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Abstract

Recently, there has been a renewed interest in the agglomeration wage
differential. One of the open research question is whether wage differ-
ences between large cities and the rural country are due to unobserved
differences in regional price levels. In this paper information on regional
price levels for western German regions is used to assess this wage differ-
ential. Since for many regions price information is not available Multiple
Imputation is used to generate completed data sets. It can be shown that
this strategy is more reliable than simply using predictions of regression
analysis.

The results obtained show that the agglomeration wage differential in
Germany is smaller than in the US, and that only a minor part of it can be
explained by differences in prices.

JEL classification: R12, J31, C11

Keywords: Agglomeration wage differential, regional prices, Multiple Im-
putation, regional disparities

The authors would like to thank Elke Amend and Karen Scott-Leuteritz for
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1 Introduction

Information on regional price levels is fundamental for many research
questions in regional science. For example, empirical analyses show a
marked agglomeration wage premium in many countries. But this pre-
mium might be an illusion if it only reflects price differences.

Though the value of information on regional prices is obvious, there is a
lack of empirical data in many countries. In some cases official statistics
provide information about relatively large regional units, but this is not of
much help since large regions include agglomerations and stretches of ru-
ral areas as well. Furthermore, price indexes for regions are often not
comparable (see Appendix 1); they show the development in the time di-
mension (regional inflation) but not in the spatial dimension.

In this paper one of the very few surveys showing regional price levels for
32 small regional units is used to estimate regional price differences for
the whole area of western Germany. This is done by Multiple Imputation,
which is a method that takes care of the uncertainty included in this esti-
mation by dealing correctly with the variance of estimates accomplished
using imputed data.

The completed data is used to estimate the agglomeration wage differen-
tial, which has received considerable attention recently. Most of the expla-
nations are based on the idea that the concentration of production in-
creases productivity, which is at least partly reflected by wages. However,
there is an older debate concerning whether regional wage differences
simply balance out observed or unobserved (dis-)amenities of regions
(early representatives are Goldfarb, Yezer 1976, Roback 1982), for exam-
ple disadvantages of congestion in cities, or whether they are due to un-
observed price differences. In more recent research the relation of the
wage differential to cost-of-living differences is also discussed (Glaeser,
Maré 2001: 319f., Yankow 2006).

The outline of the paper is as follows: In section 2 we give a brief over-
view over the current state of research. Section 3 provides background
regarding Multiple Imputation. The application of the imputation proce-
dure is shown in section 4. In section 5 we present the estimation results
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on the agglomeration wage differential. Section 6 provides some conclud-
ing remarks.

2 Current state of research

From many empirical studies it is known that prices and wages are higher
in metropolitan areas. It should be noted, however, that the existence of
high prices in city centres is contrary to the predictions of most New Eco-
nomic Geography (NEG) approaches. An interesting theoretical model that
avoids the inconsistency is given by Suedekum (2006). He adds a home
goods sector to Krugman’s (1991) standard approach. It is then possible
for a price index to be higher in the core than in the periphery.

As regards empirical research on the agglomeration wage differential,
Glaeser and Maré (2001) showed in their seminal article that the raw dif-
ferential is 33 % in the US. If the heterogeneity of the labour force is con-
trolled for and experience, education and race of workers are taken into
account it falls by 6.5 %. The authors (2001: 340) concluded “that there
is a substantial urban wage premium, which is not simply the result of
omitted ability factors”. In the case of Germany, Mdller and Haas (2003)
presented evidence for the existence of such a premium using quantile
regression. In Germany the raw differential is smaller, it comes up to
20 % (see also Mdller, Lehmer 2006). Generally, empirical studies show
that individuals with identical characteristics receive higher wages in ag-
glomerations than in rural areas.

To see to what extent the wage differential is due to a variation of price
levels we will have to extend the scope of the analyses. However, for
many countries information on regional price levels is scarce. In the case
of the US, cost-of-living information is available for metropolitan areas but
not for the rural country. Consequently, Yankow (2006) includes the price
level when he studies the wage premium for large compared to smaller
cities.

In general, empirical information is scarce because collecting data on
prices is a very expensive process. For a span of over thirty-five years
only four surveys on regional price levels have been published by the
German Federal Statistical Office. Each of them covers only a subset of
regions (see Appendix 1). The survey conducted in 1993 for fifty towns
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and cities of reunified Germany is the most recent one (see Strohl 1994).
The data is representative for goods and services consumed by private
households, but does not include rents. This survey could be used to esti-
mate the regional price variation in the whole country. Even though some
time has passed since this survey was conducted, it would be valuable to
assess the structure and extent of regional price differences. The results
could be used to derive information about the situation of more recent
years.

In fact, Roos (2006) has done an estimation for regional price levels of all
districts in Germany (NUTS-3) on the basis of the data provided by Strohl
(1994). He used a standard regression approach with the population, the
GDP per capita, the average annual wage, the rental rate of retail outlets,
the population density, a tourism dummy and a dummy for the eastern
part of Germany as independent variables (Roos 2006: 1557f.). Applying
this model to the fifty regional units for which price information is avail-
able, he obtained regression coefficients, which he used in a second step
to calculate expected values for all of the 390 remaining districts. Fur-
thermore, he calculated price levels of federal states by population
weighted averages. Using the latter and the inflation rates at state level,
the price levels of federal states (Bundeslander) are extrapolated up to
the year 2002.

One limitation of Roos’ (2006) approach concerns the method he used.
The imputation of missing values by a standard regression model ignores
the fact that the estimated values are known only with some uncertainty.
If the estimated values are used in a second step, e. g. for estimating the
agglomeration wage differential, the standard formula for calculating the
standard errors leads to biased results. Therefore, we use Multiple Impu-
tation to obtain estimates of the missing regional price levels.

3 Multiple Imputation

The Multiple Imputation (MI) approach is standard for missing data prob-
lems in statistics and is being used more and more in applied research
(see Rubin 1996). Following Little and Rubin (1987) there are three cate-
gories of missing data — missing completely at random, missing at random
and missing not at random. Ml is based on data missing at random (MAR).
In this case the probability for a missing value may depend on the ob-
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served values but does not depend on the missing values. Schafer (1997)
shows that even when the MAR assumption does not hold, estimations by
Ml are generally less biased than estimations using the complete cases
only.

The principles of Multiple Imputation were developed by Rubin (1978). To
obtain a complete data set, the missing values are drawn from a condi-
tional random distribution. The correlation of the imputed values with the
covariates is based on the correlation between the observed values. The
completed data can be used for econometric analyses with standard tech-
nigues. But standard tests assume that the true data is used — whereas
we are actually using imputed data. This causes additional uncertainty. By
running the imputation procedure several times we can take this addi-
tional uncertainty into account.

Therefore Multiple Imputation consists of three steps: in the first one, we
generate m imputed data sets. In the second step, in following our re-
search question we run estimations separately for each of the m com-
pleted data sets using standard econometric methods. In the third one,
we combine the results by the rules for Ml estimates.

The origin of Multiple Imputation lies in Bayesian Statistics. To obtain
proper MI results, the imputations must be drawn randomly from a poste-
rior predictive distribution of the missing data given the observed data.
This can be done by a Bayesian Markov-Chain-Monte-Carlo (MCMC) pro-
cedure. For variables that are jointly normally distributed Josef Schafer's
program NORM can be used (see http://www.stat.psu.edu/—jls/
misoftwa.html). Details on the algorithm are discussed in Schafer (1997).

To start a formal description, we need some definitions: the vector of the
regional price levels Y (in logs) includes observed values Y, and missing

values Y

mis ?

so that Y =(Y,,.Y,..). The matrix X contains further completely

obs, ' mis
observed variables. We assume that the log of the regional price levels
Y =(Y,..Y,.) can be described by a normal distribution with the given pa-

obs
rameters ¢ and covariates X . In contrast to the parameters of an econo-
metric model, the parameters ¢ of the imputation model are of no further

interest for the researcher. They are only needed for the imputation.
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From a Bayesian point of view the parameters ¢ are random variables. To

impute the missing price levels given the observed levels and the covari-
ates X , we need the distribution

F)(YmisvéZ |Yobs’ X ) "

This distribution can be obtained by a Markov chain with an imputation
step and a probability step. The imputation step is:

Y(Hl) - ID(Ymis |Yobs’ X’é:(t))

mis

In this step the missing values are drawn from a normal distribution,
given the observed values and 5(”. The starting value 5(0) is adopted from

an expectation-maximizing algorithm. The probability step simulates new
parameters &, given the observed values and the imputed values:

g(tﬂ) - P(é; |Y (t+1) Yobsa X ) ,

mis !

where £ is drawn from an inverted Wishard distribution. These new values
of & are used in the next imputation step where we draw new Y, . The
iteration between the imputation and probability steps results in a Markov

chain. The distribution of the Markov chain (Yrgtil,g(t)) converges to the pos-

terior distribution P(Y, ., &Y., X).

We store Y,;,, after z>>1 rounds to obtain the first imputed data set. In our

case we run z=1000 rounds. After z further iterations, we store the next
data set, and so on, until we have gained m>1 imputed data sets. This
completes the first step of our analysis, the imputation of missing data
and the generation of more than one completed data sets.

This enables us in the second step to calculate the imputed data estimate

A

6" =4(v™ X) and its estimated variance var(é(”)), n=12,...,m. 6™ might be
an estimator for the mean of a variable or the estimated coefficient from
an econometric model in our case a wage analysis to check the existence
of the agglomeration differential. The econometric analysis is carried out
m times, once for each imputed data set.
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In the third step these m estimates are used to compute the MI estimates
and the MI variance. The MI estimate for ¢ is the average estimate

A 1M A
0, =—So" .
Mi ng:;

To obtain the variance for the MI estimate éM, , we first calculate the ‘bet-

ween-imputation' variance

and then the ‘within-imputation' variance
W = lnglr(é(“)).
m n=1

Finally, the estimated total variance T for the MI estimate is defined by

m+1
m

T=W+ B.

For large sample sizes, tests and two-sided (1-«)-interval estimates can

be based on Student's t-distribution

N

M ~t, and érvu itvyl—“/zﬁ

T

with the degrees of freedom

v:(m—l)[1+L_lJ :
1+m™)B

Note that the degrees of freedom depend on the number of imputations
and the ratio of W to B. It can be shown that 3 to 5 imputed data sets
are already sufficient if the share of missing values is not too high. More
imputations would scarcely improve the efficiency of an estimate.
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4 Price imputation
The observed price levels Y, (included in logs) for a number of regions

stem from a publication by Strohl (1994). He reports results of a cross-
section sample collected by the German Federal Statistical Office. The
data contains price indexes for 32 western German towns and cities in
1993. The indexes are based on a representative basket of 367 goods and
services. In total, nearly 44,000 prices were used. The price information is
not the regional cost-of-living index for two reasons. First, housing prices
are not included. Second, in constructing the index, national expenditure
shares have been used as weights, so local expenditure patterns are not
represented.

Table 1: Region classification and average imputed price levels

According to Gérmar, Irmen (1991), price information following Strohl (1994)

Region Description No. of regions ... Average im-
Type in West with price puted price
Germany index in- levels
formation
(Reg.Type 1=
100)
1 Core cities in regions with major agglom- | 39 13 100
erations.
2 Very densely populated districts in re- 41 2 99.72
gions with major agglomerations.
3 Densely populated districts in regions with | 29 0 99.71
major agglomerations.
4 Rurally structured districts in regions with | 10 0 99.83
major agglomerations.
5 Core cities in regions with conurbational 21 7 99.70
features.
6 Densely populated districts in regions with | 72 5 99.18
conurbational features.
7 Rurally structured districts in regions with | 48 1 98.76
conurbational features.
8 Densely populated districts in rurally 44 3 98.39
structured regions.
9 Rurally structured districts in rurally struc- | 22 1 95.46

tured regions.

Total 326 32
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Of special interest is the part of the price differential that arises from ag-
glomeration effects, since this should correspond with the wage differen-
tial analysed in the next step of our study. Compared to the US, for which
the seminal studies (e. g. Glaeser, Maré 2001) were published, Germany
is rather small and densely populated. No part of the country is really far
away from an agglomeration and therefore the differences in economic
conditions should not be as pronounced as they are in the US. To capture
different degrees of agglomeration between central core cities and the ru-
ral country we introduce a widely used classification developed by the
Federal Office for Building and Regional Planning (BBR). This typology for
districts, i. e. NUTS-3 regions, uses centrality and population density as
criteria as is shown in Table 1. In a strict sense, only the regions of Type 1
represent agglomerations and only those of Type 9 the rural country. The
other types are in between.

The matrix of covariates X , which is used to simulate the missing price
levels contains: size of regions, price of building land, squared price of
building land, a variable for tourism, unemployment rate (all in logs),
composition corrected regional wage, a dummy for cities which are a dis-
trict of their own and nine region dummy variables indicating the type of
district (Table 1). Because of a lack of observations in two regional
groups, region Type 4 is subsumed to 7 and Type 3 to 6 only in the Ml
step. Detailed information on the other covariates is given in Appendix 2.

Following the method outlined in the previous section, these variables are
used to generate regional levels for those districts where the information
iIs missing. In our case we generated m=5 data sets. This completes the
first step of our analysis.

To obtain a rough indicator for the quality of the information used for im-
putation a regression is carried out for the 32 regions with complete in-
formation. The price level is the response variable and the variables em-
ployed for imputation are included as predictors. The regression gives an
R®> of 0.90. Therefore, we feel confident about the precision of the im-
puted data.
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5 Estimation of agglomeration wage differentials

Before continuing with the wage regressions, we provide in Figure 1 a first
impression of the regional disparities in nominal wages. As expected, the
average wages are lower in rural areas (Types 8 and 9) than in core cities
(Types 1 and 5). The data set underlying this figure and also the wage
equations is the IAB Employment Sample (IABS-R01, for details see Ha-
mann et al. 2004 and for an older version of the data Bender, Haas, Klose
2000). This is a two percent random sample of the Employment Statistics
of the Federal Employment Services, which includes all employees covered
by social security and represents about 80 percent of total employment in
Germany. The Employment Statistics are generated from the administra-
tive data used to calculate the contributions to the social security system.
It is therefore highly reliable. The data includes information on employ-
ment spells, job and personal characteristics as well as earnings. The
wage variable is measured for calendar days. Only workers, who were
employed on 30" June, 1993 are included. Part-time workers and appren-
tices are not taken into account. The remaining sample contains 171,366
individuals covering the districts of western Germany.

Figure 1. Boxplots of average nominal daily wages over region types according
to Table 1

100
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80
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Source: Own calculations based on the IABS-R01
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In the next step, the regressions with the 5 data sets completed by Ml are
carried out. To test for the existence of an agglomeration wage premium,
we estimate equations with the log of wages as response variable. For the
first one we use individual nominal wages, for the second one we calculate
real wages using the imputed regional price levels. In order to quantify
the agglomeration wage differentials we use again the classification
scheme of the BBR (see Section 3). Because contributions to the social
security system have to be paid only up to a contribution limit, the wages
are right-censored. For this reason we estimate the wages by means of a
Tobit regression. Because of the multilevel framework — employees are
located within regions — we adjust the standard errors of each single re-
gression for intragroup correlation (Moulton 1990).

Table 2 contains the results of the Tobit estimates for the regression
model where only the region types are used as explanatory variables to
quantify the raw urban wage premium. The reference category is Type 9
“Rurally structured districts in rurally structured regions”. The estimations
from the five imputed data sets are combined according to the principles
of Multiple Imputation to obtain the results for the real wage model.

The nominal wages at individual level differ considerably between the re-
gion types. Employees working in rurally structured districts of Type 9
earn about 25 % less than those working in a core city of Type 1. This is
less than the 33 % found by Glaeser and Maré (2001) for the US. The
wage differentials decrease somewhat when using the real wage instead
of the nominal wage. The value for Type 1 is now 19 %. All coefficients
decrease in absolute values. Thus, about one quarter of the raw urban
wage premium can be explained by regional price differences.

The results of Table 2 do not account for internal heterogeneity of regions.
To control for variations in the distribution of jobs and employees, we es-
timate a Mincer wage equation at individual level. As is standard in the li-
terature we assume a linear relationship between log wages and the ex-
planatory variables. To obtain results comparable to those in the literature
(say Glaeser, Maré 2001) we include education, gender, age and age
squared.
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Table 1: Agglomeration effects on nominal and real wages (Model 1)

log Nominal Wage log Real Wage
Variable Std. 95 % Conf. Std. 95 % Conf.
Coef. Coef.

Err. Interval Err. Interval
Constant 4.152 | 0.013 4.126 4.177 4.200 | 0.014 4.172 4.229
Region Type 1 0.250 | 0.019 0.214 0.286 0.194 | 0.017 0.160 0.228
Region Type 2 0.181 | 0.018 0.146 0.217 0.136 | 0.018 0.101 0.171
Region Type 3 0.107 | 0.017 0.074 0.139 0.065 | 0.018 0.029 0.102
Region Type 4 0.068 | 0.021 0.028 0.109 0.026 | 0.022 -0.018 0.070
Region Type 5 0.186 | 0.021 0.145 0.227 0.142 | 0.022 0.099 0.184
Region Type 6 0.099 | 0.014 0.071 0.127 0.060 | 0.016 0.028 0.092
Region Type 7 0.048 | 0.016 0.017 0.079 0.014 | 0.017 -0.021 0.049
Region Type 8 0.051 | 0.016 0.020 0.082 0.023 | 0.019 -0.017 0.062

Notes: Estimation method is Tobit; reference category is Region Type 9; all standard errors are ro-
bust; n = 171,366.

Table 2: Agglomeration effects on nominal and real wages with control vari-
ables (Model 2)

log Nominal Wage log Real Wage
Variable Std. 95 % Conf. Std. 95 % Conf.
Coef. Coef.
Err. Interval Err. Interval

Constant 3.240 0.026 3.190 3.290 | 3.286 | 0.026 3.235 3.337
Region Type 1 0.196 0.016 0.164 0.227 0.140 | 0.015 0.111 0.169
Region Type 2 0.146 0.015 0.117 0.175 0.101 | 0.015 0.072 0.130
Region Type 3 0.084 0.015 0.056 0.113 0.043 | 0.016 0.011 0.076
Region Type 4 0.049 0.017 0.015 0.083 | 0.007 | 0.019 -0.031 0.045
Region Type 5 0.140 0.018 0.105 0.176 | 0.096 | 0.019 0.059 0.133
Region Type 6 0.079 0.012 0.055 0.102 | 0.040 | 0.014 0.011 0.068
Region Type 7 0.039 0.014 0.011 0.066 | 0.005 | 0.016 -0.027 0.036
Region Type 8 0.037 0.013 0.012 0.062 | 0.009 | 0.017 -0.027 0.044
Vocational 0.205| 0.004| 0.198 0.212 | 0.205 | 0.004 0.198 | 0.212
Quialification

University 0.660 | 0.007 | 0.646 0.674 | 0.657 | 0.007 0.643 | 0.671
Degree

Women -0.315 0.007 | -0.329 -0.302 | -0.316 | 0.007 -0.330 -0.302
Age 0.039 0.001 0.037 0.041] 0.039 | 0.001 0.037 0.041
Age squared 0.000 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000

Notes: Estimation method is Tobit; reference variables are Region Type 9, No Formal Education and
Men; all standard errors are robust; n = 171,366.
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By and large the estimated coefficients of the control variables show the
magnitude and sign which is expected (see Table 3). For instance, women
earn ceteris paribus less than men, highly qualified workers more than
less qualified ones and age shows a positive but decreasing marginal ef-
fect. Concerning the region types, the estimated agglomeration wage dif-
ferentials are smaller than in the model with no additional explanatory
variables. The difference between region Types 1 and 9 is reduced to 20
percent in nominal terms. This is about the same result as in Mdller, Haas
(2003). In real terms the coefficients are reduced by about the same
amount as before in Table 2. Therefore, the differential for Type 1 shrinks
to 14 %.

Our data set provides us with the opportunity to control for even more
variables. These include nine establishment-size categories, 30 industry
categories and thirteen occupational categories. See Appendix 2 for a de-
tailed description of the variables. These variables map attributes of em-
ployees (occupational category) and of establishments (industry category
and establishment size). Glaeser, Maré (2001) and Yankow (2006) use
models with fixed effects to control for unobserved worker heterogeneity
within regions and to trace the origin of the agglomeration wage differen-
tial even further. This approach is not feasible for us, because our price
level data is available for only one year. Models with an extended number
of control variables, however, allow additional insights into the sources of
the agglomeration wage differential. Results are shown in Table 4, but the
coefficients for the additional variables are omitted for lack of space. The
complete results can be obtained from the authors upon request.

Now we obtain the surprising result that the agglomeration wage premium
is only half of its previous size when nominal wages are chosen, and it is
even smaller with real wages. The interpretation is simple: A large part of
the agglomeration wage differential is due to the structure of jobs of re-
gional economies. Better paying industries with larger establishments are
concentrated in metropolitan areas.
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Table 4: Agglomeration effects on nominal and real wages with extended num-
ber of control variables (Model 3)

log Nominal Wage log Real Wage
Variable Std. 95 % Conf. Std. 95 % Conf.
Coef. Coef.
Err. Interval Err. Interval
Constant 3.044 | 0.026 2.993 3.095 | 3.090 | 0.027 3.038 | 3.143
Region Type 1 | 0.093 | 0.010 0.072 0.113| 0.039 | 0.011 0.017 | 0.060
Region Type 2 | 0.090 | 0.010 0.070 0.110 | 0.045 | 0.012 0.021 | 0.068
Region Type 3 | 0.056 | 0.011 0.034 0077 | 0015|0014 | -0.014| 0.043
Region Type 4 | 0.038 | 0.012 0.014 0.062 | -0.004 | 0.015| -0.035| 0.027
Region Type 5 | 0.052 | 0.011 0.030 0.073| 0009 |0013| -0.018| 0.035
Region Type 6 | 0.041 | 0.009 0.025 0.058 | 0.003|0012| -0.022| 0.028
Region Type 7 | 0.019 | 0.010 |  -0.001 0.039 | -0.015|0.013 | -0.042| 0.012
Region Type 8 | 0.015 | 0.010 |  -0.004 0.034 | -0.013|0.015| -0.047| 0.020
éﬂ;ﬁ'@;ﬁgn 0.106 | 0.002 0.102 0.110 | 0.107 | 0.002 0.103| 0.112
ggig"r‘zrg“y 0.300 | 0.006 0.288 0.312| 0.299 | 0.006 0.287 | 0.311
Women -0.317 | 0.006 | -0.329| -0.305| -0.318 | 0.006 | -0.330| -0.305
Age 0.030 | 0.001 0.029 0.032| 0.031 | 0.001 0.029 | 0.032
Age squared 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000 | 0.000

Notes: Estimation method is Tobit; reference variables are Region Type 9, No Formal Education and
Men; all standard errors are robust; n = 171,366.
Variables for establishment sizes, industries and occupations are included but results not shown.

The differences between coefficients of the regression in real and in nomi-
nal terms are in most cases significant as they have been in the previous
regressions. This is an important result since the analysis with real wages
now leads to different conclusions. In models with fewer variables, the
core cities of Region Type 5 are similar to the core cities of Region Type 1.
Now, with real wages, the coefficient of Type 5 vanishes. The agglomera-
tion differential revealed for this type can be completely explained by the
composition of the work force. The differential for Type 1 is less than half
of what it was in the analysis with nominal wages.

Finally, if only the control variables are included which are related to es-
tablishments (industries and size groups), the Type 1 dummy has coeffi-
cients of 0.160 (nominal) and 0.105 (real). If only variables relating to
employees are included (Model 2 plus occupation groups) the coefficients
are 0.141 and 0.086.
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Our analyses show the important role of regional prices in explaining and
understanding the agglomeration wage premium. In a descriptive dimen-
sion, regional prices influence the structure and magnitude of regional dis-
parities in an economy. In an analytical dimension, regional prices are
relevant for empirical tests of economic theories, because they are gener-
ally formulated in real and not in nominal terms. This is true not only for
theories of regional science but for many other approaches. An empirical
analysis of labour demand, for example, is affected to the extent that dif-
ferences in wage levels are due to variations in regional price levels for
which no information is available. As another example, a region’s response
to an external shock cannot be measured adequately if the price informa-
tion is missing. Therefore, approaches describing regional business cycles
have no direct empirical counterpart.

Though, obviously, regional prices are important, little has been done to
supply the data required and to fill the gaps in empirical research (Hayes
2005). The analysis presented here is one step in this direction.

6 Conclusions

In this paper it has been demonstrated that Multiple Imputation is an im-
portant tool for generating completed data sets. One of the special proper-
ties of this approach is that it takes into account the additional uncertainty
associated with the fact that some of the data are not observed. The esti-
mation of a regional price index for western Germany has interesting con-
sequences for the structure of regional wage disparities. It is obvious that
the larger cities are places which are relatively expensive to live in. The
rural country is cheaper. That is an expected result. It is important, how-
ever, that the “raw” wage differential does not vanish, it is “real”. Without
additional controls in the regression the wage differential is 25 % with
nominal and 19 % with real wages.

When the composition of the labour force and the distribution and quality
of jobs is taken into account, the wage differential is greatly reduced. In
nominal terms it is now only 9 %. In real terms it is reduced to about
4 %.
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Appendix 1: Regional price information

Surveys for regional price indexes carried out in Germany:

e 1971 for ten West German cities: The survey is mentioned by Rostin
(1979: 403, 405). Neither the relevant division of the German Fed-
eral Statistical Office nor the European Office of Statistics
(EUROSTAT) could provide the original source.

e 1978 for 31 West German cities (Rostin 1979),

e 1987 for the four German cities Bonn, Karlsruhe, Munich and Berlin
(West) (Angermann 1989) and

e 1993 for 50 cities of reunified Germany (Strohl 1994).

The Federal Statistical Office publishes inflation rates for the federal states
(Bundeslander) of Germany. However, there is a lack of information in the
cross-section. The price levels of federal states cannot be compared with
each other since it could not be ruled out that commodities of different
quality and therefore cost are used for the calculation of regional price in-
dexes between states.

Appendix 2: Data description

The main data source is the IABS-R01, i. e. the regionalized version of the
IAB Employment Sample of which a 50 % random subsample was used =
a 1 % sample of the total employment covered by social security. Only full
time employment in western Germany is included. The variables are:

e Wage: Gross calendar daily wage of the employee.
e Age: Age of the employee.

e Establishment size: Size of an establishment measured by the num-
ber of employees. This includes 9 categories. 1-4 employees, 5-9
employees, 10-49 employees, 50-99 employees, 100-199 employ-
ees, 200-499 employees, 500-999 employees, 1000-4999 employ-
ees, and more than 4999.

e Composition corrected regional wage: This variable is the estimated
regional fixed effect of a Mincer-type equation for western Germany
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in 1993. It gives information about the deviance of regional wages
from their expected values. For further details see Baltagi, Blien and
Wolf (2007).

e Industry classification: This variable defines the specific industry to
which the employing establishment belongs. These include 30 cate-
gories: primary sector, energy & mining, chemistry, plastic products,
stones & earth, glass products, quarrying & metals, metal construc-
tion, motor vehicles, computers & electronic equipment, jewellery &
toys, wood, paper, textiles, food products, construction, trade, trans-
port & telecommunication, banking & insurance, hotels & catering,
health care, simple business-related services, qualified business-
related services, security services, temporary help services, educa-
tion, leisure-related services, household-related services, other social
services, public administration, and not applicable.

e Occupational group: This variable describes the field of an em-
ployee’s occupational specialization. These include 13 categories:
agricultural, unskilled blue collar worker, skilled blue collar worker,
technician, engineer, simple services, qualified services, semi-
professional, professional, simple administrative, qualified adminis-
trative, managers and no classification applicable.

Other variables:

e Cities and towns which are a district of their own: 1 = cities that
have district status, otherwise O.

e Population: Population of the districts.
e Price of building land: Price per square meter of building land.

e Price index for 1993: Price index for German regions provided in
Strohl (1994).

¢ Qualification level of an employee: This variable includes 4 catego-
ries: No formal education, vocational qualification, university de-
gree, no classification applicable. The qualification level “no classifi-
cation applicable” is subsumed to “no formal education”.
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e Regional unemployment: The districts are the smallest regions for
which unemployment figures can be obtained.

e Region types: The nine dummies indicate the type of the districts
defined according to a classification of the Federal Office for Building
and Regional Planning (BBR; G6rmar, Irmen 1991), see Table 1.

e Gender: Female = 1, male = 0.
e Size of the regions: Size of the regions in square kilometres.

e Tourism: Tourism is composed of the number of overnight stays di-
vided by the number of arrivals of visitors multiplied by the popula-
tion density of the region.

The size of the regions, the population of the regions, the prices of build-
ing land and tourism are provided by the BBR. Some missing data was
supplemented by the statistical offices of the states Brandenburg, Berlin,
Lower Saxony, Baden-Wiuirttemberg, the towns Friedrichshafen and Nord-
horn and the chamber of commerce and industry Osnabruck-Emsland. The
unemployment rates of the districts are supplied by the Federal Employ-
ment Services.
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