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1 Introduction

The future of transportation in Nebraska will be impacted by a variety of
factors that will determine how, where, and why people move on the system,

the efficiency of goods movement throughout the state, and the projects and

programs the Nebraska Department of Transportation (NDOT) advances to

improve and maintain a multimodal transportation system. Each of these
factors - deemed Tinfluences T throughout this document - impacts the
systems at varying rates, degrees of significance, and geographical area. This
technical memo examines the historic and projected trends for the various
influences identified to determine potential tipping points that will inform

scenarios included in the 2040 Statewide Transportation Plan.

1.1 What is an Influence?
An influence is an object or an event that is likely to disrupt the status quo of
the transportation system in Nebraska. Where possible, influences also have
an identifiable trend. Throughout the process of identifying influences for this
document, trends were considered to contain two components: predictable
trends and uncertainties.

1.2 How were the Influences identified?
In order to assess the future of transportation in Nebraska for the development
of the 2040 Statewide Transportation Plan, NDOT personnel and stakeholders
were asked to identify influences that will impact the transportation system
over the next 20 years. The process of identifying the selected influences
began by brainstorming the possible influences with NDOT personnel at the
initial project kickoff meeting. Additional NDOT personnel were then led
through a facilitated discussion related to potential influe nces impacting
Nebraska and the formulation of scenarios based on influences. Feedback on
an initial list of potential influences was then shared with the Statewide
Advisory Committee (SAC) for feedback from their perspective.

1.3 Identified Influences
Following the feedback  from NDOT personnel and stakeholders, ten influences
were identified as being the most likely to disrupt the Nebraska transportation
system between 2020 and 2040. The influences are generally categorized
around three  themes: social and economic, technology, and external
influences.

Influences qp" Vt cpurgtvcvkgpfu" Hwvwt g" kp" Pgdtc
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2 Social & Economic Influences

Social and economic influences identified through the stakeholder
engagement process for the 2040 Statewide Transportation Plan fit within two
overarching social and economic themes: shifting demographics and
technology's impact on the economy. The increas ing proportion of the
population that is over the age of 65 and the continued urbanization of the

state represent p  opulation changes in Nebraska that will significantly impact

the transportation statewide . Economically, the  rapid shifts in technology
adoption have enabled the expansion of services available on a digital
platform, increased automation, and the next generation of work.

2.1 Aging Population
The number of people age 65 and older in the United States has been steadi ly
increasing since the 1960s.  The nation is set to experience even faster and
more significant demographic changes as the baby boomer generation (those
born between 1946 and 1964) retires and birth rates and in - migration declines
An aging population come s with a wide variety of housing, healthcare, and
workforce changes that influence the transportation network.

2.1.1 Trends
Nebraska's population has consistently grown from decade to decade. Since
the 1960s Nebraska's population has increased by nearly 500 tho usand people.
Despite a gradual decline in national population growth rates , Nebraska

population has stead ily grow n since the 1990s, as shownin  Figure 2-1

Figure 2-1 Nebraska Population 1860 - 2018

2,500,000
2,000,000
1,500,000
1,000,000

500,000

O A0 0 O L O 0O 0 O PO O O 0O H O O 6*
& & &P S G P S F S q,oo SR

VAP

Source: U.S. Census Bureau
*Population for 2018 is based on census estimates (versus census counts for all other years)
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Within this population growth, the number and portion of those 65 and older
have steadily grown from 12  percent of the state population to over 15 percent
between 1970 and 2018. Figure 2-2 shows absolute estimates and proportions

for Nebraskans ages 65 and over.

Figure 2-2: Nebraska 65+ Population 1970 -2018

350,000 15.02%  16%
14%
300,000 12.30%
12%
250,000
10%
200,000
8%
150,000
6%
100,000
4%
50,000 2%
. 0%

1970 1980 1990 2000 2010 2018

Source: U .S. Decennial Censuses 1970-2010, 2018 ACS 5-Year Estimates, U.S. Census Bureau

The growing senior population has been accompanied by slight growth in the

number of younger people moving to the state in pursuit of education and

economic opportunity. More out - of -state youth are  choosing to pursue higher
education opportunities in Nebraska; between 2000 and 2016 (the latest data
available) the number of individuals from other states pursuing higher
education in Nebraska increased by 22 percent over the previous decade.

Student mig ration from non -neighbor ing states has experienced the largest
increase with Minnesota, California , and lllinois account ing for the largest in -
migration. Yet, retaining these young people continue s to be a problem for
Nebraska. Recent graduates under the a ge of 30 have trended towards out -
migration with an average annual net migration of -1,500 since 2000 .* While
working through the influence of an aging population, the attraction and

retention of other generations will influence the human resources availa ble to
Nebraska's future.

An aging population influences the state transportation system through three
primary pressure points: where those 65 and over live, the demand for health
care, and changes in personal mobility.

Geography: The geographic distribut  ion of those 65 and over determines the
ease to which services can be provided. Rural populations specifically are

Influences qp" Vt cpurqgtvcvkgpHAu" Hwvwt g" kp" Pgdtc
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often harder to serve due to proximity challenges, a limited pool of caregivers,
and fewer economic opportunities. As a result, rural citize ns 65 and older
experience limited services, resources , and social connection  s.?

As of 2018, Pgdt cumcHu" t wtcn" egwpvkgu" ygtg" rtqgrqtvk
counties with 19 percent age d 65 and older comparedto 12.9 percent of urban

county residents 2 Pgdt cumcHu" Uvcvg" Wpkv" gqp" Cikpi" kf
population 65 and older as a priority focus in the 2019 -2023 Nebraska State

Plan on Aging. The plan sets goals to increase service coordination,

transportation funding, and targeted outreach in rural areas 4 However, serving

older rural populations has proven to be difficult. Between 2010 and 2019, 48

nursing homes were closed throughout the state and all but three were in rural

communities. °

Health Care: Access to healthca re is both a critical concern for individuals over

the age of 65 and a critical concern for the national econo my. Pgdt cumc Hu
existing healthcare system may pose some challenges for an aging population,

particularly for those aging in rural areas. As of 201 8, all counties other than the

most urban (Douglas and Lancaster) have been state -designated as having

shortages in some form of primary care (family doctors, pediatricians, internal

medicine, obstetrician  -gynecologists) and 13 of 93 counties have no prima ry

care doctor. °©

Digital technologies, however, have started to influence the provision of
healthcare and may hold promise for a future, older population . Telemedicine,
or the remote diagnhosis and treatment of patients by telecommunications
technology, is a growing practice across the nation. A 2018 survey of United
States ( U.S.) healthcare consumers and physicians found 90 percent of
physicians view virtual care positively but only 14 percent had video - visit
capabilities. 7 If video visits are not possibl e, many patients are still benefiting
from remote patient monitoring (RPM). RPM is the use of technology to

transmit information between patients and physicians including reminder

software applications (referred to as apps ), voice assistants, or monitoring
devices.

Mobility:  An aging population also means aging drivers and different mobility

needs for those who  advance past their ability to drive. Americans today are
living longer, healthier lives and outliving their ability to drive safely by an

average o f seven to 10 years. Across the nation, drivers over the age of 65  have
the highest crash death rate per mile driven aside from teen drivers. 8
Pgdt cumcHu" Uvtcvgi ke" JIHBER) Wentffiedd growmgnyg quthbien ¢ p
of older driver -related crashes betw een 2012 and 2015, rising from 564 to 656.
Public transit is one alternative transportation option for aging Nebraskans.

Walkable streets and other transportation alternatives are being considered

across the state. Grand Island, NE was the first community in the state to join
the C C T R Natwork of Age - Friendly States and Communities where member s

Influences qp" Vt cpurgtvcvkgpfu" Hwvwt g" kp" Pgdtc
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focus on creating more walkable streets and expanding housing and

transportation options to help people age in place. °
2.1.2 The Future
The University of Nebraska - Omaha # (UNO) Center for Public Affairs Research
projected Nebraska's population to 2050 using historic U .S. Census data .
Based on these projections, o ver the next 30 years, the age group 65 and over
experiences the largest growth . Figure 2-3 shows the projected population
change by age group until 2050
Figure 2-3: Nebraska Population Projection by Age
700,000
600,000 ———
/ -
500,000
e ——
400,000
300,000
200,000
100,000

2010 2015 2020 2025 2030 2035 2040 2045 2050

= nder 20 =20 to 44 =45 to 64 65+ Years

Source: U.S. Census Bureau; University of Nebraska ROmaha, Center for Public Affairs Research
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Figure 2-4 show s the projected growth for just the population aged 65 and
older. The largest growth is expected to occur between 2020 and 2030. By
2050, those aged 65 and older will represent nearly 21 percent of Nebraska's
population.

Figure 2-4: Nebraska Population 65 and over Projection

500,000 447,562 468,061 250
418,738

450,000 .
~ m N
400,000 990791 20%
350,000
246,677

300,000 15%
250,000
200,000 10%
150,000
100,000 5%
50,000

0%

2010 2015 2020 2025 2030 2035 2040 2045 2050

o

Source: U.S. Census Bureau; University of Nebraska ROmaha, Center for Public Affairs Research

The working -age population (age 18 -64) is also expected to increase through
2050 but at a slower rate. In 2010 the estimated ratio of workforce age
population to retirement age population was 5:1. By 2050, the same ratio is
expected to decrease to 3:1.  '° However, the proportion of those 65 and ov er to
those under 65 may be impacted by future in - migration. The future attraction

and retention of other generation s is a policy leverage point for the state to
minimize or alter the economic and workforce consequences of an aging
population.

The needs of a future, older Nebraska can be served in a variety of manners.

The methods of meeting these needs will have implications for the
transportation system. Given data on existing population and natural aging,

these projections provide realistic expectations of the number of  those 65 and
older in Nebraska In 2040 . However, where the older population will live , the
healthcare they  will have access to, and their mobility options they will have
are less clear .

Geography: The mobility options of those 65 and olde r in Nebraska will vary
depending on where they live, but t he geographic distribution of a future,
older, Nebraska population is not known. A 2018 AARP survey shows 76

Influences qp" Vt cpurqgtvcvkgpHAu" Hwvwt g" kp" Pgdtc
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percent of adults age 50 or older want to stay in their communities as they age

(also kn own as aging -in-place) but only 46 percent expect they will be able to

stay in their current home Hf financially free from the workforce, retirees may

move to locations that suit their lifestyle, health, or family needs. The 2018
AARP survey found that adults considering staying in their communities or
relocating as they age cite affordable housing, transportation, equal

opportunities , and jobs/job training as extremely or very important. 12 Others
may seek new housing opportunities that provide needed su pport. The
Population Research Bureau predicts the baby boomer generation could result

in more than a 50 percent increase (1.2 million in 2017 to 1.9 million in 2030) in
the number of older Americans requiring nursing home care.

Population projections est imate nearly 3 6 percent of small rural Nebraska

count y (defined as the 64 counties without a city of 5,000 residents or more)

populations  will be residents age 65 and older by 2050. 13To-date, maintaining

senior facilities in rural areas has been difficult , yet the University of Nebraska -
NkpegnpHu" 4229" Twtcn" Rgnn" hgwpf " vjcv" 84" rgtegr
age-in-place. **

Health Care: A growing population of those 65 and over  will increase the
patient demand on a national healthcare system that already experiences
labor shortages. By 2025, national healthcare is expected to be short of half a

million home aides, 100,000 nursing assistants, 100,000 lab technicians,
29,000 nurse practitioners, and more. With shortages more pronounced in

rural areas where it is harder to recruit. 5

Some economic and technolog ical advances may be able to ease the burden

on healthcare needs. Telemedicine, for example, can provide access to a

doctor for regular checkups, diagnosis of common issues like colds,

pre scription refill consultation, and to answer patient questions . These
advances may be most useful in rural areas where healthcare facilities are not
financially feasible due to small demand. However, without technology
solutions, alternative transportation access to healthcare will be needed.
These services are more limited or more costly in many rural areas.

Mobility: ~ With more drivers 65 and over on the road, roadway safety is a
concern for Nebraska's future. Beyond the personal automobile, however, a
growing population may also call for alternatives to driving.

Some economic and technolog ical advances may be able to replace or ease
the burden on mobility needs. E -commerce and door -to-door delivery can
ease shopping needs. These advances may be most usef ulin rural areas where
alternative transportation options are limited or more costly. Automated
vehicles may be another influence that interacts and impacts the aging
population providing a mobility option

Influences qp" Vt cpurgtvcvkgpfu" Hwvwt g" kp" Pgdtc
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2.1.3 Transportation Consequences
Nebraska's transpo rtation network will be impacted by two primary areas of
consequence dueto the aging population

Mode Choice : The mobility choices of an older population are influenced by

the intersection of ability, preference, and access. In these late years, this

mean s an older population may create more demand for transit, paratransit,
pedestrian facilities, accessible infrastructure, and access to health and human
services.

Funding : The economic impact of the aging population stems, principally,

from the retirement of a large cohort of the workforce. Although the working
age population is also growing, Nebraska's unemployment has been

consistently low in recent decades . As aresult, f illing workforce needs may

be difficult . A shortage of workers can slow economic growt h or business
may choose to locate in markets with more available employees. The rate of
future slowdown remains a question.

Most literally, a smaller workforce might me an fewer people making a regular
commute. But also, if the economy slows, consumer mode choice may

change due to transportation cost, preference, or availability. The movement

of goods may slow if retirees have less  disposable income. Lastly, there is a
direct relationship between the economy and transportation funding and any
economic impact will result in changes to tax revenue and the resulting

budgets for transportation.

In summary, an aging population will have consequences for Nebraska's
commute patt erns, demand on alternative and accessible transportation,
funding, and population distribution. The extent of these impacts may be
altered by policy, planning, or several emerging technology influences.

2.2 Urbanization
Cities across the world are experienci ng faster and more dramatic growth than
their rural counterparts. In the United States, approximately 84 percent of the
population lives in urban areas. Up from 64 percent in 1950, urban populations
will continue to  experience most of the population growth in the nation. By

2050, 89 percent of the U.S. population is expected to live in an urban area 16
Cities, often hubs of economic and cultural resources, create travel demand
for both goods and people. As a result, the amount of growth and the land use

patvgt p" gh" itqgyvj" kp" PgdtcumchHu" wtdcp" ctgcu" yk
transportation network.

Vjigtg" ctg" pwogt gwu" yc { uSingegfitufepbpllation"ddtaris d c p H0 "
integral to the urbanization discussion, most of this section will use county -
ngxgn" fcvece cu" guv c d@ekterjfar fPUblid {Affail/FR@ddarch Hu"
population projections. The authors of the report group Douglas County ,
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Lancaster County and Sarpy County cu" vj g" T Dki" Vjtggi" tgncvk
populated counties.
2.2.1 Trends
As mentioned previously . " Pgdt cumcBHu"rgrwncvkgp"jcu"uvgecft
few decades, increasing from 1.58 million in 1990 to just over 1.9 million in 20 18.

Most of this growth (95 percent) has concentrated in the three largest, urban

counties of Douglas, Lancaster, and Sarpy. Home to Omaha (Douglas), Lincoln

(Lancaster) and southern Omaha metropolitan statistical area cities of

Bellevue, La Vista and Papi llion (Sarpy), these urban counties now account for

760: "rgtegpv"qh"PgdtcumMcHuUu"vgvecn"rqgrwncvkqgpO

1] 1] n

Hgwt ocl gt rtguuwtg”" rgkpvu fghkpg" wtdcpk]| cvk
transportation: mode choice, land use, movement of goods, and rural
disparities .

Mo de Choice: Expect ed growth in urban areas is paired with the possibility for

modes other than single  -occupancy vehicles to be more attractive to , and
convenient for , individuals and more efficient to provide for companies an d
organizations. More compact land use patterns allow more individuals to reach

more destinations in a smaller area with infrastructure (sidewalks, transit
vehicles, etc.) that can be shared by more people. Across the nation, cities are

rethinking transportation and both public and private entities are investing in
pedestrian and bicycle facilities, bike -share, public transit, and ride - hailing.
A full description of emerging transportation options is outlined in Section 3.1

Innovation in Transportation Choices Given the density and market size of
wtdcp"ctgcu. "PgdtcumcHu"ekvkgu"ctg"qhvgp"vjg"h
technologies and more aggressively adopt them as new trans portation

options. In addition to new mobility options, urban Nebraska also has long -

standing fixed -route public transit. Urban transit agencies in Nebraska

provide 90 percent of the total ridership for the state and provided almost six

million trips in fi  scal year 2019.

Land Use: The type of development in urban areas, whether densification or
sprawl, impacts the mobility options.

The City of Omaha is bordered to the east by the Missouri River and the
Nebraska -lowa border , to the south by the Douglas Coun ty border with Sarpy
County and to the north by the Ponca Hills . As such, Omaha has historically
concentrated expansion to the west, with a lower - density development and
suburban focus. Numerous annexations have supported the continuous low -
density development and growth of the Omaha land area.

Outside of the Omaha ¢ ity limits, the cities in Sarpy County have provided a
competitive suburban alternative to Omaha. Adjacent to Omaha, the cities of
Bellevue, La Vista, and Papillion are the most populous Sarpy cities and since

Influences qp" Vt cpurgtvcvkgpfu" Hwvwt g" kp" Pgdtc
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1970, La Vista and Papillion have nearly tripl ed their population. The
unincorporated suburban areas throughout Sarpy County have also
experienced expansive growth particularly in Sanitary Improvement Districts

(SIDs) and rural subdivisions. 8

Alternatively, Lancaster County has maintained a relativel y consistent
population density since the 1970s (~3,000 persons per acre). Pockets of
greater density have concentrated near older neighborhoods and Downtown

Lincoln. In recent decades, 90 percent of the county population has
consistently lived within the City of Lincoln while the remaining 10 percent
population has started to shift from rural areas to small towns. *°

Goods Movement: A 2017 survey by global logistics company United Parcel
Service (UPS) asked large and small businesses to understand how they
conduct business in cities. Most respondents (81 %) noted urbanization ande -
commerce impacting their business. Top concerns for the movement of goods

in urban areas included potentially costly  air quality protection measures  and
traffic congestion . The ability to meet e -commerce customer expectations
also appeared as a concern; r ising expectations as it relates to service level
(faster and more flexible deliver options, for example) not only add more

vehicles to the road and create more congestion but also adds complicates the
ability to find parking spaces and compete for traffic lanes. 20
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Rural Disparities: | t gqyvij " kp" Pgdt cumchHu" wtdcp" ctgcu"jcu
population in rural areas (

Figure 2-5)0" Kp" 3; ; 2. " 8 8" 983 lcdurfies thad paputeatidis [&ss than

10,000. Between 1990 and 2018, all but nine of those counties have lost
population ( 10.33% population loss across the 66 count ies). During that same

rgtkgf."PgdtcumcHu"vjtgg"wtdcp"eqwpvkgu"ecrvwt
state population growth (+326,000) . Rural areas, with residents more widely
spread, require additional transportation infrastructure  and human services to

serve residents .

Figure 2-5: Population Change  1900-2010
(Douglas, Lancaster, and Sarpy County vs. All Others)

Douglas, Lancaster, & Sarpy County e=@=All Others

80%

45%

31%

20%

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2018

Source: UNO Center for Public Affairs  Research, Nebraska Historical Populations  t (using U.S. Census
Data )*
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2.2.2 The Future
The UNO Center for Public Affairs Research population projections also include
geographic boundaries that can provide insight into the rural -urban split. The
analysis estimates Pgdt cumc Bu" r gr wn dw dprgxiini ately 30,000 "
people between 2015 and 204 0. As experienced in recent decades, this growth
is concentrated in urban areas. By 204 0,63rgtegpv”"gh" Pgdt cumc Hu
will be in the states three most urban counties (Douglas, Lancaster, and Sarpy
Counties) shown in Figure 2 -6. These three counties will grow to 1. 36 million
residents, a total of 337,000 new residents .

r c

Figure 2-6: Population Distribution, 2015 and 2040
(Douglas, Lancaster, and Sarpy County vs. All Other Counties)

2015 2040
All Other LD°“g'ats' Al Other
Counties anca; ef Counties Douglas,
46% an 37% Lancaster
Sarpy and Sarpy
Counties Counties
54% 63%

Source: UNO Center for Public Affairs Research

Mode Choice: Vj g" hwvwt g"ogfg"ejgkegu"gh" Pgdtaeumc Hu" i
hard to predict but the number of transportation options is increasing. As more
transportation op  tions become available and cities make concentrated efforts

to design and support alternative modes of driving, some transportation
changes should be expected. Section 3.1Innovation in Transportation Choices
covers emerging modes in more details; as noted, emerging modes are likely

to concentrate in urban areas. Advancements in  automated and connected
technology will likely increase the available mode options and create a wide -
spread impact. Transit and the ride - hailing model, for example, will likely be
more cost -effective with  automated technology removing operator costs,
allowing these modes to reach more people. Urban areas are also the testin g
ground for smart and connected infrastructure which can serve as a tool to
manage the operations of multiple modes in urban corridors.
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Land Use : The Omaha Master Plan, developed in the early 2000s, proposed a
future growth patter  n averaging 4.4 dwelling  units per acre to accommodate
all projected growth through 2040. Much of this growth is projected to be
continuous with existing westward expansion and low density . The westward
growth brings Omaha closer to Lincoln and increase s the distance Omaha
reside nts are traveling to get to economic hubs like downtown. Low density
development also increases the reliance on personal vehicle trips which would

create more travel demand. However, the plan does callfor investment in a
mass transit system and urban desig n standards that make walking and biking
more appealing, especially in higher density and mixed use neighborhoods.

Figure 2-7 shows the future land use map for Omaha with light yellow
representing low density development.

Uctr{"Eqgwpv{Hu" hwvwtg"ncpf"wug"rncp"eqpegpvtcyv
development near the Douglas County (Omaha) border. Future expansion is

anticipa ted to be contiguous to the east and southeast. The southern Sarpy

County border with  Cass County is entirely buffered by a conservation zone ,

which limits  southern growth (see Figure 2-8 for reference). Focusing

development around existing cities and near Omaha will help transportation

planning but a prevalence of lower density land use will increase demand on

the transportation system.
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Figure 2-7: Omaha Future Land Use Map
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Figure 2-8: Sarpy County Future Land Use Map
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Vig" Ekv{" gh" Nkpeqgnp" cpf " Ncpecuvgt" Eqwpv{ Hu" 4:
assumes an urban residential density of three dwelling units per acre to

accommodate future growth through 2040. The future land use map

distributes upcoming growth, 2025 growth, and 2040 growth evenly across

vjig"ekv{ Hu" r gonkentjatgst dong'-tennfgrowth (2060) first in the east

and southeast before eventual even expansion to the north and west. Lincoln
and Lancaster County anticipate the area of transition from one land use to

another will be gradual and encourages the integration of com patible land

uses, rather than a strict segregation of different land uses ( Figure 2-10). Evenly
distributed growth and mixed uses will also help evenly distribute

transportation needs on existing infrastructure. Figure 2-9 from the

Lincoln/Lancaster Comprehensive Plan shows past and expected future
pop ulation distribution.

Figure 2-9: Lancaster County Population Distribution 1980 -2060

31,380 (6%)

500,000 .
24,780 (6%)
400,000
16,520 (073
300,000 19,061 (7%)
LI (3%)
470,700 RC1 23
200,000 15,996  (8%)
VI (3%) 371,700 [E33
N (91%)
100,000 171,932 (50
0

1980 2010 2040 (projected) 2060 (projected)

M Lincoln mOther Towns ™ Rural

Souce: LPlan 2040: Lincoln/Lancaster 2040 Comprehensive Plan
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Figure 2-10: Lincoln Area Future Land Use Map

ANl T, (W AN

.
-

s

:
t

EX | ‘
. Pessers € {
- )
s f
//’, '
- B
oy
W Vardkes 11 " / I-A S -
| B 4 ,'/f
-\, ‘ — e — - J
1 \ \J g
\ : &
Sl ! ! o o 1< _l i
] i - 3 - . : z
i 2. ; R g 5 S
N e ' L N - S & 1 L o=

of 5 parsauty soewyg vt S 5 patas
09000 O (ODIVTY Wil DREeed) 54 & v o o OF 0 Slevecrs

2040 LINéOLN AREA FUTURE LAND USE PLAN ot e g g e @

Agricuitural I Commercial I Groen Space fodre e s ol syl otisercirsieroratn s
P e Noodphen Mt sl of e
I Resicential - Urban Density I ~dustrial B cnvronmentad Resources Py cn s fure
Resicential - Low Density Public & Semi-Pubiic Lakes & Streams il syl oy el Tyl el .L Plan
o Potential Large Employer Agricultural Stream Courty Pt mmw:uwmm == 0
<eenes Fufure Sanvice Limit
- vt from oo P S
v rrwvne ma

Source: Lincoln/Lancaster County Comprehensive Plan

Influences gp" Vt cpurgtvecvkqgpfu”" Hwvwt g" kp" Pgdt c
April 16, 2020



NEBRASKA DEPARTMENT OF TRANSPORTATION 2040 STATEWIDE TRANSPORTATION PLAN

19
Goods Movement:  More people living in urban areas comes hand -in-hand with
more goods moving to and through the same concentrated area. Additionally,
urban customers tend to be more affluent and order more goods online. 2
Meeting these deliver y needs on the local level will look different from the
needs of the highway freight. Technological innovations such as delivery
robots and mobile food deliver applicati ons join numerous e  -commerce home

delivery services to bring goods to urban doorsteps. These services can create
bottlenecks and congestion on the local street level.

Rural Disparities: The UNOHu" Egpvgt "™ hgt" Rwdnke" Chhcktu" T
counties with  less than 5,000 residents will experience a nearly 2 0.5 percent

population loss by 204 0. These communities represent 14.4 percent of

Pgdt cumcHu" r gr wnc v Kk drgptov st undlet 10 p dertention204 0.

2.2.3 Transportation Consequences
Urbanization will  continue to shift the demand on the transportation system g
where people are going to and coming from. The trend of urbanization
permeates all other influences in this report and will relate to all discussed
transportation consequences. A few primary areas of concern arise.

Car Ownership and Mode Shift: A greater density and a growing number of

transportation options in urban areas create unknown expectation for car

ownership . Ownership could decrease and mode share skew or more evenly

distribute across alterna tive transportation options . This expectation fits in

more dense, multi -use land -use scenarios. To -f cvg. " Qocj cHuU" fgxgnaqr
does not support this trend.

Pgdt c uthredlargest, mo st urban counties have seen minor changes in
household vehicle ownership in recent years. There has been a slight increase

in single -vehicle households but also slightly more households with four or
more vehicles (Figure 2-1).

Figure 2-11 Vehicle Availability by Household, Douglas, Lancaster and Sarpy
Counties , 2010 and 2017

40.8% 40.5%

2010 m 2017 32.9% 33.2%

14.1% 14.0%
6.5% 6.3%

. 57% 6.0%
] ]

No Vehicles 1 Vehicle 2 Vehicles 3 Vehicles 4 or More
Vehicles

Source: U.S. Census Bureau
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In addition to stable household vehicle ownership, the commute mode split in

Douglas, Lancaster and Sarpy County has seen steady or slightly decreasing

rates of walking and transit use for work commutes between 2009 and 2017

(according to American Communit y Survey data fromthe U .S. Census Bureau

Figure 2-12). Driving alone is the most popular commute mode (83.3%) and has

increased in all three counties (+16%in Douglas, +0.8% in Lancaster, and +0.6%
inSarpy) . Eqoowvkpi"vtkru"ctg"gpn{"c"rqtvkgp"qh"cp"
in the way individuals complete other trips (social, shopping, etc.) are also

important and provide opportunities for mode shift but data on these travel

patterns is limited.

Figure 2-12 Douglas, Lancaster and Sarpy = County Commutes (percent of all
workers age 16+ ), 2009 and 2017

2009 m 2017

9.9%
8.6%
3.3043.6%
2.4% 5 19
0,

l 1-1%1.0% 0.5%0.5% 0.8%0-9%
| - I

Carpooled Worked at Walked Public Bicycle Taxicab,
home transportation motorcycle or

other means

Source: U.S. Census Bureau

Vehicle Miles Traveled (V MT): Like car ownership and mode split, the
urbanization impact on VMT is dependent on numerous factors: the number

of people, the number of transportation options, public transit funding, gas

prices, cultural trends, economic factors, freight movement, weather patterns,
cpf"oqtgO0"Kp"423:.";058"oknnkgp"xgj keng
highway system ' representing 44.6 percent of all statewide VMT. The urban

okngu"y

' FHWA uses the federal -aid standard of a  census place with an urban population of
5,000 to 49,999 or a designated urbanized area with a population of 50,000 or more
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system, however, is only 8,023 miles of the states 95,262 miles. Meaning 44.6
percent of annual VMT occurred on 8.4 percent of the network. 2 The degree

of future urbanization will have consequences on where VMT is occurring.
More travel concentrated in limited areas can create efficiencies but also

congestion.

VMT, as reported by the Federal Highway Administration (FHWA), shows
growth for the  Urbanized Area s (UA) of Lincoln and Omaha ." For both Lincoln
and Omaha, daily VMT stead ily increase d between 2000 and 2018 (the latest
data available) ( Figure 2-13). In this period, the change reached a 41.1 percent
increase in daily VMT for Lincoln and 33.5 percent for Omaha. 2

Figure 2-13: Average Daily VMT by UZA , 2000 to 2018

== Lincoln UZA Omaha UZA

16,280

15,057
14,352

12,194 11,839

& . S

- 5,517

3,910

2000 2005 2010 2015 2018

Source: Federal Highway Administration ( FHWA ), Highway Statistics 2018

" The FHWA r eports VMT by Urbanized Areas (UAs). UAs are defined by the U.S. Census
Bureau as an area with 50,000 or more people. Nebraska has three cities that meet
the definition of UAs: Omaha in Douglas County, Lincoln in Lancaster County and
Grand Island in Hall C ounty. UAs in Nebraska represent areas that are geographically
smaller than the county they preside in.
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Safety : Urbanization and the resulting influx of more people and/or more

modes of transportation raises safety concerns. More activity may be
happening in places designed for different uses. As cities and technologies

change transportation in the future, expectati ons of the urban right -of-way
willchange. Section 3.1.3Innovation in Transportation Choices : Transportation
Consequences covers more detail on the safety concerns with new modes.
However, urban areas often have lower crash fatality rates than rural areas as

vehicles are moving more slowly. Replacing rural VMT with urban VMT would

likely result in fewer fatalities.

2.3 Information Society =~ & Economy
Tech nology is significantly impacting the way individuals find service
providers, receive goods, communicate and interact with one another, receive
health care, learn, and work. As technology continues to increase access to
societal and economic opportunities that once required in -person
interactions, transportation mobility may look less like vehicles traveling on
roads and more like video conference calls.

2.3.1 Trends
The major trends that have been identified as having the potential to impact
the transportation system in Nebraska include the expansion of freelance labor
grrqtvwpkvkgu" vijtagwi)]j T

vig"liki"geqgpqgo{T"rqgygtg
use of broadband networks to create economic development and support

work from home opportunities, and the i ncreased availability to telehealth.

Each of these elements of the information society and economy ha s already

been adopted to some extent in Nebraska.

Gig Economy :The T i ki " g e qrpferotg Tcdmpanies like Uber, Lyft, AirBnB,
and GrubHub linking individu al consumers to "gig workers" to address their
needs ¢ either commute, lodging, or food delivery . Gig work existed before the
advent of smartphones and apps in the form of temporary agency work,
freelancing, or contract work considered alternative arrangem ents. However
the growth in digital platforms has increased individuals seeking monetary
gains as a service provider. One study shows that the share of the U .S.
workforce between 2005 and 2015 engaged in alternative arrangements grew
from 10.1 to 15.8 per cent. > Additionally, self -employed workers during the
same period grew more than 19 percent in the same period. %

The gig economy does not just include individuals classified as having

alternative work arrangements. According to a 2016 survey of U.S. adu Its,
approximately 24 percent of American adults earned money through the
technology -supported gig economy. Some of these individuals have sold
items on platforms while others used the technology for providing a

professional service .%’
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As gig workers use d igital platforms as a means of employment, growth inthe
gig economy is felt in both urban and rural areas. Figure 2-14 shows the
nationwide change in non  -employer establishments by county.

Figure 2-14: Growth Rate for Non -Employer Establishments, 2005 -2015

-45.2%

bottom 20%

18.9%

top 20%

215.8%

Source: National Association of Counties, Rise of the Gig Economy  (from U.S. Census Bureau
Non -Employer Statistics, 2005 -2015)
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In Nebraska, several counties saw increases in their non -employer workforce
between 2005 and 2015. ™ The greatest changes in non -employer

establishments in Nebraska during this timeframe were in Loup, Hayes, and

McPherson counties (129.4%, 86.0%, 66.7%). 2 Conversely, 23 counties saw

reductions in non -employer establishments. Figure 2-15uj gyu" Pgdt cumcHu
non - employer workforce change by county.

Figure 2-15: Nebraska Growth Rate for Non - Employer Establishments, 2005 -2017

C1-22% - 0%
[10%-6.4%

[ 6.4% - 15.5%
B 15.5% - 24.2%
B 24.2% - 141.2%

Source: Map created with U.S. Census Bureau Non -Employer Statistics Data, 2005 -2017

Broadband and Remote Work : Broadband access is seen as one of the most
important indicators of connectedness for rural areas around the country.
Broadband access is a critical piece of infrastructure for the information

society and transition of the economy as virtual access to markets, services,
and information are expected to make life in rural areas easier and encourage
vibrant com munities throughout Nebraska. Access to broadband is such a

key influence for transportation and economic development in Nebraska that

its expansion is included as one of 15 initiatives in Blueprint Nebraska , a
statewide economic development plan 20

According to a recent study looking into broadband access across the country,
87.3 percent of all Nebraskans have access to fixed terrestrial broadband with

i Non - employer businesses have no paid employees and are subject to federal

income tax. Most of them are self -employed individuals operating a very small,
unincorporated business with no paid employees. M any gig workers fit the Census
definition of anon  -emp loyer.
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a minimum speed of 25 Mbps/3 Mbps. % Fixed terrestrial broadband examined
for the study included ca  ble modems, fiber, and DSL connections. Satellite
broadband was not included. Additionally, when examining rural and urban
access to broadband the study found 58.0

percent of Nebraskans in rural areas could Blueprint Nebraska

access fixed .terrestrlal broadband while Initiative

97.9 per centin urban areas had  access.

High -quality broadband access creates Increase rural broadband
opportunities for individuals to work ceeguu " C p f " oc mg |
remotely from the ‘comfor_t. of home. Iarge and small cities

Remote  work g traditionally called fi | el ¢ id 5G
telework ¢ has seen expanded popularity national modeis for rapi

around the country in recent years due to network scale -up.

the improvements in technology and the

ability to work in coworking spaces.

According tothe 20 132017 American Community Survey (ACS) , approximately
4.3 percent of the workforce in Nebraska worked from home. 3

Coworking in Nebraska

One of the major trends responding to the gig economy , the increasing
number of freelancers , and the expansion of broa  dband in rural areas s the
expanding market for coworking spaces. Coworking spaces are flexible
workspaces that offer office amenities (internet, printing, coffee, conference

rooms) for a monthly membership fee. In 2018 and 2019 it is estimated that
more than 1,500 coworking spaces opened in the U.S. % The true benefit s of
coworking spaces are that they can be created nearly anywhere and can utilize
available office space in rural downtowns. Rural coworking spaces are already

being created in cities outsid e the Omaha or Lincoln metro areas. For example,

the coworking space PERCH opened in 2016 in Petersburg and offers
workstations and conference rooms in the town of 325 residents. 3

Health Care : Technology is also changing how individuals receive healthcare .
According to  the American Hospital Association, 76 percent of hospitals in the

U.S. use some degree of telehealth. % Telehealth ¢ with some services
considered telemedicine g covers a range of hea Ith care services that can
include non -clinical training and education opportunities. There are various
definitions of telehealth and various subsets (such as telemental health) , but
this memo we will consider telehealth to be the use of technology to provide

health care services generally. 3
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Telehea Ith is seen as a potential solution to the challenges facing rural
healthcare including shortages of physicians, closing of medical facilities, and

the aging population. Nebraska is especially poised for these impacts as Figure
2-16 shows.

Figure 2-16: Health Professional Shortage Areas: Primary Care by County, Nebraska
2019

None of county is Part of county is Whole county is
shortage area shortage area shortage area

Source: Rural Health Information Hub, October 2019, data.HRSA.gov
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Kp"423;."ocp{"qh"PgdtcumcHu"twtcn"eqwpvkgu"hce
professionals in at least part of the cou nty. When examining the number of
physicians per 10,000 residents, Figure 2-17shows that most counties have 15

or fewer physicians per 10,000 residents.

Figure 2-17: Total Physicians per 10,000 People, 2017

0-15 15-30 30-45 45-60 =60

Source: Rural Health Information Hub, HRSA Area Health Resources Files, 2017 & 2018.
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The expansion of the Millennial
Generation Z (born between

to drive the information society and economic transition

report on freelancing in the
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generation (born between 1981 and 199 6) and
1997 and 2012 ) cohorts in the workforce is going
. According to a 2019
United States, 53 percent of Generation Z and 40

percent of Millennial workers freelance.

%7 In 2017, Millennials became the

largest proportion of the Nebraska workforce, while Generation Z

Hu"rtqgrgtvkagp

also began to rise ( Figure 2-

18).%® It is important to consider the future of the

Nebraska workforce as we examine future projections for the gig economy,

broadband and remote work, and the future of health

State.

care throughout the

Figure 2-18: Population by Generation in Nebraska 2000 -2017V
450,000 Baby Boomers
416,353
400,000 409,920
350,000
300,000
Generation X 296,028
L J
250,000
200,000
Silent Generation
150,000
100,000 Millennials
85,113
50,000 52,439
Generation Z T——a
0
2000 2010 2017

Source: UNO Center for Public Affairs Research

Microdata Samples from

- Nebraska's Workforce using Public Use
2000 Census, 2010 ACS, and 2017 ACS, U.S. Census Bureau.

v Generations as defined by the Pew Research Center: Silent generation born

between 1928 -45, Baby Boomers

1965- 80, Millennials born between 1981
wresearch.org/fact

(https://www.pe
generation -z-begins/ ).

born between 1946 -64, Generation X born between
-96, Generation Z born between 1997 -2012.
-tank/2019/01/17/where -millennials -end -and -
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Gig Economy : By 2021 the gig economy in the Figure 2-19: Forecast of Freelance
United States is expected to increase to Labor

more than nine million workers in gig jobs.  *° ..
Additionally, a 2017 survey estimated 500 | The majority of

percent of the U.S. population could be workers will

engaged in freelance work by 2027
(assuming continued growth equal to that of freelance by 2027

2014 to 2017, year over year) (Figure 2-19).% | -
While the estimated growth in the number of

86.5M

freelancers may be optimistic, technology Projected workforce size
has made it easier than ever to connect
goods and service providers with consumers . FREELANCER

Broadband : The future of broadband is oL 2027

heavily dependent on the expansion of fiber

and other sources for transmitting

information. However, individuals will likely continue to grow more connected
through the expansion and improvement of internet access across the
country. Based on a recent study, the average number of devices and
connections per person in North America is expected to increase to 13.4 by
2022 (up from 8.0 in 2017). * Additionally, the expansion of broadband in rural
areas may be driven by the potential for agricultural improvements. A u.s.
Department of Agriculture (USDA) report estimates rural broadband could
leverage an additional $47 to $65 billion annually toward the U .S. economy
through efficiencies inp  recision agriculture.

Source: Upwork

Remote Work : Remote work is anticipated to support the growth in the gig
economy of freelancers. The full extent of remote working is unknown, but as
companies realize potential cost savings and improved employee flexibility
more i ndividuals will likely ~ continue to work remotely. The greatest impact for
remote working will take place in the coworking sphere. It is estimated that by
2025 there will be nearly 26,000 coworking spaces worldwide, an increase of
nearly 8,000 spaces from2 019 estimates. *

Health Care : Access to telehealth  in rural areas is seen as an option to reduce
the transportation challenges patients experience attempting to get
healthcare services. For telehealth to expand throughout the state the
necessary connectivi ty - likely through broadband expansion - would need to
be in place and regulations may need to be updated to align with telehealth
opportunities. As telehealth options are expanded, patients are likely to use

the services. Based on arecent survey, telehe alth visits inthe U .S. are projected
to increase to between 46 and 81 million in 2022. a4

2.3.3 Transportation Consequences
While it is unclear as to the extent to which Nebraska will see broadband
expand to rural areas, workers telecommuting regularly, freelanc ers growing
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the gig economy, or patients using technology to get healthcare services, we
know that access to technology will continue to shape the information society
and economic transition. As Nebraskans realize the full potential of this
societal influe nce, the following transportation consequences have been
identified as key indicators.

Mode Choice : With the expansion of broadband and remote working
opportunities the typical commute modes could shift toward work from home

and therefore  reduce categories like drive alone, public transportation,
walking, or biking. Coworking facilities g while supportive  of remote workers g
would likely minimize but not eliminate the traditional commute modes as
there is still a commute to the coworking space . However, with sufficient
coworking options, individuals will likely choose spaces closer and more
convenientto ho me, potentially switching modes in the process.

Reduced Trips : Trip reduction s will likely occur as technology improves access

to needed services and improves the ability of an individual to work from

home. As previously mentioned, telehealth can alleviate many of the
transportation challenges related to seeking medical advice. These challenges

include scheduling rides for those that cannot drive, paying for transportation

to medical facilities, or traveling long distances to meet a specialist. The ability

to use technology to receive physical and behavioral health services will
reduce the need to meet with physicians or therapists in person ¢ removing
the trip to and from a  n office, hospital or clinic.

E-commerce and door -to-door deliver options such as grocery delivery will

also reduce some retail trips but could increase trips for last ~ -mile delivery . The
impact of risinge -commerce sales has been studied extensively to identify the

impact on travel dem  and through online retail. Online retail has typically been
identified to potentially impact travel demand in one of three ways: 4

9 as a substitution to shopping trips,
1 as acomplementary function to shopping trips, or
1 as a modification of shopping trips.

Additionally, as remote working becomes more prevalent, those individuals

that choose to work from home are also reducing the number of commute

trips they make during their day. With the removal of trips from the
transportation system , traffic -related issue s like peak -time congestion could
see improvement.

Shorter Commutes : Eqy qt mkpi Hu korcev" gp" vtcpurgtvcyvki
known as it functions similarly to a standard office; however, industry experts

believe larger companies will begin to see the value of coworking spaces to

decrease the overhead of maintaining traditional offices. As office trends

change, land use alterations may lead to individuals choosing coworking
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locations closer to their homes which in turn will lead to short commute trip s
and a reduction in VMT may result

2.4 Structural Economic Shifts

The previous influence focuses on existing societal and economic
opportunities brought about by the technological improvements to existing

systems. As the expansion of broadband access will mak e it easier to access
healthcare or allow individuals to complete their current work and shopping
from home, technological advancements are pushing every sector of the

economy toward a vast and structural economic shift. This section will

examine the poten tial impacts of this structural economic shift on the sectors
of manufacturing, agriculture, and retail.

2.4.1 Trends
Many of the trends identified for this influence are driven by private sector
decisions that have the potential to impact transportation system s. While the

Nebraska DOT may not be able to influence the decision making of business,
the Nebraska transportation system will be impacted as these economic shifts

occur.
Fourth Industrial Revolution : Historically speaking, there have been three
industria | revolutions that have altered the process of producing goods . The

first revolution deployed steam power and improved mechanized production,
the second came with the introduction of electricity, and the third utilizes

technology to optimize and automate s ystems. *® We are still experiencing the
societal and economic changes related to the third revolution as mentioned in
the information society and econom ic influence above. However, the fourth
industrial revolution builds upon the existing third revolution and expands the
use of technology in systems of production. 47 Eight emerging technologies
have been identified as the key drivers of the fourth industrial revolution: 8

1 Artificial Intelligence (Al 1 Blockchain

1 Internet of Things 1 Virtual Reality

1 Augmented Reality 1 Drones

1 Robotics 1 3-D Printing

These technologies have the potential to dramatically change how goods are
manufactured, agricultural products are produced, and how goods are
purch ased and delivered to customers.

Manufacturing : Manufacturing ¢ especially auto manufacturing g has been a
strong sector for the deployment of robotics to produce goods. In fact,

between 2011 and 2017 robot acquisitions were predominately concentrated in
automotive and automotive component production. 4% Robotics have typically
taken the roles of high -volume production, repetitive movement, or heavy
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object placement.  *° In these roles, robots offer savings based on the increased
speed of production and safety improvements compared to human labor. 51

One of the key drivers leading to the increased use of robots in manufacturing
g and other industries g is the continued decrease in the cost of robots

compared to manual labor. A recent report highlighted the robo t to human
labor cost in manufacturing in the United States from 1990. %2 Figure 2-20
shows how the cost of robots has decreased over time, while the cost of

human labor has increased in the US.
Figure 2-20: Cost of Automation Compared to Labor Costs

Index of average robot prices and labor compensation in manufacturing in the United
States, 1990 = 100%

220
200

Labor costs

180
160
140
120
100
80
60
40 Robot prices

1990 1995 2000 2005 2010

Source: Economist Intelligence Unit; IBM; Institut fur Arbeitsmart - und Berufsforschung;
International Robot Federation; U S. Social Security data; McKinsey analysis 53
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In Nebraska, manufacturing is a major sector with approximately 11.5 percent

ofthe uvcvgHu"vgvecn"gwvrwv"cpf"; 09" rSinee@08," gh" k v u
Nebraska has seen increasing manufacturing outputs g with a minor decline

between 2013 and 2016 ,as shownin Figure 2-21.

Figure 2-21: Manufacturing Output in Nebraska 2008 -2018
$14.5
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$13
$12.5
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$9.5
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: National Association of Manufacturers, "2019 Nebraska Manufacturing Facts. t

Robotics and automati  on are already being utilized in factories in Nebraska.
The Kawasaki plant in Lincoln utilizes automated painters for several of the

elements produced at the factory. % This type of automation is likely to
continue to be widely used as prices for the robotic equipment continue to
decline.

Agriculture : Precision agriculture utilizes several of the emerging technologies
to improve the production of agricultural projects. F or example, connected
and automated equipment utilizing robotics and Al could make planting and
harvesting more efficient. Additionally, drones could be used for monitoring

crops for stressors like pests and moisture  or monitor livestock in pastures.
Block chain g a secure record attached to data used for tracking the
progression of the data or an item g is another technology that has been
identified as an agriculture disruptor. Through blockchain -enabled records,
the USDA estimates that it would take two se conds to trace the product B
journey if issues occur in the supply chain or if health concerns are raised 56
Many of these technologies are currently available and are being used on a

small scale.
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However, even with the new technolog y deployments to impro  ve agricultural
production, the number of farms in Nebraska has declined in the last several
years. Figure 2-22 shows the number of  farms between 1997 a nd 2017. In 2018,
Nebraska had 45,900 farm operations , down from just under 55,000 in 1997 7

60,000

55,000

50,000

45,000

40,000

35,000

30,000

Figure 2-22: Farms in Nebraska 1997 -2018

54,539

47,712
45,900

1997 2002 2007 2012 2017 2018

Source: USDA, Census of Agriculture data (1997 -2018)

Additionally, farm consolidation is evidenced by the average size of farms in
Nebraska. When looking  at the 20-year timeframe between 1997 and 2017, the
average farm size increased by 130 acres. The increase is largely driven by the
productivity advantages (economies of scale). 8 Introducing new technologies

will continue to be more financially feasible for larger operations and may

widen the gap between large and small farm productivity.
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Moreover, shares of sales have primarily favored larger farm opera tions. Figure

2- 23 demonstrates how farms with more than 1,000 acres have increased their

share of sales while smaller farms have declined . Between 1997 and 2018,
PgdtcumchHu"vgvcn"hct onc p éclteasedtby cddmerecentc (Figwen ki j v n{"
2-24).*® While farms are consolidating, and larger farms are gaining market

share, the total statewide acreage has experi ences minor reductions.

Figure 2-23: Production on Heartland Farms v1982-2012

Share of sales
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Source: USDA, Economic Research Service calculations using data from USDA, National
Agricultural Statistics Service,  1982-2012 Census of Agriculture

Figure 2-24: Total Nebraska Farm Acres , 1997-2018

45,903,116
45,525,414

44,900,000

1997 2002 2007 2012 2017 2018

Source: USDA, Census of Agriculture data (1997 -2018)

YThe Heartland region is defined as all of lowa, lllinois, Indiana and parts of
Minnesota, South Dakota, Nebraska,, Missouri, Kentucky and Ohio
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Retail : The retail sector is another sector where the fourth industri al
revolution will greatly influence how individuals receive goods and r etailers
are already collecting a significant amount of data to support the shift .52 Over

the last decade, retail e -commerce sales have sustained continued growth.
According to the U.S. Department of Commerce, in the third quarter of 2019
adjusted e -commerce sales were $154.5 billion.  ®* Figure 2-25 shows the
growth in retaile -commerc e sales as a percent of all retail sales. Based on
this analysis, e -commerce sales were 11.2 percent of total retail sales. &3

Figure 2-25: Estimated Retail E -Commerce Sales 2010 -2019
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Source: U.S.Census Bureau News, "Quarterly Retail E ~ -Commerce Sales, 3rd Quarter 2019,"
November 2019.

Nebraska is home to an established e -commerce employment cluster.
According to the analysis completed for the Nebraska Department of
Economic Development, e-commerce and call centers were considered small
clusters in the Nebraska economy even after seeing declines in employment

between 2010 and 2015. % E-commerce remains to be a strong sector for the
Nebraska economy with new firms being created and established retaile rs
expanding in the state.  ®

2.4.2 The Future
Manufacturing : Manufacturing in the future will continue to be driven by
automation to make work easier and more efficient for labor ers and producers.
Robotics are expected to continue to replace workers. One estimat e states
more than three million robots will be in use for manufacturing worldwide by
2020. ¢ By 2030, robots could replace more than 20 million jobs around the
world. ¢

Emerging technologies  will also play a key role in the future of manufacturing.
3D printing , for example, is still in the early stages of adoption for production

and offers an opportunity for customization of products. 8 Mass customization
coupled with the existing e -commerce trend could allow consumers to
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identify the  exact product they would like to own, modify it to their specific
needs, send it to a 3D printing production center, and receive the product
within a few days.

Agriculture : As mentioned, USDA estimates the expansion of broadband in

rural areas of the U .S. could support precision agriculture for an additional $47
to $65 billion annual benefit .*® Precision agriculture utilizes several of the
emerging technologies identified as drivers of the fourth industrial revolution,

but drones may be the mos t impactful.  Agricultural drones provide an
overhead view of crops that can reveal issues around irrigations, livestock

health pests and growth. Paired with technological tools that deliver seeds,

spray crops, conduct thermal imaging and mapping, drones ca n provide a
wealth of knowledge and support regarding specific or large areas of land.
The agricultural drone market in 2016 inthe U .S. was estimated at $434 million.

By 2025 the U.S. market for agricultural drones is estimated to increase by
more tha n 38 percent. ™

However, legislative work will need to be done to support drones in Nebraska.

a March 2020 report by the Mercatus Center at George Mason University
ranked Nebraska 44 of 50 states for drone -friendliness. The report cites
concerns such as | andowner air rights which are not expressly provided in
Nebraska law today and raises litigation risk for drone operators. n

The other fourth industrial revolution driver s that will change the nature of
agriculture are automation and blockchain . Agricultu ral implement producers
and start -ups are designing automated field equipment. 72 Blockchain will play
a key role in food safety as the agricultural sector looks to produce food for

nine billion people worldwide by 2050. 7
Retail : Retail will see the continued growth of e -commerce. Purchasing goods
will continue to be easier as Al re commends and orders goods for its users and
online connections put shopping at our fingertips . Through new technology
like smart fridges, grocery orders can be placed and ginsome cases ¢§delivered
from the touch of a screen. ™ According to one study, onl ine retail growth will
continue to increase its share of overall retail sales and by 2023 reach nearly
$970 billion. 7

2.4.3 Transportation Consequences
The structural economic shifts on the horizon will shift the demand for
transportation, impact land -use for economic sectors, increase last -mile

delivery, and automat ed vehicles. The eight technologies driving the fourth
industrial revolution are also key drivers for monitoring transportation
infrastructure.

Transportation Demand  : Beyond personal travel change sduetoe -commerce,
the fourth industrial revolution could create other transportation demand
changes. 3D printing could reduce the need for transport ing materials
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between factories  as factories print materials as needed . The demand and
supply of raw materials needed to 3D print, however, will still be ongoing.
Additionally, Al could order your groceries and have them delivered without a

trip to the store.

Land Use : One of the likely consequences of the fourth industrial tgxqgnwvkaqgpHu
impact on the various sectors mentioned above will be the changes in retail

land uses due to e -commerce. The retail sector has already seen major store

closings as the traditional approach to shopping has shifted to a greater share

of e -commer ce. In 2019, 9,300 brick and mortar  stores closed, up from 8,000

in 2017."® The existing transportation system and future traffic projections were

designed with these  physical stores in mind. With the closure of retail stores ,

the transportation system aro und the closed store may no longer support the

previous function  and may need to be altered  for new land uses

Additionally, with the expansion of e -commerce more warehousing has been
created to support the on-demand distribution of consumer goods. " The
expansion of warehousing as a consequence of the fourth industrial revolution

will likely be positive for Nebraska . Nearly anywhere in the country can be
accessed within two days by truck , Creating an economic development
opportunity in the state. &

Last - Mile Delivery : Due to the significantrisein e -commerce sales, the number

of delivery vehicles  has grown to accommodate these purchases. By 2030 the

World Economic Forum estimates that the number of delivery vehicles will

increase by 36 percent in the top 100 cities globally .7 Similar impacts will be
experienced in  all cities and towns. Cities in Nebraska will experience greater
numbers of delivery vehicles as e-commerce continues to grow. Rural areas

are also likely to see increasing numbers of deliveries. New technologies may

be utilized to meet the demand, such as drones, cargo bikes, or auto mated
delivery vehicles. &

Vehicle Automation : The fourth industrial revolution will be driven by
automation, but auto  mated vehicles have the potential to greatly impact the
transportation system. More on automated vehicles can be found in the 3.3
Connected and Automated Vehicle .

Vehicle automation will also greatly change how the agriculture sector
functions. When combined with automated freight vehicles, there is the
potential that many of the vehicles inte racting with food production could be
driverless. As precision agriculture continues to advance, automated vehicles

will likely be seen in rural areas of Nebraska. Automated equipment and
vehicles are often heavier or oversized and cause more wear on roads

Technology Tools and Transportation Infrastructure . Several of the
technologies driving the fourth industrial revolution are being utilized to
improve the operations and decision -making of transportation agencies
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around the country. For example, drones are being used to inspect bridges and
other structures. Al is also being used to inventory roadside assets to catalog,

monitor, and forecast agency needs.
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3 Technology Influences

Technology influences ide ntified through the stakeholder engagement
process for the 2040 Statewide Transportation Plan fit within four themes:
innovations in transportation choice, electric vehicles, connected and
automated vehicles, and smart infrastructure. Technology in the

tra nsportation sector is rapidly changing the way individuals move and many

of the technologies in this section have the potential to dramatically change

the operations of the transportation system.

3.1 Innovation in Transportation Choices
Since 2000 , the transp ortation options available in the US, particularly in urban
areas, have greatly changed. Car -sharing launched in 2000, bike -sharing
launched in 2008, transportation network companies (TNCs) Lyft and Uber
launch ed their modern -day service in 2012 and 2013. Electric scooters were
introduced on the west coast in 2017 and were in 90 cities by 2019.
Transportation options continue to grow as dockless bikes and electric bikes
enter new cities and transportation -networki ng companies begin testing
automated vehicle use in cities across the nation.

New options for travel are likely to emerge (particularly in urban areas) across
the U.S., including:

1 Shared use fleets (new car ownership models)

1 TNCs

1 Non -motorized options (pa rticularly for shorter trips / mcuv" okng®H"
connections)

1 Automated shuttles

3.1.1 Trends
In the last decade, transportation options in Nebraska have been constantly
changing. TNCs are one the most wide -spread, recently developed

transportation alternatives. In July 2015, Uber received approval to operate

from the Nebraska Public Service Commission and Lyft followed in  September

2015. Providers are reluctant to share exact coverage information, but N{ hv Hu"
website lists five areas of service: Bellevue, Omaha Metro, L incoln, North

Platte, and Grand Island. Uber only lists Omaha and Lincoln as service areas .

There is unofficially recorded coverage in some other urban and rural areas of
Nebraska .

Additionally, zTrip began an expansion into Nebraska in early 2018. The
co mpany is a combination of a traditional cab company and a TNC with mobile
ride - hailing abilities but with the regulations of a cab company.

Car-sharing , which allows multiple users (often paying members of a service)
to rent and use a vehicle for short periods of time has been available in
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Nebraska for years. Zipcar has offered car -sharing on the University of
Nebraska - Lincoln campus since 2012 8'andis currently available on three other
university campuses as well as the City of Omaha. 82

Public Transit:  While not a new form of transportation, public transit is also
eqpvkpwgwun{" gxgnxkpi" kp" PgdtcumcO0" Kp" 4236. " C
began the develo pment of bus rapid transit (BRT). The route (named Omaha
Rapid Bus Transit or ORBT) will run from Westroads Mall to the Old Market
District and connect key locations in the city such as UNO, hospitals, museums,
and the downtown business district (Figure 3-1). Benefits highlighted through

the addition of the ORBT line include increased mobility and access, reduced
transportation costs, improved linkages to work, boosted health and wellness ,
and eased congestion. There are also economic benefits associated with the

route such as improved connections and access to economic cente rs
enhanced talent attraction and retention and accelerated economic
development.

Figure 3-1 Omaha Rapid Bus Transit (ORBT) Route

Map Locations

A: Westroads Mall & Transit Center E: The Capital District I: Nebraska Medicine

B: Crossroads Redevelopment Site F: CHI Health Center J: Omaha Central High School

C: Midtown Crossing gl pdzf 0qd3¢f & >03] OKdewntpwn®Gaha 3 [ Ljl {
D: Joslyn Art Museum H: University of Nebraska ~ROmaha L: Old Market District

Source : ORBT®

One transit trend emerging in urban areas is pilot applications of automated
transit shuttles. A recent example is the automated shuttle study completed

in Lincoln during 2018. These shuttles, which operate using on -board
technology (L ight Detection and Ranging (Li DAR), cameras, radar), are a
solution to address first/last mile connection issues through on -demand
transit service.
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The Lincoln shuttle route is identified to Figure 3-2: Potential Automated Shuttle
connect the University of Nebraska Pilot Route, Lincoln, NE
campus, the State Capitol Building, and the ’\\ , L_ﬂ: T
Haymarket District  (Figure 3-2). The use of \_\«,, W Sa———
automated transit shuttles is expected to \\\\ mrl O foemens
reduce labor costs compared to operating a \\ L.

traditional transit vehicle and provided \\

added flexibility through the use of on - : \

Figure 3.7

demand service via app -based ridership
requests.

Micromobility : Shared micromobility is an = | ESARE
emerging, and sometimes c  ontroversial,

transportation option around the country. _
Developed originally as station -based : I
bicycle shares, shared micromobility now |

Includes "all shared -use fleets of small, fully
or partially human -powered vehicles such
as bikes, e -bikes , and e -scooter s."® In 2018,
e-scooters were placed in cities around the
country for individuals to rent via phone -based apps. The expansion of
available micromobility options resulted in a dramatic increase in trips on
shared micromobility. According t 0 a National Asso ciation of City
Transportation Officials ~ (NACTO ) report, over 200 million trips have been taken

on shared micromobility since 2010 and 84 million trips in 2018 (Figure 3-3).%¢

>
v

i

Figure 3-3: U.S. Shared Mobility Trips, 2010  -2019
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Shared micromobility has already entered the mix of options for Nebraskans

in Omaha and Lincoln.  Car-sharing is available at unviersities in both cities and
both Omaha and Lincoln currently have station -based b icycle share systems.
More recently Omaha has  launched an electric scooter pilot program through

a partnership with  the companies Lime and Spin. 8 The six - month project (from
May 2019 ¢§ November 2019) logged over 200,000 rides during the initial test

period. The City of Omaha is currently evaluating t he program and may extend
the pilot during 2020. Lincoln is also moving toward a scooter pilot, anticipated

for the spring/summer of 2020.

The addition of micromobility options to the transportation system produce S
user data that can benefit cities as they look to planacomp lete transportation
system. The City of Omaha announced that along with the pilot of e -scooters
in the city, the program would use a new micromobility management platform

to provide data on scooter distribution and usage to determine if the scooters
are achieving the desired outcomes set by the city. 89

Many of the emerging transportation options have started or have a stronger
presence in urban areas but rural communities have also witnessed new
transportation options. Liberty Mobility, a start -up with a mission to provide
TNC service in rural areas , announced service in Nebraska in 2017 but filed for
bankruptcy in 2018. °

Mobility as a Service: ~ The combined use of these technologies is sometimes
used in Mobility as a Service (M aaS). MaaS entails providing transportation
options as an alternative to owning a private vehicle. It typically involves the
following:

1 a single mobility operator manages payment and planning for
transportation services, typically in the form of a mobile a pplication
available through a smartphone;

1 combining services from both public (e.g., transit) and private (e.g.,
TNCs, such as Uber) transportation providers; and

1 offers multimodal options specifically catered to the user (e.g., cars
with drivers, bicycle s, transit).

The framework to deliver MaaS is shown in Figure 3-4.
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Figure 3-4: Mobility as a Service Framework

MOBILITY AS A SERVICE FRAMEWORK
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MaaS attempts to provide a comprehensive transportation offering for any

individual to travel essentially anywhere. To do so, MaaS providers look to

leverage multiple forms of tech nology, including mobile apps that allow users

to plan and pay for transportation services, Global Positioning Systems ( GPS)
to track both users and vehicles, and ultimately automated vehicles , to offer
travel through vehicles without having to pay drivers

MaaS could be a potential solution for those with limited access to
transportation whether it be because of cost, location, physicality or anything

in between. However, while it can work for a variety of populations some
baseline practices may exclude v ulnerable populations. For example, reliance
on mobile apps and internet access can limit the viability of MaaS in rural areas

and can be a barrier for certain vulnerable communities to travel. Additionally,
MaaS usually requires an electronic payment meth od that may not be
comfortable or available for the unbanked.
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Equity : The lack of and failure of TNC service in rural areas represents an equity
concern for emerging transportation options. A 2018 national Pew Research

Center report found that 19 percen t of Americans living in rural areas have used

ride - hailing apps compared to 45 percent of urban and 40 percent of suburban

dwellers. % A different 2018 study investigated the rural -urban ride -hailing
divide in Pennsylvania found that spotty cellular servi ce and limited broadband
technology have the most significant impact when it comes to reaching small

towns. Additionally, some of the market appeal of emerging technology may

not exist in rural areas. Many of the services discuss ed above, offer alternative s
to driving and are most attractive when the distance is short and parking fees

are high. % Emerging transportation options have used technology and mobile
applications to reach customers and the costs of driving have drawn
economies of scale. If these are not reliable in rural areas, some populations

may be left behind.

According to the FHWA  H ulravel Behavior report on shared mobility and
transportation equity, the shared mobility users tend to be younger, have

higher levels of educational attainment, higher incomes, and less diverse than

the general population. Bike sharing, for example, has h istorically documented
gaps in income and race/ethnicity between users and non -users. The
difference can relate to the lack of stations in low -income neighborhoods. Car -
sharing vehicles are also often located in higher -income neighborhoods. %

The technolog ical interface of shared and micro -mobility services also
presents a barrier for the unba nked ¢ those without a debit or credit card. The
services often ask for card payment to pay for trips and/or as collateral for
equipment. * According to a 2017 survey by the Federal Deposit Insurance
Corporation  (FDIC), approximately 6.5 percent of U.S. households are
unbanked and an additional 18.7 percent are underbanked (they have a
checking or savings account by obtain ing financial products and services
outside of t he banking system). A disproportionate share of minorities is under

or unbanked.

Social barriers also impact low  -income and minority households from using
emerging mobility options. The FHWA cites marketing and system design as a
significant barrier. Non - English speaking or limited  -English proficiency users,
for example, often lack appropriate language outreach. o7

The divide that prevents rural users from taking full advantage of emerging
transportation options also presents itself within older population s. As of the
Pew Research Center 2016 study, those over the age of 65 are most likely to

not use the internet (41 %) and not own a smartphone (42  %).%®

Lastly, the design of emerging transportation has had limitations for those with
different physical abilit  ies. TNC vehicles, usually owned by the independent
driver, are often not accessible to those in a wheelchair. The most common
equipment available in bike -shares and electric scooter sharing, require
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physical abilities that may not be safe or available for all. Some systems are
responding; Uber and Lyft have been testing adaptive fleets (vans with lifts or
ramps to accommodate wheelchairs) in several U.S. cities. % Portland, Oregon
became the first U.S. city to introduce an adaptive bike share pilot in 2017 and
other cities like San Francisco and Detroit have followed suit. 100 Yet, physically

inclusive options are not widely available in most markets and present a
concern for equitable transportation in the future.

Infrastructure : New transportation modes create unexpected or unique

demands on existing infrastructure. In recent years, for example, the growth

and attention to cycling ha ve led to the installation of bike infrastructure and

the designation of bike routes around the st ate. Omaha has one of the larger

networks comprised of shared streets, bicycle boulevards, bike lanes , and

pathways; the bike network covers 38 miles as of April 2019. %1 However, the
uvecvg"jcu"egpvkpwgwun{"tcpmgf"nqy" kp"Théke{eng"
Ngci wg" gh" Dke{eng" Ht kgpf n{pdintCanaysik dleerHBike 322 - " f c
Friendly State Report Card ranks Nebraska 49 of 50 states overall and last on

infrastructure and funding. 102

Sidewalks facilitate the interaction of many new transportation options . The
supply of electric scooters, for example, relies on freely available drop -off and
pick -up of scooters and sidewalks have become a common solution creating
congestion and blockage issues. Currently in Nebraska, pedestrian sidewalk
construction and mai  ntenance are generally the responsibility of adjacent
property owners (with some exceptions such as the City of Lincoln). Sidewalks

often present a code enforcement challenge for local communities. Enhanced

planning and construction of more robust bicycle and pedestrian systems is
ongoing in many Nebraska communities.

Additionally, growth in TNCs and shuttle services have increased the demand

for access to the curb.  In most urban neighborhoods ,the curb is already in high
demand for transit, paratransit, pa rking, amenities such as benches and bike
racks, and loading zones. As a result, cities such as San Francisco have begun
mapping and managing the curb space with demand -based parking rates. %

The Future

The growth in shared and micro -mobility is expected  to continue in the future

as technology spurs new modes and enhances existing modes. The
commercial development of AV technology will likely make TNC S more
profitable; Uber and Lyft are both developing AV technology and partnering

with automakers to realize advances. The long -term TNC business model is
relianton AVs as existing operations continue to be unprofitable. Lyft and Uber

lost $3.8 billionin 2019. However new research from MIT indicates, the cost of
running AVs with single occupants will still be more expensive than the
traditional private - vehicle ownership and driving model. 104
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The same AV scenario can be applied to transit. Public transporta tion agencies
and private entities across the country are piloting automated transit vehicles.
Jacksonville, FL, Corpus Christi, TX , Columbus, OH and Lincoln, NE are just a
few cities testing AVs for transit. 105 With limited or eliminated operator costs,

pu blic transit could potentially reach more communities or provide more

service. However, technology costs will be a factor and competition from

shared or personal automated vehicles could threaten public transportation
demand.

Future transportation options may also include unmanned aircraft systems
(drones). Already seeing use for goods movement , a market study recently
commissioned by the National Aeronautics and Space Administration (NASA)
examined three uses for drones: last -mile package delivery, air me tro (public
transportation like buses), and air taxis. The study found air taxis may be very
expensive and have limited market appeal, both air metro and last -mile parcel
delivery are projected to be profitable by 2030 106

Equity: While there is a list of  inequalities in new transportation options to

date, future transportation provides the opportunity to lessen long - standing
mobility challenges for many communities. Reducing transportation costs and
connecting more people to more options can alleviate loca tion or financial
barriers. TNCs, bike share, or e -scooters could fill the first and last -mile gaps
to/from public transit. The growth in active and electric transportation options
(including electric  scooters ) holds the potential to improve air quality in the
communities adjacent to highways, busways, delivery centers , and other trip
generators.

However, the potential for continued inequities remains where future modes

are available, how they are accessed, who can use them and who can afford
them. As new transportation options emerge; policy solutions should be
considered to leverage mobility options for all and prevent ongoing inequity

from subverting future transportation. Table 3-1 highlights current and future
equity concerns.

Infrastructure: ~ As new modes arise, they will continue to challenge the way

we use our infrastructure. S~ martinfrastructure  may be neededto  manage new
smart transportation options. F unding mechanisms  will need to be considered

if transportation options change . Property owners, cities, and airports have
designated TNC pick -up and drop off space  and electric scooter storage. Bus
and rail vehicles are now designe d to accommodate bicycles and bike lanes

are supporting the needs of scooters, rollerblade rs, and more. As new
transportation options emerge, planning, design , and allocation of
transportation infrastructure may need to be altered.
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Table 3-1 FHWA STEPS to Transportation Equity

Definitions

Spatial factors that
compromise daily travel
needs (e.g., excessively
long distances between
destinations, lack of
public transit within
walking distance)

Share Mobility
Opportunities
1 Public transit
operators and
ride - sourcing first
and last -mile
partnerships
I Microtransit for
lower -density
areas

107

Shared Mobility
Challenges
1 Higher operating
costs in lower density
exurban and rural
setti ngs
1 Limited curb space
for an increasing
variety of mobility
services

Travel time barriers that
inhibit a user from
completing time -
sensitive trips, such as
arriving to work (e.g.
public transit reliability
issues, limited operating
hours, traffic
congestion)

9 Dynamic
microtransit

1 Late -night ride -
sourcing and
shuttle services

T Commuter
carpooling
services

1 Wait -time and travel -
time volatility on
congested roadways

1 Unpredictable wait
times due to supply
fluctuations

Direct costs (e.g., fares,
tolls, vehicle ownership
costs) and indirect costs
(e.g., smartphone,
internet, credit card
access) that create
economic hardship or
preclude users from
completing basic travel

an

9 Shared mobility
subsidies for low -
income users

9 Mu ltiple payment
options for shared
mobility services

I Multi -modal hubs
with Wi -Fi access

1 Credit/Debit Card
payment

1 High cost for longer
distance and peak -
demand trips

1 Maintaining
affordability, while
providing livable
wages

Physical and cognitive
limitations that make
using standard
transportation modes
difficult or impossible
(e.g., infants, older
adults, and disabled)

9 Older adult -
focused mobility
services

9 Voice -activated
mobility app
features

1 Maintaining legacy
technology access

9 Ensuring adequate
driver training

Social, cultural, safety,
and language barriers
vicv"kpj kdkyv
comfort with using
transportation (e.g.
neighborhood crime,
poorly targeted

marketing, lack of multi
language information)

1 Ridesourcing app
interface that
minimizes
sociodemographi
¢ profiling

9 Targeted outreach
to low -income
and minorities

9 App information
inthe wugt Hu
native language

1 Attracting
marginalized groups

9 Driver prejudice
against riders

1 Providing security at
un - manned vehicle
stations
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3.1.3 Transportation Consequences
Car Ownership and VMT : The direct impact on car ownership and VMT is
difficult to measure or predict . Between 2012 (when transportation network
companies like Uber and Lyft entered the market) and 20 17, household vehicle
ownership has increased in the eight biggest U.S. cities where Uber, Lyft and
other transportation options are most heavily used. Census data indicates an
increase in multiple -car households outweighed the growth in car -free and
car-light household.  Seattle, San Francisco, Philadelphia and Chicago saw car -
free and car -light households grow faster than population but households
overall vehicle growth exceeding population growth in Boston, Chicago, Los
Angeles, New York, and Philadelphia .'°

Individuals make their transportation choices based on what is available, what
is affordable, and convenient. However, growth in multiple transportation
options is expected to lead to car -free or car -light households.

While transit , bicy cle, walking, and scooter trips might decrease VMT or move
people away from their cars, TNCs may increase VMT. A joint analysis

conducted by Lyft and Uber in September 2018 found their ride - hailing
vehicles are responsible for significant portions of VMT i n six major urban
areas. The analysis found that Uber and Lyft make up as much as 13.4 percent

of all VMT in San Francisco County . In Boston, i vsfeight percent and just over
seven percent in Washington, D.C.  with lower contributions in other cities. In

th e six studied cities, 54 to 62 percent of TNC VMT was driven with a passenger
present. The remaining miles represent the travel time or waiting time for TNC
drivers alone. 1%

The data from these six cities is an important consideration for the growth of

TNCs in the future, especially as automated technology comes online. The
shared vehicle model may only reduce VMT and congestion if trips are also
shared.

Safety : New modes operating on infrastructure designed for other purposes

creates a safety risk. Accor ding to data from the National Highway Traffic
Safety Administration (NHTSA). " 423: "ucy" vjg"oquv"rgfguvt kcrg
fatalities since 1990. The number of pedestrians killed grew by 3.4 percent and

cyclist deaths rose by 6.3 percent even as total traff ic deaths decreased. While
larger vehicles and distracted driving are contributing causes, growth in the

use of these alternative modes is also a factor. 110 Additionally, the introduction

of electric scooters which are typically operated in the right -of-way , led to
fatalities and injuries in cities across the country. Just as cyclists and
pedestrian s, these new users are vulnerable to the much larger vehicles onthe
road. Alternatively, the rise of TNCs was met with scrutiny over passenger

safety. Both Lyft and Uber faced lawsuits in 2019 regarding the handling of
sexual assault claims.
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Emerging and new transportation modes require special consideration in how
they interact with the transportation network and how individuals relate to the

new modes.

3.2 Electric Vehicles

Electric vehicles are a much -discussed technology of today and the future.

When discussing electric vehicles  (EVs) and charging locations, it is important

to start by clarifying the technology. Figure 3-5 shows the four types of

vehicles that could be referred toasT GX0T " Oquv"gh"vjku"ugevkgp"y
Plug -in Electric Vehicles ( PEVs), but the terminology from this figure will be

used throughout.

Figure 3-5: Types of Electric Vehicles

PEV
Plug-in Electric Vehicle
BEV PHEV HEV FCEV
Battery Electric Vehicle  Plug-in Hybrid Electric Vehicle Hybrid Electric Vehicle Fuel Cell Electric Vehicle

Petrol/Diesel

Source: The Driven 112

Three types of chargers  are used to charge PEVs:

1 Level 1 chargers are powered by 120V outlets and can be plugged into
power outlets commonly found in homes. Level 1 chargers will add
about three to five miles of range per hour.

1 Level 2 chargers are powered by 208V or 240V outlets that are rated
2.5kW to 19.2kW, like the outlets that power a washer and dryer in a
home. Level 2 chargers are typically 7.2kW and will add 10 to 20 miles of
range per hour.

1 Level 3 Direct -Current Fast Chargers ( DCFC or DC Fast Charging)
stations are powered by 208V or 480V three -phase lines and can be
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rated from 50kW to 350kW, but they are typically at the lower end of
that range. These chargers can provide around 80 percent of
to a vehicle in 20 to 30 minutes, but the battery is not able to handle

that much power for the remaining 20 percent of capacity.

Electric vehicle ownership in Nebraska is relatively low and new
suggest limited growth in recent 'y

than one percent of all new vehicles sold in Nebraska were PEVSs.

a charge

EV sales
ears. Table 3-2 shows that in 2018, less

ranks 41* in total EVs by state, with 2,075 PEVs sold since Jan 2011.
contain s a summary of

Table 3-2: Sale of EVs in 2018

BEV and PHEV sales data from 2011 to 2019.

Nebraska
Figure 3 -6

Location Nebraska United States Global
Sales gelrcent o Sales gelrcent of Sales Percent of
Vehicle Type ales ales (mil) Sales
BEV 375 0.44% 203,625 1.21% 1.45 1.5%
PHEV 253 0.29% 124,493 0.74% 0.65 0.7%
Total 628 0.73% 328,118 1.95% 2.1 2.2%
Source: Auto Alliance 2019, EV -volumes.com 2019 113
Figure 3-6: Nebraska PEV Sales by year and month
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While the shift for EVs has been increasing, there has been a noticeable
trade -off effect . Sales of PHEV replac e the sale of non -plug -in hybrids (HEVS)
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and sales of fully electric BEVs growing at the expense of HEVs and PHEVs.
Figure 3-7 illustrates this sales activity. These figures support  another trend
where hybrid adoption  is a strong indicator of PEV adoption.

Figure 3-7: Nebraska all EV sales by Year and Month
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The two most discussed factors affecting PEV adoption are cost and
convenience.

Cost of PEVs: The cost -benefit balance is an important consideration for
potential PEV buyers. PEVs are often more expensive than an internal
combustion engine (ICE)  vehicle . The customer must consider the benefit s to
justify the higher price  but, the two main benefits - reduced operation and
maintenance cost  through savings on fuel and lower environmental i mpact -
are hard to quantify for an individual. The lower the price difference between
PEVs and ICE vehicles , the more likely people will be willing to purchase PEVs.
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Operation and Maintenance Costs

In addition to the higher price of PEVs , many times th ey have additional
registration fe es that can act as a barrier to adoption . While the se fees are the
primary way for states to make up lost revenue from the motor fuel tax, these

fees can discourage the adoption of PEVs by adding cost to the already more -
expensive option. Nebraska ¢ and several neighboring states guse an EV
registration fee as shown in Figure 3-8.

Figure 3-8: EV Registration Fees by State

]1 | State Fees: 5101 - $450 | State Fees: $151 - $200
WA
e 150
0
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Map Notes
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Grows to S120 in Z021- (UT)
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Struck down by State Supreme Court - [(OK)
3

Bienmial fee - (5C)
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MO, M5, 5C, UT, Wi

Source: National Conference of State Legislators 114
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Figure 3-9 provides additional context by showing the fuel tax by state. When
considering the average driver purchases around 500 gallons of gasoline a year
(15,000 miles at 30 mpg), the fees on EV are generally less than the gas tax paid

by the average driver. Howe  ver, the EV registration fee is charged as a lump
sum rather than distributed throughout the year, which may be considered

less appealing to vehicle owners.

Figure 3-9: Motor Fuel Tax by State (cents per gall on, federal tax excluded)

WA
49.40¢
# vT NH ME
ND ) 31.01¢ 23.83¢ 30.01¢
23.00¢ #2;5
OR #36 .
36.82¢ MN
#13 sSD 2:;}0!& ;
30.00¢ ;
wy #28 )
24.00¢ .
#34 - 3(')’\5 0 A
30.60¢ 405 ¢ i
ut #24

30.01¢ co
#26 22.00¢ KS MO
#38 24.03¢ 17.42¢ KY
#33 #49 26.00¢ #32 cT
42.11¢
TN
OK #9
AZ 20.00¢ AR 27.40¢ #30 = )
19.00¢ NM #44 21.80 20.75¢
#46 18.88¢ N i 41.40¢
#47 #0 s AL #11
18.40¢ 21.21¢ DE
T #48 23.00¢
20.00¢ LA #36
#44 2001 MD
AK ¢ #43 36.70¢ .
14.66¢
#50 - #14
- DC
T 23.50¢
HI (#14)
48.25¢ ’
#5
Note: These rates do not include the 18.40 cent/gallon federal excise tax rate on gas. The Total State Taxes and Fees on Gasoline
American Petroleum Institute has developed a methodology for determining the average
tax rate on a gallon of fuel. Rates may include any of the following: excise taxes, l l l l l l l
environmental fees, storage tank taxes, other fees or taxes, and general sales taxes. In "
Lower Higher

states where gasoline is subject to the general sales tax, or where the fuel tax is based on
average sale price, the average rate determined by API is sensitive to changes in the price
of gasoline. States that fully or partially apply general sales taxes to gasoline are California,
Connecticut, Georgia, lllinois, Indiana, Michigan, and New York.D.C.'s rank does not affect
states' ranks, but the figure in parentheses indicates where it would rank if included.

Source: American Petroleum Institute, “State Motor Fuel Taxes by State (July 2019)"

Source: Tax Foundation 15
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While the PEV registration fee may be an upfront deterrent for prospective

PEV owners, PEV owners  are saving on the cost of fuel compared to  the cost
of electricity. The overall estimated savings f rom fuel costs in Nebraska is 69
percent. *® However, the average fuel savings may not be encouraging EV

adoption as experts anticipate. Based on the number of PEV registrations per
1,000 people, the rate of adoption in many states is less than one vehicle.
Pgdt cumc Au" R@Xeopleirg2017 &vas 0.70 (  Figure 3-10).

Figure 3-10: PEV Registrations (2017)

PEV Registrations per 1,000 People, 2017
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Source: Inside EVs 17
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Lower Environmental Impact

One characteristic that correlates most closely to EV registration rates is the

carbon footprint of electricity generation by state. States where PEVs
produce the largest benefit to the environment ( Figure 3-1) have a close
alignment with the highest PEV registration. PEVs are most environmentally
friendly where electricity is produced with a lower carbon footprint. While
the climate impact of EVs is hig hly correlated it may not be causative, these
states also generally have a very environmentally conscious culture and many

of them offer additional incentives for PEV adoption that further increase the
convenience or decrease the upfront cost for PEVs and their supporting

infrastructure.
-

Figure 3-11 Climate Benefit of EVs by State

7

>
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) 4

B Electric cars are the most climate-friendly choice
I some, but not all, electric cars are the most climate -friendly choice

Electric cars are not the most climate-friendly choice

Source : Climate Central 118
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Convenient Access to Charging Stations : The second factor in considering PEV
adoption is convenience. This is related to frange anxiety Fhnd vehicle charging,
with the overall lack of fast and accessible charging options seen as an issue

for consumers. Nebraska currently has a limited charging n etwork. There are
92 non -residential charging stations with 239 total charging outlets , Where on
average each location can charge two to three  vehicles at a time. This places
Nebraska 40 ™ and 42 " in the country for  the number of EV charging stations
and outlets respectively. A countrywide snapshot of the number of charging
outlets by state can be seen in Figure 3-12

Figure 3-12: Charging Outlets by State

0 A 24,740
Source: USDOT Alternative Fuels Data Center ~ %°
As previously noted, Nebraska is currently ranked 4 I in total PEV sales. This

means there are nine PEVs for every charging outlet in the state. This is just
below the median of 10 PEVs per charging station countrywide.
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Nationwide there is a positive correlation - the more charging outlets a state

has the more PEVs they have per outlet as shown in Figure 3-13. This is

consistent with the understanding that reducing range anxiety and increasing

charging convenience is a significant factor in PEV adoption.

Figure 3-13: EV Charging Outlets per State by
Vehicles Sold per Charging Outlet S
(Excludes California)
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Source: Data based on EV sales by state from  Auto Alliance *?°and charging station per state data

from the US DOT Alternative Fuel Data Center 121

This trend indicates that the continued growth in EV charging infrastructure in
Nebraska will lead to increased EV adoption.
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Figure 3-14 and Figure 3-15 on the following page show the location of EV
chargers in Nebraska. The  available chargers are located primarily along | -80
as well as in Omaha and Lincoln. Additional buildout should further support
the state highway network and continue to build on intracity charging

locations across the state

Figure 3-14: DC Fast Charging Locations in Nebraska
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Figure 3-15: Level 2 Charging Locations in Nebraska
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Figure 3-16and Figure 3-17provide the EV charging station location in Omaha

and Lincoln while  Figure 3-18 offers a comparison of a very robust charging
infrastructure network in Santa Clara, CA. While Nebraska may not have the EV

density to need as many locations as the Santa Clara, geographic and route
coverage is important to provide enough outlets so vehicles do no t have to
wait when they need a charge.

Figure 3-16: DC and Level 2 Charging Locations in Lincoln, NE
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Figure 3-17: DC Fast Charging and Level 2 Charging Locations in Omaha, NE
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Figure 3-18: DC Fast Charging and Level 2 Charging Locations in Santa Clara, CA
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Nebraska is positioned to continue to grow its EV infrastructure.  There are
three programs currently in place to support this development. There are low -

cost loans through the Dollar and Energy Savings Loan Program as well as two
rebates on EV charging infrastructure. One rebate is offered through the
Nebraska Department of Environment and Energy as part of the Volkswagen
Environ mental Mitigation Trust for level 2 and DC fast chargers and one is

provided by Omaha Public Power District for level 2 residential charging
equipment.

The Future
A key factor in the future of EV use is the investment in electric and hybrid
vehi cle technology by vehicle manufacturers. Figure 3-19 shows the

electrification claims and announcements that have been made by the various
vehicle manufa cturers. While the manufacture rs generally consider 2025 as

the critical year for EV production, these projections could change based on
regulations and consumer preferences.
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Figure 3-19: Vehicle Manufacturers Actions on EVs
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Several factors are likely to have a substantial impact on future EV adoption
related to the cost and convenience

Electric Vehicle Cost:  Three factors have been identified that will play into
the future of electric vehicle costs. These factors include battery availability,
price par ity, and vehicle options.

Battery availability - While many manufacturers are committing to large

numbers of full EVs, some are discussing the limitations of their battery

supplies. For example, Toyota has elected to use its available resources to
produce 15 million PHEV rather than 28,000 BEVs. Auto manufacture rs will
need battery suppliersto  dramatic ally increase production to meet the sales
targets that have been announced and highlighted in  Figure 3-19.

Price parity : Price parity between EVs and ICE vehicles will make the biggest
difference in the decision to purchase a car. PEVs still cost more than

standard ICE vehicles. Federal tax rebate programs currently offse t some of
this price difference, but there is no guarantee that these incentives will

continue. Increases in both battery and vehicle production are likely to bring

down the costs ; the mid -2020s is often identified as the estimates point price
parity .
Vehicle options : Currently, only certain models have a PEV option, which can

force consumers to choose a PEV at the expense of other features they may
also want. As more models and trim levels have electric options, this trade -
off will become less impactfu l.

Convenience : Two factors have been identified that will play into the future
of electric vehicle convenience: vehicle charging network and fuel cell
electric vehicles.

Vehicle charging network . PEVs are well suited as a second or third vehicle

for home owners. Most local trips  will not require charging during the day
because a single nightly charge from an in -home level 1 charger will be
sufficient. But without a built - out charging network, intracity trips will be
inconvenient or impossible. Similarly, i ndividuals without garages where they
can park and charge their PEVs will be reliant on public charging facilities,

which may be too slow or too dispersed to meet their needs. Once charging
convenience improves there will likely be an increase in the adopt ion rate.

Fuel Cell Electric Vehicles:  Itis also possible that  Fuel Cell Electric Vehicles
(FCEVs) that use hydrogen will become more prominent instead of or in

addition to other types of EVs. Hydrogen could provide a better option for
long -distance trav el and trucking. PEVs currently have a limited range and
increasing the size of the battery would add a great deal of weight . While a
bigger battery can support a longer range, the additional weight also creates

more demand for the battery, neutralizing th e size benefits . The refueling
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network for hydrogen would parallel that of current gas stations because in -
home refueling would not be an option. The use of FCEVs could be more
likely widespread if there are more stringent fuel efficiency or emissions

stan dards placed on the trucking industry and there are no major to the
energy density of batteries. Toyota specifically sees PHEVs , rather than BEVs,
as the transition while FCEVs develop.

3.2.3 Transportation Consequences
EVs will have two primary effects on the transportation system:

Funding : As EV adoption increases, gasoline consumption along with the
revenue collected from the gas tax are likely to decrease . This trend could be
doubly impactful if reduced travel cost p er mile for EVs results in an increase
to VMT . Similar to the rise in travel seen when gas prices drop , more travel will
mean a need for more roadway maintenance and a greater need to increase
capacity. The impact will be less prominent if gas prices remai n low but could

be more impactful if gas prices rise.

New mechanisms will be needed to recoup or even exceed the lost revenue

from the gastax. The anticipated reduction in gas tax revenues ha s led to pilot
programs and research by states for new mechanisms to develop funding
opportunities for a future with greater EV adoption.

Development of  Electric Grid : The use of EVs will increase the need to expand
and upgrade the electric grid, and these costs will likely be passed on to
consumers. The rise of shared mobility will impact the way the grid expands

and develops. If charging is taking place in homes, a more distributed set of

needs may be required. But if more vehicles move out of the home an d into
shared mobility fleets with concentrated facilities for parking and charging, the

network will need to be prepared for a different type of load more
concentrated at few locations. While many of these decisions will be made by

electric companies rath  er than transportation agencies, communication
between the two will be vitally important. There must be sufficient capacity

and resiliency of routing options to allow reliable access to large charging
facilities. Redundancy and resilience in the transporta tion network will
become even more important considerations, as discussed in more detail in

the next section.

Land Use: EVs themselves are unlikely to significantly impact traffic operations

but could impact land uses supporting transportation. EVs will ha ve minimal
impacts on the operation of traffic as they do not disrupt the ownership model

or traffic characteristics. With the increasing adoption of EVs, less dedicated
land will be required for charging stations as compared to gas stations, which

could o pen space at intersections for additional development or roadway
expansion.
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3.3 Connected and Automated Vehicles
Connected vehicles (CVs) and automated vehicles (AVs) (sometimes referred
to as autonomous vehicles) are two independent technologies that can work
with one another  (Figure 3-20). CVs can communicate direct ly with other
vehicles or components of the transportation system. They can be human -
driven or autonomously driven. AVs are vehicles that operate without a human
driver. A Vs can be connected or unconnected. Unconnected AVs rely on
onboard sensors to sense  the world around them, be it video, radar or LiDAR.

A combination of the two vehicle types, known as connected automated
vehicle (CAVs), can identify, collect, process , and transmit information to/ from
other vehicles , coordinate movements, use sensors to learn about the

environment, and communicate information about themselves and their
surroundings to other connected equipment. In addition to physical
information, they can provide intentions to enable better coordination, such
cu."TVjku"xgj klewing In fivk secohdd tp make a right turn 0T

Figure 3-20: Connected and Automated (Autonomous) Vehicles
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3.3.1 Trends
CVs: CV technologies have received less attention in recent years due to the
increase in AV testing and the excitement around this emerging transportation
technology. However, CV connections to infrastructure systems have
progressed rapidly and have been proven e ffective in deployments around the
country.
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Tolling passes are one small example of CV technology that is readily available
today. These systems communicate vehicle movement with  tolling

infrastructure  via an in -vehicle device. The passes allow for more e fficient
tolling, as compared to pay stations and license plate detection.

Signal Phasing and Timing (SPaT) technologies is another connected
technology that is already utilized. The SPaT Challenge , a National Operations
Center of Excellence  program, has been going on nationwide with many
applications and integration. The goal is to broadcast signal timings to
surrounding vehicles, allowing them to know when a light is going to turn red

or green so that drivers or vehicles can plan accordingly. Figure 3-21shows the
locations that are currently working toward the SPaT Challenge , including
Sarpy County which identified 26 intersections along State Highway 370.

Some vehicle manufacturers, such as Audi, are utilizing this information where
available by deploying traffic light information systems on their vehicles, with

several other manufacturers considering similar systems. These systems will
provide information about signal timing directly into ve hicles. Third -party
phone apps could also be used to integrate these features into vehicles.

Figure 3-21: SPaT Implementation Locations
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CV Infrastructure  § dedicated short -range communication (  DSRC) or fifth
generation  wireless technology (5G): There is an ongoing debate about
whether future communication for CVs will be based on DSRC or 5G. Existing
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deployments have focused on DSRC because it is a more mature technology
and has been ready for commercial deployment for several years. Some
manufac turers are installing both communication technologies so they can
reap immediate enefits while remaining flexible to future developments.

AVs: AV developments are making steady progress, however, at a slower pace
than many manufacturers had claimed in pre vious years. While these vehicles
still hold great promise for enhancing safety and mobility for those unable to

drive, significant capacity improvements are looking less likely without some

type of policy or design action by the government.

Today, origin al equipment manufacturers (OEMs) are focused on individual
wugtu#r"pggfu. "fgukipkpi"hqgt"vjgkt"uchgv{"cpf
for AVs to follow each other at shortened headways due to their faster reaction

times and better awareness of their e nvironment, there are currently no
incentives for manufacturers to program vehicles to drive in such a way that

optimizes traffic flow. One exception to this rule could be the trucking
industry, where platooning and increased efficiency theoretically is
economically valuable, and many vehicles are owned by a single operator.
However, in January 2019, automated truck technology producer Daimler

Trucks said their pilot platooning projects were providing less benefit than

expected and concluded there was no bu siness case for platoons long -
distance U.S. applications.  '*

e

The Society of Automotive Engineers (SAE) has conceptualized five levels of
vehicle automation, as depicted in Figure 3-22.

Figure 3-22: SAE levels of Autonomy
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Level 1 and Level 2 vehicles have specific driver -assist features that can
improve safe driving, but still require drivers to fully operate the vehicle. Level
3 autonomy is widely considered to be too dangerous for the general public
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but represents the current level for vehicles being tested by private
companies. Level 3 vehicles would require drivers to be attentive to take
control back from a vehicle in time to intervene in an emergency. For this
reason, these types of systems are not likely to be released to the public.

At Level 4, a vehicle can perform all driving functions wi th no human
intervention, but only in certain operational domains. These domains can be as

broad or specific as the manufacturer 's desires and can include external factors

or locations , such as limits on use during certain weather events . The
operational d omain is solely based on the vehicle manufacturer and allows
manufacturers to bring the vehicle to market by focusing on the most
profitable and useful domains first. At Level 4, vehicles will realize every benefit

that has been discussed as part of AVs. Level 5 is the fullest realization of Level

4 where the vehicle can operate under all conditions.

For the purposes of planning future transportation systems for AVs, the two
levels that are most important to consider are Level 2 and Level 4.

CAVs: The prominent topic that is starting to appear in vehicle technology is
that communication between vehicles may be difficult across different brands.

Even with current low  -level automation features, such as emergency braking

and adaptive cruise control, nearly every company has its  uniqgue name and
systems in place for very similar features. If this isolated development
continues with higher levels of automation, direct vehicle -to - vehicle
communication may be difficult. To address this issue, research is being
conducted for infrastructure systems that can coordinate between vehicles.

While this would add an extra step to the process, it would give transportation

agencies more control in how vehicles would interact, as these
communication devices would likely be u nder transportation agency control
and allow them to determine how vehicles coordinate their movements, much

like they do with signals or ramp metering devices today.

3.3.2 The Future
CVs: CV technology will likely continue to see incremental improvements, with
more advanced warnings and more integrated vehicles. In general, Ccv
technology  will assist travelers by providing them with information about
features and activities. For example, CVs may provide additional information
about road conditions or crashes . All of this information will still require
human s to gather or provide  data . What humans do with that information and
whether they act on this information or abide by the suggestions is beyond
vig"u{uvgoHu"egpvtgnO" Ykvjgwv"vjgonGswiNkgp" gh"
probably not create a fundamental shift in our transportation networks.
Instead, they will increase the safety and efficiency of our existing systems.

AVs: The impact that AVs will have on roads is much harder to predict. They
may radically a Iter transportation, but how they do this remains unclear and
can be impacted greatly by policy and planning. The first question to answer
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is how fast the vehicles will come to market. Once the technology becomes
commercially available, it will not be offe red on every car, and even when it is
offered, it will carry a premium price tag. For example, automatic braking saw

its first modern commercial deployment in Mercedes -Benz in 2003, and today

it is offered as standard on approximately 30 percent of all veh icles. Most
major vehicle features have taken nearly 20 years from the time they were first

introduced to the time they were standard on all new vehicles. Figure 3-23
shows a wide range of possible adoption curves for AVs.

Figure 3-23: Automated Vehicle Adoption Rate Forecast (2020 -2040)
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Based ona 20 -yeartimeframe for a technology to become standard, it will take

many years for these features to be widely adopted . The average age of
vehicles has steadily been increasing (Figure 3-24) which means fleet  turnover
takes more time. Th e percentage of vehicles with the new features on the road

will lag significantly behind those in the showroom. The average vehicle is over

10 years old, and many vehicles on the road are quite a bit older than that

(Figure 3-25).

Figure 3-24:Increasing Age of U .S. Light - Duty Vehicles
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Figure 3-25: U.S. Household Vehicle Age Distribution (Percent of Household
Vehicles), 2017
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The uncertainty in the adoption of AVs is shown in Figure 3-26 with some of
the potential benefits. As sales of AVs increase, so will the percentage of t he
vehicle fleet and vehicle miles traveled by AVs. Benefits related to the adoption

of AVs include improved safety, reduced congestion, and potentially less cost
to the traveler

Figure 3-26: AV Projections for Sales, Fleet Size & Travel
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A variety of driver -assistance systems are getting close to autonomy in

isolated situations. The features that generally fall into Level 1 and Level 2

autonomy are helpful to drivers cpf " yknn" rquukdn{" kpetgcug"
acceptance of higher levels of autonomy. When thefirstfully automated (Level

4) vehicle is released with enough confidence and testing that it does not need

a safety driver, as well as an operational domain large enough to provide useful

services throughout a city, the U .S. will start to see the im  pacts of AVs.

With the first fully —automated vehicle ( which estimates say could be available

as soon as sometime in next one to five years), the deployment of AVs will
likely occur rapidly among transportation network providers, such as ride -
hailing servi ces and trucking companies . These organizations have the capital

for large -scale investments and would see a high return on investment by
eliminating driver labor costs. These vehicles will quickly expand to cover more

areas as they steadily increase their operational domain. The large initial
investment by these industries will likely spur significant savings. Policies can

also dramatically increase the trend. Going back to the example of automated
braking , automated breaking was only in 30 percent of vehi cles in 2018,
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however, auto manufacturers have agreed to make this a standard feature by
2022. This external policy will disrupt the standard adoption curve.

CAVs: The movement to CAVs would be the most dramatic future shift . When
AVs receive additional i nformation, they can use that information to
coordinate  movement sand improve traffic flow. In a fully CAV future, vehicles

would be able to seamlessly communicate with one another as well as the
infrastructure around them. This interaction would include ¢ ommunicating
with streetlights; identifying and reserving parking spots to avoid wasted

driving and increase parking efficiency; and including pedestrians, cyclists and

other road users in the transportation landscape safely and effectivel y. This
scenario is still in the distant future, as many of these benefits would require

100 percent CAVSs to operate. But, some of these interactions could begin to

occur if there is a high percentage of CAVs in a localized area. This
concentration could result from policy or design changes where only AVs can
operate on certain facilities, such as central business districts (CBDs) or a

portion of the highway in a separate lane.

Transportation Consequences

While it is unclear as to the extent to which Nebraska will see AVs, CVs, or

CAVs adopted throughout the state, adoption of these technologies in the
vehicle fleet will likely produce impacts for capacity, safety, travel demand,

mode choice, and infrastruc ture. A possible deployment timeline for the

impacts on the transportation system is shown in Figure 3-27 for AVs based
on the expected market penetration.

Figure 3-27: Transportation Agency Deployment Timeline based on AV percentage

Improve signing Operqfions
and striping I lation
L¢ ATION

Increase data collection Consider alternate impact . Design

P and update models of AVs on infrastructure

management i . .

and Review laws Consider new laws based on AVs unique Consider geometry changes and lane use restrictions
integrated around AV performance
corridor testing and

management implementation
Connectivity between all
infrastructure assets

Consider new/additional transit options
Percent AVs ,
in Fleet 0% 5% 10% 15% 30% 50%+
Predicted year 2017 2025 2028 2030 2035

Source: Bur ns & McDonnel TEAMs conference for MODOT LRTP
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Capacity :

AVs gMinimal to significant effect on capacity, with slight improvements

from smoother driving but potential for zero  -passenger trips to challenge
capacity . Safer driving will lead to fewer accidents that impede the roadway.
More conservative driving behavior and larger following distances could

reduce throughput on travel lanes. Increase in travel demand could challenge
capacity.

CVs - Minimal impact from improved safety improvements, with slight

improvements in progression and capacity on arterials

CAVs - Large potential capacity improvements from safety measures  but will
require partnerships a t the vehicle manufacturer level. Exclusive facilities

could help realize greater benefits from these technologies . Large potentical
decrease if travel demand increase from zero - passenger trips or more single -
occupancy trips.

Safety :

AVs - Dramatic safety increases from better decision making ; better
awareness and no distraction S.

CVs - Slight safety improvements through the advanced warning of certain
hazards, such as icy roads or a vehicle running a red light

CAVs - The largest benefit to safety, with al | the benefits of AVs and better

M ore consistent utilization of the information provided from CVs

Travel Demand:

AVs - Increase due to additional travelers including zero -passenger trips
Lower cost of travel time because other tasks can be performed

CVs - Minimal impact ; can reduce travel times by better route choice and
assist in finding open parking

CAVs - If able to travel at higher speeds, could increase miles traveled as the
travel time budget of commuters would not be impact ed.

Mode Choice :

AVs - AVs have the potential to improve transit and ride - hailing services,
while also making private travel more convenient. This will be heavily shaped

by how the market, policy , and programs develop

CVs - Will allow better functionality for any system .

CAVs - Similar to AVs

Infrastructure
AVs - Less variability in driving location and behavior could lead to increased
wear on portions of the pavement, reduced lane widths could be possible,

increased marking/signing needs, and additional mapping or location -
verification infrastructure such as GPS corrections stations .
CVss - Communication devices on infrastructure, 5G or DSRC in the field and

roadside units, and ways to handle, transfer and process that data
CAVs - Increased data generation and communication potential; possible
exclusive facilities to maximize benefits
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3.4 Smart Infrastructure
In the 1990s the Intelligent Transportation Systems Joint Program Office was

created and began supporting the planning and depl oyment of intelligent
transportation systems (ITS) and vehicle to infrastructure (V2I) systems. 131
Advancements in transportation technology, including CVs, AVs, and Maas,

have altered the design of transportation systems across the country that
incorporate Al and the internet of things 132 These advancements have been
supported by the growth of ITS and connected infrastructure devices to allow
real - time communication of travel conditions to vehicles.

3.4.1 Trends
Improvements in ITS and vehicle to everything (V2X ) technology have been
deployed and tested around the country. While V2X technology is being
tested, a national debate is occurring between DSRC and 5G technologies to
determine the best approach for V2X communications . Additionally, the
USDOT is debating the dedication of the 5.9 Gigahertz (GHz) safety spectrum
for connected transportation technology. In 2019, ITS America identified 87
projects using 18,701 devices  either planned or operational for CVs across the
country, as shownin  Figure 3-28.

Figure 3-28 CV Deployment Locations g Planned and Operati onal

#Projects #Devices™* #Infrastructure
Planned 35 3,266 802
Operational** 52 15,435 6,086

7 (USDOT, May 2013, Total 87 18,701 6,888
vas gathered from publicly

@ Planned Projects

*Includes aftermarket devices **Includes devices in phased deployments

Source: USDOT 138
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Existing technologies that are being implemented across the country include:

Adaptive Traffic Signals/Traffic Control Devices: Adaptive traffic control is a
technology that  modifies signal timing based on real -time traffic conditions
that has been widely used since the 1970s. However, modern system s rely
more heavily on data to enable communications between corridors and
employ more sophisticated control . As a result, they are beginning to
incorporate detailed vehicle data through V21 connections.

CV Test Deployments and Simulations. CV systems can take many forms. The

simplest is a data connection to the vehicle that can provide information about

the location of a vehicle to other vehicles, or roadside devices. An example of
vigug"crrnkecvkgpu”" ku" wukpi vig"xgjkeng" cu
information about traffic speed and congestion.

c

CV Traffic Control Interaction. Passenger vehicles can also benefit from V2I
integration with traffic signal systems. Advisory speed limit systems as a speed
harmonization approach , for example, can reduce delay caused by stop -and -
go traffic by 15 percent. SPaT data combined with vehicle trajectory
information can provide speed and movement advice to CVs, which mode Is
show can reduce urban fuel consumption by 58 percent.

Integrated Corridor Management (ICM) Approaches: ICM leverages
technology deployment and management plans across adjacent roadways

where traffic may interact during recurring or incident  -related congestion.  The
use of CV technologies in combination with traditional ITS deployments can

provide a greater benefit. The active management (lane guidance on freeway ,
signal timing on arterials, etc.) technigues can be enhance d by leveraging the
applications described above.

The Future

It has been estimated that there will be hundreds of millions of vehicles with

CV technologies by 2025.  ** Other reports estimate that nearly six million V2X -
equipped vehicles will be on roads wor Idwide by 2022 with a potential
estimated market of $1.2 billion. 135 Regardless of the number of V2X ready
vehicles on the road in the next few years, it is likely that new vehicles will

include advanced technologies that can improve driver safety or provide data
related to driving conditions.

A key driver of the adoption and expansion of V2X infrastructure will be the
implementation of devices in vehicles. Auto manufactures will likely push the

need for connected infrastructure in cities and rural are as. For example, Ford
has announced its vehicles will be equipped with wireless technology by 2022

and expect to launch self -driving vehicle sales by 2021. *® Transportation
agencies will likely be responsible for de ploying technology to communicate

with connected devices in vehicles within the transportation right -of -way.
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Additionally, there are opportunities for public - private partnership s to deploy
smart tec hnology.
With connected infrastructure in place, CVs and V2X technologies  will be
collecting and process ing copious amounts of data. By one estimate , more
than four terabytes of data will be generated per day by these new vehicles. 187
The data transmission  will likely rely on antennas in the vehicle  with data being
submitted to roadside devices . Figure 3-29 shows the increase in antenna
penetration by type, showing the changes in technology through 2025. 138

Figure 3-29: Vehicle Antennas in Cars by Type

Penetration of antennas in cars, Penetration of antennas in cars, Compound annual
by generation type, % share by generation type, billion growth rate 2015-25, %
1.2

5 LPWA' 75

LPWA
4G/ 0.7
LTE?
4G/
LTE
0.2
I
3 I oG — —
2015 2020 0095 2015 9020 2025 oG -4

'Low power, wide area.
2LTE = long-term evolution, a standard for high-speed wireless communication
Source: Gartner; McKinsey analysis

Source: McKinsey & Company

3.4.3 Transportation Consequences
Transportation consequences related to the implementation of connected
infrastructure technologies are like those that will be accomplished by the
adoption of the complementary technologies of CVs and AVs . The three most
cited benefits of CVs and associate d technologies are safety, traffic mobility,
and emissions.

Safety : Enhancements to vehicle technology are expected to improve safety

through real -time data analysis and warning systems. The vehicle -to -vehicle,
pedestrian, or roadside unit will provide 360 -degrees of data on conditions
around the vehicle to enhance driver awareness of immediate situations and

advanced warning for events further down the road. 139 According to  NHTSA,
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V2X technologies are estimated to prevent up to 413,000 to 592,000 crashes,
save 777 to 1,083 lives, and reduce 191,000 to 270,000 injur y crashes. V1140
Additionally, safety applications are expected to reduce left -turn crashes by
36 to 62 percent. '*'These numbers reflect only vehicle -to -vehicle crashes but
pedestrian identification, warning notifications and features such as automatic

braking could help prevent pedestrian and bicycle crashes as well.

Traffic Mobility : Traffic mobility effects are typ ically estimated based on
reductions in travel times. The USDOT has estimated that V2| applications will

have impacts to travel time through improved traffic signal timing. According

to field testing for V2I applications, travel time could be reduced by up to 27
percent. Emergency responders and transit vehicles  would also benefit from
the implementation of V2l technologies at intersections. USDOT estimates

that emergency responder travel time could be reduced by 23 percent. Lastly,

V2V technology and adapt ive cruise control could reduce travel time on

freeways by up to 42 percent through speed harmonization. 142

Emission Reductions : Approximately 28 percent of the nation B greenhouse
gas emissions are produced by the transportation sector. 143 With the
implemen tation of V2I technologies , greenhouse gas emissions are expected

to be reduced. Based on traffic simulations, signal and freeway operation
kortgxgogpvu"egwnf"kortgxg"hwgn"ucxkpiu"d{"wr"
ukipcnT"qrgtcvkgpu" ec tstouluberéddacedby 1d pegcenk u ik g p

Vi This NHTSA estimate is based on a relatively aggressive technology installation,
including aftermarket installation starting in 2020. Sales are projected through 2050.
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4 External Influences

External influences identified through the stakeholder engagement process

for the 2040 Statewide Transportation Plan fit within two themes: weather

extremes and federal funding. Recent impacts of weather events, primarily
flooding , are fresh in stakeholder u#H" okpfu" cpf " ngxgnu" gqh
can significantly stress or challenge maintenance of the transportation system.

cpf u |

4.1 Weather Extremes
Globally, the climate is changing at a pace faster than natural variations
vjtgwijgwv"Gctvj Hu" Ok and2016{globalBvgrage tegperat@re
has increased by about 1.8 degrees Fahrenheit and has contributed to a
growing number of extreme weather events. Since 1980, the nhumber of one -
billion -dollar extreme weather events has increased significantly (Figure 4-1.
The Fourth National Climate Assessment from the U .S. Global Change
Research Program (USGCRP) and the Environmental Protection Agency (EPA)
uv c v che last few years have also seen record -breaking, climate -related
weather extremes, the three warmest years on record for the globe, and
continued decline in arctic sea ice. These types of records are expected to
continue to be broken in the future TO" Hwvwt g" cxgt cisgVentltpor gt cvw
contiguous United States are expected to increase by 2.2 degrees Fahrenheit
regardless of future model scenarios. Nebraska and the world need to be
prepared for extreme weather consequences. 145

Figure 4-1 U.S. Billion -Dollar Events, 1980 -2020 (cost a djusted for inflation )

Number of Events

_ “laso 1990 2000 2010 2020
Y% M Freeze M Severs Storm Tropical Cyclone M Flooding B Winter Storrn [l Drought [l Wildfire

Source: NOAA National Centers for Environmental Information (NCEI) U.S. Billion -Dollar Weather
and Climate Disasters (2020). 46
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PgdtcumcHu" f kxgtug" gp xrisk a pumgrquy Weathevewentg. v " c v "
Thousands of miles of rivers and the eastern Missouri River border means

flooding can and has caused serious catastrophes including the March 2019

floods that totaled more than $1.3 billion in damage. 147 During winter months
snow and ice storms can cause travel and infrastructure hazards. Western

Nebraska has a history of winter blizzards and along with North and South

Dakota has the highest probability of blizzards in the nation (greater than 50%

probability a blizzard occu rs in any given year). Southwestern Nebraska also

sitsinthe mosthaill -rtgpg"ctgc"qh"vjg"pcvkgp" *cnuqg" mpqy
the whole state experiences the fifth - highest number of tornadoes with 57 per

year. %8

411 Trends
Nebraska has a history with clim ate changes and extreme weather events.
Ukpeg"vjg"3; 22u. "PgdtcumcHu"cxgtcig"vgorgtcvwt
approximately one -degree Fahrenheit spurred by a concentration of warmer
winters and springs.  ° Figure 4-2 displays five -year average winter
temperatures in Nebraska compared to the long -term average (the
horizontal base line).

Figure 4-2: Observed Winter Temperature
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Source: NOAA National Centers for Environmental Information 150
NgdtcumchHuUu" rtgekrkvecvkgp" jcu" j kuhegstatevadenn{ " dgg

annual precipation average ranges from 13.36 inches of precipitation (2012) to
35.50 inches (1915). This variability paired with warm summer months creates
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a vulnerability for severe drought. Most famously, the 1930s Dust Bowl era saw
dry conditions exacerbated by extreme hea t.»® More recently, 2012 was

Nebras mc Hu" ft kguv"{gct"qp"tgeqtf"4234"ykvj"qgpn{"5

led to over 75 percent of the state experiencing severe drought conditions that
significantly and negatively impacted non -irrigated crop yields and pasture

conditions. That drought b gecog"vjg"uvcvgHu"equvnkguv"ygcyv]j

an estimated $4 billion in losses. 152 Like the nation, Nebraska has also
experienced in increase in the number of billion -dollar weather events ( Figure
4-3).

Figure 4-3: Nebraska Billion -Dollar Disaster Events, 1980 -2020 (cost s adjusted for

Number of Events

inflation)

1980 1990 2000 2010 2020

Updated: April 8, 2020

M Freeze W Severs Storm B Drought g wildfire M Flooding

Source: NOAA National Centers for Environmental Information (NCEI) U.S. Billion -Dollar Weather
and Climate Disasters (2020). %

While the amount of rain has been variable, the frequency of heavy rain events
has increased in recent years. The heavy rain events and winter weather
patterns in Nebraska and nearby states define the potential for floods for the
thousands of miles of rivers throughout the state. For example, in June 2011,
runoff from record winter snowpack in the Rocky Mountains paired with heavy
rains to cause major f  looding of the Missouri River; in Omaha, the river crested
at 36.29 feet ™ (normal height is around 19 feet and the action stage is 25
feet). 1°

Infrastructure: The infrastructure costs of extreme weather events is no
stranger to Nebraska. In March 2019, severe winter storms carried freezing
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rains, ice and heavy snow to the Figure 4-4: Highway 91 Flood Damage
Great Plains. The rain and snowmelt R S T e
runoff lead to widespread historic R
flooding as shown in the NDOT
images in Figure 4-4 and Figure 4-5.
The estimated damage on both
state and local federal routes is near
$200 million. At the peak of
flooding over 3,300 miles of roads
were closed and the aftermath left
approximately 200 miles  of
pavement in need of repair in
addition to 27 damaged state
bridges. *®* Repairs to federal -aid
highways are being supported by a $68 milion Emergency Relief
reimbursement from FHWA and $25 million in FHWA Quick Release funds for

local government reimbursement. 157
Figure 4-5: Highway 12 Mormon In total, Nebraska suffered more than $3.4
Canal Bridge Washout billion in losses from disastrous weather in

2019.%%8 This total only covers o  ne year and
the costs of weather response, but daily
operations and the long -term health of
infrastructure are also impacted by
Pgdt cumchHu"enkocvgO"

Distribution of Travel: Weather events have
the potential to impact the number of
people traveling and the places they travel.
The eastern Nebraska Town of Winslow , for
example, has started researching and
planning for the option to relocat e.
Relocation was raised after repeat flooding
.} s cumulated in the 2019 flood which left
many structures damaged. Due to the t gypHU" ngecvkgp"mgam" vjg" hn
repairs would be expensive to meet strong building code and flood planning
regulations. **°Voluntary relocation of individuals and towns is just one form of
change that may redistribute population and travel. As water tables and flood
plains change, community or transportation infrastructure can become
financially infeasible or unsafe to maintain and use.

Planning : Maintaining a system of sustainable and r esilient transportation
infrastructure in addition to the use of water, land and energy resources
requires participation from numerous landowners and stakeholders.
Infrastructure construction and planning occur over a long -time frame and as
a result, clima te changes must be considered early on. Infrastructure planning
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to -date meets national requirements like the National Environmental Policy

Act (NEPA) but is limited in its understanding and consideration of resiliency
impacts of the future. In 2014, Nebras ka completed a statewide climate
change assessment report which led to facilitated roundtable discussions of
eight sectors in 2015. !° The resulting report identified a suite of key issues and
next step s that failed to gain legislative approval. 161

Locally, some communities are moving ahead with resiliency planning. The

Mayor of Lincoln launched a sustainability and resiliency initiative to lea da

Climate Action Plan in July 2019. % Nationally, legislation that funds the

federal -aid highway program was proposed in the reauthorization under

CogtkecHu" Vtcpurgtvecvkgp" Kphtcuvtwevwtg" Cev"qgh
funding for resiliency planning and response but has not advanced a s of

February 2020. 13

NDOT is deploying some advanced weather planning systems. The
Maintenance Decision Support System (MDSS) is a computer application for
managing and improving highway maintenance practices during winter

weather events.  Combined with A utomatic Vehicle Location (AVL) and Mobile

Data Collectors (MDCs), NDOT maintenance managers can view sophisticated
weather and pavement models, plow truck locations, camera views of roads
ahead, material usage, and more. Snowplow operators receive current and

predicted weather information, location of other plow trucks, and
recommended material application rates and time to apply.

4.1.2 The Future
The U.S. Global Change Research Program produces the National Climate
Assessment (NCA) to assess the impact of clima te change on the United States
using various projections and a team of experts. The fourth NCA, released in
2018, outlines a series of climate changes that will impact Nebraska in the years
to come:

1 Higher probability of very hot days ( days with maximumte  mperatures
above 90°F),

1 Many fewer cool days (days with a minimum temperature less than
28°F),

1 Continued average precipitation variability, and

1 Anincreasing number of heavy precipitation events (events with greater
than one inch per day).

The combinatio n of these changes will have a particularly large impact on
water management throughout the Northern Great Plains. Small changes in
annual precipitation or snowmelt have large effects downstream.

Infrastructure  : The future of infrastructure starts with planning today. The
impacts of climate change and extreme weather events compound to increase
the cost of maintaining infrastructure. Infrastructure that is approaching or
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beyond its design life is particularly at risk. The American Society of Civil
Engineers (ASCE) estimates that there is already a $1.2 trillion gap in
transportation infrastructure needs.

Warming winte rs will change the timing and location of freeze and thaw
events, potentially increasing pavement cracking and pothole conditions.
Meanwhile, bridge failure is the most common side effect during
unprecedent ed floods. Even during less extreme floods, bridge scour
(sediment around piers and abutments is washed away) occurs with h eavy
precipitation and flooding, compromising a bridge 's structural integrity.
Warming temperatures can also stress bridge integrity in addition to
weakening rail tracks and disruptin g air travel. As stated in the Fourth National
Climate Assessment

1 Elevated temperature, combined with increased salinity and humidity,
accelerates deterioration in bridges and roads constructed with
concrete. Higher ambient temperatures and extreme heat events can
negatively impact pavement performance and, in turn, increase costs

due to material upgrades to accommodate higher temperatures; these

costs are only modestly reduced by less frequent maintenance. For
example, fixing pavement djstress caused by a 2011 heatwave and
drought cost the Texas Department of Transportation (DOT) $26 million

(dollar year unspecified). 1'%

The infrastructure impacts of climate change and weather events are vast and
will continue as  national transportation infrastructure ag es.
Distribution of Travel  : As weather changes throughout the state, the need for

and reliability of the transportation network may change. Changes in
floodplains and water tables may reduce the need for or practicality of
maintaining certain routes. The exact allocation and distribution of travel are
unknown, the potential for change is very real.

Travel changes and disruptions in urban environments ha ve the potential to be
amplified by infrastructure (including non -transportation infrastructure s such
as energy and telecommunications systems) experienc ing greater demand

However, urban settings have a greater chan ce of transportation network
redundancy that can be used in extreme weather events. During Superstorm

Sandy, for example, bus service in New Yor k City was able to compensate for
flooded subway tunnels and walking served as a source for others. 165 Rural and
suburban transportation systems, however, are often less redundant and
increase dependence on each road and bridge. A washout or a floodplain

change in a rural area could cut off access that is costly or impossible to
address.

Planning : The fut ure of resiliency planning is being formed today. The risks to
transportation have drawn increased attention to identifying and addressing
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vulnerability and reactions across the transportation network. Resiliency and
vulnerability planning will continu e to be important for transportation
practitioners.

4.1.3 Transportation Consequences
Vig" ejcpi kpi "ygcvjagt gzvtgogu" gh" Pgdt cumc#Hu" h
transportation consequences. Figure 4-6 from the U.S. Global Change
Research Program displays some of the potential consequences. Two of the
most pressing concerns are:

n

Funding: Infrastructure preparation, emergency response , and post -even't

repair come at a cost.  Federal support may be available to help, as is the case
ykvj"vjg"Octej"423; " hngqgf kpi Hu" &8: " oknnkqgp" Goc¢
from FHWA . As the nation experiences more extreme weather events, federal

agency funding will be in h igh demand across the country. Ongoing

maintenance costs and reserve financing will be funding needs for both

current and future transportation systems.

Safety : From bridge wash outs to winter road conditions, weather can

present shocks to the system that create unsafe situations for travel.
Additionally, frequent weather events or extreme weather conditions (such

as very hot or cold days) add stress to transportation infrastructure , leading
to asset deteriation that can cause infrastructure failure.

Reliability a nd Delay: Weather of all kinds can slow travel and create delays on
the road , tracks, and air. For example, a Transport Policy report found climate

change is anticipated to increase railway delay costs by $25 -$60 billion (in 2015
dollars ).*® In Nebraska, from 2014 through 2018, the 5 -year rolling average of
minutes per closure due to weather was 434.8 minutes, a 6.4 percent increase

from the previous 5 -year rolling average. ¢
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Figure 4-6: Transportation Assets and Goals at Risk 168

Source: U.S. Global Change Research Program
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