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TheMidSout h region is one of the countryds most i mpc
the center of the country, between the transportation hubs and population centers of the East Coast

and West Coast, and halfway between the Gulf andvelsd, leads the Midbouth to be ideally located

for a wide range of freight and economic activities. Over time, this geographical advantage has led to
substantial investments in freight infrastructure, giving the region exceptional connectivity to national

and global markets.

This region is home to Memphis International Airport, now the largest air cargo airport in the world in
terms of tonnagdas of 2022Memphis is also one of only four U.S. cities served by five or more Class 1
railroads, allowing businesses to ship by rail directly to any destination in North America. The Port of
Memphis and Port of West Memphis are also important logistics assetgidpng access to the most
important inland waterway system in the country, the Mississippi River. And finally, the-Stdith

region counts with a highway system thhibks these logistic assets, and provides connectivity
throughout the U.S., with-b5 runring from Chicago to the Gul89 connecting to population centers

in Canada,-#0 running coasto-coast, and-R2 connecting to the rest of the Southeast. A truck leaving
Memphis can easily reach 35 percent of the U.S. population overnight and 68 pargast two days.
Business Facilities magazine ranked Memphis as being the top ranked logistics hub in the U.S. and
globally,in their 17" An nu a | Rankings Report, for its ability t
efficiently. o

All this leads fréght and logistics sectors to be critical for the economic prosperity of the region,

perhaps more so than anywhere else in the country. The Memphis metro area has been estimated to

have the highest share of logistics workers in the U.S., with 16.6 peacént t he metr o ar eads
being employed in the wholesale trade transportation sectorg. This creates a deep talent pool in a

part of the economy that is growing and offers wglhying jobs. Beyond the direct employment and

revenues generated, thieeight and logistic sectors also play a vital role in enabling producers to reach
consumers. The quality of the logistic services available allow businesses in th8dJith region to

reach largerand more remotanational and global markets. This, combiheiith the affordability of the

region and availability of space, makes the Miduth region an ideal location for industrial and

manufacturing growth, as evidenced bgcent developments, such&sor dds Bl ue Ov al Ci t

CONTEXT

To fully take advatage of these strengths and opportunities, and shore up weaknettse$jemphis
Urban Area Metropolitan Planning Organization (Memphis MRP®partnership with the Tennessee
Department of Transportation (TDO™eveloped theMid-South Region Freight Féowslustry Analy<is

1 https://wreg.com/news/memphis-ranked 1-in-logisticsa-big-draw-for-potential-new-
business/#:~:text=MEMPHIS%2C%20Tenn.,and%20boom%20in%200nline%20shopping
2 https://www.supplychaindive.com/news/logisticshub-memphisfedex/563674/
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presentrecommendations for facilitating the growth of freight and logistics industries in the region,
focusing ortrucking, railroad, air cargo, waterways, pipeline, and warehousing.

Numerous freight plans and studies have beendited covering different aspects of logistics and freight

in the Mid-South region. The 2017 Greater Memphis Area Freight Plan, developed by the Memphis MPO,
represents the most comprehensive overvieffreight transportation inthe region, although itgindings

and recommendations amgow 5 years old. Nonetheless, this Plan served as a valuable resource for
describing the characteristics of the freight transportation system and some of its prevailing challenges and
needs. Three state freight plans covke Mid-South region: the Arkansas State Freight Plan (2017), the
Mississippi State Freight Plan (amended 2017), and the Tennessee Statewide Multimodal Freight Plan
(amended in 2021). While these freight plans complement the analysis provided in the Gleatghis

Area Freight Plaby providing a broader view of the economic geography of the region and the pipeline of
freight projects, key componeni@realso out of date, requiring other sources to be consul&slzeral of

these statewide plans are in tigeocess of being updated.

The Memphis MPO is currently completing their Regional Transportation Plan (RTP), Moving Together
2050, which will integrate the recommendations of thd-South Region Freight Flows & Industry Analysis
project with a broader agssment of needs across all transportation modes.

REPORT ORGANIZATION
This report is organized as follows:

~

fi Issues and Trendsd This sectioridentifies, describes, and prioritizethe main issues and trends
faced by freight sectors the Mid-South assessintheir likely impact on the regionThissection
builds on existing plans and studiagydating findings where necessary through desk research,
stakeholder interviews, and newnalyzes conducted as part bfoving Together 2050

fi  Freight Flows and Forecastsd This sectiondescribes commaodity flows in the Milouth by mode
andgeography usinga regionalTransearch databas@his section also provideseight forecasts
that weredeveloped by Transearch usitige latest econometric models that account for the
impacts of the COVHD9 pandemic.

fi  Economic Cluster Analysisd This sectiorndescribes where logistics businesses are located in the
Mid-South and identifies the roadway infrasicture that is critical to their operations. The results
of this analysis help the prioritization of corridors and projects so that investments can be made
that benefit the logistics sector.

fi  Recommendationsd This sectiorprovidesthe recommendations of this study for how to support
and expand the logistics sector in the M&buth,based on the findings of previous sections that
describe where freight is flowing, thenain issues faced, and how the sector is expected to evolve in
the coming decadefecommendations include both specific investments and strategies, as well as
generalimprovementsto freight planning and policy.
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Thissectionidentifies the main issues and trends faced by freight secitothie Mid-Southand assesses

their likely impact on the region. One of the functions of tlssctionis to synthesize the findings of

previous studies and plans, and update them where necessary based on desk research and interviews of
key freight stakeholders.

Each trend or issue included in thégctionis described through synthesizing findings fromngvious
studies and plans (e.g., relevant state freight plans, MPO freight plan, modal master plans, research
studies, etc.), conducting desk research, and interviewing key stakeholders. Basic descriptions of the
freight infrastructure, including maps, araot included in thissectionas they are covered by the on
goingRTP effort, Moving Together 2058t the end of each section, a table is included that summarizes
the impact on the MidSouthand prioritizes them into high, medium, and low.

Thissectionis organized as follows:

~

fi Sectionl1.1covers several trends and issues that are likely to affect all freight modes, including: e
commerce, the COVIIDO pandemic, and distributed manufacturing.

fi  Section1.2 covers trends and issues in trucking, includingngestion bottlenecks, safety,
pavements and structures, parking, electrification, emerging technologies, and driver shortage.

fi  Section1.3 covers trends and issues in freight rail, including network bottlenecks, precision
scheduled railroading, intermodalatwork restructuring, rail technology, bridges and structures,
at-grade crossings, and economic development.

fi  Section1.4 covers trends and issues in water transportation, including multimodal access,

condition of facilities and assets, industrial land ddepment, containeron-barge growth
opportunities (empty and loaded), and industry growth opportunities.

fi  Section 1.5 covers trends and issues in air cargo, including cargo trends, parcel industry
developments, and accessibility.

fi Section 1.6 covers trendsand issues in warehousing and distribution, including recent growth,
diversification, and use of automation and multory technologies.

fi  Section1.7 covers trends and issues in pipelines.

fi Section1.8lists the trends and issudhat were determined tdhigh or medium priority.

1.1 MULTIMODAL TRENDS AND ISSUES

Thissection describebroader economic, logistic, or technological trends that have an impact across
multiple freight sectors.

1
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111 E-Commerce

PLAYERS AND SECTOR STRUCTURE

The US Census Bureau defines and tracksoenmerce as the goods and services sold online whether over
open retworks such as the Internet, or over proprietary networks running systems such as Electronic Data
Interchange(EDI) excluding agriculture, mining, construction, agents, brokers, and electronic markets in
wholesale trade8 Ecommerce shipmentsonsistof online orders accepted for manufactured products from
customers, including shipments to other domestic establishments of the same company for further
manufacture, assembly, or fabrication. Paymémntthese goods and services does not have to take place
online. Ecommerce ishereforedefined by the nature of the transaction, not the nature of the

transportation means employed. The actual delivery of goods may be accomplished by trucking between
two companies, direct delivery to homes or businesses, dupis by customers at retail locations (known

as Obuy onl i & erlogkerscokoth@er norhome otationse

Major businesses have utilizelde EDIto buy and sell their goods and services for decades, and because
theUSCe ns us Boomneeewsdles dat include EDI sales, these sales are reported as e
commerce sales. A significant proportion of wholesale trade sales are conducted usjwghieblleads
these types of transactions to represent the largest componentodmmerce Direct-to-consumer

sales of manufactured goods have emerged more recently as a substantial sharenofrerce activity.
According to the ecommerce platform development firm BigCommetcthe primary business models

in eecommerce include the following:

fi  Businesgo-Business (B2B) transactions where businesses sell goods or services to other businesses
fi Businesgo-Consumer (B2C) transactions where businesses sell goods or services to consumers
fi  Consumetto-Consumer (C2C) transactions whemnsumers sell goods or services to other
consumers (for example, on eBay)
i Consumeito-Business (C2B) transactions where consumers sell goods or services to businesses
fi  Governmentto-Business (G2B) transactions where governments sell goods or servisesinesses

(for example, business license renewals)

fi  Governmentto-Citizen (G2C) transactions where governments sell goods or services to citizens
(e.g, driverds license renewal s)

The most common types of@mmerce, and the ones with the greatest trpngation system impacts, are

B2B, B2C, and CR@jor B2C companies include Amazon, Walmart, Target, and Home Depot; Amazon is also

a leading B2B compangiccounting for approximately 40 percent of the U 8oemmerce marketExamples

of C2C companies (se of which also handle B2C transactions) include eBay and Etsy. Samererce
companies operate retail stores; these are known a
Home Depot, et©thers do not operate retail stores; thesearekmn as Opur e pl ayersé an
Amazon, eBay, Etsy, eitowever, there has been some crossover with Amazon angutoresthrough its

purchase of the Whole Foods grocery chain several years ago

https://www.census.gov/programssurveys/estats/about.html
4 Seehttps//www.bigcommerce.com/articles/ecommerce/#typesf-ecommerce
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In some cases, B2C is a mechanism to facilitate traditimulti-level sales (with a company selling to a
retailer or one or more oOomiddlemendé before reachi
its ability to support oDirect to Consumer 6 (DTC

B2C supplytains typically involve the receipt of goods from factories (domestic or international),
storage and handling at one or more national/regional/local warehouses or distribution centers, and
delivery to the customer. C2C supply chains tend to be direct mbeaseen sellers and buyers using
seltpickup/delivery or purchased transportation services. The final move to the customer is known as

olanstt e6 delivery, and are generally accomplished
i U.S Postal Service

fi FedEx or Wdited Parcel Service (5

i o0Dei very Service Partnersé (networks of regional
i Traditional trucking companies (for larger/heavier items)

fi  In-house or dedicated contract fleets, such as those used by Amazon

The principal front of competition is the B2@arket, pitting traditional storefront retailers against
e-commerce merchants in pursuit of consumgpending This segmenis also forcingnajor changes in
transportation patterns replacing large consolidated truck deliveries to stores with sphfipased
deliveries to residences, eliminating some consumer shopping trips, and altering the origins of
shipments.These changes, discussed further below, have significant impacts avith&outh region

RAPID GROWTH

E-commerce has been growing rapidly favo decadeshowever,the COVIBL9 pandemic rapidly
accelerated this growth, particularly B2Erom 2002 to 2018;0@mmerce sales grew at pércent per
year for wholesale, 11.0 percent per year for manufacturing, and 16.6 percent per year for retail. The
growth was especially dramatic for retdilin 2002, eéommerce retail sales were less than $45 million,
and by 2018 they had grown more thamn-fold to $520 millior?.

Technological advances supported online sales growth by allowing consumers greater access to
product information, quick and easy price comparisons, and faster, cheaper, personalized delivery
options. Moreover, as sarrgay delivery and free shipping on returns became more commonplace, the
traditional value of brickand-mortar stores diminished further, and many brieknd-mortar stores

began accommodating the pickup of orders placed online, along witkt@gme ecommerce returns.

The start of the COVHD9 pandemic led to a dramatic increase is@mmercefrom 11.8percentin first
guarter 2020 to 16.gercentin the second quartefas can be seen Figurel-1). In subsequent

guarters, the seasonally adjusted share afaammerce has decreased slightly, and even stabilized at
around 13 percent of retail saleBhis stabilization suggests that the pandemic had mostly a transitory
effect on ecommerce sales, with the share of retail returning to levels only slightly higher than

predicted by prepandemic forecasts. It is too early to assess with confidence the effect of the pandemic
on the longterm prospects of the-€ommerce sector. It is possébthat the share of eommerce will

5 Source: US Census Burehtips://www.census.gov/data/tables/2018/econ/estats/2018e-stats. html
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continue to increase at prpandemic rates until market absorption is maximized. Some analysts expect
e-commerce growth to continue strongly, accelerated by changes in customer attitudes precipitated by
the pandemic, reehing half of all retail sales the near future® However these projections seem

overly optimistic given data from the past year.

Figure 1-1 Estimated Quarterly U .S.Retail E -commerce Sales asa Percent of Total Quarterly Retail

Sales, Q1 2012 Q4 2021
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SourcelJ.S Bureau of the Censu®uarterly Retail EZCommerce Sales" Quarter 2021.
https://www.census.gov/retail/mrts/www/data/pdf/ec current.pdf

TRANSPORTATION LAND USE IMPACTS

The key transportation impacts have been:

warehouse/distribution facilities; and direeto-customer deliveries to residential addresses,

largely byparcel delivery companies. The rise icemmerce and D2C retail is having significant
repercussions for product distribution and delivery, with shipments increasingly going directly to

fi  Significant increases in truck trip gener ation. The new truck trip generation consists of three
parts: inputs to primary warehouse/distribution facilities; moves between primary and secondary

individual residences, rather than briecknd-mortar storefronts, on maller trucks. This will have

the effect of increasing the size of the truck fleet and mileage traveled for retail. Other factors

increasing trip generation includeeturns of wrongsized or otherwise unwanted merchandise
purchased electronically; failedadivery attempts requiring multiple trips; and replacement of

damaged, lost, or stolen items.

increased safety risks from constrained geometries and road use conflicts, increased curb
use/management pressures, and moreatjty of life (congestion, emissions, noise, etc.) effects.

fi  Pressures for rapid and reliable order fulfillment place a premium on transportation
reliability . Amazon continues to dramatically impact consumer expectations regarding product
delivery standardsparticularly given their introduction of Prime and-8ay/1-day delivery.A 2020

6

https://www.mckinsey.com/industries/retail/our -insights/solving-the-paradoxof-growth-and-profitability -in-e-commerce

Increasing presence of delivery trucks on local streets and in residential areas. As previously
noted, the primary lastmile delivery services are USPS, UPSERed and Amazonods
andpartners. With more delivery vehicles on residential urban and suburban streets, there are
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survey found that 67percent of consumers now expect safag or nextday delivery’ Given

Amazonds significant market presence, other ret
offering a combination of free and/or faster delivery.h i s 0 A ma 5 eadingetrditienalt 6

retailers topursueomnichannelsupply chain strategieto increase customer loyaltyin 2018 the

retailer Target closed its-eommerce fulfillment center it had opened in Memphis in 2015, in favor

of fulfilling shipments from their store$.This producesa significant number of new participants in

the didribution network, as well as new vehicles on the road. As described in settoh this

stands to benefit théVlid-Southregion as the home of the FedEx WorldtH

fi  Crowd-sourced services are increasingly attractive for last-mile deliveries. Similar to ride

hailing services, this involves technologgnabled companies dispatching individual contractors

who use their own personal vehicles for deliveriés of nowthis method is often used for meal

and grocery delivery, as well as medical supplies, but a handful of successful startups, include Deliv,
Instacart and UberRush, have moved into other areas of retail. Additionally, Amazon has its own
crowd-sourced delivery service called Amazon Flex. While such systems allow for fast, localized
delivery with limited overhead to the company, there are costs to theralldransportation system
(including increases to freight vehicle trips and miles of travel, freigbtated congestion,

unregulated vehicledack of training and certificationand reduced coordination of delivery

services) in addition to the gitpasedabor costs

fi  Alternative last -mile modes are being piloted. Cargo bikes are being used to make deliveries in
denser cities with bike infrastructure, although they are unlikely to be viable in the{8outh

region. Another possibility that has received caderable attention is drone delivery. Multiple

groups are in various testing stages, including smaller companies like Workhorse and Matternet, as
well as larger corporations like Google and V¥drt. Additionally, Amazon has patented mobile

drone deliveryhubs that could travel along railroads, seawagnd roads and FedEX is testing

delivery robots indowntown Memphis??

E-commerce is expected to have the following effects on land use:

fi  Substantial demand for additional warehouse space to serve ecommerce. The D2C market
translates into fewer goods inventories in retail stores and greater volumes of goods on warehouse
racks for delivery. CBRE Research estimates that for every $1 billion increes®immerce sales,

an estimated 1.25 million square feetwofirehouse space is heeded to keep up with demand.
Prologis estimates that-Eommerce requires three times the amount of warehouse space as
traditional retail channelsThere is growing interest in repurposing suburban shopping malls,

urban parking lots, ad other space which has become underutilized during the C@MID

pandemic for warehouse/distribution operations.

7 USDOT, 2022. Supply Chain Assessment of the Transportation Industrial Base: Freight and Logistics.
https://www.transportation.gov/supplychains

8 Cavallo, A. 2018. More Amazon Effects: Online Competition and Pricing Behaviors, National Bureau of Economic ReseagcRapéorkin
25138https://www .nber.org/papers/w25138

9 https://www.delimarketnews.com/distribution/target-closes914008squae-foot-facility-memphistennesseel/lillie apostolos/wed
02072018.124/5515

10 https://www.commercialappeal.com/story/money/industries/logistics/2022/04/18/fedexrobots-automationworkforce-impact
memphis/7083912001/
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i Trend towards smaller closer-to-market distribution facilities . There is a notable shift away
from the practice of using a small number of enwus facilities located at a considerable distance
from the urban areas they serve, toward using more numerous, smaller industrial spaces located
closer to the end consumer. This allows for faster transit time and higher service reliability, which
allowscompanies to compete with Amazon.

Tablel-1 provides asummaryof this section

Table 1-1: Assessment = E-Commerce

Trend or Issue: E-commerce

Type: Opportunity and Potential Threat

Regional Impacts: - Large economic opportunity for the Mi&outh region, as FedEx continues to play an import

role in ecommerce logistics

- Significanttransportation and land use impactelated to local ecommerce deliveries.

- Emphasis on delivery speed will lead to distribution growth close to population centers, w
might drive some distribution activity away from national hubs such as the{8althregion
(seeSection 1.6.2

Magnitude of Regional |Highd FedEx plays a critical role in the MiBouth region economy and the continued growth in
Impact: e-commerce will elevate FedEx and also change supply chains and disbritfoti other
businesses in the regioRotential loss of @ommerce distribution and fulfillment activity to
major population centers is likely to be more than offset by increasing importance of logistics
parcel integrators, which are critical to thid-South economy.

1.1.2 COVID-19 Pandemic

The COVIB19pandemicexposednany vulnerabilities in existing supply chainsow inventory

logistics strategies, dependence on China for manufacturing, international trade wars, and inadequate
safety protocols creatd risks in supply chainghich the pandemic laid bare. The supply chain and
logistics sectors were unprepared ftire unprecedented shifts in consumer demand toward essential
household goods and labor shortages in many sectors, including in food produ®igspite the initial
difficulties, suppliers and manufacturers have pivotadde-commerce channelbave been bolstered

In the medium term, supply chain resilience strategies include understanding and activating
alternative sources of suppl{Companiesre alsaequiring greaterinbound material visibilityfrom
logistics providers preparing for plant closures, and focusing on production scheduling agility. They
are also evaluating alternative outbound logistic options and securing capacity as theyicoglbbal
scenario planningAsshownin Figurel-2, these and other strategiagere popular in a survey of
businesses conducted during the pandemic.
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Figure 1-2: Responses to survey question :  How does your organization plan to increase agility in its
supply chain?

Improve our response to supply chain risks _ 49%
Increase the use of automation _ 46%
Increase visibility of our end-to-end supply chain _ 45%
Build an alternative supplier network _ 447
Increase localized production _ 42%
Streamline our supplier approval process _ 38%

Reshoring to trusted countries

Vertical integration _ 30%

31%
30%

Scenario planning and testing

Source: Interos, 202CYID Resilience Report: The Impact ofl@@¥18upply Chains and How
Businesses are Preparing for the Next Shock

The COVIEL9 pandemic has exposed U.S. reliance on manufacturing capacity in China. WWithcéat

of our world manufacturing capacity in Qte, supply chain managers have accepted the importance of
diversifying manufacturing capacity and bringing some production closer to the point of consumption.
Suppliers are exploring alternative capacity in Mexico, Vietnam, and Indraong other places$n

addition, increased automation and small batch production are making onshoring more economically
feasible.

Trucking volumes nationally arstill down compared to 2019. The American Trucking Association
(ATA) compiles an index of truck tonnage (where &g0als year 2015 levels), and ATA found the
February 2022 index was 1.8 percent lower than March 2020, apéientlower from the alitime

high of August 2019.A shown inFigurel-3, a sharp decline was observed in April of 2020, followed by
a recovery that has yet to reach the ppandemic peakKThis is likely caused by supply issues related to
the driver shortage and other operational constrainfResearch by the American Trucking Research
Institute suggests these declines were associated almost entirely with reductions irhiaulgover

1000 miies). Before the pandemic, 32.7 percent of driver trips were over 1000 miles, compared to 22.7
percent during the pandemic. In contrast, 7.8 percent of driver trips were local and less than 100 miles
before the pandemic, compared to 18.2 percent duringghademic. This shift in trucking distance is
consistent with the increased utilization aFcommerce, which depends heavily on trucking for

regional distribution and lasimile delivery.

11 Seenttps://www. trucking.org/news-insights/ata-truck-tonnageindex-unchangedfebruary
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Figure 1-3: American Trucking Association Truck Tonnage Index through February 2022

TrUCK Tonnage Index February 2022
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Source: American Trucking Associatibtips://www.trucking.org/news -insights/ata-truck-tonnage
index-unchangedfebruary

With respect to rail, 2019 was not a strong year, primabiécause ofleclining volumes in coal (due to
lower domestic and export demand) and grain (due to lower export demand). GO8/tiecreased rail
volumes further.Rail volumes began to recover in the third quartef 2020and by today many
railroad markets have returned torp-pandemic levels. Rail intermodal is hitting dlime highs, with
strong international trade and consumer spendinthe excellent rail connectivity in the Mibouth
region allowed Nike to weather the supply chain crunch by running a dedicated train fromAngeles
to Memphis, termed thésole traind'?

Freight stakeholders in thid-Southregion reported a wide range of impacts, which often varied by
freight mode. As can be seen frdfigure 1-4, some of the top impacts noted were increased business
activity, likely from the supply chain crunch in the recovery of the pandemic, and health concerns of
warehouse workers and drivers. Freight stakeholders also noted a preference for the suspension of
hours ofservice requirements. The air cargo sector reportiat freight volumes increased with more
frequency than other modes. Few of the freight stakeholders reported issues with delays, layoffs, or
significant financial loss, likely because freight activity remained high and transportation prices
soared.

12 https://www.supplychaindive.com/news/nike-soletrain-distribution-centersrobots/6176@/
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Survey Results of COVID-19 Impact by Mode

Other (please describe)

Delays due to border closings

Delays due to port closures

Delays due to communication issues (limited office access)

Forced to form new business contacts because of closings

Suspension of hours of service requirements

Increased business activity

Health concerns for warehouse workers

Health concerns for drivers

Shipments being held because of warehouse closings

Significant financial loss

Furlough/lay off employees

ELTL ®Truckload

o
o
o

0.20 0.40 0.60 0.80

Absolute Value of Impact

Road MWAir EWater HRail

1.00

Source: Memphis MPO, 2020, Freight Stakeholder Survey.

POST COVID-19 ECONOMY

The pandemic accelerated pexisting trends in several areas. While the dedence on ecommerce
during the pandemic will recede to some degree, it is anticipated thabmmerce will retain a
significant portion of the market share gains. Retail outlets were already forced to be njwifideing a

combination of irperson and onlie service. The pandemic has shuttered many retail locations, and

retailing dependent on brickand-mortar stores will be even more precarious in the future. In addition,
businesses have withessed the successle€ommuting, andnany anticipate reducingtteir office

requirements going forward. This will reduce commuting and change the style of office products
required.

Manufacturers are likely to increase their reliance on regional production. The CQ9Ipandemic
combined with other factors, such as highfuel costs and a premium on speed and reliability, to
incentivize production to take place closer emd-markets possibly through reshoring or near
shoring. Visibility into supply chains has beconwucial, and producers may reach back severails to
manage risks. There will be an increased focus on tracking and performamtaet, Nikeimplemented
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commerce ordersThisis likely tomoveactivityaway from t he companyds centr al
facilities in Memphis'®

In the long run, reshoring or nearshoring is likely to decrease business @arriers involved in

overseas trade. Container lingésany with preexisting strains on their balance shesé may be in the
most precarious position. Class | railroads are relatively strong due to the positive effect of recent
operating policieqdiscussed irsection 1.3. Turnover of companies in the trucking industry will
continue in the near term but should not be a lasting issue. There may be more regulation for priority
national supply chains due to security concerns.

On the positive side, public understanding oktimportance of supply chains and appreciation for
freight has risen dramatically. The term osupply
could lead to an improved climate for freigtitiendly policies and freightcentric investment, and

reinforce the value placed on resiliency and modal redundancy. It is also possible that attitudes bred by
social distancing may linger, improving the acceptance of automation, for example, or favoring

carriage with less facéo-face interaction such as cadad rail and dropand-hook trucking, or even

supporting reduced train crew sizes.

Tablel-2 provides asummaryof this section.

Table 1-2: Assessment . COVID-19Pandemic

Trend or ISsue: COVIBR19 Pandemic

Type: Threat and Opportunity

Regional Impacts: - Pandemierelated deaths, business closures, and restrictioiese a threat to the MieSouth

region; however, conditions have largely returned to normal

- Freight activity remained high through the pandemicowever, operational constraints,
such as availability ofvorkers/drivers and assets, is currently constraining the sector.

- Reshoring and neasshoring can have a mixed impact on tMéd-South region Some
businesses might choosetorelocate st art signi ficant ope
BlueOval City project, while other businesses currently located inrdsgion might
decentralize their operations closer to customers, like Nike has. In balance, the excepti
logistic facilities, low costs, and availability of property and land is likelattvact new
businesses seeking to diversify their supply chains. This will lead to a diversification of
businesses and economy activity in Memphis, reducing exposure to specific sectors or
employers.

- Increase of éommerce will benefit FedEx and UPS.

- Increased awareness of supply chain and freight issues in the broader population could
freight-centric investments or policies.

Magnitude of Regional Medium- The Mid South region does not appear to have been impacted megatively than
Impact: other comparable regions in the U,%nd logistic operations have largely returned to normal
Acceleration of ecommerce trends has been positive, however it has not turned out to be g
large, sesonally adjusted, as expected during thedesnic.

13 https://www.supplychaindive.com/news/nike-soletrain-distribution-centersrobots/617604/
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1.1.3  Distributed Manufacturing

3D printing technology is advancing rapidly. 3D printing is a type of additive manufactwsingre

products are formed by layering materials, as opposed to subtractive (cutting away) or formative

(molding) manufacturingtechniques. 3D production machineeyel oosel 'y referaded to a:
althoughprinters are just one of a half dozatifferent types. Similarly, while the raw materials may be
referredotohas acit mla$ mat er i,and eenfooddnlvaridus formé. ast i c s,
Fused Deposition Modeling of plastics is the most common and probablykbestn production

method,and usesnelted filaments extruded through a nozzle. 3D printers are operated from software

containing the design specification$he size of thedditive manufacturingndustry was 35.4billion

worldwide in 2020, growing 21 percent over 2019 and forecast to grow at a compound annual rate of
21.8percent through 202.14

An important consideration in understanding the potential impts of additive manufacturing/3D
printing is that it is not primarily about stanealone machinery for fabricating entire products. Rather,
it is a flexible and sometimes superior technique for improving production of components within
existing manufacturig processes, reducing costésid making manufacturing more competitive.
Because of its benefits, many manufactured elements may be priimteldiding intermediate products,
original and replacement parts, and si#ssemblies.

Additive manufacturing/3D printing are likely to have the following impacts:

fi Decentralization of some manufacturing processes andreduced transportation of products .
Distributed manufacturing refers to the potential for efficient production of components and goods
near the points of demand, leading to many small factories situated in and serving many local
markets. This contrasts with the longtanding imperative for factories to achieve economies of
scale through mass production, and to locate large plants in Baibumbers where the availability
of raw materials, affordable skilled labor, vendors, or other factors of production make the
achievement most efficient. Additive manufacturing/3D printing technologies do not offer similar
economies bscale Therefore this type of manufacturings likely to be decentralizecndcloser to
where the products are being useahich reducesthe need for freight transportation of products.
Logistic hubs such as Memphis would see lower freight volumes and manufacturing adtivity
additive manufacturing becomes widespread. However, this is unlikely to materiatizealdn the
short or medium term, and reductions in volumes and business are likely to be offset by other
sectors and industries.

fi Increased transportation of print ing inks. There could be growing demand for the

transportation of inks to feed 3D printing. Many tifese inksare heavy (e.g., metals, ceramics,
concrete) and might be suitable for bulk transport as demand grows, altholigmeed forsome

sort of protecive packaging seems likely in many cases. One possibility is the development of local
depots that break down bulks into consumable bundles for regional delivery, in addition to direct
deliveries in volume to factorieand emergency overnight deliveries fino air hubs like Memphis in

the event of shortagesThe sources of inks are not well defined becatises farthey are specialty

14 https://www.businesswire.com/news/home/202109160969/en/15.4Billion-Worldwide-Additive-Manufacturing Material-Industry-to-
2027--LatestAdvancementsand-Innovations--ResearchAndMarkets.com
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items. Presumably the industries that produce plastics, metals, ceram@antsother inputs will be
able to serve the new and gring demand, althouglit remains to be seefrom which plantsand
from which stateghese would be produce®ne type of input is plastic resins, which are-by
products of petroleum refiningThe largest US source region for plastic resins is the Gulf €ba
These resinsould be used locally and/or exportetMovement of inks up the Mississippi to
Memphis and beyond could give these regions a competitive advantage in this type of
manufacturing, but only to serve local markets.

i Changes in supply chains and facility siting: The length and complexity of supplyhains for

product deliveries may be generally reduced, meaning more goods can be delivered with lower per

unit transportation impacts. 3D processes wil/l €
manufacturingd | eadi ng t o many inamadrving haayddca markets Pasts t uat e
warehouses could be supplemented at least in part by printing sites, and factory location decisions

may become less dependent on the labor costs for components. Regions like the Southitsst U

Sates, which are hone to automotive manufacturing networks, are attractive options for additive
manufacturing and component assembly operations. More parts could be made to order or finished

on-site instead of being importedherebydecreaing the need for warehousing spate store

imported parts.

fi  Modal shifts: Supplyflows by water are not likely to be heavily impacted in the near term, as ink
stocks are importedgenerally from Ching andthe imports are currently lower cost than domestic
stocks. In the longer term, sparts could face losses of international trade if more materials and
products are made domestically, or air cargo could be reduced if-liahe goods are made locally,
although in both cases other business opportunities could offset any loEsegxampé, inks could
grow as import or export commaodities by water, and air will remain vitally important as adafe
system for supply chain breakdowns and disruptions.

Rail will be viable for containerized transport of inks if 3D printing operations reacimdnstrial

scale or export becomes economically viable. Otherwise, transport will be most effective by truck.
Local trucking will be increasingly important to link distributed manufacturing locations with

users. Trucks will be important for delivery ofliis and finished products, especially where volumes
are small, or producers are regional, or for intermodal drayage.

Tablel-3 provides asummaryof this section

Table 1-3: Assessment | Distributive and Additive Manufacturing

Trend or Issue: Distributive Manufacturing

Type: Threat

Regional Impacts: - Decrease advantages of centralized manufacturing or centralized distribution

reducingbenefits of lower cogtentralized metropilitan areas such as Memphis

Magnitude of Regional Impact: |Lowd Technology has not proven to have wide commercial applications beyond new
niche uses. Even if it does decrease freight transportation needs for certain products
these decreases are likely to be offset by other business
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1.2 TRUCKING TRENDS AND ISSUES

1.2.1  Congestion
IMPACT ON SUPPLY CHAINS

The movement of freight through the roadway system is one of the main sources of unreliability in

modern supply chains. While businesses are using a wide array of technologies and prtecesake

each stage of supply chamore efficient and predictable, the transportation of freight between these

stages, particularly by truck, is susceptible to significant unreliability and inefficiencies. Production,
warehousing, and retailing are becadng ever more optimized and automated while roadway

congestion is not improving. Roadway congestion, and the unreliability it creates, represents a

constraint for businesses seeking to improve their operations and achaglggtional supply chain

efficiencies. At an aggregate level, thiscongesttams t i f | e a regi onds competiti
long-term prosperity.

Roadway congestion makes it hard for trucking companies to set and meet delivery sch&ddigsing
a deliveryappointmentcan lead to poduction disruptions, stoclouts at retail establishments, and
delays that cascade throughout the supply chain. Most businesses that receive freight place a high
value on timely deliveriesleadingtrucking companies do their best to be on time. This ofiewolves
building slack in their delivery plans, which translates into lost productivity as trucks wait for their
delivery appointment near the destination. Even if shipments arrive on time, roadway congestion
generates costs to supply chains from thehedule bufferand redundancy required to prevent
disruptions.The 2020 Freight Stakeholder Survey conducted by the Memphis MPO found that the
biggest impact from congestion involved delayed arrivals or departijseeFigurel1-5), which agrees
with findings elsewhere in the natiotf

15 Guerrero, S. E., Hirschman, I., Bryan, J., Noland, R., Hsieh, S., Schrank, D., and Guo, S. 2019. NGHRPpd&rE92EIEStimating the
Value of Truck Travel Time Reliability, Transportation Research Board, National Academies of Science, Engineering ane. Medicin
16 Memphis MPO, 2020. Freight Stakeholder Survey, November 2020.
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Figure 1-5: Responses to freight stakeholder survey : Most significant costs of congestion to business
Incremental location(s) required -
Longer operating hours

Lost resources — drivers, truck capacity to
meet loading per week/day/hour

Increased labor costs
Additional fuel expended

Delayed arrivals/pickups/departures/deliveries

0% 10% 20% 30% 40% 50% 60% 70% B0 90%100%

Percentage of Respondents (n = 53)

Nl N2 B3 H4 W5 W6

Source: Memphis MPO 2020 Freight Stakeholder Survey

The trend toward leaner supply chains that minimize inventories and put a premium on efficiencies
increases the need for reliability in deliveries.fgesially for highervalue commaodities, businesses are
seeking to reduce stationary inventories, because they represent a cost of doing business and therefore
require timely deliveries to avoid disruptions to their operations. The emphasis on customer

satidaction in ecommerce and ordemand deliveries is another trend that increases the importance of
roadway reliability. Speed and reliability are competitive advantages for businesses in this space. These
and other trends are likely to increase the need &fficiency and reliability in roadway transportation

in the coming decades, which will be ever more challenging to achieve given the expected increases in
traffic volumes, including trucks.

BOTTLENECKS

Congestion ranked as the top efficienogirrier for Memphis businesses in the 2020 Freight Stakeholder
Survey!’ The frequency and intensity ajpeak period congestiahranked the highest among 14

efficiency barriers typically invoked by the business communibygher than, for example, emission
regulations and parkingT he second highest ranked efficiency ba
incidentsé hi g h | iimgportance af reltaliligy to trucking operationsnd the value of clearing
incidentsquickly o6 Congestion due to presence of freighto©o

17 Memphis MPO, 2020. Freight Sthklder Survey, November 2020.
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The Freight Stakeholder Surveyan k ed ORoadway Bottl enecksd as the
future emphasisAll this highlights the importance of addressing congestion bottlenecks in the region.

The 2017 Greater Memphis Regional Freight Plan used previous studies and stakeholder interviews to
identify the following bottlenecks in the region:

i Interstate 40 and Interstat&5 junctions in West Memphis
i Interstate 55 at Crump Road Interchange

i Interstate 240 at State Route 385

fi Interstate 240 between35 and Airways Boulevard

il Interstate 40 at Interstate 240 East

fi Lamar Avenue (US 78) at Winchester Road

i Lamar Avenue (US 78) &helby Drive

fi Lamar Avenue (US 78) at Holmes Road

fi State Route 38@ill Morris Parkwayht Kirby Parkway

fi Goodman Road (MS 302) east of Airways Road

fi Goodman Road (MS 302) at Hacks Cross Road

fi  Winchester Road at Perkins Road

i Byhalia Road between WinchestRoadand Poplar Avenue

The recently published Mississippi Statewide Freight Plan identifi&8 between Pleasant Hill Rd and
Church Rd aan important truck bottleneck!®

Several projects are underway, or have been completed recently, that would adsioese of the
bottlenecks listed above, including aamar Avenue, and the35 interchange with Crump Road.
However, roadway construction work zones are known to cause challenges for trucks, as capacity is
typically reduced. Various systems have been iempénted throughout the country to provide
information to drivers about current and future work zone activities so that they can take different
routes or build slack in their schedules. Examples include 88 Connected Work Zone project in
Texas and théligh-Risk Commercial Vehicle Notification Project in Georgia.

A more recent study of congestion in the region, conducted as part of the 2020 Congestion Management
Plan (CMP), identifies the roads that are currently congegtexbFigurel1-6). All of the bottlenecks

identified by the 2017 Greater Memphis Regional Freight Plan also show up as Congested CMP Network
Segments in the CMP. While tB®ngested Network factors all traffic, not just trucking, it provides a
valuable indication of wheregongestion accumulates on the roadway network.

18 Mississippi DOT, 2022.
https://mdot.ms.gov/documents/Planning/Plan/MS%20Freight%20Plan/MS%20State#d0Freight%20PIan%202022.pdf
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Figure 1-6: Congested Segments on the CMP Network (2020)
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The freightspecific congestion metrimost frequently used in planning the Truck Travel Time
Reliability (TTTR)metric. This metric is calculated following a specific procedure outlinedhsy

Federal Highway Administratianwhere the highest ratio ahe 98h percentile travel time to median
travel time is reported acrosfive time periods during the week. This metric is only intended to be used
for interstate highwaysFigurel-7 shows the interstate segments that have a TTTR higher than 1.5,
which indicates that in one of the five time periods travel times on occasion (one out of 20 occurrences)
are 50 percent higher than median travel times. The highways highlighted by thisin@pde muchof

the 0 2 @6 formed byl-69, 40 and 1240; 155 between Southaven and Hernaftid-40 between-|

240 and Appling R&:40 between the HernanddeSoto Bridge€l-40)andl-69 and F55 between the
MemphisArkansas Bridg€-55)and CrumpBlvd interchanggproject underway at this location)The
CMP calculated the TTTR with travel time détam 2018, beforé-269 was complete@ome of the

19 This location is also showing up as one of the top bottlenecks in an ongoing study by the Mississippi DOT. First draft shoejd be
published by May 2022.
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unreliability and congestion described abogeelikely to havebeen addressed by the completion of

this important bypass corridorThe TTTR wasalculatedmorerecently in the for RTP update: Moving
Together 2050, however for the year 2020 when traffic conditions were most atypical due to the-COVID
19 pandemic.

Figure 1-7: CMP Network Segments with a Truck Travel Time Reliability (TTTR) of 1.5 or above , 2018
s CMP Network Segments with a TTTR Ratio Below 1.50 (Interstate Only)
s CMP Network Segments with a TTTR Ratio Exceeding 1.50 (Interstate Only)
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The 2021 West Memphis Metropolitan Transportation Plan (Chapter 6 Performddeasuresy

calculated the TTTR, finding that the only interstate highway segment above the threshold of 1.5 is the
segment of 455 west of the Memphiérkansas Bridgdn an interview, theWest Memphis MPO

indicated that there are currently significant likups and congestion on Highway 70 at th&0l
interchange?! TheMPQalso indicated that the grade crossing on HighwayM7Missouri Streethext

to the I-55 interchange causes significant delays throughout the day, making it more challenging to
accesshe interstate, and backing up onto local traffithe extension of South Loop ike to Suth

Airport Road is currently underway (righof-way acquisition), which will improve the accessibility to

20 West Memphis 2050 Metropolitan Transportation Plattps://www.westmemphisar.gov/475/PublieDocuments
2L Interview with City of West Memphis, 03/2022
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the Port of West Memphis and facilitate economic developtagportunities. Traffic studies in this
region are typically conducted by the Arkansas Department of Transportation.

The F40/1-81 Multimodal Corridor Studyidentified several segment® the Mid-South regionas
congestel:

i 1-40 from SR 204 (Covingtok.Pto Sycamore View Rd

i 1-40 from US 45 Bypass to US 45 (SR 5, N. Highland Ave.)

i 1-40 from Exit 1B (US1/SR4/Danny Thomas Blvd.) to Exit 2 (Chelsea Ave. and Smith Ave.)
i 1-40 at Canada Rd.

i 1-40 from Exit 2 (Chelsea Ave and Smith Ave.) to Exit 5 (Nortivrtmd St.)

The American Transportation Research Institute found that one of the top 100 bottlenecks in the
country is located in theMid-Southregion2® The interchange of-65 and 440 was ranked as the top
42ndbottleneck in the nationThe peak speed at this location was found to be 49.8 mph in 2021, which
was 11.percentlower than the speed in 2020, aatbol11.7percentlower than the speed in 2019
indicating that traffic operations have degraded through the pandentiés unclear whether ATRI
controlled for the closure of the Hernando DeSoto Bridigénheir analysis. If they didot, this could

have resulted in the-b5 and 440 interchange rankig higher in terms of delay than it would have

during previous years.

INTERMODAL C ONNECTORS

The roadway system plays a vital function providing access to rail, water, and air freight infrastructure.
Lastmile connections to this infrastructure play an ingptant role in the efficiency of the multimodal
freight system. A study was conducted in 2020 that evaluated the traffic operations and safety of freight
intermodal connectors in Tennessé&EThis study concluded thahe Tennessee Department of
Transportdion (TDOT)should conductinoperational analysis to determine how to improve the level

of service at intersections along ttseveral corridors surrounding the Memphis International Airport
(corridors and intersections are summarized in Sectlob.2. In fact, onlythe corridors and
intersectionsproviding access to the airport were recommended for further studyevaluate level of
serviceamong all intermodal connectors in Tennessa®lyzed

Railterminals also require efficient connectors to the roadway systé&mitunately, no major capacity

deficiencies were found for the connectors that provide access to rail terminals in the region. The TDOT
freight intermodal connector study evaluated seve
connectors have the highest operational performangzand did not recommend that additional

improvements were neededHowever, it is possible that trucks are currently using other routes not

studied in this effort. The Lamar Avenue widening project currently underway is likely to improve

access to the BNSiérmodal terminal and Memphis International AirporAdditionally, ongoing work

22 TNDOT,-40/81 Multimodal Corridor Study, Existing and Future Conditions, Technical Memaranduly 2020.
https://www.tn.gov/content/dam/tn/tdot/long _-range-planning/studies/i-40-81-study/I-40-81-ExistingFutueConditionsReport.pdf

23 https://truckingresearch.org/2022/02/09/atri-releasesannuatlist-of-top-100truck-bottlenecks5/

24 Chimba, D. (2020) Evaluating Freight Intermodal Connectors (FICs) in Tennessee, Submitted to Tennessee Department w@tibranspor
(TDOT)RES 20185.
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on the Plough Blvd. Interchange project and th240 and Airways Blvd interchange are anticipated to
improve access to the airport and FedEx hub.

SOLUTIONS

Thesolution that most effectively resolves truck bottlenecks depends on the causes of the bottleneck.
In most cases, an engineering analysis is required to identify the capacity, geometric, or opatation
causes of the bottleneck, and to identify caxftective solutions. The FHWA provides general guidance
on addressing bottlenecks, includirmpsteffective ways of increasg capacity, ramp metering,

improved signal operations, andtelligent Transportation SystemdTS, among othes. The 2020
Memphis MPO CRlalso described a wide range of strategies to mitigate the severity and frequency of
congestion however, they focused on general purpose traffic. This stutigt consider some freight

related strategiesincluding traveler information systems, traffic sigal coordination, leftturn lane
restrictions, truck-only lanes, and increases in truck parking capacity, among others.

Other mitigation options are available for reducing the impacts of congestion on freitdiblel1-4
includesasummary of these options provided the recently published\ational Cooperative Highway
Research Program (NCHRE8search Report 854 on identifying and addressing truck bottlesieck

Table 1-4: Potential Mitigation Strategies for Truck Bottlenecks
Cause ofCongestion Mitigation Options
Recurring Congestion - Add capacity

- Reversible/convertible tweway leftturn lanes

- ITS solutions: ram metering, realtime traveler info (e.g., sharing peak demand data),
appointment systems, loathatching, etc.

- Travel demand management solutions: truck tolling,-pfakhour delivery options, etc.
- Truck mode shift to rail, water, or air modes

- Variable sed limits during shoulder periods of recurring congestion

- Managed travel lanes to allow for shoulder running

- Automated platooning of trucks and/or autos

Traffic Incidents - Realtime traveler info via mobile devices and CMS

- Advanced closureotifications

- Queue detection and warnings before known bottlenecks, especially where site distanc
limited

- Install CCTV at higliincident locations to allow for faster response time

- Traffic control, such as alternative routing information and alternagitiming plans for
signalized intersections

- Crash investigation sites and refuge areas

- Gate/border crossing technology improvements, such as appointment systets
frequency identification RFID readers, congestioibased toll preregistered toll optims, etc.

- Truck tipping warning signs

Work Zones - Advanced closure notification
- Coordinated traffic control and redime traveler information
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Cause ofCongestion

Mitigation Options

Weather

Deparment of Transportatiorcoordination with National Oceanic and Atmospheric
Administration to provide reattime traveler information

Ice detection, warnings, and aniting on bridges and roads
Winter maintenance programs (showplowing, avalanche control, and deicing)
Runaway truck ramps

Poor Signal Timing

Signal synchronization

Signal prioritization for trucks

Right/left -turn lane additions

Appropriate truck turning radii

Improve site distance (remove obstructions, improve lighting, etc.)

Improve geometry at signalized intersections, includicontinuous flow intersections,
diverging diamond interchange, etc.

Non-recurring 0 Special
Event Traffic

Outreach and coordination with trucking industry
Sighage where appropriate

Realtime traveler information

Managed travel lanes to allow for should@mning
Adaptive traffic control

Peakhour signal timing

Geometricd Up And Down

Grades, Super Elevations | _

Truck climbing lane

Truck deceleration lane
Runaway truck ramp
Leveling or changing slopes
Tunnels

Geometric  Horizontal
Curves

Reconstruct to standard

Increase signage and lighting

Queue detection and driver warnings
Truck bypass

Geometricd Lane Drops

Extend length of lane
Construct auxiliary or passing lane

Geometric d Short On-or
Off-Ramps

Extend length of ramp

Add decelerdbn or acceleration lane
Construct auxiliary lane

Consider use of shoulder to extend ramp

Geometrico
Merge/Diverge
Congestion

Add auxiliary lane

Interchange consolidation via collectedtistributor system
Restriping merge/diverge areas to providelditional lanes
Ramp metering

Syncing arterial signals to moderate flow of traffic merging onto and exiting the mainling

Separate truck/auto traffic

Geometric & Narrow
Bridges

Widen travel lanes on bridges
Widen shoulders on bridges

Geometric d Tunnels

Reconstruct to add necessary height and/or adequate travel lane widths and shoulder v
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Cause ofCongestion Mitigation Options

Geometric & Narrow - Restripe to widen travel lanes
Travel Lanes - Consider use of shoulder or widening

Process I_Z)elays’ﬁ_ - Gate/border crosing technology improvements, appointment systems, RFID readers,
Gate/Weigh Station congestionbased tollspreregistered toll options, etc.
Processing

- Weigh stations: consider weigin-motion devices to improve enforcement, reduce
processing delays, and prevent queue spillover ontantirze travel lanes

- Increased gate or booth staffing

Process DelayParking |- Increase number of truck parking spaces
Shortage And Access -Utilize osmart parking strategiesé tha
Management available truckparking spaces
- Allow for reservations to be made for truck parking spaces
- Optimize driveway location and design for truck access
- Design frontage roads for freight facility access
Process DelaysiPermit |- Increase processing time for permit adgition
Acquisition

- Allow for broader application of current permit categories
- Reduce number of trip types for which a permit is required
- Automate permit acquisition process

Source: Ahanotu, D. 201Guide for Identifying, Classifying, Evaluating, and Mitig&tiRgeigiacBottleneckkCHRP Research
Report 854.

Tablel-5 provides asummaryof this section.

Table 1-5: Assessment - Truck Congestion and Bottlenecks

Trend or Issue: Truck congestion and bottlenecks

Type: Weakness

Regional Impacts: Increase transportation costs and introduction of unreliability in supply chains. Increased

emissions of criteria pollutants and greenhouse gasses.

Magnitude of Regional | Medium- The MidSouth region has congestion levels comparable to otheropetitan areas of similar
Impact: size; however, it faces acute bottlenecks in specific locations that should be addressed, particularly
involving bridge crossings, rail agrade crossings, and some fasile intermodal connectors. However,
the region continuesa make strong forwardooking investments in roadway infrastructure that benet
freight, including construction of the-269 corridor, widening of Lamar Avenue, and extension of So
Loop Drive,-b5 Interchange with Crump Boulevard, to name a few.

1.2.2  Safety

The analysis dfruck crashes from 201%® 2020 provides insights regarding the specific roadway
locations that may be more hazardous to freight and goods movements. Crash data made available by
the MPO shows that the highest volume of truick/olved crashes occur along interstates and high
volume state routes, notably40, 155, andJS78 where the highest truck volumes are observgte
Figurel-8). Data was made available for Shelby County and portions of Fayette, De &stieglb),

and Marshall (Nssissipp) Counties as bound by the MPO planning area.
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Figure 1-8: Regional Truck -Involved Crashes by Severity (2016 -2020)
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The tables included in this section provide an overview of crash characteristics for fiadved

Disclaimer: This map is for planning purposes only.

crashes, with a detailed breakdn by severity, manner of collision, and lighting conditions. Due to
gaps in reporting, some tables do not sum to the same number of total crashes.

From2016 to 2020, nearly 12,000 crashes occlirrdiae region involvingtrucks. Of those80percent
(9,374) did not result in an injunApproximately 1percentof truck-involved crashes resulted in a

fatality, translating into 93 fatal crashes over the 5 years of data avail&nieual crashes generally
range from 2,300 to 2,508 can be seen fablel-6, with a slight declineof 6 percentobserved from
2019 to 202@otentially a resultof volume declinegluring COVIB19 pandemicFigure1-9 shows the

distribution of truck-involved crashes by severity.
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Table 1-6: Annual Crashes by Severity (2016 -2020 )
2016 2017 2018 2019 2020 Total
Severity % % # % % % %
Fatal 22 1% 14 1% 18 1% 18 1% 21 1% 93 1%
Serious Injury 44 2% 28 1% 35 2% 39 2% 41 2% 187 2%
Injury 455 189 466 209 356 16% 371 16% 425 19% 2,073 18%
Property Damage 1,99¢ 79% 1,83¢ 78% 1,88¢ 82% 1,931 82% 1,721 78% 9,374 80%
Total 2,519 100% 2,346 100% 2,295 100% 2,359 100% 2,208 100% 11,727 100%

Source: WSP Analysis of crash data
Note: Injury crashes defined as KABCO classifications B and C.

Figure 1-9: Crashes by Severity (2016 -2020)
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Source: WSP Analysis of Crash Data

MANNER OF COLLISION

The majority of truckinvolved crashes can be classified as either angle crashepgi@2ent), or
sideswipes (2perceni). Tablel-7 shows how these and other crash types vary by cowang Figure
1-10visualizes this datawhen looking at crash data by county, it becomes apparbat tegional
patterns are driven largely by patterns observed in Shelby County, with Shelby County comprising 90
percent of total regional crashes (10,553). Crashes occurring in DeSoto Coussys@ibp) and
Marshall County (M&sissipp) are dominated byear ends (2®ercenteach) and sideswipes (B&rcent

and 25percent, respectively). Single vehicle crashes are particularly prevalent as you leave the urban
core and make up 2&rcentof total crashes in Fayette Countygfinessep
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Table 1-7: Crashes by County by Type (2016 -2020)

DeSoto (MS) Fayette (TN) | Marshall (MS) | Shelby (TN) Total

Manner of Collision # % # % # % # % # %
Angle 126 13% 16 13% 15 19% 4,429 42% 4,586 39%
Head On 6| 1% 1 1% 0 0% 8l 1% 88 1%
Rear End 264 28% 32 25% 22 28% 2024 19% 2,342 20%
Run off Road 66 7% 0 0% 11 14% 0 0% 77 1%
Sideswipe 314 33% 39 31% 20 25% 2,206 21% 2,579 22%
Not Collision with Motor Vehicle in Transport 4 0% 35  28% 3 4% 1,175 11% 1,217 10%
Other 163 17% 4 3% 9 11% 638 6% 814 7%
Total 943/100%| 127 100% 80/100% [10,553100% 11,703 100%

Source: WSP Analysis of crash data

Figure 1-10: Crashes by County by Type (2016 -2020)
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Source: WSP Analysis of crash data
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Tablel-8 shows how the manner of collision affects the severity of crashegle crashes represent 32
percentof fatal and 4%ercentof serious injuy crashes. Rear ends represent@icentof truck-
involved crashes that are fatal, and B&rcentof serious injury truckinvolved crashesSdeswipe
crashes, while they represent 2igrcentof total crashesmostly tend to result in property damage only
(87 percen.

Table 1-8: Crashes by Severity by Type (2016 -2020)

Fatal Serious Injury Injury Property Damage Total
Manner of Collision # % # % # % # % # %

Angle 30 32% 79 42% 898 43% 3,57¢ 38% 4,586 39%
HeadOn 7 8% 7 4% 37 2% 37 0% 88 1%
Rear End 28  30% 60 32% 546 26% 1,70¢ 18% 2,342 20%
Sideswipe 6 6% 12 6% 323 16% 2,23¢ 24% 2,579 22%
Run off Road 3 3% 3 2% 18 1% 53 1% 77 1%
Not Collision with Motor Vehicle In 18] 19% 19 10% 141 7%  1,03¢ 11% 1,217 10%
Transport

Other 1 1% 7 4% 110 5% 720 8% 838 7%
Total 93| 100% 187 100% 2,073 100% 9,374, 100% 11,727 100%

Source: WSP Analysis of crash data

LIGHTING CONDITIONS/TIME OF DAY

The vast majority of truckinvolved crashes (7@ercenf) occurduring daylight, as can be seem in
Figurel-11andTablel-9. However, only a slight majority (58 percent)of fatal crashes occur in daylight
conditions. Over a third (3percent) of fatal truckinvolved crashes occur in dark conditions, though
the majority of these are in areas where lighting is present. Of the 280 crashesimgsult fatality or
serious injury, 88 of them (3dercent) occurred in dark conditions, with 168 (@@rcent) occurring in
daylight.

Table 1-9: Crashes by Severity by Lighting Condition (2016-2020)

Fatal Serious Injury Injury PDO Total
Lighting Conditions # % # % # % # % # %
Dark- Not Lighted 7 8% 15 8% 81 4% 252 3% 355 3%
Dark- Lighted 24 26% 41 22% 355 17% 1,349  14% 1,769 15%
Dark- Unknown 1 1% 0 0% 0 0% 17 0% 18 0%
Dawn/Dusk 1 1% 6 3% 81 4% 347 4% 435 4%
Daylight 54  58% 114 61% 1,460 70% 6,957 74% 8,585 73%
Unknown 6 6% 11 6% 96 5% 452 5% 565 5%
Total 93| 100% 187 100% 2,073 100% 9,374 100% 11,727 100%

Source: WSP Analysis of crash data
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Figure 1-11  Crashes by Lighting Condition (2016  -2020)

565 5%
355 3%
8585 73%
1769 15%
18, 0%
435, 4%

= Dark - Not Lighted Dark - Lighted m Dark - Unknown
= Dawn/Dusk Daylight = Unknown

Source: WSP Analysis of crash data

The2017 Greater MemphRegionFreight Plaf®identifies several strategies to help reduce the
incidents of crashes and figjate the impact to traffic when crashes occtfiThese strategies include:

fi Continuation and expansion of the Tennessee Traffic Incident Management (TIM)

fi Expansion of the Tennessee HELP and Mississippi Incident Management Program

fi  Implementation of the respective State Highway Safety Performance Plan (HSPP)

fi Strategic Highway Safety Improvement Program (HSIP)

fi  Implementation of the High Risk Rural Road Safety Program (HRRR)

fi  Implementation of the TDOT Work Zone Safety and Mobility Raog

i Continuation of t he -railreas grade d¢rassing safety mgagrand s hi ghway

=1}

Development and maintenance of transportation safety performance measures for the region
through the state and MPO

A 2015 analysis of commercial vehicle crashes cotatliby the Arkansas DOT found that Interstéi@
approaching the Memphis and the Tennessee border had some of the highest crash rates per mile in all
of the state?’lt is recommended that this corridor be rexamined with 5 years of more recent data, to
assess whether these high crash rates have persisted, and to identify the manner and conditions most
prevalent in truckinvolved crashes.

25 https://memphismpo.org/sites/default/files/documents/plans/multi -modals/freight/greater-memphisregionatfrieght-plan.pdf

26 Greater Memphis Regional Freight Plan, 201 s://memphismpo.org/sites/default/files/documents/plans/multi-
modals/freight/greater-memphisregionatfrieght-plan.pdf

27 Arkansas State Freight Plan
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Ultimately, a safety engineering analysis following the Highway Safety Matisadequired for
corridors identifiedas having high frequency of crashes to ascertain whether these corridors are
generating a higher frequency of crashes than expected for similar facilities. If they are, mitigation
strategies should be implemented.

RAILROAD INCIDENTS

Data on railroad crossg incidents for years 201® 2020 was provided by the MPO. Fifityr incidents

at railroad crossings occurred during this perigohapped inFigurel-12), with half of them occurring

at crossings where a warning device was not identified in the data (27). Of the other incidents, three
occurred at crossings with crossbucks, seven occurredat quad (or full barrier) gates, and 17
occurred when the warning device was a flashing light. additional discussion of safety at rail at
grade crossings is provided Bection 1.3.60f this report

Figure 1-12  Railroad At -Grade Crossing Incidents
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Source: WSP Analysis of data provided by Memphis MPO

Tablel-10provides asummary ofthis section.

28 American Association of State Highway and Transportation Officials, Highway Safety Manual (HSM)
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Table 1-10: Assessment . Truck Roadway Safety

Trend or Issue: Truck Roadway Safety
Type: Weakness
RegionalImpacts: - Crashes result in loss of human life, injuries, and destruction of property

- Crashes on primary freight routes increase travel times for commuters and goods
Impacts to goods movement affect revenue of freight generating and freight movi
industries.

- Lack of safe truck parking requires additional analysis of where additional capacit
needed. Lack of safe trucking parking results in unsafe parking on interstate ramp
shoulders, and other locations.

Magnitude of Regional Impact: |HighdTheMid-South regiorhas some of the highest frequency of trutk/olved
crashes, partially because truck volumes are high. The Tennessee Freigttf&laal
that Shelby County had the most crashes of any county engtate Mid-South region is
also a hotspot for cargo theft in North America.

1.2.3 Pavement s and Structures

Trucks have disproportionately high impacts on capacity, maintenance of pavement, and safety of
roadscompared to passenger cars due to their length, weight, and operating characteristics. The
condition of t ksandstractuiedisivias tonpiainimgredficient movement within

the region, and trading partners. Operational and geometric deficiencies such as weight and heigh

limits have a disproportionately high impact on the safety and efficient movement of truck freight

through the region.The2020 Freight Stakeholder Sunfégg onduct ed by t he MPO foun
surfacesdé is the most i mportant topic for future
another top priority.

TDOTG6s Statewi de Mundtes thanwhilerohd afdbredgegnaittendhtegpnograms

are currently funded at a level so that adequate maintenance occurs within Tennessee, it is expected
that as the future funding landscape changes, there will be a strain on the sources used for the regular
maintenanceof roads and bridges.

Analysis of pavement and bridge conditions for this effort is derived primarily from work conducted as
part of the MPOOs cur r elivability 20§0adoptedlin Septembers2pl® antt at i o n

t he MP O dfight plan, adepied in November of 2037,

29 TDOT, Tennessee Statewide Multimodal Freight Plan.

30 https://memphismpo.org/sites/default/files/documents/plans/multi -modals/freight/2020-freight-stakeholdersurvey-121820.pdf

3thttps://www.tn.gov/content/dam/tn/tdot/freight -and-logistics/TDOT FreightPlan AMENDED 04022019.pdf

32 Livability 2058Regional Transpdite Plan Updat®emphis MPO, 209,
https://memphismpo.org/sites/default/files/documents/plans/livability/livability -2050rta-adapted-09.12.19.pdf
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PAVEMENT CONDITION

TheNational Highway SystenNHS in the MPO region consists of approximately 2,400 lane miles,
primarily on interstates and principal arterials. According to Livability 2050 pgdcentof NHS
pavementin the region is classified as good (&drcent) or fair (29perceni). Livability 2050also found
that 93percentof NHS bridge deck area is not structurally deficient. Data for this effort was derived
from the Highway Performance Monitoring System (HPMS) and incorporated a measure called the
International Roughness Index (IRI) to help identify roadways needing riitetion or maintenance.

An | RI of upddrtwWeehsi9%gadeddi over 170 .G sHRNMS siss fa ec
national-level highway information system that includes data on the extent, condition, performance,
use, and operatingcharaetr i st i ¢cs of t hRelimnary riesults Gosn thie orgomgva y s .
Moving Together 2050 RTP shdwat pavement condition has not improved in recent year$is work
shows thatl8% of norinterstates and 76% of interstates ine region are in good cwlition, with 13%

of nortinterstates in poor condition. Seleigure1-13

Figure 1-13  Pavement Condition  Breakdown, Mov ing Together 2050
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Source: Memphis MPRoving Togethe2050 RTPAC PresentatioApril 28" 2022.

Figurel-14shows the condition of the NHS, showing that some of the most important freight routes
such as Lamar Ave., Winchester Rd., and Poplar Ave tend to have some of the poorest pavement
conditions.The high volume of heavy vehicles accelerates roadway deterioration.

The MPO has established State of Good Repair targets for pavement condition on the interstate system,
per federal requirements.
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the National Highway System
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Source: Memphis MPRdoving Togethe2050 RTRAC Presentation April 282022.
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BRIDGE CONDITION

Reporting on the condition of bridges reliesébnh e MPOO6s ongoi ng RTRO050.pdat e,
Moving Together2050includes an analysis ehe condition of 1504structures in the regionOf these,

1.180 {8%) are located in Tennessee, with the renirag 324 22%)locatedin Mississppi. Overall, 29

percent are in good condition, four perceate in poot and 67% are in fair conditioithese categories

are defined as

i Poordlf significant load carrying elements are found to be in poor condition due to deterioration
and/or damageBridge requires significant maintenance and repairs to remain in service. The
classificatipootd odfo eas brrotd gienfgpdbsyravi@l. hat it i s unsa

i Good or Faird Bridges that are not structurally deficient.

Fourpercent isbetter thanthe nationaltrend of seven percent of bridges rated jpgsor.3® These are
mapped inFigurel-16

Table 1-11 Bridges by Location and Condition

Fair Good Poor Total
# % # % # % # %
Mississippi 104 32% 214 66% 6 2% 324 100%
Tennessee 906 77% 217 18% 57 5% 1,180 100%
Total 1,010 67% 431 29% 63 4% 1,504 100%

Source: Memphis MPO Moving Together 2R3® Bridge Data

Figure 1-15.  Existing Bridge Deficiency Status ( All Bridges)

4%

= Fair = Good = Poor

Source: Memphis MPRoving Together 205 TR, Bridge Data

33 2022 Bridge RepArmerican Road and Transportation Builders Associatitips://artbabridgereport.org/reports/2022-ARTBABridge-
Report.pdf
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Figure 1-16: Bridge Condition
Gy I Yy i

: © - >
m( ) / ’ TIPTON D
.

Legend

= Metropolitan Planning Area
Bridge Condition
*  Poor

55

CRITTENDEN .
Fair

*  Good

FAYETTE

MARSHALL

TUNICA

PAlg
Ajsaig SN

Disclaimer: This map is for planning purposes only.

Source: Memphis MPKoving Togethe205Q Bridge Data

The MPO has established State of Good Repair targets for paveomglition on the interstate system,
per federal requirements.

Horizontal and vertical clearance issues are typical in kigl-Southregion on interstates and state

routes constructed when the design guidelines provided for these facilities did not reqirauch

clearancePosted bridges are shown igurel-17. Five of the regionds post ec
trucks per day.

Currently there are foubridges spanning the Mississippi River in the region: two highway bridgés (I

and +0) and two railroad bridges. With the nearest interstate crossing over 60 miles away near-Helena

West Helena, Arkansas, the loss of these bridges would result in segaive economic impacts to the

region. On May 11, 2021, a routine bridge inspection of the Hernando DeSoto Bridge, linking Arkansas and
Tennessee over the Mississippi River, found a crack running through a steel support beam. As a result, the
bridgewax | osed. The bridge serves as a critical Il i nk
Coast, Sout hwest, and Mi dwest through one of the n
reports, this closure resulted in routing approximately 00 vehicles per day, with about 30 percent

being trucks, to455, which currently carries approximately 40,000 vehicles per #&yThis significantly

3 |-40 Hernando DeSoto Bridge Emergency Repair and Inspection After, A&iD®Redovember 10, 20#fgs://www.ardot.gov/wp -
content/uploads/2021/11/ARDORfter-Action-Report|-40-MSRvr-Bridge. pdf
% A fractured bridge, a closed pipeline and the fragile backbones of
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increased travel times for trucks and commuters by over an hour each day. The Arkansas Trucking
Assaiation estimates the bridge closure cost the trucking industry $2.4 million each day the bridge was
closed® The bridge closure also required the closing of the waterway flowing underneath for three days,
which transports 470,323 short tons of freight every day. This three day closure created a backup of 62 tug
boats carrying 1,058 barges. The eastbound langeediridge were reopened on July 31, 2021, and the
westbound lanes were reopened on August 2, 2021.

Figure 117 Posted Bridges
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Recent impacts to commuting and freight movement from thernandoDeSoto Bridge closure have
made the potential need for additional crossings over the Mississippi River a primary topic of
conversation. Plans for an additional bridge to accommodate traffice initially evaluated by TDOT in
2006, with initial planning on what was dubbed the Southern Gateway Project beginning in 2011.
Anticipated costs and difficulties identifying a preferred location delayed the project, but recent
reports show the Greatdvlember Chamber of Commerce initiating conversations to move the project
forward with various local agencies, including TD@md city and county official®’ The closure of the
Hernando DeSoto Bridge and its significant impacts to logistics was a topigbt up by every freight
stakeholder interviewed for this report.

36 |bid.

37 FOX13 Investigates: What happened to tior plémisdf bridge over the rivEok 13, May 17, 2021.
https://www.fox13memphis.com/news/local/fox13investgateswhat-happenedplansthird -bridge-over-
river/YDWDWA4NEPRER7P72VFSMJCRD3Q/
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Tablel-12provides asummary ofthis section.

Table 1-12 Assessment = Pavements and Structures

Trend or Issue: Pavements and Structures
Type: Threat
Regional Impacts: - Keeping infrastructure in a state of good repair is critical to keeping trucks moving

safely and efficiently.

- The amount of funding dedicated to maintenance and asset management through
the region will directly impact the efficient and safe movementgufods.

- Adequately maintaining pavements and structures leads to lower life cycle costs i
long run.

- The closure of any bridge crossing the Mississippi river has a dramatic impact on
fluidity of logistics in the region, as demonstrated by thede closure in 2021.

Magnitude of Regional Impact: |High d Key freight routesn the Mid-South regionincluding Lamar Ave., Winchester Rd
and Poplar Ave tend to have some of the poorest pavement conditiothe region The
regionhas a unique challge in that the fluidity of logistics in the region is directly tied
to the performance of the fouold bridges crossing the Mississippi River. As demonstr
during 2021, the closure of any of these bridges can have a substantial negative imp
the gperations not justof trucks, but all freight modes. A more prolonged closure or a
natural disaster (earthquake) could have a devastating impact on the réglogistic
competitiveness.
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1.2.4  Parking

The inability to find safe parking has become one of the issues for truck drivers natiomide. Lack of

parking availability at parking facilities or commercial and industrial facilities, particularly in and

around urban areas, often forces drivers to spend a considerable amount of time searching for a space,
which translates directly into lost productivity and higher trucking costs. It is not uncommon for
drivers to run out of hours of service (HOS, or
in undesignated locations on roadway shouldersngs, or public lotsThe sections below describe the
cause®f truck parking demand in the Mibouth region, and then describes the benefits of ensuring

that enough capacity is available to meet this demand. Tpevious research is synthesized to

identify truck parking needs and conceptualize solutions.

CAUSE OF TRUCK PARKING DEMAND
Truck drivers have many reasons for needing to park in khie-South region

fi Loading or unloading at a shipper or receiver establishment

fi Taking breaks to meet federabst requirementsor have access to amenities (such as restaurants)
fi Saging to avoid arriving too early for their delivery window, but to be certain of arriving on time.
i Parking overnight at truck terminalsor at industrial or commercial establishmenifsthe

establishments are running a private truck fleet

~

fi Bmergencies, potentially involving the driver, vehicle, or cargo.

Tablel-13summarizes where trucks typicsl park for these reason®arking can take place at shipper

or receiver facilities, or at multimodal facilities such as airport cargo or rail intermodal terminals.
Parking at these locations is often strictly dependent on delivery windows and loadingaditay

times. Trucks also park in rest areas or commercial truck stops. Parking at these facilities is often free;
however, many in and around urban areas can fill up during peak hours of the daynasSeé

reservation systems might be available, but theften represent a small share of the available parking
spaces. Trucks can also park at truck terminals, often for storing vehicles overnight. And lastly, many
trucks decide to park in undesignated locations because of convenience or inability to finchdesilg
parking. This could be on roadway shoulders, vacant lots, public use parking lots, and other locations.
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Table 1-13 Truck Parking Reasons and Locations

Reasons for Rest Area or | Shipper or Receiver| Multimodal Undesignated Truck
Parking/Parking Location Truck Stop Establishments Facilities Locations Terminals
Loading or unloading X X
30-minute required rest X X X X
break
Overnight required rest

X X
break
Staging X X
Overnight Storage X X
Waiting for next load X X X
Emergency X X X X X

Source: Guerrero, S.E. et al (2022) Modeling Truck Parking Demand at Commercial and Industrial Establishments, to be
published.

In urban areas such as Memphis, there are two facexacerbatingruck parking challenges:

fi Congestion truck drivers often pefer to park overnight close to where they have to make a
delivery or are picking up a load. While the demand for parking is high in urban areas, the supply is
often restricted by high land values, land use regulations, and other barriers, which lealimgar
facilities in urban areas to have high utilization rates. This often forces drivers to park in
undesignated locations. Another cause of undesignated parking is the need for truck drivers to
meet specific delivery windows. Industrial or commercial fdi@s receiving freight typically have
a fixed number of docks and dock workers, and a limited area for trucks to park because land is
expensive, so they schedule deliveries within certain windoWsese windows argypically 1 to 3
hours long but ofterereas ti ght as 15 minutes. The receiver 0:
the delivery arriving during this time, especially in jush-time supplychains that carry minimal
inventories, and therefore place a high premium on the shipment arriving dgrithe allotted
window.Wa | mar t 0 dimepiefwu I0lodh program requires suppliers
hire) to meet delivery windows 98 percent of the time, or face fines equivalent to 3 percent of the
value of goods.

fi  Delivery windows: Delivery wirdows,which have become ubiquitous in modern supglyains,

place pressures on truck drivers that exacerbate the need for urban parking. The emphasis on
meeting the delivery window leads truck drivers to have a strong incentive to plan to arrive early
in case of congestion or unforeseen circumstances. In some instances, trucks might be allowed to
enter the receiver facility early, but this is not typical, as found in the survey of the Tennessee
statewide truck parking study® These establishments are gemadly built with only the truck

parking capacity to meet fleet turnover. Even when the capacity exists to parkitey managers

often discourage this for liability and operational reasons (e.g., not having adequate facilities to

38  Golias, M., Mishra, S., Cherry, C., Kohls, A., Murray, D., Giampouranis, D., Liatsos, V. (2020) Truck Parking NeessdnRES#2018
Tennessee Department of Trgyartation.
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accommodate thireparty personnel), which translates into greater undesignated parking and
gueuing outside the establishment. This is often called staging parking. If there are no truck stops
or rest areas or orstreet parking nearby, then trucksustpark in undesignated locationsaiting

for their appointment.

BENEFITS OF SAFE TRUCK PARKING

Having enough truck parking capacity that accommodates the types of parking desalimce and
allows drivers to deal with operational pressures created by traffic congestion and delivetikslisto
generate the following benefits.

i

Safety: Improving the availability of truck parking has a significant positive impact on safety. It
decreases the need for trucks to park in undesignated or prohibited locations, such as roadway
shoulders, therby reducing the risk of crashes associated with incursion into through lanes,
blocking of shoulders, obstruction of sight lines, and blocking of bike lanes. Parking in locations
that were not designed to accommodate large vehicles poses safety risksdoitke of the truck,

the driver and passengers of other vehicles, and pedestrians and cydfistennessee

undesignated parking at the entry or exit ramps of parking facilities leads to increases in cr#shes
Approximatelyone third of the collisionson interchange ramps were at ramps with adjacent
parking facilities with utilization of 90 percent or greater.

In addition, difficulties finding parking leads truck drivers to rush to reach available parking within
their hours-of-service, or opt to violat these rest regulations altogether, which poses a clear safety
risk to them and to other drivers on the road. Making it easier for truck drivers to get needed rest
in safe locations is critical for roadway safety. Difficulty in finding places to rest,kined with
increased pressures to maximize revenues, can lead truck drivers to undertake risky behavior by
driving while fatigued*®creating a safety risk even when the trucks are on the road.

Trucking Externalities: Given their size and weight, trucks may impact communities with
emissions of pollutants, deterioration of pavements, congestion, and incremental crash risks. The
inability to find parking will increaseall these negative impacts by forcing trucks to talemgthy
detours to reach a spot, or by having to park in locations that were not designed to accommodate
their vehicles or support driver needs. The best way to reduce trucking externalities is to improve
the fluidity and efficiency of trucking operations.

Trucking Productivity and Costs: Difficulties finding parking reduce the efficiency and

productivity of truck operations, increasing transportation costs for businesses in the region. Over
time, this will make those businesses less competitive and hushemic growth. The main way

that trucking costs are increased is through drivers having to stop earlier in the day than they
would prefer to secure a parking spot. Surveys show that drivers often stop 30 minutes to 1 hour
before the end of their hours oksvice due to lack of available truck parking. This translates into
lost productivity for the sector and higher cosfer consumers. Additionally, detours to find

39

40

Boggs, A., Hezaveh, A.M., Cherry, C.R. 2019. Shortage of commercial vehicle parking aretbtectknterstate ramp crashes in
Tennessee. In: 98th Annual Meeting of the Transportation Research Board. Washington DC.

Thompson, J., Newnar8,, Stevenson, M. 2015. A model for exploring the relationship between payment structures, fatigue, crash risk,
and regulatory response in a heawghicle transport system. Transportation Research Part A, 8202101

1-37



\\\I)

Mid -South Freight Flows & Industry Analysis

parking spaces are also costly in terwfssehicle operations, including fuel, wear and teand
other expenses.

An expanded discussion of the benefits of truck parking facilities in urban areas will be included in the
forthcoming FHWA Truck Parking Development Handbook. This handbook will also include
methodologies for quantifying the benefitsf truck parkingprojects andovercoming some of the most
typical challenges faced in these types of projects.

TRUCK PARKING NEEDS IN MID -SOUTH REGION

The MidSouth region, with Memphis at its core, is characterized by generating and attracting a high
denrsity of truck trips. This directly translates into a high demand for truck parking in and around the
Memphis metro area. Fortunately, the regibasnumerous public and private truck parking facilitieas
shown inFigurel-18(for Tennessee only). These facilities are concentrated south of the city and on
approaching interstates. A study of truck parking in Arkansas also found significant truck parkpagita
on that side of the bordelin West Memphi&t This area haacluster of truck parking facilities alon{y55,
US78and F0, and is home to many businesses that serve the trucking sector.

Figure 1-18  Capacity of Truck Parking Facilities  in Tennessee
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Source: Adapted from Truck Parking Needs in Tennessee Data Analytics Site:
https://sites.google.com/view/res201916/home

The TDOT statewide truck parking study found that the parking facilities inNti@-Southregion

generally had ample capacity and were able to accoate the expected growth in trucking out to
2035with an important exception mentioned belowl'ruck parking shortfalls tended to be more severe

in and around other metropolitan areas of the state. Part of this could be explained by Memphis having
a higherproportion of warehousing and distribution activities relative fmopulation, which has

facilitated the development of truck parking capacity where needed. In metropolitan areas that are less
industrialized it is more difficult and costly to establish ttl parking facilities because of community

41 Hartsell, M et al. (2019) Characterizing Truck Parking Shortages in Arkansas: A Data Analytical Approach
https://scholarworks.uark.edu/cgi/viewcontent.cgi?artick=1064&context=inequht
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opposition and higher land prices. The finding that parking shortfalls are not severe in Memphis agrees
with the feedback provided as part of the 2020 Freight Stakeholder Survey, which found that&ht
of repondents do not think there currently exists a shortage of safe parking in the Memphis area.

These recent findings that parking capacity is adequate disagngth the findings of the survey

conducted as part of the 2017 Memphis MPO freggakeholder swey. In this surveytruck parking

ranked as thenost mentionedchallenge for driving in the region (8Rercentof respondents) and

expansion of rest areas ranked as the second most popular solutigre¢ééntof respondents). This

led the 2017 freightan to recommend the following potential solutions: increasing the number of
spaces at public rest areas, constructing new public rest areas, engaging private truck stop owners, and
improving parking information ITS.

Truck parking conditionshavelikely improved since 2017, but several challenges likely remain. These
include:

fi  Shortage of overnight parking: There exist capacity shortfalls on the interstates approaching
Memphis particularly for overnight parking The Tanessee statewide studgcommend capacity
improvements at 15 rest areas and along 2 highway corridargughout the state?? Two of the
facilities that could benefit from expansion are located east of Memphis in the $tidth region:
eastbound and westhmd rest areas on40 at mile marker 73. Demand for parking at these two
facilities is expected to outstrip supply by p&rcentin 2035. Improvements to the other 13
parking facilities identified by this study, and other-aapacity parking facilities irArkansasand
Mississippj would also benefit truck operations emdfrom Memphis. The statewide truck parking
study found that almost half of truck drivers in Tennessee spend from 30 minutes to 1 hour on
average finding parking, which represents lost jghactivity to the trucking sector and businesses
in the state, many of whiclare inMemphis®

fi  Frequent undesignated parking causedby staging needs:The main truck parking challenge in

the Mid-Southregion is the frequency of staging parking, often in wsignated locationsTruck

drivers often park neawherethey intend to deliver or pick up ahipment for the reasons

mentioned in the previous section (i.e., congestion, delivery windowspramise parking

restrictions). The high density of industrial ahcommercial activity in theMid-Southregion leads

to a high concentration of staging parking. Often truck drivers when staging will park on
undesignated locations next to their destination instead of going out of their way to find a space at
acommercial truck stop or public rest area. This leads to a significant amount of undesignated
parking throughout Memphis, on shoulders, vacant lots, public parking lots (where expressly
allowed, such as at Walmart and Home Depot, but also at other retgilemd sometimes on the
right-of-way. As described above, parking in these locations is undesirable for safety, security, and
traffic operations reasondVlemphis is considered laot spotfor cargo theft#in part because of the
frequency of parking in usecured undesignated locations.

42 Golias, M., Mishra, S., Cherry, C., Kohls, A., Murray, D., Giampouranis, D., Liatsos, V. (2020) Truck Parking NeessdnRES#2018
Tennessee Department of Transportation.

4 Golias, M., Mishra, S., Cherry, C., KdhlsMurray, D., Giampouranis, D., Liatsos, V. (2020) Truck Parking Needs in Tennessee, RIBS#:2019
Tennessee Department of Transportation.

44 https://www.fbi.gov/video -repository/newsstask-force-combatscargo-theft-in-memphis/view
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The Tennessee statewide truck parking stéfdyid not quantify undesignated parking in Memphis
However, a study of truck parking in Arkansas did find that West Memphis had the highest levels of
undesignated parking, as cdre seen irFigurel-19 These conditions are likely common

throughout the broadeMid-Southregion. The Tennessee statewide truck parking stoejyorted

that 30percert of respondents find it difficult to find parking when staging for a delivery. This

study also found that 51 percent of respondents reported parking often or occasionally in unsafe
locations.

Figure 1-19: Legal (left) and Unauthorized (right) Truck Parking in Arkansas

Source: Hartsell, M et al. (2019) Characterizing Truck Parking Shortages in
Arkansas: A Data Analytical Approach
https://scholarworks.uark.edu/cgi/viewcontent.cg?article=1064&context=ineguht

Solutions to parking in undesignated locations require a cataoid-stick approach. Enforcement
should be rampedip, especially in locations where trucks pose a clear safety issue to pedestrians,
other vehicles, and themsebs. The capacity of the truck parking system should also be expanded,
through smaller parking facilities distributed throughout the area, instead of at large facilities
where parking is concentrated. This will increase the chance that parking is availabktaging
reasons in convenient locations for driverSigure1-20shows the locations in th#lid-South

region where freight stakeholders indicated that expandeddk parking capacity was needed.
These results suggest expanding truck parking along Lamar A240Q] and-K#0/I-55 in West
Memphis.The Arkansas Department of Transportation is opening a public rest areat0nin this
area’®

45 Golias, M., Mishr&., Cherry, C., Kohls, A., Murray, D., Giampouranis, D., Liatsos, V. (2020) Truck Parking Needs in Tennessed,(RES#:2019
Tennessee Department of Transportation.
46 Interview with City of Memphis, 3/2022
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Figure 1-20: Heat Map of Locations Selected by Freight Stakeholders for Expanded Truck Parking
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Source: 2020 Freight Stakeholder Survey

fi Lack of information about parking availability: Once of the main challengédentified in the
Tennesseé&tatewide Truck Parking Study is that truckers lack information about the location and
availability of parking facilities in the state. To address thisecommendthat TDOT invests in
technology to fill this information gapThe lack of parking availability information helps explain
why the analysis of utilization data did not show that facilities were operating at capacity, while
stakeholder feedback ranks issues finding parking highly. Better information about the location,
amenities, and capacity of these parking facilities will help drivers have confidence about their
parking decisions, and not resort to parking in undesignated locations. This will be particularly
helpful for newer drivers that are not familiar with the gion.

TheTennesse&tatewide Truck Parking Studitso recognizé that truck parking is a regional issue,
where the decisions and investments made in neighboring states have a significant impact on truck
parking needs in Tennessdérecommendthat a regional truck parking study be conducted including
neighboring states (kansas Mississippj Aabama Kentucky, Georgig), using more comprehensive
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global positioning system&P$data, to characterize parking patterns and needs more fully, including
frequency and location of illegal parking-his study could also set the stage for myitrisdictional
collaboration in tackling parking challenges. A coordinated technological solution could be similar to
the Truck Parking Information Management System develdpy the Mid America Association of State
Transportation Officials, addressing the information needs described above.

The recommendation for additnal study from a multijurisdictional perspective is particularly
applicable to the MigdSouth region as istraddles three states. It is recommended that the Memphis
MPO conduct an urban truck parking study across these jurisdictions that looks at truck parking
challenges from a regional perspective. This study could be similar to the Maricopa Association of
Governments Truck Parking Stuglywhich quantified how industrial and commercial businesses drive
truck parking needs in the region, particularly for staging. This is important for highly industriadize
metropolitan areas such as Memphis. This study should also identify the locationsgofeint
undesignated parking from GPS dateassess its causaadgenerate specific locatiotbased solutions
where warranted Relying on statewide analyses is suboptimal to understand issues becaudadkey
the level of detail needed, and the caseof Memphis would involve relying on three different types of
analyses conducted with different methodologi¢serefore making it difficult to stitch together a
coherent understanding of urban and regional truck parking challenges.

Tablel-14provides asummary of this section

Table 1-14: Assessment . Truck Parkin g

Trend or Issue: Truck Parking

Type: Weakness

Regional Impacts: - Decreased trucking sector productivity and fluidity, especially on intercity trips approachin
Memphis

- Frequent undesignated parking in commercial and industrial parts of the-Biith,
potentially causing safety and security risks.

- Lackof security in and around truck stops and rest areas

Magnitude of Regional |Mediumd There exist significant truck parking needs in the M&buth region with the issue
Impact: ranking highly in local surveys, however the region is not worse off tkampeting metropolitan
areasln fact, the region likely has better truck parking capacity than other metropolitan areas
with higher population densities.

47 https://azmag.gov/Programs/Transportation/FreightTransportation/MAG Truck-Parking Study
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1.25 Electrification

TECHNOLOGY AND MARKET OUTLOOK

Truck electrificationhas reached the point of beingable and cost effective in several commercial
vehicle applications. As the costs have continued to decrease, and governments increase incentives to
electrification and raise standards for diespbwered trucks the electrification of truck flees has

becorre a possibility in recent years. Truck electrification includes a wide range of technologies, each
with different advantage. Truck electrification using batteries is much more common currently
(battery-only electric, hybrid electric, and plugn hybrid electric); however, significant development

and testing is underway for fuetell electric trucks, which essentially use hydrogen to stereergy.

The remainder of this section focuses the potential and opportunities created by truck

electrification through batteries, which is more viable in the short term.

There are currently 48 mediurduty electric truck models and 29 heaxduty electric truck models in

the market today (2021), with many more expected to be introduced in the next few §eHns. largest
manufacturers include Mitsubishi Fuso Truck & Bus Corp., Nikola Motor Co., Tesla Inc., Ford Motor Co.,
General Motors Co., and BYD Co. Humlvever, production levels are still relatively low, leading to
significant order backlogs. A businedst places an order for a heaaduty truck today is unlikely to

receive it earlier tharseveralyears. This backlog exists despite healnty electric trucks costing

$350,000 to $450,000, which is significantly higher than conventional diesel trug49a000 to

$150,000. While many businesses are placing orders for a few electric trucks to test this technology and
showcase their commitment to sustainability, for many applications battefgctric trucks have

similar total costs of ownership than conmgional trucks#4%0

Figurel-21describes the results of three studies that looked at the costpetitivenesof battery-
electric and fuel cell electric truckdn general, smaller trucks are expected to reach patitigh
conventional trucksin the near term, with heavier trucks reaching parity in 2035 for most applications.

48 https://www.mjbradley.com/sites/default/files/EDF _EV Market Report April 2021 Update.pdf

49 Atlas Public Policy (2020) Assessing the Financial Barriers to Adoption of Electric Trucks: A total Cost of Ownership Analysi
(https://atlaspolicy.com/wp-content/uploads/2020/02/AssessindfinanciatBarriers-to-Adoption-of-Electric- Trucks.pdj

50 Ledna, G Muratori, M., Yip, A., Jadun, P., and Hoehne, C. (2022) Decarbonizing Mg dteavyDuty OnRoad Vehicles: ZerBmission
Vehicle Cost Analysisitps://www.nrel.gov/docs/fy220sti/82081.pdf
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Figure 1-21:  Cost Competitiveness of Battery Electric (BEV) and Hydrogen Fuel Cell Electric (FCEV)

Trucks
Vehicle Class TEMPO - Central Scenario Islam et al, Forthcoming Hunter et al. 2021
Light-Medium BEVs: majority reach TCD parity BEVSs: parity by 2027; FCEVs before  Not included
(Class 3, 10,000 with ICEV before 2030; FCEVs 2035
14,000 1bs.) before 2035
Mod; BEVs: majonty reach parity BEVs achieve parity before 2035; Single-shift BEVs: parity by 2025;
:r( _‘i{ tm c I between 2025 and 2035; FCEVs FCEVs before 2050 FCEVSs: parity assuming ultimate targets
(Class 4 s 14,000 before 2035 met; multi-shift BEVs do not achieve
26,000 1bs.) :
‘ parity
BEVs & FCEVs: parity between ~ BEVs: approach parity by 2035; Parity depends on usage; short-haul
Heavy 2030 & 2035 FCEVs achieve, or almost achieve, single-shift BEVs: by 2025; long-haul

parity by 2050 BEV & FCEV: if ultimate targets &
optimistic fuel prices achieved

(Class 7—8, 26,000+
Ibs.)

Source: TEMP®Islam et al. (forthcoming), Hunter et al. (2021)

The cost competitiveness of electric trucks is expected to drive adoption throughout the fleet.
However there exists considerable uncertainty about the rate of this adoption, which depends on a
wide range of factors. Below are some of the more reliable projections conducted by the government
and private sectors

fi The National Renewable Energy Laboratéfgrecasts that by 2030 approximately gércentof
trucks (light-medium, medium, and heavy) are expected to be battlgctric, and Zercentare
expected to be hydrogen fuaell electric. By 2050 these shares are expected to increase to 83
percentand 17percent, respectively.

fi  MarkNtel Advisors forecasts that the.8electric truck marketwill grow 60percenteach year from
2021 to 2028.They expect heawduty trucks to see the fastest growth, which contradicts other
studies that find that smaller traks are more likely to electrify.

fi  ACT Research projects that battegjectric trucks will make up half of Clasghtough 8 vehicles
sold in the Uhited Satesby 2035 as can be seen igurel-225 Their cost analysis found that
battery-electric mediumduty trucks currently have cheaper total cost of ownership than
comparable diesel trucks, and this advantage is expected to increase as battery technology
continues toimprove and new regulations are introduced to curtail diesel emissidi® Hghest
adoption ratesareforecasted for ClasstBrough 7 trucks (6(oercentin 10 years), while Class 4
through 5 trucks are more likely to switch to gasoline engines. Classd&s are likely to favor
diesel engines until emission regulations are tightened.

51 Ledna, C., Muratori, M., Yip, A., Jadun, P., and Hoehne, C. (2022) Decarbonizing BiétianyDuty OnRoad Vehicles: ZerBmission
Vehicle Cost Analysi$ittps://www.nrel.gov/docs/fy220sti/8 2081.pdf

52 Hunter et al. (2021) Spatial and Temporal Analysis of the Total Cost of Ownership for Class 8 Tractors and Class #vEgrdaliDies
https://www.nrel.gov/docs/fy210sti/71796.pdf

58 Ledna, C., Muratori, M., Yip, A., Jadun, P., and Hoehne, C. (2022) Decarbonizing BiétianyDuty OnRoad Vehicles: ZerBmission
Vehicle Cost Analysi$ittps://www.nrel.gov/docs/fy220sti/82081.pdf

54 MarkNtel Advisors LLP, USA Electric Truck Market Research Report: Forecas2(@@),1
https://www.businesswire.com/news/home/20211202005429/en/Unit&tatesElectric- Truck-Market-Growth-Forecastg0-202660-
CompoundAnnual Growth-ForecastDuring-20212026--
ResearchAndMarkets.com#:~:text=The%20US%20Electric%20Truck%20market,the%20road%20freight%20transport%20sector.

55 https://www.truckinginfo.com/10161524/acthalf-of-class4-8-salesto-be-bev-by-2035
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Mckinsey & Company estimates that the existing federal mandate would lead to an increase of
electric trucks to 30,000 in 2025 and 338,000 by 208€eting this demand is expected to require
significant investments in charging infrastructure. While for passenger vehicles the majority of
chargers are expected to be | ocated
commercial chargig system, to supply the 23 terawdtburs of electricity required by trucks in

2030.

igure 1-22: North America Class 4 -8 Battery Electric Vehicles, 2021 to 2040
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Source: ACT Research Co., 4021 (https://www.truckinginfo.com/10161524/acthalf-of-class4-8-salesto-be-bewby-2035

The factors driving growth in truck electrification include:

A

=t

jun 1 S ! B 1]

Total lower cost of ownership for some applications, including lower maintenance costs.

Governmental incentives and regulations intended to reduce greenhouse gas emissions and
nitrogen oxides (NOx) emissions. This includes both incentives facilitatingtiifieation and more
stringent requirements for traditional diesel or gasoline trucks. Many analyses find that the cost
competitiveness of the technology in the shadrm depends critically on these governmental

actions.

Continued improvements in trucklectrification and battery technology

Further developments and testing of battery technology by truck manufacturers
Surge in ecommercencreasingdemand for light electric truck for deliveries, which are more

conduciveto electrification.

56

https://www.mckinsey.com/industries/public-and-sociatsector/our-insights/building-the-electric-vehicle-charginginfrastructure-

america

needs#download/%2F~%2Fmedia%2Fmckinsey%2Findustries%2Fpublic%20and%20social%20sector%2Four%20insights%2Fbuilding%20the

%20electric%20vehicle%20charging%20infrastructure%20america%20needs%2Fbuilding%20the%s28klekttbarging

infrastructure-americaneedsvf.pdf%3Fshouldindex%3Dfalse
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Significantinterest from businesses to take advantage of cost savings and lead technology

adoption. Even if not fully proven, some businesses see truck electrification as a way of showcasing

environmental stewardship. Amazon ordered 100,000 electric delivery vams Rivian with the
intention of deploying them by 2030lkea has plans to use electric trucks to perform all home
deliveries in New York and Los Angeles by Z8¥8almart also has significant plans to roll out

electric trucks in the coming year. FedEasicommitted to replacing their entire fleet with electric

trucks by 2046°

The main barriers slowing the electrification of the truck fleet include:

i

ot

St v I

=1}

High capital costs relative to conventional trucks.

Difficulties securing loans for more expensive eléctrucks, especially when no governmental

support is provided.

Slowness of recharging requires significant changes in how many trucks are operated today

Lack of charging infrastructure
Significantly less service support available for maintenance arpghies.
Concerns about longevity and depreciation, particularly with the batteries.

Given the characteristics of the technology, the following are the trucking applications that favor
electrification:

~

n

=t

Urban delivery applications that require frequent braking and slow speeds, allowing benefits from

regenerative breaking.

Applications vhere the truck returns to home base, facilitating rapid charging, and operate within

a range of 10450 miles.

Drayageapplications where the truck cycles back and forth, ideally less thanllE®miles each

way (e.g.rail intermodal terminals or airports).

In theory there are significant advantagés hydrogen fuel cell technology relative to battery

technology in freidnt applications. Hydrogen is currently 24 times more energy dense than batteries,

which would allow trucks to carry larger payloa@&More importantly, hydrogen trucks can be used

more intensely than battery trucks, by offering a longer range and sigaiiity shorter refueling times.
Theoretically, hydrogen trucks could be operated competitively in a wider range of applications than
battery trucks. This has led several government agencies and private companies to test and develop

fuel cell and fuel cell &ttery hybrid technology. This includes UPS and FedEx who are testing in
delivery applications a few dozen delivery van powered by hydrotjéttowever, there remain
significant challenges to the commercial adaptation of hydrogen fuel cell trucks, inetudurability,

57

58
59
60

61
62

2 Lambert, Fred. o0Closer Look at Riviandés El ectric DDadamazemry Van

electric-delivery-van-closerlook/.

Zero Emésions for Home Deliveries. about.ikea.com/en/sustainability/ becomalignate-positive/zero-emissionsfor-home-deliveries.

https://www.mjbradley.com/sites/default/files/EDF_EV_Market_Report_April_2021_Update.pdf
Deloitte (2020) The Future of MobjlitHydrogen and Fuel Cell Solutions for Transport.
(https://www?2.deloitte.com/content/dam/Deloitte/cn/Documents/fin ance/deloitte-cn-fueling-the-future-of-mobility-en-200101.

pgf

Fuel Cell Hybrid Electric Delivery Van Project 2017 DOE Annual Merit Review
Supplychaindive, FedEx tests hydrogen fuel cell van for deliveries. Available from: https://www.supplyckiaindm/news/FedEx
hydrogenfuel-cell-vanpilot/522449/
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infrastructure needs, and costs. Many believe that when these challenges are considered hydrogen fuel
cell trucks are unlikely to outperform batterelectric trucksin the long run®

OPPORTUNITIES AND STRATEGIES

Governmentagencies across the country are taking steps to accelerate the electrification of the truck
fleet. Some of the key initiatives include:

i Californiads Low Carbon Fuel Standard gener ates

billion in transactions in 2019

i Californiads Advanced Clean Truck Regul ati on
certain percentage of trucksold each year to be of zesmission vehicles, at an increasing percent
from 2024 to 2035, with the goal of reachingpgscent of Class #hrough 8 straight trucks and 40
percentof tractor trailers. This regulation also requires large fleet owners to provide information
about their operations to inform future rulemaking. This initiative taking place in California is
expeckd to have a significant impact on the electric truck market nationwide, given the size of the
California trucking market.

i The New York Clean Trucks Program provides incentives for replacing diesel trucks with electric
trucks, with a goal of reaching 4,0@lectric trucks by 2025 (from 2,100 in 2020).

Tablel-15provides asummary of this section

Table 1-15: Assessment | Truck Electrification

Trend or Issue: Truck Electrification
Type: Opportunity
Regional Impacts: - Once technology is more developed, electrification could significantly improve dra

operations, which are substantial in the region.
- Economic development opportunities related édectric truck technology
development, piloting, and ultimately manufacting

Magnitude of Regional Impact: |High- Truck electrification represents a unique opportunity for the MBouth region.
The Memphis MPO, and other public agencies in Tennessee, are in a position to tak
actions that not only ensure that the region isgpared for needs of an electric truck
fleet, but also to become a leader in this space and enhance the logistic competitive
the region.

63 ACT Research Co. Lb@ds://www.truckinginfo.com/10161524/acthalf-of-class4-8-salesto-be-bewby-2035

64 https://ww2.arb.ca.gov/resources/factsheets/advanceetleantr ucksfact-
sheet#:~:text=By%202035%2C%20zero%2Demission%20truck,40%25%200f%20truck%20tractor%20sales

65 https://www.psmarketresearch.com/marketanalysis/uselectric-truck-market
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1.2.6 Vehicle Automation

Advanced vehicle technologies for truckingcluding driver assistance, autonomous vehgland

connected vehiclesare evolving quicklyAutomation could substantially reduce fuel, labor, and/or
equipment costs for trucking, thereby potentially reducing the cost of truck transportation for the

regi onds f r dorgxamplemredictiecnisercantrol, which combines cruise control with

GPS and topographical datan optimize fuel performance across varying terrains, while platooning

can also improve fuel efficiencif.drivers can fulfill their rest requirements while in their vehies, it

means fewer truck drivers need to be hired, more deliveries can be completed in each period, and fewer
trucks need to be purchased by fleet operatdrbese savings would be offset by the technology costs,

but even so there is the potential foneaningful advantage to customers.

Automation could provide meaningful transportation safety benefits by reducing truck craskiest
commercial truck accidents are caused or worsened by human error, typically by a truck driver, or
other drivers. There isome evidence that technologies such as forward collision warnings, camera
systems, and automatic emergency braking systems do enhance safety. However, higher levels of
automation have not yet been proven in real world applications.

Automated vehicle telonologies could reduce the need for truck driver rest areas. With levels of
vehicle automation, a driver coulth theory sleep in the sleeper berth during long stretches of
interstate highway while the vehicle remains under autonomous contlvers would be able to rest
and adrived simultaneously, allowing for greater flexibility as well as productivity, and reducing the
need to use designated rest areas to address hours of service requirerfedtsx recently collaborated
with Paccar and Auroran a test to sengbackages on a 5@file trip between Houston and Dallas on an
autonomous truck® Kodiak Robotics has partnered with thigarty logistics firm Ceva Logistics to
autonomously transport cargo between Texasd Oklahoma City?

While there are many theoretical cost savings and societal advantages to the deployment of
automation in truckng, widespread adoption of high levels of automation is unlikely in the medium
term. Many barriers remain for this technology to be commercially viable, singealize the benefits
described above. These include challenges navigating roadway work zaresppual challenges

during adverse weather, anoperational requirements for staff to travel with the shipment even if they
are not driving for loading/unloading, refueling, vehicle breakdowns, other emergencies, etc.

Fully aut onomo u srobot$ amealdobeingdevieldpeddarnd rapresent g lobgrm
opportunity. These operate primarily in the space between the back of the truck and the front door of
the customer and have significant potential. Prototygelivery servicesare being tested foparcels
andfood deliveries ilfmany cities around North America, including at the University of Tennessee,
Knoxville (seeFigure1-23).

66 https://www.bizjournals.com/pittsburgh/inno/stories/news/2021/09/24/fedex-paccaraurora-partner-autonomoustrucks.htmi
67 https://www.freightwaves.com/news/kodiakhauling-autonomousloadsfor-cevafrom-texasto-oklahomacity
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Robot Food Delivery at University of Tennessee, Knoxville

Sourcehttps://news.utk.edu/2022/03/08/robot-food-delivery-service officially-launcheson-rocky-top/

Tablel-16provides asummary of this section.

Table 1-16: Assessment

.~ Vehicle Automation

Trend or Issue:

Vehicle Automation

Type:

Opportunity

Regional Impacts:

In the long term, vehicle automation coulgduce transportation costs for businesses &

improve safety.

Magnitude of Regional Impact:

Lowd Widespread adoption of high level truck automation is unlikely in short or medi
term. There remain many unredved challenges to this technology. Likely
implementation involves connected vehicle applications and safety systems. These
have a significant impact on safetiiche urban delivery services could prove to be

beneficial for campuses.

1.2.7  Driver Short ag

e

Challenging work conditions andalaries tied to revenue mildsave contributed to increasingly poor
truck driver retention despite a large pool of credentialed drivergilable nationally This longterm
trend is estimated to result in a shortage @fer 160,000 driversperating trucksby 2028, according to
the ATAThough this is a nationwide trend, trucking employment in thMid-Southregion has grown
moderatelysince 201((seeFigurel-24) although likely at a lower rate than the increase in freight,
particularly for industrial and heavy applicationg he increase in drivers of light trucks is highly
correlated to the increase in-eommerce and logistics and fulfillment center activity.
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Figure 1-24: Change in Truck Driver Employment in the Memphis MSA, 20 10-2020
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Factors including demographics, lifestyle, alternative employment options, and regulations are all
contributing to the shortage of truck drivers. In terms of demographics, the median age of truck

drivers is olde than for other industries and there are obstacles to replacing retirements with younger
drivers. It is estimated that a quarter of truck drivers will retire in the next decade. The current age
requirement for interstate tractortrailer licensing is 21, @d commercial insurance typically is not
available before age 25. Since people commonly choose career paths before then, especially if they do
not attend college, age minimums reduce the number of people starting their career in trucking.
Further, women r@resent only 6.6 percent of truck drivers, largely because of the challenging lifestyle
and safety concerns. The underrepresentation of women in the industry means that it is missing out on
another large pool of potential employees.

Lifestylefactors are also a significant impediment to attracting sufficient truck drivers. L-twagil,

irregular route drivers are on the road for extended periods of time, typically one to two weeks. This
lifestyle does not appeal to people who want to be home wmegalar basis, further reducing the

number of interested applicants. Moreover, when the unemployment rate is low, potential drivers have
other options, and trucking firms need to have more competitive salaries, which has been a challenge
in the sector. Fally, stricter hours of service regulations that have improved safety have also led to
the need for more drivers, thereby exacerbating the driver shortage.

Other logistics professions are also facing similar shortages, with railroads and warehouse operato
struggling to hire and maintain workers.

Building on the Bipartisan Infrastructure Law, the recently introduced White House Trucking Action
Plarf®has led the U.S. Department of Transportation and U.S. Department of Labor to partner to

68  https://www.whitehouse.gov/briefing-room/statementsreleases/2022/04/04/factsheetthe-biden-administrationsunprecedented
actionsto-expandand-improve-trucking-
jobs/#:~:text=The%20U.S.%20Department%200f%20Transportation,the%20foundation%20for%20improving%20job
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implement severhinitiatives to address these challenges, including: expanding Registered

Apprenticeship programs; creating the Women of Trucking Advisory Board to address quality of life

issues; creating a task force to investigate predatory truck leasing; launchin§aifie Driver

Apprenticeship Pilot to train younger drivers; studying driver pay; and providing funding to states to

improve commercial driving licensinfl n 2021 Governor Lee | aunched 0Og
deregulated several aspects of truckingTennessee, including licensing requirements, to increase the

number of number of truck drivers in the staté.

Tablel-17provides asummary of this section

Table 1-17 Assessment  Driver Shortage

Trend or Issue: Truck driver shortage
Type: Weakness
Regional Impacts: - Decreases trucking productivity, performance, and safety.

- Makes operating a trucking company more challenging, and can increase
transportation costs in the short term and long term.
- Leads to underutilization of assets.

Magnitude of Regional Impact: |HighdThis is often the numbebne issue raised by truckinfyms, especially through the
COVIB19 pandemic and recovery. Some companies report underutilized trucks due
lack of drivers.

1.3 RAIL TRENDS AND ISSUES

1.3.1  Network Bottlenecks  /Intermodal Ac cessibility

In contrast to roadway users, railroads provide their mmetwork infrastructure andare responsible

for providing adequate capacitfor the level of service their customers expebtemphis is one of the
nati onds pr eistenhodadrailt(containdr an flatchrandtrailer on flatcar) serviceFor
intermodal services to be successful, moiy must rail capacity be sufficienbutthe trucking capacity

to andfrom terminals must also be adequafEheoverall doorto-door service igenerallynot

arranged by the railroadlnstead, itis arrangedby a freight forwarder, @ ocearshipping line, third

party logistics providera truck line,an intermodal marketing company, or a combination of these
organizations.n the case of Memphis, many of the recent intermodal bottlenecks have related less to
the rail lines themselves and more tioe interaction between the rail, truck, and maritime networks.

In April 2021, the Memphis Chamber of Commerce filed a request for assistance from the U.S. Surface
TransportationBoard 0 r e s ol v e cisis affecting Memphds inmparters, exporters, and ralil
carriers created by the surge of frei ghetequest hassi s

69 USDOT, 2022. Supply Chain Assessment of the Transportation Industrial Base: Freight and Logistics.
https://www.transportation.gov/supplychainshttps://www.transportation.gov/supplychains

70 https://www.tn.gov/governor/news/2021/11/22/gov--lee-launches-operation-openroad--to-tackle-supply-chainrwoesduring-holiday-
season.html#:~:text=Executive%200rder%2093&text=The%200rder%20works%20t0%20deregulate,and%20commerci&2odsers
Tennessee
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noted that severe congestion amadability to access equipmemwas inhibiting the timely anccost
effective movement o€ontainers into and out of Memphis intermodal terminaShippers were being
chargedstorage fees for import containesshile they were unable to pick up these containgrs
primarily becauselie supply of chassis was insufficie@hassis arthe wheeled structurs usedto
carry containers on roadwaysl'he shippers considered the chassis shortage tatlheast in part
artificial, in that oceanshippinglinesrequire that a specific subset of chassis be avail&dbi¢heir
customesto haul containers ta@r from intermodal terminals If a pool of containersvasavailable for
use by any customer of amceanshipping line,chassis usage would be more flexible, and shippers
could have access to a broader range of chassiavaitableotherwise Memphis shippers felt that they
should have greater choice in which chassis to use for hauling containessftom intermodal
terminals.

Congestiorat Memphis area intermodal terminahas also impacted exportergn March 2021\orfolk
Southern established restricti dMemsphi$aeagadnd ai ner s f
released a statement saying thatntérmodal terminals are the last stop for containers before they are
delivered to the cargo owners. Oftentimes, théaeilities can becoma place where containers quickly
accumulate. In an effort to prevent/mitigate congestion, Norfolk Southern temporarily meters the
amounts of traffic we accept in these facilitié8 A representative of a drayage provideoted that

limited access tintermodal yards had been an issue for several moniiese limitations cause
problems for cargo owners and drayage companies because drivers arrive at the gate of intermodal
terminalsonly to beturned awayandtry again the next dayThe wasted trips and delagost shippers
unnecessary drayage and equipment feesportersforced towait an additional day may not get on

the correct vesselpotentially causing downstream disruptiongndfurther reducing the availability of
chassisNS has recently reorganized their intermodal operations in the region, having closed in 2020
operationsat their Harris terminal and relocated them to the Roseville terminal.

Memphis has also been impacted by access issues to intermodal terminals beyond Memphis as well. For
example, CSX was forced to restrict CSX Memfthiarleston container movements intta2021 due to

a | ack of drayage capacity to move containers bet
terminal.”?However, CSX has recently made acquisitions in the region to expand their operations,

reflecting their positive outlook on fraght markets’®

As shown irFigurel1-25 the intermodalbottlenecks that afflicted the Memphis area in early 2021 were
the result ofa highly volatile intermodal marketdllowing the COVID19pandemic during which

March container volumes nationwide spiked above past year levtsvever, it is significantvhere the
resulting shortages occurred: in equipment and within the termind®ecent data shows that

intermodal volumes have decreased relative to the same time last year (2021), with January volumes
being 14.6ercentlower.# This is due in part to théottlenecks reducing capacity at terminals.

“ Ari Arishe, o0Rail del ay»urmltofyfComnerceQiiiaech 222024. i n Memphi s, 6

7?2 Ari Arishe, oLack of dray capaci t yJourmalsotQomnnetcs Oid&iXbeCls,2021.e st on cont ai r
73 https://www.bizjournals.com/memphis/news/2022/05/23/csxincreasesfootprint -in-memphisland-purchase.html

74 https://www.railwayage.com/freight-forecasting/rail-freight-whats-in-the-crystal-ball/
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Figure 1-25: Monthly U.S. Container Volumes  , 2018 - 2022
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Specific network bottlenecks are difficult to ascertaiithout intensive consultation with railroad

owners and operators. Some of this consultation has taken place, and major findings are included in the

TN, AR, and MS state freight plans. Arkansas state freight plan and rail plan contain a list of

infrastructure needs, however it was not possible for most of them to pinpoint their location given the
information provided75Across the other border into Mississippi, the state freight plan completed in

2015 (and wupdated in 2017apntobodtieaceckbagdba WwWheer
This freight plan did identify slow rail speeds on the CN corridor alo®® | These findings, however,

are currently being updated for both Arkansas and Mississippi as they develop their latest freight plans.

Once complete, including their findings woulk useful to increase support for projects that would

benefit the MidSouth region.

Tablel-18provides asummary of this section.

Table 1-18 Assessment | Rail Network Bottlenecks

Trend or Issue: Rail network bottlenecks and intermodal accessibility
Type: Weakness
Regional Impacts: - Capacity restrictions at key intermodal terminals

- Delays that carascade through the supply chain
- Inefficiencies in truck drayage operations.

Magnitude of Regional |Mediumd Current tottlenecks reflect fluctuations of intermodal markets and may not persist
Impact:

75 Arkansas State Freight Plan: Appendi& Eail Improvement Needs.
http://www.ahtd.state.ar.us/Trans Plan_Policy/freight plan/SFP%20Appendi¥e?6%20with%20covers.pdf
76 Mississippi Statewide Freight Plan, Updated 2017.
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1.3.2  Precision Scheduled Railroading

Precision scheded railroading (PSR) is a railroad operating model that has been adopted by nearly all
the North American Class | railroads. Although each railroad has its own version of PSR, the common
tenet is that it enables railroads to make better use of their ass#gpping the same volume of freight
using fewer freight cars, locomotives drrain crews, as well as using fewer classification yards. PSR
achieves this bgmphasizing theschedulingof freight cars on trainsoverthe prior practice of holding
railcarsat a yard until enough were ehand to meet a predetermined tonnage requirement.

With the exception of single commodity trains, such as those transporting coal or grain, railroads

traditionally have operated using a hub and spoke concept, similah&b employed by the airline

industry. Multiple trains would arrive at yard with freight cars destined for numerous locations. The

freight cars would be sorted by destination and assembled into trains. Depending on how congested a

yard was, freight carsould sit for several days before departing on an outbound train. This
oclassificationd6 process could occur several ti me

The PSR operating model is based on increased use offoeptint trains, avoiding the classifi¢eon
and reshuffling of cars from train to train at yards a@oute to destinations. The timeonsuming
switching of freight cars is eliminated. Pokitib-point operations thus result in increased velocity and
longer trains.

The intended outcomes of PSR hdlve ultimate objective of reducing operating expenses:

=t

Consolidation of the rail network, eliminating less viable traffic lanes

fi  Increased freight car and locomotive velocity
i Improved fuel efficiency
fi Rightsizing of the freight car and locomotive fleets)d employee payrolls

In addition to the use of pointo-point trains, PSR comprises several building blocks:

fi Reduction of single purpose trains. Al t hough dedi cated commodity 01
many have been eliminated and their railcaagse combined with general merchandise cars. While

unit trains operate at faster speeds than general merchandise trains, railcars can wait several days

for enough cars to operate a train.

fi Operation of scheduledlonger trains . Consistent with the schedulingf railcars is the scheduling

of trains. Trains depart as planned, regardless of the available tonnage. The PSR operating model
also is built on longer trains, which expands the capacity of the railroad network. A rail line has a
fixed capacity in number fitrains, irrespective of train length. Longer trains permit more tonnage

to move over a rail line.

fi Elimination of less profitable traffic lanes . The focus on high asset utilization eliminates traffic
lanes with low densitiesiffected shippers are provideéwith more circuitousalternative. For
intermodal traffic, service may be provided to an alternative terminal, requiring truck connections
over a longer distance.

fi  Improved productivity of local trains . Train crews and locomotives that pick up and deliver
railcars at shipper locations are organized to do more work per shift.
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i Pre-blocking at origin yards . Railcars are organized at their origin yards and placed in trains

grouped (blocked) by their ultimate destination. Once a train arrives at its destinattfmncars

come off the train in blocks for their ultimate destination with minimal sorting. Without pre

blocking, railcars come off trains near randomly, requiring extensive sorting. Historically, railroads

have employed large, automated classificationd&in high volume locations to facilitate the

sorting. The extensiveness of the sorting proces
times in the yards. PSR has initiated the closing of many of these facilities.

The impact of PSR has been mixRdilroads that have implemented PSR have experienced improved
financial returns. Some customers, particularly in higlolume traffic lanes, have experienced
improved service due to higher railcar velocitBecause Memphis israil hub, this may benefit soe
shippers Howeverrangeof intermodal services provided tandfrom Memphis may decrease as
railroads consolidateheir servicesSmallshort-line railroadsand certain shippers may receive less
frequent service as railroads consolidate the numbétrains that they operate.

Tablel-19provides asummary of this section

Table 1-19: Assessment . Presicion Scheduled Railroading

Trend or Issue: Precision scheduled railroading
Type: Threat and opportunity
Regional Impacts: - As a national rail hub, Memphis may benefit from consolidation as railroads focus on their

larger markets

- Serviceto minor rail destinations might decreasteom consolidation however this will impact
secondary rail hubs much more than Memphis.

- In some cases, shippers have seen faster train speeds and transit times, which could be t
for some Memphis shippers

- Becauseailroads maintain fewer resources, they cannot recover from service disruptions ¢
easily, potentially creating service problems for area shippers

- Longer trains could lead to longer closures atgaaide crossings.

Magnitude of Regional |Medium - Most railroads have implemented PSR practices to one extent or another, however
Impact: likely that these practices will continue to evolve in the coming years.

1.3.3 Intermodal Network Restructuring

Sources of imports are shifting from East Asia locations that favor West Coast poitstrdocations
that favor East Coast ar@ulf Coast portswhile COVIEL9 contributed to this shift, it began before the
pandemic. Increasing unreliability of supphhains involving China and trade conflicenhance the
appeal of countries sth as Vietnam and India as production centers. The move of production has
increased the flow of imports through U.S. East Coast ports.

In addition to the restructuring of trade, imestments in infrastructure have facilitated the shift to East
Coast ports. Improvements in the Panama Canal have fostered the shift of traffic from the Southern
California ports with rail land bridge to the Midwest and East, to the Canal route with ditaptcalls

at the East Coasind Gulfports. Complementing the expansion of the Canal has been investment in
East Coasind Gulfports, permitting the use of larger ships that provide a cost advantage over rail

1-55



\\\I)

Mid -South Freight Flows & Industry Analysis

transportation from the West Coast. As shigip are becoming increasingly cost sensitive, the Canal
route becomes more attractive even though transit tintedMemphisand eastern marketsre longer
than routes through the Southern California portS8ast Coast ports have also been investing in rail
infrastructure. One example is the Mason Mega Rail projetit@Port of Savannah which wifiot only
increase intermodal capacity at thgort, but alscenablesNSand CSX to build full size trains #be port
for the first time, with no additional processing at other yardhese developments could increase the
relative volumes flowing to Memphis from East Coast ports relativéVest Coagports.

Another intermodal development thatauld impact rail in Memphiss the shift towardgreater
transloading which impacts handling equipment requirements and terminal operatiomsansload
within the context of rail intermodal refers to the transfer of freight from international containers of
40 feet to domestiB3-foot containers. Althoughransloadingrequires extra cargo handling, shippers
can load international trade into fewerontainers.Shippersalso have greateftexibility to provide last
minute allocations of inventoryafter containers arrive in the bited Sates Figurel-26shows the
increase in transloaded rail volumes from the ports of Los Angeles and Long Beach, the largest
gateways of imported containers to thenifled Sates

Figure 1-26: Transloaded Rail Container Volume at Ports of Los Angeles and Long Beach Monthly
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Tablel-20provides asummary of this section

Table 1-20:  Assessment . Intermodal Network Restructuring

Trend or Issue: Intermodal network restructuring
Type: Threat
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Table 1-20:  Assessment . Intermodal Network Restructuring

Regional Impacts: - Diversion of freight to East Coeamtd Gulfports could result in freight bypassing gateways like
Memphis. On the other hand, rai.l i mprove
movements.

- Increasing transloading willmpactequipment requiremens andterminal operations

Magnitude of Regional| Mediumd Long run trendtowardsEast Coastnd Gulfports will decrease the share of import carg
Impact: coming in through West Coast ports, and moving through rail gateways such as Memphis. Hg
this trend has been slow and going on for a decddd#ipwing railroads ample time to react and
adjust their business.&ne occurs with the trend towards greater transloading.

1.3.4  Technology

Norfolk Southernjoined two leadingshort-line railroads (Genesee & Wyoming and Watma) two

leading railcar providers (GATX Corporation and TrinityRailestablish a venture, Rail Bg"¢to

create a new technology platform that will significantly benefit rail operations. It will facilitate and
accelerate the adoption of GPS and other telematics technology for application to the freight car fleet.

Rail Pulse, whicis expected teventually comprise 2(percentof the North American railcar fleet, will
serve two specific purposes. The first is improved safety. The technology will monitor the health of
freight cars notifying the car owner, the railroad operator, and shippers of safetfated failures.

The second purpose is to provide a more visible supply chain, improving the competitive position of
freight rail transportation. Thesystemwill provide reaktime reporting of freight car location and
load/empty status, as well as condition. Today, freights are tracked using a transponder and
trackside monitoring technology, which provides less timely and less extensive data.

The Rail Pulse venture wifirovide anopen architecture, industrywide telematics platform with the
intent of including theentire North American freight car fleet. Data will be available to shippers, Class |
railroads, short lines, regional railroads, switching carrieasd railcar operating lessors with protocols
established to protect proprietary informationivlandated Posive Train Control (PTC) systems have
been installed on L& freight railroads, and many railroads are actively workingdiight up dark
territory 6with modern signal and control systemBTC was mandated as part of the Rail Safety
Improvement Act of 2008n rail lines with hazmat traffic or with regularly scheduled intercity or
commuter rail passenger service. PTC systems use a communication network to remotely control
locomotives to prevent trairto-train collisions, overspeed derailments, incursions int@rk zones,

and movements of trains through switches in the wrong direction. PTC is designed to automatically
stop a train before certain accidents related to human error ocdirese systems can also aid in track
sharing for passenger and freight trainSeeFigure1-27for a diagram of PTC.

While PTC installation was mandated for Class | railroads and without enough funding to fully
implement it from the federal goernment, railroads have found that the technology has been worth
the cost in terms of gained efficiencies and decreased lo3$esFederal Railroad Administration (FRA)

77 https://www.joc.com/port -news/us-ports/asiaimport-growth-202@concentratedlargestus-ports 20210128.html
78 https://www.railpulse.com/about/
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estimates the cost of implementing PTC at $14 bilffofhe original deadline for imigmentation was

set at December 31, 2015. PTC implementation was achieved across applicable rail lines in December
20201n 2009, the FRA conducted an economic analysis of PTC. In that analysis, the FRA found that the
safety benefits of PTC alone would maitweigh the cost§?However, the FRA thought thatt least

some of the costs of PTC may be offsdbhbg-term business benefits that would result from these
systems.

Figure 1-27: Example of aPTC System

ETMS Wireless Network

WAYSIE SIOUAL
BASE STATION SWITCH

SourcelJ.S. Congressional Research Senitsteorcomm LLC, ETMS Wireless Network, 2011

The railroad industry has generally treated PTC as an overlay, a largely unfunded federal safety
requirement that does not benefit, and if anything hindersjlraad operations. However, some in the

i ndustry wonder if the technology could start to
managers to monitor train and locomotive positions and regulate train speeds to maximize fuel

efficiency. PTC could Igto automate the movement of trains through work zones. Currently, the

process is manual.

Railroads dispatch trains by a o0blockd system whe
based on safe stoppi ng d pysatgigen blaek is likited by shethed sthera ut hor
trains occupy that block or adjoining blocks. For high density lines, authority is granted or withheld by
electric track circuits and signal s. I n o0dark ter
Theoretically, PTC could provide a more efficient means of dispatching, whereby authority is

established by train location relative to other trains rather than dividing track segments into blocks.

This could enable rail lines to operate at a higher capattign is currently possible.

7 Congressional Research Service, Positive Train Control (PTC): Overview and Policy Issues, September 4, 2018.
80  Federal Railroad AdministratiofRositive Train Control Systems Economic AreizZ660132, July 10, 2009.
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These @évelopments in rail technology stand to benefite Mid-Southregion. In the future,PTCcould
benefit beyondsafety, improving rail operations, increasing capacity and lowering castthe long

term. Rail Pulse will also benefit tHdid-Southregion, but in the medium to longerm. It will take time

for the technology to mature and be implemented in other railroads. However, once implemented, this
technology couldnake rail freight significantly morecompetitive nationally

Tablel-21provides asummary of this section

Table 1-21: Assessment = Improvements in Rail  Technology

Trend or Issue: Improvements in rail technology
Type: Opportunity
Regional Impacts: - PTC improves safety and may eventually improve capacity and operations

- Rail Pulse venture willkely make rail morecompetitive in the medium to longerm once
technology is maturéoy increasing visibility ofail shipments enabling greater advantage

from PSR.
Magnitude of Regional Mediumd Rail technology advancements are positive, howetey will take years, if not
Impact: more than a decad® mature andbenefit theMid-Southregion.Once developed, it could

greatly benefit rail hubs such as Memphis, afforing business faster and cheaper connecti
throughout the country.

1.3.5 Bridges and Structures

The worail bridges in Memphighat cross theMississippi Riverthe Frisco and thélarahan Bridgeare
both over 100 years oldhe Harahan Bridge is owned and operated by the Union Pacific Radmhd
went into service inl916 A bicycle pedestrianpathfi the Big River Crossirgwas recently builtalonga
separated portion ofhe bridge as part of thiMain Street to Main Street Multimodal ConnectBroject
The Frisco Bridge is owned by BNSF Railaradentered service in 189 2016 BNSF completed a
major rehalilitation project on the Arkansas sidef the bridge replacing piers and girderglowever,
Memphis lies within theNew Madridseismic zonavhich creates amarthquakerisk. Given that the
Frisco and Harahan Bridges weyailt beforemodern seismic standargdshe bridges could be
vulnerable to an earthquakeéptions to add resiliency and redundancyNbssissippi rail crossings
have been discussed in the pastcluding apotential third highway-rail corridor crossingbuilt to
modern seismic standards.

Tablel-22provides asummary of this section

Table 1-22: Assessment . Rail Bridge sand Structures

Trend or Issue: Rail Bridges and Structures
Type: Weakness
Regional Impacts: - The two rail bridges that cross the Mississippi River were built over 100 yeansitigo

antiquatedstandards While they have been improved over tintagy remainsusceptible t¢
earthquakes or otherisks.

Magnitude of Regional High 8 A significant earthquake risk exists that could affect the viability of these two
Impact: important links in therail network.
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1.3.6  At-Grade Crossings

Given the extensive rail network in the Memphis area, numerous highway/rail grade crossings are
located in the region. As shown Fablel-23 there are a total of @highway/rail grade crossings of
public roads insix counties surrounding Memphis. A map of these crossings can be fourigjime

1-28 Numerous agrade crossings can be found along thgl@o Avenue and Lamar Avenue corridors.

Figure 1-28: At-Grade Rail Crossings in the MPO  Planning Area (MPA)
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Source: Memphis 2050 Moving Together Regional Transportation Plan, 2022

Disclaimer: This map is for planning purposes only.

Between 2018 and 2021, 58 crashes occurred at these crossings. One particular crossing at Person
Avenue and Castalia Street was featured in the regional press whexs identified as one of 13 out of
200,000 crossings nationwide that had at least 10 accidents over the previous 16 YWaits.this

crossing may since have been improved, the safety at Memphis crossings will still require continued
improvement. Manycrashes are caused by attemptingtoeoutu n  a tgaterinningb owh én t he
crossing is closed for passenger vehicles. This issue can become more frequent on corridors with
significant volumes of slownoving long trainsIn 2010the Memphis Urban Aga MPO investigated
alternatives for improving crossingalong aNorfolk Southern rail line thajparallels Poplar Avenu@&

The study looked at 16 arterial crossingi®ng a corridor between East Parkway in Maivn Memphis

to Rossville in Fayette Countyhe study investigated the costs and impacts of grade separating two

81 Ed ArnoldMemphis Business Jouontle mp hi s rail crossing among most dangerous in natio
82 Memphis Urban Area Metmolitan Planning OrganizatiorRoplar Southern / Corridor Stiidy,2010.
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representative crossingd-he study found that grade separating one of the representative crgssin
would generate sufficient benefits that the public benefits would outweigh the costs.

Table 1-23: At -grade Rail Crossings and Crashes in the MP O Region

Crossings of Public
County Roadways Crashes 2018 2021
Crittenden County, AR 52 3
DeSoto County, MS 35 2
Marshall County, MS 29 5
Shelby County, TN 223 46
Fayette County, TN 21 2
Tipton County, TN 19 0
Total 379 58

Source: FRA Safety Database

Due to frequent complaints about blockedbssings, the FRA established a website in late 2019 for the
public to report instances of blocked crossiryBlocked crossings occur when stopped trains impede
the flow of motor vehicle or pedestrian traffic at railroad tracks for extendestiods of time. Blocked
crossings in Memphis were recorded on the following roadways:

i Warford Street i Parkway Drive South
i White Station Road i Avalon Street

i SemmesStreet i Broad Avenue

i Raines Road i Patterson Street

fi Estate Drive i North Highland Street
i GoodlettStreet

Blocked crossings not only create an inconvenience but are also a safety concern. Blocked crossings
may impede the ability of emergency vehicles to respond to emergencies. The risk also exists that
impatient pedestrians will climb through trains, thus endangering themselviésrexample, in 2016,
University of Memphis police chief sent a warning to all faculty, staff, and students after a train
stopped on the campus and students were seen climbing dwestalled traint*

Some of the crossings adjacent to rail terminals can constrain rail operations, making it harder to run
longer trains, which is the tendency given PSR. Closing these crossings, if low volume, would allow for
longer trains to be accommaded.

Tablel-24provides asummary of this section

83 https://www.fra.dot.gov/blockedcrossings/

84 Michelle CorbetMemphis Business Joudnbl, o f -Wdppers haghligh campus problerdand sol uti ons, 6 March 28,

161
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Table 1-24: Assessment - Rail At -Grade Crossings

Trend or Issue: Rail atgrade crossings
Type: Weakness
Regional Impacts: - Safety risks, frequent crashes, loss of life and property

- Delays and unreliability to passenger vehicles, wasted time, incremental fuel
combustion and emissions

- Frequent blocked agrade crossings. Significant disruptions to traffic and emergen
services

Magnitude of Regional Impact: |HighdNumerous crossings on corridors with significant volunwgrains and vehicles
causing signitant safety risks, delayand nusance to residents

1.3.7 Rail and Economic Development

Rail remains an importantlement of economic development initiatives or nearthe Mid-South

region. For examplan 2021 Ford Motor Company announced thatwbuld build a newplant to build

electric powered Fseries trucks nortleastof Memphis®*Rai | i s a key component of
transportation accesst he Port of Memphi s has a pl amdustial upgr ad
Park 8¢ At Pidgeorindustrial Park, the Port of Memphis would compact soils and prepare sites to

benefit from the adjacent Canadian Natioh&ISX intermodal facilityRail acess is a key selling point

for the Rail Port Logistics Park, which covers more than 2,000 acres in West Memghissas Rail is

acomponent of other existing and prospectiwedustrial locations as welRailserved industrial sites

create a continuig need forrail access infrastructure, including rail spurs, sidings, and improvements

to existing access infrastructure.

Tablel-25provides asummary of this sectio.

Table 1-25:  Assessment - Rail and Economic Development

Trend or Issue: Rail andeconomicdevelopment

Type: Opportunity

Regional Impacts: - Attract business and jobs to the region

Magnitude of Regional High 8 One of the main advantages of the Msabuth region is the availability of rail terminals

Impact: and infrastructure, providing direct connections to virtually the rest of North America.

8% Bill Stephens, 0CSX to serve new Ford el eTainsQcobevle202lcl e and battery

86 Port of Memphis, Port of Memphis Strategic Master Plan,
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1.4 WATER TRENDS AND ISSUES

The International Port of Memphis was created in the 1940s when the City of Memphis and Shelby
County, Tennessegoined together to form a port commission. The aim of the port was to move
waterway terminals development away from downtown Memphis to an area more acaoatatimg for
development’ The port is governed by a commission of five members, three of which are appointed by
the City of Memphis and two of which are elected by the board of the Stbgty commissioner$®

The International Port of Memphiss thefifth largestinland water port in the United States based on
total tonnagée®, spanning 158miles through Tennessee and Arkansas. There are 66 waterfront facilities
at the port of which 37 are terminal faciliti€$The port includes 60 watedlependent industries and

four harbors with eight miles of harbor frontage, protected by 11 miles of |&v@etivity is clustered
within four primary port industrial areas in Tennessee: Presidents Island, Frank W. Pidgeortriatlus
Area, Wolf River Harbor, and thefinessee Valleguthority site. The Port of Memphis has Foreign
Trade Zone status that allows for dufyee import and export, storage, exhibition, assembly,
manufacturing and processing.

The nearby Port of West Mephis, formally known as the West MempHh@ittenden County Port
Authority. is located on the west bank of the Mississippi River in Arkansas.

Figurel-29shows the gneral location and clustering of terminal facilities.

87 https://portofm emphis.com/about/history/

88 https://library.municode.com/tn/shelby county/codes/code of ordinances?nodeld=PTIICOOR_CH32PUPRME_EBRTXPO
89 https://portofmemphis.com/about/

%  https://portofmemphis.com/about/

91 Source: Port of Memphis, 04/13/22
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1.4.1 Multimodal Access

The freight handled by the port and its facilities requires inland transportation to serve communities
and businesses throughout thdid-South regiorand beyond. The roadway system provides access to
local markets while rail transportation is used for mang bulkier goods longer distancPipelines also
access facilities at the poraving efficient connegbns to the rest of the freight transportation

system is critical for the success of tRert. Below are the key issues relateal multimodal

accessibity .

i Presi den tsbcated on McKalldr Lakerhich isa slack water lake off the Mississippi River.
The site is the location of most terminals in the pontith most of thesebeingsituated on the lake
with direct loading and offloading infrastruatre. The CN/CSX line runs through the island and
many of the terminals providingrail infrastructure to support loading and offloading. Additionally,
interstate I-55 is located directlgast ofthe island supporting truck movement.Key accessibility

isswes include:

A For trucks, the

Cc 0 n n e c t5b ie mlatifely shart irPdistarge, lobue nt 6 s

involves multiple roads (Harbor Avenue, Jack Carley Causeway, Riverside Boulevard, and W.
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McLemore Avenue) and transitions frorl@ne to 2lane setions, which is not optimal for
truck operations.It also involves an agrade crossing right off the-b5 interchange, which
while not frequently closed, does cause delays on occasion.

A For rail,| President ds | sl andalsoprovisleeswitchtng di r ect |

service for the UPHowever, witching service is not frequent, and the combination of
infrequent switching and limited siding capacity for some customers results in-optimal rail
service. The Port is interested in the potentfal a third-party railroad,which could provide
more frequent service, to handle lagtile switching operations. Improved rail service would
support current customers, allow them to grow their business without adding trucks to the
regional highway systemand potentially attract new business.

A Thewaterwaywhi ch is the Port®&s mos,poséssgmeofth@ant tr ans

biggest challenged~or flood protection, the I& Army Corps of Engineef§)SACENaintains a

levee system from Cairdilinois, to the Gulf of Mexico, but the amount of funding to maintain

it varies from year to year; the/SACEeceived $2.1 million dollars for this work in the latest
budgetAr ound 5000 to 6000 acres of poteipstially
within the floodplain and would require extensive fill and levee protection, making it

expensive to develop for port uses. With soil deposition and shoaling from river and creek

flows, annual maintenance dredging is needed to maintain appropriate waeths for barge
navigation and operations.

fi  TheWolf River Harbor is a slack water harbor located along and north of downtown Memphis.
The site has road access and is located near interstates 40 and 69. Additionally, the Canadian
National rail line passeparallel to the harborlNo major accessibility issues identified at this site.

fi  ThePidgeon Industrial Park andTVAs i t es are | ocated on McKell ar
Il sland. The site is situated alMemghisintermodda N r ai |
yard and the nearby CN Harrison yard. Additionally, it is also served by pipeline and has roadway
access td-55.A project is currently being studied to expand and extendddShelby Drive to

improve access to Pidgeon Industrial Par&rfr the south. This project has been on plans for many

years however, more tenants would be required at this site to fully justify the project costs.

fi  ThePort of West Memphisis located on the western bank of the Mississippi River in Arkansas.
The site ighe location of the Rail Port Logistics Park which has a-oityned rail spur that connects
into the Union Pacific rail line that runs directly north of the logistics patko major accessibility
issues identified at this site.

The potential need for ahird bridge across the Mississippi River has been identified to accommodate
general growth in regional truck traffic, including but not limited to port traffiélighway access &
necessity for port operations, especially across the Mississippi Rivdreas ts significant growth
expected there. The closure of the HernarideSoto Bridge in 2021 created significant disruptions to
industries at the port.

Tablel-26provides asummary of this section
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Table 1-26: Assessment = Water Multimodal Access

Trend or Issue: Water multimodal access
Type: Weakness
Regional Impacts: - Impediments to accessibility impose costs and unreliability to existing tenants

limits growth potential.
- Circuitous and inefficient accessibility increases community and neighborhood
impacts.

Magnitude of Regional Impact: High - While the MidSouth region counts with exceptional multimodal freight
infrastructure, the connections between this infrastructure and port infrastructure
could be improved.

1.4.2 Condition of Facilities and Assets

ThePort of Memphis Master plan indicates that Presiden® Islandroads, rail, stormwater, and
marine terminal assets are all in declining to poor condition. Theas8 Public Marine Terminal,
managed by the Memphis and Shelby County Port Commission, is in extremelggudition and
immediate action is needed to foredl weight limitations or outright closure. The general condition of
President's Island infrastructure is poofhe public marine terminal is effectively at the end of its
useful life and needs either a major rehabilitation or a relocation to the forméATAllen marine
terminal.

Recent inspectionat Presiden® Islandrevealed safety issues that must be addredsdtie near term.
The conceptual rehabilitation cost estimate is approximately $4 millioowever, the costor schedule

of relocating the pubic marine terminal to the TVA Allen site is unknown at this time. Presid&nt
Islandneeds many upgrades fgrowth to take place. Reclaiming the property to an elevation above
flood levels and providing road and rail services to the 875 acres identifitite long-term master

plan build-out would require an investment in excess of $50 milliandit may takeconsiderable time

to get permits and approvals after completion of desiBeyond schedule and cost, a major reclamation
project on Presider Ishnd would face significant regulatory risk. Changing floodplain and river flow
standards could increase the cost or even preclude reclamation of significant acreage on President's
Island.

At Pidgeon Industrial Park, poor soils have been a major detelireattracting new businessesrhe

soils are newer and less stable, with loading capacities significantly worse than most industries require
Conventional slabon-grade construction is not practical without extensive soil compaction, and other
constructiontechniques such as deep piers to solid ground may be needed. The added construction
costs could potentially be absorbed by larger and more expensive development projects, but not by
smaller and simpler projects where site prep and geotechnical costs wmeiksh impractically large

share of development costs. With virtually all other significant infrastructure requirements readily
available in the Park, the need for a successful approach to ground improvements is paramount. Failure
to address the Pidgeon Indtrial Park soil conditions will lead to continued underutilization of the
Pidgeon land assets and a failure to fully capitalize on the Canadian National/CSX intermodal
terminals. Nearterm maintenance needs for both areas are listed able1-27.
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Table 1-27: Presidents Island and Pidgeon Industrial Park Short -Term Maintenance Needs

Estimated Conceptual Cost

Recommendation (for planning p urposes only)
Repave Presidefi Island Terminal Sites $1,750,000
Rebuild Public Terminal $4,000,000
Replace Railing at Crane Loading Facility $100,000
Repair Stormwater Outfalls to McKellar Lake $750,000
Riverport / Paul RLowry Road Resurfacing $5,700,000
Harbor and ChannélvenueResurfacing $10,200,000
Add Paved Shoulder on Harbor Avenue $1,300,000
Presiden& Island Cross Street Paving $3,500,000
Riverport Road Bridge Transitions $150,000
Rail Upgrade Presiden& Island (3.7 miles) $5,550,000

Source2019 International Port of Memphis Strategic Master Plan

Currently, facilities on Wolf River are essentially closed down except for a Coast Guard facility that
remains in remaining in operation. The last majoargo usersBunge and Cargilhave relocated to

West Memphis. There is some discussion of closing the River upstream of Beale Street Landing, which
provides paddlewheel vessel serviée.

Remediation of the TVA Allen sites is underway, and road, rdlityutand flood protection assets are
generally in place. The condition of the site is generally favorable for development, but the availability
of the land for potential port use has yet to be resolved, and it is probably best considered as a mid
term (5+ years out) opportunity. Harbor Peninsula sits at an elevation of 210 feet and would need to be
filled and raised to support redevelopment, along with the provision of road, rail, and utility service.
Combined, there is a potential opportunity of aroun@@acres, of which 400 acres would need to be
raised out of the floodplaif®

The Port of West Memphis is one of the deepest river ports in this section of the Mississippi River,
allowing it to remain open when low water limits operations at the Port arivphis.

Tablel-28provides asummaryof this section

92 Source: Port of Memphis, 04/13/22
98 Source: Port of Memphis, 04/13/22
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Table 1-28: Assessment - Condition of Port Facilities and  Assets

Trend or Issue: Condition of Port Facilities and Assets
Type: Weakness
Regional Impacts: - Poor infrastructure and soil conditions makes industrial activities at the port mor

costly and less desirable. Business and economic activity could be displaced
upstream or downstream.

Magnitude of Regional Impact: Mediumd The Port of Memphis is ové&i0 years oldandroads, rail, stormwater, and
marine terminal assetarein declining to poor condition. Poor soils at Pidgeon
Industrial Park are the maideterrent to growth, although this issue is costly to fix.

1.4.3 Industrial Land Development

Issues riated to industrial land development for each of the port functional areas are discussed below.

't hRnli ~hagfnn 1 N6! g~
Presiden® Island is situated between the Mississippi River and Lake McKellar, with waterfront

facilities located along the southeastern exlgf the island. It hosts a large range of commercial and
industrial activities, generating substantial freight and contributing to the local economy.

The Presideri Island industrial park is essentially at capacity and has been for a number of years.
When parcel vacancies occur, they typically are too small for many contemporary udeveever,

there are two areas, currently owned by various companies, which are prime for redevelopment due to
their relatively low level of activity and the presence of vt land that can be used connect and

enable a larger redevelopment. The two areas are:

~

i Area 1-99.76 acres between Wharf and Pier Streets, containing one vacant parcel and several
smaller properties. According to the International Port of Memphis Strategic Plan, the aggregate
assessed value in Area 1 is $4,844@tthe approximate land valués roughly $30.5 million.

There are a significant number of above ground storage tanks that could affect redevelopment
costs due to potential environmental mitigation.

i Area2041. 76 acres south of Channel Avenfaciityy bet ween
The potential property contains two small citgwned properties and two properties with light to
moderate apparent levels of activity. According to the International Port of Memphis Strategic
Plan, the aggregate assessed value is $2,801,50Beaagdroximate land value for parcels not
currently owned by the city is $15.9 million. There are several above ground storage tanks that
could affect redevelopment costs due to potential environmental mitigation.

FRANK W. PIDGEON INDUSTRIAL AREA

Pidgeonindustrial Park is bordered by the Mississippi River on the west, Lake McKellar to the north, CN
on the east and the Mississippi state line to the south. It is the most recently developed area at the
International Port of Memphis and encompasses approxiehaR,500 acres of land. There are nearly
2,300 acres available for development on land controlled by the Port, ElectiatdxNucor. In addition,

the adjacent Canadian National/CSX rail intermodal facility is a significant and underutilized asset. The
Pat-controlled and Portowned sites in Pidgeon Industrial Park have the shortest timeline and lowest
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total cost industrial and logistical developmentEhe main impediments to developments at this site
involve the poor soils, as discussed previouSlgme otable inhabitants include Nucor Steel, TVA

Allen Fossil Plantand the USACE Ensley Yard. There is continual interest from the private sector in the
utilization of more acreage for commercial and industrial endeavors.

WOLF RIVER HARBOR

The WolfRiver Harbor is situated north 0f40 and connects into the Mississippi River south-40I

near downtown Memphis. As previously noted, former port users have relocatatithe only

remaining user is the Coast Guaiithe Port does not expect to repladeese user8* The west side of

the harbor is a residential community, and northeast of the harbor is predominately an industrial area.

TENNESSEE VALLEE AUTHORITY

There are also two sites related to the Tennessee Valley Authority (TVA) that are currentbed and
could potentially be sites of future industrial developments, subject to resolving issues regarding the
potential availability of the properties for port use.

~

fi  TVA Allen Site: The old TVA Allen site has been decommissioned and is in the prothsig
demolished The process can be grouped into two phases. The steam plant will be demolished first,
which is expected to taketd 5 years. Then the coal ash pond/storage areas on both sides of the
main plant will be removed and remediated, whicteigpected to taken additional5to 8 years.

Once the properties that are currently under TVA ownership have been transferred, the site could
be potentially reused for industrial purposes. This site is properly positioned, has significant
infrastructure assets, and is of adequate size to support a heavy industrial or terminal operations
user in the future.

i TVA Harbor Peninsula: A peninsula exists across the TVA harbor to the north that is currently
owned by the City of Memphis on behalf of Memphis Light @aVater and contains
approximately 350 acres as configured in the master plan. It is expected that this ownership
transition would be relatively uncomplicated. However, significant investment would be required
to raise the site above flood elevation atwextend road, rail, and utility service to the site. Given
those cost and permitting constraints, this is likely a rriekm development opportunity, with the
property well suited for terminal operations (highvolume container or bulk marine) or waterfrdn
industry user.

PORT OF WEST MEMPHIS

The Port of West Memphis has accommodated users like Bunge and Cargill that have moved out of Wolf
River Harbor, and other large companies such as Louis Dreyfus, Kinder Marghiiransammonia

have constructed largeatilities thereWe st Memphi s i s rich in obackl and
usable water frontage, making it wedlited for handling bulk commodities that are conveyed between

barges and storage tanks/buildings. The depth of water along the Port of Westphis is considerably

deeper than the east side of the Mississippi River, facilitating operations during periods of low water.

The downside is that currents carry surface debris along the western edge of the Mississiaping a

% Source: Porbf Memphis, 04/13/22
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nuisance for freightraffic, and fastermoving currents can create navigational challeng€ambined
with current and future intermodal improvements, the Port of West Memphis is positioning itself for
future increases in freighactivity and revenueThe City of West Memphlgas been promoting the Rail
Port Logistics Parkvhich contains more than 2,000 acres of Greenfields and access to all municipal
utilities with excess capacityThe City of West Memphis is attempting to acquire the port to promote
further economic developrant opportunities® In addition, West Memphis has the lowest utility rates
in the Memphis MSAwith property taxes at half the cost of most other sites in the area. The area is
zoned t2 and supports heavy industrial developmeifitie site has no floodplain or environmental
issues, is rail accessible, and has unrestricted access to inter$td@eand-50.Given these advantages,
the Port of West Memphis is currently laying needed infrastructure to attract businesses. In 2017,
construction was started on a project to extend a rail line to improve accessibility to the port. This
project was partially funded by a federal grant, demonstrating the economic potential benefits of this
logistic asset?

The ports of Memphis and West Memniglare more collaborative and complementary, rather than
competitive. West Memphis handles primarily grain while Memphis handles other commaodity types,
and Memphis provides staging and support for the West Memphis barge fleet in McKellatrdike.

deepwat er ports, which compete strongly (and often
that has a choice to move through several ports, inland river ports tend to focus on local markets and

| ocal users, for whom tihee&® bhasegpomradegygraaghyy,arf:
factors®’

Tablel-29provides asummary of this section

Table 1-29:  Assessment - Industrial Land and Development

Trend or Issue: Industrial Land Development on Water
Type: Opportunity
Regional Impacts: - Availability of water-served industrial land enables business growth, economic

development, and jobs

Magnitude of Regional Impact: |High- Significant industrial land available, particularly in Frank W. Pidgeon Industrial
Area and Port of West Memphis.

Investment/Strategies/Policies: |- Examine publieprivate partnership strategies foinfastructure investments

- Support Port of Memphis in identifying practices or solons at the Pidgeon Industrig
Area that mitigate soil challenges to attract new projects

- Examine the beneficial use of dredged materials from the Mississippi River atdth
for flood plain reclamation. Could p
Island.

- Work with the City of Memphis to obtain the TVA harbor peninsula property (after
becomes available) and beging examining funding streams to devempite.

% Interview of City of West Memphis 04/5/2020
%  https://www.progressiverailroading.com/intermodal/news/WestMemphisbreaksground-on-port-rail-project--53022
97 Source: Port of Memphis, 04/13/22
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1.4.4  Container -on-Barge Growth Opportunit ies

Opportunities for expansion and growth of contairen-barge markets and services fall into two
categoriesexpansion of conventional service (which currently exists), and introduction of new high
capacityservice (which would be associated with massive new investment at multiple points on the
Mississippi River).

EXISTING CONVENTIONAL SERVICE

The Port of Memphis is one of the few inland river ports to host a successful contaimbarge
service.Seacor Ararican Marine Highway (AMH) brings import containers upriver from New Orleans
for delivery to customers in thdid-Southregion, then takes empty containers downriver to Baton
RougeAt Baton Rouge the containers are-il@aded with plastic pelletsThe cortainers are then taken
to New Orleans for export and the cycle repeats.

The distribution of empty containers or trailers is an important function that supports logistic
operations.Containers are either owned or leased by ocean carriers, and those oag#@rs expend
considerable resources tracking empty containers and ensuring that they are returned to key
manufacturing regions such dsastAsia.To improve financial performance and/or pricing, ocean
carriers with high i mpekthawdlbumed ulrmo kmotv@ fwii It Ih
generating cargo as possiblEhese commaodities often consist of grains and other agricultural

products, wood or plastic pellets, and recyclables.

Due to its location, thdlid-Southregion has been a historic désation for the accumulation of empty
containers, many of them originating in Asia, entering thaitéd Satesfrom WestCoast orEast Coast
seaportsReliable access to empty containers can support and help attract plastic, resin, and other
export manufacturers to the Port of Memphis in the long term, or at least to develop supporting
services to those industrieEmpty containers in Memphis can serve the needs of both its surrounding
agricultural area (lllinois, Tennessee, Arkansas, Mississippiisiama) as well as the rapidly expanding
petrochemical export needs of Louisiana.

The significant growth of domestically produced natural gas and its attendant pipeline networks has
led to a critical secondary industryaw plastic "pellets” that are théasic building block of most

plastic manufactured products, from automobile dashboards to Christmas toys to micro circuitry
insulators. Natural gas is the feedstock for plastic plants in Louisiana and Texas that need dry empty
containers to export their phstic pellets to Asian manufacturing destinatioidaton Rouge does not
have a direct intermodal rail connection, and the provision of empty containers from Memphis via
barge provides them with the containers they neétlithout the barge, those industriesould have to
move pellets in bulk railcars t&astCoast ports for containerization and processirlg.the long term,

the Memphis catchment area for empty dry containers may be an incentive for the construction of a
chemical or petrochemical plant and thRibsequent export of those products via container on rail or
barge.

Seacor AMH anticipates substantial growth in demand for pellet exports from Baton Rouge, which
would require expansion of its service frequency and capadihe current service is gendltg well-
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accommodated, except during peak periods when inbound trucks may queue up, waiting to be
unloaded within the terminal areawith growing volumes, additional terminal equipment and acreage

would likely be nee

Tablel-30provides

ded, and the Port has explored relogatims operation to a TVA sit#

asummary of this section

Table 1-30: Assessment . Barge Expansion (empty containers or trailers)

Trend or ISsue:

Barge expansion (empty contairgor trailers)

Type:

Opportunity

Regional Impacts:

- Availability of empty containers and trailers facilitates exports in the Msduthand
beyond.

- Expansibn of barge services to reposition empty containers or trailers could benefi
exporters downstreanon the Mississippi River.

Magnitude of Regional

Impact: | Medium- Opportunities exist to expand Seacor operations, particularly at the momen
with peak asset and container imbalances.

POTENTIAL HIGH
Containeron-barge

-CAPACITY SERVICE
is a concept that is not widely used withire United States today. However, with

the increase in transportation costs, congestion on roadwaysl the emergence of precision
railroading, alternative means of transportation containers are being explored, including moving

container by barge.

Additieally, the COVIEL9 pandemic and the supply chain issue that followed

illustrated that heavy reliance on West Coast poida risk. As shippers look for alternatives to West
Coastports the Qulf is seen as a potential alternative. Containers on bargeiisgoexplored as a means
to transport containerized goods up the Mississippi River.

A company called American Patriot Holdifgsas proposed to construct four inland river container

dhybridé

design vessels (not vy eton)doocordaineruct ed, f

shipment on shallow draft waterway3he concept is to receive very large (12,000 to 16,006°TEU

capacity) deegdraft

ocean container vessels at a new port in Plaguemines Parish, Louigiahget

constructed, funded or permittedor construction) and then transport containers up and down river to

a network of inland

river facilities (also not constructed) that could, in the future, include Meniphis

along with Little Rock, St. Loyiand other river citiesAmerica Patriot Holdingsssued a request for
proposal in December 2021 to seven shipyards for the construction of four inland river container

dhybridé

design vessel s wFigulel-3®shgva & doricéperendedngofl 7 0 0

the proposed vessét? American Patriot Holdings has also signed letters of intent with Plaquemines
Parish in Louisiana and a potential ocean carrier partner to explore building a $1 billion cargo terminal

9%  Source: Port of Memphis 04/13/22
9 https://www.workboat.com/coastatinland-waterways/americanpatriot-holdings-issuesrfp -for-four-river-container-vessels

1 Container

capacity is of tfemo tmeecuwirweall-febtangodmiEibies $ one TEU; @it eomtainer

is 2 TEUs. International containers can be as long as 45 feet, while domestithewead containers can be asrg as 53 feet.
101 https://www.commercialappeal.com/story/money/2020/09/15/mississippriver-port-of-memphs-ships-americanpatriot -

holdings/5682939002/

102 https://www.workboat.com/coastatinland-waterways/americanpatriot-holdings-issuesrfp -for-four-river-container-vessels
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for transloading between ocean and river vess&isThe Port of Memphiss interested in the potential
to develop the peninsula across from the TVA harbor into a container terminal compatible with this
concept.

Figure 1-30: Concept Rendering of Proposed American Patriot Inland River Container Vessel

SourceAmerican Patriot

Tablel-31provides asummary of this section

Table 1-31: Assessment . Barge Expansion (loaded contain  ers)

Trend or Issue: Barge expansion (loaded contairsgr
Type: Opportunity
Regional Impacts: - Increase transportation options favlid-Southregion, particularly involving Panam

Canal imports.

Magnitude of Regional Impact: |Medium- Opportunity could reduce logistic costisowever, volumes potentially involvel
arenot likely to be major. Memphis already has exceptional connectivity to ports thro
rail and highway.

1.45 Industr y Growth Opportunities

Along with marine container handling, the Port of Memphis has targeted four other primary
opportunities associated with key industmglusters.These are: steel finishing and production;

agricultural processing and food production; intermodal logistics and distribution; and paper waste and
plastic recycling and aggregation.

STEEL FINISHING AND PRODUCTION

Mid -South Area

TheMid-Southregion is home to many steel producers, fabricators and transporters, including
Memphis Wire & Iron, Southern Steel, Tomsin Steel, Delta Metals, and many others, employing more
than 153,000 people in the region. The largest steel finishing andymtion company, Nucor, is

located within the Port of Memphis.

103 https://www.commercialappeal.com/story/money/2020/®/15/mississippiriver-port-of-memphisshipsamericanpatriot -
holdings/5682939002/
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Industry Trends

Three current trends are driving growth in this sector: strong growth in construction (infrastructure,
industrial, and commercial), steel and aluminum tariffs, and the revids&FTA agreement (United
StatesMexico-Canada or USMKT. There exists opportunity to accommodate this growth at the
Pidgeon Industrial Park, especially at the Nucor facility. In recent years Nucor has focused on-higher
value products such as automotive neals (62percentgrowth, 2012to 2017) and tubes and specialty
steel sheets, which are strong markets offering additional growth opportunities. According to the Port
of Memphis Strategic Master Plan to support this expansion Nucor may require a recatfiguof the
Nucor harbor chute and improved road and rail service.

Port of Memphis

A number of specialty steel firms such as Nucor and Liberty Steel Group which are locatedPatttbe
Memphis,have located their finishing facilities closer to theimnil customers, to reduce dependence

on global supply chains that are increasingly vulnerable to weather, financial, political, and regulatory
risks. Nucor growth in automotive deliveries and Liberty Steel Group expansionomgar client
production faclities illustrate these trends.

With its multimodal freight access and proximity to both the Southeastern and Midwest automobile
and manufacturing industries, the Port of Memphis is in an ideal position to compete nationally in steel
finishing and producton.

AGRICULTURAL PROCESSING & FOOD PRODUCTION

Mid -South Area

The agricultural production and processing industries in the greatéid-Southregion currently

employ more than 163,000 people, including at several large facilities within the Port of Memphis
(Cargill/Nouritech and ADM). Most of the state's soybeans are grown on farms located in western and
central Tennessee then transported to thid-Southregion, where five of the six soybean and other
oilseed processing facilities in the state are locateldre than 98ercentof the demand for soybean
processing in theegionis met by these local processing facilities, which sell most of their products and
services (89.percent) to customers outside the region.

Industry Trends

While the Tennesseagricultural economy is highly diversified, recent trade and tariff disruptions may
offer the potential for new soy export markets and new domestic soy uses. The €@\@anhdemic and
the War in Ukraine have disrupted global agricultural supply chains, daning export opportunities

for Tennessee agriculture. Tariffs have also had a negative effect, particularly involving soybean
exports to China, which account for @@rcentof all U.S. soybean exports. The soy industries are
responding by seeking new exgianarkets (e.g.Latin Americaand Australia) as well as new domestic
uses (e.ghigher-value soy crushing and processing facilities, organic niche markets, and nevioooh
uses such as packaging).

Port of Memphis
Cargill, a leader in the agriculturalocnmodities sector, owns 69 acres of industrial land on Presi@ent
Island with direct harbor access to Lake McKelEreir Presiden& Island facilityis an intermodal
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distribution hub with a direct rail spurandalso serves asraanufacturing and processing plant. In
2018 Cargill opened a new facility on Presidéntsland.

Attracting higher-value agricultural processing and food production facilities and employers to
Pidgeon Industrial Park is consistent with goals and markedlgsis set by the Tennessee Department
of Economic and Community DevelopmgmDEC)Attraction of agricultural processing and food
production facilities to Pidgeon Industrial Park may require improved road and rail services, and
almost certainly will requre ground (soil) improvements.

INTERMODAL LOGISTICS AND DISTRIBUTION

Mid -South Area

The intermodal logistics and distribution industries in the greater Memphis area currently employ
morethan 190,000 peopl€urrent projections indicate a Bercentgrowth rate between 2017 and 2028.
Thisgrowth rate lagsthe projectednational growth rate of 8 percent, despitethe presenceof major
freight, logistic, andintermodal facilitiesin the region.

Industry Trends

Intermodal and multimodal logistics andistribution is one of the faster growing industrial sectors in
the United Sates Characterizing the sector is extremely difficult, due to its recent growth and internal
diversification, the explosion of global trade, the more recent@mmerce effects,ral the most recent
round of tariffs, sanctionsand regulations.

Port of Memphis

The Pidgeon Industrial Park, which has water access, is home to the Memphis Intermodal Gateway, a
major intermodal facility operated jointly by Canadian National Railroad &% Railroad.

Additionally, Union Pacific, BNSF, Norfolk Southern, and Canadéional (CN)operate six additional
yards in the metro area.

Port of Memphis sites with access to the CN intermodal facility will be attractive to the intermodal
logistics anddistribution industries, provided that the site development cogtsincipally ground
stabilization and foundation costare made competitive through direct soil amendment or
compensating incentives.

The Port of Memphis will need to add a second highaegess point to Pidgeon Industrial Park in
order to continue growth of this sector. laddition, a highway bridge over the rail line to eliminate
truck/rail conflicts inside the Pidgeon Industrial Park will ultimately be needed.

PAPER AND PLASTIC MANUFACT URING AND RECYCLING

Mid -South Area

TheMid-Southregion supports more than 161,000 jobs in the paper and plastics manufacturing and
recycling industries. The region has an opportunity to capitalize on economies of scale in this sector,
including presence binternational Paper and other businesses, to leverage water assets for continue
growth.
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Industry Trends

The paper and plastics manufacturing and recycling sector is a rapidly changing due to Chinese
regulatory actions to reduce the volume and naturevedistepaperand waste plastics transported to

China. As a consequence, domestic recyclers of paper and plastic, both public and private, have seen
increased recycling costs and increased use of domestic landfills. These disruptive trends could support
growth opportunities for the paper and plastics manufacturing and recycling sector for the Pidgeon
Industrial Park and its excellent road, riveand rail connections.

In the short term, countries such as Vietham and Thailand are accepting scrap paper and plasti
imports, although many Southeast Asia countries are developing their own standards for the
importation of scrap paper and plastics, indicating that paper and plastic markets are undergoing
systemic and structural changes that will affect not only recysland ocean carriers, but also the
entire global container supply chain circuit and the billions of public and private U.S. dollars invested
in the collection, aggregatiorand shipping of waste paper and waste plastics.

Port of Memphis

With incentives, he road, riverand rail assets could support an industrial recruitment to the Port of a
recovered paper facility to break down and-use old corrugated containers, old newspaper pulp, or
recycled containerboard or recycled boxboard. Another option wookdto work with CN railroad to
aggregate highewalue papers or plastics and to transport containerized and sorted papers or plastics
to either Mobile or Prince RuperBritish Columbia,for export to willing and permissible Asian

markets.

Tablel-32provides asummary of this section

Table 1-32: Assessment - Water Industrial Growth Opportunities

Trend or Issue: Waterindustrial growth opportunities
Type: Opportunity
Regional Impacts: - Attrach new businesses and economic activity leveraging accessibility to water

Magnitude of Regional Impact: |HighdMemphi® strategic location and access to robust freightratructure makes it
an ideal location for businesses that benefit from access to the water. Prevailing glo
trends and disruptions could encourage greater wagbipments

1.5 AIR CARGO TRENDS AND ISSUES

The MidSouth region is home to the largest aiargo operations in the hited Satesat the Memphis
International Airport. This airport is the site of the FedEx World Hub along with other significant cargo
operations byUPS and other smaller carriers. In 20R&mphis International Airport handled 50

percent more freight tonnage than the second largest air cargo airport in the contiguous states,
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Louisville Muhammed Ali International Airport, which is home to the global hub for UFPEe Mid
South region is home to other airports that are capabldandling air cargg®®®however their volumes
are largely insignificant compared to Memphis International Airport.

Cargo operations at Memphis International Airport have been increasing at a consistent rate since
2012, as shown irigure1-31 From 2019 to 2020 there was a slight 2.8 percent drop in enptzngd
volume,related to the effects of the COVID pandemicHowever, volumes rebounded stronglin

2021, growing at 6.6 percent and exceeding 2019 volumes. The Airports Council International estimated
that Memphis International Airport weathered the pandemic better than other airports, leading it to
overtake Hong Kong International Airport to becortiee largest air cargo airport in the worlth

2020¢In 2021Hong Kong International Airportegained its place as the largest air cargo airport in the
world, with Memphis International Airportremaining a close secoriéf.

Figure 1-31:  Memphis International Airport Enplaned Cargo Volume and YOY Growth, 2012 to 2021
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Source: Annual Comprehensive Financial Report 2021, Mergttetby County Airport Authority
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In recent years, growth at Memphis International Airport has been driven by international movements,
which have more than doubled in share from 2016 to 2021, as can b€igeesl-32 This increasés a
resultofFed Ex6s acquisition of TNT Express, a Dutch

104 FAA 2020 CY20 Adlargo Landed Weight
htt ps://www.faa.gov/airports/planning_capacity/passenger_allcargo_stats/passenger/media/cy@drgo-airports.pdf
105 See the 2017 Greater Memphis Freight Plan for an overview of these other airports.
106 AC| 202bttps://aci.aero/2021/11/09/acisworld-airport-traffic-report-revealsdomestictraffic-leadingrecovery/
107 ACI 202 https://airport -world.com/aciworld-confirms-globattraffic -figures-for-2021/
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Figure 1-32: Memphis International Airport Domestic vs International Air Cargo Share, 2012 to 2021

100%
95%
90%
85%
80%
75%
70%

65% . .
® Domestic International
60%

55%
50%

Share of Cargo Handled

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: Annual Comprehensive Financial Regé21, Memphishelby County Airport Authority
Note: Excludes mail

1.5.1 Parcel Industry Developments

Developments in the parcel industry are critical to air cargo in &l-South region because of the role
that FedExand to a lesser extent UPSay at Memphis International AirportThe FedEx World Hub
accounts for the majority of air cargo voluna this airport. FedEx operates more than 450 flight
operations per day, & their facility can process over 180,000 packages and 245,000 documents per
hour.?%In North AmericaJFedEx operates regional air hubs at Ted Stevens Anchorage International
Airport, Oakland International Airportjndianapolis Airport Authority,Newark liberty International
Airport, Fort Worth Alliance Airport, Piedmont Triad International Airport, Miami International
Airport, and Toronto Pearson International Airpottiowever, because of network economies in air
transportation that favor hubbing, a sigficant share of air cargo volume moved by FedEx passes
through Memphis International Airport.

Memphis International Airport offers significant advantages to FedEx operations, including the fact
that it is centrally located in the country anthr enoughsauth that it does not closeften because of
severe weather, much less frequently than more northern airpoeasuring continuity of service.
FedEx has also built redundancy in its netwarereit can divert parcels to regional hubs, such as
Indianapolis if severe weather affects Memphis.

Over the past two decades FedEx has been successful at adapting to rapid changes in the parcel market.
From 2000 to 2008, FedEXx evolved its business to serve the growtomraerce, primarily through its

ground servce. This included forging relationships with online retailers to lower lasile logistics

coststo get products into customers hands. The 2004 acquisition of Parcel Direct represented a step in
attempting to lower lastmile logistics costs to be more comdjitive with conventional retail. The 2007

to 2009 Great Recession increased pressures on delivery costs. Dynamics in the parcel industry changed

108 Memphis International Airport Strategic Overview 202024.
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with the rapid growth of Amazon, especially after the Great Recession. Amazon placed a premium on
delivery sped and customer service, whiche s et cust omer expectations
investments in theirtransportation capabilities, such as irenting airplanes anduying truckfleets,

has also put pressure on the parcel companies to remain competfedEXx recently moved to

operating seven days a wegkarround (previously only operating at this schedule during peak
months).These developments have been positive to lthie-South regionas FedEx is making greater

use of air service to compete oratnsit times.

FedEx is currently evolving to remain competitive. In 2019 it announced it was ending its relationship
with Amazon, by first ending Express service and then Ground source. Ardadry into the
transportation space has led FedEx to realign its priorities and seek to compete more directly with
Amazonln 2022, FedEx announced a partnership with Microsoft to offer epdagorm logistic

services to retailers, merchants, and brart@This will offer greater flexibility and faster spesd
targeting justin-time and ecommerce logistics-edEXx is seeking to expand their business, particularly
with medium-sized firms where profits would be higher than with Amazon. Ending relationshipis
Amazon has also made FedEx more attractive for competitors in the retail $pdd¢ese developments
are likely to increase the centrality of the Memphis World Hub in FedEx operations, as it seeks to
compete with Amazon and other logistics providetsat are making significant investmenis logistic
performance It could also incentivize additional midized businesses to move to thkd-South region

to get preferential service from FedEx.

The COVIEL9 pandemic has led to an explosion ef@mmerce, as people sought to avoid store trips
and get more of their goods delivered home (as described in sectidnl.). This trend will directly
translate into additional throughput of packages through the Memphis Hub, as seEigimel-31 The
prospects for FedEx at Memphis are positive, reflected by the higher volumes, continued investments
in their facilities, including a $Dillion modernization program*'that is expected to be complete by
2025 andthe building ofanew GlobaHeadquarters downtownt?

UPS also intends to grow their operations at Memphis International Airport. They are currently
embarking on an expansion project that would increase the square footage of their facility by more
than 50 percent!*This expansiond anticipated to increase their throughput capacity, which currently
stands at 59,800 packages per htir.

Tablel-33provides asummary of this section

109 Microsoft News Cewr, 2022, FedEx and Microsoft announce new eplagorm logistics solution for ecommerce
(https://news.microsoft.can/2022/01/24/fedex-and-microsoft-announcenew-crossplatform-logisticssolution-for-e-commerce))

110 https://www.cnbc.com/2019/09/01/fedexupsjockeywith-amazonrastech-giant-expandsinto-shipping.html

11 https://www.bizjournals.com/memphis/news/2018/03/14/fedexto-invest-1-billion-in-major-upgrade-and. html

112 phttps://newsroom.fedex.com/newsroom/fedexogisticsopensglobatheadquartersin-downtown-memphis/

113 Memphis International Airport Strategic Overview 202D24.

114 Memphis International Airport Strategic Overview 202024.
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Table 1-33: Assessment  Parcel Industry Developments

Trend or Issue: Parcelindustry developments
Type: Strength and Opportunity
Regional Impacts: - FedEx and UPS operations in Memphis have favorable prospects, with cargo volu

on a longterm positive trajectory and a rapid recovery from the COMI® pandemic.
Both comapanies are presently making significant investments in their facilities at
Memphisto keep up with growth.

- Emphasis on delivery times and performance in parcel industry increases importa
of FedExds World Hub in their networ

- FedExd6s recent investments to compet
logistics services for smalha mediumsized firms are favorable for thelid-South
region. This could encourage addimal firms to locate in the region to take advantag
of accessibility to air cargo service.

Magnitude of Regional Impact: |HighdFedEx is the largest employer indMid-Southregion, and by a wide margin if
government and public services are excluded. yrhee responsibldéor 98% of the air
cargo handled by Memphis International Airpoifhe continued success of FedEx is
critical for the economy of the MigSouth regon.

1.5.2  Accessibility

One of the main advantages of the air cargo operations at Memphis International Airport is the
availability of low-cost land within a short drive. The Aerotropolis Airport City Master Plan found in
2014 that 3percentof the nearby &nd was vacant or had no buildings, with lease rates being relatively
low compared to the rest of Memphis and other cities surrounding major airports. This advantage has
fueled growth in industry and logistics surrounding the airport, leaditwland beconing less available
andincreasinglease ratesNeverthelessthe area still enjoys an advantage relative to other

metropolitan areas with major airports. Providing adequate roadway access to these industrial areas is
key tomaintaining the competitive advantage the airport has on this front.

The Memphis Internatioal Airport currently hasadequateaoadway access. The airport is situated next
to I-240, with access provided through two interchanges with Lamagnieand Plough Bulevard.

The main road used to access the FedEx World Hub, DemoarattyaRpears well esigned to
accommodate truck trafficThe rmain deficiency on these roads, particularly on Ploughulgvard,

seems to be the condition of the pavements due to accelerated deterioration from higher truck
volumes!>*No apparengeometricdeficiencies were foad on other roads bordering the airport:
Airways Bulevard, Tchulahoma &ad, Shelby Dve, and Swinnea ¢¥d.*'¢ SeeFigure1-33for an
overview of the main freight corridors surrounding the airpattiowever, an engineering study is
recommended to assess how these roads are performing and their ability to keep up with expected
increases in vehicular trafficShelby bive and Winchester Bad are frequently used to connect to the
cluster of industrial and warehasing facilities east of the airporfA study was conducted in 2020 that
evaluated the traffic operations and safety of freight intermodal connectors in Tenn€'$s€his study

15The City of Memphis is currently working on a project to upgrade the interchange at Plough Boulevard. The project igrssiINEPA
phase and will take 10 to 15 years.

116The City of Memphis was recently awarded a Transportation Planning Grant (TPG) to conduct a planning study along Tchutgltbma R
adjacent to the airport.

117 Chimba, D. (2020) Evaluating Freight Intermodal ConnedelCs) in Tennessee, Submitted to Tennessee Department of Transportation.
RES 20185.
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concluded that TDOT should conduct operational analysis to determine how tmiweghe level of
service at intersections along the following intersections surrounding the airport:

i Winchester Rad

i Airways Bulevard

i Plough Bulevard

i The intersection of Democratdad and Airways Bulevard
i The intersection of Democratdad and Tchulahora Rbad

Figure 1-33:  Memphis International Airport Access Roads
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This study also recommended that a detailed safety analysis be conductkieionine how to improve
the following intersections next to the airport that had high crash rates:

i Democrat Road
i  Tchulahoma Road

Lamar Avenue is the main road that connects Memphis International Airport to the logistics and
industry corridor east of the mport. This road carries a high of truck traffic and becomes congested
during peak hours of the day because of the concentration of logistic activities on this corridor, which
includes the BNSF rail intermodal terminal. According to the TDOT Transpon&ita Management
System, traffic volumes on this road have rebounded strongly from 2020 to 2021, growing by over 20
percent and exceeding prpandemic peaks. A project is currently underway to widen Lamar Avenue,
which would improve accessibility to thdr@ort considerably. Construction has started on one of the
three phases of the project, and all construction activities are expected to be completed by fal2023.
Efforts should be taken to minimize lane closures or significant changes to the geomefttits

avenue during work zone activities to reduce the negative impact on existing trucks.

With the growth of logistics businesses adjacent to the airport, East Holmes Road is being used by
trucking more intensely. This road, however, was not desigteedccommodate this high volume of

trucks. The City of Memphis currently has two projects addressing Holmes Boaé on East Holmes

Road from Malone Road to Lamar Avenue, and a second on West Holmes Road from Tchulahoma Road
to Mill Branch Road

Roads lhat connect to new and upcoming developments need study to determine their capacity to
accommodate expected increases in truck traffic. The new UPS project at Swinnea Road will likely
increase truck traffic considerable on this corridor.

Tablel-34provides asummary of this section.

Table 1-34: Assessment | Air Cargo Accessibility

Trend or Issue: Accessibility of Memphis International Airport
Type: Weakness
Regional Impacts: - Increases costs, delays, and unreliability, particularly after volume increases last

Magnitude of Regional Impact: | Mediumd The 2020 study on intermodal connectors found that the only connectors
the Mid-South region (Tennessee only) that were potentially causing bottlenecks to
freight operations were the access roads to the Memphis International Airport.

18 https://www.tn.gov/tdot/projects/region -4/lamar-avenue/timeline.html
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1.6 WAREHOUSING AND DISTRIBUTION TRENDS AND ISSUES

1.6.1 Growth

Distribution centers and warehouses have proliferated at an astounding pace, with annual
development of new sites across the country more than tripling in the gagtars Growth in this
sector has ben even faster in the MiGouth region, with new site developmetrtpling in in just one
year, from 2019 to 2028 The increasing prominence a&fupply chains that emphasize fast timés-
market, combined with the pandemicelated growth in ecommercejs leading to growing demand for
warehouses, distribution centers, and fulfillment centers to support these activiigSome estimate
that e-commerce requires three times more warehousing space per product than traditional retail
stores??

Beloware briefdescriptions of the facilities that play a warehousing function in supply chains

~

i Warehousestemporarily store product inventory and then send it on to eqmbints. Many retailers

have evolved sophisticated inventory management
an asneeded basis, optimizingpace usagesupply chains will continue teeek to minimize

inventory because it is expensive to own and hdhtventory carrying costs typically total between

18 and 25 percent of the value of goods.

fi  Distribution centers also store products, although the duration of storage tends to be shohan
a warehousgand distribution centers may also offer vahaelded services like crosfocking,
product mixing, packaging, and order fulfillment.

fi  Fulfillment centers area type of distribution center specializing in or offering order fulfillment.
Thete m owarehouseo is often assumed to include bo
(since the main function in each case is storage of gaods)

The drive for faster timeo-market creates increasing demand for warehouses. As response time shrinks
which sameday and nextday ecommerce service offerings are bringing abguirtions of inventory must

be held close by. Moreover, as the variety and volume of products moveddmmerce channels expands,
more of the nearby inventory is required-ég&mmerce fulfillment centers differ from traditional

distribution centersin their requirement for greater labor input, which results from small order sizes and
varied content typical of oline consumer purchases. They are nevertheless significantly autodnate
facilities. Pandemigelatedgrowth in ecommerce has resulted in an increase in investments by major
retailers and logistics providers in the Southeast, from expanding inland ports to repurposing
decommissioned shopping malls as distribution centerg] inis growth is expected to continue.

The MidSouth region has the ideal conditions to accommodate this significant growth in warehousing,
distribution, and fulfillment activities. Industrial and commercial rents are some of the lowest in the

119 CBRE 22D North America Industrial Big Box Review & Outldtos://www.cbre.com/-/media/ project/cbre/shared-site/insights/local-
responses/industriaibig-box-report-memphis/locatresponse2020ibb-memphisoverview. pdf

20 CBRE Group, Inc., (August 4, 2021), oU.S. IndustriOal|CBREd Logi stics

121 Prologis, (June 17, 2020), Celfiispecial report #6: accelerated retail evolution could bolster demand forlaedited logistics space,
https://www.prologis.com/news-research/globalinsights/covid-19-specialreport-6-acceleratedretail-evolution-could-bolster
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country, at$3.44 per sgprefoat in 2020:22This, combined with excellent highway, rail, water, and air
connections to the rest of the country, provides strong incentives for businesses to locate their
warehousing, distribution, and fulfillment operations in the MfSlouth regionThis has led the igion to

have a low vacancy rate, at 6 percétifThe COVIEL9 pandemic accelerated interest in warehousing and
distribution in the Mid-South regionasit did throughout the Southeast, leading annwabsorptionto triple
from 2019 to 2020ncreasing totabquare footage by glercentin just one yeat?*Notable examples include
Nike opening its North American Logistics Centerin28 nd Amazonds plan to open
Mississippiand on Hawkins Mill Road in Memph#The growth inabsorpton of new warehousing and
distribution activity will bring economic development and welhying jobs to the regiorHlowever,
transportation plans should be adjusted to manage the increase in truck traffic that is likely to result from
these developmentsind minimize conflicts with incompatible land uses, such as residential.

Across the country there is increasing competition for industrial zoned land for new developif€mtkich
has ledo vacancy rates reaghg some of their lowest levelandincreasedents in recent yearssspecially

in high-demand freight marketsincludingand a33percent increasén Northern New Jersey and pércent
increasen the California Inland Empiré%In most areas of the countryand is limited where warehousing
space is in highest demand. There are also pressures in favor of other types of development that yield
highest rents and rezoning and redevelopment of industrial areas into commercial and residential spaces,
particularly downtown or on the waterfront. Many of these pressures that are common throughout the
country are not present to the same extent in the Miuth region, with industrial rents remaining low
primarily due to the availability of land (especially in Missigsiiand Arkansas) and a logistifitendly
environment. This gives the region a significant competitive advantage in accommodating expansions in
the warehousing and distribution sector in the future.

Tablel-35provides asummary of this section

Table 1-35:  Assessment . Growth in Warehousing and Distribution

Trend or Issue: Growth inwarehousing andlistribution

Type: Strength

Regional Impacts: - Generates significant economic development and employment opportunities for reside

Magnitude of Regional High - Affordability of industrial leases combined with exceptional highway, rail, air, and

Impact: water connections have resulted in fast growth of warehousing and distribution facilities,
particularly since the COVH9 pandemic startedlhis is expected to contireiand intensify in
the future.

122

123

124

125

126

127
128

CBRE 2020 North America Industrial Big Box Review & Outlodk //www.cbre.com/-/media/project/cbre/shared-site/insights/local-
responses/indugial -big-box-report-memphis/locatresponse2020ibb-memphisoverview.pdf

CBRE 2020 North America Industrial Big Box Review & Outlodk //www.cbre.com/-/media/project/cbre/shared -site/insights/local-
responses/industriatbig-box-report-memphis/locatresponse2020ibb-memphisoverview.pdf

CBRE 2020 North America Industrial BaxBReview & Outlookttps://www.cbre.com/-/media/project/cbre/shared-site/insights/local -
responses/industriatbig-box-report-memphis/locatresponse2020ibb-memphisoverview.pdf
https://www.bizjournals.com/memphis/news/2015/06/26/nike-opensnorth-americarlogisticscenter-in.html
https://wreg.com/news/amazonto-open-facilities-in-mississippiandmemphiscreating-hundredsof-new-jobs/

Jones, Lang, LaSalle IP Inc. U.S. Industrial OutlookZ)2 20

CRBE Group, Inc., (June 2021), o6U.S. MarketFl ash: Industrial Taki ng
http s://www.cbre.us/researchand-reports/US-MarketFlashindustrial-TakingRentsNowGrowingFasterThan-AskingRents
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1.6.2 Diversification

Multi-stage logistics and automation have driven rapid growth in the development of smaller

distribution centers. The average size of distribution centers has dropped to 220,000 square feet (SF), a
decline d 15 percent between 2013 and 2017. In fact, the growth in these centers has occurred at both
the larger (1 million+ SF) and smaller (under 250,000 SF) ends of the size ramgelddse expected

from multi-stage distribution strategie¥°The growth is diven by the continuing demand for faster
times-to-market, withe-commercebeinga significant driver. More distribution staging closer to end
markets is the result, with the emphasis on delivery more than storage.

Demand for smaller, closén space is bag met largely through urban infill. This means development

or redevelopment in areas that are mainly built Quepresentinga major shift from practices of the

past decades. The supply of new urban infill properties has been flat while vacancy ratesaphaly
declinedacross the country, as can be seelfrigure1-34. This is leading to severabtlaptations such as
repurposing of existing facilities and companik=asing out portions of underutilized space. Outer

regions are also seeing redevelopment through adaptation, as shopping mall sites and other large retail
(or former retail) properties are being converted to warehouse/distribution functioAsnazon has
repurposed 25 shopping malls across the country into distribution and fulfillment centers, including in
Knoxville, Tennesseeand Baton Rougeplisiana*°

Figure 1-34: Vacancy Rates for Urban and  Non -Urban Infill

wsUrban | nfill supply wee NON-UrDAN iNfill SUPPlY

3.1%

difference
6%
P e N - 0.7%
difference
4% e —
3%
2013 2014 2015 2016 2017 2018

Source: Jones Lang LaSalle
Tablel-36provides asummary of this section
2 Journal of Commerce, (August 10, 2021), 0O0US importers squeezed for

https://www.joc.com/international -logistics/industrial-real-estate/usimporters-squeezeedvarehousingports-inland-
hubs 20210810.html
130 https://chainstoreage.com/amazorhasconvertedmany-25malls-distribution-centers
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Table 1-36: Assessment  Diversification of Warehousing and Distribution

Trend or Issue: Diversification ofwarehousing andlistribution

Type: Opportunity

Regional Impacts: - Generates significant economic development and employment opportunities for residents

Magnitude of Regional | Medium- Mid-South region is the ideal location to accommodate mega sites dedicted to

Impact: warehousing and distribution, as lease rates are affordable and land is available. Smaller urt
infill warehousing and distribution will oncentrate closer to large population centers, so this is
unlikely to take place in the Micsouth region.

1.6.3 Automation and Multi -Story Technologies

Automated warehouses can increase throughput per square foot (and thus per acre) by as much as
three times. Aisles between storage racks can be narrower and the height of the racks taller because
robotics replace forklifts. This allows more product to baruled and stored horizontally and

vertically, and pushes warehouse ceiling heights well above 40 feet. Combinations of material handling
and optical equipment enable greater precision in picking and packing of inventory, which enables
management of largevolumes and greater varieties of products. Companies interested in warehouse
automation must weigh the high initial costs of acquiring the equipment and management systems,
relative to the reductions in operating costs over time. Today, lasgale automton resides primarily

at large, regional distribution centers, but the use of optical equipment, robotics, and related systems
will almost certainly be increasingly deployed in smaller facilities over time.

Multi-story warehousing is an emerging strateggymeet closén demand on constrained infill sites.
Already in use overseas, the first U.S. mslibry facility opened in Seattle at the end of 2048d
several others are planned or have been implemented around the countryHigeeel-35for a recent
example)t**Capacity per acrat these facilities can biipled versus traditional onestory facilities,
demonstrating how these designs are adapted to the smaltes and costlier land characterissof
urban infill.

Figure 1-35: 4-Story Warehouse in Maspeth Neighborhood of Queens, NY

N UL

Source RXR Realty LBA Logistics

131 https://commercialobserver.com/2022/03/squarenile-innovo-davis companiescbre/

1-86


https://commercialobserver.com/2022/03/square-mile-innovo-davis-companies-cbre/

\\\I)

Mid -South Freight Flows & Industry Analysis

In the Memphis area, where land pressurgenerally lower than areas like the Northeast, warehouses
with higher clearance have been a growing market segment, as opposed to truestarki

warehousing. South Florida has seen several developments of this type, including the Modlo Air
Logistics Cerdr in Doral, a threebuilding, Class A industrial logistics park totaling 495,073 square feet
with 36-foot clearance height.

Tablel-37provides asummary of this section

Table 1-37: Preliminary Assessment | Automation and Multi -Story Warehouses

Trend or Issue: Automation and Multistory Warehouses

Type: Opportunity

Regional Impacts: - Increase warehouse and distribution throughput

Magnitude of Regional Lowd Given the affordability of industrial leases in the M&buth region, and avability of
Impact: land, it is unlikely that these technologies will have a major impact in the region.

1.7 PIPELINE TRENDS AND ISSUES

TheMid-Southregiodn i es on North Americads most i mportant
to flow from Canada and North Dakota to redries in the Gulf, and refined petroleum products to flow

to population centersalongthe East Coast arid the Midwest?*2Thisregionis crossed by numerous

pipelines, primarily used to distribute natural gas for energy uses, as well as gas used in the
petrochemical industry. The region has access to the Capline Pipeline, delivering refined petroleum
products, such as jet fuel for use at Memphis International Airport. The Valero Memphis refinery

receives crude oil from the Capline Pipeline as it croshesugh western Tennessee on its route

between the Gulf Coast and Midwest refineries. Valero then produces gasoline, diesel,, j@bduel
petrochemicals. Prior to 2020, the Capline Pipeline was the largest crude oil pipeline by capacity in the
United Stats.

Like many other areas in the country impacted by the proposed Keystone XL Pipeline projebtidhe
Southregion has experienced uncertainty in recent years regarding potential expansion of pipeline

facilities. Efforts to build a pipelineonnecting the Capline system to the Plains All American Pipeline, a

project known as the Byhalia Connecti@Rigure1-36), were abandoned in 2021. The Byhalia project

faced | egal chall enges over Capline and All Amer.
environmental and economic challenges. Local opposition based on environmental justice concerns,

and decreased energy demand resulting from the COMIparmemic, were the primary factors for

cancellation cited by the sponsot&The project resulted in omgoing policy discussions at the

Memphis City Council as well as in the Tennessee State legislature.

132 nhttps://www.eia.gov/naturalgas/archive/analysis _pubications/ngpipeline/transcorr_map.html
133 https://canada.constructconnect.com/dcn/news/usa/2021/07/undepressurecompanycancelstennesseepipeline
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Figure 1-36: Proposed Byhalia Connection Route Map
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Wider economic and geopolitical trends in energy production in general have impacted pipelines in the
Mid-South region. In 2021, the flow of the AaplPipeline was reversed from soutb-north to north-
to-south to support oil export through Mississippi*Qil now flows from Patoka, Illinojso St. James,
Louisiana, carrying Canadian oil sands crude. Capline cited economic pressures resultingdrom th
COVIB19 pandemic, as well as demand for crude oil from Canada and Bakken shale, from both
international export markets and Gulf Coast refineries. The flow reversal decreased the capacity of the
pipeline to 200,000 barrels per dand as a result, theapline Pipeline is1o longer one of the top

pipelines in the country. For comparison, the Colonial Pipeline, which transports refined oil products
between Texas and New York, has a capacity of 3 million barrels per day. Colonial has branches in
Tennessee.

Pipeline infrastructure is vulnerable to cyberattack, as demonstrated by the 2021 ransomware
cyberattack on the Colonial Pipeline, which shut down operations for five days and caused a fuel
shortage throughout the East Coast. Colonial had to inspect #@0® miles of pipeline for damage or
compromise and were able to show that hackers did not access the computer systems impacting the
actual flow of oil. However, oil pipelines are intensely sensitive security assets, and the integrity of
their computer systems should be protected.

Tablel-38provides asummary of this section

B34https://www.pipeline -journal.net/news/companycancelstennesseepipeline
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Table 1-38: Assessment = Extensive Pipeline Infrastructure

energy products and markets

Trend or Issue: Pipelines
Type: Strength
Regional Impacts: - Extensive pipeline infrastructure provides the Miflouth region reliable access to

Magnitude of Regional Impact: | Mediumd Provides aradvantageover other comparable metropolitan areas, however t
national pipeline network $ mature, resulting in only a minor advantage for the Mid
South region.

1.8 SUMMARY

The trends or issues that were assessed to have a high impact on th8dwith region are listed in

Tablel-39and those that were assessed to have a medium impact are listeabie1-40. This
preliminary assesment will be updated and expanded on once other tasks of this study are completed.

Ultimately, these assessmenidll be a key input into the development of recommendations and

strategies.

Table 1-39: Trends or Issues Likely to have a High Impact on Mid

-South Region

> (%]
= £ 3 -
= =) c ©
Trend or Issue Mode = S %5 g

o =
: & 2 F
O

E-commerce Multimodal X X

Truck Roadway Safety Truck/Highway X

Pavements and Structures Truck/Highway X

Truck Electrification Truck/Highway X

Driver Shortage Truck/Highway X

Rail Bridges and Structures Rail X

Rail At-grade Crossings Rail X

Rail and Economic Development Rail X

Water Multimodal Access Water X

Industrial Land Development on Water Water X

Parcel Industry Developments Air X X

Growth in Warehousing and Distribution Warehousing and Distributior X
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Table 1-40:  Trends or Issues Likely to have a Medium Impact on Mid  -South Region
Trend or Issue Mode 2 2 % g

= 5 & F
O

COVID19 Pandemic Multimodal X X

Truck congestion and bottlenecks Truck/Highway X

Truck Parking Truck/Highway X

Rail Network Bottlenecks Rail X

Precision Scheduled Railroading Rail X X

Intermodal network restructuring Rail X

Improvements in Rail Technology Rail X

Condition of Port Facilities and Assets Water X

Barge Expansion (empty containers or trailers) Water X

Barge Expansion (loaded containers) Water X

Water Industrial Growth Opportunities Water X

Accessibility of Memphis International Airport Air X

Diversification of warehousing and distribution Warehousing and Distributior X

Extensive Pipeline Infrastructure Pipelines X
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21 OVERVIEW

The MidSouth Region handle876 million freight tons in 2019 valued at $700 billidmuck and rail are

the two most important freight modes in the Mi&outh Region. Trucks have handled 42 percent of the
Mid-Sout h Regionds freight tonnage (48 percent of t
freight tonnage (38 percent of total value). The interstataffic in the region handles majority of truck

traffic, while rail was mostly handled by five class I railroads. The majority of traffic moving along the

regions freight network is pasthrough, meaning it both originates and terminates outside of thedMi

South Region. The through traffic moving in the region mainly represents rail traffic at 93 percent of all

rail flows and truck traffic with 70 percent of all truck flows or 80 percent of the total freight in the

region. Through traffic connects mainlyéhnessee, lllinois, Georgia, Arkansas, Texas and Louisiana.

The total weight of freight transported in the region is expected to reach 670 million tons in 2050,
which represents a longerm Compound Annual Growth Rate (CAGR) of 1.9 percent. The totalofalue
freight is expected to reach $1.6 trillion by 2050, whatha growth rate of 2.6 percent annually is
higher than growth in weight due to faster growth for consumer gowedth a higher average value per
ton. In terms of directim, outbound freight is gpected to grow at the highest rate of 2.4 percent and
inbound is expected to grow at 2.1 percent.

Mix of commaodities in tonnage terms is different than mix of commaodities in terms of value. The top 10
commodities represent 51 percent of total tons andualbut seven commodities in the top 10
commodities by weight are not among top 10 by value. In terms of weight heavy bulk commaodities,
such as Coal, Construction and Agricultural commodities represent the highest share in terms of total
weight. In terms évalue Freight of All Kinds (FAK), mostly shipped in containers, Warehouse &
Distribution Centercommodities Chemicals and Plastics, and Motor Vehicles and Parts represent the
highest sharegee Sectio2.2. This reportprovides an overview of the freight volumes flowing

through this freight transportation system by mode, geographical patterns, and commaodity. This helps
build an understanding of how the freightansportation system is used and the distinct economic
activities and industries it serves. The main data set used to develop this understanding is the S&P
Global Transearch database, which represents the gold standard of commodity flow representations
avalable in the United States. This report also uses Transearch data to forecast freight demand out to
2050, to evaluate how expected changes in the economy are likely to affect the volume and patterns of
freight moving through the transportation system. Thian help shape investments and planning
decisions so that the system is better able to anticipate future needs.

This report first provides a multimodal overview of freight demand and forecasts, followed by detailed
descriptions of truck, rail, air, and ater flows. The section below presents a brief overview of the
Transearch database, while Appendix A provides more details on the assumptions and data sources
used to develop this database.
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2.1.1 Transearch Database

Transearch is thelatabase of U.8ommodityfreight movementused fortransportation planning,
freight modeling,market analysisand forecasting Transearch is updated annually by S&P Globaé
databasaeutilizes data from dozens daifficial public, private, and proprietary industry
sourcesTransearch includes markdb-market flow data

at the county level for morg¢han 450 individual
commodities and seven maticategories of freight
transportation. Flows are identified as international or
domestic, andy equipment typefor trucking. Volume
measuresre annual short tons converted into unit counts
and dollar valueof commodities moved.

Fourfifths of all freight by weight
in the region consists of traffic
passing through.

Transearch was developed 40 years ago and has evoladilyt receiving consistent enhancements
based on feedback from its client ba¥be data can be characterized as letegm market tested and

proven. Additionally, the annual processing cyciecludes validation quality control measures through

comparisors with alternate sources of information, suelst he Bur eau of Transportat

Commodity Flow Survey (CFS) and the Feder al
(FAF)And further validation is through comparison with the prior yea version. Where significant

Hi ghw

changes are seen from earlier data, or when compared to the CFS or FAF, the development stream for
the records in question are carefully reviewed and traced back to the specific input factors that serve as

the basis for the gneration of the resultWhere possible, alternate information sources will be
reviewed and compared to help substantiate or adjust the activity level.

S&P Globalses itscomprehensiveeconomicmodelingexpertise to forecast théows for future years
by commodity, modeandthe geographyof the transportation Theeconomic forecasting of freight
flows uses a hybrid modelirgpproachh at r el i es on S&P Gl obal 6s
framework ofconsistertly linked macroeconomic, regionalyter-industry, andinternational trade
forecast modelingystens. Thedetailed freight flow forecasts ammodeledin a manner that is
consistent with themost likely overall path of the economy at a national, regional, and-stdte level.
Foruse in the planforecasts are providedut to 2050with 2019 ashe base year dat,the most recent
Transearchhistoric data.

2.2 MULTIMODAL OVERVIEW

The freight transportation network in the MieSouth Region handled 376 million freight tons in 2019
valued at $700 billionsgeTable2-1). The total weight of freight transported in the region is expected

to reach 670 million tons in 2050, which represents a tbergn CAGRof 1.9 percentThe total value of

commer

freight is expected to reachlmost$1.6 trillion by 2050, which, at a growth rate of 2.6 percent annually,
is higher than growth in weight due to faster growth for consumer goods that have a higher average

value per ton. In terms of daction, freight flows in the MidSouth Region consist mostly of through

traffic. Inbound flows represen significantly lowempercentageof the total tons and are forecasted to

grow 2.1 percent annually until the end of the forecast period. Outbound litlgws ranked third in
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terms of tonnage in 2019ut with the fastestannual growth rateamong other directions thewre
expected to overtake inbound flows by 205wswithin the regionaccount for the smallest share of

the total weight and value andre expected to grow aislower rate compared to other directions of
flow.

Table 2-1:

Total Freight Flows by Direction, 2019 and 2050
2019 2019
. . L AT Share of Colb 2019 Value = 2050Value @ Share of CHEIR

Direction | Tons 1 Tons "o 2019 1 vilions)  (Millon$) | Total | 20%2
(000®) (000®) T 2050 2050

ons Value
Inbound 30,512 58,892 8.1% 2.1% 76,139 174,868 10.9% 2.7%
Outbound 28,890 59,757 7.7% 2.4% 110,975 263,974 15.9% 2.8%
Within 15,758 22,753 4.2% 1.2% 55,660 75,193 8.0% 1.0%
Through 301,076 528,434 80.0% 1.8% 457,179 1,024,582 65.3% 2.6%
Total 376,235 669,836 1.9% 699,953 1,538,617 2.6%

Source: S&P Glok2022 Transearch Database

2.2.1  Freight Modes

Table2-2 showsforecastghe mainfreight transportation modes irthe Mid-South RegionTruckis the
dominant mode by valu®llowed closely byail. Air also has a high share of total value due to the
importance of FedEx air cargo operations at the Memphis International Airgoailcarriesthe most
freight by weight in 2019, followed by truck, while water and air carry significantly lower percergage
of total tons No major mode shigtareexpectedthrough the forecast period as freight will be carried
mostly by truckandrail, with a smaller share by water, arah evensmallershareby weightof high

value cargo shipments carridaly air. Minor changes are expected for each mode share as annual
growth is forecasted to range between 2 percent and 3 percent for all major modes except water, which
will remain somewhat flat at an annual growth rate of 0.1 percent, considerably lower than the other
modesRail intermodal is expected to grow more than twice as fast as rail carload, primarily because
intermodal is used to move consumer products, while some of the largest cargoes moving by carload,
such as coal, are expected to decline. The following sectioniges more detail on how the mix of
commodities flowing in the MieSouth Region is expected to change in the coming decades.

Table 2-2: Freight Flows by Mode, 2019  and 2050
2019 = 2050 2919 cacr 2019 | ~AGR
Share 2019 Value 2050 Value @ Share
HiaEle Tons  Tons | oeroral | 2019 | vilion$) | (Milion$) | of Total | 2012
(000t (00O 2050 2050
Tons Value
Truck 158,590 334,814 42.2% 2.4% 333,664 712,710 47.7% 2.5%
Rail Carload 183,854 263,834 48.9% 1.2% 161,538 323,101 23.1% 2.3%
Rail Intermodal 22,286 56,231 5.9% 3.0% 103,774 256,140 14.8% 3.0%
Water 10,814 13,493 2.9% 0.7% 4,033 4,156 0.6% 0.1%
Air 691 1,463 0.2% 2.4% 96,945 242,510 13.9% 3.0%
Total 376,235 669,836 1.9% 699,953 1,538,617 2.6%

SourceS&P Global 2022 Transearch Database

2-3



\\\I)

Mid -South Freight Flows & Industry Analysis

2.2.2 Commodities

In terms of tonnage, the top freight flows in the MiBouth Region involve movements of three types of
commodities: bulky energy and chemical products, agriculture, and consumer prodtigisre2-1
illustratesthe shares of thedp ten commaodities by weighh the regionin 2019 and 2050 across all
modes Bituminous Coal, mainly shipped through the M&buth Region on rail from the Wyoming
Powder River Basin to Geoagbr Alabama, is the top commaodity flow in terms of total weight in 2019
with an 18 percent share of overall tons across all modes. The FAK commodity category represents 4
percent of the total freight in terms of tons. The Warehouse & Distribution Certerrnodity category

is mostly shipped on truck, consists mainly of highlue consumer goods (e.general merchandise,
refrigerated goods, other warehouse produrtnd represents 5 percent of total tonnage. This
classification i s iginpantisawarehouseor distribupomeentér.6 s or
Miscellaneous Inorganic Chemicals represents 4 percent of total weight and are mainly shipped by rail.
The remainingtonnageflows consist o8 percent of Oil, Kernels, Nuts and Seegmr8entPetroleum
Refining Productge.g., gasoline, diesel fug®)percentGravel and Sand arRpercentPlastic Material

and Synthetic Fiberd-or a detailed description of thStandard Transportation Commodity Code
(STCC3ystem see the STB Waybill Sample Reference Ghide.

The shares of theop ten commoditiesare forecasted to change by 2050 as showFignire2-1. The
total share of Bituminous Coal tons drops at a rate/ot

percent CAGR from 2019 to 2050 due to a decline in coal us-

for eIec'Fr|C|ty generation and an overall switch t.o The FAK commodity category is
alternative energysources, such as solar and wind. The FAK - majnly transported in containers

commodity category represents 6 percent of the top ten or trailers by intermodal rail
commodities' total weight in 205@Varehouse which includes different
Distribution Center commoditieswhich consistmostly of commodities (e.g., food and

beverages, building products)

consumer goodgepresent? percentof the weightshipped : o
and streamlines the shping and

in the Mid-South Region in 2050. Growth in FAK, mostly o :

. . o invoicing process by allowing
shipped by rail, and Warehouse & Distribution Center commodities of different freight
commodities shipped by truck, highlights the importance of  ¢|asses to be classified and
consumer goodsande o mmer ce goods f ol shippedunder a single group.
growth. Miscellaneous InorganiChemicals represents a
higher share of overall weight in 2050 at 6 percent of the
total due to the growth of chemical manufacturing in the
United States. Agricultural commodities are expected to retain their importance by 2050 Gihce
Kernels, Nuts or &gls, and Grain represent 7 percent of total weight. Plastic Material or Synthetic
Fibers also gain importance due to the increased availability of cheap feedstock used for plastic
manufacturing from increased natural gas exploration. Primary Iron and SBeetluctsare projected
to comprise3 percent of the total weight in 2050, which is essentially the same as their share in 2019.
The remainingtop ten categonyflowsin 2050consist ofFiber, Paper, and Paperboard (3 percent),
Fertilizers (3 percent), anMiscellaneous Waste or Scrapp@cent).

135https://www.stb.gov/wp -content/uploads/2019STBWaybilkReferenceGuide.pdf
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2019 )
Bituminous Coal Grain

18% 6%

|

Warehouse &
Distribution Center

Figure 2-1 Top Ten Commodity Groups (4  -digit STCC) by Tons, 2019 and 2050
5%
Fak Shipments

‘/ )
Misc Industrial
Organic Chemicals
) — 4%

\ Primary Iron or
Gravel or Sand Z/
lastic Mater or Synth

\ Oil Kernels, Nuts or Steel Products
3%

Seeds

204 Petroleum 2%

Refining Products
3% Fibers
3%

2050 o
Warehouse & Distribution Center

% Fak Shipments
6%

Misc Industrial
A Organic Chemicals
6%

‘ \ Plastic Mater or

Synth Fibers

4%
Grain
4%
Primary Iron or

Steel Products
3%

Misc Waste or Fiber, Paper or
Scrap Pulpboard
3% Oil Kernels, Nuts or 3%
Seeds Fertilizers
3% 3%

Source: S&P Global 2022 Transearch Database
Note:All Other includes remaining-digit commodities.

Figure2-2 shows thecommodity share by valudhe FAK category ohgpmentsvaluedat $86billion
representsl2percentof thetotal freight commodity categoriedy valuein 2019 followed by $9
billionin Motor Vehicles L1 percen}, $29 billionin Pharmaceuticals4 percenj, and $28 billiorin
Transportation Equipment4 percen). The remainingf the top ten freightby value is distributed
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almost evenly amongail Intermodal Drayage to/from ramgPlastics Warehouse & Distribution Center
commodities Motor Vehicle Parts, and Instruments, Photo and Optical Equipment

Commodity shares are expected to change by 2050Higeee2-2). Similar to 2019, the FAK commaodity
category,valuedat $205billion, representsl3percentof thetotal freight commodity categoriedy

value, followed by $27billion in Motor Vehicles(8 percenj, $L00billion in Phamaceuticalq6

percen), Plasticavorth $69billion (4 percen), $62 billion in Transportation Equipment (4 percent) and
$60 billion in Warehouse & Distribution Centesmmodities(4 percent) The remaining of the top ten
freight by value is distributed ahost evenly amon@/otor Vehicle Parts or Accessori€shemical
Preparations, Instrument, Photo and Optical Equipment, and Rail Drayage to Ramp. The distribution of
the top ten ranked commodities by value in 2050 is very similar to the distribution of dpetén
commodities by value in 2019.

The changes in the commodity mix will have a differential impact on the freight transportation system
in the Mid-South.Figure2-3 shows how the different freight modes are expected to handle the
increases in freight out to 2050. This figure includes all flows moving through the 3digth freight
transportation system, including those passing through. Of the totat@ase in tonnage by 2050 (from
2019), 33 percent is expected to come from Chemicals and Allied Products. Most of these additional tons
will be transported by carload rail; however, trucks will also play a major role. The second largest
source of growth ig-ood or Kindred Products, which is expected to account for 21 percent of the
incremental tonnage. Roughly half of this tonnage will be transported by Truck and half by Rail. The
third largest source of growth is warehousing and distribution related (Seewpdraffic), which will

be entirely transported by Truck. Other commaodities that are expected to contribute to tonnage
growth include Pulp, Paper, or Allied Products; Farm Products; Clay, Concrete, Glass or Stone; and
Waste or Scrap Materials. On the flige, the large decreases in coal tonnage will affect carload rail
entirely. Small but significant decreases in Petroleum or Coal Products are expected to affect Rail,
Truck, and Water.

This section has focused on the commodity flows moving through the-$tuth freight transportation
system regardless of whether they are produced, consumed, or simply passing through. This is
appropriate from a system planning perspective as capacity is needed in the system whether the
commodity is loaded/unloaded in thesgion or not. At the same time, the Transearch commodity
database also provides a window into better understanding the nature of the local economy and the
freight it generates. The two following tables explore this perspective by showing the freight vhhie

is loaded/unloaded onto the freight transportation system. Focusing on freight value is useful as the
value of freight can be interpreted as the importance that the economy places on that product or
commodity. Freight is more valuable when it generatgigher benefits to customers, supporting higher
market prices. On the flipside, the weight of freight correlates most closely with the negative impacts
of freight transportation on the economy and society. The higher the weight, the more energy, space,
and infrastructure required to move it. In this framework, the goal of freight planning is to focus on
improving the speed and efficiency of moving higlalue freight while minimizing the negative

impacts of moving higktonnage freight.
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Figure 2-2: Top Ten Commodity Groups (4  -digit STCC) by Value, 2019 and 2050

2019
Fak Shlpments Motor Vehicles , 11%

&

Drugs , 4%

Transportation
Equipment , 4%

Rail Intermodal
Drayage to Ramp ,
4%

\ Rail Intermodal

Drayage from

Ramp , 4%
Instrum, Photo
Equipment, ) Warehouse & Plastic Mater or
Optical Eq ,3% Motor Vehicle Distribution Synth Fibres , 3%
Parts or Center , 3%
Accessories , 3%
2050 Fak Shipments - Motor Vehicles , 8%
Ve 13%
Drugs, 7%

Plastic Mater or
Synth Fibers , 5%

\/7 Transportation
Equipment , 4%
A _ Warehouse &

Distribution

Center , 4%

Chem|cal
Rail Preparatl(gns Motor Vehicle
Intermodal Nec, 3% Parts or
Drayageto  |nstrum, Photo Accessories , 3%

Ramp , 2% Equipment,
Optical Eq , 3%

Source S&P Global 2022 Transearch Database
NoteAll Other includes remainkaligit commodities.
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Figure 2-3:
and Mode

28 Chemicals or Allied Products
20 Food or Kindred Products

50 Secondary Traffic

46 Misc Mixed shipments

26 Pulp, Paper or Allied Products
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32 Clay, Concrete,Glass or Stone
40 Waste or Scrap Materials

14 Nonmetallic Minerals

33 Primary Metal Products

37 Transportation Equipment

24 Lumber or Wood Products

30 Rubber or Misc Plastics

35 Machinery

36 Electrical Equipment

34 Fabricated Metal Products

25 Furniture or Fixtures

42 shipping Containers

23 Apparel or Related Products
27 Printed Matter

10 Metallic Ores

39 Misc Manufacturing Products
21 Tobacco Products

22 Textile Mill Products

13 Crude Petroleum or Natural Gas
38 Instrum, Photo Equip, Optical Eq
47 small Packaged Freight shipments
0 Fresh Fish or Marine Products
41 Misc Freight Shipments

31 Leather or Leather Products
19 Ordnance or Accessories

8 Forest Products

48 Waste Hazardous Materials

43 Mail or Contract Traffic
29 Petroleum or Coal Products
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Sources of Tonnage Growth

Mid -South Freight Flows & Industry Analysis

. Incremental Growth in Tons 2019 to 2050 by Commodity
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|
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SourceS&P Global 2022 Transearch Database
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Table2-3 shows the top ten commodity flows loaded onto the freight transportation system in the Mid
South. This could represent commodities that were proeddn the region or handled/transloaded into
different freight modes. Some double counting is present in this table as a single commaodity might
have been transported by multiple modes. However, the table provides useful insights into the
commodity groups ad industries that are driving production and freight flows. The top sector in 2019
in terms of freight value is warehousing and distribution (Secondary Traffic), accounting foitloing

of freight flows originating in the region. These flows include aleirange of commaodities flowing
through the large warehousing and distribution sector in the M&buth. The second and third largest
commodity flows originating in the regiomare Chemical or Allied Products and Transportation
Equipment. Shipments of Chenais and Allied Products are expected to grow at one of the fastest
rates, at 4.1% per year, increasing their share of freight flows from 13.1% to 22.4%. Significant growth is
also expected in Misc. Manufacturing Products.

Table 2-3: Top Ten Commodity Flows Originated or Produced in the Mid -South Region , 2019 and
2050

2019 Value 2050 Value szr?irge Szr?gr?a CAGR

Rank Commodity Groups (STCE) (Millions (Millions of of 2019-

) <) Value | Value A0
1 50- Secondary Traffic 62,972 98,972 33.6% 25.7% 1.5%
2 28- Chemicals or Allied Products 24,590 86,090 13.1% 22.4% 4.1%
3 37- Transportation Equipment 28,622 51,320 15.3% 13.3% 1.9%
4 46- Misc.Mixed Shipments 21,286 45,608 11.3% 11.8% 2.5%
5 38- Instrum., Photo Equip, Optical Eq 16,224 34,522 8.6% 9.0% 2.5%
6 36- Electrical Equipment 5,776 12,096 3.1% 3.1% 2.4%
7 35- Machinery 4,258 8,158 2.3% 2.1% 2.1%
8 20- Food or Kindred Products 3,736 8,098 2.0% 2.1% 2.5%
9 39- Misc.Manufacturing Products 2,690 7,714 1.4% 2.0% 3.5%
10 21- Tobacco Products 1,282 6,820 0.7% 1.8% 5.5%
Other 16,216 25,771 8.6% 6.7% 1.5%
Total 187,650 385,168 100.0% | 100.0% 2.3%

SourceS&P Global 2022 Transearch Database

Table2-4 summarizes the freight value that is unloaded from the freight transportation system, which
could represent either consumption of the commodity or transshignt onto another mode.

Secondary Traffic accounts for over ottgird of all value flows, just as it did in the origination of

freight shipments. This indicates that the warehousing and distribution sector in the-Biddith region
generates or attracts ovasne-third of all freight shipments. Freight flows from this sector are

expected to grow at a moderate pace of 1.1 percent each year; however, this growth rate is slower than
the growth rate of shipments of many other commodities, leading to this type @ifjfit having a lower

value share by 2050. In 2019, the other commodity groups that account for the most freight value being
terminated are Misc. Mixed Shipments, Transportation Equipment, Chemicals or Allied Products, and
Electrical Equipment. Faster grotvis expected for Misc. Mixed Shipments, Chemicals and Allied
Products, Electrical Equipment, Food and Kindred Products, Misc. Manufacturing Products, and
Machinery.
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Table 2-4:
2050

Top Ten Commodity Flows Termina

Rank | Commodity Groups (STCE)

35- Machinery
0 1- FarmProducts
Other

PO 0o~NOOURWNE

SourceS&P Global 2022 Transearch Database

2.2.3  Top Trading Partners
The MidSouth Region is part of various freight corridors that cross North America. The following

50- Secondary Traffic

46- Misc.Mixed Shipments
37- Transportation Equipment
28- Chemicals or Allied Products
36- Electrical Equipment

20- Food or Kindred Products
39- Misc.Manufacturing Products
38- Instrum, Photo Equip, Optical E

Total

2019 Value
(Millions

USD)
60,329
23,542
21,275
12,036
7,922
4,940
4,511
3,453
2,795
2,657
12,230
155,690

Mid -South Freight Flows & Industry Analysis

ted or Consumed in the Mid

2050 Value
(Millions

USD)
83,714
58,432
43,067
35,017
18,838
13,248
10,526
7,668
6,612
4,546
20,461
302,128

2019 2050
Share of | Share of
Value Value
38.7% 27.7%
15.1% 19.3%
13.7% 14.3%
7.7% 11.6%
5.1% 6.2%
3.2% 4.4%
2.9% 3.5%
2.2% 2.5%
1.8% 2.2%
1.7% 1.5%
7.9% 6.8%
100% 100%

-South Region , 2019 and

CAGR

2019-
2050
1.1%
3.0%
2.3%
3.5%
2.8%
3.2%
2.8%
2.6%
2.8%
1.7%
1.7%
2.16%

tables provide an overview of the top trading partners of the Miduth Region at the state level.

Freight that originates in the MidSouth Region and departs other markets generally has a positive

impact on the Gross Regional Product, as this often represents goods or commodities produced locally

and sold elsewhere, thereby contributing to the income of the region. On the flip side, goods or

commodities praluced elsewhere and consumed locally do not increase the Gross Regional Product of
the Mid-South Region, but this provides residents and businesses access to products that might not be

locally available.

Table2-5illustrates the top ten trading partners of the Mi@outh Region including all modes (i.e.,
and water)
represents the share of each Miouth trading partner as a percentage of the total inbound and

truck, rail

outbound freight tons.

Table 2-5:

- Destination
Origin State State
Mid-South Tennessee
Mid-South Louisiana
Arkansas Mid-South
Missouri Mid-South
Tennessee Mid-South
Louisiana Mid-South
Alabama Mid-South
Mid-South Arkansas
lllinois Mid-South
Mid-South California

SourceS&P Global 2022 Transearch Database

ai

Thousand
Tons 2019

r.,

4,677
4,477
3,784
3,358
3,080
2,723
2,347
2,154
2,084
1,890

Top Trading Partners by Tons 2019 and 2050

2019 Share
of Total

Tons
7.9%
7.5%
6.4%
5.7%
5.2%
4.6%
4.0%
3.6%
3.5%
3.2%

2-10

and

ranked by

Thousand Z%iql_(s)[];re
Tons 2050
Tons
12,853 10.8%
4,939 4.2%
5,740 4.8%
5,572 4.7%
6,472 5.5%
4,262 3.6%
3,991 3.4%
3,298 2.8%
3,456 2.9%
4,476 3.8%

CAGR
20192050

3.3%
0.3%
1.4%
1.6%
2.4%
1.5%
1.7%
1.4%
1.6%
2.8%

t hei
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Tennessee ranks as the top trading partner for freight flows by all modes originating fihenMid-

South Regionand these flows are forecasted to increas&3percentfrom 2019 to 205Qvhich is the
highest overall growth in terms of total tonJrading with California is als@xpected to experience

high growth, as flows fronthe Mid-South Regiomre forecasted to grow 2&rcentfrom 2019 to 2050.
Cargo destinedor California mostly consists diAKcommodities shipped on rail and Potassium or
SodiumCompound, Cut Stone or Stone Products, and Warehouse & Distribution Center commaodities
shipped by truck.

Table2-6 shows the top ten trading partnensanked by their 2019 total value, including all modes (i.e.,
truck, rail, air, and water). The 0sSbuhrtradingf t ot al
partner as a percentage of the total inbound and outbound freight value.

Table 2-6: Top Trading Partners by Value 2019 and 2050

Origin State Destination Million Zgiiig?re Million Z%qul_i?;re CAGR
State USD 2019 v USD 2050 20192050
alue Value

Mid-South California 15,229 8.1% 36,163 8.2% 2.8%
California Mid-South 14,621 7.8% 34,703 7.9% 2.8%
Mid-South Florida 9,514 5.1% 23,993 5.5% 3.0%
Mid-South Texas 7,263 3.9% 19,294 4.4% 3.2%
Mid-South Tennessee 7,218 3.9% 18,055 4.1% 3.0%
Mid-South Georgia 5,889 3.1% 13,498 3.1% 2.7%
Tennessee Mid-South 5,193 2.8% 10,338 2.4% 2.2%
Florida Mid-South 5,131 2.7% 12,987 3.0% 3.0%
British Columbia Mid-South 5,046 2.7% 11,880 2.7% 2.8%
Mid-South Kentucky 4,373 2.3% 11,785 2.7% 3.2%

SourceS&P Global 2022 Transeafghtabase

When top trading partners are derived based on the value of freight shipments some distinct patterns
appear. California is the top trading partner for both outbound and inbound flows from a value
perspective. For outbound flows, more than $15itillworth of freight was destined for California in
2019 and that number is forecasted to reach $36 billion in 2050-Wifyte flows originating irthe
Mid-South Regiomlestined for California include Transportation Equipment and Pharmaceuticals
shipped va air and FAK commaodities shipped on rail. In terms of higtue cargo from California with
destination inthe Mid-South RegionTransportation, Electrical, and Optical Equipment as well as
Pharmaceuticals shipped via air are the primary drivers of thgortance of these flows. Florida is an
important trading partner forthe Mid-South Regionvith high forecasted growth (3 percent annually).
Flows to Florida include Warehouse & Distribution Center commaodities shipped on truck, FAK
shipments on rail, and Barmaceuticals shipped as air cardgs an import partner, British Columbia
exported more thar$5 billion worth of freight, consisting mostly of FA#%0mmoditiesto the Mid-

South Regioiin 2019 Thisnumber is expected to growignificantly as it is forecated to react$11.8
billion in 2050

2.2.4 COVID-19 Pandemic

The Transearch commodity flow database used in this report has a base year of 2019 and a forecast year
of 2050. The base year of 2019 was used because a more recent base year of 2020 or 202dcmight refl
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patterns and flows that are transitory due to the COMID pandemic. It is possible that commodity
flows stabilized during 2021, but commodity flow data for that year is too recent to have been fully
incorporated in Transearch. However, as describelblethe 2050 forecasts did include the latest
projections and understanding of how commodity flows are likely to be impacted in the long term.

Freight flows in the MidSouth Region, including international trade, have been significantly affected
by COVIEL9 disruptions. In 2020 the region saw dramatic skerim impacts from changes in patterns
of consumer goods purchasing behavior. And while those changes in freight activity were observed
broadly throughout the country, they were heightened for the M&buth Region due to the key
national role the region serves inreommerce distribution, along with other types of freight that
benefit from fast delivery. For example, essential workers providing vaccines and other medical
supplies and equipment depended the established parcel network anchored at Memphis
International Airport.

As passenger airplane travel declined in 2020, th
industry shrank at a time of great need. Consequently, the demand focdadi ed and o0i ntegr at
cargo carriers increased and Memphis, as the FedEx hub, saw increased operations. There was a

rebound, with passenger airline services greatly increasing since 2020, and by 2022 a large amount of

belly freight capacity has retured to the market, reducing the pressure on FedEx and other dedicated

freighter operators. However, as passenger airlines retired older viiddy equipment, air cargo

capacity has not returned to previous levels.

There are longedasting COVIBelated changs that disproportionately affect the Mi&outh

compared with other regions. Among these are changes in U.S. retail supply chains;edgthraerce
playing a larger role in consumption and wholesalers and retailers still adjusting their supply chain
networks. The Transearch forecasts reflect these changes. Thet@ngforecast for trucking and air
cargo tonnage, both at 2.4 percent CAGR, are the highest compared to other modes, accounting for
modal shipping patterns resulting from greater use es€Eemmerce

The COVIEL9 pandemic brought unprecedented disruptions to specific supply chains, starting with
personal protective equipment and sanitary and cleaning supplies. Increased time sensitivity of some
shipping activity in this market resulted in shippersvitching to higherservice quality (i.e.,

faster/more reliable, and perhaps more expensive) providers. At the top of that-sigivice chain are
the integrated carriers FedEx and UPS, with their own fleets of aircraft as well asshigite trucking
networks. In the United States, only Louisville, Kentucky (with UPS) rivals the Memphis area as the
national leader for faster, higtservice freight transportation. Although Amazon is developing its own
high-service freight network, more businesses still relyllectively on FedEx and UPS to handle their
high-service shipping needs. And FedEXx, the original industry innovator from Memphis, gives the
region a continued advantage as the best hub for national distribution by air and-béghice trucking.
This foundhtion for freight-handling infrastructure and supply chain networks was proven during 2020
and 2021 and, despite many sheetm supply chain disruptions, will support the forecasted growth in
the region.
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COVIB19 pandemic restrictions on travel and buss®ein 2020 led to a permanent increase-in e
commerce fulfillment networks share of overall retail goods shipping activity. These networks require
a different allocation of warehousing and distribution center space to store goods delivered not a
truckload & a time to a brickand-mortar store in a mall, but through a network of fulfillment centers
supplying fleets of lastnile delivery vehicles making dropff stops at individual homes and places of
work. Consequently, warehousing and distribution center span the Memphis area and throughout
the Mid-South Region was quickly in short supply as supply chain managensorked their networks

to handle the jump in &éommerce activity. Commercial warehousing and distribution center vacancy
rates were pressurethroughout the region, while lease costs jumped. The CG¥flizen changes in
retail have boosted Memphis region warehouse and distribution center property development. The
Mid-South Region still offers shippers lower costs per square foot of industriaesifean many

markets, while still having excellent freight connectivity.

At the time of this plan update the pandemic is not over, but likely ldagm postpandemic patterns

for retail and wholesale distribution of manufactured goods are already evidEmere will be long

lasting higher demand for access to dedicated air cargo networks such as FedEx. Shippers will consume
more high-service trucking and use more domestic and international intermodal rail where they can
arrange capacity. Within trucking ta express services and Less than Truckload (LTL) providers will
continue to carry a greater share of manufactured goods as a greater proportion is shipped through the
e-commerce parcel delivery networks instead of traditional truckletmstore models. Athe Mid-

South Region sits geographically and industrially at the heart of the new worldaafremerce shipping

and distribution networks, the pressure for regional freight network growth will continue post

pandemic.

Potenti al s 0 Uur c e swthdéyond thenTaansearch inquel of ethlit deghand could
come from business investment to further expand reliance on the{8alith Region to service national
distribution networks. Such growth could come from additional site selection decisions that cltbese
Mid-South Region in response to analysis of expected market growth, perhaps combined with
economic development incentives in the form of tax credits and other support programs (there are
examples in Tennessee and Mississippi for qualified businegsaéditional unanticipated growth could
come from faster development and innovation in technologies affecting freight distribution networks,
including the acceleration of warehouse and distribution facility, trucking, rail, and waterway shipping
automation.These innovations could lower costs, increase the reliability of freight transportation, and
help the Mid South overcome potential freight and logistics transportation workforce limitations on
currently forecasted growth
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2.3 TRUCK FREIGHT FLOWS

2.3.1 Overview

The following are the key highlights of the truck freight flow analysis:
i Intonnage terms, truck freight represents 42 percent of total tons in the{8@lth Region in

2019 and is forecasted to handle 48 percent in 2050. Total truck tons are forecastetttse
an average of 2.4 percent to 2050.

i Invalue terms, truck freight represents a slightly higher share of total Miduth Region
freight carried at 48 percent and is forecasted to have average growth of 2.5 percent from 2019
to 2050.

i Through truck fows represent the highest share of total truck flows in the Mdduth Region,

at 69 percent in terms of 2019 tons. Outbound truck flows represent 11 percent and inbound
represents 10 percent of total truck flows in terms of tons. In terms of freight vatloe

through truck flows represent a slightly higher share of total truck flows at 72 percent in 2019.
The forecast for truck flows shows little change in this pattern by 2050, reflecting that relative,
long-term U.S. population and economic geographyride will not change dramatically by

2050.

Through truck flows mainly represent Warehouse & Distribution Center commaodities,
Construction commaodities such as Gravel and Sand and Stone, Agricultural commodities such
as grain and oil, Motor Vehicles and Parand food commodities destined for the states in the
Midwest, Gulf Coast, East Coast, and California. Through truck flows are forecasted to increase
at an average annual rate of 2.6 percent in terms of tons and 2.8 percent in terms of value,
respectively by 2050.

=1

Trucking is the backbone of the U.S. freight transportation systémcording to the American

Trucking Association, the truckingdustry generated $791.7 billion in revenue in 20IBe high share

of truck useis explained by the high accessibility of the road network, which results in the use of trucks
for lastmile deliveries evenwhenrail or air are usedfor the long haul Truck also offers the fastest
ground-based delivery service, offering a spedcost performance that is beneficial for a wide range

of commaodities produced and consumed in North America.

Close tdl59million tons of freight valued at $35billion were caried by truck in 2019 ithe Mid-South
Region(seeTable2-7). Throughtruck flows account fothe

highest sharen 2019 (69 percent) and are forecasted to

increase b)?OS_O (73 percentbutboundflows account forll Over twothirds of all trucking
percent, while inboundtruck flows account forlO percent. in the region involves

Local truck flows that stay within the Mibouth Region shipments passing through.
account for just below 10 percerBy 2050, total truck flows
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are forecasted to increase atrate of 2.4 percent from 2019 to 2050 in terms of tons and 2.5 percent in
terms of value.

Table 2-7: Truck Flows by Direction , 2019 and 2050

L 2O = ALY = CAGR 2019 | CAGR 2019
Direction Thousand Million Thousand Million 2050 (Tons) = 2050(Value)
Tons usD Tons usbD
Through 110,083 239,634 243,649 557,021 2.6% 2.8%
Outbound 16,743 21,717 39,790 48,453 2.8% 2.6%
Inbound 16,114 16,812 28,830 32,284 1.9% 2.1%
Local 15,649 55,501 22,545 74,951 1.2% 1.0%
Total 158,590 333,664 334,814 712,710 2.4% 2.5%

SourceS&P Global 2022 Transearch Database

Through truck flows are expected to account for the highest share of overall truck flows in 2050, at 73
percent in terms of weight and 78 percent in terms of value. Through truck flows are forecasted to
increase at a rate of 2.6 percent in terms of tond &8 percent in terms of value out to 2050. Outbound
truck flows are projected to grow at a higher annual rate of 2.8 percent in tons and 3 percent in value.
Growth is mostly attributed to increases in Warehouse & Distribution Center commodities, which ar
forecasted to grow 4 percent annually. Inbound truck flows are forecasted to grow at a slower rate than
outbound and through traffic, at 1.9 percent from 2019 to 2050 in terms of tons and 2.1 percent in terms
of value.

Localtruck flows have an averagalue of$3,500 per tonsignificantly higher than$1,30per ton for
outboundtraffic, $1,000 per tonfor inbound traffic, and$2,200 per ton fothrough traffic in 20191n

2050, this pattern will continue as local truck flows are forecasted to avera@08 per ton, through

flows are forecasted to average of $2,300 per ton, followed by outbound truck flows at $1,300 per ton
and inbound truck flows at $1,100. Local truck flows consist mainly of drayage to and from intermodal
ramps, which explains the higoverall value per ton of goods.

Truck flows originating, terminating, or passing through the Mi8outh Region head to virtually every
corner of the United States, as shownHigure2-4.
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Figure 2-4: All Truck Flows , 2019
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For the analysis below, the states of Arkansas, Mississipdi,Tennessee, when referred to as an origin
or destination state for freight flows, only include areas outside of the{8alith Region portion of
each state.

2.3.2  Through Truck Freight Flows

Through truck flows account for 69 percent of total truck flows bybage, or 110 million tons. In

terms of value, through truck flows represent a slightly higher share at 72 percent of total truck flows,
or $239.6 billion. Through flows mostly originate Tennesseglllinois, Indiana, Ohig Texas or
Kentuckyand are dened for Texas, Louisiana, or Ohio ($égure2-5). The top commaodities shipped
through the Mid-South Region in terms of value are Motor Vehicle Bamt Accessories, Warehouse &
Distribution Center commodities, and Motor Vehicles. In terms of weight, Warehouse & Distribution
Center commodities come first with almost 9 million tons in 2019.

The top tenorigin-destinationpairs account forl9.5percentof the total throughtonsand16.2percent
of the total throughvalue geeTable2-8). Texagepresentsthe numberonedestination forthrough
flows. Tennessee to Texas flows represdmd highestshare of through truck flows a2.8 percent in
terms oftonsand3 percent in erms ofvalue, followed byllinois to Louisiandlowswith 2.4 percent
share of tons and 1.6 percent share of the valfiall through traffic in 2019Texass either an origin or
destination forthe top severthrough traffic origin-destinationpairs.
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Figure 2-5:  Through Truck Flows, 2019

Legend
Through Truck Flows (tons 2019)
< 1,000,000
—— 1,000,001 - 2,000,000
| 2,000,001 - 10,000,000
. 10,000,001 - 20,000,000
[ = 20 000,000

SourceS&P Global 2022 Transearch Database

Table 2-8: Through Truck Flows by Origin - Destination, 2019

Origin State Destination State Thousand Tons Million USD
Tennessee Texas 3,087 7,262
lllinois Louisiana 2,662 3,753
Indiana Texas 2,528 6,509
Ohio Texas 2,325 6,283
Texas Ohio 2,319 2,723
Kentucky Texas 2,229 5,807
Arkansas Tennessee 1,674 1,461
Texas Tennessee 1,617 1,802
Texas Indiana 1,577 1,746
Louisiana Illinois 1,493 1,404
All Others 88,573 200,884
Top 10 Share of Total 19.5% 16.2%

SourceS&P Global 2022 Transearch Database

Through truck flows are forecasted to increase from 110 million tons in 2019 to almost 244 million tons
in 2050, which represents a compound average annual rate of 2.6 percefiafsie2-9). Tennesse¢o

Texas through flow will remain the highest through flowhis route represents an even higher share of
the total through truck flowsat 3.3percent,and it is projected to grow at an annual average of 3.6
percentfrom 2019 to 205@rowth in these routes is mostly due to growth of the Warehouse &
Distribution Center commoditieddigh growth in tons is forecasted for Kentucky Texas route at 3.9
percent CAGR from 2019 to 20%0ostly due to growth of Motor Vehicle Parts and Accessotieterms
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of the total truck value of through flowghe Mexicoto Kentucky route is expected to increase and
becomethe toporigin-destinationpair in 2050even thoudn it was not in the togen in 2019, due to
growth in the Motor Vehicles and Motor Vehicle Parts or Accessories categ&ueslarly, another
route with high growth in terms of total value is the Mexi¢o Ohio route, mostly due to the growth of
Motor Vehcles and Motor Vehicle Parts or Accessories.

Table 2-9: Through Truck Flows by Origin - Destination, 2050

Origin State Destination State Thousand Tons Million USD
Tennessee Texas 7,652 15,295
Kentucky Texas 6,026 12,997
Indiana Texas 5,786 12,724
Texas Ohio 5,045 6,633
Ohio Texas 4,951 10,670
Mexico Kentucky 3,895 22,933
Texas Indiana 3,522 4,432
Texas Tennessee 3,380 4,204
lllinois Louisiana 3,176 5,507
Arkansas Tennessee 3,108 3,145
All Others 197,109 458,482
Top 10 Share of Total 19.1% 17.7%

SourceS&P Global 2022 Transearch Database

The combination ofhe top ten origin-destinatiors and commaodities by tonnage illustrates thariety
of goodamoving through the MidSouth RegioriseeTable2-10), since the top teshare of the total
through truck flows accounts for only 4.1 percent. Soybean oil or byprodirota Illinois to Louisiana
take the first place with 1.5 million tons in 2019 followed by various commodities and erigin
destination pairs with a tonnage of approximately 350 thousand tons each.

Table 2-10:  Through Truck Flows by Origin, Destination and Commodity (Tons), 2019

Origin State Destination Commodity Thousand Share of

State Tons Through Tons
lllinois Louisiana Soybean Oil or Byproducts 1,487 1.30%
Texas Tennessee Warehouse &istribution Center 373 0.34%
Michigan Texas Misc. Waste or Scrap 363 0.33%
Louisiana lllinois Fiber, Paper or Pulpboard 349 0.32%
Wisconsin Louisiana Gravel or Sand 347 0.32%
Texas Ohio Warehouse & Distribution Center 345 0.31%
North Dakota | Louisiana Soybean Oil or Byproducts 343 0.31%
lowa Louisiana Misc. Industrial Organic Chemicals 330 0.30%
Oklahoma North Carolina Misc. Field Crops 319 0.29%
lllinois Texas Gravel or Sand 311 0.28%
All Others 105,515 95.8%

SourceS&P Global 202Zansearch Database

The combination ofhrough truck flowstonnage totals for the top tewrigin-destinationpairs and
commodities is not forecasted to change significantly by 2@&@Table2-11). The topten share of the
total through truck tons is forecasted to remain low at 48rcentin 2050. Broken Stone or Riprap that
originates in Mexico and is destinddr Kentuckyis forecasted to grow 4.percentfrom 2019 to 2050
illustrating a pattern of growth of throughruck flowsfrom Mexico to varioud).S. tates.
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Table 2-11 Through Truck Flows by Origin, Destination and Commodity (To ns), 2050

Origin Destination . Share of

State State Comineely VABUEEITE] TEe Through Tons
Texas Ontario Plastic Mater or Synth Férs 1,641 0.67%
lowa Louisiana Misc. Industrial Organic Chemicals 1,445 0.59%
Mexico Kentucky Broken Stone or Riprap 1,088 0.45%
Michigan Texas Misc. Waste or Scrap 1,004 0.41%
Louisiana | lllinois Fiber, Paper or Pulpboard 962 0.39%
Texas Tennessee Warehouse & Distribution Center 927 0.38%
Texas Indiana Cyclic Intermediates or Dyes 874 0.36%
Tennessee | Texas Warehouse & Distribution Center 863 0.35%
Tennessee | Texas Misc. Industrial Organic Chemicals 809 0.33%
Arkansas Alabama Prepared or Canned Feed 806 0.33%
All Others 233,231 95.7%

SourceS&P Global 2022 Transearch Database

Table2-12and Table2-13illustrate the ten highestranked origindestination pairs and commaodities in
2019 an®050, respectively, and their importance when ranked by value. When analyzed in terms of
value, a much clearer picture emerges, as the top ten commaodities in terms of value in both 2019 and
2050 ard-arm Machinery or EquipmenandMotor Vehiclesor Motor Vehicle Parts or Accessorigs

all origin-destination pairsBy 2050, croskorder flows of mostly Motor Vehicle Parts or Accessories
from and to Mexico gain significance, making ejght of the top ten ranked flows. Other important
categories include Fen Machinery or Equipment from lowa destinddr Louisiana.

Table 2-12 Through Truck Flows by Origin, Destination and Commodity (Value), 2019

Origin State Destination Commodity Million Share of Total
State UsD Through Value
lowa Louisiana Farm Machinery or Equipment 1,986 0.83%
North Carolina California Cigarettes 1,844 0.77%
North Carolina California Cigars 1,448 0.60%
lllinois Louisiana Farm Machinery or Equipment 1,382 0.58%
Indiana Mexico Motor Vehicle Parts or Accessories 1,282 0.53%
Mexico Kentucky Motor Vehicle Parts or Accessories 946 0.39%
Tennessee Texas Motor Vehicle Parts or Accessories 927 0.39%
Kentucky Texas Motor Vehicle Parts or Accessories 855 0.36%
Wisconsin Louisiana Farm Machinery or Equipment 829 0.35%
Indiana Texas Motor Vehicle Parts or Accessories 804 0.34%
All Others 227,330 94.9%

SourceS&P Global 2022 Transearch Database
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Table 2-13: Through Truck Flows by Origin, Destination and Commodity (Value), 2050

- Destination . - Share of Total
Origin State State Commodity Million USD Through Value
Mexico Kentucky Motor Vehicle Parts or Accessories 3,531 0.63%
Mexico Ohio Motor Vehicles 3,529 0.63%
Indiana Mexico Motor Vehicle Parts or Accessories 3,341 0.60%
lowa Louisiana Farm Machinery or Equipment 3,083 0.55%
Mexico Ohio Motor Vehicle Parts or Accessories 2,987 0.54%
Mexico Pennsylvania Motor Vehicles 2,761 0.50%
Mexico Kentucky Motor Vehicles 2,673 0.48%
Mexico Connecticut Misc. Prim Nonferr Smelter Products 2,603 0.47%
Texas Ontario Plastic Mater or Synth Fibres 2,590 0.47%
Indiana Mexico Misc. Internal Combustion Engines 2,191 0.39%

All Others 527,733 94.7%

SourceS&P Global 2022 Transearch Database

2.3.3  Outbound Truck Freight Flows

Outbound truck flowsn the Mid-South Regiomccount forl1percentof total truck freight traffic by
tonnage atl6.7 million tons, and @ercentof total truck freight traffic in terms of value at $21.7 million

in 2019.Therest of Tennesseés the numberone destination foithe MidS o ut h  Svoatigound n 6
truck flows (seeFigure2-6). Warehouse & Distribution Center commodities constitute more tbaga-

third of outboundtruck flowsat 5.8 million tons and $7.2 million in 201@her key destinations for

goods shipped by truck frorthe Mid-South Regiomre the neighboring states of Arkansas and
Mississippi, followed by Texas. Other top outbound commodities in terms of value are Motor Vehicles,
Petroleum Refining Products, and Cigarettes.

Approximatelyone-quarter of all outboundruck flows weredestined for Tennessee in 204625.1
percentby tonnage and 24 jgercentby value seeTable

2-14). Arkansass second with 12.Bercentby tonnage

and 12.Jpercentby value. The average value of cargoes Tennessee, Arkansas, and Missou
destined for Alabama is the highest of all flows$at880 account for almost ondnalf of all

per ton, followed by flows to Florida ($1,460 per ton) and  outbound truck flows shipments.

to Missouri ($1,280 per ton). The lowest average value of

flows isobserved for cargoes destinéar Louisiana ($662

per ton) which mostly consists &oybean Oil or

byproducts. Major commodities destinddr neighboring states such as Tennessee, Arkansas, and
Mississippi are Warehouse & Distribution Center commodities, Petroleum Refining Products, Gravel or
Sand, and Reaewix Concrete Wet
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Figure 2-6:

Outbound U .S. Truck Flows, 2019

Mid -South Freight Flows & Industry Analysis

Legend
Qutbound Truck Flows (tons 2019)
< 50,000
—— 50,001 - 100,000
== 100,001 - 1,000,000
[ 1 000,001 - 2,000,000
j— = 2 000,000

5
0

280 .
T N

=y

SourceS&P Global 2022 Transearch Database

Table 2-14: Outbound Truck Flows by Destination, 2019 and 2050
2019

Destination State Thousand Million

Tons usD
Tennessee 4,207 5,351
Arkansas 2,088 2,631
Mississippi 1,365 1,004
Texas 1,298 1,804
Alabama 811 1,523
Louisiana 798 528
Florida 698 1,023
Georgia 618 772
lllinois 558 626
Missouri 519 666
All Others 3,783 5,789
Total 16,743 21,717

SourceS&P Global 2022 Transearch Database

2050

Thousand Million

Tons usD
12,039 14,612
3,236 3,514
2,367 1,507
3,563 3,908
1,561 2,479
1,447 971
2,020 2,836
1,657 2,025
1,286 1,322
1,153 1,266
9,461 14,014
39,790 48,453

CAGR 2012050
Thousand Million
Tons uUsD
3.5% 3.3%
1.4% 0.9%
1.8% 1.3%
3.3% 2.5%
2.1% 1.6%
1.9% 2.0%
3.5% 3.3%
3.2% 3.2%
2.7% 2.4%
2.6% 2.1%
3.0% 2.9%
2.8% 2.6%

Overall outboundruck flows areexpected to grow an annual average of geBcentfrom 2019 to 2050
in terms of tons and Percentin terms of value. The highest growth is expected for flows lariHa at
3.5percentin terms of tonnage and Texas at pércentin terms of value. Growtim outbound flows to
Florida is mostly due to growth in Warehou&eDistribution Center commoditiesTennesseés the top
destination in 2019 and 2050 both for tons and valde ®p commodities destinetbr Tennesseare
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WarehouseX Distribution Center commodities, and Gravel or

Sand BesidesTennessegother key destinationgor goods Onethird of outbound truck
shipped by truck fronthe Mid-South Regiomn 2050are Texas, flows are related to the
Arkansas, Mississippi, Florida, and Georgia. warehouse and distribution

center sector.
Table2-15summarizes theéop ten outbound commodities by
weight in 2019 and 2050he top ten ranked commodities
account for 70.percentof total Mid-South Region outbound
truck flows. Warehous& Distribution Center commodities account for 348rcentof outboundtruck
flowsin 2019 and 48 Jercentin 2050and are forecasted to growpkrcentCAGR from 2019 to 2050
Fast growth is projected for Industrial Gases, Potassium or Sodium Compound, and Miscallaneo
Waste or Scrap at annual averages pe#cent, 3.9percent, and 3.percent CAGRrespectively.
Petroleum Refining Products are forecasted to decline at an annual averageparéedtfrom 2019 to
2050. These declines are attributed to the increased use of alternative fuel sources.

Table 2-15: Outbound Truck Flows by Commaodity (Tonnage), 2019 and 2050
2019 2019 2050 2050

S-IA:CC Commodity Thousand Share of | Thousand Share of 5 CiriEl
0192050
Tons Tons Tons Tons
501 | Warehouse & Distribution Center 5,849 34.9% 19,471 48.7% 4.0%
29 11 | PetroleumRefining Products 1,061 6.3% 654 1.6% -1.6%
40 29 | Misc. Waste or Scrap 882 5.3% 2,464 6.2% 3.4%
14 41 | Gravel or Sand 823 4.9% 1,051 2.6% 0.8%
32 73 | Readymix Concrete, Wet 634 3.8% 1,327 3.2% 2.4%
28 13 | Industrial Gases 576 3.4% 1,941 4.9% 4.0%
5022 EZL’StermOda' Drayage from 529 3.2% 696 1.7% 0.9%
01 13 | Grain 501 3.0% 772 1.9% 1.4%
01 14 | Oil Kernels, Nuts or Seeds 461 2.8% 674 1.7% 1.2%
28 12 | Potassium or Sodium Compound 425 2.5% 1,395 3.5% 3.9%
All Others 5,003 29.9% 9,345 23.5% 2.0%

SourceS&P Global 2022 Transearch Database

The top outbound commodities in terms of value in 2019 and 2050 are listeabie2-16. The top ten
commodities by value make up pgrcentof total outbound truck cargo in 2050. Warehouse

Distribution Center commodities account for p&rcentshare of total value in 2019 and are expected to
increase at an annual average gbércentto reach a 9.5percentshare of the total value in 2050. Rail
Intermodal Drayage from Ramp ranked secon@@19 in terms of total value at 1Ip8rcentof total
outbound valuebut is projected to increase slowly at an annual rate of PeBcentover the forecast

period. Slight declineis expected for Cigarettes and Cigars in terms of value at an annual &vefdly3
percent Steady growth is forecasted for Motor Vehicles, Oil Kernels, Nuts or Seeds, and Conveyors or
Parts, ranging between 1 percent and 1.4 percent.
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Table 2-16: Outbound Truck Flows by Commodity ( Value), 2019 and 2050

sTCC _ 2_0_19 2019 2_0_50 2050 CAGR
4 Commodity Million Share of | Million Share of 2019
uUsD Value uUsD Value 2050
501 | Warehouse & Distribution Center 7,211 33.2% 24,004 49.5% 4.0%
50 22 | Rail Intermodal Drayage from Ramp 2,463 11.3% 3,244 6.7% 0.9%
37 11 | Motor Vehicles 1,827 8.4% 2,452 5.1% 1.0%
50 21 | Rail Intermodal Drayage to Ramp 804 3.7% 1,059 2.2% 0.9%
29 11 | Petroleum Refining Products 731 3.4% 450 0.9% -1.6%
2111 | Cigarettes 644 3.0% 591 1.2% -0.3%
35 85 | Refrigeration Machinery 502 2.3% 427 0.9% -0.5%
2121 | Cigars 446 2.1% 409 0.8% -0.3%
01 14 | Oil Kernels, Nuts or Seeds 282 1.3% 437 0.9% 1.4%
35 35 | Conveyors or Parts 263 1.2% 394 0.8% 1.3%
All Others 6,544 30.1% 14,985 30.9% 2.7%

SourceS&PGlobal 2022 Transearch Database

2.34 Inbound Truck Freight Flows

Inboundtruck flows accounfor 10percentof total truck flowstonnage at 16.1 million tons, and 5
percentof total truck freight value at $16.8 billion in 2019. In 2019 inbotradk flowswere

considerably lower in value (32ercenf) when compared to outbounttuck flows. Inbound freight

traffic originates across the nation, with higher tonnages mainly coming freeighboring statesand

the SoutheastgeeFigure2-7). Inbound flows from Arkansas (mainly Gravel or Sand, Oil Kernels, Nuts
or Seeds, and Grairgnks firstfor inbound flows in terms of tonnage, but since these are-lalue
commodities, Arkasas ranks third when it comes to inbound goods in terms of value.

Warehouse Distribution Centercommoditiesrepresent10.1percentof the totalinbound truck flowin
terms oftons and12 percent in terms ofalue in2019 Table2-17shows that the top tefinbound truck
flows accounffor 85.8percentof all 2019 inboundruck flows in terms of tonnagd.owervalued

freight from Arkansasaccountsfor 21 percentof allinboundtruck flowsin terms of tons an®.8

percentin terms of valueTennessee ranks second in terms of tons at 2.5 million tons and first in terms
of value at $3.5 billion, mostly due to a higher proportiorMdérehousek Distribution Center

commodities
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Figure 2-7:

Inbound Truck Flows, 2019
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Thousand

Tons

5,202
4,822
2,788
2,633
2,141
1,269
1,595
1,452

934

713
5,279

81.7%

Table 2-17. Inbound Truck Flows by Origin, 2019 and 2050
2019
Origin State Thousand Million USD
Tons
Arkansas 3,395 1,648
Tennessee 2,470 3,458
Alabama 1,815 3,155
Mississippi 1,548 1,074
Missouri 1,290 656
lllinois 930 793
Kentucky 876 417
Texas 732 685
Louisiana 467 361
Georgia 301 531
All Others 2,291 4,033
Top 10 Share of Total 85.8% 76.0%
Total 16,114 16,812

SourceS&P Global 2022 Transearch Database
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28,830

2050

Million USD

2,692
6,163
4,433
1,911
1,270
1,486
979
1,551
752
1,292
9,755
69.8%
32,284

CAGR 2012050
Thousand Million
Tons uUsD
1.4% 1.6%
2.2% 1.9%
1.4% 1.1%
1.7% 1.9%
1.6% 2.2%
1.0% 2.0%
2.0% 2.8%
2.2% 2.7%
2.3% 2.4%
2.8% 2.9%
2.7% 2.9%
1.9% 2.1%
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Overall inbound truck flows are forecasted to grow from 2019 to 2050 at an annual average of 1.9
percent in terms of tons and 2.1 percent in terms of value. The highest growth is projected to occur for
flows originating from Georgia andouisiana(2.8 perent and 2.3 percent by weight, respectively). In
terms of valueMissouri, lllinois, Kentucky, Texas, Louis