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A B S T R A C T

The sharing economy is a relatively recent phenomenon that aims to promote environmentally friendly prac-
tices. The sharing economy is characterized by the convergence of information, marketing and technology to
create a new paradigm in which customers value access above ownership, allowing them to make better use
of resources. It provides a modern business strategy that can pave the way for energy efficiency and sustain-
able economic development. However, the economic and environmental effects of the sharing economy are
debatable and require more research. Indeed, the sharing economy has upended the current economic stan-
dard, raising concerns about the benefits and disadvantages of the new behaviour. Therefore, the present
study fills a gap in the literature by quantitatively assessing the possible impacts of the sharing economy on
sustainable economic development and energy efficiency in China over the period 2000 to 2019. Recently
introduced QARDL estimation methodology is applied to achieve the objective, controlling for population
growth, unemployment, energy prices, and inflation. The sharing economy is shown to make a positive con-
tribution to promoting sustainable development across all quantile ranges, while it contributes to enhanced
energy efficiency at higher quantiles only. According to the findings, the sharing economy turns out to be a
socioeconomic phenomenon with the potential to promote energy efficiency and sustainable development.
Therefore, we emphasize the potential of the sharing economy and recommend the Chinese promote sharing
economy models to reach their full potential for sustainable development in energy efficiency and economic
terms by enacting suitable taxation and legislation policies.
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Introduction

Energy efficiency and sustainable development are major issues
for various governments particularly following a considerable
increase in natural resource exploitation, which has resulted in seri-
ous environmental issues (Dabbous & Tarhini, 2021). In 1987, the
term sustainable development was popularized as “development
that meets current demands without jeopardizing future generations’
ability to meet their own needs”. The majority of standards deal with
environmental, social and economic aspects of sustainability (Boar et
al., 2020). The so-called triple bottom line, which includes environ-
mental, economic and social responsibilities, is the foundation of sus-
tainable development (Elkington, 1994; Longoni & Cagliano, 2018).
The so called 3Ps—planet, profit and people—are the traditional pil-
lars or fields of social responsibility (Amaladoss & Manohar, 2013).

There are microeconomic and macroeconomic aspects to sustainable
development (Buchholz et al., 2009; Szczuka, 2015). From a macro-
economic standpoint, the focus is on the long-term development of
economies (Szczuka, 2015). From a microeconomic standpoint, sig-
nificant emphasis is put on the viability of individual businesses.
However, the microeconomic aspect, from our viewpoint, encom-
passes sustainability from the perspective of individual people, non-
profit organizations and public institutions (Jelinkova et al., 2021).
Using less energy to generate the same amount of products and serv-
ices is referred to as energy efficiency, and has numerous benefits.
Energy efficiency techniques, for example, are helpful to increase
ecosystem stability, reduce CO2 emissions, lessen fossil fuel reliance
and encourage industrial competition by cutting costs of operation
(Akram et al., 2020). Energy efficiency can help fight global climate
change in two ways. “The less energy used, the fewer emissions
released”, says the first principle. This means that energy efficiency
makes a substantial contribution to potential energy strategies to
fight climate change and global warming. Secondly, energy efficiency* Corresponding author.
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that is cost effective achieves environmental benefits by minimizing
the economic costs of achieving climate policy objectives (Javid &
Khan, 2020). Moreover, energy efficiency is an important part of any
green development programme which aims to reduce emissions
(Akram et al., 2020; Harun et al., 2022; Maheswaranathan & Bhavan,
2022; Shair et al., 2021; Treptow, 2022). Achieving sustainable devel-
opment goals requires better energy efficiency. Energy efficiency has
various societal benefits, regardless of its influence on air pollution. It
decreases business energy expenses, increases productive capacities,
enhances energy security, lowers energy prices, and reduces environ-
mental emissions (Aliu & Hajdini, 2021; Alsoud et al., 2021; Herna-
wati et al., 2021; Hieu et al., 2021; Hussain et al., 2021;
Mattayaphutron & Mahamat, 2021; Nawaz et al., 2021; Nazir et al.,
2022; Yilmaz, 2022).

How can sustainable development and energy efficiency be pro-
moted? The answers are numerous, but the rising trend for sharing
economies has significant implications for the promotion of both. The
sharing economy, which is built on sharing idle assets, is a conten-
tious phenomenon (Leung et al., 2019). The sharing economy is char-
acterized as “a community-based internet platform that facilitates
peer-to-peer sharing of accessibility to products and services” (Mi &
Coffman, 2019). It is a “growing tendency in consumer behaviour”
that is “exploding rapidly” (Fagerstrøm et al., 2017). It is predicted to
provide a number of societal benefits, including the ability to save
and/or earn money, help change consumer behaviour, reduce
resource consumption, and promote sustainable consumption
approaches, paving the way for sustainable economic growth. The
sharing economy relates to beneficial socioeconomic and environ-
mental outcomes. It is regarded as a step forward in society in terms
of cost-effective methods and resource efficiency. It is expected to
have several benefits, including resource savings, increased living
standards, new revenue streams and increased availability of low
cost products and services (Alshahrani, 2021; Diep & Hieu, 2021;
Hasker, 2021; Schor, 2016).

From the perspective of economic, social, and environmental
responsibility, sharing has the ability to contribute to sustainable
development (Tetrevova & Kolmasova, 2021). Sharing can be viewed
as a strategy for creating innovation and guaranteeing product sus-
tainability from the standpoint of economic responsibility. Sharing
also helps strengthen producer and consumer relationships, for
example, by sharing transportation modes such as heavy duty
vehicles and their cargo facility, delivery/order information, storage
capacity, business deals or references, or data about cooperative
advertising or consumer opinions, all of which have a beneficial inter-
personal multiplier impact. It also helps develop customer relation-
ships, for instance, by sharing expertise (Gaba et al., 2021; Hamsal et
al., 2021; Jelinkova et al., 2021; Lee & Brahmasrene, 2020; Lima et al.,
2021).

The sharing economy has sparked some academic debate about
economic sustainability and energy efficiency. Only a few empirical
studies focus on the impact of the sharing economy on economic sus-
tainability and there is still a research gap in this area (Demailly &
Novel, 2014; Geissinger et al., 2019; Parente et al., 2018). Further-
more, some research claims that the sharing economy has disrupted
conventional production and consumption patterns, which might
lead to more advantages and a better economy, with energy savings
and a low environmental impact (Pouri & Hilty, 2018).

Following this discussion, the principal objective of our study is to
estimate the role of the sharing economy in achieving energy effi-
ciency and sustainable development in China over the period 2000
−2019. In particular, we make a quantitative assessment of the
potential implications of the sharing economy for energy efficiency
and sustainable development. To this end, we propose two models.
The first aims to predict the role of the sharing economy on sustain-
able economic development, controlling for population growth, infla-
tion, and unemployment rate. The second model estimates whether a

rising sharing economy aims to reduce energy intensity, thereby
increasing energy efficiency, while controlling for population growth
and energy prices.

Why we select China? Because the sharing economy has reached a
new development level in China, thanks to the application and
advancement of information technology. The market share of the
sharing economy in China increased continuously from 2015 to 2019.
In 2016, the annual growth rate reached 95.74%, but has declined
since then. Once-popular enterprises such as peer-to-peer (P2P)
financing and bike-sharing have seen losses since 2018. Between
2016 and 2019, China’s sharing economy revenue grew at a much
faster rate than the conventional economy. In 2019, internet vehicle
passenger traffic made up 37.1% of overall taxi passenger traffic, with
a penetration level of 47.4% amongst internet users. Shared housing
revenue accounted for 7.3% of overall lodging revenue, with a pene-
tration rate of 9.7%. Currently, such businesses focus on lodging,
transportation, skills and knowledge, and services, amongst other
things. In 2019, 800 million people were anticipated to have partici-
pated in business activities, with 78 million network operators
employing 6.23 million people. This means that more than half of
China’s population has participated in the sharing economy in some
capacity. In recent times, China has seen both tremendous growth
and failures in the sharing economy. In the last two years, more gov-
ernment regulation and simplification have been presented (Green-
ing & Azapagic, 2012; Liu et al., 2020). Fig. 1 indicates the
development of the market size of the sharing economy in China
between 2015 and 2019.

China has maintained rapid economic growth for nearly 40 years
since liberalization in 1978, with phenomenal GDP growth. A com-
prehensive economic growth model with high energy input and
investment lies behind this rapid growth. Because of their fossil fuel
dependence, the major chemical and energy industries have grown.
According to the National Bureau of Statistics of China, China’s invest-
ment in environmental pollution management in 2015 alone
accounted for 1.29% of the country’s total GDP. China’s total energy
output and consumption were 3.62 billion tonnes of standard coal
equivalent (SCE) in 2015, compared to 4.30 billion tonnes of SCE in
2003. In terms of energy structure, coal was China’s main energy
source until 2015, accounting for over 64% of the country’s primary
energy use, which is 40% greater than the global average. To measure
China’s energy efficiency, the above data on GDP and energy con-
sumption are crucial (Yang & Li, 2017). However, experts often over-
look one essential factor of energy efficiency and sustainable
development, the sharing economy, which, as previously stated, has
a significant impact on these factors and needs serious consideration.
Therefore the present study is a quantitative estimation of the effect
of the sharing economy on sustainable economic development in
China (Echaust & Ma»gorzata, 2020; Marchiori & Franco, 2020; Shen
et al., 2020; Tsai et al., 2020; Vrane�sevi�c & Peri�c, 2020).

Following the introduction, section 2 provides a brief review of
the existing literature. The data and methodology are given in section
3. The results and discussion are provided in section 4, and section 5
gives the conclusion of the study and policy implications.

Review of existing literature

Theoretical framework for the sharing economy and sustainable
development

The term “sharing economy” is not quite new. The idea is a part of
the history of human civilization. Since the Industrial Revolution, the
sharing economy has referred to peer-to-peer commercial trade, but
has been dominated by giant enterprises. In the past century, the
state was controlled by major corporations, and the industrial age
changed the kinds of exchange, commerce, and employment con-
nected with economic sharing. In the new millennium, digital
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technology has revitalized sharing behaviours, self-employment, and
other forms of community-based exchange (Schor, 2016). Sustainable
development, according to Mu~noz and Cohen (2017) is a crucial idea

of our time, which is both a means of understanding the world and a
method for overcoming global challenges. The global society, physical
environment and world economy are three complex systems for sus-
tainable development. These ideas are similar to the new digital
economy, sharing economy, and even economic democratization
(Darity Jr et al., 2021; George, 1999; Lydeka & Karaliute, 2021; Para-
schiv et al., 2021; Parshakov et al., 2021; Slatten et al., 2021).

Consideration of the conditions that led to the formation of the
sharing economy and how they align with the tenets of sustainable
development is necessary in order to comprehend the relationship
between the sharing economy and sustainable development. The
sharing economy is characterized as a complex of economic, techno-
logical, environmental and social changes.

The following list, based on the work of Gold (2003); Lyaskov-
skaya (2021), and Zhu and Liu (2021) indicates the necessary prereq-
uisites for the emergence of a sharing economy.

The present idea of the sharing economy, which represents a sig-
nificant shift in the technological and technical aspects of consump-
tion and production was, in the opinion of the majority of
researchers, brought about by the digitalization of many spheres of
life. The connections between digitalization and the new phase of
industrialization are widely acknowledged as the most important
aspects of the shift to the digital world, including big data, aug-
mented production, robotization, cloud computing, 3D printing, stor-
age of data etc. Digitalization has had a great influence on
consumption techniques, which affect millions of families worldwide,
rather than how goods and services are created. New sharing econ-
omy business models have emerged as a result of these shifts, dem-
onstrating a new level of socially and ecologically conscious

Fig. 1. Market Size of the Sharing Economy of China, Source: The sharing economy development reports published by the State Information center of China 2016−2020.
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behaviour engrained in sustainable purchasing. The conclusion that
new models of business are contained in a sharing economy of
responsible and sustainable consumption, coincides with the socially
conscious economic and ecological objectives of sustainable purchas-
ing and consumption, made possible by analysis of the conditions that
led to the birth of sharing economy (Lyaskovskaya & Khudyakova,
2021). Additionally, the sharing economy is presented in various stud-
ies as an economic benefit that facilitates environmentally friendly
consumption of shared goods and acts as a stepping stone to a strong
and sustainable society (Boar et al., 2020; Curtis & Lehner, 2019). The
connections between the sharing economy and the long-term health
and growth of national economies, as well as its implications for the
attainment of sustainable development goals, are highlighted by these
arguments (Curtis & Mont, 2020; Mi & Coffman, 2019).

There have been numerous pieces of research on the sharing
economy and sustainable development. Recently Dabbous and Tar-
hini (2021) scrutinize data from 18 OECD countries over the period
2014 to 2018 in order to estimate the role of the sharing economy on
energy transition and sustainable development. The authors measure
the sharing economy in terms of internet search data on Google
trends. The authors observe that the sharing economy affects energy
efficiency and sustainable development positively, through fixed
effects estimation with Driscoll-Kraay standard errors. Lyaskovskaya
& Khudyakova, 2021 quantitatively assess the effect of the sharing
economy on three aspects of sustainable development, but find that
it has no significant impact on sustainable development achievement.
George (1999) discusses the sharing economy in Indonesian cities,
particularly in the online transportation industry, specifically Grab,
Uber and Go-Jek. The findings reveal that, in Indonesia, the sharing
economy enhances inclusiveness, social value and economic worth.
In the Czech Republic, Jelinkova et al. (2021) appraise customers’ per-
spectives on the advantages of the sharing economy in terms of envi-
ronmental, economic and social responsibilities. The customers, who
belonged to various age groups and achieved various educational lev-
els, perceived advantages of the sharing economy in terms of envi-
ronmental, economic and social responsibilities. Rehman and
Deyuan, (2018) explore the effect of population growth on economic
growth in Pakistan and conclude that population growth affects eco-
nomic growth positively. Likewise, Garza-Rodriguez et al. (2016)
explore the same effect, considering Mexico, and find that population
growth has a negative impact on sustainable development. Mohseni
and Jouzaryan (2016) study the effect of unemployment and inflation
on sustainable development in Iran and find negative impacts of
both. However, Meidani and Zabihi (2011), also in Iran, find a positive
contribution of unemployment on GDP per capita growth.

Ngai et al. (2008) investigate the factors behind the success of the
sharing economy for sustainable development, and conclude that the
sharing economy supports sustainable development. Liu and Chen
(2020) conclude that the sharing economy is helpful in promoting sus-
tainable development by improving market impetus, efficiency in
resource utilization, consumption concepts and transformation concepts.
Pouri and Hilty (2018) conceptualize the sharing economy in terms of
sustainable development and find different positive and negative aspects
of the sharing economy for different sectors of the economy. Cheng and
Edwards (2019) conclude that sharing economies lead to monopoliza-
tion of sharing firms and disturbance of government regulations that
cause sustainable development to decline. Cheng (2016) reviews the
existing literature on the sharing economy and sustainable development
and concludes that the sharing economy has a long intellectual history
that influences the fields of consumption, social movement and lifestyle,
and the sharing paradigm (Nikolaou, 2022; Șerban et al., 2022; Velín-
F�arez, 2021; Ye et al., 2022; Yu et al., 2022; Zirra et al., 2022).

Thus we form the hypothesis:

H1. The sharing economy has a significant and positive impact on the
sustainable development of China.

Sharing economy and energy transition

This section examines the link between sharing economy use and
energy efficiency. Previous research indicates a discussion about the
effect of the sharing economy on long-term economic development
and environmental advantages (Zmy�slony, Leszczy�nski, Walig�ora, &
Alejziak, 2020). Energy efficiency is thought to improve productivity
and competitiveness (Rajbhandari & Zhang, 2018; Williams & Hor-
odnic, 2017). However, the nexus between the sharing economy and
energy efficiency is not explored in many previous studies. Only a
few can be found in the present literature studying this association.
For instance, Abubakari (2021) and Belk (2014) assert that the shar-
ing economy helps energy conservation, trash reduction, carbon foot-
print reduction and emissions reduction (Mu~noz & Cohen, 2017).
Fitriyanto and Iskandar (2019) study the impact of energy prices and
GDP per capita on energy intensity in ASEAN countries and conclude
that both variables affect energy intensity negatively. Likewise, Mah-
mood and Ahmad (2018) find that GDP and energy prices influence
energy intensity negatively in European countries.

Ala-Mantila et al. (2016) explore the relationship between house-
hold size, urban structures, lifestyles, and greenhouse gas emissions.
The development of collaborative consumption is observed to have
the potential to reduce lone dwellers’ greenhouse gas emissions by
compensating for lower intra-household sharing with inter-house-
hold sharing (Surya et al., 2020). Some researchers explore the
impact of information and communications technology (ICT) sustain-
ability on energy consumption and the environment. For instance,
Coroama and Hilty (2014) observe there is consumption of energy
and resources by ICT at various levels of the supply chain. Bashroush
et al. (2016) asserts that, because of the increased demand for ICT
applications, consumption of energy keeps rising, despite all efforts
at energy efficiency. A similar claim is made by Das (2019), and this
has a lot to do with the sharing economy, because its software appli-
cations necessitate a lot of hardware and data centres, which in turn
use a lot of natural resources and energy. Ganapati and Reddick
(2018) assert that sharing saves energy in the long term, since it pro-
vides a sustainable and resource-conserving strategy by selling serv-
ices rather than products. Hence, the question arises, whether a
sharing economy has a positive or negative effect on energy effi-
ciency. Therefore we develop the hypothesis:

H2. The sharing economy has a negative and significant effect on
energy efficiency.

Literature gaps

The comprehensive review of studies to date clearly demonstrates
the significant contribution of the sharing economy to achieving
energy transition and sustainable development. However, the quanti-
tative assessment of this nexus is insufficiently covered in the litera-
ture. Particularly, China has not received enough attention in terms
of this nexus. Knowing these gaps in the literature, there are several
worthy contributions of our study. Firstly, to the best of our knowl-
edge, this study accompanies very few existing studies that make
quantitative assessments of the objectives. Secondly, as a proxy for
the sharing economy, the study applies Uber China’s social embedd-
edness, assessed through online reports and surveys collecting daily
observations. Thirdly, this study is novel in terms of the estimation
methodology employed, i.e., the quantile autoregressive distributed
lag (QARDL) model, which assesses the quantitative relationship at
various quantiles to provide a comprehensive picture of the relation-
ship. Thus the study makes a significant contribution to the literature
by providing the practical implications of a rising sharing economy
for energy efficiency and sustainable economic development, which
are useful for individuals and policy makers.
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Data and methodology

Conceptual framework of the study

To assess the impact of the sharing economy on sustainable devel-
opment and energy transition, we propose two models. Model 1
assesses the relationship between sustainable development and the
sharing economy, controlling for population growth, unemployment,
and inflation. Model 2 estimates the relationship between energy
efficiency and the sharing economy, controlling for energy prices and
population growth. The conceptual framework of the study is given
in Figs. 2 and 3, below.

Following Dritsakis and Stamatiou (2016), Mohseni and Jouzaryan
(2016), Sahnoun and Abdennadher (2019), and Adaramola and Dada
(2020), Model 1 is specified as:

GDPP ¼ f ðSE;UE; POPG; INFÞ ð1Þ
where GDPP stands for gross domestic product per capita, SE denotes
sharing economy, POPG represents population growth and INF stands
for inflation.

Similarly, taking support from the studies of Adom (2015), Mah-
mood and Ahmad (2018) and Dabbous and Tarhini (2021), Model 2 is
specified as:

EEF ¼ f ðSE; POPG; EPÞ ð2Þ
where EEF stands for energy efficiency and EP stands for energy pri-
ces.

Variable measurements and data sources

Sustainable development is measured by gross domestic product
per capita (constant 2015 $). Unemployment rate is measured as
unemployment (% of total labour force). Energy efficiency is calcu-
lated as total final energy consumption divided by GDP. Consumer
price index (CPI) is taken as the measure of inflation. Population
growth (%) is taken as a proxy for population growth. All data is taken
from the World Development Indicators (WDI). Lastly, we measure
sharing economy as Uber China’s social embeddedness. The data con-
cerning Uber China and its stakeholders has been widely publicized
in national and international news outlets. The rapid expansion of
the internet has enhanced our access to these reports, and Uber, Didi,
and other car-sharing platforms’ development and competing activi-
ties are frequently highlighted in newspapers, magazines, and other
new media. We review industry reports and internal papers to obtain
daily observations. The description of all variables are formulated in
Table 1.

Estimation techniques

Unit root tests

ADF test without structural break. The augmented Dickey-Fuller (ADF)
tests are amongst the most often employed techniques for determin-
ing the presence of a unit root in the majority of empirical studies. By
including the lagged values of the outcome variable, the ADF test aug-
ments the Dickey Fuller test. Lagged and k-lagged first differences are
regressed on the 1st difference of a variable on constant and linear
deterministic trends, expressed as:

DYt ¼ mþ aYt�1 þ bt þ
Xk

j¼1

cjDYt�j þ et . . . . . . ðiÞ

where D denotes first difference, Y is the macroeconomic series and
et is the error term. In this test, optimal lag length is chosen by the t-
sig approach. The null hypothesis of the test states that the series con-
tains a unit root while the alternative hypothesis states the reverse.

However, the ADF test can give a biased conclusion of a unit root
in the presence of structural breaks in the time series. The issue arises
when the series is interrupted, and such a shock could have a long-
lasting impact on the series. The situation worsens if the series
remains stationary. Initially, the shock only has a temporary impact,
but if there is a structural break, the shock has a lasting impact. This
can inadvertently result in the unit root not being rejected. Conse-
quently, it has been demonstrated in numerous investigations that
an unexplained break in the series lessens the bias of the unit root
tests. Zivot and Andrews (2002) develop the concept of Perron

Fig. 2. Conceptual framework for model 1.

Fig. 3. Conceptual framework for model 2.
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(1989) and add an endogenous break to the model, creating the
sequential trend break model. Unlike Perron (1989), Zivot and
Andrews’ (2002) model is characterized by the absence of the crash
dummy variable, D(TB). These models are designated as Models A, B,
and C respectively. Changes to the intercept and slope are permitted
in models A and B, respectively, whereas changes to both the inter-
cept and slope are permitted in model C.

A : DYt ¼ mþ aYt�1 þ bt þ #DUt þ
Xk

j¼1

cjDYt�j þ et . . . . . . ðiiÞ

B : DYt ¼ mþ aYt�1 þ bt þ gDT�
t þ

Xk

j¼1

cjDYt�j þ et . . . . . . ðiiiÞ

C : DYt ¼ mþ aYt�1 þ bt þ #DUt þ gDT�
t þ

Xk

j¼1

cjDYt�j

þ et . . . . . . ðiiÞ

These equations test the alternative hypothesis of the stationarity of
the series against the null hypothesis of a unit root. According to
Zivot and Andrews (2002), every point is taken into account as a
potential break point, and a regression is done for each potential
break point in turn. In contrast to Perron (1989), Zivot and Andrews
(2002) show less strong evidence against unit roots by taking an
endogenous break point.

QARDL model. In line with the work of Ali et al. (2021), Godil et al.
(2021), and Shu, Li, Ma, & Qureshi, 2022, we employ a novel QARDL
technique to examine the nonlinear relationship between the sharing
economy and the other study variables (Cho et al., 2015). In a nut-
shell, the QARDL estimation enables the assessment of the long-term
quantile impact of the variables on China’s sustainable development.
Furthermore, for both short-term and long-term symmetry, the Wald
test is employed to examine the dependence of the parameters in
each quantile. The traditional linear ARDL model is:

Model 1:

GDPPt ¼ aþ
Xp

i

b1GDPPt�i þ
Xq

i

b2SEt�i þ
Xr

i

b3POPGt�i

þ
Xs

i

b4UEt�i þ
Xu

i

b5INFt�i þ et ðiÞ

Model 2:

EEFt ¼ aþ
Xp

i

b1EEFt�i þ
Xq

i

b2SEt�i þ
Xr

i

b3POPGt�i

þ
Xs

i

b4EPt�i þ et ðiiÞ

The Schwarz information criterion is used to choose the lag orders
p and q, and t represents the white noise error term. GDPP, SE, POPG,
UE, INF, and EP represent sustainable development, sharing economy,

population growth, unemployment rate, inflation and energy price,
respectively. Equations (i) and (ii) are transformed into quantile
form, as shown in equations (iii) and (iv):

QGDPPt ¼ a tð Þ þ
Xp

i

b1 tð ÞGDPPt�i þ
Xq

i

b2 tð ÞSEt�i þ
Xr

i

b3 tð ÞPOPGt�i

þ
Xs

i

b4 tð ÞUEt�i þ
Xu

i

b5 tð ÞINFt�i þ et tð Þ

ðiiiÞ

QEEFt ¼ a tð Þ þ
Xp

i

b1 tð ÞEEFt�i þ
Xq

i

b2 tð ÞSEt�i

þ
Xr

i

b3 tð ÞPOPGt�i þ
Xs

i

b4 tð ÞEPt�i þ et tð Þ ðivÞ

where the terms e (t) = EFt − QEFt ( t
et�1Þ and 0 <t< 1 indicate the

quantiles. In order to apply data analysis approaches, several quantile
pairs, ranging from 0.05 to 0.95, are analysed. The white noise distur-
bance term in equations (v) and (vi) accounts for potential sequential
association:.

QDGDPPt ¼ a tð Þ þ rGDPPt�i þ ’1SEt�i þ ’2POPGt�i þ ’3UEt�i

þ ’4INFt�i þ
Xp

i

b1 tð ÞGDPPt�i þ
Xq

i

b2 tð ÞSEt�i

þ
Xr

i

b3 tð ÞPOPGt�i þ
Xs

i

b4 tð ÞUEt�i

þ
Xu

i

b5 tð ÞINFt�i þ et tð Þ ðviÞ

QDEEFt ¼ a tð Þ þ rEEFt�i þ ’1SEt�i þ ’2POPGt�i þ ’3EPt�i

þ
Xp

i

b1 tð ÞEEFt�i þ
Xq

i

b2 tð ÞSEt�i þ
Xr

i

b3 tð ÞPOPGt�i

þ
Xs

i

b4 tð ÞEPt�i þ et tð Þ ðviÞ

We can represent the above equations with an error correction
model (ECM), where equations (vii) and (viii) take into account the
quantile ARDL approach:

QDGDPPt ¼ a tð Þ þ r tð ÞGDPPt�i �v1 tð ÞSEt�i

�v2 tð ÞPOPGt�i � v3 tð ÞUEt�i �v4 tð ÞINFt�i

�þ
Xp�1

i¼1

b1 tð ÞDGDPPt�i þ
Xq�1

i¼1

b2 tð ÞDSEt�i

þ
Xr�1

i¼1

b3 tð ÞDPOPGt�i

Xs�1

i¼1

b4 tð ÞDUEt�i

þ
Xu�1

i¼1

b5 tð ÞDINFt�i þ et tð Þ ðviiÞ

Table 1
Description of the variables.

Variable Proxy Data source References

Sustainable development GDP per capita (constant 2015 $) World Development Indicator (WDI) Dabbous and Tarhini, (2021)
Sharing economy Data on development of Uber, Didi and car

sharing industry in China
National and international mainstream
media reports

Fan et al. (2019), Nguyen (2021)

Energy efficiency Total final energy consumption (% of GDP) World Development Indicator (WDI) Dabbous and Tarhini, (2021)
Inflation Consumer Price Index (CPI) World Development Indicator (WDI) Murad et al. (2019)
Unemployment Unemployment (% of total labour force) World Development Indicator (WDI) Dabbous and Tarhini (2021)
Population growth Population growth (%) World Development Indicator (WDI) Boldeanu and Constantinescu (2015), Dab-

bous and Tarhini (2021)
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QDEEFt ¼ a tð Þ þ r tð ÞEEFt�i �v1 tð ÞSEt�i �v2 tð ÞPOPGt�i

� v3 tð ÞEPt�i þ
Xp�1

i¼1

b1 tð ÞDEEFt�i

þ
Xq�1

i¼1

b2 tð ÞDSEt�i

þ
Xr�1

i¼1

b3 tð ÞDPOPGt�i

Xs�1

i¼1

b4 tð ÞDEPt�i þþ et tð Þ ðviiiÞ

The total short-run effect of earlier GDPP on current GDPP and
earlier EEF on current EEF is determined by b� ¼

Pp�1

i¼1
b1 taking the

delta approach. But the combined short-run effect of current and ear-
lier values of SE on current EEP and GDPP is computed as b� ¼

Pq�1

i¼1
b2.

The residual aggregate short-run influence of the prior and present
values of the control variables is calculated using a similar procedure.
Finally, the speed of adjustment parameter in equation (iv) must be
negative and significant (Cho et al., 2015).

Wald test and granger causality test. We apply the Wald test to iden-
tify the long-run and short-run asymmetric effects of all independent
variables, (speed of adjustment of parameters), H0 r* (0.05) = r*
(0.10). . .r* (0.95). A similar hypothesis is tested for bSE, bUE, bPOPG

and bINF (the long-run parameters) and sSE ; sUE;sPOPG and sINF (the
short-run parameters).

Troster (2018) introduces the quantile Granger causality test,
which is applied to analyse the quantile causal associations amongst
the dependant and independent variables. There is no Granger cau-
sality between a variable (Xi) and another variable (Yi) in the case of
no contribution of Xi in the estimation of Yi. An explanatory vector is
supposed (Ni= Ni

y, Ni
x)’ 2 Re, s= o+q, where Ni

x is the earlier indica-
tion group of Xi Nix = (Xi-1, . . ..., Xi-q)’ 2 Rq.. The H0 of no Granger
causality between Xi and Yi is:

H

X�Y

0
: Fy yNY

i ; Nx
i

� � ¼ Fy yNY
i

� �
; for all y 2R ðixÞ

where Yi is Fy (.| Ni
Y, Ni

X), the provisional distribution purpose, given
that (Ni

Y, Ni
X). The DT check is applied by the classification of the QAR

method m (�) for the whole p 2 � G [0,1], based on the null hypothe-
sis of no Granger causal association as:

QAR 1ð Þ : m1 NY
i ; @ pð Þ� � ¼ λ1 pð Þ þ λ2 pð Þ Xi�1 þm2V

�1
Y pð Þ ðxÞ

The coefficients [@(p)= (λ1(p) λ2 (p)] andmt are estimated through
maximum likelihood in equal quantile points, and � V�1

Y (.) is the
reverse of a fundamental distribution function. Lastly, the QAR (1)
equation based on equation (xi) is:

QY
p YiN

Y
i ;N

X
i

� � ¼ λ1 pð Þ þ λ2 pð ÞYi�1 þ n pð ÞXi�1 þm2V
�1
Y pð Þ ðxiÞ

Empirical findings and discussions

Table I shows the descriptive statistics such as the mean, standard
deviation, data range and Jarque−Bera (J-B) test for the variables
under examination. In comparison to the other variables, GDPP has
the highest mean, while EEF has the lowest mean. The standard devi-
ation shows that EP has the highest variation, compared to other var-
iables, and GDPP has the lowest. Finally, the J-B statistics for all
variables have significant values that reject the null hypothesis of
normal distribution at the 1% significance level. This implies that the
use of the QARDL technique to forecast the short-run and long-run
connection at a range of quantiles is essential for the current investi-
gation.

Table II presents the findings of the unit root test for all the study
variables. The Zivot & Andrews (ZA) and ADF unit root tests are used
to check the unit root process. ADF is a traditional method for exam-
ining the unit root of series, whereas ZA adjusts for structural breaks
in the data. At the 5% level of significance, both the ZA and ADF tests
show that the data are nonstationary (Table II). This signifies that all
of the variables have the same order of integration I(1).

Table III shows the findings of QARDLModel 1. It indicates that the
coefficient of adjustment speed or r� (t) is significant and negative at
all quantiles. The findings suggest that GDPP and other variables such
as SE, UE, POPG and INF revert to long-term equilibrium. Further-
more, the coefficient of speed of adjustment is shown to be substan-
tially higher in the initial and middle quantiles, and lowest in the
higher quantiles. The coefficient of sharing economy is positive and
significant at all quantiles, indicating that the sharing economy sig-
nificantly contributes to sustainable development in China. This
proves that the sharing economy has the potential to strengthen
long-term economic growth through its favourable impact on the
GDPP. This finding is in line with Curtis and Lehner (2019), Jelinkova
et al. (2021) and Karobliene and Pilinkiene (2021) who support the
importance of the sharing economy in terms of decreasing resource
and energy consumption, and potentially assisting in the achieve-
ment of sustainable development. The sharing economy has the
potential to significantly improve sustainability by lowering the over-
all amount of resources needed and reducing pollutants, toxins, and

Table I
Descriptive analysis.

Variable/series Mean value Min value Max value Std dev. J-B stats

SE 0.445 0.008 1.023 2.099 11.034***
EEF 0.34 0.032 0.67 6.998 12.339***
GDPP 5.05 44.26 68.55 0.966 15.252***
EP 1.345 34.77 44.56 7.990 43.144***
POPG 0.24 1.22 3.77 4.849 40.665***
INF 2.445 1.23 6.8 1.566 18.938***
UE 1.98 3.1 5.2 4.889 11.222***

Note: *=P > 0.05, **=P = 0.05, and ***=P < 0.05.

Table II
Unit Root/Stationarity tests.

Variables/series ADF (Level) ADF (D) ZA (Level) Break year ZA (D) Break year

EFP �0.115 �2.544*** �3.031 14/08/2016 �2.733*** 10/09/2010
SE �0.078 �3.436*** �4.641 08/05/2020 �3.843*** 28/05/2015
POPG �0.836 �3.123*** �3.743 04/05/2020 �4.743*** 23/09/2010
EI �0.456 �3.125*** �2.436 25/01/2020 �4.511*** 10/12/2012
UE �1.444 �4.231*** �3.140 12/06/2020 �3.746*** 13/09/2016
INF �0.304 �2.225*** �4.956 15/08/2016 �4.648*** 18/08/2020
GDPP �0.238 �3.056*** �3.093 19/11/2019 �2.777*** 14/06/2017

Note: ADF and ZA test statistics are specified by the values in the table.
*=P < 0.05, **=P = 0.05, and ***=P > 0.05.
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ecological footprints. Additionally, it may encourage sustainable pro-
duction and consumption methods, use sustainable energy, restruc-
ture infrastructure and cities, and minimize educational, gender, and
income disparities, while simultaneously boosting life standards and
life quality (P�erez-P�erez et al., 2021). The coefficient of unemploy-
ment is significant and negative only across the low to medium range
of quantiles (0.10−0.60). This shows that a rise in unemployment is
associated with a decline in sustainable development. The findings of
Akinnifesi (1986), Rowley and Feather (1987) and Anghel et al.
(2017) support our findings, arguing that a rise in unemployment is
associated with a decline in sustainable growth, because unemploy-
ment is not only associated with economic issues but also with social
issues such as increasing poverty and crime rates and mental health
issues, which suggest negative consequences for sustainable develop-
ment (�Sileika & Bekeryt _e, 2013). The findings reveal that the impact
of population growth is insignificant across all quantiles (0.10−0.95),
while inflation, as expected, exerts a negative influence on sustain-
able growth, but only at medium to high quantiles (0.60- 0.95) in line
with the findings of Adaramola and Dada (2020) and Wollie (2018),
Madurapperuma (2016), who argue that inflation is a hurdle in the
way of economies growing in a sustainable manner.

Table IV provides the results of the Wald test for parameter con-
stancy. In China’s case, the null hypothesis of ECM linearity is clearly
rejected. Similarly, integrating the coefficient of GDPP and SE is indi-
cated to be significant, which suggests that the long-run association
between EF and EC differs across quantiles. The estimated coefficients
of UE, POPG, and INF likewise yield the same results, with significant
Wald statistics observed at various quantiles.

The Granger causality findings are given in Table V, below. We
observe a two way causality amongst all the variables at all quantiles,
i.e. from 0.05 to 0.95. The results show that present and previous
realizations of EI, EC, ENER, GDP, and GDPP are useful indicators of
EF, and vice versa.

We now proceed to the QARDL findings for Model 2, and the cor-
responding results are given in Table VI below.

As in Model 1, all the variables in Model 2 are statistically signifi-
cant. The coefficient of adjustment speed r� (t) is significant and
negative at all quantiles, and EEF, EP, POPG, and SE revert to long-

term equilibrium. Specifically, the findings indicate that the sharing
economy exerts a positive influence on energy efficiency measured
in terms of energy intensity, as it has a negative impact on energy
intensity at higher quantiles only (0.80−0.95). The sharing economy
is intended to promote energy efficiency by promoting the use of
underutilized resources. This supports earlier research which shows
that the sharing economy helps conserve energy, reduce waste, and
cut carbon footprints and emissions (Dabbous & Tarhini, 2021; Leis-
mann et al., 2013). Thus, the empirical findings indicate that the shar-
ing economy is an economic engine with the potential to have long-
term effects on consumption by allowing consumers to access

Table III
QARDL results (model 1).

Quantile Constant ECM Long-Run Estimation Short-Run Estimation
(t) a�(t) r�(t) BSE(t) BPOPG(t) BUE(t) BINF(t) ’1(t) v0(t) λ0(t) u0(t) έ0(t)

0.05 0.023 �0.344*** 0.631*** 0.056 �0.458*** �0.432 0.236*** 0.234*** 0.031 �0.596*** �0.375
(0.129) (�2.331) (4.313) (1.022) (�2.055) (�1.025) (2.045) (2.728) (0.404) (�2.294) (�0.002)

0.1 0.033 �0.345*** 0.440*** 0.022 �0.326** �0.541 0.047*** 0.452*** 0.368 �0.457*** �0.076
(0.047) (�2.239) (2.123) (1.332) (�2.934) (�1.039) (2.344) (2.442) (0.301) (�2.431) (�0.086)

0.2 0.045 �0.031*** 0.536*** 0.036 �0.124** �0.321 0.013*** 0.045*** 0.072 �0.998*** �0.012
(0.056) (�4.330) (2.662) (1.239) (�2.401) (�0.031) (2.333) (2.431) (0.255) (�2.447) (�0.014)

0.3 0.064 �0.211*** 0.243** 0.038 �0.117*** �0.873 0.134*** 0.450** 0.077 �0.550*** �0.022
(0.084) (�2.341) (2.339) (1.530) (�2.447) (�0.224) (2.640) (2.847) (0.098) (2.739) (�0.050)

0.4 0.004 �0.015*** 0.434** 0.074 �0.414*** �0.072 0.540*** 0.160** 0.568 �0.280*** �0.110
(0.054) (�2.155) (2.441) (1.314) (�2.017) (�1.706) (2.293) (2.641) (0.282) (�2.557) (�0.065)

0.5 0.038 �0.032*** 0.244** 0.033 �0.345*** �0.490 0.447*** 0.330** 0.479 �0.352*** �0.018
(0.021) (�3.944) (3.939) (1.344) (�2.446) (�1.084) (2.068) (2.482) (0.097) (�2.551) (�0.055)

0.6 0.028 �0.394*** 0.440** 0.067 �0.335*** �0.334** 0.541*** 0.661** 0.683 �0.541** �0.054
(0.003) (�2.315) (2.749) (1.365) (�2.734) (�2.334) (2.438) (2.745) (0.283) (�3.069) (0.049)

0.7 0.001 �0.216*** 0.233** 0.378 �0.313 �0.688** 0.230*** 0.353** 0.780 �0.261** �0.016
(0.006) (�2.038) (2.635) (0.893) (�0.121) (�2.782) (2.531) (2.449) (0.493) (�2.747) (�1.043)

0.8 0.009 �0.299** 0.248* 0.312 �0.131 �0.552** 0.431*** 0.565** 0.789 �0.540** �0.109
(0.005) (�4.138) (2.437) (0.003) (�1.070) (�2.344) (2.346) (2.091) (0.557) (2.849) (�0.045)

0.9 0.012 �0.453*** 0.454* 0.965 �0.434 �0.744*** 0.035*** 0.046** 0.587 �0.615*** �0.015
(0.000) (�2.044) (2.240) (1.026) (�1.284) (�2.330) (2.433) (2.671) (0.486) (�3.091) (�0.011)

0.95 0.033 �0.216*** 0.234* 0.139 �0.174 �0.175** 0.435*** 0.141** 0.088 �0.530*** �0.007
(0.003) (�2.129) (2.339) (�0.013) (�0.433) (�2.539) (2.043) (2.849) (0.034) (�2.341) (�0.675)

Note: The table provides the quantile estimation results. The t-statistics are in brackets. ***, ** and * show 1%, 5% and 10% levels of significance, respectively.
Source: Author’s estimations.

Table IV
Wald test results for Model 1.

Wald test for the constancy of parameters
Variable Wald statistics (p-value)

P 13.441***
[0.000]

BSE 15.057***
[0.000]

bUE 4.591***
[0.000]

BPOPG 4.241***
[0.000]

BINF 5.150***
[0.000]

’1 17.959***
[0.000]

v0 4.855**
[0.000]

λ0 1.664
[0.789]

u0 8.671***
[0.000]

It έ0 5.166
[0.673]

Note: The p-values are in square brackets. ***,
** and * indicate significance at the 1%, 5% and
10% levels, respectively.
Source: Author’s estimations.

J. Zhu, N. Lin, H. Zhu et al. Journal of Innovation & Knowledge 8 (2023) 100314

8



resources without owning them, and on the environment by increas-
ing energy efficiency. The energy price is found to exert a negative
influence on energy intensity at all quantiles. This implies that, with
an increase in energy prices, there comes a reduction in energy use
which leads to more efficient use of energy (0.10−0.90), in line with
Filipovi�c et al. (2015), Fitriyanto and Iskandar (2019), and Rajbhan-
dari and Zhang (2018). Lastly, population growth is observed to influ-
ence energy intensity positively only at lower and middle quantiles,
indicating that with an increase in population, the consumption of
energy increases, raising energy intensity and reducing energy effi-
ciency. The studies of Avtar et al. (2019), Kaushal (2018), and De Vita
et al. (2006) support these results.

The Wald test results for parameter constancy for Model 2 are
provided in Table VII, below. Again we reject the null hypothesis of
ECM linearity. The integrating coefficients of EEF and SE are observed
to be significant, which suggests that the long-run association
between SE and EEF differs across quantiles. Significant Wald statis-
tics are observed at several quantiles, and the calculated coefficients
of EI and POPG produce the same results.

Table VIII gives the Granger causality results for Model 2. A two
way causal association is observed between EEF and all other varia-
bles. Current and previous values of EP, POPG, and SE are found to be
clear indicators of the values of EEF.

Conclusion and policy recommendations

Although China has made significant achievements in terms of the
sharing economy, its role in achieving sustainable economic develop-
ment and energy efficiency has not yet been explored. China has
made tremendous improvements in terms of economic growth, but
its energy structure is fossil fuel dominated, which raises serious con-
cerns about sustainability in terms of economic development and
energy consumption. Therefore, estimating the role that the sharing
economy plays in achieving sustainable economic growth and effi-
ciency in energy consumption is of immense importance in the con-
text of China. This study estimates the impact of the sharing
economy on energy efficiency and sustainable economic develop-
ment by applying the QARDL estimation technique. We propose two
models for empirical estimation: Model 1 for sustainable develop-
ment measurement in terms of the sharing economy, controlling for
population growth, inflation, and unemployment rate; and Model 2
measuring the impact of the sharing economy on energy efficiency,
controlling for energy prices and population growth. According to
the estimations, the sharing economy makes a significant contribu-
tion to both achieving energy efficiency and sustainable develop-
ment. Specifically, the sharing economy has a positive impact on
sustainable development at all quantiles, but its effect on energy

Table V
Granger causality in quantile test results for Model 1.

Quantiles DGDPPt
#
DSEt

DSEt
#
DGDPPt

DGDPPt
#
DPOPGt

DPOPGt

#
DGDPPt

DGDPPt
#
DINFt

DINFt
#
DGDPPt

DGDPPt
#
DUEt

DUEt
#
DGDPPt

[0.05−0.95] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.05 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000
0.10 0.000 0.000 0.000 0.000 0.013 0.000 0.000 0.000
0.20 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000
0.30 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000
0.40 0.000 0.000 0.000 0.000 0.014 0.000 0.000 0.000
0.50 0.000 0.000 0.000 0.000 0.018 0.000 0.000 0.000
0.60 0.000 0.000 0.000 0.000 0.015 0.000 0.000 0.000
0.70 0.000 0.000 0.000 0.000 0.012 0.000 0.000 0.000
0.80 0.000 0.000 0.000 0.000 0.016 0.000 0.000 0.000
0.90 0.000 0.000 0.000 0.000 0.007 0.000 0.000 0.000
0.95 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Source: Author’s estimation.

Table VI
QARDL results (Model 2).

Quantile Constant ECM Short-run estimation
(t) a�(t) r�(t) BSE(t) BEP(t) BPOPG(t) ’1(t) v0(t) λ0(t) u0(t)

0.05 0.111 �0.004*** 0.034 �0.261*** 0.698** 0.456*** 0.340 0.345** 0.566
(0.031) (�5.114) (0.491) (�2.231) (2.005) (3.055) (2.738) (2.244) (2.094)

0.1 0.012 �0.897*** 0.450 �0.472*** 0.267*** 0.047*** 0.432 0.358** 0.047
(0.023) (�4.299) (1.022) (�2.339) (2.374) (2.061) (2.932) (2.531) (2.441)

0.2 0.020 �0.211*** 0.056 �0.556*** 0.89** 0.363*** 0.546* 0.023* 0.641
(0.003) (�2.060) (0.232) (�2.259) (2.431) (2.434) (2.441) (2.245) (2.967)

0.3 0.006 �0.980*** 0.221 �0.738*** 0.037** 0.240*** 0.440* 0.347 0.450
(0.084) (�2.271) (0.099) (�2.540) (2.347) (2.430) (2.787) (2.238) (2.579)

0.4 0.002 �0.815*** 0.036 �0.077*** 0.214** 0.550*** 0.640** 0.458 0.230*
(0.053) (�4.075) (0.021) (�2.951) (2.017) (2.940) (2.641) (2.022) (2.657)

0.5 0.083 �0.500*** 0.234 �0.099** 0.255*** 0.307*** 0.330** 0.449 0.332*
(0.022) (�2.004) (0.776) (�2.742) (2.055) (2.034) (2.982) (2.347) (2.501)

0.6 0.003 �0.279*** 0.234 �0.350** 0.135 0.051*** 0.641** 0.643 0.241*
(0.033) (�3.887) (1.029) (2.408) (1.574) (2.048) (2.945) (2.233) (2.649)

0.7 0.031 �0.606*** 0.223 �0.642*** 0.123 0.430*** 0.353** 0.448 0.551**
(0.004) (�4.890) (0.045) (�2.091) (0.911) (2.151) (2.649) (2.443) (2.707)

0.8 0.009 �0.209** 0.448** �0.677*** 0.141 0.031*** 0.446** 0.749 0.340**
(0.003) (�2.786) (2.437) (�2.442) (1.270) (2.446) (2.991) (2.345) (2.989)

0.9 0.012 �0.643** 0.0474** �0.098*** 0.134 0.445*** 0.347** 0.457 0.310***
(0.003) (�2.889) (2.240) (�2.662) (1.368) (2.343) (2.671) (2.446) (2.091)

0.95 0.033 �0.600*** 0.456*** �0.089*** 0.167 0.445*** 0.541** 0.748 0.350***
(0.004) (�2.098) (2.349) (�4.080) (0.943) (2.543) (2.849) (2.034) (4.100)
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efficiency is significant only at high quantiles (0.80−0.95). All the
control variables have significant impacts on sustainable develop-
ment and energy efficiency, either positive or negative.

The empirical findings of the study have various practical conse-
quences. They show that the sharing economy is effective and neces-
sary in the business world for supporting sustainable production and
consumption processes, and motivates individuals to engage in shar-
ing behaviours. Secondly, the sharing economy is a response to econ-
omies’ expanding issues, accommodating an increasing number of
people with limited resources. As a result, policymakers are moti-
vated to stimulate the expansion of this new economic activity. Gov-
ernments also have a part to play in enabling models of sharing to
reach their full potential for sustainable growth and energy efficiency
by enacting suitable taxation and legislation policies. Thirdly, the
findings show that the shared economy helps reduce carbon emis-
sions and pollution, which benefits the environment. Consumers
should be more aware of this vital problem, and policymakers and
educational institutions should urge them to take on more sharing
behaviours and move towards consumer choices that lessen environ-
mental damage. Fourthly, due to the decline in oil prices and rise in
renewable energy costs, the association between energy consump-
tion, growth and energy price is becoming increasingly important,
particularly for developing nations. As a result, the findings of Model
2, examining the influence of the sharing economy on efficient use of

energy, controlling for POPG and prices of energy, provide policy-
makers with useful information that more relevant policies should be
adopted to promote the use of underutilized resources. Energy prices
should be maintained by the government up to the level that fulfils
the energy requirements of all sectors, and they should curb the
intensive utilization of energy. More limits should be imposed on
rapid population growth.

Like other studies, the current study is not without limitations.
This study explores the sharing economy’s role in energy efficiency
and sustainable development in China. Future studies could further
explore this association by considering different countries or groups
of countries. Methodologically, several advanced estimation techni-
ques such as MMQR, CS-ARDL, and non-linear ARDL estimations
could also be applied by future studies.
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Wald test results for Model 2.

Wald test for the constancy of parameters
Variable Wald statistics (p-value)
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BEI 3.551***
[0.010]

BPOPG 2.331***
[0.005]

’1 14.459***
[0.004]

v0 3.545**
[0.010]

λ0 2.664
[0.444]

u0 5.551***
[0.000]

Notes: The p-values are in square brack-
ets. ***, ** and * indicate significance at
the 1%, 5% and 10% levels, respectively.
Source: Author’s estimations.

Table VIII
Granger causality in quantile test results for Model 2.

Quantile DEEFt
#
DSEt

DSEt
#
DEEFt

DEEFt
#
DPOPGt

DPOPGt

#
DEEFt

DEEFt
#
DEIt

DEIt
#
DEEFt

[0.05−0.95] 0.000 0.000 0.000 0.000 0.000 0.000
0.05 0.000 0.000 0.000 0.000 0.000 0.000
0.10 0.000 0.000 0.000 0.000 0.000 0.000
0.20 0.000 0.000 0.000 0.000 0.000 0.000
0.30 0.000 0.000 0.000 0.000 0.000 0.000
0.40 0.000 0.000 0.000 0.000 0.000 0.000
0.50 0.000 0.000 0.000 0.000 0.000 0.000
0.60 0.000 0.000 0.000 0.000 0.000 0.000
0.70 0.000 0.000 0.000 0.000 0.000 0.000
0.80 0.000 0.000 0.000 0.000 0.000 0.000
0.90 0.000 0.000 0.000 0.000 0.000 0.000

Source: Author’s estimation.
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