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Abstract

Socio-economically disadvantaged and ethnic minorities are affected by a disproportionately high

exposure to environmental pollution. Yet, it is unclear if selective migration causes this disproportionate

exposure experienced by low-income and minority households. The study uses longitudinal data

from the German Socio-Economic Panel to investigate the process of selective migration and its

connection to the perceived exposure to air pollution in Germany. Consistent with the selective

migration argument, movers experience a decrease in exposure according to their income, while

stationary households do not experience a reductive effect due to income. Furthermore, the moving

returns differ by minority status. While native German households experience less exposure to

pollution when moving to a new place of residence, minority households do not. Additional analyses

show that this minority effect cannot be explained by socio-economic differences, but completely

vanishes in the second immigrant generation.

Introduction

Environmental inequality, connecting the distribution of

environmental hazards to socio-economic and ethnic

characteristics, has received growing attention in the

United States (for an overview: Ringquist, 2005; Pellow

and Nyseth Brehm, 2013; Mohai and Saha, 2015a), as

well as in continental Europe (Kohlhuber et al., 2006;

Havard et al., 2009; Diekmann and Meyer, 2010;

Laurian and Funderburg, 2014; Padilla et al., 2014;

Funderburg and Laurian, 2015). Most of the empirical

research focuses on the question whether there is an un-

equal distribution of environmental pollution; yet only a

few studies explore the causal mechanisms. To our

knowledge, only one study investigates these causal

mechanisms of environmental inequality in continental

Europe (Funderburg and Laurian, 2015), exclusively

using aggregated data. This is a major shortcoming, as

the United States is a rather special case with a high level

of economic inequality (Piketty and Saez, 2014) and

residential segregation (Musterd, 2005). Therefore, it is

far from clear whether we can observe similar drivers of

environmental inequality in Europe.

Previous studies, especially from the United States,

have identified two causal mechanisms of environmental

inequality: selective siting and selective migration

(Mohai and Saha, 2015a). The first mechanism states

that the increase of pollution follows already existing

differences in the socio-demographic composition of
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neighbourhoods. Hazardous facilities are disproportion-

ately sited in areas with low socio-economic resources

and high minority shares (or disproportionately cleaned

up in areas with high socio-economic resources and low

minority shares). In contrast, the second mechanism

assumes that differences in the socio-demographic

neighbourhood composition emerge after pre-existing

differences in pollution. This means that minority house-

holds and households with low socio-economic re-

sources selectively move into polluted areas, while

socio-economically advantaged households move out.

Previous studies have investigated these two causal ex-

planations on aggregated levels, such as neighbour-

hoods, zip code areas, or census tracts (Oakes et al.,

1996; Been and Gupta, 1997; Shaikh and Loomis, 1999;

Pastor et al., 2001; Downey, 2005; Richardson et al.,

2010; Funderburg and Laurian, 2015; Mohai and Saha,

2015b). Those macro-level studies offer mixed results

regarding selective siting and provide only weak evi-

dence regarding the selective migration mechanisms.

However, the only two longitudinal studies on the

household level find evidence for selective migration pat-

terns (Crowder and Downey, 2010; Pais et al., 2014).

Thus, it remains unclear whether selective migration

causes the disproportionate exposure to environmental

pollution experienced by low-income and minority

households.

The present study adds to the discussion of environ-

mental inequality in two ways. First, the present study is

the first panel study on environmental inequality in

Germany. Hence, we add new evidence to the question,

whether selective migration causes environmental in-

equality in continental Europe. We argue that the expos-

ure to environmental pollution depends on income and

ethnic origin via individual moving decisions (selective

migration). Secondly, we compare different immigrant

groups (first- and second-generation immigrants and by

country of origin) and analyse whether the disadvantage

of ethnic minorities can be explained by their lower

socio-economic status.

This study relies on household-level data of self-

reported impairment through air pollution of the

German Socio-Economic Panel (GSOEP) between 1986

and 2014. By using panel data and fixed-effects estima-

tors, we ensure that our results are not affected by differ-

ing perception of pollution between the households.

Though the micro-level data used in this study offer

clear advantages when analysing selective migration

patterns, they do not allow to investigate selective sit-

ing, as the latter depends on aggregated neighbourhood

characteristics rather than individual household

characteristics.

Theory and Previous Results

Numerous studies in the United States have shown that

income and race are related to the amount of environ-

mental pollution (for an overview: Ringquist, 2005;

Pellow and Nyseth Brehm, 2013; Mohai and Saha,

2015a). In the German-speaking area, previous studies

conclude that low-income households as well as ethnic

minorities experience a higher exposure to environmen-

tal pollution (Bolte and Mielck, 2004; Kohlhuber et al.,

2006; Diekmann and Meyer, 2010; Raddatz and

Mennis, 2013; Kabisch and Haase, 2014).1 Regardless,

all these studies did not aim to analyse the causal mech-

anisms of environmental inequality. Therefore, the fol-

lowing outline of the causal mechanisms mostly relies

on literature from the United States.

The selective migration argument assumes that the

patterns of environmental inequality result from specific

decisions on the individual or household level (Schelling,

1978; Massey, 1990). On the one hand, these residential

choices are driven by individual preferences, e.g. the

preference to live in a clean and unpolluted environ-

ment. On the other hand, individuals have to deal with

the structural constraints of their actions. If we assume a

similar preference for clean environment throughout the

society—an assumption that our analytical strategy

allows to relax—market or other allocation mechanisms

regulate the access to scarce resources. When selecting a

place of residence, individuals try to satisfy their prefer-

ences regarding the good ‘clean environment’, given

their economic and structural constraints (Tiebout,

1956). Thus, we have to explain how these constraints

differ by income and ethnicity to understand the causes

of environmental inequality. First, we will outline how

income affects the migration process and afterwards

turn to the ethnic differences in migration patterns.

Income as the Key to Clean Neighbourhoods

The ‘market explanation’ of environmental inequality

considers a clean environment as an economic luxury

good, which is available on the market for an additional

price. Environmental quality influences the rents and

housing prices: While housing opportunities in low-

quality areas are relatively cheap, they are relatively

costly in high-quality areas. As a result, tenants and

homebuyers must pay for high environmental quality

when making a migration decision (Been and Gupta,

1997; Hunter et al., 2003; Hanna, 2007; Diekmann and

Meyer, 2010; Banzhaf and McCormick, 2012). Given

the preference for a clean environment, households

experiencing an increase in income are able to pay more

for environmental quality when migrating and
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consequently will end up in neighbourhoods with lower

pollution. Even if housing prices are not exogenously

higher in clean neighbourhoods, prices should rise due

to higher demand for housing in these areas, despite

relatively constant housing opportunities (Banzhaf and

McCormick, 2012; Kim et al., 2014). On the other

hand, higher environmental pollution (combined with

an out-migration of the wealthier inhabitants and

decreasing demand for housing) leads to decreasing

housing prices in polluted areas and consequently at-

tracting lower-income households who cannot afford

the luxury good ‘clean environment’. As a result, lower-

income households will choose neighbourhoods with

higher pollution when moving.

Following this market explanation, high pollution does

not need to be the reason for out-migration. Even if house-

holds relocated for other reasons, high-income house-

holds sort into clean neighbourhoods, while low-income

households sort into polluted neighbourhoods (Banzhaf

and McCormick, 2012). Though pollution may trigger

out-migration, all migrating households—independent of

the reasons for relocation—need to choose a neighbour-

hood destination, which is assumed to happen selectively.

Therefore, we postulate the following Hypothesis 1:

H1: An increase in income will lead to decreasing expos-

ure to environmental pollution when moving to a new

neighbourhood.

This is a causal formulation of the between hypothesis,

that is high-income households will on average realize a

stronger reduction in exposure.

In line with this hypothesis, the majority of previous

research has found a negative correlation between in-

come and environmental pollution within the same

spatial area (Pastor et al., 2002; Ash and Fetter, 2004;

Downey, 2006; Mohai and Saha, 2007; Downey

and Hawkins, 2008), which supports the ‘market

explanation’. Despite this, other studies suggest that

there is no relationship between income and envir-

onmental pollution (Been and Gupta, 1997; Morello-

Frosch and Jesdale, 2005) or at least no linear

relationship (Havard et al., 2009; Ash et al., 2013).

Aside from these macro-level studies, only two studies

have presented results from longitudinal analyses

on the micro-level. Crowder and Downey (2010)

used household-level data from the Panel of Income

Dynamics and pollution data of the Toxics Release

Inventory (TRI). They state that although pollution

does not increase the probability of out-migration

when controlling for other individual characteristics,

income is associated with lower pollution in the neigh-

bourhood of destination for movers. Thus, they find a

conditional effect of income on pollution. If households

move, higher-income households sort into neighbour-

hoods with a lower amount of pollution. Using similar

data, Pais et al. (2014) compare different migration

trajectories separated by the exposure to pollution.

They find that the probability of being in a constantly

high pollution trajectory compared to being in a con-

stantly low pollution trajectory decreases with income.

This indicates that households with higher income

are more likely to continuously live in low pollution

neighbourhoods.

Minority Status as a Barrier to Clean
Neighbourhoods

Turning to the disadvantages of ethnic minorities, two

explanations have been widely discussed by previous

scholars: the ‘racial income-inequality thesis’ and the

‘racial residential discrimination thesis’.2

The ‘racial income-inequality thesis’ relates to the

‘market explanation’ in explaining the effect of ethnicity

on the exposure to environmental pollution (Oakes

et al., 1996; Been and Gupta, 1997; Downey, 2005;

Campbell et al., 2010; Crowder and Downey, 2010;

Pais et al., 2014). Hereafter, the high exposure of ethnic

minority groups is not a result of ethnicity itself, but

rather, a result of the differences in the socio-economic

resources of different ethnic groups. The hypothesis as-

sumes that ethnic minority groups hold a relatively low

income compared to the ethnic majority. Following the

‘market explanation’, minority groups are limited by

their economic resources and cannot afford the housing

prices in high-quality neighbourhoods. Thus, they are

pushed to more affordable but more polluted areas. The

ethnic majority, in contrast, holds a relatively high in-

come and faces lower economic constrains when choos-

ing a neighbourhood of destination. It follows that

majority households sort into high-quality neighbour-

hoods, while minority households sort into low-quality

neighbourhoods. If this is true, a higher exposure of mi-

nority households should dissipate after controlling for

socio-economic resources.

In contrast, the second mechanism assumes a persist-

ing effect of ethnicity on the exposure to environmental

hazards, independent of socio-economic characteristics.

The ‘racial residential discrimination thesis’ explains the

unequal distribution of environmental pollution by dis-

criminating actions of real estate agents or property

owners (Crowder and Downey, 2010; Crowder et al.,

2012; Pais et al., 2014; for discrimination on the hous-

ing market in general: Ondrich et al., 2003; Choi et al.,

2005; Turner and Ross, 2005; Pager and Shepherd,
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2008). The reasons for housing discrimination could be

2-fold: first, native inhabitants could perceive minority

groups as a threat due to prejudices about their criminal

behaviour (Massey and Denton, 1993; Semyonov et al.,

2012). Housing agents and property owners, in turn,

fear declining desirability of neighbourhoods and, as a

result, declining profits due to minority in-migration

(Yinger, 1986; Turner and Ross, 2005). Thus, they pre-

fer majority households as new inhabitants in high-

quality neighbourhoods. Secondly, housing agents could

spuriously anticipate the housing preferences of minority

groups (Ondrich et al., 2003; Turner and Ross, 2005). If

housing agents supposed minority groups have lower

preferences for clean environments or neighbourhood

quality in general, they could pre-select housing offers

based on their prejudiced viewpoint. In both cases, dis-

criminating behaviour sorts minority households into

polluted neighbourhoods.

The theoretical explanations as well as the empirical re-

sults regarding the disproportionate exposure of minority

groups stem mainly from the United States and refer to eth-

nic minorities like Asian, Mexican, or African-American

groups. It is important to note that minorities in Germany

are the result of relatively recent immigration, mainly from

Turkey, Southern Europe, and later Ex-Yugoslavia and

Eastern Europe (see Kalter and Granato, 2007 and the

more detailed discussion of our data in the following sec-

tion). Additionally, housing segregation by ethnic group is

lower in Germany than in the United States (Musterd,

2005). Nonetheless, we assume that the mechanisms dis-

cussed above are transferable to the German context, as

previous research has found general disadvantages of im-

migrants on the German housing market (Drever and

Clark, 2002; Auspurg et al., 2017), plus a higher expos-

ure of immigrant minorities to pollution (Diekmann and

Meyer, 2010 for Switzerland; Kohlhuber et al., 2006;

Raddatz and Mennis, 2013 for Germany).

Altogether, this leads to the Hypothesis 2:

H2: Native Germans will realize a stronger reduction in the

exposure to environmental pollution than immigrant mi-

nority households when moving to a new neighbourhood.

Based on the discussion of the fine-grained mechanisms

of selective migration, we will extend our analysis of se-

lective migration in two ways. First, we will test whether

the differences between ethnic groups can be explained

by socio-economic differences (H2a: ‘racial income-

inequality hypothesis’). If this explanation is true, the dis-

advantage of minorities should disappear or at least di-

minish when controlling for income. Secondly, we will

separate the minority group into first- and second-

generation immigrants. If discrimination causes the dis-

proportionate burden of minority households (H2b: ‘ra-

cial residential discrimination thesis’), we would assume

second-generation immigrants to experience similar dis-

advantages as first-generation immigrants.

The disproportionate exposure of ethnic minorities to

environmental pollution is well documented in previous

research. Even after controlling for income, many studies

document a significant correlation between ethnic mi-

nority share and environmental pollution within the

same neighbourhood (Ash and Fetter, 2004; Pastor

et al., 2005; Downey, 2006; Mohai and Saha, 2007;

Downey and Hawkins, 2008). In addition, housing audit

studies highlight the persisting discrimination against

minorities on the housing market (Ondrich et al., 2003;

Choi et al., 2005; Turner and Ross, 2005). This income-

independent effect of ethnicity is in line with the ‘racial

residential discrimination thesis’. Yet, as most of the

environmental inequality studies use cross-sectional

data, they cannot—and do not aim to—identify the

causal mechanisms leading to the disproportionate ex-

posure of minority groups to environmental pollution.

Nonetheless, some other studies (Oakes et al., 1996;

Been and Gupta, 1997; Shaikh and Loomis, 1999; Pastor

et al., 2001; Downey, 2005; Richardson et al., 2010;

Mohai and Saha, 2015b) focus on the causal mechan-

isms by analysing longitudinal data on the aggregate

level. Of these studies, only Richardson et al. (2010) find

empirical evidence for the selective migration into pol-

luted areas. All other macro studies rather contradict the

selective migration argument.

In contrast, the two longitudinal studies on the

household level find evidence for selective migration of

ethnic groups. According to Crowder and Downey

(2010), ethnic minorities are more likely to move into

polluted areas when comparing mobile households.

Even when controlling for socio-economic characteris-

tics, the effect of ethnicity persists. Additionally, the

analysis shows that income is a greater determining fac-

tor for Black than for White homeseekers in dictating

the pollution at the place of destination. This finding is

in line with the explanation of discriminating housing

markets, as mobile minority households require a higher

income to realize the same level of pollution than their

majority counterparts do. The second household-level

study by Pais et al. (2014) comes to similar conclusions.

Although the race effect is lowered in magnitude when

controlling for socio-economic factors, the odds of fol-

lowing a high-to-high pollution trajectory are still sub-

stantially higher for Black than for White households.

These results support both the ‘racial income-inequality
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thesis’ and the ‘racial residential discrimination thesis’.

Furthermore, the number of inter-neighbourhood moves

reduces the probability of being in a constantly high-

pollution trajectory for White households, while having

a contradicting effect for Black households.

Data, Operationalization, and Method

We use household-level data from the GSOEP, a re-

peated and representative panel study in Germany

(Wagner et al., 2007). Our final sample comprises infor-

mation on 12,037 households, participating between

1986 and 2014. This sample includes all households liv-

ing in private households (households living in hostels or

retirement homes were excluded) participating at least in

two of the six relevant waves (unbalanced panel). All

models were estimated without using sampling weights.3

As dependent variable we use the subjectively per-

ceived impairment through air pollution. In 1986, 1994,

1999, 2004, 2009, and 2014, the GSOEP household

questionnaire included the question ‘How strongly do

you feel you are affected by the followed environmental

influences on your residential area: Through air pollu-

tion’. Respondents had to evaluate their answer on a

five-point scale ranging from ‘Not at all’ to ‘Very strongly’

(coded 1–5).

The main explanatory variables are income and mi-

nority status. As we argue that the latter variables are

crucial for the extent of environmental exposure only

when people move, we include an interaction-term of

these main explanatory variables with a dummy indicat-

ing a relocation of the household between two points of

observation. This ensures that the report of perceived pol-

lution temporally follows the relocation, and we do not

run into trouble concerning the causality. As a measure of

income, we calculated the equivalized household income

by dividing the monthly net income by the square root of

the household size (Burniaux et al., 1998).

In the German context it makes sense to specify mi-

nority as immigrant minority: the vast share of minor-

ities—especially of minorities visible by their looks or

their language—are immigrants and their descendants

(Kalter and Granato, 2007). Most of the first-generation

immigrants in our sample originate from countries cov-

ered by Germany’s active labour immigration policy of

the 1960s like Turkey (n¼348), Yugoslavia (n¼ 199),

Italy (n¼171), Greece (n¼ 110), or Spain (n¼66). The

second important group of first-generation immigrants

originates from Eastern Europe (n¼566). In total, the

sample contains 1,490 first- and 699 second-generation

immigrants.4 Third-generation immigrants are catego-

rized as native Germans in the original data set. Due to the

low number of cases, we need to collapse some of the ori-

gins and differentiate between Turkey, former Yugoslavia,

and the following regions as classified by the United

Nations Statistics Division: Southern Europe, Eastern

Europe, rich Western Countries (Northern and Western

Europe, the United States, Canada, Australia) and a re-

sidual category for other countries (see Gresch and Kristen,

2011 for a discussion of different operationalizations).5

Finally, the relocation of the household is measured

by three period dummies indicating the first, second, or

third move of a household. Hence, the coefficient of the

second move-dummy indicates the additional effect of a

second move over the first, etc. For construction, all

GSOEP waves between 1986 and 2014 were taken into

account to capture relocations between the waves used

in the final analyses.

Additionally, we include several variables controlling

for confounders. Most importantly, we exclude the pos-

sibility of a perception bias and, consequently, a spuri-

ous decrease in the perception of environmental

pollution after a relocation (e.g. due to cognitive-

dissonance reduction). Hence, we include a control vari-

able for households that have been living in their new

home for less than 6 months. We also include a dummy

that captures the change of the household head as per-

ception of pollution might differ between the former

and the new household head. In addition, several control

variables may influence the pollution level as well as in-

come and thus confound the effect of income on pollu-

tion: we include age squared, since income and living

situation might notably improve in early adulthood (the

linear age term is omitted because it cannot be separated

from the year trend in two-way fixed-effects models) but

stagnate or decrease in old age. In the same line, we con-

trol for children living in the household, considering

children influence the household income (by definition)

and might influence the residential choice when house-

holds move.6 Since we are interested in the total effect,

we generally do not control for mediators. An important

exception is controlling for income when testing the ‘ra-

cial income-inequality hypothesis’.

To identify the causal mechanisms of environmental

inequality, we use fixed-effects panel estimators. These

estimators use the variance within the household over

time while excluding the variance between the house-

holds (Allison, 2009; Brüderl and Ludwig, 2015). Time-

constant household-specific characteristics are excluded

and no longer affect the estimation results. Furthermore,

the inclusion of year-dummies (two-way fixed-effects)

ensures that people without relevant within-variance—

households without any relocation—serve as a control

group. This controls for a change in pollution level over
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time independent of our explanatory variables. For ease

of interpretation, we use linear fixed-effects estimators,

though the dependent variable is measured on an ordinal

scale. To ensure that this model selection does not influ-

ence our results, we conducted additional sensitivity

checks using an additive index of air and noise pollu-

tion7 as well as fixed-effects ordered-logit models (see

Supplementary Tables SA2 and SA3). Both models fully

support the results of the linear fixed-effects estimators

of air pollution.

Results

Table 1 presents descriptive statistics by the household’s

minority status. First, the data show that most house-

holds report a low perceived impairment through air pol-

lution (mean of 1.8). Secondly, the data indicate a higher

mobility level for minority households. Approximately

50 per cent of the households with a native German

household head moved at least once within our observa-

tion period compared to 64 per cent of the minority

households. Furthermore, minority households perceive

a higher average level of impairment through air pollu-

tion. However, in both groups nearly 50 per cent of

households experienced at least one improvement in air

quality over time. In addition, minority households re-

port on average a 250e lower household income, which

indicates that the higher pollution experienced by minor-

ity households might be a function of socio-economic

status (‘racial income-inequality hypothesis’).

To draw conclusions about the mechanisms leading

to environmental inequality, Table 2 presents the results

of the panel regressions. All models are two-way fixed-

effects models with cluster robust standard errors. We

begin with a discussion of income inequality and then

turn to the minority effect.

Model FE 1 includes household income, moving

behaviour, and their interaction as explanatory vari-

ables. The important construct for testing the effects of

selective migration is the interaction of moving behav-

iour and income which separates the effect of movers

and non-movers. In line with our H1, FE 1 shows a sig-

nificant reduction of the perceived pollution due to in-

come for movers only. This confirms the ‘market

explanation’. When moving, households experience a

higher reduction of perceived air pollution as their in-

come rises. Figure 1 shows how the reduction of pollu-

tion due to moving increases with income. In contrast,

the effect of income for stationary households is close to

zero and not significant: only when moving, households

can use their income to reduce their exposure to pollu-

tion. Note, however, that the effect is statistically signifi-

cant but low in magnitude. An increase in income by

1,000 Euro increases the effect of mobility on impair-

ment through air pollution by only 0.03 points (which

equals 0.05 standard deviations). This income inter-

action effect equals three times the presented effect if we

interact moving behaviour with the household’s average

income over time, which would compare the moving re-

turns between ‘rich’ and ‘poor’ households (see

Supplementary Table SA4).8 Independent of model

choice, our results confirm selective migration as a

causal mechanism of environmental inequality.

Turning to the minority effect, model FE 2 includes

the main moving effects and an interaction between

moving behaviour and minority status. While the inter-

action terms in combination with the main effects repre-

sent the effect of migration for minority households, the

main moving effects represent migration returns for na-

tive German households. In consonance with H2, we

find a significant and negative effect of migration for

native German households: the first observed move

Table 1. Descriptive statistics

Variable Native German household Minority household

Mean Standard deviation

(within)

Mean Standard deviation

(within)

Per cent moved at least once 49.04 63.76

Perceived impairment through air pollution 1.825 0.587 1.923 0.639

Per cent experienced an improvement 48.62 49.62

Monthly equivalence income (in 1,000 Euros) 1.614 0.527 1.367 0.426

Age of household head 52.683 5.928 48.963 6.088

Children living in household 0.263 0.273 0.379 0.296

Number of households 9,816 2,221

Observations 31,267 7,118

Source: GSOEP (Waves 1986, 1994, 1999, 2004, 2009, 2014).
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reduces the perceived impairment through air pollution

by nearly 0.28 points on a scale from 1 to 5 (which

equals approximately 0.47 within standard deviations).

In contrast, minority members experience a much lower

reduction in pollution when moving (reduction by

approximately 0.12 points or 0.20 within standard devi-

ations). This is a substantial difference and confirms our

H2: the improvement due to mobility is more than twice

as strong for native German households than for minor-

ity households. Figure 2 depicts the results graphically.

Even the effect of the second move exceeds the 1 per

cent significance level for native German households

and points to an average additional improvement due to

a second move, while it is non-significant for minority

households. These results confirm selective migration as

a cause of the disproportionate exposure to air pollution

of minority households (H2).

Model FE 3 tests the ‘racial income-inequality hy-

pothesis’ and includes income as well as minority status

with its moving interactions. If the effect of the

Table 2. Fixed-effects estimation of perceived impairment through air pollution

FE 1 FE 2 FE 3 FE 4

Monthly equivalence income (in 1,000 Euros) �0.008 �0.009 �0.009

(0.009) (0.009) (0.009)

1. Move �0.203*** �0.282*** �0.247*** �0.249***

(0.030) (0.022) (0.031) (0.032)

2. Move �0.034 �0.080** �0.039 �0.045

(0.039) (0.025) (0.042) (0.042)

3. Move �0.014 �0.015 �0.023 �0.034

(0.086) (0.041) (0.087) (0.088)

1. Move � income �0.027* �0.022 �0.021

(0.013) (0.013) (0.013)

2. Move � income �0.019 �0.020 �0.018

(0.020) (0.020) (0.020)

3. Move � income 0.009 0.009 0.014

(0.044) (0.044) (0.045)

1. Move � minority 0.165*** 0.159***

(0.044) (0.044)

2. Move � minority 0.023 0.015

(0.049) (0.049)

3. Move � minority 0.047 0.048

(0.097) (0.096)

1. Move � minority (first-generation immigrant) 0.226***

(0.051)

2. Move � minority (first-generation immigrant) 0.083

(0.060)

3. Move � minority (first-generation immigrant) 0.141

(0.135)

1. Move � minority (second-generation immigrant) �0.005

(0.078)

2. Move � minority (second-generation immigrant) �0.047

(0.075)

3. Move � minority (second-generation immigrant) �0.026

(0.129)

R2 0.056 0.057 0.057 0.058

Adjusted R2 0.056 0.056 0.057 0.057

AIC 67,185 67,166 67,153 66,880

Number of households 12,037 12,037 12,037 12,005

Observations 38,385 38,385 38,385 38,268

Cluster robust standard errors in parentheses. Additional controls: Age2, children living in household, change of household head, duration of residence, year.

*p < 0.05, **p < 0.01, ***p < 0.001.

Source: GSOEP (Waves 1986, 1994, 1999, 2004, 2009, 2014).
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household’s minority status was a result of lower socio-

economic status, the minority effect should disappear or

diminish under control of income. Still, the difference

in reduction of air pollution between native German

and minority movers remains nearly unaffected when

controlling for income (comparing FE 2 and FE 3).

Independent of income, native German households can

experience a much higher reduction in air pollution than

their minority counterparts do. In contrast to the ‘racial

income-inequality hypothesis’, we do not find any sig-

nificant effect of household income and only a slight de-

crease of the minority effect in model FE 3. As in

previous research, we observe a persistently lower effect

of mobility on the exposure to pollution for minority

households, even when controlling for income.

Interestingly, the interaction between moving and in-

come fails to reach the 5 per cent significance level in

model FE 3, which is in line with the results of Ringquist

(2005) who concludes that the minority effect is much

more robust than the income effect.

The last model (FE 4) separates the effect of minority

status for first- and second-generation immigrants. The

results show that the disadvantage of minority house-

holds identified in Models FE 2 and FE 3 completely

stems from the disadvantage of first-generation immi-

grants. Figure 3 compares the effect of the first two

moves for native Germans, separating first- and second-

generation immigrants (under control of income). It

turns out that the improvement of the pollution level

from moving to a new place of residence experienced by

second-generation immigrants is comparable to the im-

provements experienced by native Germans. First-gener-

ation immigrants, in contrast, do not experience any

improvement in exposure to pollution when moving.

Even under control for income, native Germans, as well

as second-generation immigrants, sort into neighbour-

hoods with lower environmental pollution when mov-

ing, while first-generation immigrants face the same

exposure to pollution after moving to a new place of

residence. Additional analyses of first-generation minor-

ity households (Figure 4, see Supplementary Table SA5)

reveal that especially households originating from

Turkey, Ex-Yugoslavia, and Eastern Europe are disad-

vantaged compared to native German households

(P� 0.05). Households from those countries are not

able to improve environmental quality due to mobility.
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Figure 1. Conditional effect of the first move on the impairment

through pollution with 95 per cent confidence interval (FE 2)

Source: GSOEP (waves 1986, 1994, 1999, 2004, 2009, 2014).

Native German: 1. Move

Native German: 2. Move

Native German: 3. Move

Minority: 1. Move

Minority: 2. Move

Minority: 3. Move

−.3 −.2 −.1 0 .1 .2

Effect of moving on impairment through air pollution

Figure 2. The effect of moving for native German and immi-

grant minority households on the impairment through pollu-

tion with a 95 per cent confidence interval (FE 2)

Source: GSOEP (waves 1986, 1994, 1999, 2004, 2009, 2014).

Native German: 1. Move

Native German: 2. Move

1st gen immigrant: 1. Move

1st gen immigrant: 2. Move

2nd gen immigrant: 1. Move

2nd gen immigrant: 2. Move

−.4 −.3 −.2 −.1 0 .1

Effect of moving on impairment through air pollution

Figure 3. The effect of moving for native German, first-, and se-

cond-generation immigrant households on the impairment

through pollution with a 95 per cent confidence interval (FE 4,

controlling for income)

Source: GSOEP (waves 1986, 1994, 1999, 2004, 2009, 2014).
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Immigrants from wealthy Western countries, such as

France, the United Kingdom, or the United States, in

contrast, seem to experience the similar average im-

provement in environmental conditions due to moving

as native Germans do, but the estimation of this effect is

based on few cases only and statistically not significant.

Summary and Discussion

Environmental inequality has become an important

topic of sociological research in the United States. This

research has led to several important findings on the dif-

ferential exposure of minorities to pollutants. Despite

this, previous studies have led to inconsistent results re-

garding the causes of environmental inequality, and em-

pirical studies in Europe are rare. In this article we

present the first causal-analytic panel study of environ-

mental inequality in Germany.

To investigate causal mechanisms, this article uses

household-level panel data and fixed-effects estimators.

We find that income has a significant impact on the level

of perceived air pollution for movers, while it has no ef-

fect for stationary households: An increase in income

leads to a significant reduction of air pollution when the

household moves to a new place of residence. This con-

firms the existence of selective moving processes that

shape environmental inequality. However, the effect of

income is relatively low in magnitude and sensitive to

model specification. When simultaneously including in-

come and nationality, the effect of income loses signifi-

cance. Regarding minority status, we find a significant

improvement in air quality due to migration for native

German households. Minority households, in contrast,

only experience weak improvements. The disadvantages

are especially strong for first-generation immigrants,

who do not improve their situation at all when moving.

This minority-difference in mobility patterns is robust

against model specifications. Thus, selective migration

behaviour operates as a causal mechanism, shaping the

difference in pollution regarding minority status and, to a

lower extent, income. These findings are consistent with

previous results on the individual level from the United

States (Crowder and Downey, 2010; Pais et al., 2014).

The fact that we find a moderate income-effect but a

strong difference between native German and minority

households is especially interesting in the German context.

As German minorities are far less segregated than minority

groups in the United States, we would have expected to

observe lower minority differences. However, our data

show that first-generation immigrant minorities in

Germany are confronted with a high disadvantage when

relocating and, thus, experience a higher exposure to pollu-

tion. This is true especially for first-generation immigrants

from Turkey, former Yugoslavia, and Eastern Europe.

In summary, our analyses confirm selective migration

as a causal mechanism of environmental inequality.

Nevertheless, this study can only be a first step towards

understanding the fine-grained mechanisms triggering

selective migration. Our data allow to rule out some

mechanisms prominently discussed in the literature:

first, we do not find a noteworthy reduction of the mi-

nority effect when controlling for income, which indi-

cates that minority disadvantages cannot be explained

solely by their relatively low socio-economic status. This

contradicts the ‘racial income-inequality hypothesis’.

Secondly, the disadvantage of immigrants completely

vanishes in the second generation, indicating that the

disadvantage does not stem from discriminative behav-

iour triggered by simple ethnic markers like the look or

the name of a person. This contradicts the ‘racial resi-

dential discrimination thesis’, but results are not fully

conclusive, as discrimination could still occur based on

other characteristics like language skills or citizenship.

These characteristics are predominantly visible in the

first immigrant generation and, thus, would lead to dis-

advantages in the first but not in the second generation.

At the same time, we cannot rule out that mechan-

isms other than income or discrimination play a role:

first, successful integration of second-generation immi-

grants could also lead to informal network structures

that support the search for high-quality housing.

Following this argument, the disadvantage of first-

generation immigrants would stem from their ethnic net-

works and their lack of sufficient ties to the mainstream.

Germany

Turkey

Ex−Yugoslavia

Southern Europe

Eastern Europe

Other Western country

Other country

−1 −.8 −.6 −.4 −.2 0 .2 .4

Effect of moving on impairment through air pollution

Figure 4. The effect of the first move for native German and

first generation immigrant households separated by their

country of origin on the impairment through pollution with a

95 per cent confidence interval

Source: GSOEP (waves 1986, 1994, 1999, 2004, 2009, 2014).
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Secondly, homogeneity preferences might play an im-

portant role in residential choice (Kim et al., 2014), af-

fecting predominantly first-generation immigrants.

Thirdly, preferences for environmental quality might

differ between Germans/second-generation immigrants

on one side and first-generation immigrants on the

other. Addressing these potential explanations in further

research could produce important insights of the fine-

grained mechanism of selective migration, hence bolster-

ing our understanding of the causal mechanisms of

environmental inequality.

A shortcoming of the present study is the subjectivity

of the pollution measure. Though a strong correlation

with noise pollution and proximity to the city centre in-

dicates a connection to traffic-related air pollution, it re-

mains a subjective measure. Thus, its use may be critical

for cross-sectional analyses because of differing percep-

tions of pollution (as criticized by Diekmann and

Meyer, 2010). Fixed-effects panel estimators, in con-

trast, do not rely on the consistency of perception be-

tween respondents, which strongly reduces the concerns

brought forward against the use of perceived impair-

ment. Nevertheless, further research should validate the

results by combining objective and subjective measures of

air pollution in a panel study (note that the cross-sectional

study by Diekmann and Meyer (2010) found a correl-

ation between objective and subjective pollution data).

Finally, it is important to note that we did not address

the question ‘which came first?’ (Pastor et al., 2001): we

did not study facility siting or clean-up behaviour, which

was identified as another cause of environmental in-

equality by previous research, stating that facilities are

sited disproportionately close to minorities. Our analysis

offers strong evidence for selective migration as a causal

mechanism but cannot claim selective migration as the

exclusive or the most important mechanism. To complete

the picture of causality producing environmental inequal-

ity, further research needs to combine micro panel data

and longitudinal macro data to analyse selective migra-

tion as well as selective siting in one single study. This

could also help to explain the fact that macro-level stud-

ies were not able to find evidence for selective migration

processes, while micro-level studies do.

Notes
1 Supplementary cross-sectional analyses of our data

confirm these results (see Supplementary Table SA1).

2 The terms ‘race’ and ‘ethnicity’ have the same mean-

ing throughout this article. US scholars typically

study inequalities based on race, while European re-

searchers typically focus on inequalities along ethnic

lines. For our purposes, both concepts refer to a

fixed actor attribute that can be the basis for differ-

ent housing market opportunities.

3 As panel attrition may be an issue for the present re-

search question, we estimated additional models

using inverse staying probability weights (not

shown). These models yield very similar results (see

Solon et al., 2015 for a discussion on weighting).

4 To separate the effect due to relocation from the effect

of other events, we had to exclude 198 households

(approximately 1.6 per cent of the total sample) that

experienced a change in minority status due to a

change of the household head (32 additional house-

holds had to be excluded when differentiating between

first and second generation of immigration).

5 Our operationalization of minority status follows

the status of the GSOEP household head. This deci-

sion ignores the individual migration histories of all

other household members. However, our approach

avoids questionable exclusions (of mixed native and

immigrant households) and leads to more conserva-

tive estimates, i.e. a bias towards a non-finding.

6 Note that we do not include control variables that

might cause moving decisions. This would be im-

portant if we investigated the question whether pol-

lution induces relocations. However, for our

dependent variable the reasons for the moving deci-

sion do not confound the results.

7 The subjective impairment by ambient noise was

measured using a question very similar to air pollu-

tion (see above).

8 We argue that comparing different income levels

within the same household over time is the adequate

strategy to model the effect, as it uses within-

variance only. The strategy may produce conserva-

tive point estimates but is less prone to biases

induced by unobservable confounders.

Supplementary Data

Supplementary data are available at ESR online.
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Brüderl, J. and Ludwig, V. (2015). Fixed-effects panel regres-

sion. In Best, H. and Wolf, C. (Eds.), The Sage Handbook of

Regression Analysis and Causal Inference. Los Angeles: Sage,

pp. 327–357.

Burniaux, J.-M. et al. (1998). Income Distribution and Poverty

in Selected OECD Countries. OECD Economics Department

Working Papers, 189. Paris: OECD Publishing.

Campbell, H. E., Peck, L. R. and Tschudi, M. K. (2010). Justice

for all? A cross-time analysis of toxics release inventory facil-

ity location. Review of Policy Research, 27, 1–25.

Choi, S. J., Ondrich, J. and Yinger, J. (2005). Do rental agents

discriminate against minority customers? Evidence from the

2000 housing discrimination study. Journal of Housing

Economics, 14, 1–26.

Crowder, K. and Downey, L. (2010). Inter-neighborhood migra-

tion, race, and environmental hazards. Modeling micro-level

processes of environmental inequality. American Journal of

Sociology, 115, 1110–1149.

Crowder, K., Pais, J. and South, S. J. (2012). Neighborhood di-

versity, metropolitan constraints, and household migration.

American Sociological Review, 77, 325–353.

Diekmann, A. and Meyer, R. (2010). Demokratischer Smog?

Eine empirische Untersuchung zum Zusammenhang zwischen

Sozialschicht und Umweltbelastungen. Kölner Zeitschrift für

Soziologie und Sozialpsychologie, 62, 437–457.

Downey, L. (2005). The unintended significance of race.

Environmental racial inequality in Detroit. Social Forces, 83,

971–1007.

Downey, L. (2006). Environmental racial inequality in Detroit.

Social Forces, 85, 771–796.

Downey, L. and Hawkins, B. (2008). Race, income, and envir-

onmental inequality in the United States. Sociological

Perspectives, 51, 759–781.

Drever, A. and Clark, W. (2002). Gaining access to housing in

Germany. The foreign-minority experience. Urban Studies,

39, 2439–2453.

Funderburg, R. and Laurian, L. (2015). Bolstering environmen-

tal (in)justice claims with a quasi-experimental research de-

sign. Land Use Policy, 49, 511–526.

Gresch, C. and Kristen, C. (2011). Staatsbürgerschaft oder

Migrationshintergrund? Ein Vergleich unterschiedlicher

Operationalisierungsweisen am Beispiel der Bildungsbeteiligung.

Zeitschrift für Soziologie, 40, 208–227.

Hanna, B. G. (2007). House values, incomes, and industrial

pollution. Journal of Environmental Economics and

Management, 54, 100–112.

Havard, S. et al. (2009). Traffic-related air pollution and socioe-

conomic status. Epidemiology, 20, 223–230.

Hunter, L. M. et al. (2003). Environmental hazards, migration,

and race. Population and Environment, 25, 23–39.

Kabisch, N. and Haase, D. (2014). Green justice or just green?

Provision of urban green spaces in Berlin, Germany.

Landscape and Urban Planning, 122, 129–139.

Kalter, F. and Granato, N. (2007). Educational hurdles on the

way to structural assimilation in Germany. In Heath, A. F.,

Cheung, S. Y. and Smith, S. N. (Eds.), Unequal Chances.

Ethnic Minorities in Western Labour Markets. Oxford:

Oxford University Press, pp. 271–319.

Kim, Y., Campbell, H. and Eckerd, A. (2014). Residential choice

constraints and environmental justice. Social Science

Quarterly, 95, 40–56.

Kohlhuber, M. et al. (2006). Social inequality in perceived envir-

onmental exposures in relation to housing conditions in

Germany. Environmental Research, 101, 246–255.

Laurian, L. and Funderburg, R. (2014). Environmental justice in

France? A spatio-temporal analysis of incinerator location.

Journal of Environmental Planning and Management, 57,

424–446.

Massey, D. S. (1990). Social structure, household strategies, and

the cumulative causation of migration. Population Index, 56,

3–26.

Massey, D. S. and Denton, N. A. (1993). American Apartheid.

Segregation and the Making of the Underclass. Cambridge:

Harvard University Press.

Mohai, P. and Saha, R. (2007). Racial inequality in the distribu-

tion of hazardous waste. A national-level reassessment. Social

Problems, 54, 343–370.

Mohai, P. and Saha, R. (2015a). Which came first, people or pol-

lution? A review of theory and evidence from longitudinal en-

vironmental justice studies. Environmental Research Letters,

10, 125011.

Mohai, P. and Saha, R. (2015b). Which came first, people or

pollution? Assessing the disparate siting and post-siting demo-

graphic change hypotheses of environmental injustice.

Environmental Research Letters, 10, 115008.

Morello-Frosch, R. and Jesdale, B. M. (2005). Separate and un-

equal. Residential segregation and estimated cancer risks asso-

ciated with ambient air toxics in U.S. metropolitan areas.

Environmental Health Perspectives, 114, 386–393.

Musterd, S. (2005). Social and ethnic segregation in Europe.

Levels, causes, and effects. Journal of Urban Affairs, 27,

331–348.

Oakes, J. M., Anderton, D. L. and Anderson, A. B. (1996). A

longitudinal analysis of environmental equity in communities

with hazardous waste facilities. Social Science Research, 25,

125–148.

Ondrich, J., Ross, S. and Yinger, J. (2003). Now you see it, now

you don’t. Why do real estate agents withhold available

houses from black customers? Review of Economics and

Statistics, 85, 854–873.

62 European Sociological Review, 2018, Vol. 34, No. 1

Downloaded from https://academic.oup.com/esr/article-abstract/34/1/52/4748794
by UB Kaiserslautern user
on 09 February 2018



Padilla, C. M. et al. (2014). Air quality and social deprivation in

four French metropolitan areas. A localized spatio-temporal

environmental inequality analysis. Environmental Research,

134, 315–324.

Pager, D. and Shepherd, H. (2008). The sociology of discrimin-

ation. Racial discrimination in employment, housing, credit, and

consumer markets. Annual Review of Sociology, 34, 181–209.

Pais, J., Crowder, K. and Downey, L. (2014). Unequal trajecto-

ries: racial and class differences in residential exposure to in-

dustrial hazard. Social Forces, 92, 1189–1215.

Pastor, M., Morello-Frosch, R. and Sadd, J. L. (2005). The air is

always cleaner on the other side. Race, space, and ambient air

toxics exposures in California. Journal of Urban Affairs, 27,

127–148.

Pastor, M., Sadd, J. L. and Morello-Frosch, R. (2002). Who’s

minding the kids? Pollution, public schools, and environmental

justice in Los Angeles. Social Science Quarterly, 83, 263–280.

Pastor, M., Sadd, J. L. and Hipp, J. (2001). Which came first?

Toxic facilities, minority move-in, and environmental justice.

Journal of Urban Affairs, 23, 1–21.

Pellow, D. N. and Nyseth Brehm, H. (2013). An environmental

sociology for the twenty-first century. Annual Review of

Sociology, 39, 229–250.

Piketty, T. and Saez, E. (2014). Inequality in the long run.

Science, 344, 838–843.

Raddatz, L. and Mennis, J. (2013). Environmental justice in

Hamburg, Germany. The Professional Geographer, 65, 495–511.

Richardson, E. A., Shorty, N. K. and Mitchell, R. J. (2010). The

mechanism behind environmental inequality in Scotland.

Which came first, the deprivation or the landfill? Environment

and Planning A, 42, 223–240.

Ringquist, E. J. (2005). Assessing evidence of environmental

inequities. A meta-analysis. Journal of Policy Analysis and

Management, 24, 223–247.

Semyonov, M., Anastasia, G. and Anya, G. (2012).

Neighborhood ethnic composition and resident perceptions

of safety in European countries. Social Problems, 59, 117–135.

Schelling, T. C. (1978). Micromotives and Macrobehavior. New

York: Norton.

Shaikh, S. L. and Loomis, J. B. (1999). An investigation into the

presence and causes of environmental inequity in Denver,

Colorado. The Social Science Journal, 36, 77–92.

Solon, G., Haider, S. J. and Wooldridge, J. M. (2015). What are

we weighting for? Journal of Human Resources, 50, 301–316.

Tiebout, C. M. (1956). A pure theory of local expenditures. The

Journal of Political Economy, 64, 416–424.

Turner, M. A. and Ross, S. (2005). How racial discrimination

affects the search for housing. In De Souza Briggs, X. (Ed.),

The Geography of Opportunity. Race and Housing Choice in

Metropolitan America. Washington, DC: Brookings

Institution Press, pp. 81–100.

Wagner, G. G., Frick, J. R. and Schupp, J. (2007). The German

socio-economic panel study (SOEP)—evolution, scope and en-

hancements. Schmollers Jahrbuch, 127, 139–169.

Yinger, J. (1986). Measuring racial discrimination with fair

housing audits. Caught in the act. The American Economic

Review, 76, 881–893.

Henning Best is a Professor of Sociology and Social

Stratification at the University of Kaiserslautern.

Current research interests comprise environmental soci-

ology, causal inference, and spatial modelling. His work

has been published in Social Science Research, Society

and Natural Resources, and the Journal of Transport

Geography.
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