A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Eckey, Hans-Friedrich; Kosfeld, Reinhold; Tirck, Matthias

Working Paper

Regional convergence in Germany: A geographically

weighted regression approach

Volkswirtschaftliche Diskussionsbeitrage, No. 76

Provided in Cooperation with:

Fachbereich Wirtschaftswissenschaften, Universitat Kassel

Suggested Citation: Eckey, Hans-Friedrich; Kosfeld, Reinhold; Tuirck, Matthias (2005) : Regional
convergence in Germany: A geographically weighted regression approach, Volkswirtschaftliche
Diskussionsbeitrage, No. 76, Universitat Kassel, Fachbereich Wirtschaftswissenschaften, Kassel

This Version is available at:
https://hdl.handle.net/10419/32136

Standard-Nutzungsbedingungen:

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

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

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

WWW.ECONSTOR.EU

Terms of use:

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

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

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

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/32136
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

s el

UNIKas
V E SITA
Fachbereich
Wirtschaftswissenschaften

Regional Convergence in Germany.
A Geographically Weighted
Regression Approach

von
Hans-Friedrich Eckey
Reinhold Kosfeld
Matthias Tiirck

Nr. 76/05

Volkswirtschaftliche Diskussionsbeitrage



Regional Convergence in Germany. A Geographically Weighted
Regression Approach

Hans—Friedrich—Eckey*, Reinhold KosfeldT, Matthias Tiirck*

Abstract

The convergence of German regions represents a politically explosive question.
Different studies examined convergence processes of Germany. We derive equations to
estimate the convergence speed on basis of a Solow model, to which human capital is
added. The geographically weighted regression permits a detailed analysis of
convergence processes, which has not been conducted for Germany so far yet. We
estimate a separate speed of convergence for every region, which results from the local
coefficients of the regression equations. The application of this procedure to German
labour market regions shows that regions move with a different speed towards their
steady state level. The half lives are substantially longer in the manufacturing sector
than in the service sector. One model even yields tendencies towards divergence of
some peripheral regions.

Zusammenfassung

Die Konvergenz von deutschen Regionen stellt eine politisch brisante Fragestellung dar.
Verschiedene Studien haben Konvergenzprozesse in Deutschland untersucht. Auf Basis
eines um Humankapital erweiterten Solow-Modells werden die empirisch zu
untersuchenden Gleichungen entwickelt. Die rdumlich-gewichtete Regression erlaubt
eine differenzierte Analyse von Konvergenzprozessen, wie sie fiir Deutschland bisher
noch nicht vorgenommen wurde. Wir schétzen fiir jede Region eine separate
Konvergenzgeschwindigkeit, die sich aus den lokalen Koeffizienten der Regressions-
gleichungen ergibt. Die Anwendung dieses Verfahrens auf deutsche Arbeitsmarkt-
regionen zeigt, dass sich Regionen mit vollkommen unterschiedlicher Geschwindigkeit
auf ihren Steady-State zubewegen. Die Halbwertszeiten sind dabei im produzierenden
Gewerbe wesentlich ldnger als im Dienstleitungssektor. In einem Modell bestehen sogar
divergente Tendenzen fiir einige periphere Regionen.
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1. Introduction

The regional convergence is a politically important question. In the European
Community contract the adjustment of the living conditions is explicitly mentioned (s.
Lammers 1998, p. 197). The Basic Constitutional Law of the Federal Republic of
Germany (Grundgesetz) mentions uniform living conditions (Art. 72 GG). From this the
necessity for an economic policy aligned to convergence can be justified. The Planning
Committee for Regional Economic Structure, to which important federal ministers are
members, has passed a law in 2004 (33. Rahmenplan der Gemeinschaftsaufgabe
"Verbesserung der reginalen Wirtschaftsstruktur") about the regional policy. In that law
the regional equalization is explicitly mentioned (printed in Eberstein/Karl 1996 cont.,
D II 2, pp. 7, see also Irmen/Strubelt 1998, p. 2). So many fiscal programmes aim at a
reduction of regional differences.

Because of the high political importance, many studies are dealing on the issue of
convergence and divergence. On the one hand researchers provide surveys on European
level (see for example Neven 1995, Thomas 1995, Engel/Rogers 1996, Thomas 1996,
Helliwell 1998, Nitsch 2000, Martin 2001, Niebuhr 2002, Fingleton 2003, Bottazzi/Peri
2003, Arbia/Paelinck 2003, Greunz 2003, Lopez-Bazo/Vaya/Artis 2004 and Eckey/Kos-
feld/Tiirck 2005 a).

On the other hand there are many elaborate analyses of the convergence process in
Germany. Smolny (2003) examines, to what extent the bad economic development in
East German regions can be explained by a growth model. But he finds no convincing
explanation for the low productivity. He assumes that East Germany will not catch up
with West Germany soon. The same conclusion is conducted by Ragnitz (2000), who
gives several structural reasons for the productivity lag like different sectoral patterns, a
low capital intensity of production and a weak market position of firms. Klodt (2000)
concludes that the fading out of the catching-up process since the mid-1990s is caused
by an inappropriate design of industrial policy, which is concentrated on the subsidy of
physical capital.

Kemper (2004) analyses the internal migration in East und West Germany. Before
unification there were different ways of migration. While in the GDR had been
tendencies towards urbanisation, in West Germany a deconcentration takes place. The
1990s are represented by a convergent development towards a suburbanisation. At the
end of the decade there are tendencies towards divergence in the migration patterns.

Other aspects of convergence are the process of specialisation of industries as well as
the employment. The paper of Niebuhr (2000) is based on two economic growth
equilibriums. First, the development of productivity is explained by the level of
production. Second, a regression model analyses the relationship between an indicator
of agglomeration and the growth of employment. Both approaches show a convergent
development in West Germany's planning regions. Suedekum (2004) doesn't find a
trend towards spatial specialisation or concentration. Only in some regions the
specialisation is increasing. These areas benefit from it by an above-average
employment growth. Suedekum and Blien (2004) supply an accurate analysis of the
distribution of employment. The shift share regression of West German administrative
districts yields out a negative effect of the regional wages on the employment growths.
The employment growths differ, especially suburban regions gain jobs from the core
cities. Bayer and Juessen (2004) conduct a time series approach to find out, if the
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unemployment rate in the West German Lénder will converge. The used data cover the
period from 1960 to 2002. Some tests suggest a convergence process and others not.

An important indicator is also labour productivity. Barrel and Velde (2000) provide
empirical evidence for a catching-up process of East Germany compared to West
Germany. They estimate unbalanced panel models and identify the emergence of West
German firms besides exogenous and endogenous technical processes, like the
absorption of ideas and the technical progress, as important factors. Kosfeld, Eckey and
Dreger (2005) estimate a convergence rate of 7,6 % in German planning regions. Their
Solow's growth model predicts an increase of relative labour productivity from 74 % to
88 % in East Germany in comparison to West Germany in the decade from 2000 to
2010.

Researchers often use the GDP per capita to examine convergence processes. Funke and
Strulik (2000) develop a two region endogenous growth model to study the regional
development of the output. The speed of convergence in unified Germany depends on
the expansion of the infrastructure. They introduce several scenarios, which all suggest
a quite fast convergence process of both parts of Germany. In the most optimistic
scenario East Germany will reach 80 per cent of West Germany's GDP per capita after
20 years. Juessen (2005) finds out using descriptive statistics of the GDP per capita that
poor regions are catching up. A nonparametric kernel approach provides evidence for a
regional divergence in the long run.

Some researchers use regression models with the income or the GDP per capita as the
dependent variable. Bohl (1998) identifies tendencies towards regional divergence,
because the null hypothesis of the unit root test for panel data is not rejected. But the
result is limited by the fact that there can be found stationarity in some federal states.
Kosfeld and Lauridson (2004) estimate an error-correction mechanism to cover
tendencies towards convergence in German labour market regions. The adjustment
coefficient is not significant, so they conclude: "At the end of the 20s century only weak
local adjustment processes (...) towards a global equilibrium can be established"
(Kosfeld/Lauridson 2004, p. 720). Funke and Niebuhr (2005 a) use regression models in
order to explain the economic growth from West Germany's planning regions. Because
the estimations don't fit well, they provide a kernel approach to cluster the regions. They
find three convergence clubs, which have different growth equilibriums. Funke and
Niebuhr (2005 b) provide insights of the B-convergence in West Germany's planning
regions. For the period of 1976 to 1996 a slow rate of convergence is detected. Kosfeld,
Eckey and Dreger (2005) study the B-convergence in German functional regions for the
period from 1992 to 2000. In an absolute convergence model the speed of convergence
amounts to 6,5 %. The convergence rate in a conditional grows model decreases to 4 %.

Beside of the B-convergence Barro und Sala-i-Martin (1991, pp. 112) introduced the o-
convergence. This concept measures the changing in earning differences. If the gap is
closing, there is a tendency towards convergence. Only a few papers use the concept of
o-convergence. Bode (1998) analyses this approach by using Markov chain models. He
concludes that West German regions are converging since the 1970s. Kosfeld, Eckey
and Dreger (2005) find diminishing variances of the income per capita and the labour
productivity in German labour regions, so the hypothesis of c-convergence is con-
firmed.

A new aspect is the calculation of locally different parameters of P-convergence,
because the variation of parameters can lead to inconsistent estimators (Temple 1999,
pp- 126). Locally different parameters can be calculated by a geographically weighted
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regression, which is developed by Brunsdon, Charlton and Fotheringham (Bruns-
don/Fotheringham/Charlton 1998, p. 957). Only one convergence study uses this model.
Bivand and Brunstad (2005) estimate a geographically weighted regression of Western
Europe. Their coefficients have changing signs. They find a convergence of some
regions and a divergence of others.

However a model, which uses different regression coefficients for German regions, is
not estimated until now. In addition most models of conditional B-convergence, which
use the approach of Mankiw, Romer and Weil (1992), assume the same growth rate of
technological progress and rate of depreciation in all regions or neglect the term (see for
example Islam 1995, Huang 2005).

The aim of this paper is to estimate a convergence model with locally different
parameters of German regions taking into consideration the problems specified above.
The paper is organized as follows. First we derive a neoclassical growth model, which
augments the Solow-model by human capital. Section 3 outlines the geographically
weighted regression. Especially, we show how this approach is estimated and tested. In
addition we explain the used data. The estimated models are presented in Section 4.
Section 5 concludes the results.

2. The growth model

We use a model that has been suggested by Mankiw, Romer and Weil (1992). They add
the human capital, which is stressed in the endogenous-growth theory (s. for example
Lucas 1988, Grossmann/Helpman 1989 and as an overview Frenkel/Hemmer 1999, pp.
200), to a Solow model. The production function of type Cob-Douglas in period t is
given by:

(1) Yt = K? H? (At 'Lt)l_a_B’

where Y is the output, K represents the stock of physical capital, H the stock of human
capital, A the level of technology and L the labour (Mankiw/Romer/Weil 1992, p. 416).
The production elasticities of physical capital a and human capital § are presumed to be
added up smaller than one:

) a+p<l.

Formula (2) implies decreasing returns to scale. Divide the production function (1) by
A, -L; yields the equation:

() oy =k{hg,

where the lower cases stand for the quantities per effective unit of labour, i. e.
ve=Y,/(A.-L,), k,=K,/(A;-L,) and h,=H,/(A,-L,). We presume a closed
economy with no public spending. Then the savings take the same value as the gross
investments:

The growth rate of physical capital can be expressed by the net investments, which are
defined by the gross investments minus the depreciation:

where & denotes the depreciation rate. The growth of physical capital per effective unit
is given by:
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(6) &ZM:&_E_ﬁ.
ky ky K Ly Ay

Substituting equation (5) into formula (6) gives the growth of physical capital per
effective labour unit:

ki s Y,-8K Y

7 Stk Tt T o= -t §-n-g,

(7) K, K, g =5k K, g
where n stands for the growth rate of labour L and g for the rate of technological
progress A:

(8) L, =Ly-e™
and

9) A =Ag-ef
If we multiply both sides of (7) with k;, we get:

10 ki =sp -— ——(8+n+g)-k, =s; -y, —(8+n+g)-k,.

(10) tthAt'Lt( g)ky =sy -y ~(B+n+g)k,
The evolution of the economy for the human capital can be derived in the same way as
equation (10):

oh;

(11) ht=a—t=sh‘yt—(n+g+8)-ht.

The model is based on three assumptions. First, the output can be transformed costless
in capital. Second, human and physical capital have the same depreciation rate. Third,
there are decreasing returns to scale, which is expressed by formula (2). The decreasing
returns to scale imply that there is a steady state level of convergence. The steady state
corresponds to a situation, where the changes in physical and human capital are zero:

(12) s -y*—(n+g+38)-k*=0,

(13) sh‘y*—(n+g+8)-h*=0.

We solve equations (12) und (13) for sy -y, and s, -y, taking into account formula (3):
(14) s -k**h*P =(n+g+8)-k*,

(15) s k**h*P =(n+g+8)-h*.

Taking natural logs of these equations yields (s. Romer 1996, p. 133):
(16)  Ins, +o-Ink*+B-Inh*=In(n+g+38)+Ink*,

(17)  Insy+o-Ink*+B-Inh*=In(n+g+8)+Inh*.

The values of physical und human capital in the steady state can be calculated on the
basis of (16) and (17):

=B B
(18) k* :[M

b

n+g+o

}1/ (1-a—p)
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Thus the steady state levels of physical and human capital depends in a positive way on
the proportions of physical and human capital on the income. A higher growth of the
labour force n, of the technological change or the depreciation rate lead to lower steady
state levels. The steady state of output per effective unit is derived from substituting
(18) and (19) in the production function (3) (s. Romer 1996, p. 133):

p +B
20 Iny*= ‘Insy + ‘Insy, — ‘In(ln+g+9).
Q) Iny*=im sk sy - (g +d)
Using the human capital stock in the steady state, we get the relationship:
q 1_i B
1) y*=ln(—kJ *hlao
n+g+o

Barro and Sala-i-Martin (2004, p. 61) show that approximating equations (18) and (19)
around the steady state yields, if one takes a Taylor series extension:

ﬁ:x-(lny*—lnyt),
Yt

(22)

where the convergence rate A is given by:
23)  A=(n+g+8)-(n—a—p).

The convergence rate A is a measure, how fast regions attain their long run equilibrium
path. From Equation (22) follows:

24) Iny,—Inyy=(I-¢ ). Iny*—(1—-e)-Iny,,
which yields after substituting (20):
o
l-a-p
—)ht o+ [3
) —

25)  Iny,—Inyy=—(—-e)-Inyy +(1-e ™).

In Sk

M).%lnsh —-(1-e

+(1-e" In(n+g+9).
The growth of the output is positively determined by the proportion of output, which is
invested in physical and human capital, and negatively affected by the initial level of
output as well as the growth rate of labour force, technological progress and
depreciation (Mankiw/Romer/Weil 1992, p. 423). Equation (25) studies conditional
convergence. This is a convergence process, where poorer regions grow faster than
richer regions and all other variables are hold fixed. Then the regression coefficient for
the starting level of output will be significant negative.

The conditional convergence model can be also expressed with the human capital in the
steady state instead of the invested share in human capital. The relationship follows
from formulas (25) and (19):

a

(26) 1nyt—1n_y0:—(1—e‘“)-1ny0+(1—e‘“)-1 Insy

r—e™) P e a—e )% e g+5).
I-oa -



The growth model 8

A significant conditional convergence does not necessarily mean that an absolute
convergence process takes place. Absolute convergence applies a negative relationship
between the initial output and growth of output without using control variables:

(27) Iny,-Iny, = —(l—e_M)-ln Yo-

In empirical analyses are usually used quantities per capita and not per effective unit of
labour, because the level of technology A is unknown. The equations (26) and (27) are
given in units per capital as follows (s. Hemmer/Lorenz 2004, p. 49; Temple 1999, p.
122):

Y Y, Y,

28)  In| L |-In| -2 |=—1-e) In| =2 |+ (1-eM) - InA, +gt.

L L L 0
t 0 0

and

Y Y, Y,
29)  In| =L |- =2 |=—1-e™)-In| =2 |+ (1-e ).~ Ins,
Lt LO LO 1-a

k

oMy B[ H) ey
+(1-e )1 ln(Lj (I-e )l_aln(n+g+8)

+(1—e_7‘t)~1nA0 +gt.

Note that the restriction of model (26) of absolut equal coefficients for Ins, and
In(n+g+09) leads to the equation:

Y Y, Y,
(30) ln(L—t] - 1n£L—0J = —(1-eM). ln(L—O] +(1-eM).—% [Ins, —In(n+g+8)]

t 0 0 1-a

*
+(1—e‘“)-1i1n(%j +(1-e ). InAy+gt.
However, the investments in human capital are difficult to measure, because the forgone
labour earnings can hardly be numeralized. Mankiw, Romer and Weil (1992) use the
percentage of working-age-population that attends secondary school. They assume that
their input based indicator is proportional to the investments. So the estimators will not
be biased. This input based indicator is criticised by Dinopoulus and Thompson (1999
pp. 141-142). They argue that the indicator from Mankiw, Romer and Weil (1992) will
underestimate human capital in poor countries and overestimate it in rich countries.

Dinopoulus and Thompson (1999) point out further reasons for the inadequateness of
this indicator. First, human capital involves tertiary education and training on the job
too. Second, the attendance at school does not necessarily imply, that human capital is
rising. There are differences in the ability of learning. In addition some educated skills
are difficult to use in praxis. However, because the human capital stock in the steady
state is unknown and there are not available data for the investments in human capital,
the human capital stock should be used instead (Hemmer/Lorenz 2004, p. 158).

Note that in the conditional convergence model of Mankiw, Romer and Weil (1992,
p. 411) gt is a constant, because the period t is fixed [s. formula (30)]. Mankiw, Romer
and Weil argue that the differences in the technological level i. e. climatic and institu-
tional circumstances can be measured by a constant a and a country-specific error term
€

(31) InAy=a+e.
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Their assumption of noncorrelation between this error term and the independent
variables seem not to be convincing (Islam 1995, p.1134). So we measure gt and A
by locally specific constants. However, there is empirical evidence for threshold values
of regional convergence or regional different parameters of B-convergence (s. for
example Bivand/Brunstad 2005, Funke/Niebuhr 2005 a, Juessen 2005, Huang 2005).
Thus we allow also regional different values for all other parameters to prevent
inconsistent estimators (Temple 1999, p. 126). In addition we do not use the not
convincing assumption of the same growth rate of technological progress and rate of
depreciation in all regions (s. Temple 1999, p. 122, Kosfeld/Eckey/Dreger 2005). All
regression coefficients, especially the rate of convergence, are estimated separately for
all regions. This model of conditional convergence is given by:

Yol o Yol - ity Yo
(32) ln[Ltl lr{Lol_ (1-e )IHLLOl

—7\,it

+(1-e ).li[lnski—ln(nﬁgﬁ&)]

1—

i

2ty B H At
+(1-e ") —4 ln(fj.Jr(l—e 1)-lnA0i+git.

1

The analogical model of absolute convergence can be expressed as follows:

Y Yo At Yy At
(33) II{L_tJ. —ln(—J =—(l-e ™ )-ln(L— +(1-e ™ )-lnAOi +g;t.
1 1 1

t 0 /i 0 /i
3. Regression model and data sources

3.1 Geographically weighted regression

The influence between a dependent variable Y and some independent variables X
differs often across the regions (spatial nonstationarity). Therefore our regression
models consist of locally different parameters [s. formulas (32) and (33)]. We use a
geographically weighted regression (GWR), which has been developed by Brunsdon,
Charlton and Fotheringham in the past ten years (Brunsdon/Fotheringham/Charlton
1998, p. 957).

The global regression model without taking into consideration a spatial dependence is
written by the form

m
(34) Vi =Bo + 2By Xy + U,
k=1

where y.,1=1, 2, ..., n, are the observation of the dependent variable Y, B, (k=0, 1,
2, ..., m) represent the regression coefficients, x,; is the ith value of X, and u; are the
error terms. In matrix notation (34) is given by

m
(35) y:B0+ZBk'Xk+u

k=1
with y as vector of the dependent variable, x; as vector of the kth independent variable
and u as vector of the error term. In geographically weighted regression the global
regression coefficients in (34) are replaced by local parameters:
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m
(36)  yi=Boi + 2B X T

k=1
where By; (k=0, 1, 2, ..., m) is the regression coefficient, which expresses the in-
fluence of x;; on y;. If the B, are constant for all i=1, 2, 3, ..., n, the global model
of equation (34) or (35) respectively holds (Brunsdon/Fotheringham/Charlton 1996, pp.
282; Fotheringham/Charlton/Brunsdon 1997, pp. 62). In model (33) the dependent
variable y; is ln( Y, /L ) ln(YO / LO) and X assembles the independent variables in a
nx 2 -matrix. It contains a column of Is to estimate the influence of In AO +g;t onY.
In the second column stand the values of ln(YO /LO) The conditional convergence
model (32) differs only regarding X from model (33). The matrix X contains two further
columns, first llnsk —In(n; +g; +9; )J second ln(H/L)

Thus the global model is a special case of the GWR-function. For every region are
estimated separate parameters. Here is the advantage over the spatial-error- and the
spatial-lag-model (s. Anselin 1988). A spatial dependence in the error term can be
caused by a missing spatial varying relationship (Brunsdon/Fotheringham/Charlton
1999, pp. 497).

How can the GWR-parameters be estimated, because there are more unknowns in (36)
than degrees of freedom? In the calibration observations are weighted in accordance
with its proximity to region i. As the distance between two regions becomes smaller, the
weight will be greater. We use the Euclidean distance between to regions dij to
calculate the weights (Gaussian weighting function):

&) wy- e—O,S-(dij /bandwidih |

The bandwidth indicates the extent to which the distances are weighted. With a greater
bandwidth the smoothing increases. Then regions i and j get a smaller (greater) weight
Wij s if they are far from (close to) each other. The bandwidth is computed by cross-
validation or minimising the Akaike information criterion (Fotheringham/Bruns-
don/Charlton 2000, pp. 56; Fotheringham/Charlton/ Brunsdon 1998, p. 1910).

The regression coefficients are estimated by weighted least squares (WLS). The values
of the independent variables from regions, which are nearer to region 1, have a greater
influence, because they are multiplied with the weight matrix for regioni W; :

0 ' —1 '
(38) B =(X"-W X)X W,y
ﬁi is the GWR-estimator for the ith region:

(39) A‘(ﬁio B - Bim)'

and W, an by n diagonal matrix, which is denoted by the weights Wii» j=12,..,n
Wil cee 0 0
0 wy, ... O
(40) W = o
0 0 ... w;

m

However, one should test, if the GWR-model is appropriate. The global test of
nonstationarity compares a regression of y on X with sum of squared residuals to a
geographically weighted regression. The extra complexity of varying regression
coefficients is worthwhile only, if the GWR-model supplies a smaller residual sum of
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squares in comparison to the OLS-estimation. The sum of squared residuals from the
OLS-model can be expressed as:

41) iy -, =y Ry
with

(42) Ro=(1—so),'(1—so)
and

43)  Sy=X-(X-Xx)'.x".

S¢ is called OLS-smoothing operator, because it transfers or "smoothes" the observed
values y to the expected values ¥ :

(44)  y=Sg-y.

The ith row of the GWR-smoothing operator S, is given by

@5)  r=(X"W,- X)X W, .y.

Letting R, be a quadratic matrix computed with the GWR-smoothing operator:

(46) Ry =(1-8,)-(I1-s,).

the GWR-residuals may be written using the quadratic form of this matrix

47) uj-u; =y"-R;-y.

If we assume y has a normal distribution, the ratio

(i -1g —a} -y ) v
(8} -4, )/w

where v denotes the trace of R;—R(, and w the trace of R;, is approximative F-

distributed (Brunsdon/Fotheringham/Charlton 1999, pp. 501). If the null hypothesis of
stationarity is rejected, the GWR-model is appropriate.

48)  F=

2

Beside the nonstationarity of all regression coefficients one can check, if one parameter
is nonstationary. The test is based on a Monte Carlo simulation (for details see
Fotheringham/Brunsdon/Charlton 2000, pp. 56). If the null hypothesis of stationarity is
rejected for some but not all parameters, a mixed GWR-model could be appropriate
(Fotheringham/Brunsdon/Charlton 2000, pp. 65; Mei/He/Fang 2004). If the global test
of nonstationarity suggests using a geographically weighted regression model and the
Monte Carlo simulation is not significant for all coefficients, one should also calculate a
GWR-approach.

3.2 Sources of data

We estimate an absolute and a conditional convergence model for Germany [s. formulas
(32) and (33)]. As spatial units we do not use the administrative units (Kreise). A
regression analysis with administrative units can provoke spatial autocorrelation
(Keilbach 2000, pp. 120 and Doéring 2005, p. 100), which is strengthened by subur-
banization tendencies (Kiihn 2001, Kaltenbrunner 2003, Motzkus 2001, pp. 196 and
Schonert 2003). This spatial autocorrelation would cause an inefficiency of the
geographically weighted regression.

Instead our analysis is based on labour market regions, which Eckey defined by
commuter flows (Eckey/Horn/Klemmer 1990; Eckey 2001). This demarcation worked
satisfactorily in different studies (s. for example Kosfeld/Lauridsen 2004, Kos-
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feld/Eckey/Dreger 2005, Eckey/Kosfeld/Tiirck 2005 and Eckey/Kosfeld 2005). The
official data on the basis of administrative units (Kreise) can be aggregated to labour
market regions.

We use the official data to estimate the convergence models, which cover the period
between 1995 and 2002 (Statistische Amter des Bundes und der Linder 2003 and
2004). We focus on the labour productivity (Y/L), which is measured by gross value
added per employee, and the gross value added per capita (Y/N). The conditional model
contains additional variables. The investment rate in physical capital s; is given by
gross investments in physical capital divided by gross value (s. Fig. 1 a). Human capital
covers the labour force with a degree of an upper school providing vocational education
(tertiary education), a university of applied sciences or a university. We use the initial
values to prevent an endogeneity bias (s. Temple 1999, pp. 128). The growth of labour
force n is given by the official statistics. The depreciation rate can be computed using
the gross investments and the physical capital stock.'

In many studies a constant rate of technological progress is used for all regions (see for
example Islam 1995, p. 1139 and Kosfeld/Eckey/Dreger 2005, pp. 198). We estimate g
with a panel GWR-approach of the production function:

(49) Y= f(dummy West/Ost,dummyforg, L, K, H)

Fig. 1: Investment rate and technological progress

[ ]<o015 L] <=0007

] <=0.20 [] <=0.010
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a) investment rate in physical capital b) rate of technological progress g

The dummy variable for estimating g is 1, if the values of 2002 are used. The regression
coefficient belonging to this dummy yields the growth rate over the whole period. Fig.
1 b provides a visual impression of the spatial structure. The rate of technological
progress is high in some regions around Munich and Stuttgart as well as in East

' The regional capital stock is not denoted by the official statistics. We use therefore an estimation,

which is described in the appendix.
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Germany and low in the industrially shaped Ruhr district and Saarland.” The average
growth rate for Germany corresponds with the estimation of Grémling (2004).”

Table 1: Descriptive statistics

Variable Mean géi?;?;i Minimum  Maximum
Gross value (Y) 1995 9391.956  14922.431 950.000 88829.000
Gross value (Y) 2002 10882.694  17479.038  1039.000  108565.000
Population (N) 1995 453763 590980 88940 4383669
Population (N) 2002 458235 601503 82609 4417028
Labour force (L) 1995 207.506 284.761 36.100 1936.900
Labour force (L) 2002 214.839 298.759 30.700 1894.600
Human capital (H) 1995 15.436 28.777 1.100 222.400
Physical capital (K) 1995 48910.661  72357.732  4303.300 452136.500
Physical capital (K) 2002 57657.334 82425905  6262.300 503232.500
g;ff;ﬁiit)rate in physical 0.268 0.131 0.080 0.937
Growth rate of labour force (n) 0.002 0.010 -0.034 0.026
;?;;}Slsr?g of technological = 15 0.005 20.002 0.025
Rate of depreciation () 0.023 0.002 0.020 0.027

4. Empirical evidence on convergence

4.1 Absolute convergence

At first we estimate an absolute convergence model of the neoclassical growth theory.
On the one hand the annual labour productivity is used, which is measured by gross
value added per employee. The average growth of labour productivity is explained by
the initial labour productivity level. The GWR-equilibrium of this model can be
expressed as [s. formulas (33) and (36)]:

Iny; 5002 ~InY; 1995
7

The results of the calculations are listed in Table 2. The coefficient of determination R2
(global OLS-estimation of the equilibrium

(50)

=PBoi +PB1i -Iny; 1995 + ;.

Iny; 2002 =1y 1995

(51) 5

=Po +B;-Iny; 1995 +1;),

2 In addition we estimated the rate of technological progress with the Solow residual (Barro/Sala-i-

Martin 2004, pp. 434). The regional results of this approach, which is usually used (see for example
Gromling 2001 and Gromling 2004), do not convey a big deal, because the coefficient g is negative in

about 10 % of the regions.

> Our estimation averages out 1.1 %.
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yields a value of 33.7 %. This proportion of explained variation is significant. The
regression coefficients have the expected sign. We obtain a level of technology in the
base period 1995, which is expressed by the intercept, of 0.137. The negative coefficient
of the initial labour productivity level confirms a convergence of German regions.
Regions, which have a low labour productivity, grow faster than regions with a high
labour productivity. The parameter B is linked to the speed of convergence A by the
following relationship (s. Barro/Sala-i-Martin 2004, p. 462):

(52)  p=-(1-e).
The speed of convergence in the global OLS-model,
(53)  A=In(1-B;)=1In[1-(-0.032)] = In(1.032) = 0.031[2 3.1 %],

shows a quite fast decline in regional disparities. A 3.1 % convergence rate implies
about a:

_-In(/2) _-In(/2)_,,
A 0,031

year half life of the convergence process.

(54) t

Table 2: Absolute convergence of the labour productivity

. Lower . Upper .
Cocfficient Minimum Quartile Median Quartile Maximum Global OLS
Boi or By 0.042 0.079 0.110 0.147 0.183 0.137%*
By; or By -0.046 -0.035 -0.025 -0.017 -0.007 -0.032**

RY or R® 0.158 0.278 0.333 0.407 0.521 0.337%*
Bandwidth = 1.419; Global test of nonstationarity: F = 7.646**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;
*#*: significant at the 1 % level; *: significant at the 5 % level; *: significant at the 10 % level

Because the null hypothesis of the global test of nonstationarity [s. formula (48)] is
rejected, we estimate a GWR-model, too.* The regression coefficients vary remarkable,
but the signs are all the same. Thus the results can be interpreted well. The intercept is
always positive and it shows the different extent of using technology. The slope has a
negative sign, so German labour regions are converging concerning the labour
productivity. The convergence speed covers the range between 0.7 % and 4.5 %.

Fig. 2 a shows the distribution of the average labour productivity growth in the period
from 1995 to 2002 and the half life across German labour regions. Especially regions in
the former GDR and in Bavaria have comparably high growth rates. The values increase
from the west to the east. The subsidies in the former GDR favoured investments in
capital intensive branches (Quehenberger 2000, pp. 122-123). This process caused a
labour-saving technological progress and a high growth in labour productivity.

The half life of the convergence process varies in German labour regions (s. Fig. 2 b).
Its value increases from the north to the south. Regions in south Bavaria and Baden-

* In addition the nonstationarity of the two regression coefficients is checked by Monte Carlo simula-

tion (the p-values are smaller than 0.01). These tests confirm the result of the global test of nonsta-
tionarity.
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Wiirttemberg as well as in Saarland need more than fifty years to achieve half of the rise
in labour productivity to their steady-state, while this value lies in Northern Germany at
less than 20 years.

Fig. 2: Average growth of labour productivity and half life of the convergence process

[ ] <=o0.010
[] <=0.015
B <= 0.020
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Il <-0058

a) Labour productivity growth b) Half life

Figs. 3 a and 3 b provide a visual impression of the spatial structure of the half life in
combination with the labour productivity and the labour productivity growth. The
regions in the former GDR have a low labour productivity and a short half life. Their
steady-state of the labour productivity will probably not reach the value from most
regions in West Germany, because their relative high growth in the mid 1990s is
declining. Some regions in the south of Bavaria and near Stuttgart have a high final
labour productivitiy, an above average growth of this variable and a long half life. They
will be the most prosperous regions of Germany on a long-term basis.
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Fig. 3: Half life of the convergence process
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In addition we estimate an absolute convergence model of the labour productivity using
the manufacturing and the service sector. The estimation results are reported in the
appendix. The half life of the manufacturing sector exceeds the corresponding value of
the service sector (s. Fig. 2). Note that the spatial pattern of both sectors is different, too.
Many regions, which have a long half life in one sector, will converge quite fast in the
other sector. On an aggregated level this difference will compensate each other.

Fig. 4: Half life of the convergence process (different sectors)

a) Manufacturing sector b) Service sector
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Beside the labour productivity the gross value added (GVA) per capita is an often used
indicator to measure absolute convergence. In equation (50) y now stands for this
variable. The results of the calculations are shown in Table 3. The global OLS-
estimation yields a R-square of only 0.088. Thus the fit of the model is not particularly
good. However, the F-test indicates a significant proportion of explained variance. Both
regression coefficients have the expected sign. The speed of convergence is with a value
of 1.2% much slower than in the absolute convergence model with the labour
productivity. This result corresponds to studies of Spanish (Tortosa-Ausina et al. 2005)
and German (Kosfeld/Eckey/Dreger 2005) regions.

Table 3: Absolute convergence of the gross value added per capita

Cocfficient Minimum (;?::tflre Median Q[flgftei{e Maximum Global OLS
Boi or By 0.000 0.028 0.050 0.069 0.092 0.054%%*
By or By -0.026 -0.017 -0.011 -0.004 0.006 -0.012%*
RY or R” 0.052 0.127 0.179 0.224 0.283 0.088%*

Bandwidth = 1.640; Global test of nonstationarity: F = 4.680**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;
**: significant at the 1 % level; *: significant at the 5 % level; **: significant at the 10 % level

In addition to the global OLS-model a GWR-approach is calculated, because a global
nonstationarity is proved (s. last row in Table 3).” The intercept exceeds zero in all
regions, but there is a changing sign of the slope. This result is also reported in the
analysis of Biwang and Brunstad (2005, p. 19), who use EU-regions. The regions,
which have a positive slope, do not reach their steady-state, but they diverge.

Fig. 5: Average growth of GVA per capita and half life of the convergence process
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> Monte Carlo simulations provide evidence for nonstationarity of both coefficients, too.
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The diverging regions have a negative convergence speed. They are located at the
Western border (s. Fig. 5 b). These regions are surrounded by districts, which are
converging slowly. The comparison with Fig. 2 b shows that the diverging regions have
in the other model partly the highest half life value. But there are simularities between
the two models. The half life of the convergence process increases from southwest to
northeast.

4.2 Conditional convergence

The conditional model differs from the model of the absolute convergence by the fact
that control variables are included. We use a model, which was conducted by Mankiw,
Romer and Weil (1992). They added the human capital, which is stressed in the
endogenous-growth theory (s. for example Lucas 1988, Grossmann/Helpman 1989 and
as an overview Frenkel/Hemmer 1999, pp. 200), to a Solow model.

The equation of the labour productivity growth model with locally different regression

coefficients is given by [s. formulas (32) and (36)]:

Iny; 5002 —~Inyi 1995
7

(55) = Bo; + B -Iny; 1905 + B nfinsy —In(n; +g; +3;)].

+B31 lnhl +ui,

where y; 50, represents the labour productivity 2002 in region i and y; 1995 the same
quantity in 1995 and all other variables are denoted as before. The global test of
nonstationarity suggests using a geographically weighted regression model.®

The influence of the control variables is quite small. In the global OLS-estimation the
coefficient of human capital is not significant at the 10 % level. In the GWR a
significance test of the local parameters is not computed, but the coefficients lie all in
the proximity of zero. The regression coefficient of the investment rate and the growth
rate of labour force and technological progress as well as the rate of depreciation rate is
significant at the 5 % level. So the local coefficients of determination are only slightly
higher than in the model of the absolute convergence, although we use substantially
more variables.

Table 4: Conditional convergence of the labour productivity

Lower Upper
Coefficient Minimum Quartile = Median  Quartile Maximum Global OLS
Bo; or By 0.061 0.095 0.110 0.117 0.140 0.110**
By; or By -0.035 -0.029 -0.027 -0.022 -0.013 -0.026**
By; or By 0.002 0.003 0.003 0.004 0.004 0.003*
Bs; or B3 -0.001 0.000 0.000 0.001 0.001 0.000
Rf or R* 0.231 0.400 0.444 0.488 0.532 0.360**

Bandwidth = 2.429; Global test of nonstationarity: F = 6.090**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;

**: significant at the 1 % level; *: significant at the 5 % level; **: significant at the 10 % level

6 The Monte Carlo simulation does not reject the null hypothesis of stationarity for all regression coef-

ficients in both conditional convergence models. However, the local determination coefficients are

higher in the GWR-model, so this model is more appropriate.
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The GWR-parameters of the initial labour productivity lie in the range between -0.035
and -0.013. The negative signs confirm the result of the absolute convergence model
with the labour productivity as dependent variable that all regions are converging. The
parameters indicate a speed of convergence, which disperse less than the coefficients in
the model of absolute convergence.

Fig. 6 a shows the spatial structure of half life, which is calculated using the speed of
convergence. The half life increases from northeast to southwest. Some regions at the
east border of Saxony and Bavaria will need more than 35 years to achieve half of the
rise in labour productivity to their steady-state value. Fig. 6 b gives a visual impression
of the half life in combination with the labour productivity in 2002. The white shaped
regions have a small labour productivity and a short half life. They are located
peripherally in the Harz, in the north of the former GDR and between Cologne and
Saarbriicken. In contrast to the models of absolute convergence many regions of East
Germany exhibit an above average half life. Most regions in Bavaria and in Baden-
Wiirttemberg have above average values of labour productivity and half life.

Fig. 6: Half life of the convergence process (conditional model of labour productivity)
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In addition we estimate the model of conditional convergence of the gross value added
per capita. The global coefficient of determination is significant but quite small. Only
10 % of the variance of the gross value added per capita is explained by the three
independent variables. The influence of the control variables is again small. The
regression coefficient of human capital yields no significant influence.
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Table 5: Conditional convergence of the gross value added per capita

Cocfficient Minimum (;Jlf:rvt?lre Median Qlljlzftei{e Maximum Global OLS
Boi or By 0.020 0.051 0.059 0.068 0.097 0.061%*
By or B -0.026  -0.017 0014  -0.012  -0.001  -0.015%*
By orB,  -0.003  -0.001 0.000 0.000 0.001 -0.001
By; or B; -0.000 0.001 0.001 0.002 0.003 0.001%

R or R*  0.134 0.212 0.247 0.270 0.290 0.102%*
Bandwidth = 2.117; Global test of nonstationarity: F = 4.082**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;
**: significant at the 1 % level; *: significant at the 5 % level; *): significant at the 10 % level

In contrast to the absolute convergence model (s. Table 3) all local regression
coefficient of the initial gross value added per capita have a negative sign and indicate a
convergence. A short half life characterizes the regions in the northern parts of Ger-
many. The diverging regions in the absolute convergence model (s Fig. 5 b) have the
highest half life value (s. Fig. 7 a). The comparison between Fig. 6 and Fig. 7 shows
that in the first mentioned model most regions in East Germany have a half life above
average, while it is pronounced below average in the other model.

Fig. 7: Half life of the convergence process (conditional model of gross value added
per capita)

Saarbriicken)

gart Half life

a) Half life b) Half life and GV A per capita 2002

5. Discussion and conclusion

The assumption of stationarity cannot be founded theoretically for most research
questions. The behaviour and attitudes of people as well as the infrastructure vary across
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regions. That will cause locally different parameters, which is neglected by a global
approach. In addition a global estimation may lead to a bias and provoke auto-
correlation. To that extent the geographically weighted regression represents an im-
portant extension of spatial econometrics.

The geographically weighted regression procedure is applied to a convergence model of
German labour market regions. The estimation yields different speeds of convergence of
the regions. In particular it showed up that Bavarian regions have a long and north
German districts a short half life. The approach provides evidence that the south
German regions with a high labour productivity and a small unemployment rate will be
the most prosperous regions in Germany. On the basis of the economic development in
the long-run there will be a gap between north and south Germany. One model even
shows divergence tendencies of some peripheral regions.

The substantially varying coefficients show that a global convergence model, which
was estimated by many researchers (see for example Kosfeld/Lauridson 2004, Fun-
ke/Niebuhr 2005 a, Funke/Niebuhr 2005 b, Kosfeld/Eckey/Dreger 2005), might be
inproved by a geographically weighted regression approach. Our paper represents the
first step of a local analysis of convergence processes in Germany.
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Appendix

a) Estimation of the capital stock

Mostly the physical capital stock is estimated with the "perpetual inventory accoun-
ting"-method (s. for example Rovolis/Spence 2002, pp. 67 and Eckey/Kosfeld/Stock
2000, pp. 41-49). This very complex procedure has the disadvantage that the initial
capital stock must be specified and the same depreciation rate is used for all regions.
Thus we estimate the capital stock with a similar approach to the shift analysis. For
checking purposes we calibrate our estimation with the official data. Our estimated
capital stock was already used in different studies (Eckey/Kosfeld/Tiirck 2005 b;
Eckey/Tiirck 2005).

We have calculated the physical capital stock on the basis of the gross fixed capital
(equipment and other plants) to replacement prices. As usual in a shift analysis (Schétzl
2000, pp. 77, Tengler 1989, pp. 110) we distinguish between the structural and the
location component. The structural factor indicates, whether due to the industrial
structure of a region an above or below average capital stock can be expected, thus
capital-intensive industries are over- or underrepresented. The location factor expresses
that we expect a high capital stock in regions with high investments in the last ten years.
Data of the investments and the industry structure are taken from the official statistics.
By weighting the German capital stock with the regional structure and location factors
we get a first estimation, which is adjusted of west and east differences (the official
statistics shows that the capital intensity in West Germany is around 5,1 % higher).

An evaluation of the estimation is possible for the three city states Berlin, Bremen and
Hamburg. The own estimations deviate from the results of the official statistics between
1.4 % and 9 %. Therefore in the last step a correction on regional level is calibrated. The
estimated regional capital stocks are weighted in such a way that their sum for the
federal states corresponds to the results of the official statistics.

b) Additional tables

Table 6: Descriptive statistics (manufacturing sector)

Standard

Variable Mean deviation Minimum  Maximum
Gross value (Y) 1995 3013.078 4185.903 206 26273
Gross value (Y) 2002 3135.233 4343.802 130 32868
Labour force (L) 1995 67.561 79.751 10.1 503.2

Labour force (L) 2002 59.806 70.540 54 481.2
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Table 7: Descriptive statistics (service sector)

Standard

Variable Mean deviation Minimum  Maximum
Gross value (Y) 1995 6258.128 10843.541 579 67089
Gross value (Y) 2002 7625.417 13363.431 712 85730
Labour force (L) 1995 120.637 183.525 18.1 1353.8
Labour force (L) 2002 149.818 228.226 20.1 1516.8

Table 8: Absolute convergence of the labour productivity (manufacturing sector)

Coefficient Minimum (;dlf;rvt?lre Median Qlljlra)lrr)teife Maximum Global OLS
Bo; or By 0.037 0.089 0.123 0.156 0.325 0.118%*
By or By -0.080 -0.036 -0.014 -0.017 -0.002  -0.026**
R or R*  0.025 0.278 0.206 0.277 0.471 0.221%*

Bandwidth = 1.567; Global test of nonstationarity: F = 4.346**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;
*#*: significant at the 1 % level; *: significant at the 5 % level; *: significant at the 10 % level

Table 9: Absolute convergence of the labour productivity (service sector)

. Lower . Upper .
Cocfficient Minimum Quartile Median Quartile Maximum Global OLS
Boi or By 0.088 0.173 0.193 0.225 0.278 0.217%*
By; or By -0.073 -0.060 -0.051 -0.046 -0.025 -0.057**

RY or R*  0.164 0.337 0.560 0.725 0.815 0.654%*
Bandwidth = 1.521; Global test of nonstationarity: F = 4.999**

Notes: R?: coefficient of determination; Riz : local coefficient of determination; F: empirical F-value;
**: significant at the 1 % level; *: significant at the 5 % level; *: significant at the 10 % level
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