Current Urban Studies, 2020, 8, 688-704

X/
%®

Scientific

CA

’ ’ Research https://www.scirp.org/journal/cus
94% Publishing ISSN Online: 2328-4919

L)

ISSN Print: 2328-4900

Modeling the Socio-Economic Impacts of
Covid-19 Using an Improved Traditional
Travel Demand Model

Mehrnaz Doustmohammadi?*, Phillip Ligrani2, Michael Anderson!

1Department of Civil and Environmental Engineering, University of Alabama in Huntsville, Huntsville, USA
*Department of Mechanical and Aerospace Engineering, University of Alabama in Huntsville, Huntsville, USA

Email: *'md0033@uah.edu

How to cite this paper: Doustmohammadi,
M., Ligrani, P., & Anderson, M. (2020).
Modeling the Socio-Economic Impacts of
Covid-19 Using an Improved Traditional
Travel Demand Model. Current Urban Stu-
dies, 8, 688-704.
https://doi.org/10.4236/cus.2020.84037

Received: December 20, 2020
Accepted: December 28, 2020
Published: December 31, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

The emergence of the COVID-19 virus and subsequent pandemic has caused
unprecedented disruption across many aspects of life across the globe. The
implications have necessitated a re-evaluation of travel demand models to in-
clude the effects that mass isolation and quarantines have on roadway net-
works. The present paper is focused on data and methodologies to change
travel demand models to account for differences encountered during the
COVID-19 pandemic. Increased telecommunicating, coupled with store clo-
sures and restrictions, within the majority of business categories, has drasti-
cally changed traffic patterns. The results indicate that travel has decreased
significantly, as businesses have altered their operating practices, requiring
employees to work from home due to the restrictions implemented by the
government. The present methodology considers a variety of potential altera-
tions to travel patterns resulting from the presence of COVID-19. Because
different amounts of reduced employment and increased telecommuting are
considered, the present methodology and associated analysis show that dif-
ferent strategies proposed or implemented by the government can be mod-
eled. The results provided in this paper, and the associated model, thus pro-
vide a means to account for the new traffic modelling reality resulting from the
presence of COVID-19. Such travel modeling is important in regard to fore-
casts of future travel demand, associated transportation planning, allocation of
present and future transportation resources, resulting economic benefits and
challenges, and the well-being of our society, as an operationally efficient
transportation network, and the associated quality of life, are maintained.
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1. Background and Overview

The presence of COVID-19 has resulted in overwhelming, and dramatic changes
to the socio-economic structure of our society, not only within the United States,
but for the entire world. Most every aspect and dimension of our lives have been
altered including how and where we work, travel (Chakraborty & Maity, 2020;
Tirachini & Cats, 2020; Gray, 2020), commute, shop, plan for the future, invest,
and interact with other people (Srikanth, 2020). Because of these challenges, so-
cietal mobility (Chakraborty & Maity, 2020; Tirachini & Cats, 2020; Gray, 2020),
quality of life (Korkmaz, Kazgan, Cekic, Tartar, Balci, & Atmaca, 2020), invest-
ment strategies and goals, environmental status (Zambrano-Monserrate, Ruano,
& Sanchez-Alcalde, 2020; Gillingham, Knittel, Li, Ovaere, & Reguant, 2020),
economic development (Fernandes, 2020), and government financial directions
and strategies (Altig, Baker, Barrero, Bloom, Bunn, Chen et al., 2020) have also
been or will be modified significantly, relative to pre-coronavirus conditions.
Personal travel has also been impacted in a plethora of ways for each possible
travel destination. As a result, understanding how COVID-19 impacts commu-
nity-wide travel patterns and behavior requires modified methodologies.

Examined within the present paper are: 1) changes to travel and trip making
characteristics that reflect this new reality, and 2) a new methodology for trip
generation, which employs existing data to model the new state of transporta-
tion. This improved and updated travel demand model demonstrates how tradi-
tional travel demand models can be altered and improved to account for new
travel behavior. Within the present investigation, of particular interest are
changes to societal mobility needs because of the advent of COVID-19. For ex-
ample, a vast majority of people within the United States, in all walks-of-life,
have drastically changed travel demand patterns. Also occurring are disruptions
in travel and transportation services, both manmade and natural. As a result, our
roadways and mass transit systems are currently running with varying degrees of
reduced capacity, as well as with much reduced demand. Significant behavior
changes resulting from the presence of COVID-19 are additionally illustrated by
greater amounts and extents of telecommuting (working from home), on-line/
virtual schooling, reduced capacity in retail stores, closure of restaurants for
in-house dining, self-quarantining to stay safe, and other items.

Accounting for such changes, with accurate and reliable travel demand model
methodologies, is essential for maintaining quality of life. This is because such
models are necessary for transportation planning. For example, urban transpor-
tation planning throughout the United States relies heavily on travel demand
models for infrastructure investment. As such, the accuracy of the models is ne-
cessary to ensure good resource allocation, especially at the local governmental
level, as travel demand modeling forecasts future congestion levels. Usable and
accurate travel models thus support sound investment strategies and goals, as

well as economic development, especially as such models represent the ability of
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transportation networks to transport goods, services, and people for a variety of

operating and environmental conditions.

2. Related Research

Existing literature related to vehicle travel changes due to COVID-19 use one of
two different approaches: (i) documentation of observed effects of COVID-19,
or (ii) projection into the future regarding COVID-19 anticipated influences.

In regard to the first category (i), thehill.com (Srikanth, 2020) provides a map,
provided by Streetlight Data (Real Time VMT by County, 2020) (a data collec-
tion company that uses machine learning to analyze transportation patterns),
which shows how vehicle travel has dropped, as a consequence of stay-at-home
orders. As of April 3, VMT (vehicle miles traveled) has gone down for most lo-
cations, with decreases by as much as 95 percent in some areas (Real Time VMT
by County, 2020). Only a small number of locations indicated a rise in vehicle
travel, with the largest increase of only 24 percent (Real Time VMT by County,
2020). An important and welcomed consequence of reduced travel was lower
emissions. According to U.S. Public Interest Research Group (PIRG) (Dutzik,
2020), COVID-19 has made a significant dent in vehicle travel, and, as a result,
reduced air pollution and decreased the loss of life and property from vehicle
crashes. Assuming that vehicle travel remains at its current level for the rest of
April, the COVID-19 crisis would result in at least a 5 percent decline in VMT
for the whole of 2020 (Dutzik, 2020). CNBC (Kiesnoski, 2020) indicates that the
COVID-19 pandemic has brought travel and tourism to a near-standstill and no
one is sure when it will restart. The INRIX report (issue number 2) for March
21-27 (Schuman, 2020) shows dramatic US vehicle travel drop for all types of
vehicles. Overall travel was down 38% for the week, relative to February 29,
2020, and was down 18%, relative to the previous week (Schuman, 2020). In
contrast, the INRIX report (issue number 13) for June 6-12 (Schuman, 2020) in-
dicates that overall vehicle travel continues to increase, relative to levels observed
in late March and early April. In addition, considering vehicle travel throughout
the entire US, the period of June 6 to June 12 showed that personal travel was
down 7%, compared to 12% for the previous week, long haul truck travel was
down 3%, compared to 3% for the previous week, and local fleets travel in metro
areas was down 2%, compared to 2% for the previous week (Schuman, 2020).

According to Streetsblog USA (Wilson, MilNeil, & Snyder, 2020), millions of
Americans gave up unnecessary driving travel in response to the COVID-19
outbreak. As a result, much car travel, that previously was commonplace, is now
being avoided. Streetsblog also notes that much of these avoided trips may con-
tinue to be avoided, once the outbreak is over, often relatively painlessly. Many
long-term consequences are noted, ranging from different travel patterns during
bad weather, increased biking and walking, different levels of urbanization, and
decreased air pollution (Wilson, MilNeil, & Snyder, 2020). Blog.Mapbox (Heisler,
2020) indicates where and when local trips decreased from COVID-19 around
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the world. Telemetry visualizations of altered traffic patterns were provided by
Mapbox Traffic data. Mapbox telemetry data comprised 16 billion anonymous
location points a day, which were collected and aggregated for the purposes of
improving information collections, observing real-time traffic, and predicting
traffic based on historical observations. Because telemetry data was only col-
lected from moving devices, not stationary ones, telemetry data also allowed ob-
servations of large-scale changes in movement. Important vehicle travel de-
creases were observed at most ever population center throughout the entire
world, especially in Asia, Europe, North America, and South America. Travel
times at different locations were also observed to decrease substantially.

According to USA Today (Bomey, 2020), the coronavirus pandemic is leading
to reduced highway traffic on American roadways in certain major metropolitan
areas as many people begin to telecommute and avoid social interactions. As a
result, congestion is easing in places like New York, Los Angeles, Seattle and San
Francisco, according to traffic figures provided exclusively to USA TODAY by
HERE Technologies, a location data and technology company. “COVID-19 is
having a rolling impact on traffic congestion across the U.S., with significant re-
ductions in traffic levels seen across West Coast cities, with East Coast cities
starting to see tangible drops as well,” said Steve Harding, HERE’s director of traffic
and connected services. For example, the RTA, Rapid Transit Authority, of New
Orleans, Louisiana (Coronavirus (COVID-19) Service Information, 2020), reduced
bus, streetcar, and ferry services to help mitigate the spread of COVID-19. Accord-
ing to the Hindustan times (Covid-19 Lockdown Rules, 2020), with the implemen-
tation of COVID-19 lockdown 2.0 rules within India, only one passenger is allowed
in each car. In addition, no riding pillion is permitted. Those who are permitted
to move during the lockdown, only for providing essential services, must have
just one person in any four-wheeled private vehicle, seated in the backseat, apart
from the driver (Covid-19 Lockdown Rules, 2020).

In regard to the second category (ii), U.S. PIRG (Dutzik, 2020) speculates two
different future scenarios: either, first, vehicle travel will experience a dramatic
resurgence once restrictions begin to be lifted, or second, the hangover from the
crisis will lead to travel reductions for the foreseeable future. The Los Angeles
Times (Hamm, 2020) indicates that few things having to do with travel will be
unchanged in the post-coronavirus world. However, the article also indicates
that, from a regulatory standpoint, least affected may be the all-American road
trip. According to CNBC (Kiesnoski, 2020), when travel does begin again, it is
expected to start with road trips not too far from home. In addition, the new
travel normal may mean a shift to vacation rentals over hotels, driving rather
than flying, and an increase in the use of travel insurance and personal travel ad-
visors.

The overall objective of the present investigation is modeling of future op-
tions and possibilities in regard to COVID-19 anticipated influences on vehicle

travel.
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3. Research Goals

To develop appropriate travel demand model forecasts, the present paper focuses
on a methodology to alter travel demand models to account for the present and
future impacts of COVID-19. The investigation uses Huntsville, Alabama as a case
study community. Addressed are changes to inputs reflecting socio-economic dif-
ferences encountered due to COVID-19 restrictions. The resulting data are em-
ployed to determine differences in travel during a congested rush-hour time pe-
riod. An example of socio-economic data affected by COVID-19 is the adjust-
ment to employment data, obtained from the U.S. Census, wherein all non-retail
employment, excluding essential facilities such as hospitals and clinics, are now
staying at home. Also considered is the possibility that retail employment will
also decrease. In addition, changes in schooling have altered travel behavior as
more schools convert to on-line course delivery. Results of this analysis are re-
lated to activity on the roadway system, as quantified using expected alterations
to trips generated and overall congestion. Factors considered to accommodate
these observations are: 1) differences in telecommuting levels for different levels
and timeframes, and 2) the impact of on-line schooling and changes in school
operations.

Various levels of government, city, county, state and federal, have imposed re-
strictions for allowable capacity in businesses based on their classification and
probability of spreading COVID-19. As a result, different scenarios are devel-
oped within the present investigation to determine the concomitant traffic pat-
terns and congestion levels for the Huntsville, Alabama community. Note that
these scenarios also serve as a demonstration of methodologies for the assess-
ment of COVID-19 travel in future years, by incorporating a range of possible
altered travel criteria. Such an approach provides means to address the possibili-
ties of different future scenarios, ranging from societal shut-down to the com-
plete disappearance of viral activities. With such a situation, travel patterns may
or may not return to pre-virus conditions, such as were present prior to the ar-
rival of the virus.

Opverall goals and benefits of the present investigation are a modeling metho-
dology to account for impacts of COVID-19 to the transportation system, with
benefits in the form of reduced congestion and cost savings. Such cost savings
are anticipated to result from improved development, use, and allocation of
on-line and telecommuting patterns, with significant impacts on future trans-

portation resource needs.

4. Methodology

The present methodology entails several parts. First, a preliminary model is de-
veloped, and then, adjusted to represent late afternoon peak hour conditions to
account for traffic congestion within the study area. Second, relevant so-
cio-economic data are collected to represent different time interval periods and

to model mitigation strategies from the state Governor. Third, different scena-
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rios, related to employees across various employment categories, as well as
school enrollment data, are used for the development of trip tables for each sce-
nario. Fourth, a new trip table, related to late afternoon peak travel model dis-
tributions and assignments, is employed to analyze congestion statistics and to
provide means to compare results associated with each scenario.

The travel demand model analyzes the city of Huntsville, Alabama. Huntsville
is a medium-sized, urban community with a greater metropolitan area popula-
tion of roughly 455,000 residents. The major industries in the community are
related to aerospace and military sectors. The present research relies on the
Huntsville Travel Demand Model, a standard sequential travel demand model
which includes Trip Generation, Trip Distribution, and Traffic Assignment. This
model contains 508 internal traffic analysis zones and 17 external stations.

The Huntsville, Alabama trip generation model was developed by the Ala-
bama Department of Transportation (ALDOT) as a standalone software pro-
gram. The Trip Distribution and Traffic Assignment steps are run using CUBE/
Voyager, Version 6.4 (Citilabs Inc.). For the present investigation, the original
model is altered to reflect late afternoon peak hour conditions through the ap-
plication of time-of-day parameters, obtained from the National Cooperative
Highway Research Program (NCHRP) Report 365. The adjustment to a peak
hour model is done to better capture congestion effects. This is because the
model includes limited congested during the off peak periods, and the use of a
24-hour model would not provide data which is appropriately representative of
the impact of COVID-19 conditions. Note that the original model is validated
using base year traffic forecasts. The model also gives levels of accuracy which
are consistent with Federal Highway Administration guidelines.

The second step in the methodology involves collection of relevant so-
cio-economic data for modeling analysis. The Governor of Alabama issued a
stay-at-home, amended safer-at-home, and safer-apart guidelines identifying
closures and reduced capacities for all kinds of employment categories. These
provide the basis of the travel pattern reductions for the present analysis. The
corresponding Alabama orders are shown in Figure 1. In addition to these state
rules regarding travel to work and other closures, employment data and school
enrollment data for the Huntsville urbanized area are also collected. These em-
ployment data are obtained from the US Census Department through the Lon-
gitudinal Employer-Household Dynamics (LEHD) program. Such employment
data are available at the Census Block Level, and are identified by 20 unique em-
ployment types defined by the North American Industry Classification System
(NAICS). Employment by census block information is aggregated using ArcGIS
to convert employment data from census blocks to each of the 508 internal traffic
analysis zones in the community. School enrollment data are acquired from the
original data collection effort used to create and validate the original travel de-

mand model.
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STAY AT HOME

@ serer AT HomE

SAFER APART

STAY AT HOME

Expired on April 30th at 5 p.m.

STAY AT HOME ORDER:

INDIVIDUALS

Ordared to stay at home axcapt to mast basic neads
EMPLOVERS

p itical ned or p
itation and saclal-di & rules and guidelines for
RETAIL STORES

Essential rate,

and sanitation rules
BEACHES

Closed for all purposes.
MEDICAL PROCEDURES
Postponed excap
NON-WORK GATHERINGS.

“nacessary” critaria s datermined

Limited to fawer than 10 persons with & faet af distanca batween parsans. *Drive-in"

gatherings permitted If participants stay in cars with peaple fram thelr own households.

SENIOR CITIZEN CENTERS
Regular
pick-up or delivery

EDUCATIONAL INSTITUTIONS

Closed to in-person instruction (except for daytime specisl activities programs)
CHILD BAY CARE FACILITIES

Must not allow 12 or more children in & room

HOSPITALS AND NURSING HOMES

Must implement policies to restrict visitation

ded except meal

RESTAURANTS, BARS AND BREWERIES

Limited to take-out, eurbside or delivery

cLOSED

~ Entartainment venues (such as night clubs theaters, bowling alleys)

~ Athletic faciities and activities (such a . and commercial gyms)

— Close-contact servics praviders {such as barber shops, hair salons, nail salons,
tattoo services)

Visit governor.alabama.gov for a full list
of changes, guidelines and updates.

Proceeding With Caution

UPDATED STATEWIDE COVID-19 HEALTH ORDER FOR ALABAMA

The Safer at Home order extends

AMENDED SAFER AT HOME until December 11th at 5 p.m.

SAFER APART Goal

WHAT'S NEW:
OCCUPANCY RATES

MORE UPDATES COMING SOON AS WE
CONTINUE TO MONITOR THE COVID-18
SITUATION

i pi ill be ilors, gy d
USE OF PARTITIONS

be i ops, hair sal a
restaurants—if people are wearing masks and saparated by an *impermeable” barriar
WHAT'S STAYING THE SAME:
MASKS IN SCHOOLS.

in schools whare possible, students in second grade and abova

MASKS:
Masks required in public when interacting within 6 feet with people of another household, subject to certain exceptions.
ENTERTAINMENT VENUES (SUCH AS ARCADES, THEATERS, BOWLING ALLEYS)

May open subject to soclal-distancing and sanitation rules and guidelines

ATHLETIC ACTIVITIES

Allowed subject o social-distancing and sanitation rules and guidelines

EDUCATIONAL INSTITUTIONS

May open subject to I
GHILD DAY GARE FAGILITIES

May open subject to rules and guideli
E i

May open subject ta
INDIVIDUALS
Encouraged to stay home and follow good sanitation practices
EMPLOYERS

rules

B to sanitation and guidel
RETAIL STORES

Subject to sucial-distancing and sanitation rules

MEDICAL PROCEDURES

Allowed unless prohibited in the future by the State Health Officer to presenve résources necessary to diagnose and treat COVID-19;
follaw state regulatory boards or public haslth authorities
HOSPITALS AND NURSING HOMES

Subject to rastrictions, . liowed vk iver ar ane visitor at a time
SENIOR CITIZEN CENTERS
Regular meals still available side pick-up or delivery

NON-WORK GATHERINGS

Still requirad to maintain 6 faat of distance batwssn persons ot from sama housshold

RESTAURANTS, BARS AND BREWERIES

May open with limited table seating, & feet between tables and subject to additional sanitation rules and guidelines
Gvms)

Athistic facilities may open subject to social-distancing and sanitation rules and guidelines:
CLOSE-CONTACT SER! DERS

Close-contact servica providers (such s barber shops, hair salons, nail salons, tatioo services) may open subject to
social-distancing and sanitation rules and guldslines

Open with no limit on gatherings. Must maintain 8 feet of saparation

Figure 1. Statewide COVID-19 health orders for Alabama (COVID-19 News and Resources, 2020).

The orders from the Alabama Governor’s Office (given in Figure 1) are used
to adjust employment and school enrollment data for each traffic zone to create
the different scenarios employed within the present research. Due to the travel
demand model’s trip generation methodology, the zonal attraction values for
employment and education zones are reduced leading to a reduction in trips
generated to these destinations. This captures the number of employees that are
likely to be at work and the number of students likely to be attending school.
Note that the reductions in employment and school enrollment are not necessar-
ily identified to indicate termination of employment or school enrollment. In-
stead, reductions indicate that some employees or students do not travel to the
associated destination because of travel restrictions for the relevant time period.

For each case, an extreme scenario is developed to provide information in ad-
dition to corresponding normal scenario data. The times for which scenarios are
developed include the original stay-at-home order, which was provided in
March of 2020, and the amended safer-at-home order, which was provided in
July of 2020. Also included is the Fall 2020 time period, when it is assumed that
more businesses are open and there are more work-related trips generated, and
finally, the Winter 2021 time period, when it is assumed that there will be a vac-
cine available, with only a small portion of vehicle-travelling people expected
continuing to work from home. For the Fall 2020 and Winter 2021 scenarios,
different levels of school enrollment are included to account for different student
school opening options. For example, some students may elect on-line instruc-
tion, instead of traditional classroom attendance. Such an arrangement is availa-

ble for, and may be preferred by students, because of additional COVID-19 re-
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surgence concerns, and because of the possibility that schools will be forced to
remain closed.

The resulting scenarios developed for each analysis option are provided in
Tables 1-4.

Table 1. Capacity of trips associated with Stay-at-home Scenarios for March 2020, April 2020, and May 2020.

Stay-at-home Stay-at-home Extreme
NAICS sector 11—Agriculture, Forestry, Fishing, Hunting Full Capacity Full Capacity
NAICS sector 21—Mining Quarrying, and Oil and Gas Extraction Full Capacity Full Capacity
Non-retail NAICS sector 22—Utilities Full Capacity Full Capacity
Employment NAICS sector 23—Construction Full Capacity Full Capacity
NAICS sector 31 - 33—Manufacturing Full Capacity Full Capacity
NAICS sector 42—Wholesale Trades 0.5 0.2
Retail NAICS sector 44 - 45—Retail Trade 0.3 0.2
NAICS sector 48 - 49—Transportation and Warehousing 0.5 0.2
NAICS sector 51—Information 0 0
NAICS sector 52—Finance and Insurance 0 0
NAICS sector 53—Real Estate and Rental and Leasing 0 0
NAICS sector 54—Professional, Scientific and Technical Services 0.2 0.1
NAICS sector 55—Management of Companies and Enterprises 0.2 0.1
Non-retail NAICS sector 56— Administrative and Support and Waste 02 0.1
Employment Management and Remediation Services
NAICS sector 61—Educational Services 0 0
NAICS sector 62—Health Care and Social Assistance 0.4 0.2
NAICS sector 71—Arts, Entertainment and Recreation 0 0
NAICS sector 72— Accommodations and Food Services 0.2 0.2
NAICS sector 81—Other Services (except Public Administration) 0.2 0.1
NAICS sector 92—Public Administration 0.1 0.1

Table 2. Capacity of trips associated with Safer at Home Scenarios for June 2020, July 2020, and August 2020.

Safer at Home Safer at Home_Extreme
NAICS sector 11—Agriculture, Forestry, Fishing, Hunting Full Capacity Full Capacity
NAICS sector 21—Mining Quarrying, and Oil and Gas Extraction Full Capacity Full Capacity
Non-retail NAICS sector 22—Utilities Full Capacity Full Capacity
Employment NAICS sector 23—Construction Full Capacity Full Capacity
NAICS sector 31 - 33—Manufacturing Full Capacity Full Capacity
NAICS sector 42—Wholesale Trades 0.5 0.4

Retail NAICS sector 44 - 45—Retail Trade 0.4 0.3
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Continued

Non-retail
Employment

NAICS sector 48 - 49—Transportation and Warehousing
NAICS sector 51—Information

NAICS sector 52—Finance and Insurance

NAICS sector 53—Real Estate and Rental and Leasing

NAICS sector 54—Professional, Scientific and Technical Services
NAICS sector 55—Management of Companies and Enterprises

NAICS sector 56— Administrative and Support and Waste
Management and Remediation Services

NAICS sector 61—Educational Services

NAICS sector 62—Health Care and Social Assistance

NAICS sector 71—Arts, Entertainment and Recreation

NAICS sector 72—Accommodations and Food Services

NAICS sector 81—Other Services (except Public Administration)

NAICS sector 92—Public Administration

0.6

0.6

0.4

0.4

0.4

0.4

0.4

0.3

0.6

0.3

0.6

0.4

0.4

0.5

0.5

0.2

0.2

0.3

0.3

0.3

0.2

0.5

0.2

0.5

0.3

0.3

Table 3. Capacity of trips associated with Safer at Home Scenarios for September 2020, October 2020, and November 2020.

Safer at Home

Safer at Home_Extreme

Non-retail
Employment

Retail

Non-retail
Employment

NAICS sector 11—Agriculture, Forestry, Fishing, Hunting
NAICS sector 21—Mining Quarrying, and Oil and Gas Extraction
NAICS sector 22— Utilities

NAICS sector 23—Construction

NAICS sector 31 - 33—Manufacturing

NAICS sector 42—Wholesale Trades

NAICS sector 44 - 45—Retail Trade

NAICS sector 48 - 499—Transportation and Warehousing
NAICS sector 51—Information

NAICS sector 52—Finance and Insurance

NAICS sector 53—Real Estate and Rental and Leasing

NAICS sector 54—Professional, Scientific and Technical Services
NAICS sector 55—Management of Companies and Enterprises

NAICS sector 56— Administrative and Support and Waste
Management and Remediation Services

NAICS sector 61—Educational Services

NAICS sector 62—Health Care and Social Assistance

NAICS sector 71—Arts, Entertainment and Recreation

NAICS sector 72— Accommodations and Food Services

NAICS sector 81—Other Services (except Public Administration)

NAICS sector 92—Public Administration

Full Capacity
Full Capacity
Full Capacity
Full Capacity
Full Capacity

0.7

0.7

0.7

0.7

0.7

0.5

0.5

0.5
0.6

0.4
0.7
0.4
0.7
0.5

0.5

Full Capacity
Full Capacity
Full Capacity
Full Capacity
Full Capacity

0.6

0.6

0.6

0.6

0.6

0.4

0.4

0.4
0.5

0.3
0.6
0.3
0.6
0.4

0.4
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Table 4. Capacity of trips associated with Safer at Home Scenarios for December 2020, January 2021, and Februrary 2021.

Safer at Home Safer at Home_Extreme
NAICS sector 11—Agriculture, Forestry, Fishing, Hunting Full Capacity Full Capacity
NAICS sector 21—Mining Quarrying, and Oil and Gas Extraction Full Capacity Full Capacity
Non-retail NAICS sector 22— Utilities Full Capacity Full Capacity
Employment NAICS sector 23—Construction Full Capacity Full Capacity
NAICS sector 31 - 33—Manufacturing Full Capacity Full Capacity
NAICS sector 42—Wholesale Trades 0.9 0.8
Retail NAICS sector 44 - 45—Retail Trade 0.9 0.8
NAICS sector 48 - 499—Transportation and Warehousing 0.8 0.7
NAICS sector 51—Information 0.8 0.8
NAICS sector 52—Finance and Insurance 0.8 0.7
NAICS sector 53—Real Estate and Rental and Leasing 0.8 0.7
NAICS sector 54—Professional, Scientific and Technical Services 0.9 0.8
NAICS sector 55—Management of Companies and Enterprises 0.7 0.6
Non-retail NAICS sector 56— Administrative and Support and Waste 0.8 0.7
Employment Management and Remediation Services
NAICS sector 61—Educational Services 0.8 0.7
NAICS sector 62—Health Care and Social Assistance 0.9 0.8
NAICS sector 71—Arts, Entertainment and Recreation 0.4 0.3
NAICS sector 72— Accommodations and Food Services 0.9 0.7
NAICS sector 81—Other Services (except Public Administration) 0.7 0.6
NAICS sector 92—Public Administration 0.7 0.6

Results in Tables 1-4 show that certain employment categories do not expe-
rience significant changes due to COVID-19. Considering reductions in travel
due to people not working or being allowed to telecommute, it is assumed that
other employees (in certain types of employment categories) are required to be
on-site to meet the requirements. For example, there are no restrictions in the
mining or construction industries mandated by either the stay-at-home order or
by the safer-at-home order. Alternatively, retail employment is identified sepa-
rately in the tables because this type of employment is the major contributor of
overall Home-Based-Other (HBO) related trips.

The third step in the methodology is the creation of trip tables, using trip
generation equations, as well as employment and school enrollment data, as de-
termined per traffic zone. Overall, 16 new scenarios are developed, as presented
in Table 5, for the two time periods of Fall 2020 and Winter 2021. For each time
period, normal and extreme reductions of school enrollment are considered,
with three different levels of in-class attendance. With such considerations in

mind, the data for each traffic zone are adjusted to give the number of individuals
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Table 5. Socio-economic scenario possibilities for Fall of 2020 and Winter of 2021 time

periods.

Base Conditions - no trip adjustment performed

Stay-at-home
Safer-at-home

Fall 2020—no school—all kids in on-line
school, 0% of all children in school

Fall 2020—50 school—50% of all children
in school

Fall 2020—100 school—100% of all children
in school

Winter 2020—no school—all kids in on-line
school, 0% of all children in school

Winter 2020—50 school—50% of all children

Extreme Stay-at-home
Extreme Safer-at-home

Extreme Fall 2020—no school—all kids in
on-line school, 0% of all children in school

Extreme Fall 2020—50 school—50% of all
children in school

Extreme Fall 2020—100 school—100% of
all children in school

Extreme Winter 2020—no school—all kids in
on-line school, 0% of all children in school

Extreme Winter 2020—50 school—50% of all

in school children in school

Winter 2020—100 school—100% of all
children in school

Extreme Winter 2020—100 school—100%
of all children in school

who are traveling, in order to determine the number of trips associated with
Home-Based-Work (HBW), Home-Based-Other (HBO), and Non-Home-Based
(NHB) activities. Associated trip generation equations are then used to calculate
the total number of trips attracted to each zone during each scenario. The total
number of trip productions is then balanced with the total number of trip attrac-
tions, and subsequently, normalized to ensure that each trip from a home has a
destination attracting the trip.

The final and fourth step of the methodology is the distribution and assign-
ment of trip table contents. These contents are related to late afternoon peak
travel model distributions and assignments, as employed to analyze congestion
statistics and to provide means to compare results associated with each scenario.
Trip tables containing zonal production and attraction values are formatted, and
a gravity model distribution and equilibrium traffic assignment are performed
for each scenario.

Note that traffic modelling results from the scenario-specific trip tables are
considered in the next section and that the steps in the present methodology can
be used by any planning organization. In addition, values selected to represent
trip number reductions for each employment category, and school enrollment
number reductions, may be decided by an agency’s traffic planner. As such, spe-
cific and appropriate numbers of trip reductions and increases can be deter-

mined and evaluated for any community of interest.

5. Relevance and Importance of Results

Importance and relevance are illustrated by several crucial questions. First, if the

employers ask their employees to work from home, does that mean the traffic
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congestion will decrease? Second, if the employers ask their employees to work
from home, does that mean the future of traffic analysis has changed forever?
Third, considering overall and diverse effects and impacts, should we reallocate
resources to other aspects like safety instead?

In order to partially address these questions, Table 6 indicates the number of
trips associated with Home-Based-Work (HBW), Home-Based-Other (HBO),
and Non-Home-Based (NHB). These are categorized according to 17 possible
scenarios associated with the congestion metrics, including base conditions,
stay-at-home, extreme-stay-at-home, safer-at-home, extreme safer-at-home, as
well as all of the socio-economic scenario possibilities listed in Table 6. Within
these possibilities, the extreme cases are created within Table 6 to provide a de-
scription regarding the most significant changes to traffic congestion metrics,
which could occur within two different time periods of the pandemic.

The results in Table 6 show that, first, Home-Based-Work trips decrease sig-
nificantly as a result of employees not traveling to work. Because the model di-
rectly relates work trips to employment and to traveling to work, any reduction
in employment, or increase in employees telecommuting (and not traveling to
employment locations), alters the number of HBW trips in a direct manner. For
example, the extreme-stay-at-home scenario is associated with an overall tele-

commute or unemployment value of 78% of the workforce, compared to 78%

Table 6. VMT data associated with different socio-economic scenario possibilities for Fall of 2020 and Winter of 2021 time pe-

riods.

Scenario HBW Trips HBO Trips NHB Trips VMT VHD MCR
Base Conditions 147,643 560,583 291,809 1,625,676 miles 15,684 hours 404 miles

Stay at Home 45,347 201,593 115,986 541,886 miles 283 hours 13 miles

Extreme Stay at Home 31,269 157,722 91,143 401,215 miles 99 hours 0 miles

Safer at Home 67,206 254,049 144,725 740,856 miles 952 hours 45 miles

Extreme Safer at Home 52,920 209.605 119,812 597,409 miles 432 hours 24 miles

Fall 2020—no school 74,658 261,872 148,728 799,400 miles 1270 hours 57 miles

Fall 2020—50 school 284,444 808,613 miles 1305 hours 59 miles

Fall 2020—100 school 307,017 817,850 miles 1345 hours 61 miles
Extreme Fall 2020—no school 69,131 256,225 145,845 755,347 miles 1030 hours 48 miles
Extreme Fall 2020—50 school 278,769 765,079 miles 1044 hours 48 miles
Extreme Fall 2020—100 school 301,351 774,209 miles 1073 hours 49 miles
Winter 2020—no school 130,273 467,845 265,271 1,417,772 miles 9937 hours 301 miles
Winter 2020—50 school 490,432 1,432,622 miles 10,319 hours 308 miles
Winter 2020—100 school 512,984 1,442,877 miles 10,489 hours 319 miles
Extreme Winter 2020—no school 114,951 422,359 239,820 1,260,616 miles 6638 hours 233 miles
Extreme Winter 2020—50 school 444,952 1,267,697 miles 6617 hours 240 miles
Extreme Winter 2020—100 school 467,500 1,275,557 miles 6634 hours 241 miles
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reduction in work trips. Such values are also affected by the unemployment rate,
which, for Alabama in April of 2020, was approximately 13% (Alabama’s Unem-
ployment Rate, 2020). Consideration of extreme scenarios for the Winter of 2021
shows that 12% of the population will either telecommute or not travel to work,
for a direct reduction in work trips also of 12%.

The results in Table 6 also show, secondly, that Home-Based-Other trips de-
crease less dramatically as a result of employees not traveling to work. This is
because relationships between work trips, employment, and other trips are not
linear. Instead, such trips are related to the number of people at the work loca-
tion. Examination of the extreme-stay-at-home scenario indicates that a 78%
reduction in workforce exhibits a 72% reduction for Home-Based-Other trips.
The key contributor of these trips is retail employment, and model logic indi-
cates that each retail employee is responsible for multiple trips. As retail em-
ployees return to work, the number of trips is expected to grow, partially because
a large portion of retail trips are generally not likely to be accomplished through
telecommunication. As a result, these trips are expected to return to near
pre-COVID-19 levels, with only an 8% reduction in trips associated with the re-
turn of 90% of retail employees to work. Table 6 also indicates that, considering
the Fall 2020 and Winter 2021 scenarios, a direct impact on vehicle travel related
to school enrollment is present. Should schools host in-person classes for the fall
semester, a direct increase of 45,000 trips are expected, compared to the number
of trips associated with the previous spring 2020 time period. These trips are, of
course, associated with transportation of children to and from to school, either
by the children themselves, or by their parents.

A third conclusion from the contents of Table 6 is that Non-Home-Based
trips are also closely linked to retail employment. The numbers of associated
trips are generally a result of trip-chaining between retail stores and midday trips
for lunch and errands by individuals, as they travel to and from their employ-
ment locations. Differences in associated trip numbers associated with the Fall of
2020, for observed scenarios, further show that the extreme-stay-at-home gives a
NHB trip number reduction of 69%, whereas a reduction of only 9% is asso-
ciated with the Winter of 2021.

Fourth, Table 6 data also indicate that vehicle miles of travel (VMT) show
significant reductions for the stay-at-home scenario and for the extreme
stay-at-home scenario (both for March of 2020), relative to base conditions (for
January of 2020). Associated data are given in Figure 2, which includes data for
both the stay-at-home scenario and the extreme stay-at-home scenario. These
values show a gradual increase in VMT as time increase further after March of
2020. Numbers of VMT then approach pre-COVID-19 conditions as January of
2021 is approached.

A fifth collection of important observations are associated with vehicle hours
of delay (VHD) and miles of congested roadway (MCR). Both of these quantities

show significant reductions for every COVID-19 scenario considered. Stay-at-home
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Figure 2. Modelled VMT variations with time from January 2020 to January 2021.

scenarios result in reduced VHD to almost zero, with the exception of a few iso-
lated community locations. With the Winter 2021 scenarios, VHD returns to
roughly 66% of base condition values. This is interesting because an 11% reduc-
tion in vehicle miles travelled VMT leads to a 33% reduction in VHD. This in-
dicates that even a relatively small increase in telecommuting results in a signifi-
cant reduction in VHD, along with overall transportation system performance
improvements. While the telecommuting impact on miles of congested road-
ways is not as great, the 11% reduction in VMT yields a 21% reduction in miles
of congested roadway. Such results provide further illustration that the Hunts-
ville, Alabama area network operated at slightly over maximum capacity during
pre-COVID-19 scenario conditions.

The stay-at-home and extreme stay-at-home scenarios are thus attributed to
severe reductions in vehicle miles traveled and delay imposed. This is due to the
fact that employment changes drastically during these scenarios which remove
vehicles from the roadway. The reduction in retail employment due to closures
and layoffs also reduces the overall number of trips generated as drivers seem to
visit these locations originating from a work-based location. There is a direct
correlation to HBW trip reductions to reduction in employment and increases in

telecommuting with a lesser effect seen within HBO trips.

6. Summary and Conclusion

The present paper demonstrates alteration of travel demand models to account
for changes in travel patterns due to the COVID-19 pandemic for the Huntsville,

Alabama community. As discussed, a variety of telecommuting and on-line
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schooling options are under consideration by local jurisdictions, which are also
being accommodated by altered business work environments. Until the
COVID-19 virus is understood and a vaccine that provides immunity is devel-
oped and distributed, a considerable variety of possible scenarios, with a wide
variety of traffic and travel behavioral characteristics, will be possible.

The present methodology considers a variety of potential alterations to travel
patterns resulting from the presence of COVID-19. Because different amounts of
reduced employment and increased telecommuting are considered, the present
methodology, and associated analysis, show that different strategies proposed or
implemented by the government can be modeled. The results provided in this
paper, and the associated model, thus provide a means to account for the new
traffic modelling reality resulting from the presence of COVID-19.

In particular, results indicate a non-linear relationship between increases in
telecommuting and reduction in travel delay, as indicated by variations of ve-
hicle hours of delay (VHD), and miles of congested roadway (MCR). Also im-
portant are significant reductions in travel from the COVID-19 pandemic,
which result in smaller fuel tax collections, as well as the reductions of the asso-
ciated revenue dollars for roadway infrastructure projects. A positive attribute
evidenced by the present results is smaller roadway demand levels and reduced
congestion, which is also a consequence of diminished travel and transportation
needs. It is noted that, if the pandemic passes, with a full return to employment,
traffic congestion levels may return to pre-COVID-19 levels, resulting in a traffic
environment with additional negative consequences and new challenges.

Of particular focus in this work are associated with changes in travel demand,
as determined by modeling. Such travel modeling is important in regard to
forecasts of travel demand for the future to ensure transportation infrastructure
is able to meet associated demands. Associated planning is additionally vital in
regard to the economic benefits in the form of potential cost savings, which re-
sult from improved development, use, and allocation of present and future
transportation resources. The overall benefits of the present research results are
thus tied to the well-being of our society, as an operationally efficient transpor-

tation network, and the associated quality of life, are maintained.
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