode, Vehicle Type, and Infrastructure

e Infrastructure has limited ability to handle different truck types (e.g., parking facility, dock-
ing facility, road curbs, etc.). They are typically designed for a limited range of trucks

e Infrastructure cannot adapt as fast as society/ behaviors changes. There should be a balance
between adapting infrastructure to freight traffic and vice versa

e Complete streets design can be incompatible with truck traffic

e Roadway geometry needs to appropriately accommodate trucks, especially when complete
streets and other new solutions are made

0 Cities need to protect freight corridors and not allow other groups to change how it
is used
e Larger trains may cause more delays at grade crossings

Equity

e Equity issues: the freight facilities are not evenly distributed (e.g., 1-hour delivery service
may be offered for the privileged, not for all due to how facilities are concentrated in certain
areas)

e Environmental justice issues: freight land uses tend to locate themselves in lower land
value areas which are closer to the lower-income communities, causing more issues to them
(safety, congestion, emissions, health, etc.)

Operation

e Lack of delivery management such as off-hour delivery, or joint-delivery programs
0 It can be difficult to implement programs such as Off-hours deliveries due to pro-
hibitions of making deliveries in that time window, such as limited building access
at night.

Externalities

e (Congestion

e Noise produced by trains using railways
e Vibrations

e Safety

Education and Outreach

e People are not educated or aware of freight issues

47



Project No.: 08-111

Others

e Drivers shortages cause higher costs and more delays
e Additional truck trips produced by consumer consumption behavior
e Low tax benefits in freight programs do not adequately incentivize efficient behavior

Q2. Does your planning agency proactively collaborate with local jurisdictions to solve
freight issues that involve land-use issues?

Many of the MPOs are not usually involved in land-use issues since it is not their role; sometimes
they collaborate with other agencies to resolve freight issues, but they just fill the gaps instead of
taking on a more comprehensive role. Nobody is facilitating the conversation between land use
and transportation.

The challenge with land use and freight is that land use is more regional in scale but the cities are
not talking to each other and understanding the impacts on other communities. There is a need to
have a regional look at freight and land-use decisions.

Different agencies are competing with each other on the funding and resources, so they do not
collaborate with other agencies. In addition, the funding sources for transportation projects and
land-use projects are different. Transportation projects receive their money from the federal gov-
ernment, but land-use projects are funded from private companies. This also makes collaboration
difficult. Overall, there is a disconnect between regional and local agencies.

Although collaboration may not be common, below are some cases where collaboration is exhib-
ited.

Examples:

e Chicago Metropolitan Agency for Planning (CMAP) does quite a lot of work with local-level
offices, especially in the area of freight land-use planning, such as collaboration with Will
County. This collaboration may result from the fact that Chicago is a major freight hub.

e In Texas, the DOT works with local planners on matters related to access but not land use. The
DOT tends to find out about land-use considerations at a much later stage, such as the con-
struction stage. However, they would consider land use when looking at corridor studies.

e Maryland Port engages with land use because of encroachment issues. A good case is MIZOD
- Maritime Industrial Zoning Overlay District. MIZOD not only protects and preserves land
for maritime industry (such as secure access to deep-water areas for port activities), but also
allowed investors to have greater access to credit for projects in this area.

e In Philadelphia, most jurisdictions try to collaborate, using appropriate Memorandum of Un-
derstanding. Traffic impact studies are required at times.

48



Project No.: 08-111

Q3. What are the key technological, economic, or social trend(s) that you think will have the
most significant impact on freight land use and worry you?

e E-commerce
0 High volume of B2C movement: Amazon moves about 2.5 billion/year through
parcel, out of which 3 million are Amazon’s products
0 Relying on a single company (AMAZON) for so much is not a good thing
0 Increase in CO2 impact resulted from B2C movement
0 The consumer consumption behavior will increase the freight volume and the im-
pact on freight land use
0 Impacts of cost of B2C shipping not considering social equity (contributing to a
higher cost of being poor)
e Expedited deliveries
0 particularly additional externalities from a higher number of trips, such as CO2
impacts
e Connected and Autonomous Vehicles (CAVs)
0 Safety issues
0 Human may not have full control over driverless vehicles
e Automation
0 Implies that jobs will be lost BUT the economy and investments are justified
based on employment, not the type of jobs; old job types will be lost and new
types of jobs will be created
e Uberization
0 Its impact on private car ownership and parking is unclear. Is street parking no
longer required for passengers other than pickup and drop off? What about gar-
ages? Will passenger car demand drop and could garage be used for deliveries?
0 Uber for Freight, which is harder to regulate publicly because most of the drivers
are not driving traditional large trucks, as well as the impacts it may have on de-
liveries and truck parking
e Crowdsourcing
0 How can the impact of crowdsourcing be captured?
¢ Electrification of transportation
e Big box retail converted into loading docks
e Changes in the delivery pattern/ behavior of last-mile deliveries
0 Changes to freight activities when retail employees also serve as delivery personnel
(e.g., Walmart using their employees to drop stuff off to customers)
0 Amazon flex uses personal vehicles to make final deliveries
e Community-friendly freight
e Competition between transportation planning agencies
e Competition for use of public space
e Geographical disparities of freight services
0 Unequal impacts of freight on more/less dense areas
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Q4. In what ways can the tool used to analyze trends and technology be improved?

e (Connected and Autonomous Vehicles (CAVs)

0 In the US, the rear platooning vehicles are not driverless. Currently Tennessee
states would not see multiple driverless vehicles connecting. It is important to dis-
tinguish the various levels of automation and defined what is used in the analysis.

e [t is not clear what establishment means, and

0 ‘Establishment size’ = overall company size even though spread across many lo-

cations
e Safety could be added to the matrix that relates individual decisions to system-level im-
pacts

0 Policymakers may be made more aware of the impact of freight activities, if it is
explained in safety terms

0 VMT might not accurately reflect safety

e To make it easier for land-use planners to understand the impacts, “human” issues such
as environment, economic and human considerations should come up more clearly on the
system level impact

e The link between how businesses make a decision and how the tool can help the public
sector make informed decisions can be made clearer. Public policy is based on business
plans/decision but the return on investment (ROI) is not clear in the trends. Public poli-
cies are more reactive than proactive. Although there are exceptions like in the Bay Area,
where businesses are responding to public sector initiatives.

QS. Are there any other land-use initiatives that should be included?

e State-level initiatives

e Tax credits and other incentives

e Initiatives related to mode such as rail, in-land waterways, and air

e Reserve parking through cell-phone

e Use of spaces such as Convention Center Parking for trucks with fees to use it

e Use of parcel lockers

e Demand Management initiatives

e Facilitation of Off Hour Delivery (OHD) programs

e Curb management

e Common distribution spaces

e Change building codes to consider: (1) Commercial vehicle; (2) Loading docks; (3) Over-
night deliveries facilities; (4) Common distribution space; (5)Winter cleaning

e Having neighborhoods to distribute deliveries

e Create incentives to certify receivers, similar to clean energy program

e Foreign trade zones (to focus transportation effort on these lower tax zones)

¢ Amend complete streets to better include freight

e Land banking, allows public sector to manage an inventory of surplus land through the
establishment of quasi-governmental country or municipal authorities (land banks), so that
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the underutilized, abandoned, or empty land could be repurposed or revitalized. The land
could be used for freight-related activities.

0 Land banks acquire properties through tax foreclosure intergovernmental transfers,
non-profit transfers, and open market purchases. Tax foreclosures are the most
common method of acquisition.

0 Benefits of land banks:

=  Vacant lots cannot be develop due to irregular shape or small size can be
aggregated by land banks when they put together adjoining parcels to create
a larger, more marketable property

* Land banks can hold property for future development, enabling local gov-
ernment to curb negative effects from trends such as gentrification

= Developers can save on holding cost by acquiring property directly from
land bank

0 US Department of Housing and Urban Development Board Best Practice Award is
given to Fulton County/City of Atlanta Land Bank Authority for revitalizing blight
neighborhoods in the city of Atlanta through the use of land banking schemes.

e Use of alleys for logistics or parking when available
e Shared facilities

0 Chicago: Talk with hotels to get them to share parking

0 NYC: World Trade Center (WTC) shared underground truck inspection and deliv-
eries. The World Trade Center Vehicle Security Center in NYC supplies safe and
efficient deliveries to WTC tenants while minimizing adverse impacts on street-
level pedestrian and vehicular activities.

e Stakeholder engagement
0 Reach out to trade organizations, lobbying arms
O A more active role for all stakeholders

Potential Case Studies:

e Philadelphia: Tax Abatement (10 year) in consideration of potential benefits to land owners
that offer FELU. Real estate developers are given a 10-year abatement on property taxes
for new development/construction in the city.

e Minneapolis: Proactive loading zones. Currently, curbside loading zones are established
based on business request and they pay annually. Would be interested in studying where
there is mismatch in loading zones/need, and pilot a few proactive loading zones sponsored
by the city, which could charge for use.

Q8. In general, what ways can the suggested tools be improved?

e Tools must allow a corridor-level analysis, not just city or regional
e Easy to visualize the data

e QIS feature in Freight and Service Trip Generation Software

e Link tools to quantify emissions

e Make sure tools are available and are known
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e Pilot/case study using these tools in an actual freight plan or corridor study

Q9. Are there any other approaches/tools that can help implement FELU?

It can be helpful to implement FELU if we focus on benefits to receivers and shippers. Addition-
ally, policymakers may be more aware of the impact of freight activities if it is explained in terms
of safety.

Q10. Do you have any suggestions on how stakeholders could be involved in the FELU pro-
cess?

e The need to involve people who benefit from the projects/programs to voice out their prefer-
ence, and explain the advantages of the initiatives the benefits to the community

e Engage other professional organizations in a distilled form of this conversation. Collaboration
between agencies such as the Institute of Transportation Engineers (ITE) and the American
Planning Association (APA) may improve local level planning

e Piggyback on high-profile transportation/freight meetings and proactively address FELU is-
sues before participants get combative (e.g., State Freight Advisory Committee includes land-
use topics)

e Planning and decision making is not necessarily coordinated. Land-use decisions are vested in
local government. Encourage multi-jurisdiction cooperation with some provision from the fed-
eral level.

e The funding sources of transportation and land-use projects are different. Hence, the dynamics
and projects selected are different. The federal government funds transportation but not land
use. There may be a need to align them for mutual benefits.

e Federal funds are not distributed ideally; instead, they tend to follow over-simplified guide-
lines. For example, the top 15 containers ports get funding, but they may not have the capacity
to take on more traffic, while the port that ranked 16 may really need the funding for improve-
ment.

e There is a disconnect between policy and enforcement, as they are performed by and upheld
by different agencies. The policymakers should get support from the enforcement agency be-
fore implementing the policy.

e There is a need to meet and educate elected officials on freight and land-use issues. Issues
should be framed in a way which they can relate to.

e Talk to land-use planners at the local level and the people making decisions, or even a retired
mayor or city council members, to understand how they make decisions.
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