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Abstract

This paper contributes to the literature on subjective well-being of individuals by estimating a “happiness
frontier” under the premise that individuals seek to maximize happiness. The happiness frontier is
defined as the pinnacle of happiness, given the resources and personal characteristics of individuals.
However, individuals may not only strive to maximize their happiness but also to achieve higher levels
of income, ceteris paribus. Thus, there is a trade-off between these two objectives, and the happiness-
income frontier is attained when one can neither increase her happiness nor income, given her resources
and personal characteristics. If one fails to attain the happiness-income frontier, there is a shortfall. The
shortfall measures the rate at which both happiness and income for an individual, who has failed to attain
the happiness frontier, could be increased given everything else. We also explore the determinants of this
shortfall and conduct an empirical analysis using micro-level data gathered from the World Values Survey
(WVS) for 74 countries. Our results suggest that the age as well as certain personal circumstances, such
as being unemployed or having a partner, have a strong influence on the levels the estimated well-being
and income attainment measures. Likewise, we also find that the quality of the government of the
country of residence also greatly affects individuals’ capacity to convert their resources into higher levels

of happiness and income.
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1 Introduction

In the last few decades there has been a growing interest within social sciences in the study of happiness
based on the approach of subjective well-being and, more specifically, in analyzing the factors that influence
whether an individual defines himself as happy or satisfied with life.* This interest has spread mainly among
economists, causing the birth of the so-called “economics of happiness”, which has become one of the most
relevant fields of research within this discipline resulting in a significant increase in the number of applied
studies being published in the most prestigious economic journals (Veenhoven, 2012; MacKerron, 2012).
The methodological approaches used in those studies differ in details, although most are, in the end, based
on using an equation where the dependent variable is a measure of the level of subjective well-being and
different econometric techniques are used to identify explanatory variables associated with this indicator

(Ferrer-i Carbonell and Frijters, 2004; Di Tella and MacCulloch, 2006; Powdthavee, 2010).

Studies agree that subjective well-being is explained mainly by individual characteristics like age, health,
employment status, education, gender or marital status (Bonini, 2008; Helliwell and Huang, 2008).? These
determinants are similar across different societies and levels of development (Helliwell and Barrington-
Leigh, 2010). Nevertheless, there is clear evidence that measures of well-being vary widely across countries
as highlighted by the World Happiness Reports (e.g., Helliwell et al., 2020). It is therefore not surprising
that there is also a vast literature devoted to analyzing other indicators at country or regional level that have

more influence on determining individual life satisfaction (e.g., Bjornskov et al., 2010; O’Connor, 2017).

Recently, a small body of empirical literature has emerged within this field of research with the aim of
examining the efficiency with which individuals convert their resources into well-being (life satisfaction). This
approach was originally developed by Rayo and Becker (2007) who argue that individuals are not primarily
concerned with their absolute level of happiness, but rather with their relative situation with respect to other
individuals. This argument is based on the fact that each person adopts a specific conceptual reference that
affects her definition of happiness. This may affect the subjective appreciation of the same experiences and
personal circumstances, that is, the ability to obtain happiness from similar attributes or resources, even
if they have the same conditions or resources. Therefore, some individuals are intrinsically happier than
others. Hence, there might be some slacks in the conversion process of resources into well-being, because
some individuals might not be able to reach the maximum levels of satisfaction given a certain level of

resources at their disposal. That is, there are slacks meaning that the achieved levels of satisfaction is less

The literature on well-being is based on individuals’ self-reported data about life satisfaction, happiness or subjective well-
being. Although there are significant differences between these constructs, we will use the words happiness, satisfaction
and (subjective) well-being indistinctly throughout the paper (see, for example, Veenhoven, 1991; Easterlin, 1995).

For instance, Bonini (2008) attributes almost 80% of variation in well-being measures to these factors.



than their maximum possible level. Alternatively, they might need more resources than other individuals

to attain certain levels of well-being.

To address this issue, we borrow a tool from the stochastic frontier approach that is commonly applied
to examine production or cost efficiency. Here we estimate well-being efficiency (attainment) on the basis of
the capability approach (Sen, 1985; Narayan et al., 2000). Therefore, the frontier is defined as the pinnacle
of happiness, given the resources and characteristics of the individuals. We call this happiness frontier (HF).
This frontier serves as a reference for assessing happiness (well-beings) of all individuals. Some may be on
the frontier thereby attaining maximum happiness, ceteris paribus; and, thus, relative measures of happiness

can be estimated as the distance to the HF — the way it was defined in Farrell (1957).

However, so far, only a few empirical studies have estimated happiness attainment (efficiency) mea-
sures and explore the potential causes of happiness shortfall. Note that by inefficiency we mean happiness
shortfall from the maximum possible (happiness frontier), given resources and individual characteristics.3
The majority of the applications have applied nonparametric techniques such as data envelopment analysis
(DEA) (e.g., Debnath and Shankar, 2014; Carboni and Russu, 2015; Mizobuchi, 2017) or partial frontiers
(Binder and Broeckel, 2012; Cordero et al., 2017; Nikolova and Popova, 2021). The main argument for using
these methods is that they are very flexible, since they do not require assuming a specific functional form of
the happiness (production) function. However, while using this approach it is not possible to statistically
test (the way it is done in a standard regression) whether resources (inputs) are really contributing to life
satisfaction or not. Moreover, they do not recognize whether deviations from the frontier are due to ineffi-
ciency or statistical noise attributable to measurement errors. Actually, when they attempt to identify the
factors that might explain happiness shortfalls, it is common that they rely on regressions (e.g., two-stage

approach), which convert these methods into semi-parametric models.

This paper uses an innovative methodological approach in order to provide evidence about shortfalls
of well-being across individuals from different countries and the factors affecting the process of converting
resources into well-being using longitudinal data. First, we rely on a parametric approach to specify the HF,
which allows for identifying both shortfalls and noise in the estimation of the happiness frontier.4 Second,
we take into account that the outcome variable is discrete. Third, in our model specification we consider two
outcome variables, represented by subjective well-being (life satisfaction) and incomes, since we consider
that resources and personal characteristics contribute to not only well-being or happiness, but also income

levels. This is an important novelty with respect to previous studies in this line of research, in which the

3 We will be using the term frontier and inefficiency borrowed from the stochastic frontier production models and label
them happiness frontier and happiness shortfall. Thus, the output is happiness or life satisfaction and inputs are resources

and individual characteristics.

4 In the context of a production theory the HF is the production frontier, resources are inputs, and shortfall is inefficiency.

Thus, determinants of production inefficiency is translated to determinants of happiness shortfall.



level of income is normally considered as a determinant of subjective well-being despite the fact that the
relationship between these two variables is far more complex (Easterlin, 1995; Oswald, 1997). We argue
that individuals may not only strive to reach their maximum happiness given their resources and personal
characteristics but also pursue to achieve higher level of income. Thus, there is a trade-off between these two
objectives, and the frontier is attained when one can neither increase her happiness nor income, given her
resources and personal characteristics. To accommodate two outcome variables we borrow the multi-output
production function with inefficiency concept from Kumbhakar (2013). Moreover, since both selected output
variables are defined in terms of ordered categorical indicators, we have transformed this function into an
ordered probit model, which required us to perform some additional calculations to interpret the marginal
effects of resources and determinants of the shortfall measure. To the best of our knowledge, this approach

has hardly been used in applications with stochastic frontiers.5

Our empirical analysis uses information on a large sample of over 210,000 individuals from the World
Value Survey (WVS) longitudinal database (Inglehart et al., 2014). This dataset has a pseudo-panel struc-
ture and it includes information about individuals from 74 different countries participating in different waves
of the survey. This information has been combined with data at the country level on some key economic,
social, and institutional factors identified in the previous literature as determinants of subjective well-being.
By exploiting the variations from a large number of countries over the span of three decades, we can deter-

mine more precisely the potential factors behind the cross-country differences in well-being attainment.

In summary, this paper presents important methodological and empirical contributions to the analysis
of subjective well-being. From a methodological perspective, we apply a stochastic frontier model adapted
to the presence of two categorical output variables (wellbeing and income) using a nonlinear ordered probit
model to explore the determinants of shortfall in both dimensions. This process is somewhat complex since
the magnitude of the marginal effects of those potential determinants needs to be calculated differently for
continuous and discrete variables. We provide a detailed explanation of the procedure employed to facilitate
the interpretation of the results in this specific context. Likewise, from the empirical point of view, the
possibility of having a large volume of information on individuals from countries all over the world allows us
to explore the potential personal and national characteristics having the greatest impact on the shortfalls

in well-being and income.

The remainder of this paper is structured as follows. Section 2 reviews the previous literature on
determinants of happiness distinguishing between studies based on simple regression techniques and those
that apply frontier techniques to estimate well-being efficiencies. Section 3 explains our estimation strategy

and describes the methodology adopted to estimate attainment (efficiency) measures and explore the factors

5 Griffiths et al. (2014) is an exception. In contrast to Griffiths et al. (2014), we derive a closed form for the likelihood

function as well as inefficiency.



affecting the shortfalls. Section 4 presents the main characteristics of the dataset and the variables used in
our empirical study. Section 5 reports and discusses the main results. Finally, the paper ends with some

concluding remarks in Section 6.

2 Previous research on subjective well-being

The study of the determinants of subjective well-being has received increasing attention in the economic
literature in recent decades. In this section we do not intend to offer a comprehensive review of those
studies,® but merely offer some guidelines on the different methodological approaches that can be used to
address this issue and briefly review the main findings regarding the variables identified as the main factors
influencing well-being and also well-being attainment. Since our main interest lies in the methodological
aspects, we have divided the studies into two blocks, depending on whether the analysis uses regressions or

frontier models.

2.1 Studies focused on exploring the determinants of subjective well-being

Most empirical researches on the determinants of well-being use a simple additive function in which the
self-reported level of subjective well-being, derived from the responses provided by individuals to questions
about their current level of happiness or their satisfaction with their lives,” depend on a range of individual,
economic, socio-demographic and institutional factors. Most empirical studies exploring those factors rely
on conventional econometric methods such as ordinary least squares, probit or logit regression models. Some
authors consider subjective well-being as a continuous variable, thus they apply OLS, whilst in most cases
it is considered as a latent variable and, therefore, they rely on an ordered logit or probit model. Those
can then be estimated by examining within-person deviations from means when only cross sectional data
is available, although the use of panel data is becoming more frequent in recent analyses, since it allows

controlling for time-invariant individual factors, such as the personality of individuals.

Most of the initial studies conducted within this line of research are from a single country (Ferrer-i
Carbonell, 2005; Dittmann and Goebel, 2010). Later, with the development of international databases that
provide information on the levels of life satisfaction or happiness of individuals, such as the World Values
Survey (WVS), the European Social Survey (ESS) or the Gallup World Poll, it is increasingly common to

find studies that adopt a cross-country approach (e.g., Schyns, 1998; Veenhoven, 2005; Exton et al., 2015).

Extensive reviews on the ‘happiness economics’ literature can be found in Bruni and Porta (2007); Frey (2008); Dolan

et al. (2008) or, more recently, in Diener et al. (2018).

7 The validity of this measure was initially questioned, but recent evidence has proved their reliability (Krueger and Schkade,

2008; Diener et al., 2013), so it is common to find this variable in national and international surveys.



Studies using data from these sources frequently apply multilevel regression techniques or, at least, control
country-fixed effects. Thus they can take into account the nested or hierarchical nature of the data, allowing
for the joint inclusion of variables representative of the individual characteristics and data referring to the

country (or region) where they live.

As mentioned in the introduction, there is a wide range of variables related to the personal characteristics
of individuals. These variables present a strong and consistent correlation with measures of life satisfaction.
Among them, the most relevant ones are the health status Van Praag and Ferrer-i Carbonell (2004);
Blanchflower and Oswald (2011), the level of incomes (Easterlin, 1995; Clark et al., 2008)® and the education
level completed (Argyle, 1999). Other socio-demographic variables that have proved to be significantly
related to subjective well-being are: age (subjective well-being is higher among the young and the old,
with a dip occurring around forties, Blanchflower and Oswald (2008), gender (in the sense that women
are happier than men) (Gerdham and Johannesson, 2001; Salinas-Jiménez et al., 2013), employment (the
negative influence of being unemployed is particularly relevant) (Winkelmann, 2009). Likewise, there is
also evidence supporting that married people, or people living with a partner, are more satisfied with their
lives (Diener et al., 2000; Stutzer and Frey, 2006) as well as those who are engaged in religious activities

(Helliwell, 2003).

Regarding country-level indicators, although their influence might vary across different studies, the most
relevant ones are those representing economic prosperity (e.g., GDP per capita or life expectancy at birth)
(Peiro, 2006; Stutzer and Frey, 2012). Likewise, social support (having someone to depend on in times of
bad times), freedom to make life choices and generosity and perceptions of corruption can also explain a
large proportion of the variation in the national average levels of well-being (Helliwell et al., 2016). Other
variables that also play a role are the levels of unemployment and inequality (Di Tella et al., 2003; Schneider,
2016), the proportion of expenditure in social services (Haller and Hadler, 2006), as well as different aspects

related to institutional quality and welfare-state policies (Pacek and Radcliff, 2008; Ott, 2010, 2011).

2.2 Studies focused on measuring well-being attainment

In the most recent literature, we find several studies that apply frontier techniques originally developed
for the analysis of production efficiency to estimate how efficiently individuals (or countries) transform the
resources they have at their disposal into well-being. Assuming that it is possible to determine a measure
of happiness efficiency, the use of this measure of individual efficiency will allow one to distinguish between
individuals who are able to reach certain levels of well-being and others having difficulties to achieve those

levels given the same level of resources and individual characteristics. Lovell et al. (1994) pioneered this

The complex relationship between well-being and income is discussed in greater detail in Section 3.



approach to estimate the standard of living, the quality of life and the efficiency in transforming resources
into achieved functioning. Since then, several empirical studies have adopted frontier techniques for similar

purposes.

This line of research started with the work of Binder and Broeckel (2012), who assessed relative happiness
efficiency for a sample of British individuals using a robust nonparametric approach known as order-m
(Cazals et al., 2002). Subsequently, these authors explore the potential influence of a set of individual
characteristics on the happiness efficiency score using a second-stage panel regression framework with fixed
effects. Cordero et al. (2017) also adopted a nonparametric order-m approach to estimate happiness efficiency
measures for individuals from 26 OECD countries, albeit using the conditional nonparametric approach
proposed by Daraio and Simar (2005) to incorporate the influence of a set of individual- and country-level
contextual factors into their models. Both studies conclude that traditional well-being determinants such

as age, marital status, religion and unemployment also have influence on happiness attainment.

In addition, we find other studies using aggregated data at the country or regional level. Debnath
and Shankar (2014) applied DEA to calculate relative happiness attainment measures for a sample of 130
countries considering several indicators of governance policies as input variables. They found that similar
policies might affect happiness attainment across countries differently. Similarly, they provide evidence
demonstrating that developed countries are more inefficient in terms of happiness than developing countries.
Mizobuchi (2017) also uses DEA to estimate a happiness function for a sample of 36 countries considering
several well-being dimensions and a set of socio-economic variables. One of the most relevant results is that
the health factor explains the largest part of the cross-country variation in subjective well-being. Nikolova
and Popova (2021) estimate well-being efficiencies for a sample of 91 countries over the 2009-2014 period
using a robust nonparametric order-a approach (Aragon et al., 2005). They then apply second-stage
panel data fixed effects regressions to examine the influence of several country-related institutional and
social characteristics on happiness efficiency measures. Their results show that countries with high-quality
institutions where citizens perceive that they have the freedom to choose their way of life are more efficient
in terms of well-being. Carboni and Russu (2015) apply DEA to assess the performance of the 20 Italian
regions considering different dimensions of well-being and Malmquist indices to examine their evolution
from 2005 to 2011. Their results indicate that northern regions outperform southern regions in terms of

well-being attainment, although none improved their well-being over the evaluated period.

In all the aforementioned studies, the variable used as output (well-being or happiness) is treated as
a continuous in the analysis when in fact it is an ordered categorial indicator. Moreover, as noted in the
introduction, combining the use of non-parametric techniques to estimate well-being attainment measures
with regressions to explore the potential influence of different explanatory factors on those measures might

entail some severe problems in the estimation, since they are not considering the potential influence of



noise or random effects on estimates. The only exceptions to this second limitation are represented by the
recent studies conducted by Cordero et al. (2021) and Mamatzakis and Tsionas (2021). In the former, the
authors adopt a novel approach known as stochastic semi-nonparametric envelopment of data (StoNED)
that accounts for both inefficiency and noise in their estimations (Kuosmanen and Kortelainen, 2012).
However, in their application they use aggregate data at the country level for a single year, thus they cannot
explore the potential influence of personal characteristics on individual well-being. In the latter, the authors
apply a Markov Chain Monte Carlo (MCMC) procedure to estimate happiness attainment measures for a
longitudinal sample of British individuals. They identify that a large part of the observed happiness levels

of inefficiency can be explained by personality traits.

The present work constitutes the first empirical study estimating subjective well-being attainment mea-
sures at individual level using a stochastic frontier framework. In addition, the use of a multi-output
approach, which allows us to consider the obtaining of income as an alternative to the attainment of well-
being, is incorporated as a novelty as well as adopting a probit function to take into account that the two
output variables considered are defined through ordered categorical indicators. By applying this approach
to a cross-country database, we can estimate happiness attainment (efficiency) measures and explore the

potential personal and national characteristics having the greatest impact on happiness shortfall.

3 Modeling and explaining shortfall in happiness and income

3.1 Happiness and income: A simultaneous relationship

Do people strive for attaining maximum levels of happiness and income, given the resources at their disposal?
What is the relationship between them? This is important for formulating the model to examine their
maxima and therefore the slacks in them. In this section we try to shed some light on this issue based on
the evidence available in previous literature on subjective well-being, thus justifying the approach adopted

in our study.

The study of the relationship between income and happiness or well-being has been one of the most
discussed and debated topics in this strand of literature since the early 1970s (for an overview, see Senik,
2004). When this relationship is examined at a particular point in time and within the same region or
country, many empirical studies conclude that individuals with higher income have, on average, higher
levels of well-being (e.g., Diener et al., 1995; McBride, 2001). However, there are also many researchers
claiming that, once basic needs are met, there is only a small effect of income on life satisfaction relative

to other life circumstances such as unemployment, health or marital status (Diener and Biswas-Diener,



2002; Deaton and Stone, 2013).9 This phenomenon constitutes what is popularly known in literature as

the Easterlin paradox.

Several explanations have been proposed for what seems to be a contradiction.’® First, subjective well-
being does not only depend on income in absolute terms but in relative terms, i.e., individuals compare
themselves with other individuals whom they take as their reference group. Therefore, an increase in the
income of all individuals does not imply an automatic increase in their level of well-being; since the relative
position of individuals in the income distribution is not changing, thus this increase does not affect their
level of satisfaction with their lives (Easterlin, 1995). This reflects the importance of the relative position of
individuals in society when analyzing both life satisfaction and income level. Second, the level of well-being
depends on the subjective perception of whether income is enough to satisfy the existing needs, which will
depend largely on the personal characteristics and the circumstances of the individuals. Third, it is often
argued that individuals adapt to new situations by changing their expectations and it is common that those
expectations are related to the level of income. Therefore, it is not surprising that people strive for high

incomes, even if these only lead to a temporary or small increase in well-being (Ferrer-i Carbonell, 2005).

An alternative viewpoint to explain the relationship between the two variables is that there is a certain
trade-off between income and well-being since individuals’ level of well-being depends on their allocation
of time between work and leisure (Haworth and Lewis, 2005). Considering that leisure can be broadly
interpreted as time not occupied by paid work or personal chores and obligations (Harvey and Mukhopad-
hyay, 2007; Roberts, 1999), the possibility of achieving higher levels of well-being through leisure time will
implicitly imply giving up work time and, therefore, losing potential earnings (Gratton and Taylor, 2004).
Therefore, in principle, it is to be expected that if individuals behave rationally, they will work more hours
as long as the benefits in terms of obtaining higher levels of income compensate for giving up their leisure
time, so that when a certain level of income is reached, individuals will no longer be interested in working
more. Nevertheless, this relationship is rather more complex, since upper income people do not tend to
spend more of their day in enjoyable activities as compared to lower income people, but that upper income

people tend to have lower levels of well-being because they suffer more stress (Kahneman and Deaton, 2010).

Another argument for not considering income as an explanatory factor for well-being is that there may
be an inverse causal relationship between these two variables that might bias the estimates, since some

aspects of a happy personality, such as optimism, may contribute to achieve higher levels of incomes (Diener

9 The findings of several empirical studies suggest that income explains only about 2—5 percent of the variance in well-being

when they are conducted in developed countries (Hsieh, 2004; Ahuvia, 2008).

10 For an extensive review on different explanations to the ‘Easterlin paradox’, see Easterlin (1995) or Clark et al. (2008). A

complete study on the relationship between income and subjective well-being can also be found in Stevenson and Wolfers
(2008).



and Lucas, 1999). Therefore, it seems reasonable to rethink the inclusion of income level as an input in our

HF framework.

In view of all the above, we propose a function with a multi-output structure. This approach relies on
some previous evidence showing that several input variables and determinants of well-being can also affect
individual incomes. For instance, Hartog and Oosterbeek (1998) suggest that the impact of education on
well-being may be manifested indirectly through its effects on health and wealth. Similarly, unemploy-
ment reduces both income and well-being (Oswald, 1997). Therefore, when estimating relative measures of
individuals’ well-being attainment using stochastic frontiers, we consider income as an alternative output

instead of being an input, thus differentiating us from previous studies using a HF approach.

3.2 Happiness-income frontier and their shortfalls

We evaluate the shortfall in happiness based on a presumption that there exist a correspondence between
characteristics of a person, their income and happiness. To model this we use the notion of a multi-output
production technology with inefficiency (Kumbhakar, 2013). In the terminology of this paper, we define the

transformation function (subscripts are omitted to streamline the exposition),

A= f(X,0Y), (1)

where X is the vector of personal characteristics and Y = [y; y2] contains happiness (life satisfaction) (y1)
and income (y2). A can include variables other than X, if any, as well as random noise. Finally, 6§ > 1
is a scalar and (1/6) < 1 represents shortfall of both happiness and income from their maximum values.
The maximum attainable value of Y = 6Y and the shortfalls in both happiness and income are measured
radially from g7/ max(y;) = y2/ max(y2) = 1/ < 1. The advantage of using a transformation function is
that we do not need to make any behavioral assumption to estimate the model in (1). For identification, we
use the normalizing assumption that the transformation function in (1) is homogeneous of degree 1 in Y.

This helps us to write (1) as

A/(Oy1) = F(X,y2/y1). (2)

Taking log of (2), we obtain

InA—Iny; —Inf =In[f(X,y2/y1)]. (3)

10



We write In A = v and Inf = « > 0. With these (3) becomes

Iny; = —In[f(X,92/y1)] +v—u=g(X,y2/y1) + v —u, (4)

which defines the happiness frontier when u = 0. This frontier is stochastic because of the presence of v.
For a small value of u, we can interpret it as the percentage shortfall (when multiplied by 100) in happiness
(y1). Since f(.) is homogeneous of degree one in Y, the percentage shortfall of income (y2) is also u. Put
differently, v can be viewed as potential increase in both happiness and income, holding everything else
unchanged. Conversely, it is the percentage shortfall of happiness and income from their maximum possible

values.'*

Note that one can impose the linear homogeneity restriction in terms of yo which will give the
income frontier with y; used as a numeraire. The choice of the numeraire does not affect either the estimates
of the parameters or estimate of u (and its interpretation). Thus, one can interpret u as slack in the pursuit

of happiness as well as income. Therefore, if u = .10 happiness (income) could be increased by 10%, which

means happiness efficiency (happiness attained relative to the maximum possible happiness) is 0.90%.

Once an assumption about the functional form f(), and distributional assumptions on the error term v
and the happiness shortfall term u are made, the parameters of g(X,y2/y1) in (4) can be estimated using

the same tool that is used for estimating (in)efficiency in stochastic frontier models.

Since in our case the outcome variable (y;) is an ordered variable, the standard production frontier
approach needs to be modified. In the section below, we consider the case of a frontier model where the

dependent variable is ordered.

3.3 Modeling discrete dependent variable

We make some amendments to the model in the previous section to allow for discrete outcome variables,

viz., y1. The model that we will be using is expressed as

y::$;ﬂ+vz—uz:m;5+6m Z:]-ava (5)

where y* is a latent continuous variable. In terms of the model in section 3.2, g(X,y2/y1) = x,8 and

Inyy; = y; so that we do not need to introduce new notations. What we observe is

yi=m if pmo1 <y < i, (6)

1 This interpretation follows from the single as well as multi-output stochastic frontier production model (formally known

as output distance function) in which inefficiency w is interpreted as the potential increase in all the outputs, ceteris
paribus. Alternatively, u x 100 is the percentage by which all the outputs could be increased if inefficiency is eliminated.

Thus, this is also the output shortfall measure.

11



where m =1,..., M, up = —oo0 and pp = co. The model in (5) is an ordered probit model.

We assume v; ~ N(0,02) with 02 = 1 for identification. Then the probability of observing y; = m for

the ordered probit model, conditional on u;, is given by

Pim = Prob(y; = m)
= Prob(pim_1 < ;B +v; — u; < fim)
= Prob(v; < fy — ;B8 — u;) + Prob(v; > pim—1 — T8 — ;)
= Prob(v; < i — ;8 — u;) — Prob(v; < piym—1 — T8 — ;)

= (I)(,um - w;ﬁ - ui) - (I)(H"rn—l - w;ﬁ - ui)a (7)

where ®(.) is the normal cumulative distribution function (cdf). Hence, the conditional distribution of y; is

given by
M
f(yia vi;/B - UL) = Z Im(yi)pima (8)
m=1

where pp = p1,..., pupr—1 and

1 if Y =m
I (yi) = (9)
0 otherwise.

Given that u > 0, we assume it to follow a half-normal distribution, i.e.,
u~NT(0,02), oo =exp(z7),

where N (.) denotes positive half of a N (0,072 ) distribution and z; is the vector of determinants of variance
of u defined both at individual and country-level. The determinants of shortfall in happiness and income

are modeled by making variance of u heteroskedastic.'?

Thus, the pdf of u; is

e e w
= exp |— , 10
270y, P 202,

12 Another way of modeling effects of determinants is to assume w to normally distributed with a non-zero mean truncated

at zero (truncated normal) and make the mean and or the variance a function of determinants. This is more general and

also very complicated to estimate.

12



and E(u;) = /(2/m) 0w, = /(2/7) exp{3(2;v)}, which clearly shows that the z variables affect mean

shortfall and therefore they can be viewed as determinants of happiness shortfall.

3.4 Log-likelihood function

To derive the log-likelihood in a closed-form, we expand (7) for the ordered probit case

Prob(v; < pg — ;8 — u;) ify; =1

Prob(v; < fim — @} Bu;)
DPim = PrOb(yi = m) = if1< Yyi=m< M
—Prob(v; < pym—1 — T8 — u;)

1 —Prob(v; < ppr—1 — LB — uy;) ify, =M
(1 — =B — u;) ify; =1
P (pm — 38 — wi)
= ifl<y,=m<M (11)
—@(pim—1 — (B — w)

1—¢(MM_1—II)IZ-,B—U@) lfyIZM

The probability density function of the convolution of two error components, because of their independence,

is

2 U M
fusee) = 20 () % X Ll (12
u [n me1

where ¢(.) is the standard normal probability density function. To find the density of ¢;, f(¢;), we need to

integrate u; out, i.e.,
fle) = / fus, €)du; (13)
0

and to do that we need an integral of the type

/0 %gb (;1) O(u* — B — u;)du;. (14)

There is a closed form expression of the above integral. That is,

-z -z
f(éi) = (m> + 2T (H_O-Z’ —O'u) 5 (15)
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where T is the Owen’s T function (Owen, 1956). Thus the log-likelihood is given by

M

m=1

where

w1 — B p — ;B .
o i) yor (M ZZP ity =1
<\/1+05> <\/1+UZ Y

ummw> (ummw )
@(l yor [ Hm—ZiP
1+ o2 V1+ o2
Lo = +Ui 5 0“_ ¥ ifl<yi=m<M
) Hm—1 Z; _ 9T Mm—1 ZT; .
V1402 1+02

— —x!
g (L= TB o (_puo B if y; = M.
V1+o2 V1402

(17)

To maximize the above log-likelihood function we need its gradient. Fortunately, we can derive closed

form expressions of these gradients. The derivatives of the log-likelihood function with respect to the

parameters are

oll; 1
= - ZiD ms
a8~ UL, t
where
V1+o2 V1+o2 V1402 ’
2 & MHm — m;ﬂ) P <_0'u(,um - mﬁﬂ))
1 2 1 2 1 2
Dy, = | VT A yito/ Vitoy , if1<y=m<M
B 2 ¢ /~Lm71 _wyB (I) _o—u(ﬂmfl _wiIB)
1+ 02 V1402 V1402
2 wp—1 —x; B —ou(prvi—1 — @ )
- 6|~ = Lo ) if y; = M,
1403 V1+og V1+o;
and

oll; 1
= Dy
a,ui ACWL !

Finally, given the specification of 02 = exp (z;7),

14
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where

UiiiL(hH—exp _h%(lJraQ) L« ify; =1
l+o2 2 2 21 1 + a? ’
e hnf(h) (@)1
D 1+02 2 P 2 211+ a? £ 1 M )
m = 1 <Y, =m< 22
? . 0-’12“ hmflf(hmfl) +e —hfn_l (1 + a2) i a ! (
1+o2 2 P 2 21 1+ a?
012“ har—1f(har—1) ~exp _h%\/lfl (1 —|—a2) 1 a ify; = M
1+o02 2 2 2m 1+ a? ’ ’
—x
m —xiB iy =1
Jiio?
Hon, — T
h = i lf 1 < ;=M < M 2
Ty Vi ! =
—x
MM m @B ey
V1+o2
—0y if Yi =1
a6=94—0, fl<y,=m<M (24)
Ou if y; = M,
and
f(h) =2¢ (h) ®(—ha) (25)

4 Data and Empirical results

4.1 Data and variables

Data used in this study comes mainly from the World Values Survey, an extensive dataset that collects
information on multiple aspects regarding social and political life in nearly 100 countries worldwide through
interviewing representative national samples of individuals. Samples are drawn from the entire population
of 16 years and older without imposing upper age limit using a stratified random sampling procedure. The

first wave of the survey was conducted between 1981 and 1984 and, since then, there have been five more
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waves, covering the period 1981 to 2014."3 Since we were interested in having as many observations as
possible, we created a pseudo-panel dataset by merging information at the individual level from different
waves. After dropping the observations due to the presence of missing data in some relevant variables, our
final sample consists of 210,218 observations from 74 different countries. Table A1 in the Appendix shows

the number of observations available for each country and participation in different waves.

The WVS dataset provides information on the two main variables of our interest, subjective well-being
or life satisfaction and income level. Specifically, the former is derived from individuals’ responses to the
following question: “All things considered, how satisfied are you with your life as a whole these days?”.
This accounts for their feelings about their lives as a whole, including both economic and non-economic
factors that are difficult to measure (Frey and Stutzer, 2010).*4 Responses are based on a scale from 1,
which means ‘completely dissatisfied’, to 10, meaning ‘completely satisfied’. The latter is represented by the
declared relative position of the individuals in the income distribution of their country.*> This variable is

expressed in deciles, thus it is also possible to distinguish ten different income levels.

In addition, the WVS contains information on individual socioeconomic and demographic characteristics
that we incorporate into our analysis. We have chosen two variables that fulfil the requirement of isotonicity
or monotonicity, which have been also used in some previous studies. The first one is the level of education,
which is grouped into eight different categories according to the total number of years of completed education,
and the second one is an indicator of the health status perceived by the individuals in a five-level scale (very

poor, poor, fair, good or very good).

As explanatory variables, we have selected several variables that previous literature identifies as the
most common predictors of subjective well-being (e.g., Helliwell et al., 2016), among which we distinguish
between personal characteristics, also retrieved from WVS pooled dataset, and other indicators reflecting
the country’s economic and social position collected from different sources. The selected covariates (control
variables) at the individual level are the age (continuous variable) and four dummy variables representing
the gender of the individuals (female takes value 1), their employment status (unemployed takes value
1), marital status (married or living together as married takes value 1) and being religious. At country
level, we have several economic indicators such as the proportion of public expenditure devoted to social
protection, which can be interpreted as a proxy of welfare-state policies, the gross domestic product (GDP)

per capita, included to account for economic development, and two variables reflecting economic inequality,

13 The second-, third-, fourth-, fifth- and sixth-wave data were collected from 1990 to 1994, from 1995 to 1998, from 1999 to
2004, from 2005 to 2009 and from 2010 to 2014, respectively. The seventh wave is planned to be conducted worldwide

in the period 2017-2020.

4 The dataset also provides information about the level of happiness, but we decided not to use this indicator because it

could be more influenced by emotions or feelings, while life satisfaction involves a more cognitive construct (Nettle, 2005).

5 Considering relative income is more frequent in the literature than absolute income. See Clark et al. (2008) for details.
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Table 1: Descriptive statistic of the variables included in the empirical analysis

Variable Type Mean SD Min Max
Life satisfaction/well-being Output 6.5314  2.4617 1 10
Incomes Output 4.6354 2.2845 1 10
Education level Input 4.6981  2.2249 1 8
Health status Input 3.8361 0.8786 1 5
Individual characteristics

Age Covariate 40.5124 15.971 16 99
Gender Covariate 0.5085 0.4992 0 1
Unemployed Covariate 0.0964 0.2951 0 1
Married Covariate  0.6410  0.4796 0 1
Religious Covariate 0.6837 0.4650 0 1
Country-level variables

Social protection expenditure Covariate 12.518 7.965 0.35 32.07
GDP pc Covariate 14,678 17,428 272.39 91,617
Unemployment rate Covariate  8.412 6.167 0.48 36
Gini index Covariate  37.78 8.91 21 64.8
Corruption Perception Index  Covariate  46.60 22.71 12 95

Quality of governance (WGI) Covariate  0.1857 0.9043 -1.752  1.841

the unemployment rate and the Gini index. The first indicator was collected from the World Social Security
Report, while the other three variables were available in the World Bank Open Data section. Likewise, we
have also included data on two variables representing institutional quality, such as the corruption perception
index (CPI) developed by Transparency International and an aggregate index constructed as the mean of
the six subcomponents from the Worldwide Governance Indicators (WGI) available through the World Bank

(Langbein and Knack, 2010; Kaufmann et al., 2014).*¢

The summary statistics for all the variables included in our analysis are reported in Table 1. The analysis
of these values allows us to note that, on average, individuals included in the sample seem to be quite
satisfied with their life (mean value of 6.53 out of 10). Figure 1 shows frequencies of observing individuals
in happiness categories. The declared level of income is significantly lower. The majority of individuals
report that they are in good health and have a medium or medium-high level of education. With regard
to control variables (also labeled as regressors/covariates in econometric models or contextual variables in
nonparametric studies), we observe that our sample is almost evenly distributed by gender (women represent
51 % of the individuals), the average age is slightly over 40 years, almost 70% of individuals declare to be
religious, almost two-thirds are currently married or have a partner and less than 10% are unemployed.
Finally, the most striking feature of the country-level variables is their large variability across countries in

all the indicators.

16 This variable has also been used in other previous empirical studies (e.g., Abdallah et al. (2008) or Helliwell and Huang

(2008)).
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Figure 1: The Frequency of Life satisfaction/Happiness and Income

4.2 Regression results

Table 2 shows the estimated coefficients of the happiness-income frontier. All estimated coefficients are
highly significant, which implies valid statistical inference. However, these estimates cannot be interpreted
as in a linear model. The regressors are predictors of probability, hence the marginal effects of regressors
is the change in probability of being in a group defined in a latent way by estimated parameters p. Due
to nonlinear nature of our model the coefficients are not marginal effects. In the next section we show the

calculation that are required to interpret the coefficients presented in Table 2.

Table 2: SF-ordered probit regression estimates. Dependent variable is Happiness

Variable Coefficient z-value  Variable Coefficient z-value
(health)2 —0.2153 (—5.66) log(income/happiness) 10177  (220.38)
(health)3 —0.6819 (—18.28) log(gdppc) —0.1388 (—39.22)
(health)4 —1.0829 (—28.94) (wave)3 —0.2374 (—11.30)
(health)s —1.4604 (—38.69) (wave)q —0.2984 (—14.08)
(education)2 —0.1319 (—12.65) (wave)s —0.3369  (—16.17)
(education)3 —0.2411  (—19.90) (wave)6 —0.4763 (—22.59)
(education)4 —0.3403 (—33.33) Unemployment rate 0.01065 (35.85)
(education)s —0.3065 (—26.05) Gini index —o0.0112 (—36.06)
(education)6 —0.3641 (—35.00) Social protection expenditure 0.0010 (1.95)
(education)y —0.5190 (—41.36) Corruption Perception Index 0.0069 (18.41)
(education)8 —0.6430 (—59.17) Quality of governance (WGI) —0.1611  (—18.60)
In O‘ui n
(Intercept) —2.1055  (—11.13) 11757 (21.15)
Age —0.0496 (—10.45) p2 1.6231 (28.99)
Age Squared 0.0006 (12.63)  ps3 2.0977 (37.14)
Female 0.1714 (6.63) pa 2.4734  (43-45)
Religious 0.4708 (14.92) s 3.1102 (53-83)
Unemployed —4.8111 (—4.29) e 3.5014 (59.99)
Married 1.2509 (18.52) w7 4.0003 (67.57)
148 4.6686 (77.18)
149 51694  (83.91)

N = 210218, log-likelihood = —4103011.98
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4.3 Marginal effects of x; on Prob(y; = m)

The marginal effects of a variable xj on Prob(y; = m) are calculated differently for continuous and discrete
(binary) variables. Due to the nonlinear nature of the ordered probit model, the magnitude of the marginal
effect is not constant. It depends on values of all the determinants z, the regressors x, and estimated

parameters 3, p and . If 2 is continuous, we first use (7),*7

OProb(y; =m) _ O[®(pm — 2B — i) — P(ptm—1 — ;B — u;)]

Tk oxy,
OB — 4B — E(us)) — Dl — @ — E(ur))
~ prm . (26)

Now we can spell out the marginal effect for each group, viz.,

OB (u;)

0 b, — a1 ) £y =1
8Pr0b(2yi —m) _ 9B(u,) A(pim — ;B — E(u;)) F1<yi=m<M. (27)
. Oz, (1 — B — E(u;))
P20 1~ w1~ E(u) it g = M

The values in (27) are calculated for all observations and then the average is reported, aka APE.

For a discrete variable xy, the partial effect of 25, on Prob(y; = m) is calculated as a change in probabilities

at x; = 1 and zy = 0, which implies that only «/8 changes in

Apim = Prob(y; = m|z; = 1) — Prob(y; = m|z; = 0)

D(p1 — xB — E(ui)|xy = 1) .
ify; =1
—D(u1; — B — E(uw;)|zr, =0)
D (o, — xB — E(ui)|zg = 1))
—@(pm—1 — ziB — E(u;)|zi, = 1)) .
- fl<yi=m<M. (28)
—® (i, — B — E(u;)|zr = 0))
+(I)(,u‘7n—1 - w;ﬁ - E(Uz)|$k = 0)) |
O(pnr—1 — B — E(uj)|zy, = 0))) .
ify; =M
i —P(pup—1 — B — E(u;)|zg = 1)))

7 Calculation of E(u;) is introduced below.
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Table 3: Marginal effects on probability of belonging to a happiness category

Group Unemployment  Gini  Social protection Corruption Perception Quality of
rate index expenditure Index governance (WGI)
10 —0.26 0.17 —0.016 —0.11 2.52
9 —0.12 0.08 —0.007 —0.05 1.13
8 —0.11 0.07 —0.007 —0.05 1.07
7 —0.01 0.00 —0.000 —0.00 0.07
6 0.04 —0.03 0.003 0.02 —0.42
5 0.13 —0.09 0.008 0.05 —1.23
4 0.08 —o0.06 0.005 0.03 —0.79
3 0.09 —0.06 0.005 0.04 —0.86
2 0.06 —o0.04 0.004 0.03 —0.59
1 0.09 —0.06 0.006 0.04 —0.90

Note: Reported are average marginal effects over all individuals in their respective happiness category.
The sum of marginal effects in each column equals zero.

Similar to the continuous case, the values in (28) are calculated for all observations and then the APE is

reported.

Table 3 shows the marginal effects of continuous regressors on probability of belonging to a happiness
category. Reported are the average partial effects for each category. The marginal effects are multiplied
by 100 to facilitate interpretation in percent. First, note that the numbers in each column sum to zero
since the probabilities sum to 1. The marginal effects in this table have the following interpretation. If, for
example, the unemployment rate in the country increases by 1 percent, holding everything else fixed, the
probability of observing a person in happiness category 1 (the lowest) increases by 0.09%. The probability
of observing an individual in higher happiness categories gets smaller as the unemployment rate increases.
For example, if it increases by 1 percent, holding everything else fixed, the probability of observing a person
in happiness category 10 (the highest) decreases by 0.26%. Thus, we conclude that the unemployment rate

has a negative effect on happiness and this effect is non-linear.

The evidence from the column with Gini index suggests that the more inequality, holding everything
else constant, increases the probability of being in the highest happiness category. Thus reduction in
inequality predicts less happiness. Increase in social protection expenditure implies lower probability in
higher happiness categories and higher probabilities in lower happiness categories. These results contradict
to some extent those obtained in previous studies that only analyze the determinants of well-being (e.g.,
Pacek and Radcliff, 2008; Verme, 2011). However, the values of the coefficients are quite small, so that the

influence of these variables on the estimated measures of attainment is practically zero.

Table 3 also reveals that the CPI has a detrimental effect on happiness. This is not surprising considering
that this index is actually defined inversely, i.e., higher values reflect lower levels of corruption. Therefore,

holding everything else fixed, the increase in the index leads to decrease in the probabilities to be in higher
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Figure 2: Marginal effects of health and education on probability of belonging to a happiness category.
Reported are average marginal effects over all individuals in their respective happiness category

happiness categories and increases the probability of being in lower happiness categories, although again
the values are quite small. The WGI index acts in the opposite direction and, in this case, the marginal
effects do represent relevant percentages. Thus, the improvement in quality of governance has a positive
effect on happiness attainment. This is in line with previous evidence about the importance of this variable

as a determinant of subjective well-being (Bjgrnskov et al., 2008, 2010).

All described effects are highly nonlinear. Consider positive value for happiness category 1. The marginal
effects remain virtually the same for happiness categories 1 through 6, they then decrease until they reach
the opposite sign by category 7 and then they fall even more whereby the magnitude doubles by the category

10. The trend for the marginal effects that are negative for category 1 is the opposite.

Figure 2 summarizes the marginal effects (multiplied by 100) of dummy variables. The size of the
marginal effects is shown by color and size of a marker. The actual value is shown to the left of the marker.
As with continuous variables the sum of average marginal effects is 0. Consider first the effect of health. As
health status increases, i.e., move rightwards in the left panel of Figure 2, the probability of being in lower
happiness categories gets smaller. Having health status of either 4 or 5 (the highest) holding everything else
fixed, decreases the probability of being in the lowest happiness category by 18 and 25 percent, respectively.
The same changes in health improve the odds of being in the highest happiness category by 6.5 and 7.5
percent, respectively. When we consider changing probabilities of belonging to happiness categories within
the same dummy variables, for example health status is 2, the change in probabilities are negative for lower
happiness categories and positive for the higher categories. As the health status is higher, the changes in
probabilities follow the same patterns, however the magnitudes are amplified. The effects are strong and

health has unquestionably positive effect on happiness.

Consider the right panel of Figure 2. Education has a similar effect on happiness. Better education

(movement left to right) increases probability of belonging to a higher happiness category and decreases

21



probability of being unhappy. If we consider the original frequencies of observing individuals in happiness
categories shown in Figure 1, the marginal effects of both health and education are quite substantial. For
example, there are 12.5 percent of individuals in the happiest category. The highest education alone (holding

everything else fixed) could boost this number to 19 percent.

5 Prediction of happiness-income shortfall

5.1 Happiness attainment

The task after estimating the parameters of the model and their marginal effects on probability of belonging
to a category is to predict happiness and income shortfall, i.e., we need to predict u;. This is done from the
conditional mean of u; which requires derivation of the conditional pdf of u;, i.e., f(u;|e;) which is
2 u M
f('LL, Ei) Uu¢) <0_ ) Zmzl m(yz)pzm

Note that after estimating the parameters of the model, we can compute ¢; from the residuals. Since the

denominator in (29) does not depend on wu;, the expected value of u;le; is

M
1 2 u;
E(u;le;) = / U;—¢@ (2> X E I (Y3 ) pimdus;. 0
o) = o e b e \as) < 2 ) (3°)

To evaluate this integral, we need to integrate a function of the following type

/ ui(b (u) O(p" — xiB — u;)duy, (31)
0 a.

UU u

which can be expressed as

20,

0w (1 w8 ¢ (oul” —zip)
Vito2 \ /1+02 V1+o2

Thus, the prediction of u; is
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Table 4: Summary statistics of happiness and income attainment by group

Group N sd min mean median max
Africa 33946 0.133 0.202 0.746 0.739 0.984
Asia 21256 0.118 0.190 0.690 0.682 0.984
Eastern Europe 17353 0.124 0.190 0.706 0.698 0.984
Latin and Central America 34929 0.125 0.235 0.710 0.714 0.984
Middle East 14208 0.123 0.267 0.715 0.706 0.984
OECD 25033 0.112 0.188 0.708 0.706 0.984
Other 9409 0.107 0.268 0.713 0.703 0.984
Post Soviet 32304 0.118 0.173 0.719 0.711  0.984
Western Europe 21780 0.120 0.267 0.704 0.693 0.984
Total 210218 0.123 0.173 0.714 0.708 0.984

where

ou( — x,B)
1—|—02

o, o
V1+o2 1—i—a2

1
I +E®(H1 —x;f)

o (8 .

O'u(,um _:B//B) 1
1 +02

1
— O m — &L
5 t (1
Mm—1 — ﬂ)

—oy
\/l—i—agqS V1402

ifl<y=m<M (34)
1—1—02 )

1
—— (-
L V27 (i1 = i
ou 2¢< MM —1 — Ve )(I)( u(pnr— 1;5))
V1+o2 1—|—a 1—|—a iy = M.

_+£§M (tar—1 — x;B))

To predict happiness and income shortfall, u;, we use E(u;le;) as it predictor. These numbers for each
observation gives an estimate of happiness and income shortfall. We can use them to rank the shortfall or

use 1 — E(u;le;) to measure happiness and income attainment (efficiency).

Table 4 present descriptive statistics of happiness attainment after classifying the countries into different
groups according to the geographical area to which they belong (see Table A2 in Annex). This information
is complemented by the estimated densities reported in Figure 3. The main conclusion to be drawn from
both is that there are no significant differences among groups. Nevertheless, the happiness attainment
seems to be slightly lower in Asia than elsewhere, while the highest median values are registered in Africa.
Specifically, the median value is 0.682 in Asia vs 0.739 in Africa. The possible explanation for these results
lies mainly in the lower and higher values of the inputs presented by African and Asian individuals, since

the values of the two outputs are close to the average of the sample as a whole, as can be seen in Figure 4.
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Figure 3: Kernel densities of estimated happiness attainment by groups of countries

Another noteworthy result is that obtained for the countries belonging to Latin and Central America,
which several previous studies using frontier methods in this framework identified as top performers in terms
of wellbeing efficiency measures (Debnath and Shankar, 2014; Cordero et al., 2021), but in our case are
placed very close to the average. This is probably due to the consideration of income as an additional
output, with the mean values of this variable being considerably lower than the average, which compensates
to some extent for the fact that individuals in these countries report the highest welfare values in the sample,
as can be seen in Figure 4. In contrast, Western European countries have above-average values for both
outputs, but since they also have high values for the inputs, they are slightly below the average in terms of

attainment (efficiency).

While considering marginal effects of determinants of both attainment and probability of belonging to
happiness category seems a more interesting exercise, it is astonishing to observe large happiness and income
shortfall in all countries. To be precise, given personal characteristics, this shortfall is 30 percent on average,

so there is clearly ample room for improvement in all countries.

5.2 Marginal effects of determinants on happiness and income shortfall

Our next goal is the examine the marginal effect of zx; on happiness and income shortfall. We do this from

the derivative of E(u;) with respect to zz;.*8

Similar to the marginal effects of z; on Prob(y; = m), the marginal effects of a variable z; on E(u)
are calculated differently for continuous and discrete (binary) variables, and the magnitude of the marginal
effect is not constant. By analogy, it depends on values of all the determinants z, the regressors «, and

estimated parameters 8, p and ~.

8 Tt is also possible to compute the marginal effects of z; from the conditional mean E(u;|e;), instead of the unconditional

mean of u;, as in Kumbhakar and Sun (2013).
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Figure 4: Life satisfaction/Happiness and Income by group of countries

If z; is a continuous variable, its marginal effect on happiness and income shortfall is

OB(w;) B (B.L — BL.)
om LM TR

where B =" 1, (y:) B, £ =S5 _, L (yi)Lom, and

_ 0o, _ Oexp(0.52)

=— = = 0.50,dp.
8zk 8Zk Tudo

dy

In the last equation,
_ 0(z7)
8zk ’

(35)

(36)

Note that dy can be simply 7, if zx enters in (27) linearly. However, if (27y) = y12k + Y227 + ..., then

do = 1 + 2722k. Similarly, if zj is interacted with other variable(s), dy is not a constant (the coefficient of

zr) but a combination of coefficients and data. Further, B, = 0B/0z is

(d2(#1 —x;B)f(h1) —dy =P (;](lf(j— 1_53)/2) if y; =1
o[ et st = (;h(inil ;2;;75)/2) e metr )
(i1 — @) f(hn1) + 2 ("j;?lﬁ*) 7)/2)
—da(ping—1 — B) f(har—1) + dy —> (_i:rzl\{l_—li—(i; I o =M
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where f(h) is defined in (25) and h; is defined in (23).

1
Ol ——
d _{ VIJFUSJ_O5JZCZ
2 0z, ' (dl—kaﬁ)g "

The next component £, = 9L/0z, is

05f(h1) (d3 - h%adg) - hlag(hl)dg if Y; = 1

0.5f (hin) (ds — h2,adz) — himag(hm)ds
B, = ifl<yy=m<M, (38)

*05f(hm_1) (dg — hgn_ladg) + hm_lag(hm_l)dg

0.5f(har—1) (—ds — b3, _yad2) + har—1ag(har—1)ds ify; =M

where

and

—0oy
3{ V1+02 } 1
dg “ dl _Uud2~

0zy, N m

For a binary variable zj, the marginal effect of z; on happiness and income shortfall is calculated as the

difference in F(u;) given in (33) evaluated at 2z = 1 and 2, = 0.

5.3 Marginal effects of z; on happiness and income attainment

For a continuous zj, the marginal effects of z; on happiness and income attainment exp (—u) can be obtained

by differentiating it, which is

dexp (—u) _ Odexp(—E(u))
8zk - (9Zk

OF (u)
8Zk

= —exp (—E(u)) (39)

We have observed large shortfall in happiness and income attainment. Now we would like to explore
possible explanatory factors for that. Table 5 summarizes marginal effects of determinants z on happiness
and income attainment. The scale of attainment in this case is 0 to 100. Except for age, all determinants

are dummy variables. Note, that here the column sums are not equal to o as for the probabilities.

The shortfall is bigger for women in all happiness categories. The largest shortfall is in the happiest
category. Everything else being the same, women’s happiness and income attainment is 0.31 lower than that

for men. The same effect is for individuals that are religious, however the magnitude of the effect is three
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Table 5: Marginal effects on happiness and income attainment

Happiness Marginal effect (multiplied by 100)
Category Frequency, % Female Religious Unemployed Married Age
10 12.44 —0.31 —0.89 3.63 —2.25 —0.04
9 10.10  —0.21 —0.59 2.63 —1.51 —0.01
8 18.11 —0.33 —0.94 4.38 —2.40 —0.02
7 14.76  —0.24 —0.68 3.36 —1.74 —0.01
6 10.88 —0.16 —0.46 2.41 —1.19 —0.01
5 14.35  —0.19 —0.55 3.06 —1.42 —0.01
4 6.04 —o.07 —0.21 1.23 —0.55 —0.02
3 5.34 —0.06 —0.18 1.07 —0.46 —o0.02
2 3.28 —o0.04 —0.11 0.66 —0.28 —0.02
1 4.71  —0.05 —0.14 0.90 —0.37 —0.03

Note: Reported are average marginal effects over all individuals in their respective
happiness category. The marginal effects do not sum to zero.

times that of the gender dummy variable. Married is the third dummy variable which exhibits negative
effect on attainment. For example, being married reduces attainment of the most happy (category 10) by
2.25. This is quite a big effect. In contrast being married reduces attainment only 0.37 for the least happy

individuals.

The effect of age on attainment deserves special attention as we model nonlinear relationship. By looking
at the last column in Table 5, we can conclude that as person gets older the attainment is necessarily
decreasing. The marginal effect for a continuous variable can provide more information than that of a
dummy variable due to its greater variability. Figure 5 shows the marginal effect (multiplied by 100) of age
plotted for each individual in our sample — which is larger than 200,000 — against the age of an individual.
We observe that the happier is the individual the larger is the marginal effect. Up to the age of 40 years
(considering coefficients of age and ages squared in Table 2, 0.0496/2/0.0006 = 40.59), the marginal effect
of age on attainment is positive albeit diminishing. After the age of 41, the effect of age is negative and is

getting bigger. By the age of 75, the attainment could be reduced by 1 (out of 100) with additional year.

5.4 Marginal effects of z;, on Prob(y; = m)

The marginal effects of a variable z; on Prob(y; = m) are differently calculated for continuous and discrete

variables. For a continuous zj we use (7) to obtain,

OProb(y; =m) _ 0 [(I)(:um - (E;,B —u;) = P(pm—1 — w;,B — ’LLZ)]

Zk 6zk

~ 0@ — 2B — E(ui))a;k<1’(um—1 —zi8 — E(u))] ) (40)
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and therefore,

8E(uz) , ) . o
- E ¢(N1 - wiﬂ - uz) ify; =1
= N | Pm — xiB — wi)
w: _al;iuz) 1f1<yzzm<M (41)
* F o =0 — 2B - w)
OFE (u; .
a(u )¢(/JM—1 — ;B — u;) ity, =M
Zk

The values in (41) are calculated for all observations and then the average is reported, aka APE.

For a discrete variable zy, the partial effect of z; on Prob(y; = m) is calculated as a change in probabilities

at zx = 1 and 2z = 0, which implies that only F(u;) changes in

Apim = Prob(y; = m|z; = 1) — Prob(y; = m|zx = 0)
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Table 6: Marginal effects on Prob(y; = m),

Happiness Marginal effect (multiplied by 100)
Category Frequency, %  Female Religious Unemployed Married Age
10 12.44 0.421 1.21 —4.73 2.93 0.0026
9 10.10 0.191 0.54 —2.48 1.36 0.0021
8 18.11 0.173 0.48 —2.74 1.26 0.0035
7 14.76  —0.001 —0.01 —0.59 0.04 0.0023
6 10.88 —o0.081 —0.24 0.64 —0.55 0.0011
5 14.35  —0.218 —0.62 2.53 —1.53 —0.0002
4 6.04 —0.133 —0.38 1.79 —0.95 —0.0012
3 5.34 —0.138 —0.39 2.02 —1.00 —0.0023
2 3.28 —0.090 —0.25 1.42 —0.66 —o0.0023
1 4.71 —o0.123 —0.34 2.15 —0.91 —0.0056

Note: Reported are average marginal effects over all individuals. The sum of marginal
effects in each column equals zero.

B(1 — @8 — E(us)|zs = 1) _—

| (- @B - Bu)lz =0) |
O (pm — 2B — E(ui)|zi = 1))

N =P (pm—1 — B — E(ug)|z = 1)) 1<y m<M. (42)

—®(ptn — xiB — E(uy)|zr = 0))

| (o — @i — Eui)lz = 0))
(prr—1 — B — E(ug)|zr = 0))) £y = M

| —P(par-1 = @B = Blus) |z = 1))

Similar to the continuous case, the values in (42) are calculated for all observations and then the APE is

reported.

Table 6 shows the marginal effects of shortfall determinants on probability of belonging to a happiness
category. Reported are the average effects in the respective happiness category. The are multiplied by 100
for ease of interpretation. Here we can notice that, in general terms, our findings are broadly consistent
with most of the available evidence on the determinants of subjective well-being summarized in section 2.1.
For example, with regard to gender, women are 0.421 percent more likely than men to be among happiest
individuals. On the contrary, men are 0.123 percent more likely than women to be among the least happy
individuals. The effect of being religious is even greater, in the sense that people who consider themselves

to be religious are much more likely to belong to the highest category in terms of well-being.

Table 6 also suggests that being married has also a relevant effect on happiness. More specifically,

married individual is 2.93 percent more likely to be in the happiest category, 1.36 percent more likely to
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belong to category 9. being married (or people living with a partner) reduces the probability of being the
least happy by 0.91 percent. Given that there are only 4.71 percent in the least happy category (see column
2), the effect of being married seems to be also substantial. Finally, being unemployed has by far the most
sizeable effect on happiness. An unemployed individual is 4.73 percent less likely to belong to the happiest
group of individuals. Recall that there only 12.44 percent of those. On the other side of the happiness
spectrum, being unemployed increases the probability by 2.15 percent to be among the unhappiest, whose
proportion is 4.71 percent. The last column of Table 6 reveals that a person is getting happier with age.
Since variable age is continuous, we can see the effect of age (multiplied by 100) in greater detail in Figure 6.
Which up to 40 years of age, each additional year has a detrimental effect on happiness, after the age of 41,
the effect is increasingly positive. This result practically coincides with the idea of a U-shaped relationship

suggested by Blanchflower and Oswald (2008).

6 Conclusion

This paper focuses on the analysis of subjective well-being from the perspective of a stochastic frontier
technique to estimate the extent to which individuals are being fully efficient in converting their resources
and/or personal characteristics into well-being or life satisfaction. Within this framework, we made two main
contributions to the existing literature. First, we consider that income is generated along with happiness by

individual characteristics, thus we measure individual’s ability to achieve their maximum happiness along
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with the highest possible level of income. As a result, it is possible for them to exhibit certain level of shortfall
in both areas, i.e., not attain happiness and income to their full potential. Second, in order to explore the
potential causes of this shortfall we rely on a stochastic frontier approach adapted to the presence of ordered
categorical indicators as dependent variables representing happiness and income. The happiness relationship
has therefore been transformed into an ordered probit model. We further did required additional algebraic
calculations to properly interpret the estimated coefficients and derived marginal effects of resources and

the determinants of happiness shortfall.

In our empirical study, we have estimated a happiness frontier for a huge sample of almost 210,000
individuals from 74 different countries participating in different waves of the World Value Survey. Our
results show that the overall average happiness efficiency is around 70 percent. This value is close to those
estimated in some recent studies with a similar approach (e.g., Mamatzakis and Tsionas, 2021; Cordero
et al., 2021), which suggests that individuals in our sample still have the capacity to make better use of

their available resources to achieve the happiness frontier.

If all the countries analyzed are grouped by geographic areas, we find no relevant differences among
individuals average happiness efficiency levels, although slightly lower values are observed for the Asian
countries and somewhat higher for African countries. This is a striking result considering that there are
notable differences between countries in terms of both average levels of well-being and income reported by
individuals. Thus, it seems that the process of converting resources into outputs (happiness and income) is
not so much affected by where individuals live. In this sense, our results indicate that most of the indicators
representing countries” economic and social characteristics have quite relatively small marginal effects on
our estimated measures of happiness attainment. The only exception in this regard is represented by the
quality of governance, which has a positive and quite relevant effect on happiness attainment, corroborating

evidence widely demonstrated in previous literature.

The marginal effects estimated for the individual determinants of the shortfall also point in the same
direction as that of other previous studies focused on analyzing the determinants of subjective well-being.
Therefore, it seems to be a clear link between both lines of research. Specifically, we find that women,
religious people and those being married have higher probabilities of reporting the higher levels of well-
being and less likely to be lower to be among the most unhappy individuals. Moreover, the employment
status turns out to be an even more relevant factor in explaining the level of well-being of individuals, which
is much lower for the unemployed, while in the case of the age the relationship is U-shaped, reaching the

lowest values between the ages of 40 and 45.

Despite these interesting results, it is worth mentioning that there might be unobserved latent factors

influencing the production process that have been ignored in our empirical analysis. For instance, previous
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research has demonstrated that personality traits might also have an impact on the process of converting
resources into well-being and/or incomes (Lucas and Diener, 2015; Mamatzakis and Tsionas, 2021). Unfor-
tunately, data regarding those traits is not available in our main source of data (World Value Survey), thus
we have not been able to account for this. However, our choice of using a stochastic frontier model in which
unobserved heterogeneity is captured by the error term mitigates to some extent the potential problems of
bias that might arise due to not considering these variables in the analysis. In any case, we believe that
it will be necessary to further study the determinants of well-being in greater depth in future studies. In
this regard, the recent development of longitudinal international databases that provide information on a
multitude of factors that may influence well-being is very useful for researchers concerned with analyzing

the causes of happiness shortfalls.
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A Sample

A.1 Observations per country

Table 7: Composition of the pooled dataset by country and wave of the survey

Country Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Total
1990-94 1994-1998 1999-2004 2005-2009 2010-2014
Albania X X 1,926
Algeria X X 1,842
Argentina X X X X X 3,071
Armenia X X 2,938
Australia X X 2,261
Azerbaijan X X 2,705
Bangladesh X X 2,641
Belarus X X X 3,437
Brazil X X X 4,484
Bulgaria X X 1,730
Burkina Faso X 701
Canada X X 3,479
Chile X X X X X 3,854
China X X X X X 5,447
Colombia X X X 4,415
Cyprus X X 1,970
Ecuador X 1,189
Egypt X X X 5,284
Ethiopia X 1,291
Estonia X X 1,509
Finland X X 1,808
France X 875
Georgia X X X 4,583
Germany X X X 5,364
Ghana X X 2,603
Guatemala X 924
Hungary X X 963
India X X X X X 6,813
Indonesia X X 2,526
Iran X X 4,292
Iraq X X X 5,029
Italy X 654
Japan X X X X X 2,796
Jordan X X X 3,217
Kazakhstan X 1,497
Kyrgyzstan X X 2,442
Lebanon X 1,101
Macedonia X X 1,625
Malaysia X X 2,377
Mali X 551
Mexico X X X X X 6,225
Moldova X X X 2,811
Morocco X X X 1,222
Netherlands X X 2,329
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Table 7 (Continued)

Country Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Total
1981-84 1990-94 1994-1998 1999-2004 2005-2009 2010-2014
Nigeria X X X X 3,286
Norway X X 1,970
Pakistan X X X 2,057
Peru X X X X 4,929
Philippines X X X 2,349
Poland X X X X 2,924
Romania X X X 4,053
Russia X X X 5,851
Rwanda X X 2,478
Serbia X X X 2,166
Slovenia X X X 1,966
South Africa X X X X X 10,865
South Korea X X X X X 3,485
Spain X X X X 3,775
Sweden X X X X X 2,986
Switzerland X X 2,019
Tanzania X 962
Thailand X X 2,493
Trinidad & Tobago X X 1,927
Tunisia X 902
Turkey X X X X 6,893
Uganda X 542
Ukraine X X X 4,592
United States X X X X X 4,610
Uruguay X X X 2,794
Uzbekistan X 1,448
Venezuela X X 1,117
Yemen X 569
Zambia X 1,133
Zimbabwe X X 2,276
Total 210,218

A.2 Groups of countries used

G7 1) Canada, 2) France, 3) Germany, 4) Italy, 5) Japan, 6) United States, 7) Great Britain

OECD 1) Australia, 2) Canada, 3) Chile, 4) Estonia, 5) Finland, 6) France, 7) Germany, 8) Hungary, 9)
Italy, 10) Japan, 11) South Korea, 12) Latvia, 13) Lithuania, 14) Mexico, 15) Netherlands, 16) New
Zealand, 17) Norway, 18) Poland, 19) Slovakia, 20) Slovenia, 21) Spain, 22) Sweden, 23) Switzerland,
24) Turkey, 25) United States, 26) Great Britain, 27) Czech Rep.

Latin Am 1) Argentina, 2) Brazil, 3) Chile, 4) Colombia, 5) Ecuador, 6) El Salvador, 7) Guatemala, 8) Mexico,
9) Peru, 10) Puerto Rico, 11) Trinidad and Tobago, 12) Uruguay, 13) Venezuela

Post Soviet 1) Azerbaijan, 2) Armenia, 3) Belarus, 4) Georgia, 5) Kazakhstan, 6) Kyrgyzstan, 7) Moldova, 8)
Russia, 9) Ukraine, 10) Uzbekistan

Asia 1) Bangladesh, 2) Taiwan, 3) India, 4) Indonesia, 5) Malaysia, 6) Pakistan, 7) Philippines, 8) Thailand,
9) Viet Nam

Africa 1) Algeria, 2) Ghana, 3) Libya, 4) Mali, 5) Morocco, 6) Nigeria, 7) Rwanda, 8) South Africa, 9)
Zimbabwe, 10) Tunisia, 11) Uganda, 12) Egypt, 13) Tanzania, 14) Zambia

M East 1) Palestine, 2) Iran, 3) Iraq, 4) Jordan, 5) Lebanon, 6) Yemen
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Europe E 1) Albania, 2) Bulgaria, 3) Hungary, 4) Montenegro, 5) Poland, 6) Romania, 7) Serbia, 8) Slovakia,
9) Slovenia, 10) Macedonia, 11) Serbia and Montenegro, 12) Bosnia, 13) Czech Rep.

Europe W 1) Finland, 2) France, 3) Germany, 4) Italy, 5) Netherlands, 6) Norway, 7) Spain, 8) Sweden, 9)
Switzerland, 10) Great Britain
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