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Abstract

This paper analyses the relation between air quality and subjective well-being in Germany. Data
on life satisfaction from the GSOEP and information of pollution in terms of carbon monoxide,
nitrogen dioxide and ozone from the German Environmental Federal Office is connected on the
county level from 1998 to 2008. The study extends previous research using current pollution
on the day of the interview instead of yearly averages to describe current life satisfaction.
Additionally, the microeconometric happiness function is estimated using a conditional fixed
effects approach which considers individual time invariant effects. Carbon monoxide has a
significant negative impact on life satisfaction. The estimated influence of nitrogen dioxide as
well as ozone pollution is not significant. It was not observed that chronical ill people’s live
satisfaction is befalled by a stronger decrease when current air pollution increases. Using the
marginal rate of substitution between income and air pollution, it is calculated that an increase
of one µg/m3 carbon monoxide pollution has to be compensated by an increase of 1.42e in
monthly net household income to hold an average individual’s life satisfaction constant.
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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 Bhutans economic policy is to

increase growth in terms of happiness instead of traditional measures like GDP or national

income1. Also in Germany policy makers call attention to happiness. For instance, the Federal

Ministry of Finance recently has published the Economics of happiness2, in order to describe

a 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 Glücksatlas. Based on

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

information on the socioeconomic determinants of happiness on a generally accessible platform3.

Economic studies on life satisfaction (LS) can be attributed to the early work of Easterlin (1974).

He raised the neoclassical assumption, that satisfaction excludingly rises in consumption, to

question. In happiness research, it is assumed instead, that if we own enough, our satisfaction

with life depends on other variables than consumption (Easterlin, 2003). Thus, ecomomic

studies on subjective well-being, try to identify these other variables. A growing research field

evolved around this goal4.

The current paper analyses air quality as one determinant of subjective well-being. 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 LS5. In conclusion there

might be a negative influence on LS. According to the World Health Organization (WHO)6,

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
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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 life satisfaction (Frey et al., 2009).

Finally, happiness research can provide motivation to use the limited amount of resources on

our planet sparingly, because good environmental quality makes people happier (MacKerron

and Mourato, 2009).

This study contributes to previous research by broadening the range of analyzed pollution

variables in Germany. Moreover, the connection of data on happiness 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 models controls for weather conditions that might affect

the level of current pollution levels. Finally, an innovative approach to estimate the relation

between pollution and LS was implemented, which allows for individual time invariant 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

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.
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2 Empirical Evidence

There is a wide range of empirical studies, analyzing the determinants of happiness in industri-

alized countries. For an introduction to the research field, Frey and Stutzer (2002) provides an

appropriate 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 live satisfaction 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 life satisfaction has been observed,

for instance, for the variables unemployment (Clark and Oswald, 1994) 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 subjective well-being are considered

as controls in the empirical analysis of the current paper.

By now, there is only little empirical evidence on the impact of air pollution on subjec-

tive well-being in economic research. 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 life satisfaction induced by air pollution. Most economic studies on the relation

between subjective well-being and air pollution use a macroeconomic approach, i.e. data on

aggregated life satisfaction and pollution is regarded. For instance, Welsch (2006) analyzed

ten European countries. Connecting data on subjective well-being from the World Database

of happiness7 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 happiness. Using data

from 13 European countries, he measured that sulfur dioxide pollution decreases subjective

well-being.
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The current paper undertakes a study of subjective well-being on the individual level.

This approach was only applied by a sparse range of studies in previous research. Rhedanz and

Maddison (2008) analyzed data from the German Socioeconomic Panel on subjective well-being.

Environmental quality was measured in terms of how an individual feels affected by pollution

and noise. They 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. In the work of Ferer-i Carbonell and Gowdy (2007) LS data from the British

Houshold Panel Survey was analyzed. They found a negative impact of ozone pollution on

subjective well-being. MacKerron and Mourato (2009) implemented a study on LS of London’s

population. They observed a significant loss in life satisfaction when the mean nitrogen dioxide

concentration increases.

To the best knowledge of the author, at the current state of knowledge, none of the

studies on the relation between air pollution and LS controlled for weather conditions. But

there is evidence that weather significantly determines pollution levels as well as subjective

well-being (Umweltbundesamt, 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.

Consequently, estimated coefficients of the pollution variables might be biased and inconsistent

in previous studies. 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 (GSOEP).

This is a longitudinal study of German private households which started in 1984. By now every

year about 20,000 individuals are sampled. The GSOEP consists of 8 subsamples from which

6 are included in the analysis.8. The questions deal, for example, with employment, earnings

and health9. 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?
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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 satisfied10. This is a common used indicator

for LS11. Table (1) provides descriptive statistics on LS.

Table 1: Descriptive Statistics on LS

Whole Germany East West

all male female all male female all male female

N 207,632 99,284 108,348 49,117 23,635 25,482 158,515 75,649 82,866
mean 6.914 6.911 6.917 6.460 6.457 6.464 7.055 7.052 7.057
Std. Dev. 1.789 1.776 1.801 1.766 1.763 1.768 1.773 1.757 1.788

Notes: 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.
Std. Dev. describes over all standard deviation.

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 GSOEP12. 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 Glücksatlas, which is also based on information of the GSOEP. 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
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regions.

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

are carbon monoxide (CO), nitrogen dioxide (NO2) and ozone (O3). 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 Office13. I use daily averages of the pollutants from all measuring

stations within a county. An inverse distance weighted average of all stations within a circle of

60 km around the geographical centroid of a county was calculated. 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.

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 period14.

In Table (2) average pollution levels over the whole of Germany are reported. The aver-

age level of CO pollution per county was almost 0.43 mg/m3, which seems not too bad in

comparison to the threshold value for human health protection of a maximum eight hour

average of 10 mg/m3 per day. In most European countries, CO concentrations are below the

limits15. The same holds for NO2 pollution, which was observed at an average of around 26

µg/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 51 µg/m3, and maximum

levels clearly exceed the threshold value. Since Ozone 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
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Figure 1: Randomness in average air pollution
Example of Mecklenburg-West Pomerania in 2005

(a) CO (b) NO2 (c) O3

Notes: Own Calculations. 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 µg/m3, CO levels measured in mg/m3.

pollution variables shows sufficient randomness to have an impact on daily values in LS. This

phenomenon is also illustrated in Figure (1) at the example of Mecklenburg-West Pomerania

in the year 2005. Any other state and year could also have been chosen to illustrate a similar

picture.

Table 2: Average pollution degrees over the whole of Germany

CO NO2 O3

unit of

measure mg/m3 µg/m3 µg/m3

daily average

county level 0.427 26.209 51.805
min 0.004 0.028 1.683
max 1.508 80.310 135.787
std. dev. 0.184 10.648 20.171

Threshold value 10mg/m3 200µg/m3 120µg/m3

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. 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
Office16 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 parameters is considered separately for each state, it

shows up that there is much variation between the geographical regions as well as between the
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different pollution variables. Figure (2) illustrates average daily air pollution by state. Using

variance analysis methods the significance of these varieties can be verified. The highest mean

CO level was observed in Schleswig-Holstein at a value of 0.757 mg/m3 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 µg/m3), whereas the minimum value of 18.894 µg/m3 was measured in Lower

Saxony. The highest average O3 level was observed in the Brandenburg and Saxony, where

daily averages exceeded 51 µg/m3. The lowest levels occured in North-Rhine Westphalia: the

daily O3 average was below 39 µg/m3.

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 pollution parameters

a U-shaped pattern is observed with peaks at the beginning and the end of the year. This

coincides with the variable descriptions of the German Environmental Federal Office17. 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 WHO18, 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.
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Figure 2: Average Air pollution by State

(a) CO

(b) NO2

(c) O3

Notes: Own Calculations. Average air pollution parameters from 1998 to 2008 for each state separately. NO2 and O3

levels measured in µg/m3, CO levels measured in mg/m3.
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Figure 3: Seasonal Air Pollution

(a) CO (b) NO2 (c) O3

Notes: Own Calculations. Average seasonal trend for each pollution parameter separately. NO2 and O3 levels measured

in µg/m3 CO levels measured in mg/m3.

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 GSOEP, 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:

Firstly, pollution levels underly 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 (4) the

distribution of the interview month is illustrated.

Figure 4: Month of Interview

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 well-being

are not taken into account. Secondly, if pollution is measured in yearly averages, also informa-
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tion 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 mood19. Thus, to identify the

relation of current pollution and current subjective well-being, 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 might should rethink

general guidelines of pollution restrictions in order to protect people. By now they are only at

the year level.

In the current study, LS and pollution data was 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 GSOEP by interview date and home county.

5.2 Theoretical Framework

As it is common use in happiness research, 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 (1).

LS∗it = α+ βPt + γWt + δXit + εit (1)

LSit = l⇔ λil ≤ LS∗it ≤ λil+1
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LSit : Observed subjective well-being of individual i at time t = 1, ..., T . It can take values

from 1 to 10.

Pt : Average pollution level at time t in the home county of the individual, consequently

β is the parameter of interest

Wt Describes additional weather conditions at time t 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 (3)

It is assumed that the individual thresholds λl
i for l = 1, ..., 10 are increasing which

means λl
i ≤ λl+1

i and additionally it is supposed that Xit⊥εit. 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 e
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 µg/m3

NO2 NO2 level in µg/m3

O3 O3 level in µg/m3

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 (1), leads to biased results in the coefficients of the happiness
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determinants. This is caused by ignored time-invariant individual factors. Thus, in the current

analysis, the impact of air pollution on individual well-being 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.

Nevertheless, also a standard ordered probit model was implemented for comparison of the

observed results.

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 life satisfaction20.

lsit =

 1 if LSit > L̄Si

0 if LSit ≤ L̄Si

L̄Si = 1
T

∑T
t=1 LSit

The generated dummy variable lsit equals one if personi has stated a value of subjective

well-being at time t which is higher than the individual mean value over the whole period.

Consequently, for each person there is an individual quantity k1i of ones and Ti − k1i

zeros in the variable lsit. 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

looking at the probability of lsi = (lsi1, ..., lsi1) conditioned on the observed number of ones for

person i (k1i =
∑Ti

t=1 lsit). This is given by equation (2):

Pr(lsi = 1|k1i) =
exp(

∑Ti
t=1 lsit xit β)

fi(Ti, k1i)
=

exp(
∑Ti

t=1 lsit xit β)∑
qi∈Qi

exp(
∑Ti

t=1 qit xit β)
(2)
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xit now includes all regressors of equation (1). Qi denotes the set of all possible combinations of

k1i ones and Ti−k1i zeros. qit equals to 0 or 1 with
∑Ti

t=1 qit = k1i. 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 (3) describes

the resulting Log-Likelihood function, which can be maximized by standard programms using

Conditional fixed effects logistic regression21. 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 lsit 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 subjective

well-being.

LL =

n∑
i

{
Ti∑
t=1

lsit xit β − ln(fi(Ti, k1i))

}
(3)

5.4 Results

Before the results of the regression analysis will be presented, the normal correlations between

LS and pollution variables are considered. As reported in Table (4), only for O3 pollution a

negative correlation with subjective well-being 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. Also

a plot of LS against the particular pollution variables does not show an obvious relation. This

is illustrated by Figures (5) to (7) in the appendix.

Table 4: Correlation Coefficients

LS CO NO2 O3

CO 0.0042 1.0000
NO2 0.0301 0.5564 1.0000
O3 -0.0012 -0.3905 -0.4464 1.0000

Notes: Correlation coefficients between LS and each of the pollution variables.

The results of the conditional fixed effects logistic regression are reported in Table (5). Five
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different specifications of the model were implemented: the estimation was undertaken including

all pollution variables simultaneously, with as well as without controling for weather conditions.

Moreover, the relation was estimated separately for each of the pollution variables. Overall, the

results show the typical sign for the socioeconomic control variables22. Age has a significant

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 significanr positive impact was

estimated. The p-Values of the χ2 test show overall explanatory power of the model for each

of the estimations. The relatively small values for the Pseudo R2 are caused by the conditional

fixed effects methodology and consistent with earlier studies, that used the same approach23.

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 CO pollution

increases. No significant effect was measured for pollution in terms of NO2 and O3. 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 in-

duced 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. CO is especially determined by windspeed. The higher the windspeed,

the more CO is spread over the atmosphere and thus, the lower is the pollution level. Thus,

there is a negative correlation which results in a positive bias if windspeed is excluded from

the analysis. In the case of O3, sunshine duration and air temperature are the most important

weather determinants. For both of these variables a positive impact on LS was estimated.

Since O3 increases with longer sunshine and higher temperatures, which implies a positive
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Table 5: Estimated Effect of Air Pollution on LS

All Pollution All Pollution CO NO2 O3
weather no weather

age -0.1038*** -0.1043*** -0.1031*** -0.1013*** -0.1013***
hhinc 0.0001*** 0.0001*** 0.0001*** 0.0001*** 0.0001***
unempl -0.7109*** -0.7128*** -0.7105*** -0.7114*** -0.7113***
good health 0.7844*** 0.7847*** 0.7843*** 0.78367*** 0.7837***
disabl -0.2317*** -0.2331*** -0.2317*** -0.2326*** -0.2326***
married 0.3274*** 0.3268*** 0.3276*** 0.3279*** 0.3280***
child 0.0621* 0.0618 0.0628 0.0630* 0.0630*
CO -0.1642** -0.1539** -0.1038*
NO2 0.0020 0.0036 0.0003
O3 -0.0001 0.0005*** -0.0001
Rainfall 0.0054** 0.0053** 0.0056** 0.0056
Windspeed -0.0177*** -0.0200*** -0.0165*** -0.0169
Sunshine 0.0040 0.0040* 0.0037 0.0039
Air temperature 0.0013 0.0010 0.0021 0.0020

Pseudo R2 0.041 0.0405 0.0408 0.0408 0.0408
Prob χ2 0.000 0.0000 0.0000 0.0000 0.0000
Prob χ2

poll 0.094 0.0226
-log(Likelihood) 2.093e+08 2.094e+08 2.093e+08 2.093e+08 2.093e+08

Notes: N = 129,800. Conditional Fixed Effects Logit estimation using Stata command clogit. Depen-
dent variable is binary LS. First and second column inlude results for the model when all pollutants are
included. Columns three to five include 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 (12,060 observations droppped). χ2 tests for joint significance of all explaining
variables, χ2

poll tests for joint significance of the pollutants. Significance level: * p < 0.1, ** p < 0.05, ***
p < 0.01
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correlation, there is a positive bias in the estimated effect of O3 pollution, when weather is

not considered in the analysis. In conclusion, weather determinants affecting air pollution are

important control variables when the relation between air quality and LS is analyzed and from

now on they are included in every estimation.

In addition, estimations were undertaken only including one of the pollution variables instead

of three simultaneously. The significant negative impact of CO pollution on LS remains but is

weaker. This might be explained by the fact that for CO, O3 pollution is an omitted variable.

Since both variables are negatively correlated, people might be happier because of less O3

pollution which seems to weaken the negative CO impact. This result leads to the conclusion

that the effect of different pollution variables on LS should be analyzed simultaneously. In the

case of NO2 and O3 pollution the signs of the effect on LS remain the same but they are still

not significant.

For comparison, the relation between pollution and subjective well-being was additionally esti-

mated, using the common approach of previous studies: An ordered probit model. In this case,

the dependet variable was initial observed life satisfaction on the ordered scale from 0 to 10.

Results are reported in table (6).

Table 6: Ordered Probit Regression Results

All Pollution CO NO2 O3

age 0.0058*** 0.0058*** 0.0058*** 0.0058***
hhinc 0.0001*** 0.0001*** 0.0001*** 0.0001***
unempl -0.5563*** -0.5563*** -0.5564*** -0.5563***
good health 0.7624*** 0.7625*** 0.7624*** 0.7624***
disabl -0.2622*** -0.2621*** -0.2622*** -0.2621***
married 0.0870*** 0.0872*** 0.0873*** 0.0869***
child -0.0910*** -0.0911*** -0.0911*** -0.0910***
CO -0.0096 -0.0097
NO2 0.0007 1.18e-06
O3 0.0007 0.0005

Pseudo R2 0.0524 0.0524 0.0524 0.0524
Prob χ2 0.0000 0.0000 0.0000 0.0000
-log(Likelihood) 259110.52 259114.26 259114.39 259111.96

Notes: N =141,860 . Ordered Probit Regression Analysis. The dependent variable is initial LS ordered
on a scale from 0 to 10. Standard errors are robust and clustered on the individual. Additional control variables
are state-, month- and year dummy variables as well as weather conditions. χ2 tests for joint significance of all
independent variables. Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01

Except for the characteristic of living together with children in the same house, the expected
17



impact of all coefficients of the socioeconomic variables was found. The estimated signs of the

pollution variables provide evidence for the results of the first part of the analysis: the impact

of CO was observed to be negative, coefficients of NO2 and O3 pollution remain positive but

not significant. Partly differing results when only one of the pollutants is included, again speak

for interaction between the variables.

The estimated negative impact of CO pollution on subjective well-being and the fact that

pollution leads to a variety of health problems, raises the question whether chronically ill

individuals’ LS is 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 confirmed

diseases were included in the analysis. Since this variable is not exactly observed by the

GSOEP, the number of doctor visits in the past three months was considered. Thereby a

person was defined as chronical ill if the number of visits in the past three months exceeded the

value of ten. Table (7) includes the observed results.

Table 7: Interaction of chronical illness and air pollution

CLogit OProbit

age -0.1086*** -0.0004
hhinc 0.0001*** 0.0001***
unempl -0.5885*** -0.5642***
disabl -0.2190*** -0.3908***
married 0.3691*** 0.0556***
child 0.0607 -0.0783***
chronill -0.2868 -0.4601***
CO*ill 0.0153 -0.0147
NO2*ill 0.0003 0.0019
O3*ill -0.0041 -0.0003

Pseudo R2 0.0243 0.0267
Prob χ2 0.0000 0.0000
-log(Likelihood) 1.323e+08 183723.38

Notes: First column reports results of Conditional fixed effects Logistic Regression. Dependent variable
is binary LS. The group variable is the individual. Second column presents ordered probit regression results.
The dependent variable is initial ordered LS. Standard errors are clustered on the individual in both models.
Additional control variables were state-, month- and year dummy variables as well as weather conditions. χ2

tests for joint significance of all explaining variables. Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01

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

tion. Chronical illness itself has a negative impact on LS but is only significant in the ordered
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probit approach. Interaction of all three pollution variables and chronical illness did not show

a significant effect. Similar results were observed by the implementation of the ordered probit

model. Thus, chronical ill people do not seem to be more affected by air pollution. Nevertheless,

it should be mentioned, that this might be induced by the very unpricise indicator for chronical

illness and should be considered in more detail in further research.

5.5 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 (MRS) 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 income24:

MRS = −
∂LS/∂xpol
∂LS/∂hhinc

(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:

∂LS

∂xpol
=
∂Pr(lsi = 1|k1i)

∂xpol
=
exp(

∑Ti
t=1 lsit xit β)/fi(Ti, k1i)

∂xpol
(5)

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 affects 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 (8).

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

to rise by 1.42e for each additional µg/m3 CO to hold an average individual’s life satisfaction
19



Table 8: Marginal Effects after Conditional Logit Estimation

hhinc CO -MRSCO

marginal effect 1.27e-06 -0.0018 1417.32

Notes: Marginal effects for probability of discrete change in ls from 0 to 1. Effects are calculated at
the mean of the independent variables. Individual fixed effects set to zero. MRS is calculated as the neg-
ative value of the marginal effect of pollution divided by the marginal effect of income. MRS(CO) in e per mg/m3

constant.

6 Conclusion

In the current paper the relation between air quality and subjective well-being 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 CO pollution significantly

decreases individual subjective well-being. The estimated coefficient of NO2 and O3 pollution

was not significant. One reason for this result might be induced by the fact that NO2 and

O3 pollution causes long term health problems that might not be connected by individuals to

their current LS, while CO pollution induces symptoms like headache immediately. Moreover,

it was not found that chronical ill people have a higher CO pollution induced loss in their LS.

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 µg/m3 in daily average CO pollution

has to be compensated by an increase of 1.42e 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.

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

subjective well-being 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. This 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
20



air pollution.
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Figure 5: Life Satisfaction and CO state Average

Notes: X-axis presents Life Satisfaction on the ordered scale from 0 to 10. CO levels presented on the y-axis. CO measured

in mg/m3.
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Notes

1Further information can be found under the following link: http://spreadtheword-online.de/?p=1226
2The full article can be downloaded from the web page of the Federal Ministry of Finance:

http://www.bundesfinanzministerium.de
3More information about the study can be found under the following link:

http://www.gluecksatlas.de/cms/index.html
4For example, Veenhoven (1997) or Frey and Stutzer (2002) provide an appropriate overview of the literature.
5Compare for example to Gerdtham and Johannesson (2001)
6Compare to WHO, 2011
7For further information see http://www2.eur.nl/fsw/research/veenhoven/Pub2000s/2004f-full.pdf
8These 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)

9More 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)

10Questionnaires can be inspected on the SOEPinfo webpage under the following link:
http://panel.gsoep.de/soepinfo2009/

11Compare for example Frey and Stutzer (2002)
12Compare for example to Rhedanz and Maddison (2008)
13Homepage Umwelt Bundesamt : http://www.env-it.de/umweltbundesamt/luftdaten/pollutants.fwd
14As 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

15Compare to information provided by the European Environment Agency, EEA (2011)
16Homepage Umwelt Bundesamt : http://www.env-it.de/umweltbundesamt/luftdaten/pollutants.fwd
17Information about the pollution variables can be found under the following link:

http://www.umweltbundesamt.de/luft/schadstoffe/index.htm
18Compare to WHO, 2011
19Compare for example to Kahneman and Krueger (2006)
20This 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.
21Compare to Chamberlain (1980).
22Compare to section 2
23Compare for example to Kassenboehmer and Haisken-DeNew (2009)
24Compare to Welsch (2006)
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