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Abstract

This paper analyses the performance of provineial Spanish wages during the period
1985-2003. Using both traditional and recent analytical approaches, related to spatial
econometrics, non-parametric and sermi-parametric techniques, the paper reveals thata
process of wage convergence has taken place. However, this does not preclude that
mobility within the provincial wage distribution is small. The paper also shows that the
degree of provincial wage flexibility is very low, which is in accordance with the insti-
tutional framework of wage formation in Spain.

Intraduction

Spatial disparities are one of the most perva-
sive keynotes of the world economic scene.
Although they do show up in a great num-
ber of economic variables, these spatial
disparities are particularly worrving in vari-
ables such as per capita income and the
unemployment rate, Thus, it is no wonder
that the analysis of territorial convergence for
these variables is a critical economic issue
which has become very popular since the
late 1980s. Although there are several reasons
for this popularity, there is no doubt that
the processes of economic integration being
undertaken all over the world {globalisation),
but mainly within the context of the Buropean

Union (EU}, are among the most important
{Bzcurra et al., 2005). In particulay, the latest
enlargements of the EU represent a shock
which, according to specific circumstances
{regional differences in areas such as indus-
fry mix, technological development and
social capital), might be termed idiosyneratic
and have diverse effects in different regions,
thus either fostering or hindering regional
convergence.

Several factors have been put forward in
the literature to explain territorial dispar-
ities and their changes over time. To a given
extent, these disparities are the result of differ-
ences in the performance of regional labour
markets, related to issues such as labour
mobility, labour market flexibility and the
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sectoral composition of employment {for
example, Armstrong and Taylor, 2000, p.211;
Martin, 2003}.' In particelar, lsbour mar-
ket flexibility describes the functioning of
labour market, in the sense of how quickly
and to what extent it adapts to economic
shocks, By this, we are referring not only to
adjustments in guantities (in workers and
working time) but also to adjustment in
prices {wages), both factors being heavily
influenced by the institutional setting of the
labour market.’

Regarding wage adjustment, it is well
known that wage flexibility is a key adjust-
ment mechanism in determining labour
market flextbility (Blanchilower, 2001) and,
hence, the overall performance of each econ-
omy. This is even more evident in the case of
the less developed countries, where most
of their competitive advantage 1s rvelated to
sectors with low relative wages. Referring to
the European Union of 15 members (EU-15),
it is apparent that, due to factors such as
its latest enlargements, the need for wage
flexibility, especially for its less developed
members, is even more patent m order to
cughion the potential negative effects of
these shocks on the performance of their
economies and, then, on their rate of con-
vergence with the BU average. As should be
chvious, the need for this wage flexibility
applies not only at national but also-—and
possibly to an even greater degree®—at sub-
national level,

Since Spain is one of the less advanced
countries in the FU-15, we are able to use
it as a sort of laboratory to analyse the evo-
lution of real provincial wages and its deter-
minants during the pericd 1985-2003. Thus,
focusing on provincial real wages, this paper
tries to provide an answer to two relevant
and somewhat closely related questions:
first, whether a wage convergence process
has taken place in Spain; and, secondly, what
the degree of wage flexibility is. The interest
in analysing wage convergence les in the

fact that if this had happened, then a pro-
vincial convergence in per capita income
shouid also have taken place {Emerson er al,,
19923, On the other hand, it seems that,
given the supply shocks related to the most
recent EU enlargements—along with the
persistence of high unemployment rates in
most Spanish provinces—thie attainment
of an appropriate degree of wage flexibility
should be considered as a desirable goal. The
links between wage convergence and wage
flexibrility are diverse. For instance, it might
be the case that convergence is the result of
high wage flexibility, in the sense that wage
evolution reflects the particular conditions
of the labour market of each province, such
as changes in its unemployment rate and
productivity level; however, if the wage-
setting mechanisin fixes the wage growth
rate for each sector and the differences in
the provincial industry-mix are declining,
Wage CONVErgence acress provinces might
alsc be linked to the presence of wage rigidity
(Buti and Sapir, 1998),

This paper departs from some previous
studies { imeno and Bentolila, 1998; Bajo er al.,
1698} in at least two ways. First, we provide
evidence of provincial wage convergenice In
Spain, an issue that has received scant atten-
tion in the Hterature; additionally, we do that
not ouly by means of applying a classical
approach to convergence {Sala-i-Martin,
1996) but, considering its drawbacks, also by
paving attenition to the whole distribution
and-—given that provincial wages are likely to
be interdependent-its spatial characteristics.
Secondly, we assess how flexible provincial
wages in Spain are; although this is a much
more researched issue (see, for instance, the
aforementioned Jimeno and Bentolila, 1998;
and Bajo ef al.,, 1998}, we go beyond standard
models of wage flexibility in two respects: on
the one hand, by considering, once again, the
spatial properties of the distribution and, on
the other, by applying more refined analytical
techniques of estimation,




The rest of the paper is organised as fol-
lows. To begin with, the main features of the
institutional framework of wage bargaining
in Spain are briefly discassed in the next sec-
tion. After that, we present the data and con-
duct a classical analysis of convergence. Then,
we investigate whether the phenomenon of
spatial dependence is present in the provin-
cial wage distribution, for which we carry
out exploratory and confirmatory analyses.
Next, and given the limitations of the pre-
vious convergence analysis, we consider the
external form of the provincial distribution
of real wages, its evolution over time and the
degree of mobility for the Spanish provinces
in that distribution. Afterwards, we analyse
the degree of wage flexibility of the Spanish
provinces, by means of using parametric
and semi-parametric estimation techniques.
Finally, we outline the main conclusions and
sopte policy recommendations.

Institutional Setting of the Spanish
Labour Market

Institutional differences between countries
in the labour market can lead to divergent
wage and incomne developments. Consider-
ing the existing interest in the performance
of provincial real wages in Spain, a short but
accurate description of the Spanish lehour
market institutions seems fitting.

To begin with, we should remember that,
generally speaking, countries with either
strong centralised or decentralised wage
bargaining systems are better equipped to
respond to supply shocks than countries
with intermediate degrees of centralisation
{Calmfors and Drifill, 1988). However, it
is also true that the relationship between
the degree of wage centralisation and wage
flexibility is not a linear process. There are
other factors—Ilike the degree of upenness
of the economy, the degree of competition
in product markets and other institutional
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characteristics of the labour market'—that
can affect this relationship.

The institutional framework of the Spanish
labour market can be considered as having an
intermediate degree of centralisation, This
being the case, the system is relatively differ-
ent for private- and public-sector employees.
The pay-setting conditions in the private
sector are established by formal collective bar-
gaining, where negotiations take place at
different levels, In particalar, the main char-
acteristic of the wage-setting mechanism
which applies to the private sector is the exist-
ence of a three-tier bargaining systern, at the
national, sectoral and company level. In fact,
most of the collective bargaining is currently
performed at sectoral level, although follow-
ing rules established at national level. Thus,
insofar as the industry-mix differs across
provinces, this wage-setting scheme also
allows for some provincial wage dispersion
(Bande er al., 2001), Other interesting char-
acteristics are related to the minimum wage,
unemployment benefits and firing costs. First,
there is a minimum wage (wage floor) set up
at national level that, although very low as a
percentage of the average wage, only affects
a small fraction of wage-earners, Secondly,
the anemployment benefits, both their level
and duration, are higher in Spain than in
the EU. Finally, firing costs are similar in
Spain to those in the EU when they refer 1o
fair dismissals, but much higher when they
are applied to unfair dismissals (Jackman
et al., 1999,

As for the public sector, it is essential to dis-
tinguish between two tyvpes of employees: civil
servants (funcionarios) and state employees
{personal laboral}. The wage arrangements
of the personal laboral are determined in a
similar way to those of the private sector,
which is to say, by formal collective bargain-
ing. Onthe other hand, the wage conditions of
civil servants are fixed by the employer {central
administration, regional governments and
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local corporations), which apparently would
suggest that wages should be uniform across
Spain. This is clearly not the case, though,
because “there is a wide regional variation in
public wage gaps” (Garcia and Jimeno, 2005,
p. 15}, This is for two reasons: first, there are,
up to a certain point, informal negotiations
between public employers, trade unions and
employees representatives; and, secondly,
regional governments and local corpor-
ations are allowed to be somewhat flexible
when setting up the remuneration packages
offered to their employees. Por this reason,
our analysis of provincial wages is focused on
total wages and not only on private-sector
wages as would be the case be if the public
sector’s wage growth were not set up by col-
lective bargaining.

Taking into consideration these mechan-
iss of wage-setting, we can conclude—as
was previously mentioned—that the Spanish

labour market has an intermediate degree of
centralisation. Even so, the wage-bargaining
system in Spain is closer to being centralised
than decentralised, because, although most
of the negotiations take place st sectoral
level, they follow guidelines which are being
set up at national level, Therefore, sectoral
wages tend to evolve in a relatively similar way
in all Spanish provinces, this having seem-
ingly adverse effects on wage flexibility,

Brata

As is shown in Figure 1, Spain is organised
into 50 provinces (NUTS 3) which make up
17 autonomous regions (NUTS 2}, Consider-
ing that aggregation problems may arise
when dealing with regions due to the fact
that they are of widely differing sizes, we have
chosen to carry out the analysis at provin-
cial level, as mentioned in the introduction.

s

53%22 Oy de Venerie

=F

h
THex Balaars

Figure 1. Provincial and regional map of Spain

Note: The provinces in same grey tone and trace belong to the same avtonomous region.



In fact, the geographical size of Spanish
provinces is relatively stmilar, which helps
to minimise aggregation problems,

In this paper, we use two data sources:
FUNCAS (Spanish Savings Bank Founda-
tion) for data on real wages, unemployment
rates and productivity and TVIE {Valencian
Institute for Bconomic Research) for human
capital, Total real wages have been calculated
by deflating provincial nominal wages (ratio
between total wages and the number of wage-
earners; with the corresponding provincial
price indices.” On the other hand, in order
to compute unemployment rates, we have
divided the figure for total unemployment
by the active population, while produc-
tivity has been computed as the quotient
between real gross added value (GAV) and
total employment. For the human capital
indicator (h) we have used the expression

h= ZQSI'A{ (1)
where, @ stands for the weight atlached (o

huzmarn capital of level i; and A takes the values
0,4, 8 12and 16f0r7=1,2,3, 4and 5.°
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Table 1 provides descriptive statistics of the
four variables used in the empirical analy-
sis of the paper plus the per capita GDP. Three
main characteristics are worth mentioning:
first, that a certain spatial clustering seems to
exist in relation to all five variables, as can be
conjectured by a simple glance at the table;
secondly, that although provincial dispar-
ities are present in the five variables, these
are the greatest in the unemployment rate;
and, thirdly, that there is a clear correlation
between the level of wages and those of the
other variables, except for unemployment
rates. This last result seems to anticipate that
unemployment rates have no significant
inflaence on wages, an outcome will e con-
firmed later on.

Classical Analysis of Wage
Convergence

Convergence is an interesting but rather
imprecise concept, with many interpreta-
tions. However, the most generally accepted
measures of convergence are o and f con-
vergence. The first of these vccurs when the
dispersion between the economies diminishes;

Table 1. Spanish provinces: Descriptive statistics (national average 1985-2003 = 100)

Unemployment Human

Wage GDPpe rete Productivity capital
Almeria 82.8 79.9 92.9 86.6 0.6
Cadiz 92.2 58.6 i87.7 0.0 93.5
Cérdoba 86.1 68,1 137.2 853 972.4
Granada 34.9 62.7 i43.5 82.3 98.2
Huelva §5.1 6.4 137.8 91.2 89,4
Taén §L.9 G673 1425 84.7 91.2
Méiaga 92.9 77.4 i48.3 94.5 94,7
Seviila 91.3 7.8 148.4 91.5 9.6
Huesca 92,4 102.0 42.3 94.1 99.48
Teruel 98.8 1015 43.6 97.9 93,2
Zaragora 1014 112.2 67.7 99.7 1020
Asturias 106.5 89.4 110.0 958 97.7
Baleares 96.9 132.3 71.4 1178 G7.1
Las Palmas 96.0 8.6 1133 1015 96.2

(Continued )
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("Fable 1, Conitnued)

Unemployment Human
Wage GIDPpe rate Productivity capital
Tenerife 94.9 96.5 111.8 103.0 96.8
Cantabiia 1011 94.5 93.0 94.1 100.9
Albacets 815 73.1 160.9 78.1 893.7
Ciudad Real 85.4 78.5 103.6 91.1 59,4
Cuenca 79.7 75.7 777 82.2 97.1
Guadalajara 433 107.% 76.4 103.6 94.7
Toledo 83.3 83.6 79.5 86.7 g7.5
Avila 87.4 79.2 78.3 76.7 97.8
Bargos 93.9 107.0 78.1 95.4 98.5
Ledn ) 1336 837 87.3 B85.8 101.9
Palenicia 94,0 96.1 94,2 933 89.1
Salamanca G2.7 B7.1 121.8 912 94.4
Segovia 857 91.6 75.4 83.6 513
Soris 8.1 95.6 56.2 86.1 89.3
Valladolid 104.2 102.3 1113 g9.1 98.0
Zamora 88.5 75.0 96,1 828 B8.7
Rarcelona 197.4 123.8 92.4 1ELG 164.7
Girorna 96.0 137.7 32.7 14951 98,8
Licida 92.9 110.5 36.4 96.0 G97.1
Tarragona 106.7 123.0 68.9 119.3 97.0
Alicante 9.5 Q3.0 06.2 96.1 4.4
Castellén 88.1 112.4 54.5 96.8 853
Valencia 94 65 1054 103.5 1806 1018
Badajoz 82.0 62.8 148.5 75.6 92.6
Céceres 82,4 77.6 1185 0.2 90,2
A Corufia 93.7 88.3 94.3 87.3 S0.8
Lugo 84.4 72.3 60.6 57.4 84.1
Orense 83.2 72.4 57.2 61.6 85.7
Pontevedra 0.7 84.2 9.8 79.5 91.2
Madrid 1189 128.3 810 118.5 1142
Murcia 84,9 83.1 105.5 39.0 5.4
Navarra 1036 120.7 63.8 106.8 104.8
Alava 113.2 1357 781 116.8 162.0
Guipgzeon 109.5 109.9 99,9 108.6 1037
Vizcaya 1149 116 1250 119.6 1167
Rioja a3.1 118.8 60.8 99.1 98.4
CV 0.10 0.22 (.35 0.14 4,06
CC 1.00 0.70 -(h11 .76 .77

Notes: CV = coeficient of variation; CC = coefficient of correlation between wages and all variables.
Provinces have been grouped by regions. The five best provinces for each variable are shown in bold
while the five worst provinces are reported in bold italics.

Sources: FUNCAS, IVIE and own elaboration.



the second, when the poorer economies grow
more quickly than the richer ones (Villaverde,
2046).

As a starting-point in this study, we calcu-
late both these measures for wages in the
Spanish provinces. First, & convergence is
computed by means of the coefflicient of
variation {Figure 2). As can be seen, the dis-
parities have declined significantly——the
coefficient fell by 31.7 per cent in the sample
period (1985-2003), which represents an
annual rate of convergence of 2.1 per cent.

With respect to the second type of conver-
gence—less restrictive than the first—we
begin by estimating a traditional absclute ff
convergence cquation as follows:

1 o,
—log| -

T =a+ i loglm ) te, (2)

1,83

where, ¢, is the wage of province { in vear £
T the number of sample years; and € is the
SrTor term.

Asiswell known {Barro and Sala-i-Martin,
2004}, in order for the hypothesis of con-
vergence to be satisfied, there must be

.14
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an mverse relation between the growth rate
of wages and their initial level—ie. 8, must
be negative and significant at the stand-
ard levels. The results obtained {Table 2)
demonstrate that there has been a process of
convergence between provincial wages in
Spain during the period 1985-2003. More-
over, the value of the £, coefficient enables us
to say that the convergence took place at an
annual rate of 2,14 per cent.” Consequently,
the fime that would be required to cover
half the gap separating the Spanish pro-
vinces from their stationary state (half-life)
t5 25.7 vearst

Considering that human capital is among
the most prominent of the various factors
that seem to hold a greater sway on wages, we
have also estimated a conditional £ conver-
gence equation as follows

_1__10g mi.ﬂﬂ

T =0+ f] Og(mi,&s)

(3)

.

+B, loglh, ;) +¢,

where, as wsas previously indicated,  stands
for human capital,
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Figure 2. Plot of o convergence
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Mot surprisingly, the estimated coefficient
(£5,) on this variable is positive, showing that
there is a direct relationship between the level
of education and wages. Apart [rom this, the
estimated speed of convergence increases
from 2.14 10 2.79 per cent, thereby reducing
the half-life by more than 8 vears (Table 2).

So far we have used actual wages compulted
as a weighted average of the wages paid in
different sectors, Thus, it should be clear that
a portion of the aforementioned conver-
gence might have been due to changes in the
ndustry-mix. In order to remove this effect,
we also consider ‘virtual’ wages computed
under the assumption that each province has,
for every year, the same employment struc-
ture as in the frst year {1985) of the sample
period;” therefore, provincial convergence
between these ‘virtaal’ wages simply reflecis
the evolution of provincial differences due 1o
factors other than changes in the industry-
mix of each province. The results obtained
indicate that, as far as & convergence is
concerned, provincial differences have also
decreased, but to a lesser degree (Figure 2};
as for the fconvergence, it is also shown that
the speed of absolute convergence decreases
from 2,14 to 1.75 per cent while that of
conditional ¢onvergence goes from 2,79
to 2.36 per cent (Table 2}, These results
imply that changes in the industry-mix have
enhanced wage convergence up 1o a point
between the Spanish provinces, but not to
any great extent. Thus, and for the sake of
clarity, the rest of the paper will only deal
with actual wages.

Spatial Analysis of Wage
Convergence

So far, the convergence analysis has not con-
sidered the spatial distribution of wages. In
other words, it has not taken intc account the
role potentially played by the geographical
situation of each province. However, and for
various reasons, congistent with assumptions

and predictions based on endogenous growth
models and new economic geographical
theory, including similarities in the industry-
mix, spillover effects, centrifugal movements
due 1o saturation effects, stronger migration
processes, etc., it seems logical to expect a
certain spatial dependence to exist—ie. we
can expect provinces with higher (lower)
real wages to tend to be geographically close
to each other.

This idea—already mentioned in the
descriptive analysis based on Table 1—
seems to be corroborated by a simple glance
at Figure 3, which shows provincial wage
differentials in Spain taking the national
average as equal to 100. Here 1t can be seen that
provinces tend to be concentrated around
similar wage levels; therefore, it does seem
that a spatfal analysis may be useful if we
want to gain more insight on the situation of
Spanish provincial wages.”

For this reason, we carry out the so-called
exploratory spatial data analysis (ESDA).
The most representative statistic of this
kind of analysis is known as Morans LY The
results obtained for this statistic, using as
a distance matrix the inverse of the stand-
ardised distance, reveal the existence of a
positive and statistically significant spatial
dependence (see Figure 4); furthermore,
spatial dependence, although undergoing
many swings, has shightly increased over
the sample period. This could soggest that
there exists a globally upward tendency,
although not very marked, towards geo-
graphical clustering of similar provinces in
terms of relative wages,

The most widely used graphical repre-
sentations of the presence of spatial depend-
ence are the so-called Moran scatterplots
and scattermaps. We have opted 1o use the
scattermap, which divides the provinces into
four groups: those with high real wages sur-
rounded by provinces with high wages (high-
high}); those with lugh wages surrounded by
provinces with low wages (high-low); those
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spatial autocorrelation between the Spanish
provinces, revealing a relatively clear north-
east—sauth-west polarisation.

After having established the presence
of spatial dependence in the distribution of
wages, it is mandatory to revise the previous
£ convergence analysis, for if there arc any
problems of spatial autocorrelation in the
estimated equations the results become
inconsistent {Anselin, 1988). To conduct this
confirmatory analysis, we perform a series
of tests, with the Lagrange multipliers stand-
ing out, based on the principle of maximum
likelihood." The LM-ERR test, in particular,
along with the associated robust LM-EL,
tests for the absence of residual spatial auto-
correlation, which would be caused by not
includinga structure of spatial dependence in
the error term. The LM-LAG test is also used;
this test, along with the associated robust
LM-LE, tests for the absence of substantive
spatial avtocorrelation, which would be
caused by the presence of spatial depend-
ence in the endogenous variable. On ob-
serving the robust contrasts, it can be seen

Maoran scattermap (average 1985-2003)

(Table 3 that the null hypothesis of absence
of residual spatial dependence can be rejected
at the 95 per cent level in both absolute and
conditional convergence; on the other hand,
there is no evidence of substantive spatial
dependence, In short, these results indicate
that it is necessary to correct the spatial auto-
correfation of the residuals in the f conver-
gence equations estimated earlier.

The model must be modified to introduce
an autoregressive structure in the error terin
(&lofequations (2) and (3), where e=sWe + ¢
with 7= N(0, ¢*1). In this expression, 7 is
the autoregressive parameter measuring
the intensity of spatial autocorrelation in the
error term, while W is the distance matrix: its
elements w; ;reflect the intensity of the inter-
dependence between provinces i and f. In
this model, the effects of spatial depend-
ence (diffusion) are exhibited in two WaYS,
since the wage growth rate for provinee 7 is
influenced, on the one hand, by the growth
rates of the remaining provinces and, on the
other, by its own initial wage level, weighted
in both cases by W."*
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Table 3./ convergence: Spatial contrasts
Absolute convergenee Conditionsl convergence
Values Pvalues Values P-vilues
I-Moran 2.203 0.0276 2.113 6.0356
LM-ERR 2506 €.1288 1.613 $.2040
LM-EL 3.848 .0480 4.081 G.0433
LM-LAG 0.031 0.8506 (.333 0.563%
LM-LE L5772 0.208% 2.802 0.0942

Sopurces: FUNCAS, IVIE and own elaboration.

Table 4 reports the results of the max-
unum likeithood estimation of the new con-
vergence equations.” The following points
stand out

1. For both convergence equations, all the
goodness-of-fis measures that are compar-
able between the aspatial and spatial models,
such as the logarithm of maximum likeli-
hood (LIK), Akatke's Information Criterion
{AIC) and Schwartz’s Criterion (50, reveal
that equaations including the autoregres-
sive structure in the error term achieve a
better fit than equations {2) and {3).

2. The value of the B, coefficient, once the
spatial autocorrelation in the residuals has
been corrected, rises slightly in the two con-
vergence equations. Thus the speed of
convergence also increases and, conse-
quently, the number of vears required 1o
cover half the gap from the stationary state
then falls {(see Tables 2 and 4).

. The coefficients m are positive and statis-
tically significant, confirming the results
of the carlier spatial autocorrelation tests.
This means that a shock in a specific pro-
vince will not only affect the wage growth
rate of that province but spills over to all
or part of the naticnal territory {Rev and
Montourt, 1999},

Lad

Provincial Distribution of Wages

Both classical analvsis and spatial analysis
of convergence are very informative, but
neither is without its problems. Perhaps the

best-known criticism refers to the fact that
they offer no information about the inter-
nal dynamics of the distribution examined
{Quah, 1996, Durlauf and Quah, 1999,
Magrini, 199%; Le Gallo, 2004}, since they
only capture some moments of it In order
to overcorme this drawback, the paper tries to
look more deeply into the provincial disiri-
bution of wages both in terms of its external
form and of the changes occurring within it.
This should provide not only (additional) evi-
dence on the process of convergence, but also
some hints as to the formation of poles of pro-
vinces with clearly differentiated wage rates,

Betore doing that, and taking into account
the spatial dependence previously observed in
relative wages, we use the filtering methodelogy
proposed by Getis (1995), based on a spatial
statistic developed by Getisand Ord {1992) %
This filtering procedure is designed to convert
spatially dependent variables (X} into spatially
independent variables (X*); in this case, it
implies that the difference between @ and
" is a new variable, L, which represents the
spatial effects embedded in @ (Getis, 1995,
p. 175). The filtering formula is defined as
follows

F

> w8
m :a),wj-—mww
- IN=1G(6)
with
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1,85

Absolute convergence

Conditional comvergence

Coefficients I-statistics Coefficients i-statistics

Constant 3.291 8.17 .363 9.95
Log(9, 45) 0,029 _7.86 ~0.041 9.3
Log(fiss) — — 0.028 3.86

ke (.453 1.99 (462 2.01
LIK 216.26 222.78

AIC —428.51 ~4349.56

SC —424.69 —433.83

Speed of convergence 2.26 2.87

Half-life 259 i6.8

Sources: FUNCAS, IVIE and own elaboration.

and where § is a distance parameter indi-
cating the extent to which further distant
observations are down-weighted.

To apply this filter, the inverse of the stand-
ardised distance is, once again, used as a dis-
tance matrix. Therefore, we assume that

where, §= 1; and dy; is the distance between
province capitals / and .

With respect to the external form of the
provincial wage distribution, we focus our
attention on the initial and final years of the
sample, for which we estimate the density
functions by using a Gaussian kernel with op-
timal bandwidth, computed as in Silverman
(1986, p. 40).7 The oulcomes obtained with
the filtered data are plotted in Figure 6, which
offers relevant information about the changes
that have occurred during the sample period.
A closelock at the figure shows that the shape
of the distribution has undergone two main
changes: first, there is a clear trend towards the
concentration of mass probability arcund
the average, this confirming the convergence
process referred to earlier; secondly, a small
peak (or pole) occurs at wage rates well
below the national average in 2003, In order
to examine the extent to which the entire

cross-sectional distribution is modified when
the spatial dimension is included in the
analysis, we also present the density functions
obtained by using actual data (Figure 7);'¢
concordant with the rising value of Moran's
[ statistic, it can be seen that, although there
are no major differences in 1985, the exter-
nai shape of the distribution is somewhat
different in 2003: in particular, the con-
centration of mass probability around the
average is much greater with filtered rather
than actual data,

Analysing the external form of the distri-
bution based on density {unctions offers
additional information to that provided by
classical convergence analysis. It is, though,
also true that it neglects one kev factor: it does
not give any information about the changes
sccarring within the distribution, Thus, in
order to analyse the intradistribution dy-
namics, we use a confinuous approximation
based on the calculation of stochastic kernels,

The results obtained are displayved in
Figures 8 and 9. The x-axis represents wages
for the year 1985 and the y-axis wages for the
vear 2003, while the z-axis measures the den-
sity {or conditioned probability) of each point
on the x—y plane, The lines parallel to the
y-axis show the probability of moving from
a point considered on the x-axis to any other
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point on the y-axis. The two-dimensional
figure on the right is the contour plot, ob-
tained by taking a cut parallel to the x-y plane
for a particular density value; the lines of this
contour plot connect points reflecting the
same density on the three-dimensional graph.
Interpreting the kernel is easier it we look
at this latter graph, If the contour lines are
situated along the positive diagonal, the level
of mobility is low; and the tighter the contour
lines are to the diagonal, the lower this level 1s:
this means persistence. If this is not the case,
there has been mobility, with more mobility
the further the hnes are from the diagonal,
According to this, Figure 8 shows that, gen-
erally speaking, the distribution of wages in
the Spanish provinces has been characterised
by persistence; however, the graph also shows
that some provinces have greatly changed
their position (note the width of the contour
lines), thereby indicating a certain degree of
mobility. Regarding this, a close look at the
data shows that, for example, Avila, Albacete
and Cuenca have significantly improved theit
position, while Baleares, Asturias and Tenerife
kave worsened theirs. In this respect, the dif-
ferences between using filtered and actual data
{Figure 9) are not very significant.

Wage Flexibility of Spanish
Provinces

Apart from having shown some changes in
the external shape of provincial wage dis-
tribution together with a general tendency
towards persistence in positions, the previous
sections of the paper have also revealed that
there has been a process of provincial con-
vergence in wages in Spain between 1985 and
2003, As was pointed out in the introduction,
several factors can be put forward to explain
this result. In particular, there is no doubt
that this convergence process is related to
issues such as provincial differences in the
sectoral distribution of emplovment, sec-
toral productivities and the degree of both

labour mobility and wage flexibility across
provinces.

In this section, we assess the degree of wage
flexibility characterising the Spanish pro-
vinces, which isrelated to the institutions of the
labour market and, in particular, to the wage-
setting mechanism. Wage flexibility mainly
refers to the speed and extent to which wages
react to macroeconomic conditions, mainly
unemployment and productivity changes,
As regards unemployment, it is interesting
to note that—as shown in Table 5—Spain is
characterised by very high unemployment
rates at national level and a high and increas-
ing degree of provincial dispersion, Another
major issue that can also be gleaned from the
table is the persistence of the distribution of
unemplovment in the Spanish provinces, this
meaning a substantial stability in the rank-
ing; the need for wage flexibility seems to be—
atleast for this reason—-quite clear. Regarding
productivity, Table 5 shows there are strik-
ing differences in provincial disparities when
they are compared with the unemployment
rate—they are lower and decreasing—but the
persistence in the ranking is alse present,
mainly in relation to provinces with the lowest
productivity levels.

In order to test whether wages have been
flexible at the provincial level in Spain, we
estimate the following equation, obtained
from a model of wage negotiation along the
lines of Abraham {1996)

@y = X NGO, Vol + VA, T, (6)

where, the wage growth rate of province i { )
depends on factors specific to that province
(v} and on the growth rates of the national
wage {1}, provincial unemploviment rate (41,
and provincial productivity (4,).

If the influence of the national wage
growth rate were very strong, wages would
be characterised by rigidity, with very simi-
lar increases in each province regardless of
its specific conditions. In contrast, if it was
the effect of changes in unemployment and
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Table 5. Evolution of unemployment rate and praductivity in Spain

National Coefficient of

average variafion Maximun Mininiun;
Unemployment rate
1985 17.4 0.31 24.4 {Badajoz) 5.3 (Lleida)
1990 16.4 (.35 31.5 (Cadin) 4.6 (Lleida)
1995 19.4 .35 34.9 {Cadiz) 6.1 (Lleida)
2000 118 0.42 24.4 (Cadiz) 3.5 (Lleida)
2043 187 0.45 24.1 (Cadiz) 2.9 (Lleida}
Productiviry
1985 26948 0.20 133.3 (Baleares) 46.2 (Grense)
1990 32258 G.16 123.8 (Madrid) 50.5 {Lugo)
1995 33020 8.14 1268.6 (Vizcaya) 549.6 {Lugo)
2060 33554 0.11 119.6 {Tarvagona) 6.1 (Lugo)
2003 33637 0.10 122.3 (Vizcava) 71.9 {Lugo)

Note: Productivity Jevels are measured in constant 1995 euros, Provineial productivity levels are computed

considering the national average equal 10 100,
Sources: FUNCAS and own elaboration.

productivity in each province on the growth
rate of its wage that was strong, then wages
would be considered as flexible.

Before estimating eguation {6), and con-
sidering once again the recent attention paid
to invalid inference in regression models
with spatial dependence in the residuals,
it seems necessary to investigate the spa-
tial properties of the data included in this
equation. The results (Table 6} show that there
is little sign of spatial autocorrelation in the
data as Moran’s [ statistic is only significant
at the 95 per cent level in 10 out of 54 cases.
This result could seem surprising, but it
must be taken into consideration that we
are using variables in growth rates and the
presence of spatial dependence tends to
be more likely in levels than in growth rates.
For this reason, we have opted not to filter
these variables and estimate equation {(6)
using actual variables.

We have computed equation {6) by OLS
with fixed effects and the results obtained
are reported m Table 7, It can be seen that
the factor having the greatest effect on the

evolution of wages in each province appears
o be the growth rate of the naticnal wage
{with a coefficient of (.876); as we have just
mentioned, this is a clear sign of rigidity.”
With respect to the provincial variables, it
seems that, on the one hand, the influence of
unemployment growth is negligible and,
on the other, that increases in productivity
are partiaily embedded in the evolution of
provincial wages, since the coefficient asso-
ciated with this variable has a value of 0.140
and differs statistically from zero. Finally,
and with regard to the fixed effects, the table
shows that they are statistically significant in
only 1 provinces; this result means that, for
these provinces, the rate of growth for wages
is affected by idiosyncratic factors such as
differences in industry-mix,” savings and/or
investment rates, population growth and
public capital. When these fixed effects are
negative {(positive) they reflect that, ceteris
paribus, the corresponding rates of growth for
wages are Jower {greater} in these provinces
than those obtained in the rest. In particu-
lar, the provinces with positive fived effects
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Table 6. Spatial properties of provincial variables included in equation {6
b, 11, /“L,‘,

Years Moran's i Peovalues Moran’sT  Povalues Moran’s ] Pevarlues
1986 0.023 (0.454 0,116 0.023 0.070 {1117
1987 0.094 0.047 G.074 8,160 0.107 (.026
1988 0.062 £.153 ~(.014 £3.907 —{1.009 (.838
1989 0.207 6.000 0.044 8.263 {1058 0.171
1990 0.053 0,204 0.079 0.085 ~40.025 0.930
1991 ~0.045 (674 (.006 0.644 1049 0.614
1992 0.062 0.151 ~(3,(38 3.755 ~{.071 (0.378
1992 117 0.017 {31044 3.680 8,113 (1.022
1994 ~{L036 0.781 3.019 15,490 4.031 .374
1945 0.053 0.204 .048 0.235 ~1.029 (.881
1994 —{0.003 (0.765 0.014 0.547 4.053 (.200
1997 (.645 0.254 .054 3.196 ~(.02¢ 0.993
1998 (.106 0.028 G.115 0.019 0.090 0.056
1999 0.032 0.210 —3.087 3.245 G.01¢ (.597
2006 0.052 (0.210 0.046 (1249 {1033 0.352
2001 0.019 0.488 3118 0.087 —3.123 G.075
2482 ~{.065 (3.434 ~{1.042 4,710 ~{1.014 4.908
2003 -0.027 0.807 0,217 0.806 (1L353 £2.000

Sources: FUNCAS and own elaboration,

{Albacete, Ciudad Real, Avila, Cuenca, Cidceres
and faén) are located in the centre-south of
Spain while those with negative effects are
either islands {Baleares and Tenerife) or are
located in the north-west of the country (Lugo
and Orense). To a certain extent, this is related
to the notable rise in the ranking of Avila,
Albacete and Cuenca and the previously men-
tioned fall of Tenerife and Baleares.
According to the previous resulis, it ap-
pears that wages do not respend verv much to
the specific conditions of each province; they
only respond to some extent o variations
in productivity. Moreover, it could be added
that improvements in productivity only have
important effects on wages when the former
are very substantial (Maza and Moral-Arce,
2008}, a circumstance that a parametric esti-
mation does not reveal. Thus, in order to
know whether this is the case, there are more
flexible ways of estimating the regression
function of provincial productivity growth

on provincial wage growth. In fact, this can
be done without having to make any prior
assumptions about its form, except that it
is a smooth function (Hardle eral., 1999).
T deal with this issue, we have used a semi-
parametric estimnation technique, which
merges & traditional parametric procedure
with a non-parametric approach. Therefore,
we estimnate & new version of equation (6} as
follows

W, =X, N0,y +mid )0, (7)

where the only change is the inclusion of the
variable representing increase in regional
productivity in a non-parametric form—i.e,
we allow its effects on real wages to be non-
linear™ To compute this equation, we have
followed the semi-parametric estimation
process detailed in Li and Stengos (1996).

In this case, it can be seen {Table 8) that
the coefficient associated with the national
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Table 7, Wage flexibility (parametric estimation): Dependent variable: @,

Coefficients  f-statistics’ Cogfficients  f-statistics’
€ih, 0.876 30.52 Ledn (0.000 —£.04
i, —0.005 -~{3.81 Falencia 0.603 £.93
A, 0.140 7.80 Salamanca 0.004 1.84
Fixed effects ieg(-)via g 88; 8?2

) " Soria . e
fi:j . ggz; éi; Vailadolid 0.001 0.43
oo e o Zamora 0.004 1.15
Cordoba 0.LG4 L34 Barcelona 0.00¢ —0.10
Granada 0002 ~0.43 Girona ~0.002 0,33
H‘f@m 0.004 .23 Veida ~0.003 101
}am‘} 0.008 271 Tarragona 0.000 ~(.08
Malaga —0.001 —.28 Alicante 0.004 s i
Sevilla 0.603 101 Castellén 0.003 113
Huesca 0.001 b8 Valencia 0.001 0.16
Teruel (.000 ~0.08 Badajos 0003 0.99
Zaragoza 0.060 0.12 Chceres 0.009 583
Asturias ~0.006 ~1.88 A Corufia ~0.002 .55
Baleares ~(.069 -2.89 Lugo —0.007 _231
Lag Palmas —0.004 ~1.35 Orense _0.008 258
Tenerife —0.006 ~2.02 Pontevedra ~0.006 ~1.81
Cantabria 0.000 (.14 Madrid G.004 ~1.28
Albacete 0.011 3.69 Murcia 0.000 (.08
Ciudad Real 6.007 2.34 Navarra 0.007 0.77
Cuenca 0.609 2.87 Alava —0.001 {136
Guadalaara 0.0462 0.56 Guiptizcoa 0002 072
Toledo 0.066 L85 Vizeaya 43,002 -{0.52
Avila 0.010 3.29 Ricja 0.005 1.61
Burgos 0.062 0.68 R adjusted 0.68

* The results using the White heteroscedasticity consistent covariance matrix estimator for statistical
infevence in the OLS estimation are equivalent 1o those shown in the tabie.

Sources: FUNCAS and own elaboration.

wage growth rate increases slightly in value,
which reinforces our previous diagnosis of
wage rigidity. Likewise, the provincial unem-
ployment growth rate still has no influence
on wages, while the fixed effects largely
maintain similar values, With regards to the
non-parametric variable, Figure 10 not only
shows that the influence of productivity on
wages is indeed non-linear but also that it
turns out to be particularly intense when
productivity growth approaches or exceeds
10 per cent.

Conclusions

This paper has provided new insights into
the nature of provincial wage performance
in Spain for the period 1985-2003. To be
precise, the paper analyses two different,
yet related questions: the convergence and
degree of flexibility of wages. To this end, our
empirical strategy has been based on using
both traditional and recent approaches related
to spatial econometric, non-parametric
and sermni-parametric technigues. The most
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Table & Wape flexibility (semiparametric estimation): Dependent variable: a,
Cogfficients  t-sfatistics® Coefficients  r-statistics®
@ (0.895 31.656 Leon -0.601 -0.22
L, ~(.G04 ~0.75 Palencia IRE 0.61
A npt np.w? Salamanca 0.605 1.57
Fixed effects Segovia 0.000 0.06
Al}ﬁE]‘f"\ 0.002 075 Soria 0.000 ~41.06
o 0001 02 Valladolid 0,000 0.04
o ' - Zamora {.003 0.97
Cardoba 0.003 0.96 -
Barcelona ~0.002 -0.56
Granada 0,002 ~{1.60 . N
Huelva 0.003 0.8 Girona =0.003 -0.92
Jaén 0'00;7 ;58 Lieida ~(.004 -1.35
- i e g
Malaga 0003 088 larragona ~3.002 -0.52
Seviﬂi ()‘(}(jé {}‘68 Alicante 0.002 0.64
Fuesca 0.000 004 Castellon 0.003 0.84
Toruel ()-(.}OI. m-()-ZS Valencia ~{0.601 —0.23
o ) b Badajoz 0.002 0.72
Zaragoza ~0.001 .23 Ciceres 0.008 5 64
Asturias -(.007 ~2.30 acm e‘i ' )
Baleares 6011 _3.48 A Corufia —0.002 ~0.8(
Las Palmas 0.006  -1.89 l.f;g_o ~0.007 242
Tenerife _0.008 048 Orense —0.008 ~2.62
Cantabria ~0.001 _0.46 Pontevedra = {3,007 -2.19
Albacete 0.011 3.43 Madr'id —0.006 =1 88
Cindad Real 0.006 2.67 Murcia -0.001 —0.47
Cuenca, 0.009 288 Navarra 3.001 (.46
Guadalajara 0.000 0,04 Alava ~0.002 ~0.69
Toleda 0.005 1.59 Graiptizcoa .001 0.33
Avila 0.009 308 Vizcaya —1003 -{1.92
Burgos 0.001 0.40 Rioja 0.004 131

* The results using the White heteroscedasticity consistent covariance matrix estimator for statistical
inference in the OLS estimation are equivalent to those shown in the fable,
* The symbol ‘n.p.v’ denotes the non-parametric variable.

Sources: FUUNCAS and own elaboration.

relevant conclusions deriving from our
analysis are as follows,

First, and contrary to the expected increase
in previncial wage differentials related to
the ever more prominent roie of globalisa-
tion and the shift in production towards ser-
vices, the results obtained by carrying out
traditional analysis of gand f (absolute and
conditional) convergence reveal the existence
of a wage convergence process between the
Spanish provinces. As has been shown by the

estimation carried out with “virtual’ wages,
this process is partly explained by changes in
the provincial industry-mix. Thisis obviously
related to the wage-setting mechanism oper-
ating in Spain which is mainly defined at
sectoral level,

However, the presence of spatial autocor-
relation problems in the residuals of the
classical f convergence equations has shown
that these are mis-specified, which led us
to re-estimate them. The results obtained
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Figure 16,  Semi-parametric estimation, miz,)

confirm the existence of a convergence pro-
cess, slightly higher than that obtained in the
classical models.

Secondly, the external form of the provin-
cial distribution of wages has varied sig-
nificantly over time, with more provinces
positioned around the mean in 2003 than
inn 1985, However, the analysis of the intra-
distributional mobility—based an the esti-
mation of stochastic kernels—demonstrates
that, in general terms, provinces with high
(low) wages in 1985 also tend to have high
{fow) wages in 2003; yet, this persistence
does not mean that some provinces have
not undergone great positional changes,

Thirdly, the evolution of provincial wages
is found to be indexed, above all, to the evo-
lution of the national wage and, to a lesser
extent, to the productivity growth of each
provines, with the growth of provincial unem-
ployment rates plaving no role whatsoever
in wage negotiations. While these results
corroborate previous findings (for example,
Bajo eral., 1998, for the period 1989-92 in

Spain; and Decressin and Fatas, 1995, for the
EU}, the paper has also been able to provide
additional insights through the using of
semi-parametric technigues, In this case, the
analysis shows that the respanse of wages to
variations in productivity is stronger when
productivity growth is around or higher
than 10 per cent. As a result of all of these
findimgs, it can be said that the degree of wage
flexibility in Spain is very low.

As mentioned in the introduction, the links
between wage convergence and wage flexi-
bility are many and diverse. However, this
paper has revealed that, as far as the Spanish
provinces are concerned, there is an inverse
relationship between these two variables.
This tends to confinm the suggestion by Buti
and Sapir (1998) that the presence of wage
convergence can be considered as proof of
wage rigidity.

Behind this lack of flexibility, there is
the institutional framework of the Spanish
labour market, not only related to the wage-
bargaining mechanisor—sectoral and strongly



1990 ADOLFO MAZA AND FOSE VILLAVERDE
influenced by national guidelines—but also
by factors such as the tough hiring-and-
firing rules, the generosity of unemployment
benefits and the high level of minimum wage
floors. This is in accordance with what the-
oretical models predict: that labour market
institutions, through strict regulations, tend
t0 compress wage differentials——especiaily
if these institutions are more effective for
unskilled workers—and then to reduce wage
flexibility.

Finally, it is convenient to note that the
lack of wage flexibility might be rather
harmial for the performance of provingial
labour markets in Spain. This is so because,
as indicated in the introductory remarks, pro-
vincial wage flexibility is necessary to cope
with issues such as the persistence of large dif-
ferences in provincial unemployment rates
and potential supply shocks related to the
most recent EU enlargements. However,
according to our results, It appears unlikely
that the Spanish provinces will be able to
respond to these problems, This being the case,
it seerns that——in order to act as an effective
adiustment instrument—the Spanish wage-
setting mechanism should be more flexible
at the provincial level; considering what was
mentioned in the previous paragraph, we
think that Spain should move towards a
much more decentralised systermn in which
wage claims have an absolute direct effect on
competitiveness. Thus, this paper calls for an
institutional reform of the Spanish labour
masket, as it happens that the previous ones
have only served to entrench a three-fier bar-
gaining system. Indeed, if this reform were
carried oul, it would be possible to attain, at
least in the Jong run, a higher degree of wage
flexibility together with a provincial wage
CONVEFEence Process.

Notes

1. Other factors that can contribute to explaining
territorial disparities are related to differences

it

3.

9.

11,

in the sources of economic growth such as
-

factor endowments, technology and human
capital {see, for instance, Nelsosn, 2005).

. Blanchard and Wolfers {2000} and Bertola

et al. (2002) have highlighted the role of
institutions as potential explanatory factors of
the difference in response of labour markets
to shocks,

This is due to the fact that, as a general
ruie, the likelihood of suffering shocks with
asymimetric results is greater the smaller the
£CONOMY 1s.

. As is mentioned later on, we refer to such

factors as, for instance, unemployment
benefits, minimnuwm wages and firing costs.

. From now on we use the term “wages’ to refer

to ‘real wages,

. Note: 1= | = illiterate; 1 = 2 = no formal edu-

cation or primary education; 7 = 3 = compul-
sory secondary education; { = 4 = pre-university
education; i = 5 = higher education.

. This is calculated according to the following

expression
@ =0~ YT

where T is the number of years of the period
under analysis.

. Defining this number of years by i, this can

casily be calculated using the expression
e =172

We are considering six sectors: primary sec-
tor, energy, industry, construction, private
services and public services.

. Other recent papers using spatial econo-

metric techniques are, for example, Rey and
Montouri (1999), Lépez-Bazo er al. (1999},
Le Gallo and Ertur (2003), Fingleton eral.
(2004), Maza and Villaverde (2004), Villaverde
(2005) and Ertur er al. (2006).

This is expressed as follows

LW, (w —w)(w —wm)
n i b !
[=
LLv; o oo
ig ;

where, , {0 is the real wage of province
1{j), w the mean real wage of the country;
and w,; an element of the distance matrix
W) between each pair of provinces.



In order to compute the significance level of
Moran’s 1 statistic, we have followed Anselin
{1992) and assumed that the standardised
statistic follows a normal distribution: for
the sake of robustness, we have also used two
other approaches {the randomisation and
permutation approaches) and the results are
roughly the same.

. Tests that require the normality assumption

in the residuals to be satisfied, In this respect,
the results obtained from the Bera-Jarque test
are satisfactory.

. For instance, rearranging equation (2} we

abtain the following equation, in which the
third and fourth terms on the right-hand
side refer to the aforementioned spatial effects
(Toral, 2002);

lo,.)
—1~Log‘ Drge =+ f3 Loglw, )
% :

.85

.
+pr1wLog(———"”3
T LT

JEx4

.83

1
+1 W — Log (e,
14 T g

where, o= 7, W= —af

. Spatial dependence invalidates the traditional

ordinary least squares estimation method
because of the two-dimensional and multi-
directional nature of dependence in space.
Specifically, the estimation of the spatial
error model by ordinary least squares leads to
inefficient parameters due to the non-diagenal
structure of the distarbance variance matriy
(Anselin, 1988). Likewise, it is convenient to
point cut that, according to the tests carried
out, there are no problems of heteroscedastic-
ity in this model.

. The R is not the appropriate measure to

compare them, since it does not have the
same meaning in the two cases,

. Besides the filtering approach used in this

paper the literature considers alternative spa-
tial conditioning schemes. Among these,
another possibility to be used here is the
‘neighbouring regions’ approach applied,
among others, by Quah (1996), Le Gallo (2004)
and Tortosa-Ausina et al. {20653, The use of
this approach would imply the constraction

17.

18.

20,
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of a new wage series in which cach province
wage is normalised by the average wage of
the neighbouring provinces, Although both
approaches are suitable for our purposes,
we have opted for the filtering method as it
seems to be more general: in fact, in the -
tering method each value of the new wage
series is constructed taking into consider-
aticn all other values in the sample while
in the ‘neighbouring’ approach it only con-
siders those of neighbouring provinces.

This bandwidth (h,) has the following form

g = 1066

where, 1 is the sample size, and & is the
standard deviation of provincial wages in
Figures 6-9 and provincial productivity
growth in Figure 10

The scale of Figures 6 and 7 is the same to
£a5¢ COMPArison,

. Even s0, we have checked for the presence

of spatial autocorrelation in the residuals of
equation {6} and found there is no sign of
it. In addition, the computed value of the
Durbin-Watson statistic {2.03) shows that
there is no autocorrelation on the disturb-
ances of the model. Finally, we have also
tested for endogeneity problems between
the provincial productivity growth and
wage growth variables and found them not
present in equation (6).

Although it is not shown in the paper, we have
also computed the value of ¥, for cach province
and, even though there are some differences
between them, we can assert that national wage
growth has 2 storong lmpact on provincial wage
growth in almost all Spanish provinces. The
results are available upon request.

- When the same analysis of wage flexibility is

carried out at sectoral level, it is shown that
bath the industrial sector and-—not sarpris-
ingly, according to what was said in relation
to the wage-serting mechanism-—the pub-
lic sector are the most flexible. This means
that provinces in which these sectors are more
strongly represented are also more flexible.
Most of these provinces {Alava, Navarra,
Guiptzcoa, Zaragoza ...} are located in the
north of Spain, where the unemployment
rates tend to be lower than average.



1992 ADOGLFO MAZA AND JOSEVILLAVERDE

22. This non-Hnear relationship is demon-
strated by the fact that a simple neglected
non-lnearity test (conditioned on regional
productivity growth) rejects the null hypo-
thesis of no neglected non-linearity at any
standard level of significance, A Fan—Ullah
{1999) test has heen utilised in which the
conditional expectation of the residuals took
the form

E(Gi|A ) =m(A,)
where, m{.) was estimated using a Nadaraya-
Watsan estimator, The Fan-Ullah {t-test)
statistic is £.28, which clearly surpasses the
5 per cent critical value of 1.96.
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