A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Schmitt, Maike

Working Paper

Subjective well-being and air quality in Germany

SOEPpapers on Multidisciplinary Panel Data Research, No. 541

Provided in Cooperation with:

German Institute for Economic Research (DIW Berlin)

Suggested Citation: Schmitt, Maike (2013) : Subjective well-being and air quality in Germany,
SOEPpapers on Multidisciplinary Panel Data Research, No. 541, Deutsches Institut fur

Wirtschaftsforschung (DIW), Berlin

This Version is available at:
https://hdl.handle.net/10419/69906

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/69906
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Subjective Well-Being
and Air Quality
In Germany

Maike Schmitt

\Diw D



SOEPpapers on Multidisciplinary Panel Data Research
at DIW Berlin

This series presents research findings based either directly on data from the German Socio-
Economic Panel Study (SOEP) or using SOEP data as part of an internationally comparable
data set (e.g. CNEF, ECHP, LIS, LWS, CHER/PACO). SOEP is a truly multidisciplinary
household panel study covering a wide range of social and behavioral sciences: economics,
sociology, psychology, survey methodology, econometrics and applied statistics, educational
science, political science, public health, behavioral genetics, demography, geography, and
sport science.

The decision to publish a submission in SOEPpapers is made by a board of editors chosen
by the DIW Berlin to represent the wide range of disciplines covered by SOEP. There is no
external referee process and papers are either accepted or rejected without revision. Papers
appear in this series as works in progress and may also appear elsewhere. They often
represent preliminary studies and are circulated to encourage discussion. Citation of such a
paper should account for its provisional character. A revised version may be requested from
the author directly.

Any opinions expressed in this series are those of the author(s) and not those of DIW Berlin.
Research disseminated by DIW Berlin may include views on public policy issues, but the
institute itself takes no institutional policy positions.

The SOEPpapers are available at
http://www.diw.de/soeppapers

Editors:
Jurgen Schupp (Sociology, Vice Dean DIW Graduate Center)
Gert G. Wagner (Social Sciences)

Conchita D’Ambrosio (Public Economics)

Denis Gerstorf (Psychology, DIW Research Director)

Elke Holst (Gender Studies, DIW Research Director)

Frauke Kreuter (Survey Methodology, DIW Research Professor)
Martin Kroh (Political Science and Survey Methodology)

Frieder R. Lang (Psychology, DIW Research Professor)

Henning Lohmann (Sociology, DIW Research Professor)

Jorg-Peter Schrapler (Survey Methodology, DIW Research Professor)
Thomas Siedler (Empirical Economics)

C. Katharina Spiel3 (Empirical Economics and Educational Science)

ISSN: 1864-6689 (online)

German Socio-Economic Panel Study (SOEP)
DIW Berlin

Mohrenstrasse 58

10117 Berlin, Germany

Contact: Uta Rahmann | soeppapers@diw.de



Subjective Well-Being and Air Quality in Germany
Maike Schmitt*
TU Darmstadt

February 5, 2013

*Technische Universitaet Darmstadt. Department of Law and Economics, Residenzschloss, Marktplatz
15, D-64283 Darmstadt, Germany, Tel.: 449 6151 162093, Fax: +49 6151 163897, E-Mail: schmitt@vwl.tu-
darmstadt.de



Abstract

This paper analyses the relation between air quality and subjective well-being in Germany.
Life Satisfaction (LS) data from the German Socio-Economic Panel Study (SOEP) is connected
with daily county pollution in terms of carbon monoxide (CO), nitrogen dioxide (NO2) and
ozone (03) from 1998 to 2008. The assumed microeconometric happiness function is estimated
considering individual time invariant effects. It is observed that O3 has a significant negative
impact on life satisfaction. The estimated influence of current CO as well as NO2 is not
significant. Moreover, I found that LS of people with environmental worries is more affected by
ozone pollution. This was not the case for people with a bad health status. Using the marginal
rate of substitution between income and air pollution, it is calculated that an increase of one
pg/m?3 in daily average county O3 has to be compensated by an increase of € 11.33 in monthly
net household income to hold an average individual’s LS constant.

Key Words: life satisfaction, air pollution, environmental quality



1 Introduction

The analysis of welfare in a non monetary sense has become an important issue in political
discussions as well as in economic research in recent years. A very popular and distinctive
example can be found in South Asia in the state of Bhutan, where the so called Gross National
Happiness is established even by law. The goal of Bhutan’s economic policy is to increase
growth in terms of happiness instead of traditional measures like GDP or national income!.
Following this popular example, UK’s government introduced a Gross Emotional Prosperity
Index in order to measure subjective well-being of the population?. In the United States
similar activities are initiated. Psychological as well as economic experts are instructed by
policy makers to define a measure of well-being that might be integrated in official statistics®.
Also in Germany policy makers call attention to happiness. For instance, the Federal Min-

4 in order to describe a

istry of Finance recently has published the Economics of happiness
possible new guiding principle for financial policy. Another suitable example for the rising
relevance of life satisfaction in the German society is the so called Glicksatlas. Based on

data from the German Socio Economic Panel (GSOEP), the Glicksatlas provides detailed

information on the socioeconomic determinants of happiness on a generally accessible platform®.

Economic studies on life satisfaction (LS) can be attributed to the early work of |Easterlin
(1974). Tt is assumed, that if we own enough, our satisfaction with life depends on other
variables than consumption (Easterlin, [2003). Thus, economic studies on LS, try to identify

these other variables. A growing literature evolved around this goal®.

The current paper analyses air quality as one determinant of LS. Thus, it connects two very
important subjects of today’s political discussion: alternative measures of welfare and rising
problems induced by man-made air pollution. LS can be affected by air pollution through two
different channels: the impact can be direct as well as indirect. By the term direct, it is meant
that air pollution affects the earth’s atmosphere and human mood adjusts to this”. Speaking
about an indirect effect means that air pollution has a strong impact on human health which in
turn is positively correlated with LS®. In conclusion there might be a negative influence on LS.
According to the World Health Organization (WHO)?, it is known that air pollution is even

the most dangerous environmental risk. Especially respiratory and heart diseases increase with



the level of pollution. For instance, it is estimated that in urban areas, 1.3 million people die
due to air pollution. A detailed description of the impact of the considered pollution variables

will be given later on in the analysis of this paper.

Moreover, research on subjective well-being provides a new possibility to answer the complicated
question on how to evaluate environmental conditions. In previous research two approaches can
be found to evaluate the public good air quality: firstly, welfare losses can be calculated by a
hedonic price approach using housingprices. Secondly, individuals can directly be asked about
their willingness to pay for a reduction of pollution. In the framework of happiness research,

pollution now can be evaluated using the estimated impact on LS (Frey et al., [2009).

This study contributes to previous research by broadening the range of analyzed pollution vari-
ables in Germany. Moreover, the connection of data on LS and air quality is very close in time
and geographical distance. This makes it possible to observe the impact of current pollution
levels. Additionally, the implemented model controls for weather conditions that might affect
the level of current pollution levels. Finally, an estimation approach was implemented, which
allows for individual fixed effects. On all of these aspects insufficient attention was paid on in
previous studies. The goal of the current work is to identify the relation between air quality

and LS in Germany and to evaluate an increase in the pollution variables in monetary terms.

The paper is organized as follows: section 2 provides a short overview of previous em-
pirical research on the determinants of subjective well-being and the impact of air pollution on
LS in particular. In the two subsequent sections the data on LS and air pollution is considered
in detail. Section 5 begins with a precise description of the data connecting process and
the implemented methodological approach. Afterwards observed results are presented and

evaluated in monetary terms. In section 6 concluding remarks are given.

2 Empirical Evidence

There is a wide range of empirical studies, analyzing the determinants of LS in industrialized

countries. For an introduction to the research field, Frey and Stutzer| (2002)) provide an appropri-
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ate overview. The following cited articles are given examples for the common results listed below.

According to happiness research in economics, subjective well-being is positively influenced by
income (Di Tella et al., [2003) and a good health status (Gerdtham and Johannesson, 2001).
People living together with children show up higher levels of LS than others (Theodossiou,
1998). This holds also for married people, even if there is evidence that after marriage induced
happiness increases, people tend to converge back to their baseline satisfaction levels (Lucas
et al., 2003). A negative impact on LS has been observed, for instance, for the variables
unemployment (Clark and Oswald, [1994; Knabe and Rétzel, |2010) and inflation (Di Tella et al.,
2001)). Regarding the influence of the individual’s age, effects are not as unique as for the other
variables. An often described result in previous research is a U-shaped age specific pattern, i.e.
people in middle ages are happier than old and young individuals (Theodossiou, [1998). These
standard socio economic variables influencing LS are considered as controls in the empirical

analysis of the current paper.

By now, there is only little empirical evidence on the impact of environmental quality
on LS in economic research!?. In the present study, the focus is on air pollution as one deter-
minant of environmental quality. Previous studies might be distinguished into two sections: A
macro as well as a microeconomic perspective can be undertaken to demonstrate constraints in
people’s LS induced by air pollution. Most economic studies on the relation between LS and air
pollution use a macroeconomic approach, i.e. data on aggregated LS and pollution is regarded.
For instance, [Welsch| (2006) analyzed ten European countries. Connecting data on LS from the
World Database of happiness'' and average levels by country and year on nitrogene dioxide,
particulate concentration and lead concentration, he found out that air pollution significantly
determines inter-country LS. Luechinger (2010)) also observed a negative impact on LS. Using
data from 13 European countries, he measured that sulfur dioxide pollution decreases subjective

well-being.

The current paper undertakes a study of LS on the individual level. This approach was
only applied by a sparse range of studies in previous research, especially in Germany. In
the current context, the most important one is the study of [Luechinger| (2009). He analyzed

the impact of yearly averages of sulfur dioxide on individual LS in Germany and found a

3



significant negative effect. Another study also using individual data from the SOEP is the
work of |Rhedanz and Maddison (2008). They used environmental quality measured in terms
of how an individual feels affected by pollution and noise. It was observed that higher levels
in both variables significantly decrease individual LS. However, it is to be questioned whether
these variables are an adequate indicator of real air pollution. Coneus and Spiess (2012) also
combined pollution and SOEP data. They observed a significant negative impact of pollution
on infant health. In the work of Ferer-1 Carbonell and Gowdy (2007) LS data from the British
Houshold Panel Survey was analyzed. They found a negative impact of ozone pollution on LS.
MacKerron and Mourato| (2009)) implemented a study on LS of London’s population. They also

observed a significant loss in LS when the mean nitrogen dioxide concentration increases.

To the best knowledge of the author, at the current state of knowledge, weather condi-
tions are only sparsely considered in previous empirical analysis. But there is evidence that
weather significantly determines pollution levels as well as subjective well-being (Umweltbun-
desamt, 2009; Rhedanz and Maddison, 2005)). Thus, weather is an omitted variable when it is
excluded from the analysis of the impact of pollution on LS. This is another gap, the current

research tries to bridge. A precise discussion of this problem is provided in section 5.

3 How happy is Germany?

The LS data used in this analysis is taken from the German socio-economic panel (SOEP).
This is a longitudinal study of German private households which started in 1984. By now every
year about 20,000 individuals are sampled. The SOEP consists of 8 subsamples from which 6

12 The questions deal, for example, with employment, earnings

are included in the analysis.
and health!3. Specific attention is also paid on indicators of LS. The main independent variable
used in the current study as measure for the latent variable subjective well-being, is the answer

to the following question:

How satisfied are you with your life, all things considered?

Hereto, the interviewee is asked to answer according to a scale from 0 to 10, where 0 means
completely dissatisfied and 10 stands for completely satisfied**. This is a common used indicator

for LS. Table provides descriptive statistics on LS.
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Table 1: Descriptive Statistics on LS

Whole Germany East West

all male female all male female all male female
N 110,481 52,919 57,562 29,050 13,977 15,073 81,431 38,942 42,489
mean 6.821 6.825 6.818 6.388 6.397 6.381 6.976 6.979 6.973
Std. Dev. 1.769 1.760 1.777 1.740 1.737 1.743 1.753 1.742 1.763

Notes: Data source: SOEP, version 2011. Columns report descriptive statistics on average LS for the
whole of Germany and distinguished by East and West Germany. Statistics calculated for the entire population
as well as separately for each gender.

N includes the number of observations excluding individuals with non response. The average
LS of the entire population over whole Germany was almost 7. This is consistent with previous
studies analyzing the SOEP!®. On average, people living in West Germany are more satisfied
with their lives than individuals from East Germany. This coincides with the results of the
German Glicksatlas, which is also based on information of the SOEP. Regarding the gender no

obvious differences in average LS were observed.

4 Air quality in Germany

According to the report of the German Environmental Federal Office, pollutant emissions in
Germany had been reduced over the past 20 years by the introduction of new technologies
(Umweltbundesamt|, |2009)). Nevertheless, this trend is not observed for air pollution parameters,
i.e. pollution levels in Germany did not decrease proportionally. This might be due to the
fact that emissions underly transformations when they are exhausted in the atmosphere.
In particular, meteorological conditions strongly affect the distribution of pollutants. For
example, weather situations with a high exchange between air layers lead to higher spreading
of the particles and thus to less concentration of pollutants and vice versa. These and other
determinants lead to the fact that pollution differs between regions. For instance, nitrogen
dioxide has higher levels in urban areas, while ozone induced burdens are often harder in rural

regions.

In this research, air quality is measured by three different pollution parameters. These
5



are carbon monoxide (CO), nitrogen dioxide (NO2) and ozone (03). They are standard
variables, by which air quality in Germany is controlled. The impact of fine particles on LS
would be another important research field, but unfortunately there is no data available for
the whole period of the analysis. The gaseous pollutants CO and NO2 are mainly produced
by combustion processes (e.g. heating or traffic). O3 on the ground level is one of the major
types of smog. It is the output of the reaction of sunlight with other pollutants like nitrogen
oxides. The pollution data was provided by the German Environmental Federal Office!”. I
use daily averages of the pollutants from all measuring stations within a county. Thereby,
stations in urban as well as in rural areas were considered. The approach has the advantage
that the generally higher pollution levels measured close to main roads are compensated by
observed levels from rural stations that tend to be lower. Overall the data used in this study
was collected by 765 stations. Of course, the observations are all outside measurements. In
the ideal case one should use inroom pollution levels to analyse the effect on LS as well, since
most people spend most of their time inside buildings. Unfortunately, information on this is
not available at present. Thus, I use outside pollution as a proxy for every pollution people are

affected by over the day.

In Table average pollution levels over the whole of Germany are reported'®. The av-
erage level of CO pollution per county was almost 0.68 mg/m?, which seems not too bad
in comparison to the threshold value for human health protection of a maximum eight hour
average of 10 mg/m?3 per day. In most European countries, CO concentrations are below the
limits'?. The same holds for NO2 pollution, which was observed at an average of around 27.7
pg/m3. Compared to other European countries, NO2 pollution is relatively high in Germany.
Average O3 levels are closest to the critical threshold, at a value of almost 45 pg/m?3, and
maximum levels clearly exceed the threshold value. Since O3 highly depends on sunlight, the
pollution in Germany is relatively high compared to Scandinavian countries and moderate
compared to countries in the Mediterranean region of Europe. Moreover, the standard deviation
of all three pollution variables shows sufficient randomness to have an impact on daily values
in LS. This phenomenon is also illustrated in Figure at the example of Mecklenburg-West

Pomerania in the year 2005. Any other state and year could also have been chosen to illustrate
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Figure 1: Randomness in average air pollution
Example of Mecklenburg-West Pomerania in 2005
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Notes: Own Calculations. Data Source: German Environmental Federal Office. Average daily air pollution in Mecklenburg-
West Pomerania in 2005. x-axis counts days from Jan 1 to Dec 31. NO2 and O3 levels measured in pg/m3, CO levels

measured in mg/m3.

a similar picture.

Table 2: Average pollution degrees over the whole of Germany

CO NO2 03

unit of

3 3 3
measure mg/m ng/m wug/m
daily average
county level 0.6809 27.7088 44.734
min 0.0015 0.0278 0.3375
max 15.5 80.5625 135.787
std. dev. 1.1617 11.1375 22.0320
Threshold value 10mg/m? 200pg/m?> 120ug/m?
for human health max 8h average 1h average 8h average
protection per day max on 18 days max on 25 days

per year per year

Notes: Own calculations.

Data Source:

German Environmental Federal Office. First part describes daily

pollution parameters calculated as average per day and county. Measuring stations with rural as well as with
urban background were included. Bottom part includes threshold values for protection of public health from the
official website of the German Environmental Federal Office?° given by EU Directives 2008. All threshold values
based on normalized conditions of a temperature equal to 293 K and pressure of 101,3 kPa.

If the mean pollution of each of the variables is considered separately for each state, it shows up

that there is much variation between the geographical regions as well as between the different

pollution variables. Figure illustrates average daily air pollution by state. Using variance

analysis methods the significance of these varieties can be verified. The highest mean CO level
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was observed in Schleswig-Holstein at a value of 0.757 mg/m? while the minimum average value
was measured in Berlin at a level of 0.360 mg/m3. Average NO2 was highest in Bavaria (33.450
pg/m?), whereas the minimum value of 18.894 11g/m? was measured in Lower Saxony. The high-
est average O3 pollution was observed in Brandenburg, where daily averages exceeded 51 ug/m?.

The lowest levels occured in North-Rhine Westphalia: the daily O3 average was below 39 ug/m?3.

Beside the variation between different states, also a clear seasonal variation can be observed

for each of the pollutants. Figure (3)) illustrates the different pictures for all of them: O3 is

highest in the summer and low in the winter, whereas for the other two pollutants a U-shaped

pattern is observed with peaks at the beginning and the end of the year. This coincides with
1

the variable descriptions of the German Environmental Federal Office?!. The same picture

evolves, when the seasonal trend of the pollutants is regarded separately for each state.

All of the considered pollution variables can be expected to influence LS. Firstly, they determine
the environmental atmosphere people live in and it is expected that LS is adjusted to environ-
mental changes. Moreover, following the information of the WHO?2, it is known that each of
the parameters influences human health, which in turn implies a negative impact on LS. In the
case of NO2 pollution, it was observed that child bronchitis and asthmatic diseases increase with
higher long term levels. In addition, reduced lung functions are linked to it. Regarding pollution
in terms of O3, a positive impact on breathing problems, asthma, reduced lung functions and
lung diseases in general is measured. Finally, CO pollution affects human health in that people
poison oneself by breathing the gas. Depending on the degree of poisoning the symptoms reach
from headaches and sickness to consciousness disturbance. CO pollution therefore induces the

most immediate effects.

5 Empirical Analysis

5.1 Connecting the data

One main weakness of previous studies analyzing the relation between air pollution and LS
lies in the interpolation of the two data sets. To the best knowledge of the author, by now
there is no study using the SOEP, in which the interpolation of pollution data is close in time.

Generally air pollution is measured in yearly averages, which leads to criticism in three points:
8



Figure 2: Average Air

pollution by State
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Notes: Own Calculations. Data Source: German Environmental Federal Office. Average air pollution parameters from

1998 to 2008 for each state separately. NO2 and O3 levels measured in pg/m?3, CO levels measured in mg/m3.




Figure 3: Seasonal Air Pollution
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Notes: Own Calculations. Data Source: German Environmental Federal Office. Average seasonal trend for each pollution

parameter separately. NO2 and O3 levels measured in ug/m3 CO levels measured in mg/m3.

Firstly, pollution levels underlie a clear seasonal trend as it was shown in the previous section
in Figure (3). Also the interview date is unevenly distributed over the year. In Figure the

distribution of the interview month is illustrated.

Figure 4: Month of Interview

Density

month

Notes: Distribution of month of interview over the year. Months counted from 1 to 12.

If yearly averages are used for the analysis, these fluctuations and their influence on LS are
not taken into account. Secondly, if pollution is measured in yearly averages, also information
which lies in the future from the perspective of the interview date is considered to explain
current LS, which makes no sense. Finally, from psychological research it is known that LS
itself underlies fluctuations in short time windows because the answer to the question on how
happy the respondent is, strongly depends on his or her current mood??. Thus, to identify the
relation of current pollution and current LS, it is inevitable to interpolate the data close in
time. In conclusion, it has to be mentioned, that if a negative impact of current pollution on

LS can be observed, this would imply that policymakers should rethink general guidelines of
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pollution restrictions in order to protect people. By now, all restrictions are at the year level.

Another point one might argue about is the unevenly distribution of the interview date. People
that are interviewed in the later months of the year perhaps were hardly contactable and
therefore have some certain characteristics. In order to control for this, month dummies are

included in the empirical analysis later on.

In the current study, LS and pollution data were connected on the county level from
1998 to 2008. First, an inverse distance weighted average of all measured pollution levels within
a circle of 60 km around the county centroid was calculated for each day. Afterwards, this data

was merged to the individual data of the SOEP by interview date and home county.

5.2 Theoretical Framework

As it is common use in research on LS, the current analysis is based on a microeconometric
happiness function. This is an appropriate approach, given that the subjective well-being is
a valid measure for the latent variable Life Satisfaction (LS*) (Frey and Stutzer, 2002)). The

relation is described by equation .

LSy =a+ PR+ W+ 0Xit + € (1)

LSy =1& X < LS, <\,

LSy Observed subjective well-being of individual ¢ at time t = 1,...,T. It can take values
from 1 to 10.

P Average pollution level at time ¢ in the home county of the individual, consequently
[ is the parameter of interest

Wi Describes additional weather conditions at time ¢ in the home county of the individual
that have an impact on the level of air pollution. A fact that was mainly ignored in
previous studies.

Xit Includes socioeconomic control variables influencing happiness. A detailed descrip-
tion is given in Table lj

11



It is assumed that the individual thresholds A for I = 1,...,10 are increasing which
means Ali < )\le‘ and additionally it is supposed that X;;le;;. Moreover, measurement error
and mistakes in the interview are taken as randomly. The ordered probit model was used in
most studies in economic research to estimate the relation. For this purpose, it is additionally

assumed that LS is ordinal and panel data is treated as cross sectional data.

Table 3: Definition of variables

Variable Description

age Age of individual in years

hhinc Aggregated monthly net income of all household members in €

unempl Dummy variable equals one if individual is currently registered as unemployed
good health Dummy variable equals one if individuals self assessed health is good or very good
disabl Dummy variable equals one if individual is disabled, unabled to work

married Dummy variable equals one if individual is married and lives together with partner
child Dummy variable equals one if children under 16 years live in the household

CO CO level in pg/m?

NO2 NO2 level in pg/m?

03 03 level in pg/m?

Rainfall Cumulative rainfall in milliliter per day

Windspeed Classified in levels of the Beaufort scale

Sunshine Sunshine duration in hours per day

Air temperature  Air temperature measured in degree centigrade

Notes: Pollution and weather variables all measured as average over the county the individual lives in
on the day of the interview.

5.3 Estimation approach

Considering the results of |[Ferer-i Carbonell and Fritjers (2004]), the commonly used ordered
probit model to identify equation , leads to biased results in the coefficients of the happiness
determinants. This is caused by ignoring time-invariant individual factors. Thus, in the current
analysis, the impact of air pollution on individual LS is estimated by the use of a methodological
approach that allows for individual time-constant effects. A conditional fixed effects logistic

regression is undertaken. This approach will be described in the following.

For the purpose of using a conditional fixed effects logistic regression, the dependent
variable first has to be collapsed into binary format. This was implemented by the use of

individual specific thresholds of LS?*.
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1 Zf LS; > LTS’Z'
Is;s = _
0 if LSy < LS

LS; = %ZtTﬂ LSit

The generated dummy variable ls; equals one if person ¢ has stated a value of subjective
well-being at time ¢ which is higher than the individual mean value over the whole period.
Consequently, for each person there is an individual quantity of ki; ones and T; — ky;
zeros in the variable [ls;;. The reason why individual instead of overall thresholds are
used lays in the fact that in this way less individuals are lost for the analysis, because
individuals might switch there LS but do not exceed the overall mean LS. Moreover, in this

way it is assumed that a switch from LS=1 to LS=2 is worth equal as a change in LS from 7 to 8.

Using standard Maximum-Likelihood techniques to solve the resulting problem would
lead to inconsistent estimates (Chamberlain) [1980). A solution to this difficulty is given by
considering the probability of ls; = (Is;1,...,1s;1) conditioned on the observed number of ones

for person i (ki; = Zﬁl Is;t). This is given by equation :

Pr(ls; = 1|ki;) = exp(Q iy Isit it ) — exp(P_ity Lsit it B) 2)

fi( TG, ki) 00 exp(S ) qir it B)

x4 now includes all regressors of equation . Q; denotes the set of all possible combinations
of k1; ones and T; — ki; zeros. ¢;; equals to 0 or 1 with ZtTLl ¢it = k1;. Thus, individual fixed
effects are no longer considered for the estimation. Consequently, all time constant impacts
cancel out, i.e. no intercept is estimated by the implementation of this methodology. Equation
describes the resulting Log-Likelihood function, which can be maximized by standard
programms using conditional fixed effects logistic regression®. In the estimating process only
individuals are included, whose LS is not constant over the whole period. This means that at
least one switch in the dummy variable Is;; is neccessary. Using this approach makes it possible
to exclude all static effects of the living environment of the individuals like for example labour

market conditions or green areas from the analysis of the relation between air pollution and LS.
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n T;
LL = Z {leit zit B — In(fi(Ti, klz))} (3)

i t=1
5.4 Results

Before the results of the regression analysis will be presented, the correlations between LS and
pollution variables are considered. As reported in Table (4]), only for O3 pollution a negative
correlation with LS is observed. The negative correlation between O3 and the other pollutants
might be induced by the fact of different seasonal variation as discussed in section 4. The

correlation is positive between LS and CO, NO2 respectively.

Table 4: Correlation Coefficients

LS CO NO2 03
CO 0.023 1.000
NO2 0.036 0.587 1.000
03 -0.013 -0.453 -0.586 1.000

Notes: Data Source: SOEP and German Environmental Federal Office. Correlation coefficients between
LS and each of the pollution variables.

The results of the conditional fixed effects logistic regression are reported in Table . Five
different specifications of the model were implemented: the estimation was undertaken including
all pollution variables simultaneously, with as well as without controlling for weather conditions.
Moreover, the relation was estimated separately for each of the pollution variables. Overall, the

26 Age has a significant

results show the typical sign for the socioeconomic control variables
negative impact on LS. The observed effect of the net value of aggregated houshold income
per month is very weak but positive. This was found in the majority of studies on LS. The
very small estimated coefficient is consistent with the results of [Ferer-i Carbonell and Fritjers
(2004). They found out, that allowing for individual fixed effects leads to less importance of
income for subjective well-being. This result is another reason, why more attention should be
paid on nonmonetary measures of welfare in economic research. As expected, unemployed and
disabled people are less happy than others, whereas married persons are more satisfied with

their lifes. For the variable living together with children, a positive but insignificant coefficient

was estimated. The p-Values of the x? test show overall explanatory power of the model for
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each of the estimations. The relatively small values for the Pseudo R? are caused by the

conditional fixed effects methodology and consistent with earlier studies, that used the same

approach?’.
Table 5: Estimated Effect of Air Pollution on LS
All Pollution All Pollution CO NO2 03
weather no weather
age -0.0841*** -0.0836*** -0.0848*** -0.0846*** -0.0839***
hhinc 0.0001*** 0.0001*** 0.0001*** 0.0001%*** 0.0001%***
unempl -0.6934*** -0.6954*** -0.6936*** -0.6938*** -0.6940***
disabl -0.3420*** -0.3429*** -0.3423*** -0.3424*** -0.3422%**
married 0.2744*** 0.2734*** 0.2734*** 0.2734*** 0.2740***
child 0.0064 0.0060 0.0069 0.0069 0.0065
CcO -0.0239 -0.0089 -0.0097
NO2 -0.0010 0.0001 0.0001
03 -0.0015* -0.0014* -0.0010
Rainfall 0.0036 0.0036 0.0036 0.0036
Windspeed -0.0144** -0.0174*** -0.0168*** -0.0131**
Sunshine 0.0033 0.0012 0.0011 0.0023
Air temperature  0.0050** 0.0050** 0.0050** 0.0050**
Pseudo R? 0.0212 0.0210 0.0211 0.0211 0.0211
Prob x? 0.000 0.0000 0.0000 0.0000 0.0000
-log(Likelihood) 2.155e+08 2.155e+08 2.155e+08 2.155e+08 2.155e+08
Notes: Data Source: SOEP and German Environmental Federal Office. N = 105,575. Conditional

Fixed Effects Logistic regression using Stata command clogit.

Dependent variable is binary LS. First and

second column show estimation results when all pollutants are included. Columns three to five report results for
seperate estimations including only one pollution variable. The groupvariable is the individual. Standard errors
are clustered on the individual. Groups without switch in LS are excluded from the analysis (4,906 observations
droppped). All estimations include month dummies to control for seasonal effects. x? tests for joint significance
of all explaining variables. Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01

Regarding the impact of air pollution, it was observed that one of the three variables has a
significant negative impact on LS. People are less satisfied with their lives, if O3 pollution
increases. No significant effect was measured for pollution in terms of CO and NO2. Regarding
the inclusion of weather conditions, it shows up that the estimated impact of pollution is less
negative if weather controls are excluded from the analysis. Thus, there is a positive bias
induced by omitted variables. Assuming zero correlation between weather and the socioeconomic
controls, this in turn implies that the pollution variables are positively correlated with weather
variables that have a positive impact on LS and negatively correlated with those that have a
negative impact on LS. As discussed in section 4, different weather variables have a different
impact on the pollutants. Hence, there might be a varying importance of the weather variables

for the bias as well.
15



03 is especially determined by sunshine duration and high air temperatures. The higher
both variables are, the more O3 is in the atmosphere and thus there is a positive correlation.
Moreover, for both of these variables a positive impact on LS was estimated. In conclusion
there is a positive bias in the estimated effect of O3 pollution, when weather is not considered
in the analysis. Overall, weather determinants that affect air pollution are important control
variables when the relation between air quality and LS is analyzed and they are included in al

following estimations.

In addition, estimations were undertaken only including one of the pollution variables instead
of all three simultaneously. The estimated negative coefficient of O3 pollution remains but
is no longer significant. This might be explained by the fact that for O3, CO pollution is
an omitted variable. Since both variables are negatively correlated, people might be happier
because of less CO pollution which seems to weaken the negative O3 impact. This result leads
to the conclusion that the effect of different pollution variables on LS should be analyzed
simultaneously. Nevertheless, it should be mentioned that there also could be a problem of

multicolinearity, if correlation between the pollutants was too high.

5.5 Extensions

The estimated negative impact of O3 pollution on LS and the fact that pollution leads to
a variety of health problems, raises the question whether LS of individuals who have a bad
self-assessed health status, are more affected by current air pollution. Thus, an extension of
the initial model was undertaken, in the sense that interaction terms of the pollution levels and
the variable self-assessed health was used. Therefore, the generated dummy variable bad health
equals one if the individual defined his or her health status as not so good or bad. The first

column in Table @ includes the observed results.

The signs of the socioeconomic variables remain the same compared to the initial implementa-

tion.

A bad self-assessed health status itself has a significant negative impact on LS. But the interac-
tion variables of bad health with all three pollutants did not show a significant effect. Thus, ill

people do not seem to be more affected by air pollution. Nevertheless, it should be mentioned,
16



Table 6: Interaction of bad health and environmental worries with air pollution
(1) (2)

age -0.0751%%* -0.0839***
hhinc 0.0001%** 0.0001***
unempl -0.6746%** -0.6931%**
disabl -0.2311%%* -0.3429%**
married 0.2652%** 0.2749%**
child 0.0141 0.0061
bad health -1.0313%**
chron;ll
environ,, orries 0.0338
COinteract 0.0534 -0.0018
NO2interact -0.0033 -0.0009
O3interact 0.0008 -0.00074*
N 105,415 105,575
Pseudo R” 0.0421 0.0212
Prob x? 0.0000 0.0000
-log(Likelihood)  2.104e+08 2.154e+08

Notes: Results of conditional fixed effects logistic regression. Data Source: SOEP and German Envi-
ronmental Federal Office. Dependent variable is binary LS. The group variable is the individual. First column
includes model with interaction of pollution and a bad health status. Second column reports results for
interaction with environmental worries. The interaction variables are defined as pollution variable times the
dummy variables bad health and person has environmental worries, respectively. Standard errors clustered on
the individual. Additional control for weather and month of interview. x? tests for joint significance of all
explaining variables. Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01
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that this might be induced by the unpricise indicator for illness and should be considered in

more detail in further research.

Another extension of the model is founded by the question, whether LS of individuals with
environmental worries is more affected by air pollution. Thus, in a next step the interaction
effect of pollution and environmental worries on LS was included in the empirical model.
Results are reported in the second column of Table @ I found that LS of people with
environmental worries is significantly more affected by O3 pollution. This result is consistent

with the findings of Luechinger (2009), who analyzed the impact of sulfur dioxide on LS.

5.6 Robustness Checks

To test the validity of the observed results, three robustness checks were implemented. Firstly,
the time window of considered pollution was extended. Therefore, the pollution variables were
redefined, in the sense that average county pollution in the last month before the interview
was used instead of the daily average level. As the first column of Table reports, again a
significant negative effect of O3 pollution is observed. In addition, also CO has a significant
negative impact on LS. This means that effectively longer holding high CO levels determine LS
and a single day with much CO pollution is compensated for. The estimated impact of NO2

remains insignificant.

Secondly, one could think of selection bias in the sense that people that lived in areas with very
high pollution might search for less polluted places and therefore move. Thus, the empirical
analysis additionally was undertaken with a sample in which individuals that switched their
home county from one period to another were excluded. Results are reported in the second
column of Table . The significant negative impact of O3 on LS is also observed for the

subsample.

Finally, in order to describe the indirect impact of pollution on LS through its negative effect
on health as mentioned in section 4, the estimation was implemented with self-assessed health
as dependent variable. The considered dummy variable good health is defined as one, if the

respondent stated his or her health status as very good, good or at least satisfactory. Results
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Table 7: Results of implemented Robustness Checks

(1) (2) 3)
dependent
var binary LS binary LS good health
age -0.0855%** -0.0803%** -0.1211%%*
hhinc 0.0001%** 0.0001*** 0.0001***
unempl -0.6924*%* -0.6825%** -0.3127%%*
disabl -0.3429%%* -0.3467%%* -0.6160%**
married 0.2739%** 0.2648%** 0.0386
child 0.0065 0.0267 -0.0551
CcO -0.0181 -0.0357
NO2 -0.0013 -0.0055*
03 -0.0019* -0.0027*
COqastmonth -0.1932*
NOQlastmonth -0.0008
O3lastmonth ‘00042**
N 105,574 94,756 46,120
Pseudo R? 0.0213 0.0201 0.0372
Prob x? 0.0000 0.0000 0.0000
-log(Likelihood)  2.154e+08 1.910e+08 79,194,393

Notes: Conditional fixed effects logistic regression. Data Source: SOEP and German Environmental
Federal Office. Dependent variable is binary LS in columns one and two. The group variable is the individual.
First column reports results using average pollution in the home county in the previous month before the
interview date. Second column presents results when movers are excluded from the sample. Third column
reports estimated effects on good self-assessed health. Standard errors are clustered on the individual in all
models. x? tests for joint significance of all independent variables. Additional control for weather and month of
interview. Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01
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are presented in the last column Table . As it can be seen, NO2 as well as O3 has a significant
negative impact on self-assessed health. This confirms the thesis that there is an indirect negative

impact of pollution on LS and approves the observed negative impact of O3 pollution.

5.7 Monetary Valuation

The observed effects of air pollution on LS further can be used to evaluate increasing pollution
levels in monetary terms. An adequate approach is the calculation of the marginal rate of
substitution (M RS) between pollution and income of a representative individual. The marginal
rate of substitution can be computed as the negative value of the marginal effect of the pollution

parameter divided by the marginal effect of income?®:

OLS [0 poy

MRS = — 222 pel
RS OLS /Ohhinc

(4)
In case of the conditional fixed effects logit model, it has to be considered, that marginal effects

are not constant. In this approach, they are defined as follows:

6LS _ 6P7”(l8i = Hkli) _ 61’]7(2?;1 lsl-t Tt ﬁ)/fZ(TZ,k‘h) (5)

anol 6xpol al'pol

Thus, the marginal effect of one independent variable varies with the specific degree of all other
parameters and thus differs for every individual. In this study marginal effects are calculated
for an average individual using standard statistical software. One weakness of the approach is,
that individual fixed effects have to be set to zero since they can not be estimated using the

methodology. Results for all three pollution variables are reported in Table .

Regarding the whole of Germany, it was observed that the monthly household net income has

to rise by €11.33 for each additional pg/m?3 O3 to hold an average individual’s LS constant.
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Table 8: Marginal Effects after Conditional Logit Estimation

hhinc 03 -MRSco

marginal effect 2.18e-06 -.0000247 11.33

Notes: Marginal effects for probability of discrete change in Is from 0 to 1. Effects are calculated at
the mean of the independent variables. Individual fixed effects set to zero. MRS calculated as the negative value
of the marginal effect of pollution divided by the marginal effect of income. MRS(O3) in € per ug/m®

6 Conclusion

In the current paper the relation between air quality and LS in Germany was analyzed. The
impact of three pollution parameters on LS was estimated, by the use of a conditional fixed
effects estimation approach. It was observed that current O3 pollution significantly decreases
individual LS. The estimated coefficient of current CO and NO2 pollution was not significant.
The reason, why only O3 has a significant effect might be the fact that the pollution levels are
closest to its critical thresholds and even exceeds them. If a longer time window is considered,
i.e. if the effect of average pollution in the last month is estimated, also a negative impact of
CO on LS was observed. Moreover, it was not found that ill people have a higher O3 pollution
induced loss in their LS, whereas subjective well-being of individuals with environmental
worries is stronger affected by O3 pollution. Evaluating the measured effects by the use of the
marginal rate of substitution between income and air pollution, it was observed that an increase
of one pg/m? in daily average O3 pollution has to be compensated by an increase of €11.33
in monthly net household income. Nevertheless, it has to be considered, that air pollution
parameters might underly synergies, such that the impact of several pollution variables could
be weakened even if only one of them is dammed. Further, it has to be considered that negative
effects of pollution are even underestimated, since people might adapt to bad environmental

quality.

In conclusion, the current results give reason, to pay more attention on the control of
air pollution. Especially in the case of CO pollution, it was observed that on average pollution
does not exceed critical thresholds for public health, but anyhow, the measured impact on LS
was considerably large. Thus, it is to be questioned, whether prevailing legal norms should be
adjusted to lower levels. Future analysis might use the same estimation approach to identify

the relation in comparable countries. Another extension would be merging the data using zip
21



codes, which would lead to even more precise results. Furthermore, it is to be questioned
whether there is a lagged effect through health. The question would be, if pollution induced
health problems in the previous time leads to a negative impact on LS today. Finally, it would
be an appropriate alternative to estimate the impact of current pollution on LS also using a
linear fixed effects approach. All of these possible extensions would bring evidence for current
results and could build a basis for a global discussion on the set of pollution induced problems
and help to identify policy plans for the protection of population and nature from man-made

air pollution.

References

Chamberlain, G., 1980. Analysis of covariance with qualitative data. Review of Economic Studies
47, 225-238.

Clark, A., Frijters, P., Shields, M., 2008. Relative income, happiness and utility: an explanation
for the easterlin paradox and other puzzles’. Journal of Economic Literature 46 (1), 95-144.

Clark, A., Oswald, A., 1994. Unhappiness and unemployment. The Economic Journal 104, 648
659.

Colligan, M. J., 1981. The psychological effects of indoor air pollution. Bull N Y Acad Med.
57 (10).

Di Tella, R., MacCulloch, R., Oswald, A., 2001. Preferences over inflation and unemployment:
Evidence from surveys of happiness. The American Economic Review 91 (1), 335-341.

Di Tella, R., MacCulloch, R., Oswald, A., 2003. The macroeconomics of happiness. The Review
of Economics and Statistics 85 (4), 809-827.

Easterlin, R., 1974. Does economic growth improve the human lot? some empirical evidence.
Nations and Households in Economic Growth: Essays in Honor of Moses Abramowitz. Paul
A. David and Melvin W. Reder, eds. NY: Academic Press, 89-125.

Easterlin, R., 2003. Explaining happiness. Special series of Inaugural Articles by members of the
National Academy of Sciences elected on April 30, 2002, Department of Economics, University
of Southern California, Los Angeles.

EEA, 2011. Air quality in europe 2011 report. EEA Technical report No 12/2011.

Ferer-i Carbonell, A., Fritjers, P., 2004. How important is methodology for the estimates of the
determinants of happiness? The Economic Journal 114, 641-659.

Ferer-i Carbonell, A., Gowdy, J., 2007. Environmental degradation and happiness. Journal of
Ecological Economics 60, 509-516.

Frey, B., Luechinger, S., Stutzer, A., 2009. The life satisfaction approach to environmental
valuation. IZA DP No. 4478.

22



Frey, B., Stutzer, A., 2002. What can economists learn from happiness research? Journal of
Economic Literature XL, 402—435.

Gerdtham, U., Johannesson, M., 2001. The relationship between happiness, health, and socioe-
conomic factors: results based on swedish microdata. Journal of Socio-Economics 30, 553-557.

Kahneman, D., Krueger, A., 2006. Developments in the measurement of subjective well-being.
Journal of Economic Perspectives 20, 3-24.

Kassenboehmer, S., Haisken-DeNew, J., 2009. You're firde! the causal negative effect of entry
unemployment on life satisfaction. The Economic Journal 119, 448-462.

Knabe, A., Rétzel, S., 2010. Better an insecure job than no job at all? unemployment, job
insecurity and subjective wellbeing. Economics Bulletin 30 (3), 2486-2494.

Lucas, R., Clark, A., Georgellis, Y., Diener, E., 2003. Reexamining adaptation and the set point
model of happiness: Reactions to changes in marital status 84 (3), 527-539.

Luechinger, S., 2009. Valuing air quality using the life satisfaction approach. The Economic
Journal 119, 482-515.

Luechinger, S., 2010. Life satisfaction and transboundary air pollution. Economics Letters 107,
4-6.

MacKerron, G., Mourato, S., 2009. Life satisfaction and air quality in london. Journal of Ecoloci-
cal Economics 68, 1441-1453.

Rhedanz, K., Maddison, D., 2005. Climate and happiness. Ecological Economics 52, 111-125.

Rhedanz, K., Maddison, D., 2008. Local environmental quality and life-satisfaction in germany.
Ecological Economics 64, 787-797.

Theodossiou, 1., 1998. The effects of low-pay and unemployment on psychological well-being: a
logistic regression approach. Journal of Health Economics 17, 85-104.

Umweltbundesamt, 2009. Entwicklung der luftqualitdt in deutschland. Umweltbundesamt
Fachgebiet 11 4.2.

Veenhoven, R., 1997. Die lebenszufriedenheit der buerger - ein indikator fr die lebbarkeit von
gesellschaften? In H-H.Noll (Hrsg) 'Sozailberichterstattung in Deutschland. Konzepte, Meth-
oden und Ergebnisse fuer Lebensbereiche und Bevoelkerungsgruppen’, Juventa Verlag Wein-
heim und Miinchen, ISBN 3 7799 039 62, 267-293.

Wagner, G. G., Frick, J. R., Schupp, J., 2007. The German Socio-Economic Panel study (SOEP)
— evolution, scope and enhancements. Journal of Applied Social Science (Schmollers Jahrbuch)
127 (1), 139-169.

Welsch, H., 2006. Environment and happiness: Valuation of air polltution using life satisfaction
data. Journal of Ecological Economics 58 (1), 801-813.

WHO, 2011. Air quality and health. Fact sheet N313 weblink:
http://www.who.int/mediacentre/factsheets/fs313 /en/.

23



Notes

'Further information can be found under the following link: http://spreadtheword-online.de/?p=1226

2Further information can be found on the official homepage of the Office of UK’s National Statistics:
http://www.statistics.gov.uk

3Corresponding newspaper articles can be found for example at the Washington Post:

http://www.washingtonpost.com/business/economy /if-youre-happy-and-you-know-it—let-the—government-
know/2012/03/29/gIQAISL2jS,torys.html

iThe full article can be downloaded from the web page of the Federal Ministry of Finance:
http://www.bundesfinanzministerium.de

®More information  about the study can be found under the following  link:
http://www.gluecksatlas.de/cms/index.html

For example, |Clark et al.| (2008), [Veenhoven| (1997) or Frey and Stutzer| (2002) provide an appropriate overview
of the literature.

"This is known from psychological research Compare for example to |Colligan| (1981)

8Compare for example to |Gerdtham and Johannesson| (2001)

9Compare to

For a general overview see [Ferer-i Carbonell and Gowdy| (2007)

"For further information see http://www2.eur.nl/fsw/research/veenhoven,/Pub2000s/2004f-full. pdf

2These are the subsamples A (West German Households since 1984), B (Foreign West German Households since
1984 ), C (East German Households since 1990), D (Immigrants Germany since 1994), E (German households
completion sample since 1998)and F (German households completion sample since 2000)

3More detailed information can be found on the SOEP Web page under the following link:
http://www.diw.de/soep, or in the work of Wagner et al.| (2007)

4 Questionnaires can be inspected on the SOEPinfo webpage wunder the following link:
http://panel.gsoep.de/soepinfo2009/

5Compare for example [Frey and Stutzer| (2002)
6 Compare for example to |[Rhedanz and Maddison| (2008)
""Homepage Umwelt Bundesamt: http://www.env-it.de/umweltbundesamt /luftdaten/pollutants.fwd

¥Due to the fact, that there is measurement error in the pollution data, outliers were excluded from the
analysis. An outlier was defined as observation that was greater than the median plus twice the interquartile
distance over all stations and the whole period. As robustnesscheck, all analysis where implemented with an
outlier defined as a value that exceeded the 99-percentile or that was lower than the 1-percentile of the pollutant.
No considerable changes in the results occured

19Compare to information provided by the European Environment Agency, (2011))
2OHomepage Umwelt Bundesamt: http://www.env-it.de/umweltbundesamt /luftdaten/pollutants.fwd

Information about the pollution variables can be found wunder the following link:
http://www.umweltbundesamt.de/luft /schadstoffe/index.htm

22Compare to

23Compare for example to [Kahneman and Krueger| (2006)

?4This approach was used in the work of[Kassenboehmer and Haisken-DeNew] (2009) and is based on the concept
of [Ferer-i Carbonell and Fritjers| (2004) where a detailed description of the methodology can be found.

25Compare to |Chamberlain (1980).

26Compare to section 2

*"Compare for example to [Kassenboehmer and Haisken-DeNew| (2009)

28Compare to
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