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Happiness matters: produtivity gains from

subjetive well-being

Charles Henri DiMaria, Chiara Peroni and Franeso Sarraino
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Marh 24, 2017

Abstrat

This artile studies the link between people's subjetive well-

being, de�ned as life satisfation, and produtivity in the framework

of eÆieny analysis. We adopt Data Envelopment Analysis to om-

pute produtive eÆieny indies using European Soial Survey and

AMECO data for 20 European ountries. While aounting for re-

verse ausality, we �nd signi�ant eÆieny gains when subjetive

well-being is an input to prodution. This supports the view that
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promoting subjetive well-being results in higher produtivity.

JEL: E23, I31, O47

Keywords: produtivity, subjetive well-being, TFP, eÆieny gains,

eonomi growth, DEA.

1 Introdution

Over the last 30 years, work organization underwent deep restruturing to

pursuit ompetitiveness and produtivity. If the good entrepreneur is the

one who is able to e�etively mobilize all the neessary resoures to ful�l

his or her goals, than he or she needs to design a system of ontrols and

inentives to ensure that every resoure is used to its best. We share the

view that work ativity does not need to be unpleasant to be eonomially

rewarding: as previous literature showed, promoting people's well-being

an result in produtivity gains. We ontribute to this literature using

maro-level data on produtivity and subjetive well-being. Additionally,

we adopt Data Envelopment Analysis to assess if and to what extent sub-

jetive well-being results in produtivity gains through eÆieny gains. We

fous on the relationship between subjetive well-being and a key driver of

eonomi growth, namely produtivity. We use a non-parametri frontier

tehnique to assess whether higher well-being leads to higher produtivity

using ountry-level data. This tehnique allows us to aount for reverse

ausality.

A growing number of studies have analysed how poverty, inequality,

unemployment and ination a�et people's subjetive well-being (Di Tella

and MaCulloh, 2008; Alesina, Di Tella and MaCulloh, 2004; Diener
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et al., 2009; Clark, Fl�ehe and Senik, 2012; Clark, D'Ambrosio and Ghis-

landi, 2013). The sienti� debate on whether eonomi growth is assoi-

ated with higher well-being is still open. Yet, no evidene exists on the

link between produtivity and life satisfation at the aggregate level. Some

evidene at �rm level links job and life satisfation to measures of �rms'

performane. Using data on stok returns of �rms listed in the \100 Best

Companies to Work For in Ameria", Edmans (2012) shows that job sat-

isfation is bene�ial to �rms' value. Harter and Shmidt (2000); Harter,

Shmidt and Keyes (2003) report signi�ant positive orrelations between

employees' average well-being levels and ompanies' returns.

Reent experimental evidene provides miro-level foundations to the

modelling of the relationship produtivity-well-being. Oswald, Proto and

Sgroi (2014) observe that positive shoks to happiness result in signi�-

ant produtivity gains. Suh gains stem from inreased e�ort rather than

from high preision in exeuting tasks. In a related artile, Proto, Sgroi

and Oswald (2010) observe that produtivity is a�eted by short-run and

arti�ially-indued inreases in happiness, as well as by long-lasting shoks

suh as family bereavement, parental divore and health problems.

Furthermore, empirial studies in the �eld of psyhology and organ-

isational behaviour relate happiness to traits assoiated to enhaned in-

dividuals' job performanes. Some of these studies show that happier

workers are more pragmati, less absent, more ooperative and friendly

(Bateman and Organ, 1983; Judge et al., 2001), hange their job less of-

ten and they are more aurate and willing to help others (Spetor, 1997).

There is also evidene that happier people are more engaged in their work,

earn more money, have better relationships with olleagues and ustomers
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(George and Brief, 1992; Pavot and Diener, 1993a; Spetor, 1997; Wright

and Cropanzano, 2000). These studies evidene possible hannels through

whih life satisfation might a�et produtivity.

Our study ontributes to the literature by examining the link produtivity-

well-being using aggregate data, and by implementing a methodology from

the operational researh literature. We adopt Data Envelopment Analysis

(DEA) to ompute measures of produtive eÆieny, total fator produ-

tivity (TFP), for 20 European ountries using data and physial apital

stok, employment, GDP and life satisfation from 2004 to 2010. We pro-

eed as follows. We �rst ompute measures of TFP that aount for sub-

jetive well-being. We �nd that these measures are signi�antly orrelated

to standard TFP measures. This result provides support for the reliability

of the well-being-adjusted TFP measures. Subsequently, we test whether

well-being has a signi�ant positive impat on produtive eÆieny.

Results indiate that well-being indues signi�ant gains in produtive

eÆieny, while they exlude the possibility of reverse ausation: subjetive

well-being is not a by-produt of the prodution proess. Results also hold

when life satisfation is substituted by a measure of job satisfation. In

sum we found evidene suggesting that well-being should be regarded as a

determinant of produtive eÆieny.

The paper is strutured as follows: setion 2 desribes the empirial

strategy adopted in the paper. Setion 3 gives an overview of the data

used in this study. Setion 4 presents our �ndings, and setion 5 provides

some �nal remarks.
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2 Methodology

The produtivity onept adopted in this study is total fator produtivity

(TFP). Broadly speaking, TFP ompares output to the inputs used in

produing those output. Hene, TFP is an overall measure of how well

produing units use their resoures, and its inreases reet the ability

to expand output by using inputs more eÆiently and/or adopting new

tehnologies. For these reasons, TFP is regarded as a key indiator of the

eonomi performane of �rms and industries and, at the national level, as

a soure of eonomi growth and improvements in living standards.

This study uses Data Envelopment Analysis (DEA), a non-parametri

omputational tehnique, to measure ountries' produtive eÆieny. DEA

is a deterministi tehnique widely applied in management and eonomi

studies to analyse prodution proesses at the �rm and industry level. It

is also applied to study produtivity at ountry level (see, for example

F�are et al., 1994); in this ontext, the advantage of DEA is that it permits

to ompute produtivity indies from small datasets without the need of

speifying the funtional form of the prodution proess (or prodution

funtion).

In partiular, DEA applies linear programming methods to available

data on outputs and inputs to onstrut indies of produtive eÆieny.

Suh indies measure the distane of produing units from an eÆient fron-

tier, where those units loser to the frontier are more eÆient. Appendix

A provides more details about the method.

As our data onsists of ountry-level observations, the use of DEA teh-

nique allows us to overome the problem of the small sample size, whih

limits the inferential power of traditional eonometri tehniques.

5



To investigate the link between well-being and produtivity we proeed

in two stages:

� Firstly, we establish whether produtivity measures that aount for

subjetive well-being are valid. We do so by heking the signi�ane

of the orrelation between well-being-adjusted produtivity measures

and traditional produtivity measures aounting for physial inputs

to prodution (F�are et al., 1994). DEA will always produe an index,

independently from the variables at hand. The study of the orrela-

tion between the index aounting for well-being and the traditional

measure of TFP allows us to asertain that our index is still a reliable

measure of TFP.

� Seondly, we analyse the ontribution of well-being to produtive

eÆieny using a variable-seletion test for DEA models. This pro-

edure allows us to test whether well-being has a statistially signi�-

ant e�et on produtivity under di�erent assumptions on the role of

well-being in prodution. Namely, we onsider well-being both as an

input or an output to prodution. This serves also as a test of reverse

ausality for the relationship well-being-produtivity.

A ruial assumption of this study is that subjetive well-being an be

treated as a onventional fator to prodution, i.e. that well-being is a

variable under the ontrol of poliy-makers (at aggregate level) or man-

agers (at �rm level). This assumption is supported by a growing body of

evidene from several disiplines suggesting that it is possible to undertake

ations to improve people's well-being in organisations and ountries (for

a review, see: Bartolini, 2014). Several studies doument various strate-

gies to improve people's satisfation on the workplae (Silva and Caetano,
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2007; Nakamura and Otsuka, 2007; Bartolini and Sarraino, 2007). Urban

planners study spaes' restruturing in order to improve people's quality

of life (Crawford and Holder, 2007; Haybron, 2011; Rogers et al., 2011).

Additionally, at the aggregate level, a number of eonomi studies showed

that well-being trends di�er signi�antly aross ountries and that hanges

in well-being are reorded also over short periods of time (Easterlin and

Angelesu, 2009; Saks, Stevenson and Wolfers, 2012).

3 Data

This analysis uses annual observations on GDP, labour, apital stok, and

subjetive well-being to onstrut ountries' produtivity indies. Annual

observations on GDP, employment and apital stok are soured from

AMECO, a database published by the European Commission aimed at

providing internationally omparable series on maroeonomi variables.

GDP and apital stok are in billion of euros and are onverted using pur-

hasing power parities (PPP); employment is measured in thousands of

full-time equivalent workers.

The measure of subjetive well-being omes from the European Soial

Survey (ESS) and overs four time periods, 2004, 2006, 2008 and 2010.

1

The ESS database inludes observations on individuals whih were inter-

viewed over 4 time periods along with sample weights.

2

Table 1 reports

desriptive statistis on the main variables in this analysis.

Subjetive well-being is measured using answers to the following ques-

tion from the ESS: \All things onsidered, how satis�ed are you with your

1

The year 2002 is not inluded as some of the ountries in our sample were not

surveyed.

2

ESS survey doumentation is available at http://ess.nsd.uib.no/ess/.
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life as a whole nowadays? Please answer using this ard, where 0 means ex-

tremely dissatis�ed and 10 means extremely satis�ed"; answers are oded

on a 0 to 10 sale.

3

The ESS inludes also another proxy of well-being,

namely people's happiness; this is monitored through the following ques-

tion: \Taking all things together, how happy would you say you are?",

whose answers are also oded on a 0 to 10 sale. Despite being often

used as synonyms, happiness and life satisfation are di�erent onepts:

happiness is regarded as an emotional measure of well-being, whereas life

satisfation is a ognitive evaluation of well-being and it is thus onsid-

ered a more reliable measure than happiness (Diener, 2006). This is why

this study adopts life satisfation as the preferred proxy of subjetive well-

being. Indeed, an extensive literature, involving various disiplines and

sienti� domains, supports its reliability. Subjetive well-being orrelates

with objetive measures of well-being suh as the heart rate, blood pres-

sure, frequeny of Duhenne smiles and neurologial tests of brain ativity

(Blanhower and Oswald, 2004; Van Reekum et al., 2007). Moreover, dif-

ferent proxies of subjetive well-being orrelate strongly with eah other

(Shwarz and Strak, 1999; Wanous and Hudy, 2001; Shimmak et al.,

2010) and with the judgements about the respondent's well-being provided

by friends, relatives or linial experts (Shneider and Shimmak, 2009;

Kahneman and Krueger, 2006; Layard, 2005).

Country data on subjetive well-being are onstruted as weighted av-

erages of individuals' well-being. To retain all observations and use the

sample weights provided in the original database, missing values on individ-

uals have been replaed using a simple imputation sheme that employs the

3

Various studies doument that the 0 to 10 sale is a standard and reliable sale for

measuring well-being (see Pavot and Diener, 1993b; Krueger and Shkade, 2008).
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mode of the observations on individuals in the same strata. In other words,

for a given ountry, missing values are �lled by taking the sample mode of

the individuals having the same weight. Missing data for Greee and the

Czeh Republi in 2004 were replaed by the average of values reorded for

2002 and 2006. After imputation, we omputed ountry-average well-being

sores for eah year in the survey.

4

Table 2 lists the 20 European ountries in the sample together with

average subjetive well-being for eah period, average growth rates between

periods, and overall average sores. We observe that subjetive well-being

varies widely aross ountries and over time. The ountries with the highest

level of life satisfation are Denmark and Switzerland. Nordi ountries

suh as Finland, Norway and Sweden have averages lose to 8. In ontrast,

Portugal and Hungary are the ountries where people are least satis�ed,

with averages below 6. The majority of ountries exhibits an inrease in

well-being over the period, whereas the trend is at in Frane, Denmark and

Finland. Greee and Ireland, on the ontrary, experiened the largest fall

in well-being over the period onsidered. Overall, data suggest that well-

being hanges have been more sustained in new European member states

than in older ones, possibly suggesting that some onvergene mehanism

is at play.

TABLE 1 APPROXIMATELY HERE

TABLE 2 APPROXIMATELY HERE

Figure 1 plots TFP growth rates versus average levels of well-being.

4

Note that, while life satisfation is an integer variable, average well-being is measured

on a ontinuous sale. Thus, we do not need to adopt DEA frameworks designed to deal

with integer values.
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The super-imposed OLS regression line suggests a mildly positive orrela-

tion between average TFP and subjetive well-being aross ountries. The

dataset, however, is small and this simple orrelation does not allow us to

draw onlusions on the nature of the relation between the two variables,

whih motivates the following analysis.

FIGURE 1 APPROXIMATELY HERE

4 Results

4.1 Reliability of TFP indies

To hek the validity of well-being adjusted TFP indies, we exploit the

fat that DEA eÆieny measures permit to rank ountries aording to

their produtivity performane, and ompare the ountry rankings given

by standard TFP measures to those produed by the TFP indies adjusted

for well-being using the Spearman rank test for ordinal data.

This preliminary step is neessary beause DEA ompares an aggregate

measure (weighted-sum) of variables in the so-alled output sets to an ag-

gregate measure of variables in the input set.

5

Thus, one ould add nuisane

variables, that is variables that are not linked with the prodution proess,

and still obtain a \spurious" index. Nonetheless, if the nuisane variables

are neither inputs nor outputs in the sense of prodution eonomis, the

new index is likely to behave di�erently from TFP indies, omputed us-

ing the same methodology. If well-being an be onsidered an input or an

output of produtivity, we expet that ountry rankings provided by DEA

5

Linear program problems ompute optimal weights so that the ratio of suh aggre-

gates lies between 0 and 1 (see Appendix A).
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produtivity indies should not be \too" di�erent from eah other.

We proeed as follows. Countries are ranked from 1 to K aording

to inreasing values of produtivity performane. Let d

k

= m

k

� m

a

k

be

the di�erene between the position of eah observation on two di�erent

rankings.

6

The following test statistis is omputed:

r

s

= 1�

6

P

K

k=1

d

2

k

K(K

2

� 1)

(1)

The observed values of the test statisti are then ompared to adequate

ritial values of the Spearman's rank orrelation oeÆient. This heks

whether the rankings obtained omparing standard TFP indies and those

obtained with the \adjusted" indies are signi�antly di�erent.

Table 3 presents three measures of TFP omputed aording to di�erent

hypothesis on the role of subjetive well-being in prodution: the �rst one

exludes subjetive well-being (TFP

W

); the seond and the third measures

inlude subjetive well-being as an input (TFP

I

) and as an output(TFP

O

)

of prodution, respetively. The last row in the table reports values of

Spearman test for rank orrelation. The test does not indiate signi�-

ant di�erenes among the rankings. This on�rms that all proposed TFP

measures are valid, and that subjetive well-being an be regarded as a

andidate variable for being an input or an output to prodution.

TABLE 3 APPROXIMATELY HERE

6

In other words, d denotes the disrepany between the rank of ountry k given by the

of TFP index m and the rank of the same ountry aording to the well-being-adjusted

TFP index m

a

k

.
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4.2 The impat of well-being on produtivity

The result of the previous setion suggests that it is legitimate to inlude

well-being in a prodution framework. In this setion we explore the role

of subjetive well-being in the prodution proess. In partiular, we hek

whether well-being has a signi�ant impat on produtivity. In doing so,

we also hek whether well-being is an input or an output to prodution,

thus performing a test of reverse-ausality of the relationship well-being -

produtivity.

To study the role of well-being in prodution, we implement a simple

variable-seletion test proedure for DEA models �rst suggested by Pas-

tor, Ruiz and Sirvent (2002). Let us assume that we want to test whether

well-being is an input to prodution, i.e. higher well-being generates pro-

dutivity gains. The test omputes eÆieny indies twie, one time with

subjetive well-being inluded in the input set, and another time with sub-

jetive well-being inluded in the output set. This permits to ompute an

optimal level of output (as measured by GDP), that is the output that

would be produed if ountries were eÆiently using their inputs. Finally,

new produtivity indies are omputed using suh optimal values of GDP,

whih omit subjetive well-being from the set of inputs. This allows us

to interpret any resulting loss of eÆieny as the e�et of (omitted) sub-

jetive well-being. If a ountry remains lose to the frontier, then results

indiate that subjetive well-being does not generate signi�ant eÆieny

gains. In ontrast, if a ountry is displaed from the frontier and experiene

\large" eÆieny losses, results suggest that subjetive well-being plays a

signi�ant role in the prodution of that ountry.

In more detail, produtivity measures are omputed omparing the
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value added of prodution (as measured by GDP) to the used inputs,

namely the stok of physial apital, labour, and subjetive well-being.

An additional produtivity measures is omputed by omparing a vetor

of output (GDP and well-being) to standard inputs, that is, apital and

labour. These omputations give the following eÆieny (produtivity)

sores:

D

I

i

(K;L; SWB;GDP )

D

O

i

(K;L;SWB;GDP )

Here, D denotes the distane of ountry i from the prodution frontier;

the super-sripts I and O mean, respetively, that subjetive well-being is

inluded as an input or as an output to prodution.

7

Seondly, ountry

i's GDP is multiplied by the distane to the frontier to obtain the optimal

output value for that ountry (denoted by GDP

r

i

), as follows:

GDP

r;I

i

= GDP

i

�D

I

i

(K;L; SWB;GDP ) (2)

GDP

r;O

i

= GDP

i

�D

O

i

(K;L; SWB;GDP ) (3)

These are GDP values that should be obtained if inputs were used eÆ-

iently. Lastly, new distanes to frontier are omputed by omparing the

resaled GDP to apital and labour inputs. Thus, omitting well-being

from the output (input) set gives new produtivity measures denoted, re-

7

DEA produes produtivity measures whih allow for ineÆieny and are referred

to as distanes. As the eÆient frontier depits the maximum amount of output that

an be produed given a ertain level of inputs use, it is possible that some ountries are

eÆient and others are not. The eÆient ountries are assigned a sore of 1, whereas

the ineÆient ountries, for whom the level of output orresponds to a point below the

frontier, are assigned sores between 0 and 1.
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spetively, as D

I

i

(K;L;GDP

r;I

) and D

O

i

(K;L;GDP

r;O

).

The key point of this proedure is that the omparison of the eÆieny

measures omputed with and without subjetive well-being provides a mea-

sure of the produtivity gains generated by subjetive well-being and, there-

fore, of the ontribution of subjetive well-being to TFP. The idea of Pas-

tor, Ruiz and Sirvent (2002) is that the use of resaled GDP as measure

of output guarantees that hanges in eÆieny an only be attributed to

the omitted variable (subjetive well-being in this ase). The produtivity

gains generated by well-being are omputed as follows:

R

i

=

D

I

i

(K;L; SWB;GDP

r;I

)

D

I

i

(K;L;GDP

r;I

)

(4)

Note that resaling GDP amounts to impose that all ountries are eÆient

when subjetive well-being belongs to the output (input) set. Thus, the

top term in the ratio R

i

is, by onstrution, always equal to one, while

the bottom term an take any value between zero and one. Any signi�ant

deviation of the eÆieny sores from 1 indiates that subjetive well-being

matters to eÆieny. In partiular, signi�antly large eÆieny gains gen-

erated by well-being imply values of R

i

well above 1. Table 4 presents the

ratio of equation 4 for all periods, as well as overall averages.

TABLE 4 APPROXIMATELY HERE

Figures reveal that when subjetive well-being is inluded in the produ-

tion set as an output, the ratio of the eÆieny sores does not depart from

1, with the exeption of Estonia (EE) and Slovenia (SI). These results tell

us that well-being should not be onsidered an output to prodution (or,

in other words, regarded as a positive externality of a prodution proess).

14



We repeat the same omputations onsidering well-being an input to

prodution. Results show that, in this ase, 13 out of 20 ountries exhibit

a value of the ratio R

i

greater than 1; in 10 ountries the improvement

in performane amounts to more than 10 perent (reported in bold in the

table).

8

A binomial test on�rms, at the one perent signi�ane level, that

well-being should be regarded as an input to prodution. Following Pastor,

Ruiz and Sirvent (2002), the test requires an improvement in eÆieny by at

least 10 perent in at least 15 perent of ountries for the null hypothesis not

to be rejeted. When onsidering a proportion of 30 perent of ountries,

the same onlusion an be reahed at a 5 perent on�dene level. These

results are onsistent aross ountries and over time.

9

Figure 2 provides a graphial summary of the results presented above.

The �gure ranks ountries aording to the average perent eÆieny gain

per unit of subjetive well-being. The bar plot shows for eah ountry

how muh gain in eÆieny an be attained if average subjetive well-

being inreases by one unit. For instane, the produtive eÆieny in

Frane would inrease by 4% if the average subjetive well-being inreases

by one point. Hene, �gure 2 an also be interpreted as a representation

of the ontribution of produtive eÆieny to subjetive well-being.

10

The

ountries where subjetive well-being ontributes the most to eÆieny

8

A sore of 1.26, for example, as in the ase of Germany, means that the resaled

GDP of a ountry ould be inreased by 26% by inluding well-being in the input set.

9

Following Simar and Wilson (1998, 2000b,a), eÆieny estimates were also obtained

using a bootstrap proedure, resaling GDP so that bootstrap estimates were lose to

unity. This on�rmed the main result in the artile that subjetive well-being should

not be regarded as an output to prodution: also in this ase, ten ountries exhibit a

large marginal e�et when well-being is inluded as an input to prodution. Results are

available from authors on request.

10

The hanges in eÆieny following a unit hange in well-being should not be inter-

preted as the elastiities omputable in a standard eonometri framework. Note that

it is not possible to ompute derivatives of a piee-wise linear frontier.
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gains are Germany, Frane and Poland. We also doument that, in 7 out

of 20 ountries, subjetive well-being does not play any signi�ant role on

produtivity. In this group, we �nd ountries suh as Slovakia, Slovenia,

Estonia, but also Denmark, Finland, Norway and Ireland. Estonia and

Slovenia are two important exeptions beause, as doumented in the last

olumn of table 4, in these ases subjetive well-being is an output of

prodution, rather than an input.

FIGURE 2 APPROXIMATELY HERE

These results are mirrored by the TFP indies reported in olumn 3 of

tab. 1 in the Appendix. In this ase it is possible to ompare the sores of

the TFP omputed with and without the input of subjetive well-being. As

pointed out above, the inlusion of subjetive well-being in the omputation

leads to slightly larger sores than in absene of well-being. This further

on�rms the observation that subjetive well-being is part of the ingredients

of TFP and that its role is not homogeneous aross ountries.

4.3 Job Satisfation

Our results use subjetive well-being at aggregate level. Yet, one may argue

that what matters for produtivity is not the general level of well-being of

a soiety, but the well-being of those who partiipate to prodution ativ-

ities, i.e. what the literature refers to as job satisfation. Unfortunately,

the ESS provides limited information on job satisfation, whih prevents

us from repliating our estimates. To overome this problem, we repeated

our analysis using the life satisfation of people in working age, i.e. indi-

viduals with an age omprised between 18 and 65 years. Our results are
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robust to this di�erent measure of subjetive well-being and they on�rm

our onlusion that people's well-being ontributes to produtivity.

11

This

evidene suggests that not only poliy-makers should promote poliies for

well-being, but also entrepreneurs should are for the well-being of their

employees as a way to inrease �rms' produtivity.

5 Conlusions

This artile fouses on subjetive well-being, produtive eÆieny and TFP.

Several studies provided theoretial and empirial support to the hypoth-

esis that subjetive well-being leads to produtivity gains through eÆ-

ieny gains. These studies, however, are largely based on the analysis

of individual-level data, and ad-ho experiments. We ontribute to this

literature testing whether well-being explains Total Fator Produtivity

(TFP) using Data Envelopment Analysis (DEA) on aggregate data. Re-

sults rest on a sample of 20 European ountries observed between 2004

and 2010. Data on well-being are drawn from the European Soial Survey,

while labor, apital and GDP are soured from the AMECO database.

We identify signi�ant eÆieny gains when subjetive well-being is

an input to prodution. In other words, ountries in whih people report

higher life satisfation are haraterised by higher eÆieny in prodution.

The ontrary does not hold true: gains in produtive eÆieny do not

lead to inreased life satisfation. Present results are on�rmed also after

relaxing the hypothesis of free disposability of subjetive well-being, and

after substituting people's life satisfation with the one of individuals of

working age.

11

Results available upon request to the authors.
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The evidene that subjetive well-being is an input and not an output to

prodution on�rms the results of previous literature (Harter and Shmidt,

2000; Harter, Shmidt and Keyes, 2003; Edmans, 2012). This result also

suggests that, at least in our sample of ountries, produtivity gains { and

therefore eonomi growth { do not ontribute to well-being, providing an

alternative test of the Easterlin paradox.

In summary, the main impliation of this analysis is that subjetive

well-being an be regarded, along with other eonomi variables, as one of

the determinants of TFP, that is, one of the omponents of the produtivity

\blak-box". Following an interpretation �rst suggested by Edmans (2012),

subjetive well-being an be regarded as one of eonomies' intangible assets.

Contrary to the ommon belief of a trade-o� between people's well-

being and the ahievement of eonomi objetives, our �ndings imply that

poliies may foster eonomi growth through the promotion of life satisfa-

tion. Many studies have shown that it is possible to take onrete ations to

support and promote people's well-being beyond the traditional eonomi

poliies. In partiular, enhaning individuals' freedom and autonomy, self-

expression, soial partiipation, feeling of belonging, and ontrol over their

own time and spae would signi�antly ontribute to people's well-being

(Helliwell, 2011; Bartolini, 2013). Our results also support the view that

inentive shemes based on intrinsi rather than extrinsi motivations (that

is, inentive aiming at promoting job ommitment rather than monetary-

based ones) may help foster job satisfation hene �rms' eonomi perfor-

manes (Kasser and Ryan, 2001; Dei and Flaste, 1996; Dei and Ryan,

1985).

One issue with this study is that DEA is essentially a ross-setional
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framework to study produtive eÆieny. It departs from traditional eono-

metri regression-based modelling and, as suh, it does not allow to test

ausality (in the Granger time-series sense). Another problem is that the

relation between well-being and produtivity may be a�eted by a simul-

taneity bias. Endogeneity has reeived little attention in the �eld of Data

Envelopment Analysis, but a reent ontribution has highlighted that it

may lead to biased estimates of eÆieny (Cordero, Sant��n and Siilia,

2015). We an not rule out this possibility. However, if one onsiders ef-

�ieny omputed using only apital and labour as an unbiased estimate

of true eÆieny sores, than the orrelation between well-being and eÆ-

ieny is only 0.49 for the whole sample (0.29, 0.41, 0.60, and 0.68 for 2004,

2006, 2008 and 2010, respetively). Furthermore, it is plausible that if the

relationship we estimate is endogenous, then we should �nd that well-being

is at the same time an input and an output to prodution, but the data do

not support this onlusion.

A possible interpretation of this result is that well-being is an intangible

fator to prodution related to job satisfation, soial apital, trust, quality

of the management, and other relational aspets whih omplement other

intangible assets { suh as human apital, and skills { that have been

identi�ed in the produtivity literature. Moreover, our results support

Easterlin's view that eonomi growth does not neessarily lead to higher

well-being. Vieversa, we �nd that higher aggregate well-being leads to

higher produtivity, whih, in turn, generates higher rates of eonomi

growth. A further impliation of this analysis is that it is possible to

onstrut produtivity measures that take into aount intangible fators

of prodution using self-reported measures of well-being.
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A Appendix: The DEA method

DEA rests on a theoretial framework where, given ertain levels of in-

puts use and the available tehnology, there exists a level of output that

annot be exeeded | and might not be attained | by the operating eo-

nomi units (Farrell, 1957). Operating units an be �rms, industries, or

ountries. These maximal levels of output de�ne the so-alled eÆient (or

best-pratise) frontier. The distane between the frontier and the level of

prodution reorded for eah operating unit gives a measure of the produ-

tive ineÆieny of that unit. For more details on the method, one an see

F�are, Grosskopf and Lovell (1994). These authors present the theoretial

foundation of the approah, while Coelli et al. (2005) provide an aessible

introdution to eÆieny measurement.

Formally, let y and x denote, respetively, the vetors of outputs and

inputs to prodution. Assume onvexity, free disposability of inputs and

outputs, and onstant returns to sale (CRS). (Later in the paper we will

disuss the assumption of inputs' free disposability.)

12

Computing measures

of operating units' produtive eÆieny requires solving, for eah unit j and

eah period t, linear programs (LP) formulated as follows:

Max
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12

The CRS assumption is easily relaxed in this setting, by adding the onstraint that

the �s parameter sum to unity.
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(Here, units are indexed by k, inputs by n and outputs by m; the �s denote

a set of weights.) The linear program onstruts a virtual tehnology given

by linear ombinations of inputs and outputs used/produed. The goal

is to maximize the output of unit j, under the onstraint that no unit

an operate beyond a onvex set de�ned by the virtual tehnology and

that weights are non negative. The value taken by � tells to what extent a

unit ould inrease its produe by using available resoures more eÆiently.

Note that the parameter �

�1

takes values between zero and one. If a unit

is eÆient, then �

�1

= 1, meaning that the unit annot attain higher levels

of prodution without inreasing the use of inputs. In ontrast, values

of �

�1

below unity ould produe more using more eÆiently its existing

resoures. Thus, �

�1

provides an estimate of the units' eÆieny \sores".

DEA tehnologies are time spei�. TFP growth rates are omputed by

linking the eÆieny sores �s omputed for two adjaent time periods. Let

�

�1

= D

t

(x

t

;y

t

), where D denotes the distane of an operating unit to the

frontier. Developing an idea �rst suggested by Malmquist (1953), Caves,

Christensen and Diewert (1982) de�nes the (Malmquist) produtivity index

as follows:

M

t+1

=

D

t

(x

t+1

; y

t+1

)

D

t

(x

t

; y

t

)

; (9)

For eah operating unit k, this index is the ratio of the distanes to the

eÆient frontier at time t omputed omparing output and inputs of two

subsequent periods (t and t + 1). Thus, the Malmquist index indiates

how the eÆieny of operating units evolves between two periods. Doing

so requires \�xing" the tehnology (expressed by the frontier) at a ertain

point in time. Clearly, it is also possible to write the same index using the

tehnology in t+1. To avoid the arbitrary hoie of a referene tehnology,
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F�are, Grosskopf and Lovell (1994) propose to use a geometri average of

the Malmquist indies obtained using the tehnologies available in t and

t+ 1:

M

t;t+1

=

��

D

t

(x

t+1

; y

t+1

)

D

t
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t

; y

t
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t+1
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)

D
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(x

t

; y

t

)

��

1

2

; (10)

Equation 10 onsiders how muh a unit ould produe using the inputs

available in t + 1, if it used the tehnology at time t, and how muh a

unit ould produe using the inputs available in t, if it used the tehnology

available in t + 1, and takes the geometri mean of the answers to these

two questions. If, for example, the output resulting from the use of inputs

in t + 1 were halved when using as referene tehnology the frontier in t,

and the output from the use of inputs in t were doubled when using as

referene tehnology the frontier in t+1, the index above would show that

a substantial tehnology progress has ourred from period t to t+1. Here,

the CRS assumption is ruial to the interpretation of the Malmquist index

as a TFP index (Grifell-Tatje and Lovell, 1985).

The seond part of the study establishes whether subjetive well-being

is an output or an input to prodution.

To this purpose, we implement a test developed by Pastor, Ruiz and Sir-

vent (2002), whih proves to perform well under most situations (Nataraja

and Johnson, 2011). This proedure is as follows. Firstly, we ompute eÆ-

ieny indies using the linear program of equation 5. This is done twie,

one time with subjetive well-being inluded in the input set, another time

with subjetive well-being inluded in the output set. Then, we ompute

the level of GDP that would be attained if ountries were eÆiently us-

ing their inputs. (This is done by multiplying the eÆieny sores by the

observed values of GDP.) Finally, we re-alulate eÆieny sores by om-
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paring the optimal values of GDP to apital and labour, thus omitting

subjetive well-being in the set of inputs (or outputs). This allows us to

interpret any resulting loss of eÆieny as the e�et of (omitted) subje-

tive well-being. If a ountry is lose to the frontier, then results indiate

that subjetive well-being does not generate signi�ant eÆieny gains. In

ontrast, if a ountry is displaed from the frontier and experiene \large"

eÆieny losses, results suggest that subjetive well-being plays a signi�-

ant role in the prodution framework of that ountry.

To test signi�ane of the results, Pastor, Ruiz and Sirvent (2002) sug-

gest to perform a simple binomial test. Assume to assign a value of 1 when

eÆieny hanges by more than 10 perent and 0 otherwise. The sum of

suh 1s over the ountries in the sample follows a Binomial distribution.

Therefore,

T =

N

X

j=1

T

j

� Binomial (N � 1; p

0

= 0:15) (11)

where:

T

j

= 1 if hange in eÆieny > 0:1

0 otherwise; j = 1; : : : ; N

Following Pastor, Ruiz and Sirvent (2002), a hange in eÆieny of more

than 10 perent obtained for at least 15 perent of ountries would signal

a signi�ant role of well-being as an input (or output) to prodution.
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B Appendix: TFP growth

Table 1: Average TFP growth and ountry rankings.

Country TFP

W

TFP

I

TFP

O

rank

W

rank

I

rank

O

BE 0.996 0.997 0.996 8 10 9

CH 1.097 1.098 1.096 1 1 1

CZ 1.095 1.094 1.095 2 2 2

DE 1.01 1.008 1.01 4 5 4

DK 0.988 0.989 0.989 13 12 13

EE 0.955 0.955 0.98 18 18 15

ES 0.969 0.969 0.969 16 17 17

FI 0.993 0.993 0.996 10 11 10

FR 0.989 1.008 0.989 12 8 12

GB 0.917 0.922 0.917 20 20 20

GR 0.968 0.971 0.968 17 16 18

HU 0.922 0.928 0.922 19 19 19

IE 0.984 0.987 0.973 14 13 16

NL 1.004 1.008 1.004 6 7 6

NO 0.995 1.001 1.001 9 9 8

PL 1.003 1.014 1.003 7 4 7

PT 0.992 0.985 0.992 11 14 11

SE 1.007 1.008 1.006 5 6 5

SI 0.975 0.975 0.987 15 15 14

SK 1.04 1.041 1.035 3 3 3

Spearman 0.96 0.98

Legend: the �rst three olumns gives average values of the Malmquist produtivity

indies omputed under di�erent hypothesis on the roles of subjetive well-being in the

prodution proess. TFP

W

denotes produtivity indies omputed without subjetive

well-being; TFP

I

and TFP

O

denote TFP measures omputed inluding subjetive

well-being respetively as input (I) and output (O) to prodution. The seond last three

olumns report the positions of the ountries in a ranking formulated aording to their

produtivity performanes. Spearman is the Spearman's rank orrelation.

Soure: authors' omputations on ESS and AMECO data.
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Tables

Table 1: Desriptive Statistis.

Country Codes GDP Labour Capital Well-being

Belgium BE 313.93 6802.75 809.70 7.40

Switzerland CH 348.23 7243.75 995.34 8.02

Czeh Republi CZ 123.60 9083.82 345.10 6.44

Germany DE 2325.83 56585.50 6904.09 6.84

Denmark DK 210.05 4383.03 476.76 8.45

Estonia EE 11.63 1189.31 30.59 6.24

Spain ES 940.05 32810.57 3336.86 7.29

Finland FI 163.77 4171.95 410.43 7.97

Frane FR 1754.61 39633.90 5369.06 6.29

United Kingdom GB 1644.47 47830.28 4589.72 7.07

Greee GR 199.16 9544.37 719.72 6.05

Hungary HU 85.53 8205.18 180.53 5.53

Ireland IE 167.41 3670.54 471.99 7.19

Netherlands NL 536.34 11812.95 1452.38 7.57

Norway NO 236.76 3538.00 641.63 7.81

Poland PL 274.68 31010.17 524.37 6.69

Portugal PT 157.08 9807.30 440.80 5.65

Sweden SE 306.18 7192.63 919.29 7.86

Slovenia SI 30.75 1621.47 69.46 6.94

Slovakia SK 56.01 3829.14 86.18 6.11

Legend: Country average values over the period. Units: GDP and apital stok are in

billion euros and onverted using purhasing power parities (PPP); employment is

measures in thousand workers (FTE).

Data soure: AMECO, ESS.
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Table 2: Subjetive well-being by ountry.

Country 2004 2006 2008 2010 average % growth

BE 7.43 7.41 7.27 7.51 7.40 0.36

CH 8.01 8.03 7.91 8.14 8.02 0.56

CZ 6.41 6.49 6.57 6.30 6.44 -0.53

DE 6.70 6.71 6.84 7.11 6.84 2.03

DK 8.47 8.48 8.52 8.35 8.45 -0.46

EE 5.89 6.37 6.20 6.52 6.24 3.56

ES 7.12 7.45 7.26 7.32 7.29 0.93

FI 8.00 7.99 7.94 7.94 7.97 -0.24

FR 6.37 6.32 6.26 6.21 6.29 -0.87

GB 7.03 7.13 7.02 7.10 7.07 0.31

GR 6.39 6.19 5.98 5.65 6.05 -4.01

HU 5.65 5.33 5.31 5.84 5.53 1.32

IE 7.69 7.48 7.14 6.46 7.19 -5.64

NL 7.48 7.48 7.62 7.69 7.57 0.93

NO 7.66 7.76 7.89 7.93 7.81 1.18

PL 6.22 6.67 6.87 7.01 6.69 4.04

PT 5.62 5.47 5.62 5.87 5.65 1.53

SE 7.84 7.83 7.86 7.91 7.86 0.28

SI 6.90 6.97 6.93 6.97 6.94 0.36

SK 5.59 6.08 6.37 6.41 6.11 4.73

Legend: �gures are average subjetive well-being levels; % growth is the average of the

variable's yearly rates of growth.

Data soure: ESS, 2004 - 2010.
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Table 3: Average TFP growth and ountry rankings.

Country TFP

W

TFP

I

TFP

O

rankW: rankI: rankO:

BE -0.40 -0.30 -0.40 8 10 9

CH 9.70 9.80 9.60 1 1 1

CZ 9.50 9.40 9.50 2 2 2

DE 1.00 0.80 1.00 4 5 4

DK -1.20 -1.10 -1.10 13 12 13

EE -4.50 -4.50 -2.00 18 18 15

ES -3.10 -3.10 -3.10 16 17 17

FI -0.70 -0.70 -0.40 10 11 10

FR -1.10 0.80 -1.10 12 8 12

GB -8.30 -7.80 -8.30 20 20 20

GR -3.20 -2.90 -3.20 17 16 18

HU -7.80 -7.20 -7.80 19 19 19

IE -1.60 -1.30 -2.70 14 13 16

NL 0.40 0.80 0.40 6 7 6

NO -0.50 0.10 0.10 9 9 8

PL 0.30 1.40 0.30 7 4 7

PT -0.80 -1.50 -0.80 11 14 11

SE 0.70 0.80 0.60 5 6 5

SI -2.50 -2.50 -1.30 15 15 14

SK 4.00 4.10 3.50 3 3 3

Spearman 0.96 0.98

Legend: the �rst three olumns give average TFP growth (in perent) under di�erent

hypothesis on the roles of subjetive well-being in the prodution proess. Average

growth rates have been omputed as geometri means over the period. Thus, TFP

denotes produtivity indies omputed without subjetive well-being; TFP

I

and TFP

O

denote TFP measures omputed inluding subjetive well-being respetively as input (I)

and output (O) to prodution. The seond last three olumns report the positions of the

ountries in a ranking formulated aording to their produtivity performanes.

Spearman is the Spearman's rank orrelation.

Soure: authors' omputations on ESS and AMECO data.
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Table 4: EÆieny gains generated by subjetive well-being.

Input Output

2004 2006 2008 2010 2004 2006 2008 2010

ratio ratio ratio ratio average ratio ratio ratio ratio average

BE 1.06 1.04 1.04 1.00 1.04 1.00 1.00 1.00 1.00 1.00

CH 1.08 1.06 1.04 1.00 1.05 1.00 1.00 1.00 1.00 1.00

CZ 1.10 1.10 1.18 1.14 1.13 1.00 1.00 1.00 1.00 1.00

DE 1.32 1.29 1.17 1.26 1.26 1.00 1.00 1.00 1.00 1.00

DK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.00

EE 1.00 1.00 1.00 1.00 1.00 1.39 1.49 1.72 1.80 1.60

ES 1.11 1.08 1.25 1.23 1.16 1.00 1.00 1.00 1.00 1.00

FI 1.00 1.00 1.00 1.00 1.00 1.01 1.01 1.01 1.02 1.01

FR 1.27 1.26 1.15 1.32 1.25 1.00 1.00 1.00 1.00 1.00

GB 1.11 1.07 1.27 1.27 1.18 1.00 1.00 1.00 1.00 1.00

GR 1.08 1.06 1.16 1.09 1.10 1.00 1.00 1.00 1.00 1.00

HU 1.13 1.14 1.26 1.20 1.18 1.00 1.00 1.00 1.00 1.00

IE 1.00 1.00 1.01 1.00 1.00 1.03 1.02 1.01 1.03 1.02

NL 1.13 1.10 1.07 1.10 1.10 1.00 1.00 1.00 1.00 1.00

NO 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

PL 1.18 1.15 1.32 1.29 1.24 1.00 1.00 1.00 1.00 1.00

PT 1.11 1.10 1.20 1.12 1.13 1.00 1.00 1.00 1.00 1.00

SE 1.06 1.04 1.04 1.00 1.04 1.00 1.00 1.00 1.00 1.00

SI 1.00 1.00 1.00 1.00 1.00 1.12 1.15 1.18 1.26 1.18

SK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Legend: the �rst four olumns provide the R

i

ratios from equation 4 for eah period of

the sample and eah ountry when subjetive well-being is an input to prodution; the

�fth olumn reports period averages for eah ountry. The remaining olumns give the

same information when subjetive well-being is an output to prodution.

Soure: authors' alulations on ESS and AMECO data.
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Soure: authors' own elaboration on AMECO and ESS data.

Figure 1: Correlation between TFP growth and SWB.
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Soure: authors' omputation on ESS and AMECO data.

Figure 2: EÆieny gains from subjetive well-being.
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