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Sub-Regional Disparities in Britain:

convergence, asymmetries and spatial dependence

1. Introduction

Since the seminal works of Baumol (1986) and Band Sala-i-Martin (1991;
Barro, 1991) a significant body of empirical literee has developed examining the
convergence implications of the neoclassical grawtel, initially for countries and
later for regions (Barro and Sala-i-Martin, 1992rBard and Durlauf, 1995; Carlino
and Mills, 1996; Siriopoulos and Asteriou, 1998;ngasharju, 1998; De La Fuente,
2000; and many others). Following, and partly assalt of the identified limitations
of this empirical literature, a number of theoratiand empirical contributions offered
new insights on the issue of regional growth andvigied new tools for its
examinatiorn: These included the examination of ‘transition toibities’ or temporal
changes in the distribution of growth performanudigators (Quah, 1993 and 1996),
the utilisation of the Markov chain properties (Mag 1999), panel data approaches
(Knight et al., 1996; Evans and Karras, 1996; Sazikiand Castro, 2004) and the
application of measures of concordance and statifin (Webber and White, 2003).
Probably the most significant contribution to thesue, however, has been the
introduction quite recently of spatial econometiicghe examination of patterns of
regional convergence (Rey and Montouri, 1999). Modgand exploring patterns of
spatial interaction and dependence is of paramaupbrtance, as it relaxes the

unrealistic assumption that economies grow in tgmieand highlights the importance

! Among the identified limitations, the annoyinglgvariable convergence rate of 2% pa probably
stands out, although more substantive issues iadluel case of overshooting-¢onvergence witls—
divergence), the presence of clusters and conveegelubs and the existence of divergent steady
states.
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of economic linkages and spillovers for the grow#rformance of interconnected
economies. This is an insight which has long beatised in the areas of economic
geography and regional science (Myrdal, 1957; Ghesind Carbonaro, 1996), but
which economics has been slow in adopting.

The introduction of a spatial interactions per$pecinto the issue of
convergence is not only important empirically, edrrects for a possible source of
statistical bias, but moreover at the level of tlgeoraking into account such
interactions brings together —and allows to exansimeultaneously— two distinct
approaches to the issue of regional growth, assepted by the neoclassical growth
model and the theory of cumulative causafiofihis paper contributes to this
developing literature by formally examining the eergence hypothesis for the case
of Britain with a focus on addressing the role p&t&al interactions in the process of
economic convergence.

The issues of growth performance and of regiomdlalances in productivity
and living standards across the British regionsehattracted significant attention in
the literature and more recently have become d famat of regional and competition
policy for the UK government (DTI, 2003; ODPM, 2008 nder the Public Service
Agreement of the 2002 Spending Review (HMT, 20GRg three governmental
bodies mainly responsible for regional policy a@&apta shared target to “make
sustainable improvements in the economic perforemanfcall English regions and

over the long term reduce the persistent gap iwtragates between the regions,

2 Recent developments in the fields of trade theory (new) economic geography have produced a
further bridging of the two theoretical approachlg, re-introducing cumulative causation (related
however to dynamic agglomeration economies andméteynesian-type linkages) on a set of micro-
economic foundations of neoclassical flair (Krugmam®91; Fujita et al., 1999). The theoretical
contribution of this literature, in relation to thesue examined here, is in its establishment of a
framework where mechanisms of divergence and cgevee can co-exist, so that movements in
observed disparities simply reflect the relativepdarance of the two sets of mechanisms (Cheshite an
Malecki, 2004).
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defining measures to improve performance...”. Thgnalled a significant shift of
UK policy, which until the mid-1990s put little ern@sis on regional disparities.
Interestingly, the emphasis of policy is not onuadg regional disparities per se (i.e.,
in levels), but on achieving ‘growth convergena&ithough quite controversial, this
policy seems consistent with the government’s ersighaon productivity,
competitiveness and (industrial-regional) clust®tereover, it reflects the underlying
policy view that real convergence is hindered ley/phesence of strong agglomeration
forces and that ‘growth convergence’ can be a Btsp towards diffusing growth
potentials across the country.

Clearly, the issue of regional and sub-regionapdliities in Britain is
particularly important, not least because of thgnificant evidence pointing to an
economically hazardous and politically embarrasditogth-South divide (Blackaby
and Murphy, 1995; Machin, 1996; Dewhurst, 1998)gn8icant disparities exist
among, as well as within, the British regions inmte of wages, productivity, per
capita incomes, and even unemployment and empldypagticipation rates (Martin,
1997). Although recent trends suggest that regionatiualities have stabilised,
especially in real terms, the existing dispariteee large and difficult to bridge.
Moreover, a number of contributions in the literatsuggest that, while aggregate
disparities were widening (in the 1980s and 199@=s)ional reward structures have
been converging (Monastiriotis, 2002; Duranton d&tanastiriotis, 2002) with the
implication that spatial disparities in Britain aiacreasingly the outcome of
differences in human capital characteristics ans ih labour productivities. From a

new economic geography perspective this suggestitarn of cumulative causation
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and increasing spatial heterogeneity (core-periphevhere low-wage regions lose
out in skills and thus diverge further from the magnamic regions of the countty.

Quite paradoxically, there is very little reseamtidressing specifically the
convergence hypothesis for the British regions.yCGnhandful of studies exist that
explicitly test forp-convergence in the country (amongst them, onencéa those by
Dewhurst, 1998, and Evans and Pentecost, 1998)amd fewer use data at sub-
regional level (Chatterji and Dewhurst, 1996; Dudfol997; Gripaios et al., 2000;
Roberts, 2004); and still, only cover the periodaiphe early 1990s. Thus, despite the
significant disparities and policy interest, théseno study in Britain that examines
regional and sub-regional disparities withir-@onvergence framework post-1993.
This is a significant omission in the literatureddms also important implications for
regional policy in the country. The analysis peried here is an attempt to fill this
significant gap, by examining the growth performarand evolution of disparities
across the British counties over the period 1980220’he analysis employs tlfie
convergence framework but integrates together tiaéysis of spatial interactions and
thus provides a valuable inquiry into the dynamtbsit link the sub-regional
economies of Britain and an original opportunity festing the extent and relative
importance of equalisation and cumulative causatnechanisms in the country.

The structure of the paper is as follows. Secomakes some theoretical
considerations, revisiting the issue of convergencthe neoclassical growth model
and introducing the notions of spatial associatltat are to be used in the empirical
analysis. Section 3 briefly discusses some datzesssind presents an exploratory
analysis of county-level disparities in Britain. é&flformal analysis ofi-convergence

is reported in Section 4, where the issues of apatependence and spatial

% Duranton and Monastiriotis (2002) have identifeegattern of ‘disaggregate convergence’ within the
aggregate patterns of divergence, with similaritilials commanding increasingly similar wages
across regions.
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heterogeneity are also considered and the dynaitmas connect the growth
performance of British counties are further expiiotterough a number of simulations.

The final section concludes with some thought9faicy.

2. Theoretical considerations

The simple notion of convergence derives fromrteeclassical growth model
(Solow, 1956; Swan, 1956) and is effectively basadhe assumptions of constant
returns to scale in the production function and-e@sing returns individually for each
factor of production. With diminishing individuag¢turns and as long as all countries
share (or have access to) similar technologied) eaonomy is deemed to reach a
common steady-state rate of growth, with deviatiogieg only short-run phenomena,
deriving from exogenous population and technoldgycks (innovations). Under this
mechanism poorer countries (or regions) tend tevgaster and thus catch-up with
the more developed economies where returns toat@pé lower.

Casual empirical observation suggests that symo@ess is operative only in
special cases. Differences in endowments, fixedracheristics (e.g., location,
history), institutions and the like, create struatulifferences in the organisation of
production resulting in permanent differences ingloun rates of growth (steady-
states). This observation leads to the concepbdiiional convergence, where long-
run growth rates are conditioned on the initial @mohents of each economy. Where
groups of countries/regions share similar initiahditions and fundamentals, club
convergence is observed in the sense that eachterdls to move towards a distinct
steady-state so that disparities decline over tnmtkin each club while they tend to

stabilise across clubs.
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A similar mechanism of conditional-only convergensederived from the
endogenous growth literature that builds on thedsied neoclassical model (e.qg.,
Mankiw et al., 1992). By endogenising the procefssteghnological progress it
introduces increasing returns to scale in the oo function (with or without
diminishing returns to individual factors). Incresag returns allow for heterogeneous
steady states (club convergence) but can furtheergée a process of divergence in a
cumulative fashion (i.e., more advanced economésl tto grow faster) due to
continuous benefits accruing from agglomeration sgale economies.

It is important to note that these processes ofvexgence and divergence
(based on the neoclassical and endogenous growtlelg)odo not require any
interaction between economies (even within clulbBe equalisation of growth rates
is purely an outcome of congestion that comes alwdhteconomic development and
is predicted to occur even if all economies aresefifisolated. Endogenous or
exogenous innovations can lead to short- or lomgdeviations from the convergence
path but movements along this path are integratéd the mechanics of the
production function and are not related to anyeaysof economic interdependencies.
This rather restrictive perspective of the ‘conwsrge hypothesis’ has been also
adopted in the empirical literature Brconvergence, which rarely examines dynamics
related to physical proximity and economic intei@ts.

Nevertheless, the analysis of mechanisms of coewery and divergence
operating through economic interaction has a lorgjoty in economics. In the
traditional trade theory (e.g., Stolper-Samueldmwotem) openness to trade leads to
factor and market price equalisation with compigiecialisation of production. Thus,
even in the presence of heterogeneous endowmeays] convergence can be

achieved through economic interactions (trade octofa movements) across
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economies. A similar process of factor price ecpadion is predicted in the more
Keynesian mechanisms of the Harris-Todaro modekra/hregional differences in
rewards (wages) and costs (market prices) are dihed through migration. On the
other hand, new trade theory and new economic gpbgr by emphasising the role
of agglomeration and scale economies in influentirgglocation decisions of firms
and individuals, allow for processes of sustain@crdence across countries and
regions (Fujita et al., 1999). Such processes temtiffer from the traditional process
of cumulative causation generated through Keynejaa forward and backward
linkages (Myrdal, 1957), but have a clear obseoveti equivalence in the sense that
they both produce patterns of increased and pensistgional inequalities, as well as
patterns of clustering and core-periphery dependsnc

Traditionally in the empirical literature, such feaihs of interaction and
dependence have been captured through the exapmraftinput-output tables. The
recent boom in the field of spatial econometricsyéver, has offered a very dynamic
alternative route for the empirical investigatiorf such mechanisms. More
importantly, it has advanced the theoretical urtdeding of the mechanics governing
spatial interactions and forward and backward ly@sa Through the development of
the field, a number of econometric concepts haveishd and expanded in such a
way that today they represent distinctive conceptbe theoretical understanding of
economic interactions.

Exploring the different dimensions of spatial asaten in econometrics has
produced two distinctive types of association, ¢hosspatial dependence and spatial
heterogeneity. Spatial heterogeneity implies tlediavioural economic characteristics
and relations are not constant across space. ler atlords, whereas economic

outcomes might be more or less similar across ilmtat(e.g., groups of regions), the
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structure of economic relationships can differ.eimpirical terms, the concept of
spatial heterogeneity is equivalent to the timeeseconcepts of structural breaks and
time-varying coefficients. Technically, the exantioa of spatial heterogeneity is
performed through a spatial version of threshotgtession, conventionally labelled as
‘spatial regimes’. The second type of spatial assion (spatial dependence or
autocorrelation) refers directly to processes thatsmit economic conditions and
outcomes through space. Positive spatial dependrrggests a process of clustering
or contamination, where similar characteristics andcomes tend to concentrate
geographically in order to exploit specific scaledaagglomeration advantages
(clustering), or where the presence of a charatieln a specific location (probably
above a critical mass) triggers its diffusion asroseighbouring locations
(contamination). Negative spatial dependence, intrest, is related to notions of
competition and absorption, reflecting conditiornfs restricted availabilities (e.qg.,
competition for hiring a fixed supply of skilledbaur) or of centripetal dynamics
(e.g., concentration of skilled labour in locatiamsh a competitive advantage even in
conditions of slack labour demand), respectively.

Empirically, the concept of spatial dependence lsarfurther analysed into
three distinct processes: spatial error dependeziees to the transmission of random
(unexpected) shocks across space; spatial lag aavetation refers to the
conditionality of local outcomes to those of neighbng locations; finally, cross-
regressive spatial dependence describes a prode=m® Wocal outcomes are partly
shaped by neighbouring locations’ initial condigomn the context of the analysis of
-convergence, these three distinct types can bitded as follows: long-run growth

in a given location depends on (i) random shocksiwtg in neighbouring locations,

10
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(i) the long-run growth rates of neighbouring lboas, and (iii) the initial level of
development of the neighbouring locations.

These four types of spatial association (error, lagpss-regressive, and
heterogeneity) can be represented for the unconditi3-convergence model in

mathematical form as follows:

Error dependence Ay, =a+ by, + (1 + AWE) (1)
Lag dependence Ay, =a+ by, + pWAY, + & (2)
Cross-regressive Ay, =a+ by, + Wy, + & 3)
Spatial regimes Ay, =a+ L. Y, tE& (4)

whereAy is the average annual growth rate (e.g., of GDRcapita) for region over
a period of yearsyy is the initial value of GDP per capita (at tim@)£or the same
region,k indexes groups of regions (spatial regimesgndy are iid residuals{ is a
vector of region-specific shockd/is a matrix of spatial weighfsanda, g, 4, p, andy
are coefficients to be estimated.

The next section describes the data used in thérieai@nalysis and provides
an exploratory investigation of regional dispasti@nd spatial autocorrelation
(clustering) across the counties of Britain ovee theriod 1981-2002. Following,
section 4 presents the formal examination of tteiasof f-convergence in the
presence of spatial interactions, based on the imadfl@inconditiona-convergence
presented above. The analysis focuses on uncamaliffeconvergence for two main
reasons. First, for simplicity and clarity of pretaion it is preferable to examine the

simple form of convergence, to avoid complicatioms the specification and

* The elements of the spatial weights matrix areffioients that discount proximity or contiguity
according to various criteria. Proximity is discteth through a distance decay function (each
observation in the sample is weighted by a meastiies standardised distance from the location of
interest). Contiguity is accounted for by taking an-weighted average of the locations directly
neighbouring the location of interest. For moreadetabout the nature and construction of spatial
weights see any textbook on spatial econometrigs, (Bnselin, 1988).

11
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estimation of the empirical models and thus focugh® spatial processes that are of
interest. Second, the concept of conditional cogeece implies structural differences
across the sample economies, an assumption whieksgelevant at such a spatially
disaggregate level of analysis. Despite their défiees, the British counties belong to
the same national economic and institutional systachare completely open to factor
movements and free of any financial, linguisticstitutional or other restrictions. It
follows that, in the absence of systematic spatiatesses, which the paper seeks to
explore, equilibrating mechanisms of the type @f{8tr-Samuelson or Harris-Todaro
should operate immediately thus wiping out anycditnal differences across regions

and leaving only the scale effect to determinesgheed of convergence.

3. Regional disparities and supra-regional clusters
a. The measurement of the growth variable

The specification of the growth variable is an artpnt issue for a number of
technical and theoretical reasons. The theoreticadel of long-run growth deriving
from the standard neoclassical model refers todapooductivity (GVA or GDP per
employee). Due to data problems, many cross-cousttrgies have used GDP per
capita instead, but at this level this choice int particularly problematic, as
employment participation differences across coastdre rather small and relatively
constant over time. The use of GDP per capita, kewebecomes increasingly
problematic as one moves to finer spatial disaggregs, as the volume of
commuting increases (creating problems relatingvtowkplace- versus residence-
based measures of GDP) and the quality of thedtatlines (problems relating to the

measurement of GDP and GVA) (Douglas, 2001). Furtbeunty-level data on

12
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GDP/GVA in Britain are only available for selectgelars and not later than the mid-
1990s, while they are subject to frequent revisiand measurement problem&n
the other hand, at least at the sub-regional lethed, equilibrating mechanisms
described by trade and migration theory refer toafualisation of both factor prices
(wages) and productivities. Wage data of good guaéxist for very fine
disaggregations in Britain for long time-periodgsRarch for the country has shown
that regional returns to human capital charactesistave been converging, implying
that regional wage differentials increasingly refldifferences in labour and residual
productivities, even after accounting for regiopalkce differentials (Duranton and
Monastiriotis, 2002). Thus, at the county level véhehe measurement-related
problems for GDP/GVA are significantly accentuate@dges appear to be the most
appropriate relevant measure for the analysis afvemence. Following these
considerations, the present analysis uses dataagessor male full-time employees

obtained from the annual publications of the Newnkfays Survey.

b. Temporal patterns of regional disparities

Nominal wages in Britain have grown fast over ld two decades (at over
6% per annum). As is well reported, this growth has been spatially even and
subsequently geographical wage disparities havesemed over the period. Table 1
presents some summary wage statistics for the iesuott Britain.

As can be seen, cross-county wage disparities sigséficantly according to
all measures. The standard deviation of county wagereased by 7.5 times, partly
reflecting the influence of inflation and the stgowage growth during the period.

However, even on the basis of the coefficient aiatebn, which controls for such

® Significant problems with the measurement of inesrat the regional and sub-regional levels in the
UK have recently been reported by Cameron and Maeér (2000) and Bishop and Gripaios (2004).
Both sources point to the superiority of the NEQ)@vdata in terms of accuracy and consistency.

13



Research Papers in Environmental and Spatial Analys No. 112

influences, regional disparities appear to havebtsmliover the period, implying an
average rate os-divergence of just below 4% per year. The relati@ege of the

cross-county wage distribution (maximum-to-minimuatio) produces a similar

albeit somewhat smaller result (around 2% pa). Tdlustatistics suggest a widening
over time of the cross-county wage distribution.d®&picted in columns 5 and 6 this
widening coincided with an increase in both skewnasd kurtosis, suggesting the
development over time of a more compressed crosstgovage distribution, with

fewer outliers to the left (low-wage counties) lnubre extreme outliers to the right
(high-wage counties; this interpretation is comsistwith the identified differences in
the evolution of the coefficient of variation arftetmax-min ratio noted above). The
implication is that over time high-wage countiesvdiabecome increasingly

uncharacteristic of the median.

Table 1. Summary statistics for county-level nominlawages

Year [Mean (£s) Std dev. CoV  Max/Min Skewness Kurtosis  Min Max
1981 134.6 8.55 0.064 1.387 0.62 4,23 Cornwall London
1982 147.7 10.51 0.071 1.447 0.73 4.26 Cornwall London
1983 160.2 11.24 0.070 1.434 1.08 5.15 Powys London
1984 170.2 13.08 0.077 1440 1.01 4.66 Powys London
1985 183.0 1354 0.074 1.459 1.20 5.37 Cornwall London
1986 196.3 16.24 0.083 1.506 1.14 5.19 Cornwall London
1987 210.7 18.46 0.088 1552 1.19 5.42 Cornwall London
1988 230.2 21.59 0.094 1.637 1.18 5.46 Cornwall London
1989 2535 27.78 0.110 1.690 1.47 5.70 Powys London
1990 276.3 28.85 0.104 1.735 1.27 5.18 Powys London
1991 298.6 29.70 0.099 1.659 1.34 5.38 Cornwall London
1992 318.6 31.58 0.099 1.652 1.23 5.18 Powys London
1993 330.1 33.93 0.103 1681 1.44 5.83 Powys London
1994 3395 34.71 0.102 1.622 1.40 5.51 Powys London
1995 349.0 3544 0.102 1.788 1.57 7.06 Powys London
1996 363.9 40.65 0.112 1.717 1.39 5.68 Powys London
1997 380.3 41.95 0.110 1.717 1.43 5.91 Cornwall London
1998 396.0 45.98 0.116 1.772 1.44 5.60 Cornwall London
1999 411.1 48.82 0.119 1.833 1.42 5.97 Cornwall London
2000 428.2 53.10 0.124 1.881 1.62 6.39 Cornwall London
2001 450.0 59.46 0.132 1.833 151 5.74 Cornwall London
2002 471.1 63.74 0.135 1.943 154 6.05 Cornwall London
Source: NES (various years) and own calculatioréa@re for full-time male employees in Britain.

14



Research Papers in Environmental and Spatial Analys No. 112

In addition to the observed widening of disparitidse cross-country wage
distribution in Britain is characterised by veryostg inequality persistence. That
Greater London has been by far the region with Highest wages throughout the
period is not surprising. Less expected is the masien that Cornwall (in the South
West) and Powys (in Wales) have been consistemdytwo counties with the lowest
wages for over twenty years. Persistence has beerarkably high across the
distribution (with a rank correlation coefficiertrf1981-2002 of 0.76) and has further

increased in the 1990s (at 0.90 between 1992 a2 20

Figure 1. Spatial disparities and spatial dependeare
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‘ =—8=—CoV = Moran's I‘

The high persistence of the wage distribution ahd intensification of
disparities leave open the possibility that sigmifit structural interdependences
(spatial autocorrelation) connect wage determima#doross the counties of Britain.
Figure 1 presents a standard measure of globalakpattocorrelation (Moran’s ),

which depicts the path of spatial dependence fabbly the British counties over the

15
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period® As can be seen, spatial dependence rose sharpiygdtne 1980s and

remained relatively stable (at high levels) througi2002. The marked increase in
cross-county dependence in terms of wages implissremgthening of clustering

initially and a stabilisation thereafter.

What is more important is the observation that iapaautocorrelation
(Moran’s 1) and spatial disparities (coefficient wdriation) follow a rather similar
path. This could be reflecting a structural chagastic of the nature of cross-county
disparities in the country, for example, wideningparities in the presence of club
convergence (intensification of clusters) or clustemation (increase in the number

of clusters). The next sub-section explores furthese dynamics.

c. Geographical patterns of spatial association

To explore further the patterns of spatial autoeation and inequality across
the British counties, a more detailed statistic foabe employed. The local Moran is
the most widely used such statistic (Anselin, 1998¢asuring the degree of spatial
association at any given location. With the useswth a local indicator of spatial
association (LISA) one can arrive at a classifmaf locations based on the type of
spatial interactions that characterise them. Folignconvention, four groups are
identified: ‘HH’ locations, which exhibit high vaés (i.e., high wages) and are
neighbouring similar locations (high-wage clustefreH’ locations, of low wages,
neighbouring high-wage locations; ‘LL’ locationsh&re both local and neighbouring
outcomes are low (low-wage clusters); and finaljL" locations of superior
performance relative to their neighbours. Baseduwoh a classification, the presence

of clusters and the extent of positive or negaspatial autocorrelation can be visually

® Moran’s | is the spatial equivalent of the cortiela coefficient and measures the correlation betwe
local and neighbouring values across the sample.deétails about this and similar measures see
Anselin (1988).

16
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explored with the use of maps. Figure 2 presentsetlsuch maps (Local Moran

Maps) for the initial, median, and final years loé sample.

Figure 2. Wage clustering (local Moran maps)

1981 1991

M High High | Low-High M Hizh-Low  Low-Low

These maps confirm the conclusions from the eadi®alysis. Significant
geographical clustering (positive spatial autodatren) is observed throughout the
period. In the early 1980s a number of clusters lwandentified, broadly speaking
located around Greater London, the corridors acrééswick-Bristol, Leeds-
Merseyside, Cumbria-Cleveland and Edinburgh-Glasgemd northern Scotland
(possibly due to the North Sea oil activities). iHigages are largely concentrated in
Greater London, whereas the remaining clustersaappedominantly as high-wage
enclaves along low-wage hinterlands.

By 1991 this picture is significantly altered. line with the global Moran
results (Figure 1), spatial concentration aroundaf&r London has been increasing,
while the other clusters have significantly subdide pattern that persists through the
end of the period. Thus, as cross-county disparitiglened and spatial dependence

intensified, a pattern of club-convergence emergeth a strong and quite diffused

17
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cluster of high wages in the south and a relatil@ly-wage cluster in the rest of the

country (the ‘North’).

Table 2. Global Moran tests for wage growth acrosthe British counties

Flat discount factor Steep discount factor
Wage growth Short Medium Long Short Medium Long
1981-2002
Moran’s || 0.2102 0.1767 0.1701 0.3739 0.3617 0.3600
p-valug 0.000 0.000 0.000 0.000 0.000 0.000
1981-1991
Moran's || 0.2425 0.1998 0.1897 0.4084 0.3922 0.3898
p-valug 0.000 0.000 0.000 0.000 0.000 0.000
1992-2002
Moran’s || 0.0742 0.0584 0.0560 0.1242 0.1196 0.1192
p-valug  0.000 0.000 0.000 0.003 0.002 0.002

Notes: See footnotes 5 and 7.

A similar analysis can be performed for wage glowt order to identify the
geographical incidence of dynamic clusters. As thascase for wage levels, strong
positive spatial autocorrelation characterises Wage-growth performance of the
British counties. Table 2 presents a series oktest global spatial autocorrelation
based on a number of alternative spatial weightsicea’ Spatial tests are performed
for two types of distance decay functions (flat atdep, penalising distance to a
lesser and greater extent, respectively) and fagethlistance cut-off points (short,
medium, longf As can be seen, the measures of global spatiat@uelation are
always positive and always significant for all diste discount factors and for
different sub-periods. Spatial dependence (growtbtering) appears more significant

in the 1980s and is stronger for steep distancaydfactors, implying significant but

" The same set of matrices has been used in aliopeand following tests of spatial autocorrelation
but full results are only presented here for econmhspace. All relevant tests and calculations are
available upon request.

8 All distances refer to Euclidian straight-linestiseen each county’s centroid as calculated by
ArcView. The cut-off points refer to distance barms/ond which spatial interactions are assumed to
cease to exist and have been defined on the biasie tower, median, and upper quartiles of thessro
country distribution of distances.
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rather concentrated wage-growth clusters. The Vistesentation of these results is

offered in Figure 3.

Figure 3. Growth clustering (local Moran maps)

1981-2002
M High High | Low-High M Hizh-Low  Low-Low

The picture obtained in Figure 3 has some simigexitvith the patterns of
clustering in wage levels but exhibits also someketh differences. The cluster
around Greater London is still present but is nouwcimlarger, while clusters similar
to the ‘high-wage enclaves’ of Figure 2 are haidbntifiable. The aggregate picture
is strongly influenced by developments in the 198Dsring the 1990s the Greater
London cluster appears to have been weakened aheérfuiffused towards the west,
while strong wage-growth enclaves have been emgrginsome of the earlier
identified corridors (most notably across Yorkskiterseyside). Overall, the
evidence gathered in Figure 3 seems to be consistdnthe notion that significant
cumulative causation or dynamic agglomeration f®raee in operation in terms of
wage formation across the British counties, attl@aghe 1980s. In the 1990s, the

weakening of spatial concentration and the emem@hagrowth enclaves seems to
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suggest some absorption effects acting towardsomagfjiconvergence. The formal

investigation of the presence of such convergegoarics in presented next.

4. Spatial dynamics ands-convergence
a. Convergence and spatial dependence

Following the extensive exploration of geographigmtterns of wage
inequality and interdependencies, this section éxasnin detail the process @f
convergence across the British counties expligitlyorporating in the analysis the
influences of the identified patterns of spatiabeledence and heterogeneity. As
stated earlier, the empirical investigation is ldasen a simple model of
(unconditional) convergence, which makes the grawath of wages, over a long-run
period, a function of the initial level of wages @ach county. The analysis is
performed for the full sample (growth period of 198002) and repeated for two sub-
samples (1981-1991 and 1992-2002) in order to iyestructural differences in the
evolution and spatial dynamics of cross-county wiaggualities in the country.

Table 3 presents the results of the standlacdnvergence analysis for the
three sub-periods (left panel). The performancethef regressions is in general
satisfactory, although the fit of the regressiossrather low and evidence of
heteroskedasticity is present, pointing to possibis-specification. In line with the
earlier discussion the convergence coefficientviags significantly positive (slightly
less so in the 1980s), confirming that the last tlewades have been periods of
significant regional divergence in the country. Togeed of divergence can be
calculated at 2.4% per year for the full periodhifar to the findings o6-divergence

around Table 1.
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Table 3. Testing forp-convergence: standard analysis

Wage growth regressions Testsfor spatial dependence
Full 1980s 1990s| Full 19808990s
Estimates Flat distance discount

Constant -0.090 -0.047 -0.108 Moran | (error) 0.0000.0000.271
p-value 0.02 0.376 0.001 LM (error) 0.0000.0000.770
Initial 0.031 0.026 0.026 Robust LM (error) 0.098.0020.174
p-value 0.000 0.020 0.000 LM (lag) 0.0000.0000.304
Diagnostics Robust LM (lag) 0.0020.000 0.093
R*-adjusted 0.20 0.07 024 LM (SARMA) 0.000 0.0000.233

AIC -515.16 -472.59 -502.24Steep distance discount
F-test 16.53 5.74 20.65 Moran | (error) 0.0000.000 0.497
Normality LM (error) 0.0000.000 0.845
Jarque-Bera 0.978 0.971 0.390 Robust LM (error) 0.216.002 0.260
Heteroskedasticity LM (lag) 0.0000.0000.427
Breusch-Pagah 0.001 0.026 0.073 RobustLM (lag) 0.003.0000.173
White 0.004 0.091 0.084 LM (SARMA) 0.000 0.00®.387

Notes: All regressions have been estimated with .QAIE is the Akaike Information Criterion. Tests
for spatial dependence are performed in SpaceBthinalude Moran’s | statistic and various Lagrange
Multiplier (LM) tests. SARMA is a joint test for mr and lag dependence.

More important, however, for the present analysesthe results from the tests
for spatial autocorrelation (right panel). Six teare reported for each of the three
regressions and for each of two different distash®eay functions. For the full period
and for the 1980s the tests almost uniformly sugghlat significant spatial
dependence, both in terms of lag- and error-auteladion, is present, with spatial lag
autocorrelation being marginally stronger. In casty for the 1990s the evidence of
spatial autocorrelation is either weak (spatial\th flat distances) or non-existent.
With the possible exception of the 1990s regresdioese findings suggest that the
convergence regressions are mis-specified and ttieusnferences drawn regarding
the process of convergence across the countiegi@irBare not valid. To further
explore the presence and influence of spatial digere in the convergence
regressions, a number of alternative specificatiares examined, corresponding to

models (1) — (3) as presented in section 2.
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Table 4. Testing forp-convergence: spatial dependence

Full period 1980s 1990s

Spatial Error beta {3) 0.0246 0.0140 0.0251
p-value 0.000 0.128 0.000
lambda ¥) 0.8320 0.8570 0.1029
p-value 0.000 0.000 0.802

AIC -530.00 -490.16 -502.30
LM-lag 0.000 0.001 0.125
Spatial Lag beta f) 0.0265 0.0185 0.0240
p-value 0.000 0.035 0.000
rho (p) 0.8462 0.8608 0.2531
p-value 0.000 0.000 0.440

AIC -531.24 -490.19 -500.92
LM-error 0.192 0.098 0.156
Cross-Regressive beta ) 0.0242 0.0140 0.0194
p-value 0.001 0.137 0.005
gammaf) 0.1548 0.2660 0.0366
p-value 0.000 0.000 0.099

AIC -527.96 -494.07 -503.13
Moran (error) 0.000 0.000 0.685

Notes: The spatial error and spatial lag modelsHasen estimated with the Maximum Likelihood
procedure; the cross-regressive model has beenatst with OLS. All regressions have been carried
out in SpaceStat.

As is illustrated in Table 4, controlling for vads processes of spatial
dependence reduces the estimated rate of diverdenak sub-periods. The impact is
stronger in the 1980s regression, where controlliag two forms of spatial
dependence (error and cross-regressive) returnnaergence coefficient not
statistically different from zero. Taken literallfhis result indicates that the whole
process of divergence in the 1980s can be soldiybated to cross-county
interdependences in terms of observed and unolssateerminants of growth.
Nevertheless, the specification tests suggest tttetbest performing model is the
spatial lag specification (model (3)). Based onAlkaike Information Criterion (AIC)
there is little to separate the models. On therdtla@d, the Lagrange Multiplier tests

reported in Table 4 suggest that controlling faatsd interactions in long-run growth

° There is a series of factors that can be explareelation to these determinants. Among them, the
geography and evolution of industrial clusteringarsimportant candidate (see for example Duranton
and Overman, 2002, and Roberts, 2004), but the ieedion of its relation to the aggregate spatial
patterns observed here is beyond the scope gbipisr.
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renders the influence of spatial error and crogsessive autocorrelation

insignificant™®

b. Convergence with spatial regimes
The -convergence analysis so far provides resultsimwith the exploratory

analysis of the previous section. Significant diwgrce of over 2% per year has
characterised wages across the British countieghi®rlast two decades. Although
spatial dependence in wage levels has been higheha 1990s, signalling the
intensification of clustering, for wage growth dphinteractions have diminished as
the wage-growth cluster around Greater London becarore diffused. The models
examined thus far, though, do not allow a formakstigation of the different spatial
regimes that seem to characterise the countryineawith the wider literature of a
North-South divide in Britain and the clusters thatre identified in the previous
section. To investigate the processafonvergence under the operation of different
spatial clusters, we turn to the spatial regimesleh@resented earlier (model (4)).
The model splits the British counties into sepasgatial regimes, along the lines of
the North-South divide and in accordance with gnogp used elsewhere in the
literature (Rowthorn, 1999; Roberts, 2064)lwo models are estimated. The first is
the spatial regimes version of the simple convergesguation. The second takes into
account the findings of the spatial dependenceyaisabnd fits a spatial regimes

model that further includes the spatial lag of ¢gmewth variable to control for the

1%1n the case of the 1990s regression, however aasthe case before, no significant spatial inflesnc
are detected in any form.

' The counties are allocated to regimes based orretiens on which they belong. The ‘North’
includes the regions of Scotland and the countie&/ales, North West, North, Yorkshire, and West
Midlands. The remaining regions (East Midlands,tEasglia, South East, South West and Greater
London) are classified as the ‘South’. Alternatidefinitions of ‘North’ and ‘South’ produced
qualitatively very similar results.
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most prominent form of spatial dependence obserked.the 1990s regression the

first specification appears more appropriate.

Table 5. Testing forp-convergence: spatial regimes

Statistics Spatially Static Models Spatial Lag Modis
1981-2002 1981-1991 1992-2002 1981-2002 1981-1991 1992-2002
Estimates
South 0.0531 0.0423 0.0380 0.0494 0.0369 0.0381
p-value 0.000 0.000 0.000 0.000 0.001 0.000
North -0.0043  -0.0113 -0.0006 -0.0019 -0.0083 -0.0008
p-value 0.608 0.354 0.950 0.815 0.475 0.937
Spatial Stability (spatial regimes)
Chow test 25.00 22.06 4.93 27.00 19.48 10.23
p-value 0.000 0.000 0.011 0.000 0.000 0.006
Diagnostics
R%adjusted 0.56 0.45 0.33 0.60 0.50 0.36
AIC -549.70  -503.66 -507.97 -550.05 -503.92 -505.97
Normality
Jarque-Bera 0.704 0.174 0.532 - - -
Heteroskedasticity
Breusch-Pagan 0.925 0.781 0.851 0.787 0.969 0.839
Spatial Dependence (Euclidian distance)
Moran (error) 0.127 0.125 0.988 - - -
LM (error) 0.208 0.193 0.163 0.584 0.557 0.162
LM (lag) 0.037 0.037 0.235 0.125 0.133 0.941
LM (SARMA) 0.110 0.108 0.377 - - -

Notes: The spatially static models have been estinaith OLS; the spatial lag models have been
estimated with the Maximum Likelihood procedurel. idlgressions are in SpaceStat.

As expected, the performance of the spatial regimegressions is
significantly improved, with the adjusted® Rhore than doubling in the full-period
regression compared to the simple regressions ofeTa. The stability of the
convergence coefficients (Chow test) is rejectedalb models at any conventional
level of significance (although this is much weaker the 1990s regressions),
confirming the approach taken to split the sampl® itwo separate groups. The
spatial regimes specification removes any sign eiefoskedasticity and of spatial
dependence when the spatial-lag autocorrelaticongrolled for (spatial lag models).

The results concerning the convergence coefficiargsparticularly illuminating. In
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all regressions the evidence of cross-county dasgeg is highly significant in the
South, with speeds of divergence almost twice agelas the ones estimated before,
while the evidence of divergence for the North pEssars completely, as the
coefficients become negative and highly insignificarhis finding suggests that,
outside the South, regional evolutions have beeticptarly unfavourable: although
in relative terms county wages across the Nortlammecmore similar, this apparently
happened through a process of ‘convergence to therb’, with the high-wage
enclaves of the 1980s disappearing fast. Spatfrmience in the sense of clustering
of wage growth is observed, but this has mainlgdiaed into a negative cumulative
causation mechanism and the geographical expamgidhe low-wage cluster. In
contrast, the South has been characterised by tngouns process of both cross-
county (within the South) and national (betweenSbeth and the North) divergence,
with high-wage counties experiencing faster wagemvtin, presumably at the expense

of neighbouring counties with lower initial values.

c. Spatial transmissions of growth innovations
The implications of the identified patterns of weaffeographical

interdependencies in the North and significanthpreg agglomeration forces in the
South can be further explored with a simulationreise. Based on the spatial-lag /
spatial-regimes model estimated for the full perfddble 5, column 4), it is possible
to explore the geographical patterns of the spaaalsmission mechanisms related to
a random growth shock affecting a particular lawati The maps of Figure 4
graphically present these geographical patternsafeandom shock, equal to two
standard deviations of the estimated stochastiatfiowhich is introduced in three

different counties of Britain (Greater London, Lasbire and Derbyshire). Due to the
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spatial interactions mechanism of the model, tlzallsed shock is transmitted across
counties in a cumulative fashion. The results presein Figure 4 are based on a
series of ten iterations (loops), after which tize f the spatially transmitted effect is

significantly minimised.

Figure 4. Simulation results for a random shock omwage growth

Greater London Lancashire Derbyshire

The introduction of the growth shock in London gwoes a significant
spillover effect mainly across the South East aadtAnglia, but the effect fails to
reach Scotland. Due to the strong interdependentiée region, the overall effect is
significantly magnified but rather concentratedtrdducing an identical shock
elsewhere in the country produces markedly differesults, which are however in
line with expectations based on the economic getgraf the country. Lancashire is
probably an extreme case, where the multipliercefté the shock affects strongly
only two neighbouring counties and, while spillowdfects of over one standard
deviation (>50%) are rather diffused, the shockyanbdestly affects the south. In

Derbyshire the spillover effects appear stronged are more evenly distributed
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across space, with the whole of England and Wadseefiting from at least one-

standard-deviation stochastic growth (although raghere is a stronger north-ward
bias). This simulation exercise helps illustrate different spatial dynamics operating
in various parts of the country. Further analydidocalised interdependencies and
spillover dynamics can provide valuable informatfonthe patterns and potentials of
(wage) growth across the British counties but sacetailed investigation is outside

the scope of this paper.

6. Conclusion

Presented in this paper is an extensive analysigthe temporal and
geographical patterns of wage growth, cross-couveage dispersions, and spatial
associations for the case of Britain over the tastdecades. The analysis produced a
number of interesting results, some of which confiprevious findings in the
literature and some of which are completely neverafg fresh insights on the nature
and dynamics of wage growth in Britain. Nominal wagexhibited strong signs of
both sigma- and beta-divergence throughout theo@erCross-county divergence
persists even after controlling for various patseohspatial association. The observed
patterns of spatial association point to rathemgjrclustering of both wages and wage
growth, mainly around the wider Greater London afidee presence of spatial-error
dependence suggests a contamination mechanism gwardom shocks are
transmitted across neighbouring counties), butlicases the evidence of spatial-lag
dependence is stronger. This implies a degree -ofetermination of wage outcomes,
which is consistent with the notions of convergenktos and spatial heterogeneity

and the extensive literature on the British Norduth divide.
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Geographically, the observed cross-county diverges probably entirely due
to evolutions in the south of Britain and specific#éo the presence of a strong cluster
around Greater London, which is diverging both wititself (in the 1990s) and from
the rest of the country. The rest of the Britislurites have exhibited, if anything,
weak signs off-convergence, at least in the 1980s. It needs tstressed, however,
that this resulted partly in the disappearancd@1990s of a number of small high-
performing clusters (enclaves) in the north andhiss not necessarily a positive
evolution. The distinct evolutions in the two paofsthe country are connected to a
form of structural heterogeneity (along the lindstlme North-South divide) that
appears stronger than any other form of spatiadciestson operating in the country
(especially as clustering occurs in specific lamagi and not randomly across Britain).
This observation implies that the British econoral/Jeast at the sub-regional level
examined here, is characterised by structural iarza#s and asymmetries that exert
strong influences on the patterns of regional, thnd also of national, growth.

Dealing with such imbalances is a crucial resgalisi of economic policy-
making and the recent resurgence of interest framous departments of the UK
government on regional disparities, with the obyeciof achieving convergence in
regional and sub-regional growth performancesnithis sense more than welcome.
Important policy implications in relation to thewé¢argets of the UK regional policy
stem from the empirical findings obtained here. iBeg@ and sub-regional disparities
in Britain are structural, in the sense that spatiechanisms are in operation (at least
at the county level) that reinforce the existingioaal advantages and perpetuate the
geographical concentration of positive and advesa&comes. These cumulative
causation mechanisms are based on wider spatiaiafig (i.e., the North-South

divide) and less so on genuine patterns of loaldestering that could be related to

28



Research Papers in Environmental and Spatial Analys No. 112

pure dynamic agglomeration effects (although tledacan be identified within the

South). To achieve a reversal of the trends ofldbetwo decades and facilitate real
regional and sub-regional convergence (in the sehssductions in the coefficient of

variation of local outcomes) policy must tackleedity the structural asymmetries
that characterise the two parts of the country.

Although this is all but a straightforward task,ig not lost. Lack of evidence
of negative spatial autocorrelation implies thaeréh is little direct (localised)
territorial competition across local economies intdn —at least as far as wage
outcomes are concerned— and thus that positivetgrowtcomes can rather easily
spread across local economies. Although the stralctmbalances between the north
and the south suggest that the policy objective hafmonising the growth
performance of the British regions is not goind&an easy task, the implications of
the geographical dynamics revealed in this papggest that UK regional policy does
well to focus on ‘growth convergence’ and the gjtbening of clusters around the
country. Especially in light of findings elsewharethe literature, that suggest that
spatial wage evolutions are mainly attributable differences in human capital
characteristics (Duranton and Monastiriotis, 200R)appears that assisting the
emergence of growth enclaves in various parts efcthuntry is a viable strategy that
can uphold the human capital endowments of theidaggegions and trigger
cumulative growth through the positive spillovereets that already characterise
inter-regional dynamics in Britain. Providing supte-conditions for equalisation of
growth rates across the British regions will asswvards the narrowing of the
existing regional and sub-regional disparities|éwels), which of course should be

the ultimate goal of regional and national econopalicy.
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