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ARTICLE INFO ABSTRACT
Keywords: The Easterlin paradox illuminates the counter-intuitive finding that happiness is unlikely to in-
Easterlin paradox crease with economic growth over time. This study investigates the income-happiness relation-
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ship through the concept of p convergence (i.e., the catch-up effect). To this end, we first
employed the KPSS panel unit root tests to reveal the time-varying patterns in convergences
between the happiness index and real GDP per capita. Then, we conducted analyses of contin-
gency for the linkage between the happiness catch-up and income catch-up effects via estimation
using the random coefficient logit model. The data used in this study were obtained from World
Database of Happiness and World Development Indicators Database. Our results indicate that
both the happiness index and real GDP per capita in selected European countries exhibited signs
of catch-up with their benchmark countries over the period of 1975-2020. The average income
catch-up effect (generated from group mean of all individual effects) positively impacted the
social harmonization of well-being (i.e., the average happiness catch-up effect). Since economic
growth is the major force driving the income catch-up effect, the positive linkage between
happiness and income catch-up effects provides solid proof of the beneficial effect of economic
growth on the social harmonization of well-being.

1. Introduction
1.1. Background

Happiness research has been a compelling area in the field of social science ever since the so-called Easterlin paradox was first
proposed [1]. The Easterlin paradox illuminates the counter-intuitive finding that, while happiness is unlikely to increase with eco-
nomic growth over time, affluent individuals are happier than their counterparts at any given point in time [1]. This paradox was first
identified in a US survey [2], and it was later substantiated by large quantities of empirical data collected from developed countries
[3-6], developing countries [6-10] and the global economy [11]. In general, the Easterlin paradox is controversial from two per-
spectives: First, it contradicts the prediction from microeconomic theory that consumers will obtain higher utility levels through
increases in consumption due to the growth of income. Second, it directly challenges the essential role of economic growth in fostering
a higher standard of living and better quality of life in the process of economic development.

Previous studies seeking to resolve the income-happiness puzzle of the Easterlin paradox were based on three hypotheses: the
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adaption [12], social comparison [13], and aspiration hypotheses [14]. The adaption hypothesis contends that a rise in income only
temporarily raises the level of happiness and that individuals will adapt to their current habituation and eventually return to their
original level of happiness. Contrarily, the social comparison and aspiration hypotheses highlight the externality of one’s income on
others’ happiness so that relative income (rather than absolute income) matters in determining individual happiness. The social
comparison hypothesis concerns itself with the gap in relative income. Namely, the decline in one’s individual happiness will be
related to the magnitude of relative deprivation perceived by the individual when comparing their economic circumstances to others.
The aspiration hypothesis also refers to the gap in relative income [14]. However, in this case, the perceived gap in relative income
informs the individual’s expectations for future income growth and, in that way, influences the individual’s happiness. The adaption
hypothesis has been supported by some studies [15-17], and the results of recent studies investigating the social comparison and
aspiration hypotheses are available [18-22].

The adaption, social comparison, and aspiration hypotheses provide theoretical frameworks that can be reconciled with the
income-without-happiness phenomenon identified within the Easterlin paradox. Still, the pursuit of economic growth as one of the
most important macroeconomic goals is being challenged because the Easterlin paradox is persistently observed in empirical data
worldwide [1-11,23]. In order to validate the importance of economic growth from the economic policy perspective, many studies
have switched their focus to the effect of economic growth on happiness inequality. This is because a reduction in happiness inequality
equates to an increase in the social harmonization of well-being [24]. If economic growth were found to reduce happiness inequality,
then the beneficial effect of economic growth (as a promotor of social harmonization of well-being) would be proved.

The positive association between economic growth and happiness inequality has been addressed in many previous studies. For
example, Clark, Fleche, and Senik selected 60 countries with positive economic growth from five waves of the World Value Survey
(WVS, 1981-2008) to examine the effect of income growth on happiness inequality. Their findings indicated that economic growth
reduced happiness inequality in the context of adequate growth in income inequality [24]. Following this line of research, Ifcher and
Zarghhamee utilized the same dataset used in Clark, Fleche, and Senik [24] to investigate the relationship between happiness
inequality and economic growth across 97 countries from the period of 1981-2008, and their results also suggested that happiness
inequality decreased with an increase in per capita income [25]. Using the same conception of happiness inequality employed by
Clark, Fleche, and Senik [24], the negative association between happiness inequality and economic growth was also found in the
United Kingdom, West Germany, Australia, and the United States [26], China [27], OECD countries [28], and South Africa [29].

1.2. Income-happiness nexus from theoretical economics

It is important to address that most prior studies on the linkage between happiness inequality and economic (or income) growth
(such as the aforementioned studies) utilized standard deviation-type statistics (such as standard deviation, variance, and coefficient
variation of the happiness index) to measure happiness inequality. Most of these studies found a downward trend in happiness
inequality, suggesting that the dispersion of happiness diminishes over time around the world. In fact, the decrease in happiness
variation observed by previous studies over time among different countries is consistent with the so-called ¢ convergence hypothesis,
which asserts that the variation in the target variable within a group of countries will diminish over time [30]. Nevertheless, individual
happiness is usually rated by the bounded scale, causing a downward trend in standard deviation of happiness and, in turn, a
downward-biased tendency in the dispersion of happiness [24]. Another concept of convergence, the  convergence hypothesis, claims
that countries with a lower level of the target variable will catch up with countries with a higher level of the target variable [30].
Therefore, the p convergence hypothesis is also referred as to the catch-up hypothesis in economic growth literature [30]. Conse-
quently, p convergence and the catch-up effect are used interchangeably in this study.

Because only the response of the happiness gap between the target and reference groups to time trend matters in terms of justifying
the convergence of the target variables, the concept of p convergence is partially free from the downward-bias problem associated with
the diminishing dispersion of happiness over time, as seen when investigating the o convergence of happiness. Note that both the ¢ and
B convergence hypotheses originated from Solow’s growth model [30]. The convergence hypothesis has been investigated in various
domains to address social harmonization in the process of economic development, including real GDP per capita [31], healthcare
expenditure [32], healthcare financing [33], healthcare utilization [34], welfare states [35], and so forth.

In this study, our objective was to employ the concept of p convergence, originating from economic growth theory, to provide new
insights into the income-happiness relationship derived from the Easterlin paradox. The theoretical framework underpinning our
research comprises three key components. First, we draw upon the social comparison hypothesis derived from utility theory, sug-
gesting that individual happiness (reflecting individual utility) is contingent on one’s own income as well as the income of the
reference group. Second, we integrate the catching-up hypothesis of income, represented by p convergence in economic theory, which
is commonly observed in the economic development process. Third, the amalgamation of the social comparison hypothesis [13] and
the catching-up hypothesis [30] furnishes a sound rationale for applying the concept of p convergence to reevaluating the Easterlin
paradox. It follows that the purpose of this research is to examine the effect of the convergence of happiness (measured by the
aggregate mean score of self-reported life satisfaction) on the convergence of income (measured by real GDP per capita). To this end,
we first applied the newly developed KPSS panel unit root test (KPSS-PUR test, hereafter), which is based on the work of
Bahmani-Oskooee, Chang and Wu [36], in order to investigate the § convergence (or catch-up) of income and happiness across eight
European countries (namely, Belgium, Denmark, France, Ireland, Italy, Luxembourg, the Netherlands, and the United Kingdom)
during the period of 1975-2020, making this the first study of its kind. Secondly, we created binary variables indicating the
convergence of income and happiness for each country, and the random coefficient logit model (incorporating unobserved hetero-
geneities across these countries) was estimated to investigate the association between the income catch-up and happiness catch-up
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effects over our study period. If the income catch-up effect (§ convergence of real GDP per capita) is positively related to the happiness
catch-up effect (f convergence of happiness index), then economic growth (a major force triggering the income catch-up effect) across
countries over a period of time benefits society by yielding a higher level of happiness (namely, the happiness catch-up effect).

The innovative contribution of this study lies in its capacity to draw attention to the effects of happiness and income catch-up,
marking the first endeavor to investigate the intricate connection between these two phenomena. Hence, our study extends beyond
exploring the income-happiness relationship discussed previous studies, a metric which traditionally focuses on the mean and variance
of happiness in relation to income [1-29]. The primary findings of this study are as follows: First, the time-varying convergence
patterns of income and happiness were identified, and both happiness index and real GDP per capita in the selected European countries
were found to have exhibited signs of catch-up with their benchmark countries during the period of 1975-2020. Second, the average
income catch-up effect (generated from the group mean of all individual effects) positively impacted the happiness catch-up effect
(referred as to the social harmonization of well-being). Since economic growth is the major force driving the income catch-up effect
over time, the positive linkage between the happiness and income catch-up effects is solid proof of the beneficial effect of economic
growth on the social harmonization of well-being.

2. Materials and methods
2.1. Materials

The happiness index is obtained using survey questions meant to evaluate one’s life satisfaction, such as “On the whole how
satisfied are you with the life you lead?”, with ordinal answer choices ranging from one (not at all satisfied) to four (very satisfied).
Since this study applied panel data models that required consistent time series data across countries in order to investigate the cor-
relation between income and happiness catch-up effects, we retrieved the longest annual time series data of the happiness index from
the World Database of Happiness (https://worlddatabaseofhappiness.eur.nl/) over the period from 1975 to 2020 for eight European
countries (i.e., Belgium, Denmark, France, Ireland, Italy, Luxembourg, the Netherlands, and the United Kingdom). It is worth noting
that this database is administrated by the Erasmus Happiness Economics Research Organization. There were two values of the
happiness index in some countries for given years because multiple surveys of well-being were conducted during certain years.
Therefore, imputed the mean values of the happiness index for that year. This imputation procedure is valid only if the happiness index
is treated as a cardinal index number. The happiness index (indicating individual utility based on microeconomic theory) should be
treated as an ordinal index number. Nevertheless, previous studies confirmed that there is virtually no difference between cardinal and
ordinal treatment of the happiness index in terms of the statistical inference of empirical studies [37]. Therefore, most empirical
studies have treated the happiness index as a cardinal index number [23,38,39]. In this study, we also treat the happiness index as a
cardinal index number in accordance with the conventional treatment of the happiness index used in previous income-happiness
relationship studies [23,37-39].

In addition, we used real GDP per capita (constant 2015 US dollar) to measure national income, and the annual data of real GDP per
capita were collected from the World Development Indicators Database (https://databank.worldbank.org/source/world-
development-indicators) governed by the World Bank. Since the value of the happiness index in Denmark was always higher than
that in the rest of our selected countries over our study period, we treated Denmark as a benchmark country for investigating the
happiness catch-up effect (or p convergence). In the same way, Luxembourg was selected as a benchmark country for examining the
existence of the income catch-up effect (or p convergence) because the real GDP per capita in Luxembourg exceeded that in the rest of
our selected countries during our study period.

2.2. The catch-up hypothesis

The empirical procedure used to test the catch-up effect (or p convergence hypothesis) included two steps: First, we applied the
KPSS-PUR test, based on the work of Bahmani-Oskooee, Chang and Wu [36], in order to test for stochastic convergence in the
happiness index and real GDP per capita across seven European countries during the period of 1975-2020. Second, since stochastic
convergence is the only necessary condition, the existence of p convergence was decided by looking at the different signs of the
estimated constant term and mean effect of the trend function imposed on the KPSS-PUR test for each country [33]. We verified the
presence of p convergence as the sufficient condition using the approach utilized in recent studies to investigate the p convergence
hypothesis [31]. Carlino and Mills [40], when introducing the concept of stochastic convergence, implied that the trend stationary
process of the log-difference of target variables (such as happiness index and real GDP per capita used in this study) between country i
and the benchmark country should be justified. It therefore follows that any unexpected impacts to happiness (real GDP per capita) in
country i comparative with that in Denmark (Luxembourg) are temporary. Thus, as suggested by Carlino and Mills [40] and Bernard
and Durlauf [41], the unit root test for the trend stationary process of the log-difference of target variables was employed to examine
the stochastic convergence of our target variables (namely, happiness index and real GDP per capita). Specifically, stochastic
convergence of the happiness index was defined as equation (1) below.

lli'g (LS[, - LSDK.I) =y @
where LS;; = In Hy (LSpk, = In Hpg,) represents the natural logarithm of happiness index (H;) in country i (benchmark country-
Denmark, Hpg,) at time t. The conditional (absolute) convergence for happiness is verified if and only if y* # 0 (y* = 0). In order
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to test the absolute convergence of happiness within our selected countries, it is necessary to specify the unit root model specification
without constant term and linear trend. This specification is quite restrictive considering the drifts and trends of aggregate time series
data that are frequently found in real world data. Thus, employing the concept of conditional convergence is a reasonable choice for
analyses of the f§ convergence hypothesis [40,41]. In this study, we applied the newly developed KPSS-PUR test based on the work of
Bahmani-Oskooee, Chang, and Wu [36] to verify the conditional convergence of the happiness index. KPSS-PUR specification is
capable of detecting multiple striking breaks, linear trends and smooth transitions in the data generation process (DGP, hereafter) of
the happiness index. Specifically, the DGP of the trend stationary series for the happiness index is expressed as follows:

Ya=0ai+ ; 0uDUys + B, TR + ; YiDTie + piyy, Sin (@) +Pia €OS (@) + & (&)

where y;, signifies the log-difference of the happiness index (In H;, — In Hpg,), and it represents the difference in happiness index (in
a natural logarithm scale) between individual country i and Denmark (chosen as the benchmark country) at time ¢t (t = 1,2,3, ...,T). The
subscript k and m; denote the kth estimated break point and the optimal number of breaks, respectively. DUy, (DU, = 1, ift > TBy and
0, if other) is the dummy variable used to indicate the upper and lower level of the kth structural break date. TR and DTy, (DTy, = t—
TBy, if t > TBy and 0, if other) represent the temporal trend and linear trend based on the kth structural break date, respectively.
Subscript h indicates the optimal frequency of the non-linear components in the Fourier function (p;,;, sin(2zht /T) + p;,, cos(2zht /T)).
@i, By B> Y Pins and pyy, are unknown parameters for the constant term, TR, DUy, DTy, sin(22) and cos(2), respectively. &;
represents the error term.

It is worth addressing that DUy, DTy, and Fourier function (p;;y, sin(2zht /T) + p;op, cos(2zht /T)) were used to capture the striking
drifts, linear trends, and smooth transitions of the happiness index, respectively. In order to estimate equation (2), we set the initial
maximal frequency (hg) as twenty, and the approach introduced by Bai and Perron [42] was utilized to choose the optimal frequency
(h). Bai and Perron’s approach was also used to choose the optimal number and locations of structural breaks (within the maximal
number of breaks set as seven) following the selection of optimal frequency (h*) [42]. To verify whether the Fourier specification is
consistent with our happiness time series data, we employed the F test to examine the null hypothesis of the KPSS-PUR model without
Fourier function (Hy : p;; = p;» = 0) in equation (2). Nevertheless, Becker, Enders, and Lee proved that the limit distribution of the F
statistic derived from the Fourier model specification is a non-standard distribution [43]. Hence, we applied the bootstrap method
(replicating samples 10,000 times) to create the finite-sample critical values to examine whether the Fourier specification is appro-
priate for our panel data.

In addition, we also employed the CD test derived by Pesaran [44] to examine the existence of cross-sectional independence within
our selected countries (i.e., Hy: non-existence of the cross-sectional dependence versus Hi: existence of the cross-sectional depen-
dence). The statistics of the KPSS-PUR test (written as Z(4) statistic) were computed using the approach introduced by
Carrion-i-Silvestre, del Barrio, and Lopez-Bazo [45]. The same condition of a non-standard limit distribution as that seen for the F
statistic used to test the nonlinear components in equation (2) applies to the Z(4) statistic. The Z(4) statistic would not be expected to
follow the standard normal distribution in the case that cross-sectional dependence were found in our panel data. Once the CD test
identified the cross-sectional dependence within our selected countries, the bootstrap method (replicating samples 10,000 times) was
used to create the finite-sample critical values of the Z(1) statistic to examine the stochastic convergence of happiness (namely, Hy:
trend stationarity of the log-difference of the happiness index (In Hy — InHpk,) for all countries versus Hy: unit root of the
log-difference of the happiness index (In Hy — In Hpg,) for all countries). The failure to reject the null hypothesis is a sign of the ex-
istence of stochastic convergence across our selected countries over the period of 1975-2020. It is also important to mention that the
existence of stochastic convergence of the happiness index is an in sufficient but necessary condition to meet the requirement of
happiness index  convergence. The sufficient condition of § convergence of the happiness index means that nations with a happiness
value below that of Denmark should show positive growth in their values of happiness. In order to gauge whether the levels of
happiness in our selected European countries caught up with the level of happiness in Denmark during our study period, we estimated
equation (3) below.

mi+1

Vi = Z eikDU;kt +
=

k=1

w : _ (2zht 2mht
Z YuDTy, +py sin - +p;, cos - + & 3)

where the notations yi, O, vi, Mit, Pi1> Pio» D, and € are defined in the same way as they are for equation (2). The kth previous break
date for the happiness index of country i is denoted by TB,, with the convention that TB}, = 0 and TB;',mi =T DU’ikt is an indicator
(DU, = 1,if TB{, | <t < TBi,, and 0, if other) for identifying striking breaks, and DT, is a segment variable (DT}, = t — TB}, , if
TBi, , <t < TB, and 0, if other) used to model the linear trend. The Fourier function (py,, sin(2zht /T) + p;yy, cos(2zht /T)) is specified
to capture the smooth transitions of happiness level for each country. Note that the bracketed part of equation (3) ([} yikDT;k[ +
P sin(2zht /T) + p;y cos(2zht /T))) is the trend function in which the slope of the trend function contains time-varying components. In
order to evaluate the presence of p convergence, we first derived the slope of the trend function as y; + p,;(27h /T)cos(2zht /T) —
poi(2h /T)sin(2zh /T), and then the mean effect of the trend function for each regime was calculated by averaging the slopes of the
trend function. If the sign of the coefficient of the constant term () was different from that of the mean effect of the trend function in
some regimes, then the happiness catch-up effect (or p convergence of happiness) for those regimes was determined. Given that the
presence of nonlinear components (the rejection of Hy : p;; = p; = 0) in equation (3) was confirmed at the 10%, i.e., a rigorous
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significance level, the presentation of p convergence (or divergence) suggested by Ref. [33] can be set up as follows:

First, the notation C (D) is utilized to indicate the § convergence (divergence) of happiness in a specific regime if both the co-
efficients of the constant term (63) and of the trend (y;) for that regime are statistically significant at the 10% significance level and the
sign of the coefficient of the constant term (6y) is opposite (identical) that of the mean effect of the trend function. Second, the notation
c (d) is employed to designate the p convergence (divergence) of happiness in the case that either the coefficient of the constant term
(i) or of the trend (y;) for each regime is statistically significant at the 10% significance level and if the coefficient of the constant
term (03) and the mean effect of the trend function show different (identical) signs. The procedures presented for equations (2) and (3)
can also be used to evaluate the f convergence (divergence) of real GDP per capita, except that y;; must be defined as the log-difference
of the real GDP per capita (InGDP; — InGDP.y,), representing the difference of real GDP per capita (in a natural logarithm scale)
between individual country i and Luxembourg (chosen as the benchmark country) at time t (t = 1,2,3, ...,T).

2.3. Linkage of happiness and income convergence

In order to formalize the linkage between happiness and income convergence, we introduce the Cobb-Douglas utility function,
indicating the level of happiness, as equation (4) below:

Hy=A Y3 Y2 ornHy=InAy+ (ay + )ln Yy + oy (In Y,, — In ¥y,) Q)

where Hy is the happiness level in country i. Y; (Y,.) represents real GDP per capita in country i (real GDP per capita in the
benchmark country, Y;,) at time t. A; denotes the unobserved heterogeneity of preference across these countries during our study
period. Since a rise in income allows people to meet their need for higher living standards through the purchase of more goods and
services, the sign of a; is positive. Social comparison theory asserts that an income gap between country i and the benchmark country
exerts a depressing effect on the happiness level of country i, so the sign of a, is negative [13]. The presence of the Easterlin paradox is
apparent when either a; + @ is negative or insignificantly positive. The dynamic catch-up process is given by the log-difference of the
happiness index (In Hy — In Hpk,) as follows:

lim [In Hy — In Hpg,] = lim [In Ay, — In Apx,] + (o + @) lim [(In Yy — In Yiu,) — (In Yok, — In Yop,)] = lim [In Ay
t—o0 t—00 =00 t—00
— InApk,] + (a1 + @) Lim [In Y —In Yy, (5)

Note that subscript i # DK, and j # LU, and the KPSS-PUR test is capable of confirming the stochastic convergence (or divergence)
of happiness toward Denmark in terms of tlim [InH; — In Hpk] = y" (or gim[ln H;: — In Hpk,] # y™) across our selected countries over the

period of 1975-2020. The stochastic convergence (or divergence) of real GDP per capita toward Luxembourg) can be determined in the
same way, that is lim[In Y}, — In Y;y,] = y°° (or lim[In Y}, — In Y1y,] # y°°F). Note that the model specification established for equations
t—oo t—oo

(2) and (3) can identify multiple structural breaks. This allows us to verify the p convergence (or divergence) of the happiness index
and real GDP per capita for each country across various temporal regimes over the period of 1975-2020. Therefore, as expressed in
equation (5), the happiness catch-up effect (derived from the left-hand side of equation (5), i.e., tlim[ln H;; — In Hpk,]) can be separated

into two parts: the first part entails the income catch-up effect (generated from the second bracket of the right-hand side of equation
(5), i.e., tlim [In Y; — In Y1y,]), and the second part involves the residual preference catch-up effect (generated from the first bracket of

the right-hand side of equation (5), i.e., tlim [In Ay — In Ap)).

Three dummy variables can be generated from equation (5) to investigate the relationship between the convergence of the
happiness index and the convergence of real GDP per capita. The first dummy variable, HD;, is generated from the  convergence of the
happiness index (HD;; = 1 for  convergence of the happiness index) and is used to indicate the presence of the happiness catch-up
effect in country i at time t. The second dummy variable, YDj, is created from  convergence of real GDP per capita (YD; = 1 for f
convergence of real GDP per capita), and is utilized to indicate the presence of the income catch-up effect in country i at time t. The
third dummy variable, RD;; (determined by HD; and YD;), is used to indicate whether we can identify potential § convergence or
divergence of the residual preference. Note that the data for residual preference are not available, meaning § convergence of the
residual preference can be determined only if p convergence of the happiness index is present while § convergence of real GDP per
capita is absent (namely, HD; = 1 and YD;; = 0). This is because convergence of the residual preference must exceed the divergence of
real GDP per capita in order to obtain f convergence of the happiness index. The same condition applies when verifying the divergence
of the residual preference. The existence of divergence of the residual preference is identified only if divergence of the happiness index
is found while p convergence of real GDP per capita is identified (Namely, HD;; = 0 and YD;; = 1). Thus, it is essential to mention that
the other two conditions (which are present when values of HD;; and YDy, are equal (i.e., HD;; = YD; = 0, and HD;; = YD;; = 1)) involve
either f convergence or divergence of the residual preference. In the case of HD;; = YDy = O (HD; = YDj = 1), B convergence
(divergence) of the residual preference is possible as long as the magnitude of the income divergent (catch-up) effect is stronger than
that of the residual preference catch-up (divergent) effect, and vice versa. The relationship between happiness and income conver-
gence can be further explored by estimating the random coefficient logit model as follows:

z < Pr(HD; = 1)

n W) = Poi + P1iYDis + BrRDis + & (6)
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where Pr(HD;; = 1) denotes the probability of the occurrence of the happiness catch-up effect. The definitions of HD;,, YDj;, and RDj¢
are described in the above paragraph. fy; = f, + ooptio, f1; = P1 + 014, and Py = B + 0apyp. B (j = 0,1,2) are the means of the
distributions of the random parameters By, 1=1,2,3, ...,6, owing to the exclusion of the two benchmark countries, i.e., Denmark, and
Luxembourg). o; (j = 0,1,2) are scale parameters for the distributions of the random parameters. u; (j = 0,1,2) and ¢, follows the
standard normal and logistic distributions, respectively. Equation (6) was estimated using the maximum simulated likelihood method
with 1,000 Halton draws [46]. There are several appealing characteristics of the random coefficient logit model specified by equation
(6). First, the conventional random effect logit model is a special case of the random coefficient logit model if we restrict6; = 62 = 0.
Second, both the mean effects and the individual effects of the exploratory variables on the dependent variable can be generated from
the multiple-level-type model specification imposed on equation (6). If g, is significantly positive (negative), the average income
catch-up effect is positively (negatively) associated with the average happiness catch-up effect (generated by the group mean of all
individual effects). The same condition holds for the impact of income catch-up on the happiness catch-up effect for each individual
country (i.e., f;).

It is essential to state that the data for binary variables used in equation (6) were created using the estimation process of the KPSS-
PUR statistics. There are two characteristics of the KPSS-PUR model specification: First, it can accommodate the DGP of the happiness
index (and real GDP per capita) with multiple striking breaks and smooth transitions through specifying indicator variables, linear
segment, time trend, and Fourier non-linear components in the trend function of happiness. The time-varying (by ways of structural
change) specification imposed in the KPSS-PUR test can also locate unknown dates of multiple structural breaks for each of the selected
countries. Second, the KPSS-PUR statistics were generated by accommodating the cross-sectional dependence within these selected
European countries. These two characteristics assist us in obtaining unbiased statistics for the purposes of testing the catch-up effect (or
f convergence) and pinpointing the transition dates in happiness and real GDP per capita for each country. It follows that the binary
variables (indicating specific time periods of convergence and divergence of income and happiness across these selected European
countries) can be used to estimate the random coefficient logit model. It is also important to point out that the random coefficient logit
model not only illustrates the average impact of the income catch-up effect (generated by the group mean of all individual effects) on
the happiness catch-up effect, but also demonstrates the linkage of the income catch-up and happiness catch-up effects for each in-
dividual country. Given that economic growth is likely to trigger the income catch-up effect, the positive relationship between the
income catch-up and happiness catch-up effects may indicate a beneficial effect of economic growth as a contributor to the
improvement of happiness levels.

3. Results
3.1. Descriptive statistics

Table 1 presents the summary statistics of happiness index and real GDP per capita across eight European countries (namely,
Belgium, Denmark, France, Ireland, Italy, Luxembourg, the Netherlands, and the United Kingdom) during the period of 1975-2020. In
order to better demonstrate these data, we drew the time trends of two variables together with two scatter plots used to describe the
possible catch-up effects of the happiness index and real GDP per capita in Fig. 1. As illustrated in Fig. 1(a)-(b), we found that the
happiness index in Denmark exceeded those in the rest of the seven countries, and that the real GDP per capita in Luxembourg was
higher than those in the other seven countries over the period of 1975-2020. In general, we observed upward trends in the happiness
index and real GDP per capita in the majority of these eight European countries, but several significant turning points reflected

Table 1
Descriptive statistics.

Variables Countries Mean SD Min Median  Max

Happiness Index Belgium (BE) 3.125 0.105 2.905 3.140 3.320
(measured by life sat-isfaction, and ranged from 1 (not all satisfied) to 4 (very =~ Denmark (DK) 3.585 0.079 3.380 3.595 3.710
satisfied) France (FR) 2.877 0.103 2.700 2.860 3.070

Ireland (IR) 3.195 0.102 2.945 3.205 3.400
Italy (IT) 2.744 0.118 2.510 2.743 2.955
Luxembourg (LU) 3.305 0.070 3.070 3.310 3.450
Netherlands (NL) 3.392 0.069 3.240 3.396 3.520
United Kingdom 3.182 0.086 3.030 3.150 3.390
(UK)

Real GDP Belgium (BE) 32.882 6.908 20.997 33.090 43.107
Per capita Denmark (DK) 44.414  8.706 28.480  45.991 57.203
(constant 2015 France (FR) 30.750  5.477 20.498  31.142 38.832
US$1,000) Ireland (IR) 36.436  18.392 14.302  34.415 79.075

Italy (IT) 28.191 4.659 17.847 29.804 34.081
Luxembourg (LU) 78.945  26.048 38.730  80.082 112.418
Netherlands (NL) 36.263  8.144 24.010  36.756 48.444
United Kingdom 35.452 8.236 21.578 36.288 47.492
(UK)

Note: Data were covered over the period from 1975 to 2020.
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economic recession periods and the process of European integration markets. Fig. 1(c) shows a scatter plot with the mean log-
difference of the happiness index (taking Denmark as a benchmark country) on the vertical axis and the mean log of happiness
index over the period of 1975-2020 displayed on the horizontal axis. A clearly negative relationship between mean log-difference of
the happiness index and mean log of happiness index is revealed and this result suggests that countries with lower levels of happiness
index will generate a higher growth rate of happiness relative to Denmark and vice versa. Besides, Fig. 1(d) illustrates the scatter plot
with the mean log-difference of real GDP per capita (taking Luxembourg as a benchmark country) against the mean log of real GDP per
capita during our study period. This shows the same pattern as seen in Fig. 1(d), with the log of real GDP per capita being obviously
negatively associated with the log-difference of real GDP per capita. These findings indicate that countries with a lower level of real
GDP per capita will exhibit a higher growth rate of real GDP per capita relative to Luxembourg and vice versa. The evidence obtained

from Fig. 1(c)-(d) indicates the possible existence of happiness and income catch-up effects among these selected countries during the
period from 1975 to 2020.

3.2. The analyses of the stochastic convergence

Table 2 (Panel A) exhibits the number of structural breaks and their corresponding dates for the log-difference of the happiness
index (In H;; — In Hpg,) for each country. The KPSS-PUR test identified various numbers of structural breaks for our selected countries,
with three breaks for Luxembourg, six breaks for Belgium, and four breaks for the other countries (i.e., France, Ireland, Italy,
Netherlands, and the United Kingdom). Structural breaks around the second oil crisis period (1979-1985) were found for all selected
countries except for Luxembourg. The KPSS-PUR test showed structural breaks in the late 1980s and early 1990s (1988-1993) for
Belgium, France, Luxembourg and Netherlands. Structural breaks were also revealed for all countries except the United Kingdom from
the late 1990s to the early 2000s, corresponding to the period during which European market integration occurred. Structural breaks
were also found around the subprime loan (2006-2010) and European debt crises (2015-2016) for all selected countries.

Table 2 (Panel B) displays the results for the model specification test determining whether the nonlinear component
(p;1 sin(2zht /T) + p;, cos(2mht /T)) specified in the KPSS-PUR test is suitable for our data. The test started with the selection of the
optimal frequency (h*) in the nonlinear component (p;, sin(2zht /T) + p;, cos(2zht /T)) using the approach outlined by Bai and Perron
[42]. The KPSS-PUR test selected various optimal frequencies for our selected countries, with two for France, five for Belgium, twelve
for Luxembourg, thirteen for Ireland and the United Kingdom, fourteen for the Netherlands, and eighteen for Italy. The F statistics
(used for testing the nonlinear model specification of the KPSS-PUR model) rejected the null hypothesis of specification without
nonlinear components (p;; = p;;, = 0) for every country at the 10% (or rigorous) level based on finite-sample critical values. In addition,
the CD statistic (used to test for the occurrence of the cross-sectional dependence of the log-difference of the happiness index (In H;; —

3.8 120.0

36 100.0
3.4
80.0
32

60.0

3.0
28 40.0

2.6 20.0

0.0

24
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 975 1980 1985 1990 1995 2000 2005 2010 2015 2020

.

e BE s DK w— PR w—|R s BE ws DK w—m R s— R
—— T — U — NL s UK e T e LU w—— NL wesn UK

(a) Life Satisfaction (b) Real GDP per capita (US$1,000)
0.30 1.10
e £ 1.0 e T
2 @ FR Bo9p 1
2 © 0.90 . FR
£ 0.20 1 050 “®.IR
i ; BG e,
g 015 oF E - .&.‘.%L
b IR E
5 0.10 £
= LU 3 0.60
a NL =
0.05 2 40 ® DK
0.00 0.40
100 105 110 115 120 125 1020 1030 10.40 10.50 10.60 10.70 10.80
In(LS) In(GDP)
DK as a reference country LU as the reference country
(c) Catch up Gap and Life Satisfaction (d) Catch up Gap and Real GDP per capita

Fig. 1. Life Satisfaction and real GDP per capita by countries. Note: BE, DK, FR, IR, IT, LU, NL and UK represent Belgium, Denmark, France, Ireland,
Italy, Luxembourg, Netherlands, and United Kingdom, respectively.
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Table 2
Results for the KPSS-PUR Test (Happiness index).

Panel A: Structural Breaks

Countries # of Brks Break 1 Break 2 Break 3 Break 4 Break 5 Break 6 Break 7
Belgium (BE) 6 1978 1986 1990 1998 2011 2015
Denmark (DK) Reference Country
France (FR) 4 1984 1993 1998 2010
Ireland (IR) 4 1987 2003 2012 2016
Italy (IT) 4 1987 2000 2007 2011
Luxembourg (LU) 3 1991 2003 2015
Netherlands (NL) 4 1980 1984 1988 2004
United Kingdom(UK) 4 1985 1989 1999 2015
Panel B: Optimal Frequencyrowhead

Frequency Selection Bootstrap critical values
Countries Hypotheses Frequency F Statistics 10% 5% 1%
Belgium (BE) Hoip1 —p2=0 5 26.560%** 2.860 3.821 5.913
Denmark (DK) Reference Country
France (FR) Hoip1 —p2=0 2 31.110%** 2.632 3.518 5.600
Ireland (IR) Hop1 = p2=0 13 2.861* 2.446 3.209 5.204
Italy (IT) Hop1 —p2=0 18 2.929* 2.461 3.336 5.517
Luxembourg (LU) Hoip1 —p2=0 12 3.982%* 2.442 3.291 5.134
Netherlands (NL) Hop1 —p2=0 14 4.420 2.465 3.335 5.233
United Kingdom(UK) Hop1 —p2=0 13 6.924%** 2.441 3.234 5.269
Panel C: Cross-sectional Dependence Testrowhead

Statistic P value
CD Test 4.509%** <0.01
Panel D: KPSS-PUR Test

Cross-section independent Bootstrap critical values
Panel Stationary Test Statistics P values 10% 5% 1%
Z(\) Homogeneous 15.374 <0.01 28.536 33.986 46.624
Z()\) Heterogeneous 36.684 <0.01 63.034 72.000 93.662

Note: «***” %% and “*” represent 1%, 5%, and 10% significance levels, respectively. The finite sample critical values are computed using the
bootstrap method, replicating samples 10,000 times. The maximal number of breaks and frequencies are fixed at 7, and 20, respectively.

In Hpg ;) among the selected countries) is presented in Table 2 (Panel C). The CD statistic generated was 4.509 with a p value smaller
than 1%, providing a significant result in favor of the rejection of the null hypothesis of no cross-sectional dependence of the happiness
index log-difference (In H;; — In Hpg,) within these selected countries. Finally, the KPSS-PUR test produced both homogeneous and
heterogeneous Z()) statistics in accordance with assumptions based on homogeneous and heterogeneous long-run variance in error
terms, respectively (see Table 2 (Panel D)). It is crucial to note that the p values produced by both the homogeneous and heterogeneous
Z() statistics are biased due to the existence of cross-sectional dependence in our panel data [45]. Therefore, we compared both the
homogeneous and heterogeneous Z()) statistics with their corresponding finite-sample critical values. Both the homogeneous and
heterogeneous Z()\) statistics were smaller than the 10% bootstrap critical values. These results favor the trend of a stationary
log-difference of the happiness index (In H;, — In Hpy ) for selected countries during the period of 1975-2020. In turn, we can conclude
that there was a stochastic convergence of the happiness index among these countries.

Table 3 exhibits the results for the stochastic convergence of real GDP per capita. All empirical procedures used were consistent
with those deployed in the analyses of the stochastic convergence of the happiness index. As indicated in Table 3 (Panel A), the KPSS-
PUR test identified six structural breaks for Belgium, Netherlands, Italy, and the United Kingdom, and seven breaks for the other
countries (i.e., Denmark, France, and Ireland). Structural breaks during the second oil crisis (1979-1985), the period from the late
1980s to early 1990s (1987-1993), and from the mid-1990s to the early 2000s (1994-2005), as well as during the subprime loan crisis
(2006-2010) and European debt crisis (2015-2016) periods were identified for all countries. These structural breaks are consistent
with significant economic recessions and the process of European market integration during our study period. As expressed in Table 3
(Panel B), the KPSS-PUR test indicated various optimal frequencies for our selected countries, such as one for Belgium, two for Italy,
eight for the United Kingdom, ten for France, Ireland, and Netherlands, and fourteen for Denmark. The F statistics generated from the
KPSS-PUR test for all countries were higher than the 10% (or rigorous) finite-sample critical values, and this result indicates that the
rejection of the null hypothesis of model specification without the Fourier function is warranted for every country. Additionally, the
existence of the cross-sectional dependence of the log-difference of the real GDP per capita (InGDP;, — InGDPyy,) within these selected
countries was confirmed because the CD statistic reported in Table 3 (Panel C) produced a p value smaller than 1%, providing evidence
in support of the appearance of the cross-sectional dependence of the log-difference of real GDP per capita (InGDP; — InGDPy )
among the selected countries. Furthermore, both the homogeneous and the heterogeneous Z()) statistics reported in Table 3 (Panel D)
were smaller than the 10% bootstrap critical values, and these findings are in support of the trend in stationarity of the log-difference of
real GDP per capita (InGDP;; — InGDPyy,) across these selected countries. It follows that the stochastic convergence of real GDP per
capita among these selected countries is valid as well. Furthermore, as demonstrated in Fig. 2, the time paths of both the original and
fitted series of the log-difference of the happiness index (In H; — In Hpg,) and real GDP per capita (InGDP; — InGDPyy,) for each
country are quite consistent with many structural changes including striking breaks, linear trends, and smooth transitions over our
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Table 3
Results for the KPSS-PUR Test (Real GDP per capita).

Panel A: Structural Breaks

Countries # of Brks Break 1 Break 2 Break 3 Break 4 Break 5 Break 6 Break 7
Belgium (BE) 6 1979 1985 1992 1996 2006 2016
Denmark (DK) 7 1984 1988 1993 1997 2002 2006 2016
France (FR) 7 1981 1985 1990 1998 2006 2010 2016
Ireland (IR) 7 1980 1985 1993 1997 2005 2009 2014
Italy (IT) 6 1978 1982 1987 1994 1999 2010
Luxembourg (LU) Reference Country
Netherlands (NL) 6 1981 1985 1990 1998 2007 2016
United Kingdom(UK) 6 1982 1986 1990 1998 2006 2016
Panel B: Optimal Frequency

Frequency Selection Bootstrap critical values
Countries Hypotheses Frequency F Statistics 10% 5% 1%
Belgium (BE) Hop1 —p2=0 1 20.095%** 2.768 3.739 5.947
Denmark (DK) Hoip1 —p2=0 14 2.679 3.600 5.910
France (FR) Hopr = p2=0 10 3.131 4.205 7.154
Ireland (IR) Hop1 = p2=0 10 2.516 3.318 5.394
Italy (IT) Hop1 —p2=0 2 19.640%** 2.876 3.837 6.075
Luxembourg (LU) Reference Country
Netherlands (NL) Ho:p1 —p2=0 10 11.260%** 2.610 3.547 5.833
United Kingdom(UK) Hop1 —p2=0 8 3.300* 2.648 3.513 5.847
Panel C: Cross-sectional Dependence Test

Statistic P value
CD Test 16.565*** <0.01
Panel D: KPSS-PUR Test

Cross-section independent Bootstrap critical values
Panel Stationary Test Statistics P values 10% 5% 1%
Z()) Homogeneous 6.274 <0.01 7.822 8.571 9.927
Z()\) Heterogeneous 17.425 <0.01 17.945 20.704 25.962

Note: «***” % and “*” represent 1%, 5%, and 10% significance levels, respectively. The finite sample critical values are computed using the
bootstrap method, replicating samples 10,000 times. The maximal number of breaks and frequencies are fixed at 7, and 20, respectively.

study period (See Fig. 2(a)—(b) for details). Accordingly, we proved the goodness of fit for the nonlinear specification imposed in the
KPSS-PUR test.

3.3. The analyses of the 3 convergence

Tables 4 and 5 display the p convergence of the happiness index and real GDP per capita for each country across different regimes
under the existence of the stochastic convergence of the happiness index and real GDP per capita among the selected countries,
respectively. Since the happiness index in Denmark (serving as the benchmark country for the catch-up effect of happiness) and real
GDP per capita in Luxembourg (serving as the benchmark country for the catch-up effect of real GDP per capita) were higher than those
in their counterparts over our study period, the signs of the coefficients of the constant term of the trend function (6y) for all countries
across different regimes were all negative. It follows that our targeted variables undergo p if the mean effect of the trend function is
positive. The notations (referring as to the superscript of the trend function in Tables 4-5) were used to indicate f§ convergence (or
divergence), and their definitions were described in Section 2. In order to better interpret results from Tables 4 and 5, the time-varying
p convergence (or divergence) of the happiness index and real GDP per capita for selected countries over the period of 1975-2020 were
displayed in Fig. 3. In Fig. 3(a)-(g), positive (negative) blue bars and orange-shaded areas represent the periods of p convergence
(divergence) of happiness index and real GDP per capita, respectively. In addition, time plots for the § convergence and divergence of
the happiness index and real GDP per capita not only assist in defining the dummy variable indicating the exact status (either
convergence or divergence) of residual preference (see green-shaded areas), but they also allow us to determine the periods of
concordance of the p convergence and divergence status between the happiness index and real GDP per capita (see orange-shaded
areas with bars) and between the happiness index and residual preference (see green-shaded areas with bars). We identified both
happiness catch-up towards (away from) Denmark (benchmark country) and income catch-up towards (away from) Luxembourg
(benchmark country) in our selected countries across our study period. Fig. 3(h) elucidates the total number of countries for which the
precise status of residual preference, namely, either f§ convergence toward or divergence from Denmark, was determined. Additionally,
Fig. 3(i) unveils the concordance in the convergence or divergence status between the happiness index and real GDP per capita for six
countries over the period of 1975-2020.

In order to explore the linkage between the happiness and income catch-up effects, we report the estimated results of the random
coefficient logit model in Table 6. We did not apply the conventional fixed and random models for our analyses, because these impose
the homogeneous slopes across countries that are inconsistent with the heterogeneous slopes of f convergence analyses derived from
the KPSS-PUR test. As indicated in Table 6, the scale parameters corresponding to testing for the validity of the assumptions of the
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Fig. 2. The estimated trend function of the KPSS-PUR test for the log-difference of two variables. Note: BE, DK, FR, IR, IT, LU, NL and UK represent
Belgium, Denmark, France, Ireland, Italy, Luxembourg, Netherlands, and United Kingdom, respectively. Thick and dot lines represent original series
and fitted series of the log-difference of life satisfaction and real GDP per capita.

random coefficients of intercept, explanatory variable (YD;;, convergence in real GDP per capita), and control variable (RDy, identi-
fication of potential p convergence or divergence of the residual preference) were all statistically significant at the 1% level. These
model specification tests validate the application of the random coefficient logit model for our analyses. In addition, we found that the
income catch-up effect exerted heterogeneous impacts on the happiness catch-up effect among the selected countries. For instants,
France and Belgium generated significantly positive and negative effects, respectively, but the rest of countries revealed an insig-
nificant association between the income catch-up and the happiness catch-up effects. Despite the relationship between the conver-
gence of the happiness index and real GDP per capita being ambiguous over our study period, the positive effect dominated the
negative effect of income catch-up effect on happiness catch-up. Therefore, the average impact (generated from the group mean of all
individual effects) of the income catch-up effect on the average happiness catch-up effect was significantly positive. These results may
reconcile the arguments raised by the so-called Easterlin paradox in the literature.

Table 4
Convergence and divergence classification (Happiness index).
Belgium (BL) France (FR) Ireland (IR) Italy (IT) Luxem-bourg Netherlands United
((h9)] (NL) Kingdom (UK)
Regime 0, (t value) -0.024 —0.075 —0.047 —0.312 —0.088 —0.070(-7.31)  —0.108
1 (~1.59) (-3.45)** (-6.63)*** (-44.69)*** (-14.11)*** *xk (-25.32)%**
71 (t value) —0.016 —0.021 —0.009 0.005 (5.52) 0.002 (3.81) 0.009 (3.75) —0.001
(-2.79) (-6.18)*** (-9.98)+ o s sk (-1.54)
Slope (x10™")  —0.021¢ —0.055” —0.0817 0.051€ 0.027€ 0.087¢ —0.012¢
Duration 1975-1977 1975-1983 1975-1986 1975-1986 1975-1991 1975-1980 1975-1985
Regime 0, (t value) —0.042 —0.329 —0.125 —0.202 —0.075 —0.061 (-4.87) —0.138
2 (-4.14)%** (-15.46)*** (-19.91)*** (-28.94)%#* (-9.87)%+* *xx (-16.91)***
v2 (t value) —0.020 0.006 (2.17) 0.001 (1.72)*  —0.004 —0.002 0.006 (1.22) 0.011 (3.59)
(_9.59)-}:** %tk (-3.98)*** (71.68) dedek
Slope (x10™Y)  —0.210" —0.0017 —0.003? —0.0317 —0.009¢ 0.051°¢ 0.080°¢
Duration 1978-1985 1984-1992 1987-2002 1987-1999 1992-2003 1981-1984 1986-1989
Regime 05 (t value) —0.174 —0.243 —0.070 —0.197 —0.042 —0.123(-9.83) —0.136
3 (-11.49)*** (-16.72)%** (-8.00)*** (-19.63)%** (-5.50)%** bk (-30.33)***
v3 (t value) 0.015 (2.74) 0.015 (3.79) —0.011 —0.008 —0.006 0.027 (5.79) —0.001
*k Ktk (-6.96)*** (_3.43)*** (-6.19)*** ek (71.29)
Slope (x10™1)  0.035¢ —0.083° 0.082¢ —0.055” —0.057? 0.229¢ 0.002°
Duration 1986-1989 1993-1997 2003-2011 2000-2006 2004-2015 1985-1988 1990-1999
Regime 04 (t value) —0.064 —0.075 —0.206 —0.321 —0.062 —0.045 (-8.43)  —0.129
4 (-6.21)%** (-3.91)%¥* (-13.77)*** (-22.15)%** (-4.79)%** (-37.82)%**
Y4 (t value) —0.021 —0.019 0.034 (6.18) 0.008 (1.47) —0.017 —0.002(-3.65)  0.002 (4.25)
(_9_93)*** (-6.18)*** dedkek (_4_24)*** deded ek
Slope (x10™1)  —0.140° —0.006” 0.2154¢ 0.020° —0.175° —0.006” 0.021¢
Duration 1990-1997 1998-2009 2012-2015 2007-2010 2016-2020 1989-2004 2000-2015
Regime 05 (t value) —0.160 —0.342 —0.065 —0.369 —0.056 —0.060
5 (-23.45)*** (-17.69)%** (-4.31)%** (-42.96)*** (-10.40)*** (-8.80)% ¥
¥s (t value) 0.003 (3.14) 0.023 (6.48) —0.017 0.008 (5.19) 0.0001 (0.24) —0.015
kK ek (_3.06)-.'r'.’n': wekdk (_7.10)***
Slope (X10™1)  —0.023" 0.018¢ —0.074" 0.076¢ 0.002¢ —0.136"
Duration 1998-2010 2010-2020 2016-2020 2011-2020 2005-2020 2016-2020
Regime 0¢ (t value) —0.092
6 (-6.00)***
¥e (t value) —0.030
(-5.30)%**
Slope (X10™Y)  —0.096”
Duration 2011-2014
Regime 0, (t value) —0.165
7 (-12.15)***
y7 (t value) 0.006 (1.45)
Slope (X10™Y)  —0.068%
Duration 2015-2020

Note: “x**” »*%” apnd “* represent 1%, 5% and 10% significance levels, respectively. Bold fonts represent statistical significance at 10% (or rigorous)
level. C (D), represents $ convergence (divergence) of target variable in the case that both of the coefficients of constant terms (63) and trends (y;) of
each regime are significant and the coefficients of intercepts (6y) and mean effects of the trend function generate different (identical) sign. ¢ (d),
represents f convergence (divergence) in the case that either of the coefficients of constant terms (0y) or trends (y;) of each regime is significant and
the coefficients of constant terms (63) and mean effects of the trend function generate different (identical) signs.
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Table 5
Convergence and divergence classification (Real GDP per capita).
Belgium (BL) Denmark (DK) France (FR) Ireland (IR) Italy (IT) Netherlands United
(NL) Kingdom (UK)
Regime 6y (t value) —0.940 —0.294 —0.634 —1.015 —0.963 —0.459 —0.574
1 (-16.02)%** (-42.39) %+ (-78.19)*** (-67.94)** (-23.58)** (-57.94) %+ (-49.27)%**
11 (t value) 0.018 (2.47) 0.003 (2.48)**  0.008 (4.32) 0.014 (3.63) 0.017 (2.28) —0.004 (2.08)  0.002 (0.75)
Slope (x107!)  0.037¢ 0.033€ 0.081€ 0.130€ 0.199€ —0.042° 0.006°
Duration 1975-1978 1975-1983 1975-1980 1975-1979 1975-1977 1975-1980 1975-1981
Regime 0, (t value) —0.794 —0.217 —0.555 —0.895 —0.891 —0.513 —0.532
2 (-14.77)%** (-17.46)*** (-44.73)*** (-52.08)*** (-24.45)*** (-42.71)%%* (-27.42)**
v2 (t value) 0.024 (3.06) —0.046 —0.024 —0.014 0.059 (5.39) —0.012 (-2.64)  —0.025
. (-10.06)"** (-5.25)%%* (-2.72)% . o (-3.43)
Slope (x107!)  —0.138" —0.3517 —0.174° —0.090” 0.097€ —0.105” —0.148°
Duration 1979-1984 1984-1987 1981-1984 1980-1984 1978-1981 1981-1984 1982-1985
Regime 03 (t value) —0.677 —0.476 —0.704 —1.051 —0.629 —0.610 —0.558
3 (-13.63)** (-45.04)%** (-67.95)%** (-83.45)%** (-27.45)%** (-60.61)%** (-28.82)%**
v3 (t value) 0.009 (1.23) —0.025 —0.026 —0.005 0.010 (1.35) —0.029 (-9.58)  —0.047
(-7.95)*** (-8.112)%%* (-1.95)* o (-6.60)***
Slope (x10™1)  —0.292¢ —0.262P —0.246° —0.044° —0.214¢ —0.255° —0.406°
Duration 1985-1991 1988-1992 1985-1989 1985-1992 1982-1986 1985-1990 1986-1989
Regime 0, (t value) —0.652 —0.574 —0.908 —1.107 —0.546 —0.829 —0.834
4 (-11.63)%** (-46.14)%** (-119.91)*** (-53.89)%** (-11.82)%** (-112.42)%** (-71.55)%**
74 (t value) 0.028 (3.64) 0.012 (2.64)**  —0.004 0.063 (8.27) —0.064 —0.007 0.006 (2.61)
dedkede (_2.71)** ek (_8.08)**:‘« (4'642)**:‘« ek
Slope (x10™1)  0.030¢ 0.006¢ —0.066" 0.476¢ —0.278° 0.029¢ —0.016”
Duration 1992-1995 1993-1996 1990-1997 1993-1996 1987-1993 1991-1998 1990-1997
Regime 65 (t value) —0.558 —0.986 —0.838 —0.952 —0.803
5 (-52.79)%** (-130.53)%** (-66.57)%** (-37.70)%%* (-116.40)*** .
vs (t value) —0.022 —0.012 0.016 (6.32) —0.053 —0.012 (-9.52)  —0.003
(-7.05)*** (-7.96)*** (-7.94)**x i (~1.34)
Slope (X107 1) —0.152° —0.088" 0.211¢ —0.180" —0.093” —0.0244
Duration 1996-2005 1997-2001 1998-2005 1997-2004 1994-1998 1999-2006 1998-2005
Regime 6 (t value) —0.921 —0.674 —0.012 —0.669 —1.269 —0.872 —0.948
6 (-17.57)%** (-54.14)%** (-7.96)*** (-34.00)*** (-39.28)%** (-126.42)*** (-91.48)***
Y6 (t value) —0.032 —0.001 —1.114 —0.033 0.024 (3.15) 0.002 (1.48) 0.009 (5.65)
(_4‘59)*—“& (70.20) (_90.01)**—.5 (4'29)*** ek ek
Slope (X107!)  0.074¢ —0.046¢ 0.003¢ —0.227° —0.166" 0.006° 0.079¢
Duration 2006-2015 2002-2005 2006-2009 2005-2008 1999-2009 2007-2015 2006-2015
Regime 07 (t value) —1.218 —0.741 —1.057 —0.860 —0.953 —0.809 —0.786
7 (-21.33)%** (-106.98)*** (-117.95)*** (-49.90)*** (-20.24) % (-67.32)%** (-40.51)***
v7 (t value) —0.008 0.005 (4.70) —0.002 0.019 (3.65) —0.044 0.001 (0.14) —0.023
(~1.05) wohn (~0.86) i (-5.62)*** (-3.28)***
Slope (x10™Y)  —0.008¢ 0.046¢ —0.003¢ 0.100¢ —0.062° —0.003¢ —0.156”
Duration 2016-2020 2006-2015 2010-2015 2009-2013 2010-2020 2016-2020 2016-2020
Regime 07 (t value) —0.655 —0.014 —0.618
8 (-52.64)%** (-82.34)** (-41.37)%**
y7 (t value) 0.010 (2.10)**  —0.010 0.055 (14.28)
(_2.1 5)** dededk
Slope (X107 1) 0.056° —0.094° 0.487€
Duration 2016-2020 2016-2020 2014-2020

Note: Definitions of all notations used in this Table are the same as those used in Table 4.
4. Discussion

There are two strands of literature focused on the relationship between income and happiness. One strand of happiness literature,
termed the Easterlin paradox literature, claims to reveal existence of an insignificant or negative long-run relationship between income
and happiness [1-11,23,38,39]. The other strand of the happiness literature, called the Easterlin illusion literature, has promoted the
significantly positive effect of income on happiness [47-49]. The argument arising from these two strands of literature concerns
whether income is positively associated with happiness in the long run. It is crucial to point out that an insignificant or negative
long-run linkage of income and happiness (as stated in the Easterlin paradox) would not only jeopardize the validity of the idea
stemming from microeconomic theory, namely, that there should be a positive income effect on consumer utility, but it also challenges
the notion that economic growth can serve as one of the most important macroeconomic goals in the process of economic development.
In this study, we applied the concept of f§ convergence (catch-up effect) established by the economic growth theory [30] in order to
reestablish the validity of the positive income effect of happiness underpinned by microeconomic theory and the pursuit of economic
growth as an important goal of economic development. Our empirical results yield a number of implications that are deserving of
attention and consideration.
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Fig. 3. Contingency Analyses
Note: BE, DK, FR, IR, IT, LU, NL and UK represent Belgium, Denmark, France, Ireland, Italy, Luxembourg, Netherlands, and United Kingdom,
respectively.

4.1. Comparing empirical results with the findings in the existing literature

The existence of the stochastic and p convergence of the happiness index and real GDP per capita, as shown in Tables 2-5, indicates
an improvement in happiness status and income level across these countries during our study period because the benchmark countries
selected for the analyses exceeded those of the other countries in their value of happiness index and amount of real GDP per capita over
our study period. Therefore, countries exhibiting the p convergence of the happiness index and real GDP per capita experienced
happiness and income catch-up effects towards their benchmark country during the period of 1975-2020. Our findings, in fact,
reconcile the paradox and illusion perspectives of the income-happiness literature through the time-varying patterns of § convergence
and the heterogeneous impacts of the income catch-up effect on the happiness catch-up effect [1-11,23,38,39,47-49]. Evidence from
Fig. 3 demonstrates the time-varying patterns of p convergence of the happiness index and real GDP per capita and their convergence
(or divergence) over the period of 1975-2020. These time-varying patterns imply the existence of a changing correlation between
income and happiness. Additionally, the heterogeneity of the linkage of the income and happiness catch-up effects also exists across
our selected countries. It is unsurprising that time-varying and heterogeneous patterns of panel data (such as those revealed in our
study) would foster different results and arguments than previous studies in terms of the happiness-income relationship in the field of
happiness research [23,38,48-50].

4.2. Practical implication of the empirical results

The results from the CD test, shown in Tables 2 and 3, indicate the presence of cross-sectional dependence of both the happiness
index and real GDP per capita within our selected countries. These findings imply that the occurrence of an unanticipated shock
(potentially impacting the level of happiness and income) in one country is likely to be conveyed to the other countries due to the
Europeanization or globalization process. Evidence for the diffusion of unexpected shocks can be found in the common structural
breaks identified among some of the countries in concordance with some specific economic crisis periods (such as the second oil crisis
period, 1979-1985, subprime loan crisis period, 2006-2010, and European debt crisis period, 2015-2016), the period during which
European market integration proceeded (from the mid-1990s to the early 2000s), and the overlapping periods corresponding to the
convergence (or divergence) status of the happiness index and real GDP per capita across the selected countries, as observed in Tables 2
and 3 and Fig. 3. It is crucial to acknowledge that the happiness and income catch-up effects can be regarded as equivalent to the social
harmonization process in the long run (due to the usage of data covering a 46-year timespan for our analyses). In contrast to previous
studies emphasizing the insignificant correlation between income and happiness in the long run, we argue that the convergence of real
GDP per capita serves as an important determinant of the convergence of the happiness index in the long run based on the evidence of
the significantly positive linkage between the income catch-up and happiness catch-up effects detected by our analyses of contingency,
as seen in Table 6. Given that economic growth is the primary driver behind the catch-up effect of real GDP per capita, our results not
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Table 6

Empirical results for the random coefficient logit model.
Mean for random parameters Coefficient z value
Convergence in GDP (Yes = 1) 0.892 3.17%**
Heterogeneous slopes for Convergence in GDP
Belgium (BE) —5.126 —6.05%**
France (FR) 6.757 6.22%**
Ireland (IR) —0.255 -0.29
Italy (IT) 0.269 0.62
Netherlands (NL) —0.579 —0.96
United Kingdom (UK) -0.275 -0.37
Mean for random parameters Coefficient z value
Residual Preference (Yes = 1) —1.989 —3.90%**
Heterogeneous slopes for Residual Preference
Belgium (BE) 4.736
France (FR) —9.060
Ireland (IR) 2.631
Italy (IT) —1.062
Netherlands (NL) 0.962
United Kingdom (UK) 1.023
Mean for random parameters Coefficient
Constant —1.153 —4.74%**
Heterogeneous Constants
Belgium (BE) —3.494 —5.68*%*
France (FR) —3.266 —4.68%**
Ireland (IR) —2.072 —3.69%**
Italy (IT) 0.608 1.91*
Netherlands (NL) 0.171 0.45
United Kingdom (UK) 0.257 0.50
Scale parameters Coefficient z value
Go 1.863 6.09%**
(2] 4.400 5.65%**
) 4.575 6.32%**

Note: «“***» %% and “*” represent 1%, 5% and 10% significance levels, respectively.

only confirm the beneficial effect of economic growth on subject well-being but also validate the essential role of income and economic
growth in economic theory.

4.3. Theoretical implications of the research

This research brings to the fore three distinct theoretical implications for the field of happiness studies: First, this study highlights
the happiness and income catch-up effects, investigating the relationship between these two effects for the first time. This research goes
beyond the analyses of the first moment (average happiness) and second moment (dispersion of happiness) of happiness associated
with income. Rather, it concerns the investigation of the beneficial impact of the income catch-up effect on the social harmonization of
well-being (i.e., the happiness catch-up effect). Second, we model the time-varying patterns of the p convergence of the happiness
index and real GDP per capita and the concordance with their convergence (or divergence) status over the period of 1975-2020. To
perform this, we estimate the KPSS-PUR statistics and the random coefficient model. The model specification imposed on the KPSS-
PUR test can deal with potential structural changes in the happiness index and real GDP per capita and the cross-sectional depen-
dence among our selected countries during our study period. The random coefficient model allows us to model both mean and in-
dividual impacts of the income catch-up effect on the happiness catch-up effect, thus preventing Simpson’s Paradox, referring to the
fallacy of research that occurs when conclusions drawn from a single homogeneous population, itself comprising heterogeneous
populations, contradict those drawn from each heterogeneous population individually [51]. Third, in contrast to previous studies that
attempted to resolve the paradox and illusion perspectives of the income-happiness literature through theoretical and empirical
analyses of the adaption, social comparison, and aspiration hypotheses, we argue that the empirical results generated when testing for
the Easterlin paradox vary during different study periods and across various countries because there is a changing correlation between
the income catch-up and happiness catch-up effects over a long period of time and across various countries. The accommodation of
structural changes of p convergence and unobserved heterogeneities within our panel data enables us to verify that there is a significant
and positive impact of the income catch-up effect on the happiness catch-up effect.

4.4. Limitations and recommendations

Several limitations of this study must be addressed: First, the theoretical concept used to evaluate the level of happiness (or utility)
includes income, prices of goods and services, and many other socioeconomic factors (such as demographics, health conditions, and
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socioeconomic status, etc.). Although factors other than income that influence levels of happiness have been controlled as the residual
preference, our analyses are still restricted in the bivariate relationship between income and happiness. Second, the ordinal measure of
happiness is recommended by microeconomic theory for the analyses of individual preference. Nevertheless, the unit of analysis
employed in this study is the nation, as there is no consistent aggregate time series data available for the ordinal measure of happiness.
Consequently, we have to treat the happiness index as the cardinal measure of happiness in concordance with many previous studies
[23,37,38]. Third, the happiness index adopted in this study was measured using life satisfaction survey questions, and other standard
measures of happiness (or subjective well-being) are not available for us to use to cross-validate our results. Fourth, the data used in the
statistical analyses are aggregated data from eight European countries, and this study belongs to a long-run time series analysis
describing the trend and convergence of the happiness index and real GDP per capita among our selected countries. Hence, the results
generated from this study cannot be used to infer individual behavior in the pursuit of happiness without committing the ecological
fallacy of research [52]. Therefore, we recommend that future studies collect individual-level data to delve into the factors influencing
individual behavior in the pursuit of happiness or the interactions between income changes and well-being.

5. Conclusions

Many studies have been performed over the preceding decades on the association between income and happiness owing to counter-
intuitive findings indicating that happiness is unrelated to economic (or income) growth in the long run [23,37,38]. Following this line
of research, the main purpose of this study was to investigate the income-happiness relationship through the concept of p convergence
(or catch-up effect), which originated from economic growth theory [30]. To this end, we first employed the sophisticated KPSS-PUR
test based on Bahmani-Oskooee, Chang and Wu [36] to reveal the time-varying patterns of convergences of the happiness index and
real GDP per capita, and the concordance of convergence (or divergence) between the happiness index and real GDP per capita.
Secondly, we estimated the random coefficient logit model to examine the relationship between the happiness catch-up and income
catch-up effects.

Our empirical findings indicated that both the happiness index and real GDP per capita in the selected European countries exhibited
signs of catching up with their benchmark countries over the period of 1975-2020. Although the relationship between the income and
happiness catch-up effects for each individual country was found to be positive (France), negative (Belgium), and insignificant
(Ireland, Italy, Netherland, and the United Kingdom), the average income catch-up effect generated from the group mean of all in-
dividual effects exerted a significantly positive impact on the average happiness catch-up effect. Since the happiness and income catch-
up effects are considered to be equivalent to social harmonization in well-being and income, respectively, the positive association
between the happiness catch-up and income effects serves as concrete evidence of the beneficial effect of economic growth on social
harmonization of well-being, provided that economic growth is the main force triggering income catch-up.
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