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The tourism and travel industry (TTI) has become a vital developmental tool for
boosting economic growth globally; however, this economic thriving is adversely
connected to the environment. This study examines the impacts of eight TTI
subsectors on economic growth and environmental pollution in the United States
of America by contextualizing energy consumption and globalization. We applied the
ARDL bounds test and Granger causality approach on time-series data (2005 1st
quarter–2019 4th quarter). Granger causality uncovers TLGH, GLTH, and feedback
hypotheses between TT subindustries. The subindustries supporting TLGH’s proposal
that long-term investment in these sectors could enhance economic growth. In
addition, industries supporting GLTH indicate that a strong economy would be
beneficial for these industries. Maximum subindustries indicate a significant
positive association with energy consumption. The long-run dynamics show that
TT subindustries have different influences on greenhouse gases (CO2, CH4, N2O) and
air pollutants (CO, NH3, NOx, SO2, VOC, and PM2.5). Long-run dynamics show that
food and drinking places emit more GHG than other entertainment and hospitality
subsectors. Amusement, gambling, and entertainment contribute more to air
pollutants among the entertainment and hospitality subsectors. Road and railway
transportation contributemore toGHGemissions than other travel sectors in the long
run. Air transportation in the travel subsector is responsible for high air pollutants. The
Granger causality results reveal that art, gambling and recreation in entertainment and
hospitality industries, and ground transportation contribute the most to
environmental pollution. Globalization has varying effects on economic growth,
energy consumption, and environmental pollution indicators. We have provided
sustainable policy implications for reducing GHG emissions and air pollutants.
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1 Introduction

Tourism development has become a policy agenda in developed
and developing economies to enhance economic growth by
generating new jobs, increasing tax money, and opening new
venues for entrepreneurship opportunities. However, at the same
time, unplanned tourism increases environmental vulnerabilities by
escalating waste, GHG emissions, and air pollutants (Khan et al.,
2020a; Khan et al., 2020b). Sustainable tourism development assures
the economic and social sustainability of the host country through
related events and activities such as entertainment, cultural
exchange, food and beverage production and services,
transportation, accommodation, and tourist and resident
interactions (Khan et al., 2020d). Tourism development provides
a comprehensive framework for economic development as well as
that of other paradigms. However, tourism development
sustainability depends on the sustainable development of
transportation, food and beverage production facilities,
entertainment and events sustainability, and the introduction of
innovations in each subsector to minimize environmental
vulnerabilities. Therefore, tourism development needs to be
connected proportionally to economic, environmental, and social
policies to achieve sustainability.

Millions of tourists visit the United States for pleasure, to meet
friends and family, and to do business each year, drawn by the
promise of extraordinary destinations and experiences. The natural
wonders, cultural heritage, technology, and business opportunity
make the United States a unique nation. Tourists bring immense
economic benefits to the US, directly and indirectly contributing to
the resident’s wellbeing. The US natural and cultural attractions,
business environment, healthcare amenities, and entertainment
facilities attract millions of international tourists from different
parts of the world (Khan et al., 2020d). The diverse nature of
TTI services makes the US one of the most rivalrous competitors
among the world’s tourism and travel players. The US TTI
comprises two major components: the tourism-related services
and travel industries. These two industries are divided into
various subsectors: accommodation, food and beverages,
gambling, art and entertainment, road, railway, air
transportation, and many others (Aratuo and Etienne, 2019). The
Tourism and Travel Competitiveness Index ranked US TTI as fifth
in the world (Khan et al., 2020d). The mega size of the US TT
industry undoubtedly contributes significantly to economic growth
and brings environmental vulnerabilities by consuming a large
amount of fossil fuel energy.

International travel and tourism play a critical role in the US
economy. Before the COVID-19 pandemic, 79.4 million tourists
experienced the United States and spent $233.5 billion in 2019. The
TTI injected 640 million dollars a day into the US economy and
supported 9.5 million jobs accounting for 2.9% of US GDP in 2019
(ITA, 2022c). However, international visitation in 2020 was
recorded at 19.4 million, which decreased by 75.5% compared to
2019. It is the smallest number of international tourist arrivals in the
US in 43 years (ITA, 2020a).

The American Hotel and Lodging Association (AHLA) and US
Bureau of Economic Analysis (BEA) have categorized the US TT
industry into 25 + subsectors, whereas accommodation, air travel,
and food services sectors account for more than half of the total

output produced by the US TT industry (SelectUSA, 2021). The
accommodation subsectors make up the largest category of the three
mentioned subsectors in terms of total goods and services produced.
The air travel subsector accounts for approximately 17% of traveler
spending on TT-related activities. This sector supports nearly
900,000 US citizen jobs and traveler spending of more than
$270 billion (SelectUSA, 2020).

The third-largest subsector of the US TT industry is food services,
supporting 1.2 million US jobs and accounting for traveler spending of
254 billion dollars in 2017 (SelectUSA, 2021). Travelers spent
$279 billion in 2019 on food services, including drinking places,
restaurants, fast food, and groceries, which accounted for 25% of the
total traveler spending in the US (UStravel, 2019a). Trends show that
travelers’ spending on lodging, including hotels, motels, bed and
breakfasts, vacation homes, and campgrounds, reached
approximately $242 billion in 2019 (UStravel, 2019b).

Except for a few studies—for instance, Aratuo and Etienne
(2019) and Tang and Jang (2009)—the remainder have used total
tourist arrivals or receipts to measure tourism industry performance.
It is of great importance for policymakers, investors, entrepreneurs,
and the business community to conduct a subindustry-level analysis
of the TT industry for better decision-making and policy initiatives.
Each TT subindustry operates distinctively and its contribution to
economic development varies within the same business settings. The
facts mentioned above tell the story and indicate that the TT
industry is a critical driver of the US economy. However, we
cannot turn a blind eye to the environmental damages and
vulnerabilities of TTI development at the expense of economic
growth.

TT industries consume different types of energy for performing
various functions and transporting goods and services, which cause
GHG emissions and environmental pollutants. Energy is vital for
economic growth and contemporary society, enabling systems to
generate employment, accommodation facilities, entertainment,
food, businesses, and transportation. The demand for energy
consumption showed that the US consumes 16% of the world’s
energy resources with less than 5% of the world population (EIA,
2021a). The supply side of energy production revealed that 76% of
the US energy comes from fossil fuels, which is are highly
inconsistent with the Intergovernmental Panel on Climate
Change (IPCC) carbon reduction targets (Systems, 2021). The
travel and tourism industry is one of the biggest energy
consumers in the US. The US travel sector comprises air, land,
and sea transportation, which have consumed energy resources of
35,603 trillion Btu in 2020 (EIA, 2022a). It is estimated that across
the US, in 47,000 hotels, the average guest room consumes $2200
worth of energy annually (DOE, 2022). The combustion of fossil
fuels in the US TT industry results in various air emissions and
causes environmental impacts; for instance, carbon dioxide (CO2),
sulfur dioxide (SO2), compounds, mercury (Hg), particulate matter
(PM2.5), volatile organic compounds (VOCs), nitrogen oxides
(NOx), and others.

Therefore, it becomes vital to examine TTI economic growth in
connection with environmental vulnerabilities to develop more
sustainable, green, and environmentally friendly policies. More
than 100,000 US citizens die each year of heat strokes, heart
attacks, breathing problems, chronic diseases, and other diseases
caused by air pollution (Neuhauser, 2019). The various greenhouse
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emissions (CO2, CH4, N2O) and air pollutants (CO, NH3, VOCs,
SO2, PM2.5, and NOx) are harmful to citizens’ health. Besides,
environmental pollution is a nightmare for the tourism industry
itself (Khan et al., 2020a). The US is one of the substantial
greenhouse gas emitters globally and uses a significant amount of
the world's energy resources (EIA, 2021b). Trends reveal that TT
industries are responsible for environmental degradation in the US
to some extent (EPA, 2020c).

This study intended to examine the nexuses of US TTI,
economic growth, and environmental pollution by using
subindustry-level data for sustainable policy development.
Tourism policy is an official document containing various
processes, procedures, guidelines, rules and regulations, and
practices driven by state, provincial, and local governments to
achieve targeted objectives through tourism development. The
existing literature focuses on the overall operations of the
tourism industry (the total number of visitors or overall tourism
receipts) and only takes into account CO2 emissions to measure the
environmental impacts caused by tourism developments, while
other prominent environmental pollutants such SO2, NH3, VOC,
N2O, and PM 2.5 have been ignored. Xiong et al. (2022) is the sole
study investigating the US industry’s subindustry-level economic
growth and environmental pollution. However, this study only
explores the environmental impacts of leisure and hospitality
subindustries and ignores the travel sector. The author noted that
it is a significant limitation of their research. Besides, Xiong et al.
(2022) considered real GDP in each equation as a control variable,
while the leisure and hospitality sector variables are also measured as
a contribution to real GDP, which may lead to multicollinearity
issues and inflated or deflated findings. Thus, we intended to
investigate the US TTI as a whole by considering both tourism
and travel subindustries to address the deficiencies of previous
studies and open a new chapter on TTI’s economic growth and
environmental degradation.

This study used a multivariate framework to examine the
relationship between eight TTI subindustries, one economic
growth indicator globalization, energy consumption, three
greenhouse gas emissions, and six environmental pollutants.
Literature trends reveal that authors ignored potential factors
influencing economic growth; we included globalization in our
empirical framework to neutralize the findings. This study
contributes to the literature in several ways: first, we considered
all the sectors of the travel and tourism industry that are relevant to
economic growth and environmental pollution, which provided a
more sophisticated and broad picture for sustainable policy
development. For instance, ACC, AR, and FDP sectors in the
entertainment and hospitality industry and AT, WT, and TPT
sectors in the travel industry support the tourism-led growth
hypothesis (TLGH). Therefore, more investment in these sectors
will lead to high economic growth. Second, the PM sector in the EH
industry and RT in the travel industry support the growth-led
tourism hypothesis (GLTH), indicating that high economic
growth will make these sectors more productive. Third, EH and
the travel industry’s impacts on GHG emissions and air pollutants
help policymakers to determine which sectors contribute more to
GHG emissions and air pollutants. For instance, the FDP sector in
the EH industry contributes more to GHG emissions and RT and
TPT in the travel industry. Fourth, all the EH and travel sectors

establish a positive relationship with EC, indicating energy
dependence. Therefore, policymakers need to shift toward green
energy to minimize environmental vulnerabilities.

Our findings will help investors, practitioners, and policymakers
in designing sustainable policies by readjusting the economic,
globalization, and energy production and consumption policies.
Bringing together economic growth, energy consumption,
globalization, travel developments, and environmental pollutants
in a single framework will help to design a more comprehensive
policy agenda to minimize environmental degradation and save
humans from the vulnerabilities of climatic changes. TT
subindustry-level analysis of economic growth and environmental
degradation is a more sound approach than the aggregate industry-
level analysis for assessing environmental damages and designing
policies at the grassroots level.

2 Literature review

A wide range of research has assessed the connections between
tourismdevelopment, economic growth, and environmental pollution
in different countries. These studies’ findings often vary depending on
the time period, country of investigation, and estimation methods.
Tourism-led economic growth has become an interesting
phenomenon for countries worldwide due to its multiplier effects
and low developmental cost (Tang and Jang, 2009). Literature trends
reveal that this stream of research either supports the tourism-led
growth hypothesis (TLGH) or the economy-driven growth-led
tourism hypothesis (GLTH) or is inconclusive (Lin et al., 2019;
Khan et al., 2020b). TLGH retains that sustained tourism
development of a country enhances economic growth (Khan et al.,
2020c). For instance, tourism increases resident per capita income by
providing extra income opportunity. Tourism also improves
government revenues through tax collection and tourism exports.
GLTH claims that sustained growth in the county support and
facilitates tourism development (Khan et al., 2020e). For instance,
the availability of resources for tourism infrastructure development,
favorable business environment, trade openness, positive economic
conditions, encouraging tourism and hospitality entrepreneurship,
and providing funds for new startups and ventures. There is another
stream of studies that supports both TLGH and GLTH (named as
feedback hypothesis); for instance, these include Perles-Ribes et al.
(2017) for Spain and Lee and Chien (2008) for Taiwan. These studies
provide significant knowledge; however, our study is focused on the
US TTI at the sub-sector level; hence, it is necessary to discuss various
US policy instruments utilized to enhance tourism-led economic
growth.

Travel and tourism play a significant role in the US economy.
The TTI is considered an essential driver of the US’s economic
growth and employment engine (Khan et al., 2020d). The effective
TTI promotional strategies and policies have increased economic
activities, well-paid jobs, and tax revenue, which help support
required public services. Trends indicate that approximately
80 million foreign tourists visited the US in 2019 (OECD, 2020).
One out of nine jobs in the US, directly and indirectly, rely on the TT
industry. The US TTI output in 2019 was $2.6 trillion, supporting
15.8 million American jobs (UStravel, 2019a). The TTI created
greater employment opportunities than other industries, whereas
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every 1 million dollar sale of goods and services directly generated
eight jobs in the industry and supported nine million jobs in 2019 in
the US (UStravel, 2019b).

The TTI is highly decentralized in the US. Every state and
individual destination organizes and manages TT activities for their
jurisdictions; however, the federal government provides immense
support for all the activities (OECD, 2020). The National Travel and
Tourism Office (NTTO) serves as a hub to coordinate all the
activities at the federal government level (Xiong et al., 2022). The
US tourism policy continuously encompasses changes, and new laws
are regularly adapted to meet the tourists’ demands and enhance
tourists’ growth.

“The federal government plays a unique and essential role in
promoting the American tourism product to potential travelers.
Federal employees manage iconic destinations, facilitate and
regulate travel systems, implement programs and policies that
impact the travel and hospitality industry, monitor and regulate
passage across our borders, and directly serve visitors at federally
owned and managed tourist attractions. The federal government’s
depth and breadth of engagement in travel and tourism confer a
special opportunity to communicate with potential visitors using a
consistent marketing message and a broad spectrum of media” (ITA,
2020b).

The major goals of 2019 updated National Travel and Tourism
Strategy focus on US tourism promotion by increasing TT exports,
coordinating BrandUSA, providing user-friendly planning and
resources, lowering barriers to travel, streamlining the visa
process, and improving customer services and transportation
infrastructure (ITA, 2020b). The prominent legislation to
enhance TT’s economic impacts includes the Travel Promotion
Act of 2009 (TPA) and the Travel Promotion, Enhancement, and
Modernization Act of 2014 (SelectUSA, 2021). The Brand USA
activities are actively managed worldwide in more than 30 potential
markets with an entire marketing campaign to increase international
visitation to the USA (SelectUSA, 2021). “The federal role in
promoting tourism is distinct and additive to that of Brand USA,
which promotes travel and tourism to the United States by
international visitors and assists the federal government in
communicating travel requirements and policies” (ITA, 2020b).
Trends reveal that Brand USA drove 1.13 million visitors to the
US and supported 52,000 jobs in 2018; it provided a massive return
on investment to the US economy, returning $25 for each $1 spent
since 2013 (UStravel, 2019a).

The Biden-Harris Administration has taken necessary steps to
support TT industries, communities, and families relying on the
tourism and travel sectors. For instance, Biden’s rollout of COVID-
19 vaccines and relaxation of international and domestic travel
restrictions help the TT industries to begin recovery. The NTTO
provides export assistance services to TT suppliers, from small to
large tourism destinations (ITA, 2022b). These services help to
enhance the US TT industries’ competitiveness and increase
international visitations. The National Travel and Tourism
Strategy 2022 focuses on promoting the US as a premier tourism
destination by fostering TT industries as economic growth agents,
bolstering conservation, and enhancing sustainability (ITA, 2022b).
Besides, this strategy aims to increase the number of tourists
(volume) and the value of tourism. The Travel and Tourism
Advisory Board (TTAB) emphasizes retaining workforce diversity

and supporting recreation and tourism business development and
entrepreneurship venues to maximize travel and tourism benefits.
The National Travel and Tourism Strategy 2022 accentuates
supporting and funding local workforce and enrepreneurship
development, creating sustained paying quality jobs and
enhancing local skills. The mentioned facts and discussion
indicate that the TT industry is one of the major players in the
US economy.

Undoubtedly, the TT industry is an essential pillar of economic
growth and prosperity domestically and worldwide (Khan et al.,
2021). However, the TT industry is energy-dependent and
significantly contributes to GHG emissions and environmental
pollutants (Gao and Zhang, 2019). The significant sources of
greenhouse gases in the TT industry are accommodations, food
facilities, airlines, water, and ground transportation (Gössling and
Hall, 2006). The TTI generates air pollution (Gössling, 2002),
fragments the ecosystem (Davenport and Davenport, 2006), and
causes land degradation (Markwick, 2000) and water pollution
(Lamb et al., 2014). Most tourism and environmental
degradation literature focus on the positive or negative
econometrics relationships; we will restrain ourselves from this
trend and discuss policy perspectives. Besides, previous studies
focus on CO2 emissions and neglect a wide range of air
pollutants, for instance, CO, NOx, NH3, SO2. The role of tourism
policy and its integration with the national environmental, climate,
waste management, and economic policies is vital to optimizing the
economic benefits and moderating or minimizing environmental
costs (UNWTO, 2018).

Tourism directly benefits the entire US economy through tourist
spending on goods and services during travel and, indirectly, the
businesses that use materials and services to produce them (Khan
et al., 2020d). Due to its multiplier effects, the TTI impact on GHG
emissions and air pollutants is higher than the other industries. For
instance, fruits and vegetables purchased by hotels and restaurants
all have effects on GHG and air pollutants at different levels; for
example, agriculture CO2 emissions, storing and freezing emissions,
cooking emissions, and emissions through waste. The US economy
produces millions of tons of GHG and air pollutants by using energy
through discrete sources; for instance, transportation, power plants,
households, hotels, restaurants, gaming and sports, and industrial
facilities are among the many (Shouse, 2021). The US
Environmental Protection Agency (EPA) reported that human
activities in the TT industries generate various GHG and air
pollutants, including CO2, CH4, N2O, SO2, chlorofluorocarbons
(CFCs), PM10, and PM2.5, VOCs, and tropospheric ozone
pollutions (O3) (EPA, 2020a). The US emissions trends reveal
that the transportation sector accounted for 29%, the electricity
sector for 25%, and the industrial sector for 23% of total US GHG
emissions (Shouse, 2021). The US also accounts for 30% of energy
consumption and 28% of carbon emissions of the total global
consumption and emissions (Zulinski, 2018).

The US government has demonstrated multiple approaches to
address GHG emissions and air pollutants at the international and
domestic levels, for instance, participation in the United Nations
Framework Convention on Climate Change 1992 (UNFCCC) and
adopting the Paris Agreement 2015. Besides, the US government has
taken a range of actions and legislations to limit GHG emissions and
control air pollution, including Climate Change Policy 2021
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(standards, taxes, investments, technological innovations, programs,
and initiatives to reduce emissions), Pollution Prevention Act,
Greenhouse Gas Reporting Program (GHGRP), Energy Act of
2020, Clean Air Act, American Innovation and Manufacturing
(AIM) Act of 2020, and National Environmental Policy Act, are
important among many to mitigate environmental degradation.
However, the US's history of climatic issues is haunted by
discontinuation due to its economic policies and other global
interests and faces criticism worldwide (Yeganeh et al., 2020).
There is also a lack of coordination and consensus between states
and the federal-level governments’ approaches to mitigating
emissions (Pitt, 2010).

The growing environmental pressure from the TT consumer
market and modern laws and regulations has heightened concerns
about the industry’s environmental vulnerabilities. The TT sub-
industries collectively emit 8% of the total global emissions. Travel
infrastructure, casinos, gaming facilities, hotels, fast food facilities,
restaurants, museums, event facilities, and others need huge
investments, materials, and energy during their development
stage and later on in operations which cause GHG emissions and
air pollutants. The travel sector contributes to poor air quality and
smog, negatively influencing US citizens’ health and welfare (EPA,
2020b). NOx, VOCs, and PM pollutants contribute to poor air
quality. The US travel sector is responsible for approximately 55% of
NOx, 10% of VOCs, and 10% of PM2.5 and PM10 emissions out of
the US’s total inventory (EPA, 2022b). The travel sector also
contributes to air toxics, including formaldehyde, benzene, and
diesel particulate matter. The hospitality sector is both a victim
and a contributor to climatic change. The hotel and restaurant sector
is responsible for 21% of the total tourism industry’s ecological
footprint (dos Santos et al., 2020). The hotel, entertainment, sports,
event, and other related industries, through inappropriate waste
management, have led to biodiversity loss and various emissions
(Pan et al., 2018). The hotel industry in the US generates 60 million
tonnes of CO2 emissions, spends energy of $7.5 billion, creates
1.9 billion lbs of waste, and uses 219 billion gallons of water each year
(Technologies, 2019).

Restaurants, hotels, fast food facilities, supermarkets, and other
consumer businesses generate 40% of all food waste in the US, equal
to $376 billion (WWF, 2018). Food waste and loss are estimated to
be approximately one-third of human consumption in the US. Food
waste exacerbates environmental issues with significant GHG
emissions. Food waste decomposition generates CO2 emissions,
methane, nitrous oxide, and hydrofluorocarbons. EAP reported
that food waste embodies 170 million metric tons of CO2

emissions, equal to the annual CO2 emission of 42 coal-fired
power plants, enough to supply water and energy to more than
50 million homes (Buzby, 2022).

Furthermore, globalization is considered one of the prominent
determinants of economic growth, tourism development, and
environmental pollution. Globalization encourages growth,
technology transfer, trade openness, employment generation,
labor migration, education, energy consumption, and foreign
direct investment inflows (Saint Akadiri et al., 2019).
Globalization inspires mobility and the division of tourism
services such as entertainment, catering, heritage, transportation,
leisure, and natural resources (Nowak et al., 2010). The literature
trends show conflicting findings on globalization, economic growth,

and CO2 emissions. Globalization in China has been found to have
reduced the level of CO2 emissions (Shahbaz et al., 2017); however,
few other studies have suggested that tourism development,
globalization, and their potential to increase CO2 emissions cause
environmental degradation (Raza et al., 2017). The relationship
between tourism, globalization, and the environment is unclear.
Thus, it is assumed that globalization boosts mobility, trade
openness, and tourism activities, and globalization also depends
on energy consumption; hence, globalization is a critical element in
determining environmental pollution.

3 Research method

The US TTI comprises twenty-five sub-sectors (Khan et al.,
2020d). Only a few studies are available about a part subsector of TTI
contributions to economic growth; however, literature is scarce
regarding TTI contributions to GHG emissions and air pollutants
at the subsector level. Besides, due to a long time lapse, these studies
are outdated. Trends reveal that most studies on the association
between tourism development and environmental degradation/
pollution (Khan et al., 2020a; Balsalobre-Lorente et al., 2020)
have considered only CO2 emissions as an environmental
pollutant while overlooking other significant pollutants.

This study considered eight subindustries related to TTI. We
divide the TTI into two groups (the entertainment and hospitality
industry and the travel industry); each group has its subsectors. The
entertainment and hospitality industry subsectors include
accommodation establishments (ACC), food and drinking places
(FDP), performing arts, spectator sports, and the museum sector
(PM), amusement, gambling, and recreation facilities (AR). Travel
subindustries include air transportation (AT), rail transportation
(RT), water transportation (WT), and transit and passenger
transportation (TPT).

This study uses a set of environmental pollutants in relation to
different TTI subsectors. The environmental pollutants have been
categorized as greenhouse gases (CO2, CH4, and N2O) and air
pollutants (CO, NH3, NOx, SO2, VOC, and PM2.5). Economic
growth is represented by real domestic products (RGDP).
Globalization is considered one of the critical factors for growth;
therefore, we include globalization (G) in our model. Economic
growth and environmental pollution are mainly caused by energy
consumption in everyday life; hence, we also incorporate energy
consumption (EC) in our model. Quarterly data have been used
from 2005 1st to 2019 4th quarter. Variables’ detailed description,
notation, measure, unit, and data sources are given in Table 1. All the
monetary variables are seasonally adjusted for inflation at each
quarter at annual rates. The analysis of variable trends along
with diagrammatic representation, is given in the supplementary
material; we cannot demonstrate them here due to word limitations.

3.1 Estimation method

This study used the autoregressive distributed lag (ARDL)
bounds test cointegration approach to examine the dynamics of
TTI subsectors with economic growth, energy consumption, GHG
emissions, and air pollutants. ARDL model is an ordinary least
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square-based model applicable to non-stationary and mixed-order
integrated time series data. “This model takes sufficient numbers of
lags to capture the data generating process in a general-to-specific
modeling framework” (Shrestha and Bhatta, 2018). The ARDL
bounds test cointegration approach has several advantages over
traditional econometrics models. First, this approach accommodates
both level and first difference stationary variables and provides
flexibility in various empirical settings. Second, ARDL rectifies
endogeneity and serial correlation issues by choosing the
appropriate lag length and can be applied to sample size. This
cointegration method estimates short- and long-run dynamics
(Khan et al., 2020a). We choose ARDL because it permits
flexibility to I (0) and I (1) stationary variables or a combination
of both. We have designed a general multivariate linear regression
equation for the ARDL model as follows:

Yi � α0 + α1X1 + α2X2 + α3X3 + . . . . . . . . . . . . . . . . . . . . . .. + αnXn + μn

(1)

where Yi represents dependent variables, for instance, greenhouse
gases, economic growth, air pollutants, and energy consumption,
and X1i, X2i . . .. . . Xni denotes independent variables, for instance,

TTI subsectors, energy consumption, economic growth, and
globalization. The α is a constant and α1, α2, . . .. . .. . .. . . αn
shows parameters coefficients. Eq. 1 can be written for
GHG emissions by contextualizing entertainment and
hospitality industry (EH) subsectors, G and EC, as shown in
Eqs 2–4.

CO2 � α0 + α1ACC + α2AR + α3 PM + α4 FDP + α5 EC + α6G

(2)
CH4 � α0 + α1ACC + α2AR + α3 PM + α4 FDP + α5 EC + α6G

(3)
N2O � α0 + α1ACC + α2AR + α3 PM + α4 FDP + α5 EC + α6G

(4)
Similarly, air pollutants equations can be expressed in terms of

EH subsectors by contextualizing economic growth, energy
consumption, and globalization, however, to save time and space,
we ignored them. We expressed equations for air pollutants (CO,
NH3, NOx, SO2, VOC, PM2.5) by contextualizing travel subsectors
EC and G as follows:

CO � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (5)

TABLE 1 Variables description.

Variables’ notation Description Measure Units Source

ACC All accommodation establishments Real contributions to GDP Million $US BAE

AR Amusements, gambling, and recreation industries Real contributions to GDP Million $US BAE

PM Performing arts, spectator sports, museums, and activities Real contributions to GDP Million $US BAE

FDP Food services and drinking places Real contributions to GDP Million $US BAE

AT Air transportation Real contributions to GDP Million $US BAE

RT Rail transportation Real contributions to GDP Million $US BAE

WT Water transportation Real contributions to GDP Million $US BAE

TPT Transit and ground passenger transportation Real contributions to GDP Million $US BAE

CO2 Carbon dioxide emissions Total emissions Million Metric tons EPA

CH4 Methane Total emissions Giga gram (Gg) EDGAR

N2O Nitrous oxide Total emissions Giga gram (Gg) EDGAR

CO Carbon monoxide Total emissions Thousands of tons EPA

NH3 Ammonia Total emissions Thousands of tons EPA

NOX Nitrogen oxide Total emissions Thousands of tons EPA

SO2 Sulfur oxide Total emissions Thousands of tons EPA

VOC Volatile organic compound Total emissions Thousands of tons EPA

PM2.5 Particulate Matter Omissions air trends Thousands of tons EPA

RGDP Real gross domestic product Total RGDP Million $US BAE

EC Energy consumption Total energy consumption Trillion Btu EIA

G Globalization KOF index 0–100 KOF

Note: “ACC includes hotels, campuses, camping grounds, motels, hotels, boarding houses, and all other accommodation establishments. FDP comprises restaurants, drinking places, fast food,

special food services, and limited seating places. PM consists of festivals, museums, dances, events, music, historical places, and creative skills. The AR establishments include clubs, gambling,

guided tours, reactional places and devices, sports teams, and amusement places. The AT subsector comprises both scheduled and non-scheduled passengers and cargo. The RT includes both

passengers and cargo using the railroad. WT delivers passengers and cargo services using cruises, boats, ships, and watercraft. TPT consists of rural buses, urban transit systems, charter bus

services, taxi services, and scenic and sightseeing transportation. Also Note: Environmental Protection Agency (EPA), Emissions Database for Global Atmospheric Research (EDGAR), US

Bureau of Economic Analysis (BAE), US Energy Information Administration (EIA)”.
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NH3 � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (6)
NOx � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (7)
SO2 � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (8)
VOC � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (9)
PM2.5 � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G

(10)
We can express equations for GHG emissions like the same in

terms of travel subsectors in combination with other variables of
interest, however, to save time and space, we ignored them. We can
express equations for RGDP and EC randomly in terms of EH and
travel subsectors as follows:

RGDP � α0 + α1ACC + α2AR + α3 PM + α4 FDP + α5 EC + α6G

(11)
EC � α0 + α1AT + α2RT + α3 WT + α4 TPT + α5 EC + α6G (12)

A unit root test is a statistical procedure to determine the
stationarity of a series. There are various stationarity tests, for
instance, Phillips Perron, Augmented Dickey-Fuller, and other
tests. If the bounds test estimated F-value is greater than the
tabulated value, the equation will be considered cointegrated and
vice versa not cointegrated (Pesaran et al., 2001). An error correction
model (ECM) can be derived from an autoregressive distributed
model through a simple linear transformation. “The error correction
model integrates the short-run dynamics with the long-run
equilibrium without losing any long-run information and avoids
spurious problems resulting from non-stationary time series data”
(Shrestha and Bhatta, 2018). The error correction version of the
ARDL model in Eq. 1 is given as follows:

ΔYt � α0 +∑
n

i�1
α1iΔYti − i +∑

n

i�1
α2iΔX1, ti − i +∑

n

i�1
α3iΔX2, ti − i

+∑
n

i�1
α4iΔX3, ti − i + . . . . . . . . . . +∑

n

i�1
αniΔXni, ti − i + λ6Yti

− 1 + λ7iX1, ti − 1 + λ8iX2, ti − 1 + λ9iX3, ti − 1

+ . . . . . . . . . ..λniXni, ti − 1 + μt

(13)

The first part of Eq. 13 with α1, α2, . . .. . .. . . αn presents the
short-run dynamics of the given ARDL model. The second part with λ1,
λ2, . . .. . .. . . λn represents the long-run dynamics, and μt denotes the
error terms in time t. The null hypothesis of Eq. 13 says that λ1 + λ2s +
. . .. . .. . . + λn=0,whichmeans that there is no cointegration relationship
between the variables in the long-run. The error correction model for
GHG emissions, air pollutants, economic growth, and energy
consumption can be defined as under in Eq. 14 (note: we developed
an error correction model only for CO2 emissions in terms of EH
subsectors, EC, and G, besides, we ignored the others to save space and
time. Other equations can be developed the same)

ΔCO2t � α0 +∑
n

i�1
α1iΔCO2ti−1 +∑

n

i�1
α2iΔACC1,ti−1 +∑

n

i�1
α3iΔAR2,ti−1

+∑
n

i�1
α4iΔPM3,ti−1 +∑

n

i�1
α5iΔFDP4i,ti−1 +∑

n

i�1
α6iΔG5i,ti−1

+ λ7iCO2ti−1 + λ8iACC1,ti−1 + λ9iAR2,ti−1 + λ10iPM3,t−1
+ λ11iFDP4,t−1 + λ12iG5,t−1

(14)

We also applied Granger causality tests to determine the direction
of the relationship between the variables of interest. “If two variables Y
and X are cointegrated, then any of the 3 relationships may exist: a) X
affects Y, b) Y affects X and c) X and Y affect each other. The first two
show unidirectional relationships, while the third shows the
bidirectional relationship” (Shrestha and Bhatta, 2018). The Granger
causality model can be defined as follows:

ΔYt � ∑
n

i�1
σ iΔYt−i +∑

n

i�1
λiΔXt−i + μt (15)

ΔXt � ∑
n

i�1
φiΔXt−i +∑

n

i�1
θiΔYt−i + μt (16)

The null hypothesis of Eqs 15, 16 holds that the values of λi and
θi = 0, which means that ΔX does not granger cause ΔY and
similarly, ΔY does not cause ΔX. We performed several
diagnostics and goodness of fit, and stability tests to examine the
models’ unbiasedness and robustness. These tests include
cumulative sum (CUSUM) and the cumulative sum of squares
(CUSUMQ), adjusted R2, serial correlation, and heteroskedasticity
tests.

4 Empirical estimations

We transformed all the variables to a logarithmic format to
induce normality. Two unit root tests (Phillips-Perron and
Augmented Dickey-Fuller) were used to assess the stationarity
characteristics of variables. We found that our variables were
stationary at level I (0) or at the first difference I (1). The
descriptive statistics and unit root results are given in Tables 2
and 3. The unit root test confirms that ARDL bound test estimation
is suitable for our variables. The ARDL method is susceptible to lag
structure; therefore, lag length was calculated for all the equations (a
lag length of 6 was noted for all the proposed models, the lag length
results will be provided on request). As mentioned earlier, we have
divided the TTI industry into two big categories (a) entertainment
and hospitality and (b) travel subindustries; each of these categories
was further divided into relevant subsectors for a comprehensive
analysis. We calculated twenty-two equations in total; RGDP, EC,
GHG emissions, and air pollutants were treated as endogenous
variables (entertainment and hospitality and travel subsectors were
treated as exogenous variables). A bounds test cointegration
approach was applied to all twenty-two equations. Table 4 shows
that the F-statistic values estimated for each equation are greater
than the upper limit of F-tabulated values either at 1%, 5%, or 10%,
indicating that all the equations were cointegrated at different
significance levels.

4.1 Long and short-run dynamics

The bounds test results in Table 4 permit us to estimate the long
and short-run dynamics for the proposed equations. We employed a
multivariate framework to reach logical findings. The results of long
and short-run dynamics are given in Tables 5, 6 because the results
for twenty-two equations were not adjustable in a single table for
space reasons. Four ARDL models were calculated for economic
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growth and energy consumption, as given by equations in Table 4.
The results (Table 5) indicate that a 1% increase in ACC, AR, and
FDP enhanced RGDP by 0.21%, 0.32%, and 0.21% in the long-run.
Similarly, ACC, AR, and FDP positively impact short-term
economic growth. Note, we will confine the description of the
results only to the long-run because we are interested in policy
implications and, second, to save space and time (for short-run
details, see Tables 5, 6). Travel subsectors results (Table 6) show that
AT, AR, and TPT positively influence economic growth by 0.71%,
0.48%, and 0.97% by a 1% increase in the respective variables in the
long-run. We can also note that energy consumption in the travel
subsector has a significant positive impact on RGDP.

Table 5 indicates that a 1% increase in ACC, AR, and PM sectors
increases energy consumption by 0.29%, 0.72%, and 0.18% in the
long-run, and a 1% increase in RGDP increases EC by 0.65%. AT,
RT, and TPT travel subsectors also significantly influence EC in the
long run by 0.27%, 0.16%, and 0.27%. It is observed that an increase
in the RGDP negatively influences EC in the travel industry. Besides,
globalization shows significant negative impacts on RGDP and EC
both in the EH and travel sectors in the log-run.

Moreover, Table 5 reveals that a 1% increase in EH subsectors
AR and FDP increases CO2 emissions by 0.19% and 0.46% in the
long-run. Similarly, a 1% increase in travel subsectors RT and TPT
increases CO2 emissions by 0.10% and 0.33%, as shown in Table 6.
The long-run relationships for CH4 show that a 1% increase in ACC

and FDP increases CH4 concentration by 2.25% and 1.56%;
however, PM indicates a negative impact. A growth of 1% in the
AR and TPT sectors reveals a positive influence on CH4 by 1.85%
and 1.03% in the long-run.

Table 5 reveals that a 1% increase in PM and FDP sectors
enhances N2O emissions by 0.92% and 053%; however, the same
increase in WT and TPT increases N2O emissions by 0.22% and
0.62%, as shown in Table 6.

The long-run dynamics of air pollutant CO indicate that a 1%
increase in the AR subsector increases the concentration of CO by
6.17%. Besides, a 1% growth in the travel subsectors AT, RT, and
TPT enhanced CO concentration by 1.01%, 0.26%, and 0.34% in the
long-run. Table 5 also reveals that a 1% increase in AR and FDP
increases NH3 concentration by 2.95% and 1.09%; the same
percentage of growth in travel subsectors AT and TPT increases
NH3 intensification by 0.82% and 0.80%. A 1% improvement in the
AR increases NOx by 6.04%. The same amount of growth in AT, RT,
and TPT increases the concentration of NOx by 0.98%, 0.26%, and
0.34% (see, Table 6). ACC and PM subsectors increase the growth of
SO2 positively and significantly by 1.89% and 3.40%; however, travel
subsectors show no positive contribution to SO2, as shown in
Table 6. The EH subsectors ACC and AR significantly increase
VOC by 0.66% and 1.27%; similarly, travel subsectors RT and WT
increase VOC by 0.32% and 0.24%. Only FDP significantly
influences PM2.5 concentration in EH subsectors by 3.62%;

TABLE 2 Descriptive statistics.

Variables/estimates Mean Median Maximum Minimum Std. Dev. J-B P

LnPM 11.90818 11.88004 12.10922 11.72273 0.103289 3.349126 0.187390

LnAR 11.74311 11.72591 11.92773 11.60371 0.081485 4.864796 0.087826

LnACC 12.30345 12.28450 12.45877 12.15430 0.090143 4.524479 0.104117

LnFDP 13.36472 13.32818 13.54694 13.23184 0.094210 5.728494 0.057026

LnAT 12.21877 12.20864 12.38668 12.06156 0.092471 2.285428 0.318952

LnRT 11.24390 11.25214 11.36910 11.03171 0.061514 5.71842 0.223252

LnWT 10.73220 10.74907 10.86784 10.53140 0.065643 1.07000 0.254235

LnTPT 10.95509 10.90251 11.23655 10.75445 0.146591 6.165629 0.064580

LnCO2 7.837732 7.824430 7.955909 7.748033 0.056997 4.512286 0.104754

LnCH4 2.730443 2.712809 2.967233 2.557724 0.094850 4.353013 0.113437

LnN2O 2.576253 2.574565 2.707597 2.429917 0.065535 0.373433 0.829679

LnCO 11.19109 11.19142 11.46160 10.98367 0.122364 3.379163 0.184597

LnNH3 8.307500 8.314920 8.380072 8.180739 0.057219 4.659665 0.097312

LnNOX 11.20841 11.20827 11.47488 11.00437 0.120438 3.393486 0.183279

LnSO2 8.694735 8.630771 9.586378 7.681551 0.610345 4.106593 0.128311

LnVOC 9.764233 9.781041 9.856062 9.645920 0.042841 7.386183 0.024895

LnPM2.5 7.937369 7.943800 8.059181 7.752872 0.088355 4.308266 0.116004

LnRGDP 16.61786 16.60081 16.89416 16.36193 0.148591 3.527447 0.171405

LnEC 10.10596 10.10430 10.19033 10.00537 0.045054 0.888285 0.641374

LnG 4.395631 4.395096 4.413300 4.364336 0.010920 1.450521 0.484199
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however, the travel subsector WT is responsible for
PM2.5 concentration by 0.33%.

The long-run dynamics of EC in the EH subsector show that EC
significantly increases CO2, CH4, SO2, and PM2.5 by 0.34%, 1.33%,
5.56%, and 3.97%. Similarly, the EC long-run dynamic in travel
subsector settings significantly enhances the concentration of CO2,
CH4, N2O, and SO2 by 0.29%, 6.56%, and 6.71%. Besides, energy
consumption positively influences economic growth with travel
subsectors. The long-run dynamics of globalization significantly
affect NH3 in the EH subsector setting; however, G increases
N2O and PM2.5 in the travel subsector setting. Furthermore, G
negatively influences RGDP and EC in the long-run both in the EH
and travel subsectors. For more details about the long-run results,
please see Tables 5, 6.

We conducted various diagnostics tests to evaluate estimated
models’ misspecification problems. Tables 5, 6 bottom panels show
the results for Jarque-Bera normality, Breusch-Godfrey Serial
Correlation LM test, Hetroskedasticity test, and adjusted R2.
Jarque-Bera statistic indicates that all twenty-two equations were
normally distributed. Breusch-Godfrey LM test reveals that our
models were free of serial correlation. The Breusch-Pagan
Godfrey test results indicate that estimated models were free of

heteroskedasticity problems. The F-statistic indicates that all the
models were well fitted to the data at a 5% significance level.
Adjusted R2 values indicate the explained variance in the
endogenous variables and show how well the independent
variables explain the dependent variable in the model. The
Cusum and Cusum-square plots show that most of the
estimated models are stable except for a few that are partially
unstable (plots are given in the supplementary material). The
error correction term (ECT), which shows the speed of
adjustment, assumes that it should be negative at a 5%
significance level and its value should not be less
than −2 within the stable dynamic range of unit circle root
(Adeleye et al., 2018). ECT’s high value in absolute terms shows
a faster adjustment process. Tables 5, 6 indicate that all the
ECT’s values are negative and within the threshold value range,
thus, meeting the ARDL assumption.

4.2 Granger causality

We conducted the Granger causality test to determine
causality directions. Table 7 reveals that EH subsectors ACC,

TABLE 3 Unit root -ADF and PP tests- results.

Variables Augmented Dickey-Fuller (ADF) Test Phillips-Perron (PP) Test

Level 1st difference Level 1st difference

LnPM −−0.193 −8.040* −0.468 −10.418*

LnAR −0.473 −8.310* −0.417 −8.298*

LnACC −0.205 −6.689* −0.308 −6.687*

LnFDP 1.156 −5.775* 0.633 −5.979*

LnAT −0.738 −4.840* −0.661 −4.870*

LnRT −3.019** −4.868* −1.872 −4.526*

LnWT −3.445* −6.676* −3.399** −8.008*

LnTPT 0.371 −6.184* 0.022 −6.342*

LnCO2 −2.233 −3.014** −3.422* −18.85*

LnCH4 −4.893* −14.53* −4.893* −25.36*

LnN2O −4.730* −7.748* −7.987* −32.27*

LnCO −3.121* −3.288** −2.607*** −3.397*

LnNH3 −2.331 −2.338* −1.268 −2.466*

LnNOX −1.674 −2.016** −2.602* −3.182*

LnSO2 −3.604** −3.064** −7.416* −3.116**

LnVOC −3.243*** −3.517* −2.083 −3.590*

LnPM2.5 −2.611*** −1.680* −3.173*** −1.706***

LnRGDP 0.273 −3.722* 0.247 −4.634*

LnEC −2.729*** −3.444** −8.563* −33.96*

LnG −2.229 −2.158** −2.872*** −2.184**

Note: asterisks *, **, *** shows significance level at 1%, 5%, and 10%. CUSUM and CUSUM square for various equations
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AR, and FDP cause RGDP [tourism-led economic growth
hypothesis (TLGH)]; however, RGDP causes PM [growth-led
tourism hypothesis (GLTH)]. Similarly, travel subsectors AT,
WT, and TPT cause RGDP; however, RGDP causes RT. All
travel subsectors cause EC and except FDP, all the EH
subsectors cause EC. AR, PM, RT, WT, and TPT cause CO2

emissions; however, CO2 causes ACC. There is bidirectional
causality between RGDP, EC, and G with CO2 emissions. ACC,
PM, and RT establish a unidirectional relationship with NH4.
Similarly, AR, FDP, AT, TPT, EC, and RGDP have a
unidirectional causality with N2O. All the EH subsectors
establish unidirectional relationships except a few
(bidirectional) with air pollutants CO, NH3, NOx, SO2, VOC,
and PM2.5. Similarly, travel subsectors have unidirectional
(except for a few bidirectional) relationships with air
pollutants. Energy consumption and RGDP also formed
mixed causal relationships with GHG emissions and air

pollutants. Please see Table 7 for the details of causal
relationships between EH subsectors, travel subsectors,
RGDP, EC, G, GHG emissions, and air pollutants.

5 Discussion

The TTI industry undoubtedly is a driver of economic
development and job creation in the US (Khan et al., 2020d).
The TTI’s contribution to economic growth and long-lasting social
impacts is immense; however, without a healthy and clean
environment, the industry and planet’s survival is impossible.
The increased understanding of TTI’s damaging environmental
impacts demands a sector-wise analysis of TTI to find sustainable
economic growth solutions and protect the environment.
Literature indicates that previous studies mostly researched
tourism’s impact on economic growth by proxying tourism

TABLE 4 The results of the bounds test for cointegration.

ARDL model F-static Lags Critical bounds value

1% 5% 10%

L U L U L U

FLnCO2(Ln CO2 | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 7.81a 1,1,0,0,0.1,0 3.6–4.9 2.87–4 2.53–3.59

FLnCH4(Ln CH4 | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 6.63a 1,1,0,3,3.2, 0 3.15–4.43 2.45–3.61 2.12–3.23

FLnN2O(Ln N2O | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 4.25b 1,3,5,3,0.3,1 3.6–4.9 2.87–4 2.53–3.59

FLnCO(LnCO | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 19.77b 1,6,6,6,5.6,3 3.15–4.43 2.45–3.61 2.12–3.23

FLnNH3(LnNH3 | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 12.88a 1,6,2,2,3.1,4 3.15–4.43 2.45–3.61 2.12–3.23

FLnNOX (LnNOX | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 19.71a 1,6,6,6,5.6,3 3.15–4.43 2.45–3.61 2.12–3.23

FLnSO2 (Ln SO2 | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 12.84a 1,4,2,3,4.4,1 3.6–4.9 2.87–4 2.53–3.59

FLnVOC (LnVOC | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 7.06a 6,5,5,3,5.2,5 3.6–4.9 2.87–4 2.53–3.59

FLnPM2.5 (LnPM2.5 | LnACC, LnAR, LnPM, LnFDP, LnEC, LnG) 37.16a 1,1,4,3,0.3,4 3.15–4.43 2.45–3.61 2.12–3.23

FLnEC (LnEC | LnACC, Ln AR, LnPM, LnPDP, LnRGDP, LnG) 46.55a 3,1,5,5,1.5,2 3.6–4.9 2.87–4 2.53–3.59

FLnRGDP (LnRGDP | LnACC, Ln AR, LnPM, LnFDP, LnEC, LnG) 3.71c 2.0.3,0,4,4,1 3.6–4.9 2.87–4 2.53–3.59

FLnCO2(Ln CO2 | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 10.61a 1,1,0,1,1.1,0 3.6–4.9 2.87–4 2.53–3.59

FLnCH4(Ln CH4 | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 12.36a 1,3,6,3,6.6,3 3.6–4.9 2.87–4 2.53–3.59

FLnN2O(Ln N2O | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 7.59a 3,4,3,5,3.4,1 3.6–4.9 2.87–4 2.53–3.59

FLnCO(LnCO | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 15.38a 1,6,5,6,3.6,6 3.6–4.9 2.87–4 2.53–3.59

FLnNH3(LnNH3 | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 28.68a 1,1,6,6,5.6,3 3.6–4.9 2.87–4 2.53–3.59

FLnNOX (LnNOX | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 15.37a 1,6,5,6,3.6,6 3.6–4.9 2.87–4 2.53–3.59

FLnSO2 (Ln SO2 | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 11.64a 2,4,5,0,5.6,6 3.6–4.9 2.87–4 2.53–3.59

FLnVOC (LnVOC | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 13.85a 1,6,5,6,2.6,6 3.6–4.9 2.87–4 2.53–3.59

FLnPM2.5 (LnPM2.5 | LnAT, LnRT, LnWT, LnTPT, LnEC, LnG) 8.82a 1,1,0,0,1.0,1 3.15–4.43 2.45–3.61 2.12–3.23

FLnEC (LnEC | LnAT, Ln RT, LnWT, LnTPT, LnRGDP, LnG) 12.61a 1,0,1,0,0.1,0 3.15–4.43 2.45–3.61 2.12–3.23

FLnRGDP (LnRGDP | LnAT, Ln RT, LnWT, LnTPT, LnEC, LnG) 4.35b 1,3,1,3,0.4,0 3.15–4.43 2.45–3.61 2.12–3.23

Note: All the models use the assumption of unrestricted constant. Furthermore, the a, b,c represent cointegration at a 1%, 5%, and 10% significance level. “L” represents the lower critical bound

value, and “U” represents the upper critical bounds value.
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receipts or tourist arrivals and considered only CO2 emissions to
evaluate the environmental impacts. However, the TTI subsectors
operate differently in the same business environment, use different
levels of the energy mix, and are responsible for varying levels of
emissions. Hence, diverse strategies and policy guidelines are
required to achieve maximum economic output with a lesser
level of environmental degradation. Our discussion is confined

to long-run dynamics and Granger’s causal direction to
recommend long-run policy initiatives.

This study’s findings reveal that EH subsectors ACC, AR, and
FDP contribute to the US economic growth; the causalities run from
all EH subsectors to RGDP, except FDP. Except for RT, all the other
transportation sectors developed a sector-led growth relationship
with RGDP. Before the COVID-19 pandemic, TTI supported

TABLE 5 Entertainment and hospitality subsectors long and short-run dynamics.

Variables Greenhouse gases
emissions

Air pollutants Economic
growth

Energy
consumption

Ind/Dep LnCO2 LnCH4 LnN2O LnCO LnNH3 LnNOx LnSO2 LnVOC LnPM2.5 LnRGDP LnEC

Long-run relationships

LnACC 2.25a −1.29b 1.89a 0.66b −4.01b 0.21a 0.29a

LnAR 0.19b 6.17a 2.95a 6.04a −4.00a 1.27b −2.27c 0.32a 0.72a

LnPM −3.43a 0.92c −3.25a −1.95b −3.18a 3.40a −2.13a 0.18a

LnFDP 0.46a 1.56a 0.53b 1.098c −2.37a −1.06a 3.62c 0.21c −0.81a

LnRGDP 0.65b

LnEC 0.34b 1.33c −2.07c −0.75b −2.025c 5.56a 3.97b

LnG 4.77c −4.76a −0.83a −1.14a

Constant −2.87a −21.63c 45.38a 6.68a 4.64b

Trend −0.005a 0.003c −0.036a 0.008a 0.003a −0.004a

Short-run relationships

LnACC 1.56a 0.39a 0.19b 0.38c −0.25c 0.27a −0.18a 0.13a 0.68a

LnAR 0.13c 0.76b 0.19b −0.13c 0.18b 0.399a 0.21a 0.09b 0.087a 0.74a

LnPM −0.52b 0.32a 0.12b 0.31a −0.28a 0.23a 0.32c

LnFDP 0.32a 2.69a −1.58b 0.598a −0.29c 0.59a 0.37c 0.47a 0.15c 1.22a

LnRGDP

LnEC 0.54a 0.44b 0.399b 0.20a −0.055b 0.19a 0.48a −0.04b 0.06a 0.09b

LnG 4.84a 3.48a 4.74a −3.12c −2.99a −1.61b 13.92a

Diagnostics

A 1.26
(0.29)

0.61
(0.56)

0.66
(0.52)

1.51
(0.26)

0.20
(0.82)

1.49
(0.26)

2.04
(0.15)

2.23
(0.15)

1.89 (0.11) 0.03 (0.97) 1.15 (0.33)

B 1.15
(0.56)

1.97
(0.37)

1.37
(0.50)

1.73
(0.42)

1.11
(0.57)

1.69
(0.43)

0.29
(0.86)

0.10
(0.94)

0.17 (0.92) 0.91 (0.63) 2.19 (0.33)

C 0.94
(0.51)

1.42
(0.19)

1.22
(0.30)

0.62
(0.88)

1.23
(0.29)

0.62
(0.88)

1.37
(0.19)

0.95
(0.57)

1.42 (0.18) 1.07 (0.42) 1.46 (0.16)

CUSUM Stable Stable Stable Stable Stable Stable Stable Unstable Stable Stable Stable

CUSUM-Sq
Stable Unstable Stable Stable Stable Stable Stable Stable Stable Stable Stable

Adj-R2 0.95 0.58 0.84 0.99 0.98 0.99 0.99 0.99 0.98 0.99 0.84

F-statistics 136.9a 5.92a 13.67a 494.2a 209.9a 496.9a 7,271.4a 163.51a 1,077.4a 2004a 11.15a

ECT −0.69a −0.65a −0.95a −0.19a −0.14a −0.19a −0.19a −0.37a −0.07a −0.62a −1.53a

Note: a. b, and c denotes significance level at 1%, 5%, and 10%. The first column represents independent variables ACC, AR, PM, FDP, RGDP, EC, and G. Similarly, the first row represents

dependent variables GHG emissions, air pollutants, RGDP, and EC. “A” represents the results of “The Brusch-Godfrey Serial Correlation LM test, B: Jarque-Bera Stat; C: Heteroskedasticity

ARCH test; (Probability); F-state shows overall model fit.” ECT represents the error correction term.
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9.5 million citizen jobs and generated an output of $1.9 trillion in
2019 (ITA, 2022c). Nearly 80 million foreign tourists’ visited the US,
contributing approximately $240 billion to the economy, making the
US a global leader in earning the highest revenue from international
tourism (Commerce, 2022). We identified that ACC, AR, and PM
subsectors in the EH industry exhibit the potential to influence
economic growth; however, expansion in the economic growth

support FDP sector development. The ACC subsector in the EH
industry accounted for 19% of the total TTI output and supported
1.4 million employees’ jobs (SelectUSA, 2021). The food services and
drinking places industry (FDP) attracted $44.7 in foreign direct
investment in the US and employed 9 million people in 2019
(SelectUSA, 2022). The AT, RT, and TPT demonstrate the
capability to enhance economic growth in the US. Air

TABLE 6 travel subsectors long and short-run dynamics.

Variables Greenhouse gases
emissions

Air pollutants Economic
growth

Energy
consumption

Ind/Dep LnCO2 LnCH4 LnN2O LnCO LnNH3 LnNOx LnSO2 LnVOC LnPM2.5 LnRGDP LnEC

Long-run relationships

LnAT −1.25a 1.01a 0.82a 0.98a −2.58a 0.32a 0.71b 0.27c

LnRT 0.10c 1.85a −0.42a 0.26a −0.70a 0.26a 0.24a 0.48b 0.16c

LnWT 0.22b −0.93a −0.91a −0.95a 0.33c

LnTPT 0.33a 1.03c −0.62a 0.34b 0.80a 0.34b −0.43b −0.77a 0.97a 0.27a

LnRGDP −0.39a

LnEC 0.29c 6.56a 1.29a −2.01a −2.19b −1.95a 6.71a −1.77a 3.59b

LnG −1.24a 3.42a −2.74b −2.73b 3.74a −7.67b −1.26c

Constant 5.46b −76.58a −17.27b 34.88a 28.68a 34.48a −30.06b 32.72a 58.51b 11.89a

Trend −0.004a 0.014a −0.013a −0.009a −0.012a −0.02a −0.005a

Short-run relationships

LnAT 0.27a 1.81a −0.79b 0.41a −0.12b 0.39a 0.37a 0.35a 0.11c 0.09b 0.35c

LnRT 0.07b 1.12c 0.52c 0.15a 0.15a −0.22a 0.097a 0.08b 0.55b

LnWT 0.73b −0.49c 0.24a −0.07b 0.24a 0.10a 0.06c 0.04b

LnTPT 1.17c 0.84b −0.26a −0.12b −0.25a 0.15c −0.12b 0.07b 0.34a

LnRGDP −2.82b

LnEC 0.53a −2.41a −0.91b 0.25a 0.18a 0.24a 0.13c 0.28a 0.08a

LnG −0.86a 30.68a 6.96a 6.83a 4.38b 6.33a −2.96a −0.55c −1.61c

Diagnostics

A 0.78
(0.46)

0.48
(0.62)

2.52
(0.11)

3.91
(0.14)

2.04
(0.15)

3.97
(0.15)

1.99
(0.17)

4.52
(0.07)

1.63 (0.16) 2.01 (0.06) 0.18 (0.67)

B 1.51
(0.47)

1.45
(0.48)

0.14
(0.93)

0.36
(0.83)

2.67
(0.26)

0.34
(0.84)

2.42
(0.29)

1.17
(0.55)

2.29 (0.32) 0.69 (0.71) 2.28 (0.24)

C 0.83
(0.62)

0.92
(0.60)

1.07
(0.43)

0.55
(0.93)

0.83
(0.69)

0.54
(0.93)

1.01
(0.51)

0.61
(0.88)

0.69 (0.83) 0.65 (0.83) 0.93 (0.51)

CUSUM Stable Stable Stable Stable Stable Stable Stable Stable Stable Stable Stable

CUSUM-Sq Stable Unstable Unstable Stable Stable Stable Stable Stable Stable Stable Stable

Adj-R2 0.96 0.79 0.81 0.99 0.99 0.98 0.99 0.99 0.97 0.98 0.18

F-statistics 134.4a 6.93a 8.97a 927.9a 342.5a 938.8a 226.2a 206.7a 609.59a 2,489.7a 2.34 (0.03)

ECT −0.69a −1.27a −1.44a −0.48a −0.33a −0.48a −0.39a −0.61a −0.19a −0.072c −1.27a

Note: a. b, and c denotes significance level at 1%, 5%, and 10%. The first column represents independent variables AT, RT, WT, TPT, RGDP, EC, and G. Similarly, the first row represents

dependent variables GHG emissions, air pollutants, RGDP, and EC. “A” represents the results of “The Brusch-Godfrey Serial Correlation LM test, B: Jarque-Bera Stat; C: Heteroskedasticity

ARCH test; (Probability); F-state shows overall model fit.” ECT represents the error correction term.
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transportation in the travel sector nearly accounted for 17% of the
total TTI output. Besides, the US is also leading the world in TTI-
related exports, accounting for $239 billion in 2019, which ranks TTI
as the third largest export sector in the US (ITA, 2022a). These facts
and figures from international bodies reflect our findings and retain
that most of the subsectors in the EH and travel industries support
economic growth; however, the FDP subsector shows growth-led
behavior, which is evident from its FDI attraction. Mostly the EH
and travel subsectors demonstrate positive long-run dynamics with
energy consumption, and the causalities are run from EH and travel
sectors to EC. This shows TTI’s high dependency on energy
consumption which significantly contributes to GHG emissions
and air pollutants.

The findings show that EH subsectors AR, FDP, and travel
subsectors RT and TPT significantly contribute to CO2

emissions. FDP and TPT contribute to CO2 emissions more
than the other subsectors. Similarly, ACC, FDP, RT, and TPT
significantly influence CH4 emissions. ACC and RT
contributions to CH4 are higher than the other subsectors.
PM, FDP, and WT are the major contributors to N2O.
Besides, EC positively influenced all GHG emissions in both
EH and travel subsectors. Recreation, lodging, events, concerts,
food and beverages, and other EH-related industries consume
varying energy mixes to perform their routine functions leading
to emissions. The travel subsectors accounted for 28% of total
energy consumption. Gasoline is a commonly used energy source
for transportation in the US. The transportation energy

consumption mix in the US indicates petroleum usage at 58%,
diesel at 24%, jet fuel at 11%, natural gas at 4%, biofuel at 5%, and
electricity and other 3% (EIA, 2022b). The EH industry is the fifth
largest energy consumer in the US (Xiong et al., 2022). Travel
subsectors accounted for 27% of US GHG emissions and are the
largest contributor to emissions. The TPT subsector, which
includes cars, trucks, and other light, medium, and heavy-duty
vehicles, cause 83% of GHG emissions (EPA, 2022a).

A bidirectional relationship exists between FDP, RGDP, EC, G
and CO2 emissions. This implies that they are necessary for each
other growth; for instance, when there are more economic activities
in a country, a high level of energy is consumed, which results in
high CO2 emissions. The CO2 emissions cause economic growth.
Studies suggest that a 1% increase in CO2 emissions increases
economic growth by 2.18% (Acheampong, 2018). The food and
drinking places also have a double edge relationship with CO2, for
instance, CO2 is used in various types of food and beverage
preparation; however, these facilities also emit CO2 by
consuming energy, waste, or in the preparation process. Travel
subsectors impact trade and jobs throughout the economy
directly and indirectly. Every day, goods and services are
transported to ACC, FDP, PM, and AR subsectors for developing
new facilities, food production, exhibitions, conferences, organized
events and concerts, the US hotel accommodation, participant
transportation, tourist transportation, refrigeration, air
conditioning, and waste disposal leading to a high volume of
emissions (EPA, 2018).

TABLE 7 Granger causality.

Greenhouse gases
emissions

Air pollutants Economic
growth

Energy
consumption

Variables LnCO2 LnCH4 LnN2O LnCO LnNH3 LnNOx LnSO2 LnVOC LnPM2.5 LnRGDP LnEC

LnACC (2.09c) 2.68c 2.53b 9.3a/3.79a (2.35c) 3.45b 2.94c 6.42a 3.58c 2.18c

LnAR 4.62a 3.17a 4.31a 10.07a 4.28a 2.79c 5.99a 3.19b 2.07c 4.65a

LnPM 3.04c 2.04c (2.22b) 2.79c (2.21b) (5.84a) 3.41a 4.03a (8.41a)

LnFDP 2.83b/
2.51c

2.42b (2.50b) 7.63a/
5.09a

2.51b 3.00b 2.65c 5.96a 3.78c 2.69b

LnAT 2.83b (6.50b) 10.15c 2.81c/
2.45c

(4.32b) (4.47b) 7.16a 4.56b 2.78b

LnRT 2.71b 3.31b 2.07c/
2.19b

4.37a (3.12b) 4.40a 3.37b 9.85a (5.82a) 3.11b

LnWT 2.73c (2.47b) 2.16c 2.5b 3.47c 3.83b 7.80a 2.01c

LnTPT 2.48c (3.88b) 3.35b 2.23b 15.1a/
9.22a

2.23b 3.33b (2.57c) 5.90a/3.56b 1.98c 2.14c

LnEC 48.5a/8.5a 8.17a/
3.11c

71.68a 3.73c 5.16a 2.71b/7.75a

LnRGDP 9.37a/
2.63b

1.89c 2.75c 2.76c (4.72b) 3.12c 5.16a 2.17c/3.28a

LnG 3.48a/
2.78b

(2.62c) 3.65a 10.15a/
40.35a

3.19a 3.32c/
4.40a

2.10c 3.76b 3.96b 3.28a/2.16c

Note: A single value in the column denotes unidirectional causality from EH, travel subsectors, and others to the corresponding variables. The double values in a single column −/− denotes

bidirectional causalities. The values in ( ) represent unidirectional reverse causalities. a. b, and c denote significance level at 1%, 5%, and 10%.
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The TTI subsector’s operations need energy for lighting, heating,
refrigeration, transportation, storage, boiling, conservation, and
preservation which causes air pollution. TTI contributes to air
pollutants through industrial gases, stationary, landfills, and waste
disposal. EH subsector AR and travel subsectors AT, RT, and TPT
contribute positively to CO air pollutants. AR contribution to CO air
pollutants is higher than other EH and travel subsectors. Casinos
contribute to CO through smoking, insulation, boilers, cooling, and
electric generators in the AR sectors. Gaming and indoor sports
facilities, indoor climbing and gymnasium, ice hockey, indoor golf,
and ice skating are the primary sources of CO air pollutants in the
AR sectors (Salonen et al., 2020). Besides leaking chimneys, kerosene
and gas heaters, stoves, and furnaces release CO. CO is produced by
incomplete fossil fuels combustion; transportation accounts for
approximately 61% of CO emissions in the US (Statista, 2022).
Trucks, cars, machinery, and other vehicles are the primary source of
CO in outdoor air.

The EH subsectors AR and FDP and travel subsectors AT and
TPT positively contribute to NH3, and FDP and TPT have a
bidirectional causality with NH3. The main causes of NH3 in EH
subsectors are waste disposal, cleaning agents, agriculture
products, livestock, animal feeds, landfills, and water leakages.
NH3 bidirectional causality with EH sectors indicates that the EH
sector causes NH3 and NH3 causes them; for instance, the
accommodation and food sectors depend on water, agriculture,
and livestock. However, ACC and FDA sectors produce NH3

through waste disposal and landfills. Studies reveal that vehicles
are the main source of airborne ammonia and stimulate the
formation of PM10, and PM2.5, which contribute to air
pollution and harm human health (Farren et al., 2020). The
NH3 in road vehicles comes from the catalyst-equipped petrol
and selective catalyst reduction both in light and heavy-duty
vehicles.

Our findings indicate that AR in the EH industry and AT, RT,
and TPT in the travel industry are responsible for significant NOx
emissions. Heated swimming pools, cooking on natural gas, food
boiling, washroom water heating, toxic supplies, nitric acid
utilization, and energy consumption in various forms cause NOx
emissions in the EH industry. Nitrogen is used in beer production in
restaurants, bars, and casinos. Furthermore, nitrogen is also used in
food packing for preservation and freshness, to prevent microbial
growth, and to protect the nutrients. Air pollutants emitted from
transportation contribute to soot, smog, and poor air quality.
Pollutants that highly contribute to poor air quality include
VOCs, NOx, and PM2.5. Transportation is responsible for 55%
of NOx emissions in the US (EPA, 2022b). ACC and PM sectors in
the EH industry are observed to be positive contributors to SO2 air
pollutants. We failed to establish a positive relationship between
FDP, WT, and TPT with SO2 in the long-run; however, causality
runs from these subsectors to SO2. Fossil fuel burning by power
plants and industrial facilities is the largest source of SO2 emissions.
Besides, ships, volcanoes, locomotives, heavy equipment, and
vehicles consume fuel with sulfur contents contributing to SO2

air pollutants. A high concentration of SO2 in the air leads to
SOx formation, which reacts with other compound form
PM10 and PM2.5 (EPA, 2022c). ACC and PM sectors’ SO2

emissions are attributed to boilers, natural gas cooking, the use
of coal, and electric heat pumps.

This study’s findings also reveal that ACC, AR, and FDP
subsectors in EH, AT, and RT in the travel industries contribute
to VOCs in the long-run. Most of the subsectors establish a
unidirectional causality running from EH and travel subsectors to
VOCs. Consumption of consumer products in the entertainment
and hospitality industry contributes to VOCs; for instance,
furnishings, wine, lacquers, disinfectants, copiers, printers,
stationery, dry cleaning, air fresheners, paints, varnishes, etc. The
PM subsector’s personal care products, cosmetics, and hobby
supplies contribute significantly to VOCs. All the travel
subsectors consume fossil fuels for energy leading to a high level
of VOCs and PM2.5 pollutants. Besides, all the EH and travel
industry subsectors establish a unidirectional causality running
from these sectors to PM2.5, indicating that all these sectors are
responsible for PM2.5 air pollution. US transport is responsible for
approximately less than 10% of each of VOC, PM2.5, and
PM10 emissions (EPA, 2022b).

Furthermore, the EC established unidirectional causalities with
all EH and travel subsectors. EC also formed a unidirectional causal
relationship with N2O, SO2, and PM2.5 and established bidirectional
causalities with RGDP, CO2 emissions, and globalization. It can be
argued that all the EH and travel subsectors consume various types
of energy in their operations, leading to economic growth, which
results in different kinds of emissions and air pollution. Our findings
reveal that globalization establishes a few long-run positive
relationships with GHG emissions and air pollutants in
combination with EH and travel subsectors; however,
globalization indicates mostly unidirectional causalities with
GHG emissions, air pollutants, RGDP, and EC. Thus, we argued
that globalization increases the need for travel and EH facilities,
leading to high energy demand that enhances economic growth and
causes higher GHG emissions and air pollutants.

5.1 Conclusion and policy implications

This study followed an integrated and holistic approach to
investigating causal relationships between EH and travel
subsectors with economic growth, energy consumption, GHG
emissions, and air pollutants. Previous studies attempted to
examine these relationships in an individual setting, for
instance, economic growth and CO2 emissions, tourism
arrivals and CO2, tourism and economic growth, leisure
industry, and environmental pollution. However, few studies
examine tourism subsector level environmental pollution, for
instance, Xiong et al. (2022). These studies undoubtedly provide
good information on the subject matter; however, there are
some limitations. For instance, Xiong et al. (2022) neglected the
travel sector, a major tourism actor contributing to economic
growth and environmental degradation. They also ignore the
subsector-level economic contribution. EH and travel
subsectors, economic growth, GHG emissions, and air
pollutants work in a cyclical form; therefore, an integrated
approach is of utmost importance to initiate concrete policy
implications and solve misconceptions.

TTI’s subsectors ACC, AR, FDP, AT, WT, and TPT support a
tourism-led economic hypothesis in the US, indicating its potential
to enhance economic growth in the country. The US TTI exports
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decreased by 65% in 2020 compared to 2019. To support and ensure
TTI resilience, equitability, economic benefits, and sustainability, the
US government needs to stimulate international tourist demand by
easing travel and trade restrictions. The NTTO needs to create a
positive TT business environment by welcoming international travel
by minimizing travel restrictions, offering diverse products,
addressing the financial needs of the TTI, support for tourism
communities, and delivering world-class tourist experiences.
Thereby TTI will create more employment and economic growth.
The government also needs to leverage the existing resources to
promote the US to international tourists by broadening marketing
efforts to encourage visitation to deserving communities. The federal
government must coordinate and work closely with the state, local,
and tribal governments and the private sector to support
collaborative marketing and offer them opportunities to showcase
their tourism products to attract tourists. Brand US and destination
management organizations can promote US cultural diversity by
providing authentic and unique products such as music, heritage,
foodways, and cultural histories to attract tourists. The US
government can increase tourist demand by leveraging large-scale
events, for instance, the 2028 Olympics, solar eclipses in 2024, EXPO
2027, and FIFA World Cup 2026.

The US federal government needs to make more effort to rebuild
TT industries on more resilient, sustainable, and equitable grounds,
which ensures the economic, social, and cultural benefits reach all
the communities regardless of size and location across the US. A
holistic approach to tourism development policy needs to be
adopted by incorporating community-based management,
development, and sustainability strategies. This approach will
enhance tourism economic growth and address the
accompanying challenges, for instance, environmental carrying
capacity, physical carrying capacity, and sociocultural carrying
capacity. Developing diverse tourism products will extend TT
industries’ benefits to underserved communities. The government
needs to leverage financial support and workplace requirements to
motivate destination communities to expand their tourism
economies by showcasing the US’s assets while protecting future
generations. Federal government and agencies need to work closely
with the private sector to reduce TT industries’ negative
contribution to the ecosystem and rebuild a more resilient TT
industry that can protect public health and have fewer impacts
on the climate. This is only possible by integrating environmental,
social, cultural, agriculture, public health, and economic policies
with tourism policy. A sustainable tourism policy will ensure nature
and culture protection, peace, environmental equity, a strong
economy, and equitable development.

The negative environmental impacts are not caused by
economic development but by the absence of concrete public
policy and lack of effective implementation to reduce GHG
emissions and minimize air pollution. Economic growth is
compatible with environmental protection, where rules are in
place to control tourism products and services’ negative impacts.
Environmental safety itself contributes to economic growth, for
instance, air pollution technologies, water treatment facilities,
solar cells, electric cars, and windmills. There is no doubt that
TTI operations depend on energy consumption; however, other
factors of TTI contribute to GHG emissions and air pollutants,

for instance, cooking, food waste, detergents, wastewater,
cleaning agents, and the use of gases in food production. The
EH industry stakeholders can play a critical role in reducing GHG
emissions and air pollutants by initiating LEED certification,
reducing water consumption, recycling soap waste, recycling
food waste, and increasing renewable energy production. The
government needs to address and collaborate with the private
sector on financial needs to encourage investments in anaerobic
digestion. This will transform organic waste into biomethane,
which can produce sustainable energy and address the energy
crisis and waste disposal. The US government should encourage
investments and actions to prevent food waste by keeping food in
the human supply chain to minimize GHG emissions. It is also
recommended to allocate financial resources to states and cities
to develop organic waste recycling infrastructure, research food
waste reduction, and conduct public talks to encourage
sustainable and responsible behavioral change. This will
mitigate various emissions, for instance, CO2, VOCs, PM2.5,
NOx, and SO2.

The lodging, restaurants, fast food facilities, casinos, and
other food facilities can reduce GHG emissions by serving
more climate-friendly foods. For instance, in more than
500 hotels in 100 countries, Hilton group offers reduced meat
options such as “The Blended Burger” to lower GHG emissions
by 30%. The company increased vegetarian menu items and
trained employees on food sustainability to raise awareness
among guests. The ACC, PM, FDP, and AR subsectors can
reduce GHG emissions and air pollution by minimizing
energy use, for instance, using daylight, installing timers, and
using the energy management system (EMS). To avoid NH4,
N2O, and CO, these facilities need routine maintenance of
boilers, heating and cooling systems, and the use of organic
paints and cleaning agents. Further, GHG emissions and air
pollutants can be reduced through adequate filtration,
sustainable cleaning practices, limiting the number of
occupants in the gymnasiums and fitness centers, using
electric resurfacers in ice hockey arenas, regulating
temperature and chlorine in the indoor swimming pools,
ventilation, and personal hygiene.

The US government has several legislations to protect the
environment and control GHG emissions and air pollution.
Examples of the many include Clean Air Act, Clean Water
Act, Beaches Environmental Assessment and Coastal Health
(BEACH) Act, Energy Policy Act, Pollution Prevention Act.
Instead of these laws, the US has no comprehensive federal
control over GHG emissions; besides, there is always conflict on
such legislation among the stakeholders to protect their personal
and organizational interests. For instance, consumer
organizations and local governments filed petitions against
EPA SAFE Vehicles Rule. Similarly, the Clean Power Plan
(CPP) was the first subject to litigation, and later Trump
administration repealed the CPP. The different laws and rules
come under the jurisdiction of separate administrations subject
to different interpretations and raise questions about the
potential approach for implementation. Therefore, the US
government needs to pass legislation that authorizes and
empowers the Environmental Protection Agency (EPA) to
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develop various coordination councils for coordination and
collaboration with stakeholders to implement these laws.
Further, the government needs to consider sectoral level
carbon pricing framework and approaches, for instance, clean
energy standards, GHG abating technologies deployment, and
tax policies to reduce air pollution. US policy on international
conventions, programs, and policies have always been
inconsistent; for instance, Obama signed the Paris Agreement,
Trump withdrew, and Biden rejoined. Therefore, the US must
consistently implement and respect international sustainable
climate policies and programs to become a global climate
protection leader.

Every study has some limitations, and this study is not an
exception. This research calculated some missing values through
interpolation, which is only guesswork, and the findings may be
inflated or deflated. Second, we have ignored toxic air pollutants,
such as mercury Hg emissions, Hg_D emissions, Hg_G emissions,
and Hg_P emissions; therefore, future studies should consider them
while investigating the tourism impacts on the environment. Third,
we tried our best to discuss as many policies as possible; however, we
restrained ourselves to a certain extent because of the word limits.
There are hundreds of studies on tourism economic growth and
environmental issues for different countries; however, there is a
minute focus on policy issues. Therefore, future research should
focus more on the existing policies to lead to innovation through
logical recommendations.
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