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Abstract

The Easterlin paradox questions the link between economic growth and national well-being,
emphasizing the necessity to explore the impact of economic elasticity, income inequality,
and their temporal and spatial heterogeneity on subjective happiness. Despite the impor-
tance of these factors, few studies have examined them together, thus ongoing debates
about the impact of economics on well-being persist. To fill this gap, our analysis utilizes 11
years of panel data from 31 provinces in China, integrating macroeconomic indicators and
social media content to reassess the Easterlin paradox. We use GDP per capita and the
Gini coefficient as proxies for economic growth and income inequality, respectively, to study
their effects on the subjective well-being expressed by citizens on social media in mainland
China. Our approach combines machine learning and fixed effects models to evaluate these
relationships. Key findings include: (1) In temporal relationships, a 46.70% increase in GDP
per capita implies a 0.38 increase in subjective well-being, while a 0.09 increase in the Gini
coefficient means a 1.47 decrease in subjective well-being. (2) In spatial relationships, for
every 46.70% increase in GDP per capita, subjective well-being rises by 0.51; however, this
relationship is buffered by unfair distribution, and GDP per capita no longer significantly
affects subjective well-being when the Gini index exceeds 0.609. This study makes a syn-
thetic contribution to the debate on the Easterlin paradox, indicating that economic growth
can enhance well-being if income inequality is kept below a certain level. Although these
results are theoretically enlightening for the relationship between economics and national
well-being globally, this study’s sample comes from mainland China. Due to differences in
cultural, economic, and political factors, further research is suggested to explore these
dynamics globally.

Introduction

The nexus between economic status and well-being has captivated thinkers from ancient
Greece to the present. Solon argued that material wealth does not guarantee happiness [1], a
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sentiment echoed by Aristotle, who suggested that well-being could be attained through mod-
est means [2]. This dialogue between ancient philosophy and contemporary empirical research
highlights the timeless relevance of exploring the dynamics of economic growth and subjective
well-being (SWB). SWB refers to an individual’s self-assessment of their own happiness and
life satisfaction, providing a comprehensive measure of personal and societal prosperity [3-5].
Notably, a seminal cross-cultural study revealed a positive correlation between economic
growth and SWB in cross-sectional data, yet identified no consistent relationship in longitudi-
nal analyses [6]. Termed the "Easterlin Paradox," this phenomenon underscores the complex
interplay between economic advancement and SWB, a finding reinforced by a wealth of subse-
quent research [7-9].

Nonetheless, the association between economic growth and SWB has not gone unchal-
lenged, especially when considering contemporary societal and policy issues such as debates
around economic growth, environmental sustainability, and well-being. Evidence from several
studies suggests that SWB correlates significantly with the material standard of living,
highlighting the importance of integrating these findings into policy discussions to address the
multifaceted dimensions of well-being beyond mere economic indicators [10,11]. Stevenson
and Wolfers contended that there is no empirical evidence to suggest that a country’s SWB pla-
teaus after reaching a certain economic threshold, a point that gains relevance in the context of
ongoing debates about the sustainability of economic growth and its implications for societal
well-being [12]. Broadly speaking, Easterlin’s findings enjoy robust support in many developed
nations such as Western Europe, Japan, and Korea, serving as a critical reference point for pol-
icymakers aiming to balance economic growth with the enhancement of societal well-being
[9,13,14]. However, results from some developing countries exhibit greater variability, suggest-
ing that the path to well-being through economic growth may differ significantly across con-
texts, further underscoring the need for nuanced policy approaches that consider local socio-
economic dynamics [12,15-17].

In the Chinese context, there exists a divergence of opinion regarding the Easterlin Paradox.
One study focusing on six provincial capitals in China concluded that residents’ happiness did
not rise in tandem with national income [14]. Conversely, an analysis of the China General
Social Survey (CGSS) from 2003 to 2010 found a consistent and statistically significant positive
correlation between national income and SWB [18]. More recently, research efforts have
shifted towards assessing the causal impact of economic growth on national happiness. Easter-
lin’s research indicated that despite a fourfold increase in China’s per capita GDP over the past
two decades, SWB levels remained stagnant [19]. In contrast, other meta-analyses have
revealed that the rising per capita GDP in China has exerted a positive influence on residents’
SWB [20,21].

China serves as a particularly compelling case for analyzing the Easterlin Paradox, marked
by its unmatched economic growth and substantial socio-economic shifts over recent decades.
Unlike the steady and gradual economic progress seen in many Western countries, China has
witnessed rapid industrialization, urbanization, and economic development at an unprece-
dented rate and scale. This transformation is characterized not only by its temporal aspect but
also by significant economic disparities and variations in income distribution across and
within its provinces. Our research aims to explore how these swift economic changes and nota-
ble shifts in income distribution impact individuals’ perceptions of happiness. Focusing on
China, we intend to provide insights that critically assess and refine the understanding of the
Easterlin Paradox globally, promoting a more detailed and context-sensitive analysis.

To elucidate these disparities, our study examines the intricate relationships between eco-
nomic growth, income inequality, and SWB in China. We suggest that the discrepancies noted
in various studies could stem from the influences of economic elasticity, income inequality,
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and their temporal and spatial heterogeneity on subjective happiness. Through the integration
of psycholinguistic analysis of social media posts with economic indicators, such as per capita
Gross Domestic Product (PRGDP) and the Gini coefficient, we aim to dissect the complex
interactions among these factors and their effects on well-being. This methodology enables us
to offer a more nuanced understanding of how economic factors influence subjective well-
being, thus contributing to the ongoing discourse on the Easterlin Paradox and its relevance
across different socio-economic environments.

Several scholars have explored the nexus between economic growth and SWB through the
lenses of Hedonic Adaptation Theory [22] and Relative Deprivation Theory [23,24]. Extant lit-
erature suggests that individuals possessing elevated social status harbor greater anticipations
for their future [25,26]. Unfulfilled mental expectations tend to impede the augmentation of
SWB [27]. Moreover, happiness is fundamentally a relative construct [6], implying that an
across-the-board elevation in income does not necessarily translate into a concomitant rise in
overall SWB [28,29]. Although these theoretical frameworks are widely endorsed
[25,27,28,30,31], comprehensive empirical examinations validating them remain conspicu-
ously absent.

The current study advocates for a reevaluation of the Easterlin paradox through a theoreti-
cal lens. As posited by Hedonic Adaptation Theory, individuals within higher income brackets
necessitate a more substantial increment in wealth compared to their lower-income counter-
parts to achieve a comparable elevation in happiness through income growth [32]. This dispar-
ity arises owing to their elevated baseline wealth and elevated mental expectations [33]. Such
an observation suggests that the relationship between economic growth and SWB may inher-
ently be nonlinear. Deaton (7)posited a semi-elastic effect on SWB exerted by economic
growth [34], wherein changes in SWB correspond to percentage variations in regional eco-
nomic expansion. Notably, the majority of extant studies have neglected this semi-elastic
dimension, potentially contributing to the observed inconsistencies. We hypothesize that the
relationship between regional economic growth and SWB is persistently positive across both
cross-sectional and temporal dimensions when accounting for this elasticity. Specifically, the
hypothesis can be articulated as follows:

H1: Economic growth serves as a positive predictor of SWB in semi-elastic models, applicable to
both cross-sectional and time-series analyses.

Moreover, we advocate for the inclusion of local income inequality as a potential detrimen-
tal factor for SWB [35]. In accordance with Relative Deprivation Theory [29], income disparity
engenders an escalation in relative deprivation among individuals, consequently undermining
their well-being. Empirical evidence suggests that even middle-income residents experience
diminished happiness due to social comparison when distributional inequality intensifies
within a country or region, independent of changes in their real income. We posit that this
adverse impact is notably pronounced in the short term, specifically in time-series analyses.
This is informed by Hedonic Adaptation Theory, which posits that people may gradually accli-
mate to existing income disparities, redirecting their focus toward other life domains such as
interpersonal relationships, health, and personal development. Hence, the deleterious influ-
ence of income inequality on SWB may be attenuated in long-term analyses, particularly in
cross-sectional correlations, where economic factors assume greater significance in determin-
ing happiness. Accordingly, we formulate the subsequent hypothesis:

H2: Income inequality exerts a negative influence on SWB within the temporal dimension.

Although the direct deleterious influence of income inequality on SWB may be mitigated in
cross-sectional analyses, it can still serve as a moderating factor that attenuates the positive
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correlation between economic growth and SWB within the same framework. One rationale for
this is that the principal contribution of economic growth to SWB lies in its capacity to elevate
the quality of life for the broader populace. Nevertheless, a pronounced disparity between the
wealthy and the impoverished within a specific region suggests that a minuscule fraction of the
population monopolizes the majority of social resources [36]. This substantial wealth gap
insinuates that the economic status of a region does not accurately reflect the living standards
of its majority. In light of this, the current study formulates the subsequent hypothesis:

H3: At the regional level, income inequality attenuates the positive predictive impact of economic
growth on SWB.

Our research employs these theories to construct a theoretical framework that elucidates
the intricate relationship between economic growth, income inequality, and SWB (Subjective
Well-Being). Specifically, we argue that while economic growth may initially enhance SWB,
Hedonic Adaptation Theory suggests that this happiness tends to revert to a baseline level,
thereby diminishing the linear impact of income increases. Concurrently, Relative Deprivation
Theory explains how income inequality erodes well-being through social comparisons and
undermines the positive effects of economic growth on SWB from a temporal perspective.
Therefore, these theories form the basis of our hypotheses that economic growth exerts a semi-
elastic positive impact on SWB across both spatial and temporal dimensions, and that income
inequality not only directly reduces SWB but also moderates the positive influence of eco-
nomic growth on SWB.

In response to the inconsistencies identified in previous research on the relationship
between economic growth and SWB [37], our study aims to offer a more refined analysis by
addressing the limitations of traditional analytical frameworks and incorporating consider-
ations of elasticity. We utilize panel data to provide a comprehensive examination of the effects
of macroeconomic indicators on SWB, a method that surpasses the constraints of purely
cross-sectional or time-series analyses. Panel data models enable us to generate more robust
estimates and examine the regional and temporal effects of economic variables on SWB within
a cohesive dataset, thus enhancing the precision of our spatiotemporal analysis and mitigating
inconsistencies due to random errors.

A significant innovation in our methodology is the application of a machine-learning model
to analyze large-scale panel data, specifically focusing on the dynamic interaction between eco-
nomic growth, income inequality, and SWB. This approach is particularly novel due to its use
of social media big data as a proxy for continuous SWB measurement across diverse regions
and time frames. Traditional psychological methods, such as questionnaires, are impractical for
the extensive sampling required across China’s thirty-plus provinces over a decade. In contrast,
social media platforms like Sina Weibo, with its 566 million monthly active users and a dataset
extending back to 2010 [38,39], provide a rich source for non-invasive public psychology and
behavior analysis through big data analytics of user activities [40-42]. By leveraging this exten-
sive dataset, our study employs a validated machine-learning model [4,43,44] to assess SWB
based on the text of social media posts. This innovative approach allows us to explore the effects
of economic growth and income inequality on SWB in both temporal and cross-sectional
dimensions. Our findings aim to contribute a fresh perspective on the Easterlin paradox, partic-
ularly in the context of China’s unique socio-economic landscape.

Materials and methods

In alignment with extant research, this study employs PRGDP and the Gini coefficient as prox-
ies for regional economic status and income inequality, respectively. Utilizing a validated
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machine-learning model [4,43,44], we annually assess the SWB of each province over an

11-year span from 2010 to 2020. This timeframe is selected due to Sina Weibo’s comprehensive
user coverage beginning in 2010 and the availability of updated macroeconomic indicators
from the China Statistics Bureau up to 2020. Fig 1 outlines the research methodology, encom-
passing data collection through to statistical analysis. Detailed descriptions of indicator selec-
tion, variable computation, and data processing can be found in the respective sections of the

paper.

National Bureau of Statistics of China Matched the

(http://www.stats.gov.cn/)

Macroeconomic indicators data set

Region: 31 provinces in mainland China;
Duration: 2010 to 2020

y

regions and years

Downloaded 1.16 million users' original microblogs
from the original data pool (Li et al., 2013)

Selected active users:
(a). Registered on Sina Weibo before 2010
b). Had over 500 original posts from 2010 to 2020
(c). Non-institutional accounts

Removed from
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True

Microblogging text data set

Eq. (1) (Tian, 2012)

Region: 31 provinces in mainland China;

Duration: 2010 to 2020;
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\
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Fig 1. The research process for the present study.

Statistical analysis (R-4.2.0)

False

https://doi.org/10.1371/journal.pone.0301206.9001
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Data collection and preprocessing

The Application Programming Interface (API) serves as a software intermediary, enabling
communication between two applications. In this case, Weibo’s API facilitated systematic
access to and collection of large-scale data from the platform, aiding in the analysis of user-
generated content. For constructing regional Subjective Well-Being (SWB), text data was
sourced from an initial pool of over 1.16 million Sina Weibo users [41]. Recognized as China’s
leading microblogging platform, Sina Weibo promotes the exchange and discussion of per-
sonal experiences, lifestyle activities, and celebrity news [45].

Following established data collection methods [42,44,46,47], we first retrieved public posts
from 1.16 million mainland Chinese users via Weibo’s API. Active users were then identified
based on criteria including: (a) registration before January 1, 2010; (b) the exclusion of institu-
tional, commercial, or celebrity accounts; and (c) a minimum of 500 original posts during the
observation period. These criteria ensured the analysis focused on everyday shares from the
general public, avoiding political or commercial propaganda, and aimed to include as broad a
user base as possible. This led to the selection of 644,243 active Weibo users from thirty-one
provinces for this study.

Upon completing data collection, the posts generated by the 644,243 active users were
aggregated into thirty-one provinces across mainland China to align with corresponding mac-
roeconomic indicators. To facilitate text analysis, we employed TextMind [48], a Chinese cor-
pus processing software built upon the Linguistic Inquiry and Word Count (LIWC)
framework [49,50]. This software segmented the text into individual words and identified psy-
chosemantic features, enabling the subsequent calculation of province-specific SWB scores.

All macroeconomic variables utilized in this research are sourced from the National Bureau
of Statistics of China (https://www.stats.gov.cn/). These include the PRGDP, employed as an
indicator of each province’s economic standing, as well as urban and rural population and
income statistics, which are utilized to compute the Gini coefficient.

Variable selection and calculation

Subjective well-being. This study conceptualizes SWB through Ryff’s six-factor model
[3], evaluating individuals’ happiness by analyzing six psychological dimensions: self-accep-
tance, positive relationships with others, autonomy, environmental mastery, sense of purpose
and meaning in life, and personal growth. This theoretical basis and measurement method
receive high praise in the positive psychology arena [3-5]. By employing a validated machine
learning model [4], we calculated a range of SWB metrics. The model uses a linear regression
algorithm to determine the correlation between psycholinguistic attributes and self-reported
scores, incorporating a 10-fold cross-validation method. Pearson correlation coefficients
across all six SWB domains between predicted and self-reported scores were significantly
strong [4,5]. Detailed discussions on the model’s methodology and its applications are pro-
vided in [4,41,44]. Initially, the TextMind framework [48] was utilized to extract psycholin-
guistic features from the original posts of active Sina Weibo users. These features were then
fed into the machine learning model to compute individual SWB metrics. Finally, an aggregate
score was calculated by averaging these six metrics, consistently aligned with the original
Likert scale, ranging from 1 to 7.

Economic growth. Aligned with the methodologies utilized in existing research [51,52],
per capita Gross Domestic Product (PRGDP) is adopted as a metric for assessing the absolute
economic growth of each province. PRGDP is defined as the quotient of the total GDP value
and the regional population for a specified year. By adjusting for variations in city sizes,
PRGDP provides a more accurate depiction of regional economic conditions compared to
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GDP alone [42,53]. Simultaneously, the natural logarithm of PRGDP, In(PRGDP), is used to
gauge relative economic growth, facilitating the analysis of PRGDP’s elasticity in relation to
SWB—that is, the variation in residents’ SWB in reaction to every doubling of the regional
economy [34].

Income disparity. In accordance with established economic research paradigms, the Gini
coefficient (Gi), first introduced by Corrado Gini [54,55], is utilized as the indicator to mea-
sure income inequality within each province [56]. This coefficient theoretically ranges from 0,
indicating complete income equality, to 1, denoting absolute income inequality. Elevated val-
ues of the coefficient indicate higher levels of income disparity within a country or region. The
computational methods applied in this context have received broad academic support for
assessing income inequality across Chinese provinces, as detailed in Eq (1) [54] and Eq (2)
[56].

. RN
Glazl_W;(Wi—l+Wi) x P, (1)

In Eq (1), Gi, represents the Gini coefficient for income within either an urban or rural
area of a given province; P denotes the total population, W signifies the aggregate income, and
W refers to the income accumulated by the i group. Upon calculating the income-based Gini
coefficients for both urban and rural populations in each province using Eq (1), the composite
Gini coefficient for residents’ income is subsequently computed through the group weighting
method, as illustrated in Eq (2).

Gi=pteg +plicg ypp et 2)
u 1 I

In Eq (2), Gi denotes the provincial Gini coefficient for income; G, and G, specify the Gini
coefficients for income among urban and rural residents, respectively. Furthermore, P, and P,
indicate the population shares of urban and rural areas, while y,, y, and p represent the per
capita income for urban, rural, and provincial populations, respectively.

Statistical analysis

We constructed a panel dataset consisting of 31 provinces over an 11-year period to investigate
the relationship between economic factors and subjective well-being (SWB) on both cross-sec-
tional and time-series bases. Two variants of fixed-effects models based on least squares esti-
mation were employed: individual fixed-effects estimation and time fixed-effects estimation.
The former serves as a time-series regression with a linear constraint, wherein the regression
coefficients capture the time-series correlations among the variables. Conversely, the latter
functions as a cross-sectional regression with a linear constraint, and its coefficients reveal the
cross-sectional correlations. Owing to the application of panel data and the removal of individ-
ual or time-related unobservables, the estimates from the fixed-effects models are deemed
more robust than those generated by either cross-sectional or time-series regressions, as delin-
eated in Eqs (3) and (4).

SWB,, = 4, + B,PRGDP,, + f,Gi,, + €, (3)

SWBi.t = 5: + ﬂsPRGDPi.t + B4Gii.t + Eit (4)

Eq (3) represents an individual fixed-effects model, while Eq (4) illustrates a time-fixed
effects model. In these equations, SWB;; serves as the dependent variable, denoting the subjec-
tive well-being score for a specific province in a given year. Both PRGDP and Gi are
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incorporated as independent predictor variables for SWB. 4, and &, account for the unobserv-
able heterogeneity in province and year, respectively. €; , is designated as the error term.

In Eqs (3) and (4), the relationship between the variables is modeled as linear. Specifically,
Eq (3) posits that, in the cross-sectional dimension, a one-unit increment in PRGDP corre-
sponds to a 3; alteration in SWB. Similarly, Eq (4) asserts that, in the time-series dimension, a
one-unit increment in PRGDP yields a f3; variation in SWB. Nevertheless, as highlighted in the
introduction, we hypothesize that the influence of economic growth on SWB is nonlinear.
This implies that the variation in SWB is contingent upon the percentage change in PRGDP
rather than its absolute change, thereby leading us to consider the subsequent semi-elasticity
models.

SWB,, =/, + ﬁlln(PRGDP)i,t + B.Gi;, + €, (5)

SWBi,t = 5: + ﬁgln(PRGDP)” + ﬁ4Gii.t + Eir (6)

The semi-elasticity models employed in this study adopt the logarithmic functional form
commonly utilized in economic analyses [34]. Specifically, Eqs (5) and (6) build upon the lin-
ear models but substitute PRGDP with its natural logarithm. In the cross-sectional dimension,
this implies that each doubling of PRGDP across regions results in a 8; change in SWB. Con-
versely, in the time-series dimension, each doubling of PRGDP within a specific region
induces a 5 modification in SWB.

The current study formulated both linear and semi-elasticity models to assess their compar-
ative efficacy in elucidating the relationship between economic indicators and SWB. To
deepen this inquiry, an interaction term was constructed to investigate the synergistic effects
of PRGDP and Gi on SWB. All statistical analyses were executed in R version 4.2.0, utilizing
the plm package for fixed-effects modeling based on panel data [57], and the interactions pack-
age for evaluating moderating effects [58].

Ethics statement

The research initiative received approval from the Ethics Committee, Institute of Psychology,
Chinese Academy of Sciences (project number: H15009). All posts analyzed in this study were
sourced from Sina Weibo, with stringent measures taken to preserve user privacy. The identi-
ties, usernames, and original content of the users’ posts were deliberately omitted from the
analysis, focusing exclusively on the examination of data at the provincial level. Given that
Sina Weibo is publicly accessible and in adherence to the established protocols and ethical
standards within the research domain [59], the necessity for informed consent was exempted
by the Ethics Committee, Institute of Psychology, Chinese Academy of Sciences.

Results
Demographics

The demographic characteristics of the study participants are summarized in Table 1. Of the
644,243 active Sina Weibo users analyzed, 59.02% were female. A majority of users opted not
to disclose their age; however, for those who did, ages ranged from 18 to 86 years, with the
highest concentration falling within the 28- to 37-year age bracket, comprising 13.23% of the
sample. Notably, 62% of the users hailed from Eastern China, a region generally regarded as
more affluent compared to other parts of the country [46,60]. The provinces with the fewest
participants had more than a thousand users each.
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Table 1. Demographic characteristics of selected participants.

Gender male 263,990 (40.977%)
female 380,253 (59.023%)
Age 18-27 36,690 (5.695%)
28-37 852,36 (13.230%)
38-47 11,485 (1.783%)
48-57 1,976 (0.307%)
58- 621 (0.096%)
NA 508,235 (78.889%)
Provinces Center China 111201 (17.261%)
East China 400642 (62.188%)
West China 132400 (20.551%)
Total 644,243 (100%)

https://doi.org/10.1371/journal.pone.0301206.t001

Descriptive statistics

Table 2 presents the descriptive statistics for Subjective Well-Being (SWB), Per Capita Gross
Domestic Product (PRGDP), and Gini coefficient (Gi) across 31 Chinese provinces spanning
the years 2010 to 2020. Fig 2 illustrates the scatter plots and corresponding correlation matrices
for these variables. Notably, a significant positive correlation exists among all macroeconomic
indicators (p < 0.001), while no discernible relationship was observed between SWB and any
of these indicators (p > 0.05). It is imperative to underscore that the correlation coefficients
derived from panel data have circumscribed interpretive utility in the absence of constraints;
thus, a subsequent fixed-effects analysis is requisite to elucidate the genuine relationships
between these variables.

Main effects estimation

Both the F-test and the Hausman test were conducted on the panel data models. The outcomes
indicate that all F-tests yielded significant results (p < 0.001), suggesting the presence of unob-
servable individual or temporal heterogeneities. Moreover, the Robust Hausman test corrobo-
rates that these heterogeneities are associated with the independent variables (p < 0.001).
Collectively, these tests advocate for the employment of fixed-effects models. The regression
analyses involving PRGDP and Gi as predictors of SWB, across both time-series and cross-sec-
tional dimensions, are summarized in Table 3.

As illustrated in Table 3, in the linear model for predicting SWB, the coefficient for Gi, as
estimated through time-fixed effects, was not statistically significant (p > 0.05). In contrast,
the coefficient for PRGDP was statistically significant (Bsimple = 0.23, p < 0.001). When esti-
mated by individual fixed effects, the coefficient for PRGDP was not significant (p > 0.05),

Table 2. Descriptive statistics of variables.

Variable Mean SD Median Min Max Skewness Kurtosis
SWB 3.113 1.709 2.526 1.000 7.000 0.790 -0.641
PRGDP 51219.944 26848.556 44348.000 12882.000 164158.000 1.666 3.259
In (PRGDP) 10.730 0.467 10.700 9.464 12.009 0.316 -0.026
Gi 0.277 0.085 0.267 0.077 0.551 0.589 0.745

Note. Cross-sections n = 31 (provinces), time points T = 11 (year), sample size N = 341; Abbreviation: SWB, Subjective well-being; PRGDP, GDP per capita (unit:
RMB); In (PRGDP), the natural logarithm of GDP per capita; Gi, Gini coefficient.

https://doi.org/10.1371/journal.pone.0301206.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 9/19


https://doi.org/10.1371/journal.pone.0301206.t001
https://doi.org/10.1371/journal.pone.0301206.t002
https://doi.org/10.1371/journal.pone.0301206

PLOS ONE

Economic growth, income inequality and subjective well-being

SWB PRGDP In (PRGDP) Gi
' $R3 o - s <% '\ % il *
,§-" ‘.‘“i( . ';;- $ 4
o) L ey ot e ; N
z : .. §5,0 o e
,‘,“.,;ni,_‘- AR R L
9 .
a Corr: 4 >
Lmj -0.065 b
oy
-
&) Corr: Corr:
3] ~0.093. 0,950+ .
S
o Corr: Corr: Corr:
= -0.013 0.805*** 0.775%**

Fig 2. The scattergram and correlation matrix for variables.

https://doi.org/10.1371/journal.pone.0301206.9002

Table 3. The main effects of PRGDP and Gi on SWB.

Independent variables

PRGDP
In (PRGDP)
Gi
Adj. R?

F

Num. obs.

(1) Time-fixed
0.231%*%*
(0.040)

0.042
(0.040)
0.231
57.101%**
341

Linear fit
(2) Individual-fixed
-0.075
(0.068)

-0.599***
(0.068)
0.518
198.526™**
341

(3) Time-fixed

0.298***
(0.037)
-0.005
(0.037)
0.293
76.579***
341

Elastic fit

(4) Individual-fixed

0.216*
(0.086)
-0.864***
(0.086)

0.526
204.305***
341

Note. Standardized regression coefficients are displayed, with standard errors in parentheses. Abbreviation: SWB, Subjective well-being; PRGDP, GDP per capita (unit:
RMB); In (PRGDP), the natural logarithm of GDP per capita; Gi, Gini coefficient

*p <.05.
**p <0l
% 5 < 001

https://doi.org/10.1371/journal.pone.0301206.t003
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whereas the coefficient for Gi was significant (Bsimple = -0.60, p < 0.001). In the semi-elastic-
ity model, the coefficient for Gi, when estimated through time-fixed effects, was not significant
(p > 0.05), but the coefficient for PRGDP was significant (Bsimple = 0.30, p < 0.001). Both the
coefficients for PRGDP (Bsimple = 0.22, p < 0.05) and Gi (Bsimple = -0.86, p < 0.001) were
statistically significant when estimated through individual fixed effects.

While all models converged successfully, the semi-elastic model exhibited superior fit com-
pared to the linear model. In the time-fixed effects estimation, the semi-elastic model
accounted for a greater proportion of the variance in SWB (29.30%) than did the linear model
(23.10%). Similarly, in the individual fixed effects estimation, the semi-elastic model (52.60%)
outperformed the linear model (51.80%). Collectively, these results suggest that the relation-
ship between economic growth and SWB aligns more closely with an elasticity-based
relationship.

According to the elasticity model’s findings, in the time-series analysis, a 46.70% increase in
per capita GDP (equivalent to 1 standard deviation) is associated with a 0.38 increase in the
population’s SWB (approximately 0.22 standard deviations). Conversely, a 0.09 increase in
income inequality (equivalent to 1 standard deviation) leads to a decrement of 1.47 in well-
being (roughly 0.86 standard deviations). In the cross-sectional analysis, a 0.09 increase in eco-
nomic growth (equivalent to 1 standard deviation) elevates the population’s overall happiness
by 0.51 (approximately 0.30 standard deviations), while the change in SWB attributable to
income inequality was not statistically significant.

Interaction analysis

To explore the moderating role of Gi on the relationship between PRGDP and SWB, an inter-
action term for PRGDP and Gi was incorporated into the elasticity model. The fit indices are
presented in Table 4.

As evidenced by Table 4, the interaction term proved significant in the time-fixed effects
model (Bsimple = -0.08, p < 0.01), indicating that Gi does indeed moderate the cross-sectional
relationship between PRGDP and SWB. According to the standardized coefficients, the posi-
tive impact of PRGDP on SWB diminishes by 0.14 (0.08 standard deviations) for each one-

Table 4. The interaction of PRGDP and Gi on SWB.

(5) Time-fixed (6) Individual-fixed

In (PRGDP) 0.322%** 0.186*
(0.038) (0.093)

Gi 0.018 -0.837%*%*
(0.038) (0.092)
In (PRGDP) x Gi -0.077** -0.031
(0.029) (0.036)
Adj. R2 0.307 0.525

F 54.445%** 136.355%**

Num. obs. 341 341

Note. Standardized regression coefficients are displayed, with standard errors in parentheses. Abbreviation: SWB,
Subjective well-being; PRGDP, GDP per capita (unit: RMB); In (PRGDP), the natural logarithm of GDP per capita;
Gi, Gini coefficient.

*p <.05.

*p <.01.

<001,

https://doi.org/10.1371/journal.pone.0301206.t004
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Fig 3. The interaction of PRGDP and Gi on SWB (Johnson-Neyman analysis).
https://doi.org/10.1371/journal.pone.0301206.9003

standard-deviation increase in Gi. To further investigate this, Gi was categorized into high and
low groups based on a mean value of +1 standard deviation, and a simple slope analysis was
conducted. The analysis revealed that PRGDP positively influences SWB in the low-Gi group
(Bsimple = 0.446, p < 0.001), but its predictive power wanes in the high-Gi group (Bsimple
declines from 0.446 to 0.332). For a more nuanced understanding of the interaction between
PRGDP and Gi on SWB, we employed the Johnson-Neyman [61,62] technique to identify the
critical value at which the regression coefficient becomes significant, as shown in Fig 3.

The findings indicate that the elasticity coefficient of PRGDP’s positive influence on SWB
diminishes with increasing Gi. Specifically, it is projected that when Gi surpasses the threshold
of 0.609, the effect of PRGDP on SWB would become nullified, even though such a critical
value of Gi does not exist within the range of our dataset.

Discussion

David Hume, regarded as one of the pioneers of modern philosophy, asserted that the "The
great end of all human industry is the attainment of happiness” [63,64]. Consistent with this
view, subjective well-being serves as the cardinal aim for individual aspiration and for nations
in steering their economic policies globally [65,66]. The current study probes into the interplay
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between economic growth and income inequality as they pertain to subjective well-being, uti-
lizing an extensive dataset of macroeconomic indicators and social media analytics across 31
provinces in China over an 11-year span. Our findings reveal bidirectional influences: a posi-
tive correlation exists between economic growth and subjective well-being, whereas income
inequality exerts a negative impact in both temporal and cross-sectional contexts. Importantly,
the enhancement of subjective well-being through economic growth is better described as elas-
tic rather than linear. Furthermore, income inequality not only serves as a direct negative pre-
dictor but also attenuates the positive influence of economic growth on subjective well-being.
These insights contribute to our understanding of the underlying dynamics of the Easterlin
paradox and offer valuable guidelines for elevating societal well-being through economic
advancements.

In the present study, we observe that the linear relationship between economic growth and
subjective well-being in China aligns closely with the Easterlin paradox, which postulates that
the positive cross-sectional correlation between these variables dissipates in time-series analy-
sis [6]. However, when employing a more flexible model, we find a statistically significant posi-
tive correlation between the two variables across both time and cross-sectional dimensions,
lending empirical support to our research hypothesis H1. These findings are in concordance
with the hedonic adaptation theory’s explanation of the Easterlin paradox, suggesting that the
influence of wealth accumulation on happiness is not linear but is influenced by its baseline
levels [22,27]. It is crucial to clarify that the observed elasticity in the relationship between eco-
nomic growth and subjective well-being does not negate the claims of the Easterlin paradox.
Rather, it indicates that as a region experiences exponential economic growth, there is a corre-
sponding increase in the population’s subjective well-being. Specifically, for every 46.70%
increase in GDP per capita in the time series, subjective well-being rises by 0.38; in the cross-
sectional analysis, a similar increase in GDP per capita yields a 0.51 rise in subjective well-
being. Thus, economic factors remain pertinent, but the demand and expectation for growth
have intensified.

Income inequality exerts a deleterious impact on subjective well-being, corroborating the
tenets of relative deprivation theory [23,67]. In our study, for each 0.09 unit increase in income
inequality in the time-series analysis, we observe a corresponding 1.47 unit decrease in subjec-
tive well-being, thereby confirming our Hypothesis H2 and aligning with extant literature.
Luttmer posits that income inequality within a community skews the local mean income to the
right of the median, representing a wealthier minority. Consequently, the majority of the pop-
ulation earns below the local mean, resulting in a decline in their ’relative income’ [29]. Fur-
thermore, our research illuminates a previously overlooked aspect: the interaction between
income inequality and economic growth vis-a-vis subjective well-being. Specifically, the posi-
tive predictive influence of economic growth on subjective well-being diminishes as income
inequality escalates. It is anticipated that the enhancement in well-being owing to economic
growth vanishes entirely when the Gini coefficient attains a value of 0.61. This substantiates
our Hypothesis H3. In accordance with relative deprivation theory, we surmise that the crux of
this interaction lies in the widening wealth gap, which intensifies social comparisons and pre-
dominantly instills a sense of loss in the general populace [68,69].

The current findings underscore the elastic nature of economic growth in enhancing sub-
jective well-being across both temporal and cross-sectional dimensions, in contrast to the
adverse impact of income inequality. These observations align with prior research [7,10,12].
Conversely, other studies have posited a weaker association between economic growth and
well-being [7-9,13,70]. We contend that these divergent findings may stem from an inade-
quate control for baseline economic conditions and income disparity. Consequently, we advo-
cate for future research to rigorously address these potential biases when assessing the
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influence of macroeconomic variables on mental well-being. Elasticity models should be
employed to the extent possible, as they more accurately encapsulate the relationship between
socio-economic factors and psychological well-being in both theoretical and empirical con-
texts. Simultaneously, the wealth disparity within specific locales should be scrutinized in tan-
dem, as it may counteract the benefits of economic growth, thereby generating a misleading
impression of non-correlation with subjective well-being.

Given our findings, the Easterlin paradox—which posits a lack of correlation between eco-
nomic growth and subjective well-being in time-series analyses—is called into question. Spe-
cifically, in the context of China, we did not identify any temporal "threshold" beyond which
economic growth ceases to contribute to subjective well-being. However, a discernible "thresh-
old" for income inequality does exist. These insights underscore the premise that the enhance-
ment of subjective well-being through economic growth is contingent upon a reasonably
equitable distribution of social resources. Should the wealth gap surpass a critical juncture, the
societal value of economic growth becomes largely moot for the majority of the population.
These findings highlight the complex relationship between economic growth, income inequal-
ity, and subjective well-being, offering direction for policy development. To improve societal
well-being, policies must foster sustainable economic growth and introduce initiatives to
reduce income disparity. Recommended strategies encompass progressive taxation, enhance-
ments in social welfare, policies promoting equal opportunities, and strengthening oversight
mechanisms to deter tax evasion by affluent sectors and individuals. Such an approach to nar-
rowing the wealth gap ensures that economic advancements lead to significant societal bene-
fits. Thus, our study advocates for an integrated strategy in economic planning that not only
seeks inclusive growth but also aims to boost overall happiness by ensuring equitable contribu-
tions across all economic sectors.

The current study employs social media big data and machine learning methodologies to
explore the influence of macroeconomic variables on subjective well-being, thereby tran-
scending some constraints inherent in previous disciplinary paradigms. Specifically, we intro-
duce an innovative methodological framework that leverages real-time, rich data from social
media platforms to elucidate the intricate and dynamic interplay between economic condi-
tions and subjective well-being. This approach facilitates a nuanced analysis of macro-level
determinants of subjective well-being, enabling the development of targeted policy interven-
tions for distinct communities.

However, several limitations merit consideration. Firstly, our reliance on social media for
data collection may exclude certain populations, such as individuals who are not literate or do
not use social media. Over 78% of our sample from Sina Weibo did not disclose age data, con-
straining our ability to assess the impact of age demographics [71]. Future studies should
employ varied sampling techniques to address this limitation. Secondly, as this study concen-
trates on the macro-social link between economic variables and collective subjective well-
being, the findings might not be directly applicable to individual experiences, highlighting the
potential for ecological fallacies. Future research could engage in individual-level investiga-
tions through surveys and experimental methods to draw comparisons with macro-level data.
Thirdly, while our analysis focuses solely on the impact of objective economic indicators on
subjective well-being, it does not delve into the psychological mechanisms underlying this rela-
tionship. Further studies are encouraged to explore mediating variables such as psychological
expectations [72], social support [73], and cultural participation [74], in line with theories of
hedonic adaptation and relative deprivation. Additionally, it is hypothesized that socio-cultural
factors, including the emphasis on collective well-being, Confucian ethics’ influence on
notions of fairness and prosperity, and intra-national cultural differences, could significantly
affect the interplay between economic growth, income inequality, and subjective well-being.
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An in-depth examination of these elements might offer a more detailed perspective on how
economic and social policies impact happiness in the Chinese context.

In conclusion, our study enriches the discourse on the intricate dynamics between eco-
nomic growth, income inequality, and subjective well-being through an innovative analysis
that combines macroeconomic indicators with social media analytics. By revealing the bidirec-
tional influences where economic growth positively correlates with subjective well-being and
income inequality negatively affects it, we offer nuanced insights into the debate surrounding
the Easterlin paradox within the context of China’s rapid economic evolution. Our findings
challenge the traditional understanding of the paradox, demonstrating that economic growth
can indeed enhance subjective well-being, provided income inequality is addressed effectively.
This underscores the critical need for integrated economic policies that promote not only
growth but also equity, to ensure that the benefits of economic advancements are widely
shared across the society. Moreover, our methodological approach, leveraging social media
data, opens new avenues for real-time, nuanced analysis of subjective well-being, offering a
template for future research in the field. As we navigate the complexities of economic develop-
ment and social welfare, the importance of fostering policies that minimize income disparities
while bolstering economic growth has never been more evident. Our study ultimately advo-
cates for a balanced approach to economic planning, one that equally prioritizes the pursuit of
happiness and the equitable distribution of wealth, reflecting David Hume’s assertion that the
ultimate goal of human industry is the attainment of happiness.

Conclusions

Utilizing social media big data and machine learning methodologies, this study investigates
the macroeconomic determinants of subjective well-being. Our findings indicate the follow-
ing: (1) In a time-series analysis, a 46.70% increase in GDP per capita corresponds to a 0.38
increase in subjective well-being, whereas a 0.09 uptick in the Gini coefficient leads to a 1.47
decline. (2) In cross-sectional data, a 46.70% surge in GDP per capita results in a 0.51 incre-
ment in subjective well-being, but a 0.09 rise in the Gini coefficient diminishes the positive
predictive effect of GDP per capita on subjective well-being by 0.08. (3) According to the John-
son-Neyman technique, when the Gini index surpasses 0.609, GDP per capita ceases to be a
significant contributor to subjective well-being. These insights suggest that economic growth
can indeed foster national well-being, contingent upon maintaining income inequality below a
critical threshold.

Author Contributions

Conceptualization: Feng Huang, Huimin Ding, Fumeng Li, Tingshao Zhu.
Data curation: Feng Huang.

Formal analysis: Feng Huang.

Funding acquisition: Tingshao Zhu.

Methodology: Feng Huang, Huimin Ding, Nuo Han.

Software: Feng Huang.

Supervision: Tingshao Zhu.

Validation: Huimin Ding, Nuo Han.

Visualization: Feng Huang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 15/19


https://doi.org/10.1371/journal.pone.0301206

PLOS ONE

Economic growth, income inequality and subjective well-being

Writing - original draft: Feng Huang.

Writing - review & editing: Fumeng Li, Tingshao Zhu.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Flower MAHMJ. Herodotus: Histories, book IX. Cambridge: Cambridge Univ. Press; 2009.

Aristotle, Crisp R, Ameriks K, Cambridge Uo, Clarke DM. Aristotle: Nicomachean Ethics: Cambridge
University Press; 2000.

Ryff CD. Beyond ponce de leon and life satisfaction: New directions in quest of successful ageing. Inter-
national Journal of Behavioral Development. 1989; 12(1):35-55. https://doi.org/10.1177/
016502548901200102

Hao B, Li A, Bai S, Zhu T. Predicting psychological features based on web behavioral data: Mental
health status and subjective well-being. Chinese Science Bulletin. 2015; 60(11):994-1001. https://doi.
org/10.1360/n972014-00763

Hao B, LiL, Li A, Zhu T. Predicting Mental Health Status on Social Media. Cross-Cultural Design Cul-
tural Differences in Everyday Life. Lecture Notes in Computer Science: Springer Berlin Heidelberg;
2013. p. 101-10.

Easterlin RA. Does Economic Growth Improve the Human Lot? Some Empirical Evidence. In: David
PA, Reder MW, editors. Nations and Households in Economic Growth: Academic Press; 1974. p. 89—
125.

Deaton A. Income, health, and well-being around the world: evidence from the Gallup World Poll. J
Econ Perspect. 2008; 22(2):53-72. https://doi.org/10.1257/jep.22.2.53 PMID: 19436768; PubMed Cen-
tral PMCID: PMC2680297.

Frey BS, Stutzer A. What Can Economists Learn from Happiness Research? Journal of Economic Liter-
ature. 2002; 40(2):402-35. https://doi.org/10.1257/jel.40.2.402

Easterlin RA. Will raising the incomes of all increase the happiness of all? J Econ Behav Organ. 1995;
27(1):35-47. https://doi.org/10.1016/0167-2681(95)00003-b

Sacks D, Stevenson B, Wolfers J. Subjective Well-Being, Income, Economic Development and Growth.
National Bureau of Economic Research Working Paper Series. 2010;No. 16441. https://doi.org/10.
3386/w16441

Gariepy G, Elgar FJ, Sentenac M, Barrington-Leigh C. Early-life family income and subjective well-
being in adolescents. Plos One. 2017; 12(7). https://doi.org/10.1371/journal.pone.0179380
WOS:000443975500002. PMID: 28715418

Stevenson B, Wolfers J. Economic Growth and Subjective Well-Being: Reassessing the Easterlin Para-
dox. Brookings Papers on Economic Activity. 2008; 39(1):1-28. https://doi.org/10.3386/w14282
WOS:000260031800002.

Clark AE, Frijters P, Shields MA. Relative Income, Happiness, and Utility: An Explanation for the Easter-
lin Paradox and Other Puzzles. Journal of Economic Literature. 2008; 46(1):95—144. https://doi.org/10.
1257/jel.46.1.95

Xing Z. A study of the relationship between income and subjective well-being in China. Sociological
Studies. 2011; 25(01):196—-219+45-46. https://doi.org/10.19934/j.cnki.shxyj.2011.01.008

Clark AE. Adaptation and the Easterlin Paradox. In: Tachibanaki T, editor. Advances in Happiness
Research. Creative Economy. Tokyo: Springer Japan; 2016. p. 75-94.

Opfinger M. The Easterlin paradox worldwide. Applied Economics Letters. 2015; 23(2):85-8. https://
doi.org/10.1080/13504851.2015.1051650

Bortolotti L, Biggeri M. Is the slowdown of China’s economic growth affecting multidimensional well-
being dynamics? Structural Change and Economic Dynamics. 2022; 63:478-89. https://doi.org/10.
1016/j.strueco.2022.07.003

Jungiang L, Moulin X, Yang S. National Happiness at a Time of Economic Growth: A Tracking Study
Based on CGSS Data. Social Sciences in China. 2013; 34(4):20-37. https://doi.org/10.1080/02529203.
2013.849086

Easterlin RA. Happiness and Economic Growth—The Evidence. In: Glatzer W, Camfield L, Mgller V,
Rojas M, editors. Global Handbook of Quality of Life. Dordrecht: Springer Netherlands; 2015. p. 283—
99.

Su Q, Liu G. Birth Cohort Changes in the Subjective Well-Being of Chinese College Students: A Cross-
Temporal Meta-Analysis, 2002—2017. Frontiers in Psychology. 2020; 11:1011. Epub 20200611. https://
doi.org/10.3389/fpsyg.2020.01011 PMID: 32595554; PubMed Central PMCID: PMC7300275.

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 16/19


https://doi.org/10.1177/016502548901200102
https://doi.org/10.1177/016502548901200102
https://doi.org/10.1360/n972014-00763
https://doi.org/10.1360/n972014-00763
https://doi.org/10.1257/jep.22.2.53
http://www.ncbi.nlm.nih.gov/pubmed/19436768
https://doi.org/10.1257/jel.40.2.402
https://doi.org/10.1016/0167-2681%2895%2900003-b
https://doi.org/10.3386/w16441
https://doi.org/10.3386/w16441
https://doi.org/10.1371/journal.pone.0179380
http://www.ncbi.nlm.nih.gov/pubmed/28715418
https://doi.org/10.3386/w14282
https://doi.org/10.1257/jel.46.1.95
https://doi.org/10.1257/jel.46.1.95
https://doi.org/10.19934/j.cnki.shxyj.2011.01.008
https://doi.org/10.1080/13504851.2015.1051650
https://doi.org/10.1080/13504851.2015.1051650
https://doi.org/10.1016/j.strueco.2022.07.003
https://doi.org/10.1016/j.strueco.2022.07.003
https://doi.org/10.1080/02529203.2013.849086
https://doi.org/10.1080/02529203.2013.849086
https://doi.org/10.3389/fpsyg.2020.01011
https://doi.org/10.3389/fpsyg.2020.01011
http://www.ncbi.nlm.nih.gov/pubmed/32595554
https://doi.org/10.1371/journal.pone.0301206

PLOS ONE

Economic growth, income inequality and subjective well-being

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

CaiH, Yuan J, Su Z, Wang X, Huang Z, Jing Y, Yang Z. Does Economic Growth Raise Happiness in
China? A Comprehensive Reexamination. Soc Psychol Personal Sci. 2022. https://doi.org/10.1177/
19485506221089804

Easterlin RA, Angelescu L. Happiness and Growth the World Over: Time Series Evidence on the Happi-
ness-Income Paradox. SSRN Electronic Journal. 2009. https://doi.org/10.2139/ssrn.1369806

Walker |, Pettigrew TF. Relative deprivation theory: An overview and conceptual critique. Br J Soc Psy-
chol. 1984; 23(4):301-10. https://doi.org/10.1111/1.2044-8309.1984.tb00645.x

Leites M, Ramos X. The Effect of Relative Income Concerns on Life Satisfaction: Relative Deprivation
and Loss Aversion. J Happiness Stud. 2022; 23(7):3485-515. https://doi.org/10.1007/s10902-022-
00555-w WOS:000829135500001.

Nagel S, Kuhnen CM, Das S. Socioeconomic Status and Macroeconomic Expectations. The Review of
Financial Studies. 2020; 33(1):395-432. https://doi.org/10.1093/rfs/hhz041

Baird CL, Burge SW, Reynolds JR. Absurdly Ambitious? Teenagers’ Expectations for the Future and
the Realities of Social Structure. Sociology Compass. 2008; 2(3):944—62. https://doi.org/10.1111/j.
1751-9020.2008.00110.x

Knight J, Gunatilaka R. Does Economic Growth Raise Happiness in China? Oxford Development Stud-
ies. 2011; 39(1):1-24. https://doi.org/10.1080/13600818.2010.551006

Amendola A, Dell’Anno R, Parisi L. Happiness and inequality in European countries: is it a matter of
peer group comparisons? Economia Politica. 2018; 36(2):473-508. https://doi.org/10.1007/s40888-
018-0130-6

Luttmer EFP. Neighbors as Negatives: Relative Earnings and Well-Being. The Quarterly Journal of Eco-
nomics. 2005; 120(3):963—1002. https://doi.org/10.1093/gje/120.3.963

Kimball M, Nunn R, Silverman D. Accounting for Adaptation in the Economics of Happiness. National
Bureau of Economic Research Working Paper Series. 2015;No. 21365. https://doi.org/10.3386/w21365

Galiani S, Gertler PJ, Undurraga R. The Half-Life of Happiness: Hedonic Adaptation in the Subjective
Well-Being of Poor Slum Dwellers to the Satisfaction of Basic Housing Needs. Journal of the European
Economic Association. 2018; 16(4):1189-233. https://doi.org/10.1093/jeea/jvx042

Diener E, Biswas-Diener R. Will Money Increase Subjective Well-Being? Soc Indic Res. 2002; 57
(2):119-69. https://doi.org/10.1023/a:1014411319119.

Eksi O, Kaya N. Life Satisfaction and Keeping Up with Other Countries. J Happiness Stud. 2016; 18
(1):199-228. https://doi.org/10.1007/s10902-016-9724-2 WOS:000394321100010.

Wooldridge JM. Introductory econometrics: A modern approach. 7 ed. Australia: Cengage Learning,
Inc; 2020.

QOishi S, Cha 'Y, Komiya A, Ono H. Money and happiness: the income—happiness correlation is higher
when income inequality is higher. PNAS Nexus. 2022; 1(5). https://doi.org/10.1093/pnasnexus/
pgac224 PMID: 36712361

Cagetti M, De Nardi M. Wealth Inequality: Data and Models. Macroeconomic Dynamics. 2008; 12
(S2):285-313. https://doi.org/10.1017/s1365100507070150

Chong C, Yue X. Does Economic Growth Improve Human Happiness? A Review of the Influencing Fac-
tors of SWB. Nankai Economic Studies. 2020;(04):24—45. https://doi.org/10.14116/j.nkes.2020.04.002

Weibo-Corporation. Weibo Reports Second Quarter 2021 Unaudited Financial Results. PR Newswire.
2021.

Tandoc EC, Eng N. Climate Change Communication on Facebook, Twitter, Sina Weibo, and Other
Social Media Platforms. Oxford Research Encyclopedia of Climate Science. 2017. https://doi.org/10.
1093/acrefore/9780190228620.013.361

Barbier G, Liu H. Data Mining in Social Media. In: Aggarwal CC, editor. Social Network Data Analytics.
Boston, MA: Springer US; 2011. p. 327-52.

Li A, Zhang F, Zhu T. Web Use Behaviors for Identifying Mental Health Status. In: Imamura K, Usui S,
Shirao T, Kasamatsu T, Schwabe L, Zhong N, editors. Brain and Health Informatics. Lecture Notes in
Computer Science. 82112013. p. 348-58.

Huang F, Li S, Ding H, Han N, Zhu T. Does more moral equal less corruption? The different mediation
of moral foundations between economic growth and corruption in China. Current Psychology. 2022.
https://doi.org/10.1007/s12144-022-03735-2

Hao B, LiL, Gao R, Li A, Zhu T. Sensing Subjective Well-Being from Social Media. In: Slezak D, Schae-
fer G, Vuong ST, Kim YS, editors. Active Media Technology. Lecture Notes in Computer Science.
86102014. p. 324-35.

Wang Y, Wu P, Liu X, Li S, Zhu T, Zhao N. Subjective Well-Being of Chinese Sina Weibo Users in Resi-
dential Lockdown During the COVID-19 Pandemic: Machine Learning Analysis. J Med Internet Res.

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 17/19


https://doi.org/10.1177/19485506221089804
https://doi.org/10.1177/19485506221089804
https://doi.org/10.2139/ssrn.1369806
https://doi.org/10.1111/j.2044-8309.1984.tb00645.x
https://doi.org/10.1007/s10902-022-00555-w
https://doi.org/10.1007/s10902-022-00555-w
https://doi.org/10.1093/rfs/hhz041
https://doi.org/10.1111/j.1751-9020.2008.00110.x
https://doi.org/10.1111/j.1751-9020.2008.00110.x
https://doi.org/10.1080/13600818.2010.551006
https://doi.org/10.1007/s40888-018-0130-6
https://doi.org/10.1007/s40888-018-0130-6
https://doi.org/10.1093/qje/120.3.963
https://doi.org/10.3386/w21365
https://doi.org/10.1093/jeea/jvx042
https://doi.org/10.1023/a
https://doi.org/10.1007/s10902-016-9724-2
https://doi.org/10.1093/pnasnexus/pgac224
https://doi.org/10.1093/pnasnexus/pgac224
http://www.ncbi.nlm.nih.gov/pubmed/36712361
https://doi.org/10.1017/s1365100507070150
https://doi.org/10.14116/j.nkes.2020.04.002
https://doi.org/10.1093/acrefore/9780190228620.013.361
https://doi.org/10.1093/acrefore/9780190228620.013.361
https://doi.org/10.1007/s12144-022-03735-2
https://doi.org/10.1371/journal.pone.0301206

PLOS ONE

Economic growth, income inequality and subjective well-being

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.
64.

65.
66.

2020; 22(12):e24775. Epub 20201217. https://doi.org/10.2196/24775 PMID: 33290247; PubMed Cen-
tral PMCID: PMC7747794.

Gao Q, Abel F, Houben G-J, Yu Y. A Comparative Study of Users’ Microblogging Behavior on Sina
Weibo and Twitter. User Modeling, Adaptation, and Personalization. Lecture Notes in Computer Sci-
ence: Springer Berlin Heidelberg; 2012. p. 88-101.

Li S, Wang Y, Xue J, Zhao N, Zhu T. The Impact of COVID-19 Epidemic Declaration on Psychological
Consequences: A Study on Active Weibo Users. Int J Environ Res Public Health. 2020; 17(6). Epub
20200319. https://doi.org/10.3390/ijerph17062032 PMID: 32204411; PubMed Central PMCID:
PMC7143846.

Huang F, Ding H, Liu Z, Wu P, Zhu M, Li A, Zhu T. How fear and collectivism influence public’s preven-
tive intention towards COVID-19 infection: a study based on big data from the social media. BMC Public
Health. 2020; 20(1):1707. Epub 20201116. https://doi.org/10.1186/s12889-020-09674-6 PMID:
33198699; PubMed Central PMCID: PMC7667474.

Gao R, Hao B, LiH, Gao Y, Zhu T, editors. Developing simplified Chinese psychological linguistic analy-
sis dictionary for microblog. International conference on brain and health informatics; 2013: Springer.

Tausczik YR, Pennebaker JW. The Psychological Meaning of Words: LIWC and Computerized Text
Analysis Methods. Journal of Language and Social Psychology. 2009; 29(1):24—54. https://doi.org/10.
1177/0261927x09351676

Zhao N, Jiao D, Bai S, Zhu T. Evaluating the Validity of Simplified Chinese Version of LIWC in Detecting
Psychological Expressions in Short Texts on Social Network Services. PLos One. 2016; 11(6):
e0157947. Epub 2016/06/21. https://doi.org/10.1371/journal.pone.0157947 PMID: 27322382; PubMed
Central PMCID: PMC4920595.

Diener E, Tov W. Subjective Well-Being and Peace. Journal of Social Issues. 2007; 63(2):421—40.
https://doi.org/10.1111/j.1540-4560.2007.00517.x

Yang X, Geng L, Zhou K. Environmental pollution, income growth, and subjective well-being: regional
and individual evidence from China. Environ Sci Pollut Res Int. 2020; 27(27):34211-22. Epub
20200616. https://doi.org/10.1007/s11356-020-09678-0 PMID: 32542570.

Huang F, Li H, Ding H, Wu S, Liu M, Liu T, et al. Influence model of economic development on collective
morality from the perspective of social media big data. Chinese Science Bulletin. 2019; 65(19):2062—
70. https://doi.org/10.1360/tb-2019-0702

Tian W. Calculation of Gini coefficient of provincial residents’ income and analysis of its changing trend.
Economic Science. 2012;(02):48-59. https://doi.org/10.19523/}.jjkx.2012.02.004

Gini C. Measurement of Inequality of Incomes. The Economic Journal. 1921; 31(121):124-6. https://
doi.org/10.2307/2223319

Sundrum RM. Income Distribution in Less Developed Countries. 1sted: Routledge; 2003 2003/08/29.

Croissant Y, Millo G. Panel data econometrics in R: The plm package. Journal of statistical software.
2008; 27(2):1-43. https://doi.org/10.18637/jss.v027.i02

Long J. R package version 116 [Internet]2022. Available from: https://cran.r-project.org/package=
interactions.

Kosinski M, Matz SC, Gosling SD, Popov V, Stillwell D. Facebook as a research tool for the social sci-
ences: Opportunities, challenges, ethical considerations, and practical guidelines. Am Psychol. 70
(6):543-56. https://doi.org/10.1037/20039210 PMID: 26348336

HuangF, Li S, Li D, Yang M, Ding H, Di Y, Zhu T. The Impact of Mortality Salience, Negative Emotions
and Cultural Values on Suicidal Ideation in COVID-19: A Conditional Process Model. Int J Environ Res
Public Health. 2022; 19(15):9200. Epub 20220727 . https://doi.org/10.3390/ijerph19159200 PMID:
35954551; PubMed Central PMCID: PMC9367801.

Hayes AF, Montoya AK. A tutorial on testing, visualizing, and probing an interaction involving a multica-
tegorical variable in linear regression analysis. Communication Methods and Measures. 2017; 11(1):1—
30. https://doi.org/10.1080/19312458.2016.1271116

Johnson PO, Neyman J. Tests of certain linear hypotheses and their application to some educational
problems. Statistical Research Memoirs. 1936; 1:57-93.

Hume D. Essays, Moral, Political, and Literary: Liberty Press; 1875.

Ben-Shahar T. Why Happiness Studies? Happiness Studies. Cham: Springer International Publishing;
2021.p. 3-7.

Diener E, Suh EM. Culture and Subjective Well-Being: MIT Press; 2003.

Li D, Yang X, Zou G. Ambition or comparison? Socioeconomic status and wellbeing differences
between local and migrant workers. Plos One. 2023; 18(7). https://doi.org/10.1371/journal.pone.
0289092 WOS:001066222400073. PMID: 37498838

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 18/19


https://doi.org/10.2196/24775
http://www.ncbi.nlm.nih.gov/pubmed/33290247
https://doi.org/10.3390/ijerph17062032
http://www.ncbi.nlm.nih.gov/pubmed/32204411
https://doi.org/10.1186/s12889-020-09674-6
http://www.ncbi.nlm.nih.gov/pubmed/33198699
https://doi.org/10.1177/0261927x09351676
https://doi.org/10.1177/0261927x09351676
https://doi.org/10.1371/journal.pone.0157947
http://www.ncbi.nlm.nih.gov/pubmed/27322382
https://doi.org/10.1111/j.1540-4560.2007.00517.x
https://doi.org/10.1007/s11356-020-09678-0
http://www.ncbi.nlm.nih.gov/pubmed/32542570
https://doi.org/10.1360/tb-2019-0702
https://doi.org/10.19523/j.jjkx.2012.02.004
https://doi.org/10.2307/2223319
https://doi.org/10.2307/2223319
https://doi.org/10.18637/jss.v027.i02
https://cran.r-project.org/package=interactions
https://cran.r-project.org/package=interactions
https://doi.org/10.1037/a0039210
http://www.ncbi.nlm.nih.gov/pubmed/26348336
https://doi.org/10.3390/ijerph19159200
http://www.ncbi.nlm.nih.gov/pubmed/35954551
https://doi.org/10.1080/19312458.2016.1271116
https://doi.org/10.1371/journal.pone.0289092
https://doi.org/10.1371/journal.pone.0289092
http://www.ncbi.nlm.nih.gov/pubmed/37498838
https://doi.org/10.1371/journal.pone.0301206

PLOS ONE

Economic growth, income inequality and subjective well-being

67.

68.

69.

70.

71.

72.

73.

74.

Davis JA. A Formal Interpretation of the Theory of Relative Deprivation. Sociometry. 1959; 22(4):280—
96. https://doi.org/10.2307/2786046 WOS:A1959CAS6900001.

LiuY, Zhang F, Liu Y, Li Z, Wu F. Economic disadvantages and migrants’ subjective well-being in
China: The mediating effects of relative deprivation and neighbourhood deprivation. Population, Space
and Place. 2019; 25(2):e2173. https://doi.org/10.1002/psp.2173

Panning WH. Inequality, Social Comparison, and Relative Deprivation. American Political Science
Review. 2014; 77(2):323-9. https://doi.org/10.2307/1958918

Easterlin RA. Happiness, Growth, and Public Policyt. Economic Inquiry. 2013; 51(1):1-15. https://doi.
org/10.1111/1.1465-7295.2012.00505.x WOS:000311697500001.

Pavlova MK. Do workers accumulate resources during continuous employment and lose them during
unemployment, and what does that mean for their subjective well-being? Plos One. 2021; 16(12).
https://doi.org/10.1371/journal.pone.0261794 WOS:000755252200086. PMID: 34941960

Niessen D, Wicht A, Lechner CM. Aspiration-attainment gaps predict adolescents’ subjective well-being
after transition to vocational education and training in Germany. Plos One. 2023; 18(6). https://doi.org/
10.1371/journal.pone.0287064 WOS:001010561200012. PMID: 37307251

Hou T, Zhang R, Xie Y, Yin Q, Cai W, Dong W, Deng G. Education and subjective well-being in Chinese
rural population: A multi-group structural equation model. Plos One. 2022; 17(3). https://doi.org/10.
1371/journal.pone.0264108 WOS:000820912700021. PMID: 35271619

Giovanis E, Akdede SH, Ozdamar O. Impact of the EU Blue Card programme on cultural participation
and subjective well-being of migrants in Germany. Plos One. 2021; 16(7). https://doi.org/10.1371/
journal.pone.0253952 WOS:000674302200009. PMID: 34252092

PLOS ONE | https://doi.org/10.1371/journal.pone.0301206  April 10, 2024 19/19


https://doi.org/10.2307/2786046
https://doi.org/10.1002/psp.2173
https://doi.org/10.2307/1958918
https://doi.org/10.1111/j.1465-7295.2012.00505.x
https://doi.org/10.1111/j.1465-7295.2012.00505.x
https://doi.org/10.1371/journal.pone.0261794
http://www.ncbi.nlm.nih.gov/pubmed/34941960
https://doi.org/10.1371/journal.pone.0287064
https://doi.org/10.1371/journal.pone.0287064
http://www.ncbi.nlm.nih.gov/pubmed/37307251
https://doi.org/10.1371/journal.pone.0264108
https://doi.org/10.1371/journal.pone.0264108
http://www.ncbi.nlm.nih.gov/pubmed/35271619
https://doi.org/10.1371/journal.pone.0253952
https://doi.org/10.1371/journal.pone.0253952
http://www.ncbi.nlm.nih.gov/pubmed/34252092
https://doi.org/10.1371/journal.pone.0301206

