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Abstract: A spatial-temporal panel dataset was collected from 101 countries during 2006–2016. Using
partial correlation (PC) and ordinary correlation (OR) analyses, this research examines the relation-
ship between ecological footprint (EF) and subjective well-being (SWB) to measure environmental
impacts on people’s happiness. Gross domestic product (GDP), urbanization rate (UR), literacy rate
(LR), youth life expectancy (YLE), wage and salaried workers (WSW), political stability (PS), voice
accountability (VA) are regarded as control variables. Total bio-capacity (TBC), ecological crop-land
footprints (ECL), ecological grazing-land footprint (EGL), and ecological built-up land footprint (EBL)
have significant positive influences on SWB, but ecological fish-land (EFL) has significant negative
influences on SWB. Ecological carbon footprint (ECF) is significantly negatively related to SWB in
developed countries. An increase in the amount of EF factors is associated with a country’s degree of
development. Political social–economic impacts on SWB disguised environmental contribution on
SWB, especially CBF impacts on SWB. The use of PC in examining the association between SWB and
EF helps bridge a knowledge gap and facilitate a better understanding of happiness.
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1. Introduction

Gross National Happiness (GNH) was proposed by the 4th King, Jigme Singye
Wangchuck of the Kingdom of Bhutan, as a new metric to measure human spiritual
and material development, overwhelmingly capturing global attention [1]. Subjective Well-
being (SWB), as an alternative of GNH in Western countries, aims at measuring happiness,
suffering, and other dimensions of experience [2]. SWB is considered to be related to in-
come, jobs, housing conditions, health, work and life balance, education, personal security,
and social connections [3]. SWB comes from people’s inner world, is an emotional reaction
in response to objective materials. It is an important issue of explaining cross-country
differences, and it may have an impact on the political culture of every single country [4].

Since SWB is a multiple-scale interdisciplinary notion of investigation, involving
psychology, economics, sociology, and other disciplines, it is hard to identify SWB appro-
priately [5]. Concerning the socially important events such as marriage or divorce, SWB
is easily obtained by opportunity costs within the short-term, instead, the environmental
impacts on SWB are intangible, ignored, and complicated in the long-term period. Current
SWB research focuses on the nonmaterial quality component of people’s life [6,7] and the
relationship between SWB and GDP. These research efforts draw primarily on the economic
and psychology research field, rather than an environmental perspective [8]. Interestingly,
the book of ‘Culture and Subjective Well-being’ gave us a fundamental and potential re-
search paradigm [9], but it roughly modeled relationships between happiness and culture,
not for environmental study. Only one publication in the Web of Science databases is relevant

Sustainability 2021, 13, 1033. https://doi.org/10.3390/su13031033 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-6890-9083
https://doi.org/10.3390/su13031033
https://doi.org/10.3390/su13031033
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13031033
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/13/3/1033?type=check_update&version=1


Sustainability 2021, 13, 1033 2 of 14

to investigation of environmental contribution of SWB. The study used a questionnaire
implemented in Flanders (Belgium) to reveal the association between individual’s ecologi-
cal footprint to their SWB [10]. This study did not use data from different time periods in
its analysis. Therefore, the result from this study has its limitations because it is of critical
importance to take into consideration of the spatial–temporal linkage between EF and SWB
in analysis of this nature [11].

Ecological footprint (EF) is a vital indicator for measuring environmental sustainabil-
ity [12]. In 1996, an ecological footprint method was put forward by Wackernagel and
Rees [13], via a rigorous resource accounting about how serious future resources were used
to run the present using more than the Earth’s replenishment. EF measures how much land
humans need to produce all the resources they consume and to absorb the waste, using
current technology and resource management systems [14,15]. The majority of EF studies
have been carried out to unravel what affects the environment [16]. These studies generally
examined the environmental consequences derived from human ecology, modernization,
and political economy [17]. However, they did not mention how to compute ecological
degradation, as the product of social, political, and economic relations.

Jorgenson [18] argued that growth of energy consumption was positively related to
growth in urban population, negatively associated with increase in the percentage of a
population living in urban slum conditions. Fang [19] proposed a 3D model with the
EF depth and the EF size. Elliott and Clement [20] conducted cross-sectional and panel
regression analyses of carbon emissions in United States using nationwide data, curbing
for spatial autocorrelation. They showed urbanization countervail the local level to affect
carbon emissions. Charfeddine and others [21] explained economic development and
social–political factors on ecological footprint using a panel data analysis for 15 MENA
countries. Zhao and colleagues [22] explored spatial–temporal footprint factors and created
a united criterion for grading the evaluated consequences on global benchmarks to describe
the environment of sustainable development deteriorated. Liu and other researchers [23]
identified the relationship between environmental regulations and haze pollutions using
dynamic and spatial econometric methods including global and local spatial autocorrela-
tion. Additionally, they used seven socioeconomic drivers to check the impacts of spatial
spillover on haze pollution, involving economic growth, industrial structure, foreign direct
investment, population density, urbanization, transportation, and R&D intensity.

Zhaohua [24] pointed out that freshwater did not contain the traditional ecological
footprint accounting based on a modified ecological footprint model. Decun Wu used
geographical weighted regression to explore the spatial–temporal relationship difference
between EF and influencing factors in China’s province [25]. Ecological degradation
caused natural disasters leading to SWB reduction [26]. Although existing EF studies,
ranging from static to 3D dynamic change, from urban population growth to panel regres-
sion analyses of carbon emissions, and from time series to spatial autocorrelation, have
been well documented, environmental change from political economy, as a confluence
between ecologically rooted social science and the principles of political economy, is so far
blurred [27].

Material demands of production and human consumption challenge the capacity of
the ecosystem [28,29]. The butterfly effect of human–environment linkages has caught
many scholars’ attention. These scholars explored the association between economic,
political, and environmental factors from diverse perspectives [30–34]. Due to the loss
of arable land, habitat destruction, the decline in natural vegetation cover, and global
warming, ecological damage rooted in not just political economy, but also urbanization
and geographic influences [35].

First, political, social, and economic factors have the roles in environmental deteriora-
tion. The world has undergone rapid economic growth due to its abundance of natural
resources consumption and the transition of various economies from agriculture-based
economies to industrial and service-based economies [36]. In particular, in less developed
countries, rapid economic growth sometimes leads to environmental degradation, food
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insecurity, and impairment of human well-being [37–39]. For example, haze pollution in
China is becoming increasingly serious [40,41]. In 2016, about 254 out of 338 cities could
not meet the National Ambient Air Quality Standards of China, accounting for 75.1% of the
environmental pollutions [23]. Thus, there is an extensive consensus among policymakers
concerning an urgent and optimal economic policy that can help preserve and protect the
environment of the region.

The issue—how to reach higher economic growth and urbanization without com-
promising the quality of the environment—has not been well addressed in some parts of
the world [42]. There is also no consensus regarding environmental assessment criteria
and ecological environmental evaluation system to examine the impact of the economy on
the environment [43]. According to the Environmental Kuznets Curve (EKC) hypothesis,
environmental degradation has risen from the beginning of economic growth to a turning
point. After that, economic development benefits environmental improvements, which
is called an inverted U-shaped link [44]. Previous studies on the association between
economic growth and pollution concentrated on carbon dioxide released as a measuring
standard of environmental reduction [45]. It is evident that carbon dioxide emission is a
part of environmental degradation. EF is a synthetical indicator to examine the degree of
environmental deterioration since it involves not just carbon footprint, but also many as-
pects such as different land consumptions. Therefore, many critical environmental scholars
argue that environmental degradation is the result of the current structure of the political
economy, globally and at more localized scales [46–50]. Some other scholars are in favor of
de-growth as the best strategy forward in some parts of the world [51–53], but that aside, it
is necessary to acknowledge at least the voluminous critiques of capitalist globalization’s
role in environmental degradation.

We agree that geographic factors in space and time are important elements when
studying the relationship between EF and SWB. Therefore, exploring the spatial–temporal
association between EF and SWB will help understand the relationship better and hence
promote human well-being in a sustainable development process [54]. This paper aims
to examine whether an endogenous relationship exists between EF and SWB and how
many environmental factors influence SWB under different political, social, and economic
conditions. It will further facilitate the understanding of SWB and offer insights regarding
the relationships between humans and nature.

2. Materials and Methods
2.1. Data

Data used in the SWB assessment in the world were acquired directly from a variety
of sources (e.g., Global Footprint Network, World Value Survey, Gallup World Poll) and in
multiple formats. Representation of SWB changes with EF influential factors was employed
by a panel data from 2006–2016, including cross-section and longitudinal two sections.

SWB refers to how people experience the quality of their lives and it includes both
emotional reactions and cognitive judgments [55]. It stems from the world SWB report
2019 data, from which is the Gallup World Poll. It is a large-scale repeated cross-sectional
survey involving more than 150 countries. The period covered in our research is from
2006 to 2016. All samples in the poll are probability based and nationally representative
of the resident population aged 15 and older. The typical Gallup World Poll survey wave
interviewed 1000 individuals using answers to a Cantril Ladder question. Life satisfaction
was measured on a 10-point scale. EF is one of the ways to measure humans’ consumptions,
using current technology and resource management systems. The EF is usually expressed
in global hectares. In general, EF means the ecological footprint of consumption. EF data
consists of cropland footprints, grazing-land footprints, forestland footprints, fishing-land
footprints, built-up footprints, and carbon footprints. All the data were obtained from the
global footprint network [56]. The data collected in this study covered 101 countries from
2006 to 2016, as shown in Table 1.
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Table 1. Variables used for exploring the association between Subjective Well-Being (SWB) and Ecological Footprint (EF).

Category Variable Name Acronym Variable Description

Dependent variable Subjective well-being SWB Happiness degree of a country

Independent
variables

Bio-capacity BC The ecosystems’ capacity

Carbon footprint CBF The size of forest land needed to contain anthropogenic
carbon dioxide emissions

Cropland footprint CLF The footprint of cropland incorporated in crop products and
feed products for livestock and fish.

Fishing land footprint FIF The footprint of marine and inland water area embodied in
fish and other aquatic products.

Built-up land footprint BLF The footprint related to infrastructure

Forestland footprint FLF The forest products footprint embodied in primary and
secondary forest products

Grazing-land footprint GLF The footprint of pasture grass embodied in
livestock products

EF consumption
per capital EF How much land humans need to produce all the resources

they consume and to absorb the waste

Control variables
Economic

GDP per capital Measuring economic performance by amassing the value of
all the goods and services produced within a country

Urbanization rates URB The growth of population urbanization

Wage and salaried
workers WSW The number of those workers who had jobs defined as

“paid employment jobs”

Education Literacy rate LR
The percentage of people aged 15–24 who can both read and
write with understanding a short simple statement about
their everyday life

Health Youth life expectancy YLE The number of years a newborn is expected to live

Political

Political stability PS The possibility of political instability and/or politically
motivated violence

Voice accountability VA
Those which a country’s citizens can take part in selecting
their government, freedom of ideas, freedom of association,
and an open media

In this paper, SWB is a dependent variable. GDP per capita, urbanization rates,
literacy rate, youth life expectancy, wage and salaried workers, political stability, and
voice accountability are control variables. Bio-capacity, carbon footprint, cropland foot-
print, fishing land footprint, built-up land footprint, forestland footprint, grazing-land
footprint, and EF consumption per capital are independent variables. Control vari-
ables were extracted from the World Bank and the World Value Survey (http://www.
worldvaluessurvey.org/wvs.jsp). Survey SWB were extracted from the Gallup World Poll
(https://www.gallup.com/analytics/318875/global-research.aspx), as shown in Figure 1.
Figure 1 illustrates the hidden connections between SWB and EF and how they are related
to the control variables.

http://www.worldvaluessurvey.org/wvs.jsp
http://www.worldvaluessurvey.org/wvs.jsp
https://www.gallup.com/analytics/318875/global-research.aspx
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Figure 2. Investigated countries distribution map.

2.3. Study Framework

In this paper, through modeling PC, three layers were obtained to examine the associ-
ation between SWB and EF. The first layer is to compare different methods, called external
contrasts, which pay attention to variable coefficients change between PC and OC methods;
the second layer is to compare different levels of countries, called spatial disparity, meaning
all countries are divided into four categories, undeveloped, developing, developed, and
advanced countries. The last layer is the time series difference between EF factors in a
spatial fixed condition, called longitudinal distinctions. The study framework is shown in
Figure 3.
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2.4. Normalization

Normalization is the process of making sure that the dataset can be compared to other
data sets. It is a key part of the research because normalized data is essential for accurate
data analysis. It is easier to draw clear conclusions about current data when there are other
data to measure it against. To identify the comparison of different indexes, the following
formula was used to normalize the individual index ranging from 0 to 1 in value.

ki =

{
100× (ai − amin)/(amax − amin), i f ki > 0
100× (amax − ai)/(amax − amin), i f ki ≤ 0

(1)

where ki denotes the weight of standardized value; ai denotes the original value of the
individual index; amax is the maximum value of the individual index, amin is the minimum
value of the individual index.

2.5. Modeling PC

Partial correlation is used to measure the linear relationship between two continuous
variables while controlling for the effect of one or more other continuous variables. Based
on findings from previous studies, SWB is considered to be related to seven traditional
factors including GDP, URB, LR, YLE, PS, VA, and WSW. These seven traditional factors
were used as control variables in this study to conduct a partial correlation analysis to
reveal the association between SWB and EF. In addition, this study examined the difference
between the results from ordinary correlation and partial correlation analyses.

The following process is needed to construct the PC model. First, a covariance matrix
(∑) is estimated. Second, the correlation matrix (C) through a normalization of the off-
diagonal entries is determined.

Cij =
∑ ij√

∑ ii ∑ jj
(2)

The partial correlation matrix can also be obtained in the same way. Third, the diagonal
entries of the inverse of the covariance matrix (Θ) are peeled off and the partial correlation
matrix (P) is computed using Equation (2):

Pij = −
Θij√
ΘiiΘjj

(3)

Finally, based on Equation (3), β∗ij, as the weight of the partial correlation between i
and j

(
Pij
)
, is obtained [57]:

β∗ij= −
Θij

Θ
= Pij

√
Θjj

Θii
(4)



Sustainability 2021, 13, 1033 7 of 14

3. Results
3.1. External Contrasts

To make a comprehensive comparison between the two methods, both the correlation
coefficients obtained through the OC analysis and partial correlation coefficients obtained
through the PC analysis are listed in Table 2 along with their significance descriptions.
Table 2 shows us the result of a comparison of OC and PC.

Table 2. Comparison of ordinary correlation (OC) and partial correlation (PC) analyses.

Factors
Ordinary Correlation Partial Correlation

Coef./Prob. Coef./Prob.

EF 0.70/0.00 0.003/0.900

BC 0.30/0.00 0.150/0.000

CBF 0.65/0.00 −0.040/0.140

CLF 0.55/0.00 0.070/0.040

FIF 0.35/0.00 −0.080/0.020

FLF 0.31/0.00 0.016/0.600

GLF 0.26/0.00 0.160/0.000

BLF 0.42/0.00 0.110/0.001

Note: Coefficients in bold indicate the correlation is not statistically significant.

The output of the ordinary correlation analysis among SWB and its EF related factors
involve BC, EF, ELF, GLF, FLF, FIF, BLF, and CBF in Table 2. First, in all 101 countries,
their probabilities are equal to 0, less than 0.05, and all coefficients are more than 0. These
results suggest that EF influential factors are positively related to SWB, indicating EF
factors are proportional to SWB without considering political social–economic impacts.
Second, based on the ordinary correlation analysis results, EF has a coefficient value of
0.7 which is the largest among influential factors. GLF has a coefficient value of 0.26 that is
the smallest. The results mean that EF’s influence on SWB is the highest and GLF is the
lowest. In other words, human consumptions are directly related to human happiness.
In addition, with a coefficient value of 0.65, CBF is positively related to SWB, meaning
carbon emission has an effect on people’s feelings of happiness. It can be interpreted as
more carbon emissions generate more waste, leading to enhance individual life satisfaction.
This result is consistent with findings in previous studies about why humans indulge in all
sorts of everyday bodily or mental pleasure via hedonic motivation on buying nexus as
well [58,59].

When considering the impacts of control variables as shown in the results of the PC
analysis in Table 2, SWB is positively related to BC, BLF, CLF, GLF and negatively related
to FIF. That describes that the more natural resources or space that one occupies, the more
delight one feels. An increase in built-up land is due to city expansion, an increase of
cropland and grazing land reflects fish-land reductions. It implies two meanings. One is
the number of grazing-lands directly affects the capacity of natural supply. The other is the
human consumption of a variety of land determined bio-capacity change. EF is positively
significantly related to FLF, CLF, and CBF, especially the coefficient between EF and CBF
reached 0.91. It is emphasized that carbon emission is the main influential factor of EF
varying. However, BLF is positively related to CLF and FLF, negatively related to CBF
and FIF, indicating agricultural development and forest protection reduce carbon emission
and inhibit urban expansion. CBF is similar to BLF, positively related to CLF and FLF, but
negatively related to GLF and FIF. It implies that carbon consumption is a ramification of
city sprawl, result in increase of built-up land. CLF is positively significantly related to
FLF, FIF is negatively significantly related to GLF and FLF. It means land cover arises from
filling water area.
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When control variables are considered, three remarkable distinctions are generated
in terms of comparing two correlations. Firstly, the value of correlation is less likely than
that without any controlling, for example, BC, GLF, BLF, and CLF coefficients declined
from 0.3, 0.26, 0.42, 0.55 to 0.15, 0.16, 0.11, 0.07, respectively, presenting control variables
hid environmental impacts on SWB. i.e., as long as political, social–economic factors are
considered, the coefficients of environmental factors are less than 0.2, so they are ignored.
Secondly, the CBF and FIF have negative effects on SWB. Meanwhile the BC, EF, CLF, FLF,
GLF, and BLF have positive effects on SWB in Table 2. Carbon emission increases and filling
water areas is likely to cause happiness reductions. Notwithstanding, the CBF probability
of 0.14 is more than p-value 0.05, delineating that there is no significant impacts. The FIF
probability of 0.02 is less than 0.05, meaning FIF is significant to SWB. The possibility might
be thought that the action of filling water produces more space for people’s utilization
whereas more marital and space possession facilitates happiness enhancing. Finally, the
probabilities of EF and FLF are 0.9 and 0.6, respectively, beyond 0.05, indicating they are
insignificant to SWB. Accordingly, although political social–economic impacts on SWB are
tangible and remarkable, they impeded or misunderstood environmental contribution on
SWB, especially disguised CBF impacts on SWB.

3.2. Spatial Disparity

To show further different effects, the partial correlation analysis was conducted for the
development of the different-level countries, respectively. The results are shown in Table 3.

Table 3. Different level correlation list.

Correlation SWB SWB SWB SWB

Probability Undeveloped Developing Developed Advanced

BC 0.19 0.04 0.15 0.24
0.01 0.55 0.02 0.00

EF 0.01 −0.03 −0.00 −0.11
0.86 0.68 0.97 0.05

BLF 0.28 −0.10 0.02 0.18
0.00 0.17 0.70 0.00

CBF 0.07 0.16 −0.15 −0.14
0.34 0.02 0.02 0.01

CLF −0.01 −0.27 −0.02 0.23
0.88 0.00 0.79 0.00

FIF 0.13 −0.15 0.004 −0.11
0.10 0.03 0.95 0.05

FLF 0.06 −0.07 0.16 −0.08
0.42 0.35 0.01 0.14

GLF −0.08 0.06 0.21 0.23
0.33 0.39 0.00 0.00

In the undeveloped countries, average EF and BC are 1.12 and 1.39, respectively, by
170 records. BC and BLF have positive effects on SWB. Two factors of EF contribute to
SWB. It reflects that economically undeveloped countries paid more attention to natural
resource utilization, instead of high technology updating. In the developing countries,
based on 203 records, EF and BC mean are 1.58 and 1.95 within the study period. CBF
has positive effects on SWB while FIF and CLF are significantly negatively related to SWB.
There are three available factors in the relationship. It means rapid economic development
in developing countries brought about an increase in carbon emission. At the same time,
water and cropland areas have been shrunk by the extraction of construction land. In
the developed countries, EF and BC mean are 3.13 and 3.11 during 2006–2016 in light of
254 qualified records.

Four EF factors contribute to SWB. BC, FLF, and GLF have positive effects on SWB and
CBF negatively affect SWB. That points out that there are environmental improvements in
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developed countries due to carbon footprint reduction. Besides, the growth of resource
demand leads to SWB escalation. In the advanced countries, EF and BC mean are 6.07 and
3.21 during 2006–2016 via 338 observations. EF and CBF have negative effects on SWB.
Meanwhile, BC, BLF, CLF, and GLF have positive effects on SWB. There are five indexes of
EF affecting SWB. The fact that can be obtained is that high technology and eco-friendly
energy application lead to carbon emission and EF shrinking with SWB upsurge. Simulta-
neously, energy competition is taken as a normal phenomenon for granted. Indeed, it is a
matter of the notion of pseudo-environment. Energy combating is to develop useful and
clean energy, rather than traditional energy abuse.

Compared to the four levels of EF and BC mean, the fact that should be noticed is that
EF and BC increase with the development degree. It is also highlighted that the factors of EF
generated a higher possibility of SWB impacts under different developing levels increased
from 2 to 5. Thus, it can be concluded that the acknowledgment of the environment and
happiness are strengthened.

3.3. Longitudinal Distinctions

Table 4 provides four valuable outcomes through time-series comparisons. First, the
period from 2006 to 2016 is bestowed a decreased trend in average EF and BC in advanced
countries. In light of Table 4, the EF mean is decreased from 6.28 to 5.93 while BC is declined
the range 2.66–2.5 in advanced countries within a decade, indicating good environmental
consciousness is formed and high technology are implemented, instead of depending on
traditional energy. Second, average BC was presented adversely in undeveloped countries.
BC mean is raised from 1.32 to 1.42, exhibiting that economic development lagged behind
and left everything to fate in the region. That also explained that undeveloped countries
extremely rest on environmental behaviors “stem primarily from a concern with livelihood”
and are engaged with “productive use of natural resources” [60,61], lacking high technology
and new energy support. Third, BC mean in undeveloped countries is just a half of BC
mean in advanced countries. It means extraordinary waste in advanced countries existed.
For instance, the United States has the third-largest population of all countries, and it
produced the most municipal solid waste (MSW) in the world: 258 million tons of MSW
was generated in 2017. The most populous country in the world, China, on the other hand,
generated 210 million tons of MSW in 2017. At last, Table 4 tells us the fact that BC is
sensitively related to SWB change over time, compared to EF. BC mean change speeds
in 6.02% of advanced countries and 7.58% of undeveloped countries are higher than EF
mean change speed of 5.57%. It described that ecological capacity is flexible and has a
characteristic of nonstationary. It is understood that anthropogenic activities deiminated
production capability so that BC represented disparity of nature functions in the different
countries in the world.

Table 4. Time-series distinctions list.

Index Country Type 2006–2010 2011–2016

EF Mean Advanced countries 6.28 5.93
BC Mean Advanced countries 2.66 2.50
BC Mean Undeveloped countries 1.32 1.42

3.4. CBF and BC Impacts on SWB

Through the three above aspects analysis, carbon emission is negatively significantly
related to SWB in developed countries and advanced countries, looking at Table 3. Table 3
shows the PC analysis for EF related factors impact on SWB with control variables in the
developed level. CBF’s coefficient is −0.14, p-value is 0.01, less than 0.05. Negative impacts
on SWB account for what means happiness in developed countries. When people realize
the importance of environmental protection and consider recycling as daily necessary,
environmental benefits bring good feelings. For example, in the US, green lands around
houses should be maintained by homeowners. People spontaneously keep cleaning and
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irrigating in regular time. Table 3 also displays the PC analysis for EF related factors
impact on SWB with control variables in advanced level. CBFs coefficient is −0.14, p-value
is 0.01, less than 0.05. The negative effect of CBF is significant relevant to SWB, which
matches the current situation of developed countries. As matter of fact, CBF is the main
part of EF, taking up over 70% of EF. Carbon emission is close to environmental quality
degradation. Thus, reducing carbon emission is a good way to increase SWB. Low-carbon
daily life also might be an underlying, sustainable development trend in the future. It is
believed that within the continuous improvement of the human development index and
the popularity of the concept of ecological protection, the low-carbon circular economy
model will be an underlying, sustainable development trend to mitigate environmental
pressure and improve happiness satisfaction from being enforced by the government to
people’s subjective consciousness.

In the context of partial regression analysis, it is, no doubt, that SWB is more likely
related to BC wherever the development level is, compared to EF. In fact, BC is the con-
sequence of the area available for a given land use type multiplying the yield factor and
equivalence factor. The yield factor is the ratio of the national average to world average
yields. The equivalence factor is to weight different land areas in terms of their capacity to
produce resources useful for humans, based on the Global Agro-Ecological Zones model
(GAEZ). The GAEZ model divides all land globally into five types, such as very suitable,
suitable, moderately suitable, marginally suitable, and not suitable (FAO and IIASA Global
Agro-Ecological Zones 2000 FAO Resources STAT Statistical Database 2007). Since the
area value of one country is fixed, two factors are estimated to constants. TBC literally is
inflexible in individual countries in a period. Compared to BC, EF is calculated by human
consumption in different years, which involves the impact of trade import and export, as
well as population growth.

Furthermore, BC accounts for positive 0.15 coefficient, just lower than GLF coefficient,
higher than other EF factors, adding p-value of BC less than 0.05, significantly positive
influences on SWB. That reflects two sides of an interaction process. SWB is human
perspectives for nature or surrounds their milieu. BC is a nature offering based on its
capacity. An increase of SWB will bring an increase of BC, which might be restricted by
advanced technology and environmental conservation depth. On the other hand, regarding
the concept of EF, BC increasing leads to ecological deficit reduction in the context of fixed
EF. Those further indicate that the pursuit of SWB growth is not in conflict with EF shrinking.
The reason is that EF shrinking is ecological deficit reduction or ecological reserve increase,
not EF reduction. In other words, EF increasing is normal, but it might lower the speed
of BC increasing result from EF expansion rests on BC coordination. Thus, a shrinking
ecological deficit or environmental improvement benefits humans in desires of happiness.
With sufficient sampling size and strong statistical significance (p < 0.001), the results of
regression analysis have a clear correlation between EF and SWB long term.

4. Discussion
4.1. Significance of Research

This study tried to expose the spatial–temporal different correlation between EF and
SWB. In the aspect of spatial distributions of EF, four categories of countries’ development
levels were used to explain EF factors impacts on SWB. There are different variables
and numbers of factors that impact SWB at different levels based on their development
demands. It is coincident with peoples’ acknowledgement of environmental SWB that is
becoming more intensified. To some content, it is reflected that people’s demand for the
environment is gradually restricted so that SWB incorporates more significance. With the
advent of high technology and data age, environmental pressure and the need for natural
resources are mitigated, carbon emission and BC are reduced in developed and advanced
countries but still increased in developing and undeveloped countries. Spatial variabilities
are provided through experimental explanations of 101 countries’ investigated data in the
research. In the aspect of longitudinal disparity, BC consumption increased in undeveloped
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countries and declined in advanced countries. That aligned with spatial heterogeneity,
SWB understanding is different from spatial–temporal varying.

Under the context of PC with consideration of control variables, environmental im-
pacts on SWB are less than control variables. However, environmental influences have
never stopped work on SWB. With the time change, BC contributed to SWB more than EF.
BC is changed by SWB demands. It exhibits EF factors’ roles in SWB. No matter how small,
people’s satisfaction with happiness includes environmental justice. Hence, this research
gives us scientific evidence about the environmental impact on SWB. At the same time, this
research proposed that CBF accounts for over 90% of EF so that reducing carbon emission
is crucial for EF shrinking. It also indirectly affects happiness index enhancement.

Existing SWB measurement is a survey by qualitative research. This research offered
an underlying quantitative method to measure SWB via the synthetical index of using
social–economic and environmental variables. It not only makes up missing data of SWB
in the past but also saves time and cost of questionnaires.

Currently, China has undergone rapid urbanization and economic development, but
was accompanied by severe environmental issues and the related public health burdens.
China′s Cabinet, the State Council, advocated a work plan for the zero-waste city pilot
project. The pilot plan aims for the minimum generation, maximum utilization, and
safe disposal of solid waste. The use of landfills will be minimized as part of efforts to
reduce the environmental impact of waste. A zero-waste city refers to an advanced urban
development and management model that tries to promote green lifestyles, minimize the
amount of waste produced, strengthen recycling programs, and ensure that waste released
into the environment is harmless. Construction of the pilot zero-waste city project is of
great significance to promote and deepen comprehensive reform of urban solid waste
management, and it is an important measure to realize the ecological civilization and build
a beautiful China. It intends to be a replicable program that realizes the nation′s zero-waste
target. Our research could help examine its implementation and provide a new direction
for future sustainable development of environments in China.

4.2. Limitations and Future Research

To begin with, EF on the global network does not include water footprints. With the
scarcity of freshwater, water requirement and consumption are a part of EF. Attention
is supposed to be paid to add it to the global footprints network. What is more, the
identification of both equivalence factors and yield factors needs more consideration of
geographic disparity. This is not only because the different geologic structure has impacts
on EF change, but it also because aggregation of population and industrialization caused
environmental change. Besides, government policies contribute to SWB on environmental
influence. When a new leader of a country comes out, there are so many policies that
would be changed, inevitably leading to SWB decline. All these not noticed in this work
should be taken more seriously later on.

5. Conclusions

The harmonious development between SWB and the environment system is a dynamic,
rather than a static, process. Multiple dimensional disparity of environmental SWB is an
important issue that deserve more attention from researchers. The existing literature has
discussed this intensively from psychological perspectives. Social–economic considerations
have been found in limited explanatory power for multiple dimensional disparity of
environment in the study of SWB and environmental factors. This study takes advantage of
the partial correlation (PC) analysis method to investigate the partial correlation between
SWB and EF with controlled social and economic conditions. It shows that environment
is regarded as a possible factor that affects SWB disparity in methodology and spatial–
temporal changes. Therefore, the results of this study provide empirical evidence to
support future environmental research about happiness.
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At present, few methods exist to study the relationship between EF and SWB. The
PC analysis used in this study could accurately estimate the spatial–temporal variabilities
of association between EF and SWB. Thus, this method is applicable in other similar
situations where there is an issue about selecting significantly correlated variables at
various geographical locations during different time periods. Our results confirmed the
findings of existing work on EF but extend it to environmental health by PC analysis of the
association between SWB and EF related factors in the world.
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