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ABSTRACT. This paper evaluates the extent of inter-industry and inter-regional 

wage spillovers across the UK. A large literature exists suggesting that wages 

elsewhere affect wage determination and levels of satisfaction, but this paper extends 

the analysis of wage determination to examine the effects of inward investment in the 

process. Thus far the specific effect of foreign wages on domestic wage determination 

has not been evaluated. We employ industry and regional level panel data for the UK, 

and contrast results from three alternative approaches to space-time modelling. Each 

supports the notion that such wage spillovers do occur, though assumptions made 

concerning the modelling of spatial interaction are important. Further, such wage 

spillovers are more widespread for skilled, than for unskilled workers and also lower 

in areas of high unemployment. 
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I. Introduction 
A substantial body of literature exists which suggests that wages are influenced by 

spillover effects from wages set elsewhere. For example, a number of authors have 

considered the extent to which wages set in one region may influence wage 

determination in neighbouring (contiguous) areas, Manning (1994); Burridge and 

Gordon (1981); Molho (1982). In a similar vein researchers have also considered the 

extent to which inter-industry spillovers effect wage determination. For example, 

Smith (1996) found that within the chemicals industry the existence of a wage leader 

influences the wage determination of other groups. Moreover, Latreille and Manning 

(2000) evaluate inter-industry and inter-occupational impacts, again finding that 

wages elsewhere impact on wage determination.  

This work however predates recent developments in inter-regional modelling 

and spatial econometrics. The purpose of this paper is to add to this literature by 

considering inter-industry and inter-regional wage spillovers using the concept of 

contiguity. Further, we extend previous work by considering the importance of 

simultaneity in the determination of wages of different occupational groups, and make 

a distinction between the potential differential effects upon skilled and on unskilled 

wages. Finally, we consider the importance of wage spillovers between the foreign 

and domestic sectors of UK industry. This is pertinent for two reasons, firstly there is 

a growing literature, discussed below, that illustrates the apparent premium paid by 

foreign owned firms. Secondly, foreign owned firms also have higher levels of skill 

intensity and pay a larger skill premium than domestic firms.  

This paper proceeds as follows: The following section provides a brief 

rationalisation for how such spillovers can be justified. This is followed by section III 

which discusses the potential role of foreign direct investment in domestic wage 
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determination. Section IV outlines the model of wage determination and spillovers 

that is developed, while the data are outlined in section V. Finally, the results and 

conclusions are presented in sections VI and VII. 

II. Why do fallback wages matter? 

Notions of fairness and the importance of comparison incomes have long been 

important in the psychology and sociology literature on labour supply. This dates back 

to Ross (1948) and Adams (1963). For example, Ross (1948) argued: 

"comparisons play a large and often dominant role as a standard of  

equity in the determination of wages under collective bargaining." 

 More recently such issues have been discussed within the economic analysis of wage 

determination, see for example Akerlof and Yellen (1990), Rees (1993), and Smith 

(1996). The underlying mechanism driving the importance of comparison incomes is 

the concept of a reference level of income against which an individual compares him/ 

herself, which is also related to issues of individual utility or satisfaction, Clark and 

Oswald (1996); and Hamermesh (2001).i The concept of wage spillovers between 

industries or regions can be justified theoretically with reference to bargaining theory 

and migration. In bargaining models, where the aim is to maximise utility over and 

above some minimum level, neighbouring wages take the form of fallback wages. 

This provides an obvious link to models based upon migration, Harris and Todaro 

(1970). If its possible for workers to migrate between different industries and regions, 

then wage increases in adjacent industries or regions may result in workers migrating 

to the more attractive (in terms of wages) location.  

The importance of external effects in wage determination is discussed in a 

different context by Yankow (2003) who demonstrates the pecuniary returns to 

migration. The returns to migration are however neither universal nor equal across 
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occupational groups, suggesting a similar pattern for wage spillovers. Further analysis 

of the regional distribution of wage rates is provided by Dickie and Gerking (1998), 

who show that for Canada inter-regional wage differentials are lower for more 

educated workers. While Dickie and Gerking (1998) do not model the inter-regional 

effects explicitly, they do however identify regional differences in wage 

determination, largely using intercept dummies. In a similar vein, Brakman et al. 

(2004) for Germany have shown that real wage equalisation between regions is an 

unrealistic assumption, and that significant frictions exist in the process of labour 

market spillovers, limiting the degree of convergence. Interestingly, Dickie and 

Gerking (1998) identify certain segmentation effects based on distance, and show that 

relocation costs will limit the size of spillovers. This suggests therefore that any study 

of contiguity effects in wage determination must consider the limits to this process. 

This is discussed in more detail in section IV.  

This suggests that an important consideration in any study of wage spillovers 

is labour market segmentation, particularly between regions. For example, it is well 

understood that unskilled workers are less mobile than skilled ones, and so inter-

regional effects are likely to be smaller for unskilled workers than for skilled workers 

(McCormick, 1997). Further, there is also evidence that technological change 

generates an increase in wage inequality through an increase in relative demand for 

skilled workers, see for example Machin and Van Reenen (1998). New technology is 

seen as complementary to skilled labour, and skilled labour augmenting, and so 

disadvantaged the less skilled worker.   

The above suggests that notions of comparison wages must be seen within the 

context of labour market segmentation. For example, while it is well documented that 

inward investors pay higher wages than their host country counterparts, (for UK 
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evidence see Girma et al. 2001), the spillovers effects of these higher wages may not 

be uniform across regions or occupational groups. The rationale for this and the 

potential limitations to the process of foreign-to-domestic wage spillovers are 

discussed in the following section. 

III. The role of foreign direct investment in wage comparisons 

There are a number of studies that identify substantial differences in factor demand 

between foreign and domestic firms (Conyon et al., 2002; and Girma et al., 2001). 

The inference here is that foreign multinationals demonstrate higher levels of labour 

productivity, and in turn greater demand for high quality labour. Equally, foreign 

entrants pay higher wages than incumbent domestic firms, and therefore may attract 

higher quality workers.  Entry by such firms therefore is expected to impact on 

domestic labour markets, not only in terms of labour demand, but in restricting the 

supply of labour to domestic firms offering lower wages.  

Over the period 1984 to 1992 foreign firms on average paid 11% more to 

unskilled workers than domestic firms, and approximately 9% more to skilled workers 

(figures from the Office for National Statistics).ii  Driffield (1999) shows that as a 

result of these higher wages, increased inward investment acts to bid up wages, and in 

the short term to reduce employment. However, in this study the labour market effects 

of FDI have been effectively constrained to intra-industry effects, which also 

therefore encompass the crowding out of domestic employment through product 

market competition.  

The productivity effects of inward investment may have compounded the 

direct wage effects. As Barrell and Pain (1997) show, one of the major impacts of 

inward investment into the UK has been to introduce new technology, while Driffield 

and Taylor (2005) for example outline some of the major technological differences 
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between the foreign owned and domestic sectors, and their magnitudes. There is a 

relatively large literature on the importance of productivity spillovers from FDI, see 

for example Driffield et al. (2005). This outlines the importance of inter, and intra-

regional effects in industry level productivity spillovers, while Sun (2001) 

demonstrates for China that the beneficial effects of inward FDI on host regions are 

not evenly distributed, but concentrated on those regions that are best placed to 

benefit from the introduction of new technology. Further, Driffield and Taylor (2000) 

demonstrate that productivity spillovers from FDI are partly facilitated by domestic 

firms becoming more skill intensive, and as such, one may expect wage spillovers to 

affect the market for skilled, rather than unskilled workers. Despite this conjecture, 

the impacts of FDI on labour markets in general, and earnings in particular have 

surprisingly been far less explored, for a review of this literature see Driffield and 

Taylor (2000).  

The above discussion suggests therefore, that wage spillovers from inward 

investment will be greater for skilled workers than for unskilled workers, in terms of 

both inter-regional impacts, and foreign to domestic impacts. This is an important 

issue for policy makers, as concern has been expressed that both skill shortages and 

labour market tightening have been exacerbated in certain parts of the country by 

inward investment. Equally, if inward investment merely bids up skilled wages in the 

domestic sector, then this will increase wage inequality, not only between skilled and 

unskilled workers, but also across industries and perhaps more importantly across 

regions. In a similar vein, there is a well developed literature on the determinants of 

the spatial distribution of FDI, see for example Basile (2004), Coughlin and Segev 

(2000), Crozet et al. (2004) who argue that agglomeration of activity and the level of 

development of a region has a positive impact on FDI location.  
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The existence of foreign-to-domestic wage spillovers, and also the extent to 

which segmentation between the foreign and domestic sectors exists, can be tested 

directly. This can be achieved with the use of contiguity matrices, which have been 

used in the regional science literature to examine issues such as unemployment (for 

example Aragon et al., 2003), economic growth (for example López-Bazo et al., 

2004), and the economics literature for example Latreille and Manning (2000). Our, 

analysis extends that of Latreille and Manning (2000) to include different spillover 

terms for wages in the foreign and domestic sectors as well as introducing a regional 

element to the analysis. Further, comparing wage spillovers in the skilled and 

unskilled sectors can test the hypothesis of segmentation as a restriction to spillovers. 

We hypothesize that segmentation will be less important in the market for skilled 

workers, and as such that foreign-to-domestic wages spillovers will be greater for 

skilled workers. Also, that wage spillovers for unskilled workers will be limited 

geographically, as unskilled workers are less mobile. 

IV. Theory and empirical models 

The theoretical approach is based upon a simple structural model of the labour 

market, highlighting the role of alternative wages as comparison incomes in labour 

supply. In order to examine the effect that inward FDI has on the labour market, we 

focus on wages paid by domestically owned enterprises. To characterise this, we 

specify a Cobb-Douglas production function for the domestic sector, of the form 

 where Q is output, K is capital, and labour L is split into skilled and 

unskilled. The marginal revenue product of labour is defined as 

βαLAKQ =

1−= βαβLAKL∂∂= QMPL  . 

In equilibrium wages in the domestic sector, , are given by: y
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1−= βαβLpAKy           (1) 

where p represents the market price of the good produced. However, it is also 

necessary to introduce the supply side of the labour market, which is influenced by the 

wage on offer , two vectors of alternative wages available y 1y~ , 2y~  and 

unemployment U ,iii so: 

( U, )~,~,yfL 21 yy=           (2) 

The measures of alternative wages consist of wages paid in neighbouring regions and 

related industries. 1y~  captures regional level intra-industry effects. Firstly, this 

includes the inter-occupational term. Following Latreille and Manning (2000) it is 

necessary to investigate whether skilled wage rates have an impact upon unskilled 

wage determination and vice versa. Secondly, 1y~  captures the effect of FDI by 

including wages paid in the local industry by foreign owned firms. 2y~  then captures 

the inter-industry and inter-regional effects in wage determination, including 

contiguity effects between foreign and domestic wages spillovers, and inter-industry 

wages paid in both the foreign and domestically owned sectors. The variables that 

make up 1y~  and 2y~  are discussed in depth below. Intra-industry spatial contiguity is 

modeled using a spatial lag structure outlined in equation (3) below.  

To estimate the reduced form model of skilled and unskilled domestic wages 

we contrast three approaches to time-space econometrics. This involves estimation in 

both levels and first differences, making differing assumptions concerning the nature 

of inter-regional effects. We adopt estimation based on a standard spatial fixed effects 

model, see Baltagi (2002) and Elhorst (2003), and employ the most general reduced 

form of wage equation, based on Latreille and Manning (2000) and Driffield and 

Girma (2003). In equilibrium the basic model can be given by:  
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( )ελγγφρ 42321211 WI~W~WWy −++++= yyXy       (3) 

where y  is the spatially lagged dependent variable, a matrix of industry level wages 

paid by domestically owned firms in contiguous regions at the industry level, X  is a 

matrix of observations on other independent variables, 1y~  is a matrix consisting of 

alternative wages within the same industry and the region, including inter-

occupational effects, and wages paid to the same occupational group by the foreign 

owned sector. 2y~  is a matrix consisting of alternative wages in contiguous industries 

or regions as defined below. 

The data we employ has three dimensions – industry (i), region (r) and time 

(t), hence we consider the influence of domestic and foreign wages in adjacent regions 

and industries using contiguity matrices, which inform us of neighbouring industry 

and/or regional wages. We also consider the significance of time lags in wage 

spillover effects, although where spillovers are found these appear to occur within a 

one year lag. Given the data (see section V below) we are able to split the sample into 

foreign and domestic sectors with details for each of the 2 digit industries and 11 

regions. Hence alternative wages are based upon the following: 

• Contiguous industry domestic wage – industry level wages paid by UK owned firms 

in each two digit industry (i) operating in the same one digit industry (j), given in 2y~  

(see equation 3 above); 

• Contiguous industry foreign wage – industry level wages paid by foreign firms in 

each two digit industry (i) operating in the same one digit industry (j) , given in 2y~  

(see equation 3 above); 
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• Contiguous region domestic wage – industry level wages paid by domestic firms in 

adjacent regions. This is the spatially lagged dependent variable, given in y  (see 

equation 3 above); 

• Contiguous region foreign wage – industry level wages paid by foreign firms in the 

same industry (i) operating in adjacent regions, given in 2y~  (see equation 3 above); 

• Cross wage term – wages paid to other occupational groups (skilled or unskilled) 

within the industry and region, given in 1y~  (see equation 3 above);  

• Foreign wage – the wages paid by the foreign owned sector in industry (i) and  

region (r) , given in 1y~  (see equation 3 above). 

Hence the alternative wages include inter-industry effects, inter-occupational 

effects i.e. the cross over wage terms (skilled or unskilled), and the foreign to 

domestic effect. This also has a spatial component given by γ . In equation (3), above, 

the matrices zW  are spatial weights where the importance of spatial lags in domestic 

wage effects are captured by ρ .iv We also allow for autoregressive disturbances with 

effects given by λ . We initially estimate the spatial lag and the spatial error 

regression model by maximum likelihood, allowing for the spatial nature of our data. 

In practice we follow Florax and Folmer (1992) and Aragon et al. (2003) where firstly 

we test whether 0=λ  and then whether 0=ρ , with each model allowing for the 

possibility that 01 ≠γ  and 02 ≠γ .   

The model given in equation (3) is based on a relatively standard levels 

approach but incorporating spatial dependency. In addition, however to the essential 

problems of spatial lag and spatial error, and the fundamental question of whether 

findings regarding the importance of alternative wages are robust to alternative 

treatments of these issues, there are other considerations.  
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Firstly, previous work in the area also investigates the importance of time lags 

and persistence in these effects. This requires a reformulation of the basic model to 

include a lagged dependent variable. In standard wage determination models, see for 

example Willis (1986), a vector of further characteristics, or “fixed effects” such as 

age, experience, education, gender and ethnic group would be included. Such data are 

clearly not available at this level of disaggregation, but these effects can be captured 

by a lagged dependent variable, which by definition is correlated with these fixed 

effects. Thus, the model that is estimated becomes a dynamic panel data model (now 

introducing the subscripts defining the dimension of our data into the analysis): 

( ) irtirtirtirtistirtirt WI~W~WWyy ελγγφρα 423212111 −+++++= − yyXy     (4) 

isty  captures the spatially lagged dependent variable, region s being contiguous to 

region r.  

With a model of this type there are a number of endogeneity issues 

surrounding standard “levels” fixed effects estimators. The development of panel data 

models to handle these types of problems is relatively well understood, see for 

example Arrelano and Bond (1988, 1991) and Holtz-Eakin et al. (1988). These 

involve converting the data to first differences and employing a GMM estimator, 

using past values as instruments for current values.v The standard form of this 

estimator however is not robust to spatial error or autocorrelation. We therefore 

propose an alternative GMM estimator following Driscoll and Kraay (1998), who 

develop a spatial GMM estimator. This is essentially a variation on the standard 

heteroskedasticity and serial correlation consistent covariance matrix estimation 

developed by Newey and West (1987). This involves obtaining a non-parametric 

covariance matrix which is robust to general forms of spatial and temporal 

dependence. One advantage of this approach is that it remains consistent when N, the 
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size of the cross section is large relative to T. However, the choice of instruments for 

this estimation is far from straightforward. With a spillover model of this type, there is 

the concern that contiguous wages are endogenous in wage formation, and must 

therefore be instrumented. We employ further spatial lags and time lags of wages as 

instruments of contiguous wages, and time and spatial lags to instrument 

unemployment. Capital is instrumented using time lags only. This approach is 

confirmed by the Sargan test statistic. The model that is estimated, taking differences, 

becomes: 

( ) irtirtistirtirt WIWWWyy irtirt νλγγφρα 42321211
~~

1 −+∆+∆+∆+∆+∆=∆ − yyXy   (5) 

A third consideration in the empirical modelling is that with two types of 

labour (skilled and unskilled) there is the potential for simultaneity in wage 

determination between these occupational groups. This is particularly pertinent when 

considering the impact of cross wages, that is, the effect of skilled wages on unskilled 

pay, and vice versa. Theoretically this is intuitively appealing, and ties in with the 

theoretical proposition of Akerlof and Yellen (1990) who stress the interdependence 

between the two groups. This has largely however been ignored in the previous 

empirical literature, see for example Latreille and Manning (2000), Lee and Pesaran, 

(1993). In order to allow for this, we propose a further estimator, which is a version of 

the estimator employed in Driffield and Girma (2003), where the skilled and unskilled 

wages equations are estimated simultaneously via iterated three stage least squares 

(FD-3SLS).vi Lagged wages, capital and unemployment are employed as instruments 

in the first-differenced (i.e. wage growth) equations following Anderson and Hsiao 

(1981).vii In the basic form, this employs the same set of instruments that would be 

suggested by single equation dynamic panel data procedures. However, we also 

employ further spatial lags as instruments in the contiguity effects. This imposes 
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another set of orthogonality conditions, based on spatial interaction rather than merely 

time lags, and the validity of this approach is confirmed by the Sargan tests. Equally, 

the appropriate length of both spatial lags and time lags must be considered. Given 

that by construction the lagged dependent variable captures all past values of the 

internal and external variables, the number of time lags included in the dynamic 

estimation is limited to two, though this restriction is formally tested. 

While capturing the special dependence effects with such an estimator has to 

be more mechanistic, and relies on ex post testing for spatial effects (those not 

captured by the use of the contiguity matrices) when considering the efficiency of the 

estimator, it does have potential advantages. Firstly, this estimator allows for potential 

simultaneity in the determination of skilled and unskilled wages, as well as for 

potential spillover effects between groups. Secondly, this estimator allows the 

importance of contiguity effects to vary across regions. It is likely for example that 

regions contiguous with the South East of the UK may experience larger contiguity 

effects than average, while an area such as the South West may exert much smaller 

spillover effects on its neighbouring regions. In terms of the labour market these 

differential effects may also be related to differences in unemployment rates across 

the UK. 

<<TABLE 1 HERE>> 

It is clear from Table 1 that different regions of the UK exhibit markedly 

different patterns of unemployment. As such, it is likely that the effects of external 

wages, and indeed the importance of external wages in wage determination will differ 

across regions, varying with the levels of unemployment. Further, regions with 

Assisted Area status have often sought to attract inward FDI in order to reduce 

structural unemployment.viii  
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The regions with higher unemployment: North West; North; Wales and 

Scotland were all covered by assisted area status during the period. One common 

criticism of estimating equations (3, 5) is that the unemployment variable is 

endogenous. Consequently, in the empirical analysis in addition to employing 

unemployment as an explanatory variable, we also split the sample by region in terms 

of assisted and non-assisted area status.ix When we do so the unemployment term is 

dropped.  

After describing the data in the next section, we estimate skilled and unskilled 

domestic wage equations based upon: fixed effect spatial panel data models; non-

parametric spatial GMM panel data models; and simultaneous FD3SLS models. The 

latter two approaches employ instruments to allow for endogeneity, with the final 

approach also allowing for simultaneity in skilled and unskilled wage determination. 

We also experimented with measures of distance based not on geography but 

on similarity of region, following Boarnet (1998). This involves for example 

identifying regions that are dominated by similar industries, or constructing a distance 

matrix based on similarity of earnings or unemployment rates. Using earnings or 

unemployment rates is problematic, as by definition the contiguity matrix becomes 

endogenous in the estimation. Measures of distance based on industrial activity in the 

UK essentially serve to illustrate that the key differences between regions in the UK 

can be explained in terms of the “core-periphery” distinction that is well understood, 

and as such spatial weights outperform such measures in the analysis.  

V. Data 

The UK Office of National Statistics (ONS) provided the data used for the empirical 

analysis. The data set comprises information for both the foreign-owned and 

domestically-owned sectors of UK manufacturing, and comprises industry and 
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regional level data for the UK, covering the period 1984-1992. There are 11 standard 

planning regions, and 19 manufacturing sectors (2-digit level), see Figure 1 and Table 

2. While data for Northern Ireland are available, these are omitted from the 

econometric analysis as Northern Ireland is not contiguous with the rest of the UK. 

Figure 1 illustrates the Standard Statistical Regions of the UK as defined by the UK 

Office for National Statistics. These are NUTS2 regional classifications. The choice 

of this level of aggregation is largely driven by data availability, particularly for FDI 

data. At any level of aggregation below NUTS2, good data on the foreign owned 

sector often become disclosive and therefore not available. Equally, the split between 

skilled and unskilled workers for the foreign owned and domestic sectors separately is 

only available at this level of aggregation. The definitions of industry and region 

classifications are given in Table 2, while some summary statistics at this level of 

disaggregation are provided in Table 3.  

<<TABLE 2 HERE>> 

<<FIGURE 1 HERE>> 

In terms of spillover effects Figure 1 illustrates the contiguity of the 11 

regions. For example, imagine a worker employed in industry i who lives in York & 

Humberside. There are a variety of spillovers that may occur in his/her wage 

determination. For example, the average wage bill in the domestic sector in York and 

Humberside is £500 less than that in the North West, see Table 3, and may therefore 

exert a negative impact on wage aspirations as the two regions are contiguous, see 

Figure 1. However, if the individual remains in the York & Humberside region, but is 

able to move from the domestic to foreign sector then this may yield a positive wage 

effect, since foreign wages are around £1,500 higher. An even greater effect on 

his/her wages may be the possibility of moving. For example, a move to the North 
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West, and a job in the foreign owned sector would be expected to increase earnings by 

£4,100. Akin to this argument the differential between the average wage bill by 

industry and domestic/foreign sectors is also applicable.  

The advantage of such data, in addition to isolating domestic-foreign 

interactions, is that they allow one to evaluate inter- and intra-regional effects, as well 

as inter- and intra- industry effects. These are based on the best alternative pay, in the 

industry and sector, in surrounding regions, or related industries. Skilled wages are, in 

both the domestic and foreign sector, defined as annual earnings of non-manual 

workers and conversely unskilled wages are defined by the annual earnings of manual 

workers. The capital stock in the domestic sector is estimated as the sum of net capital 

investment of the previous 7 years, depreciated by 10% per annum. The 

unemployment rate is based upon regional level data and does not vary across 

industries. To construct the alternative wage we chose the maximum wage available 

in contiguous industries or regions such that it represents the best alternative wage.  

<<TABLE 3 HERE>> 

Table 3 shows the sample means for a number of variables. For instance, over 

the period 1984 to 1992 the unemployment rate across regions averaged 10 percent. 

The regions with the highest average wage in the foreign and domestic sectors 

respectively were the North West and North East.x Looking at the ratio between the 

foreign and domestic wage bill the largest differential is seen in the North West, 21 

percent.  

VI. Empirical Results 

In this section we report estimates of both skilled and unskilled wage determination, 

based upon a spatial fixed effect model (equation 3), and a dynamic panel data model 

(equation 5) which is estimated as a first difference spatial GMM model and to allow 
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for simultaneous wage determination between the skilled and unskilled estimation by 

FD3SLS. Finally, we report the wage equations for assisted areas and non-assisted 

areas separately. All results across the three sets of estimators are shown with t-

statistics based upon robust standard errors. 

Spatial Fixed Effects  

The results from estimating equation (3) for both unskilled and skilled wage 

determination are shown in Table 4. These illustrate results based on alternative 

specifications, allowing for a spatial lag ( 0≠ρ ) and a spatial error ( 0≠λ ). There is 

no evidence of a spatial lag operator in these data, for either skilled or unskilled 

workers, since the hypothesis that 0=ρ  can not be rejected. Spatial autocorrelation 

however is clearly present, and shows negative dependence. Time dummies are used 

across the specifications and are always jointly significant. Throughout, we test the 

null hypothesis of spatial independence i.e. no spatial autocorrelation using Moran’s I 

statistic, Moran (1950). 

 <<TABLE 4 HERE>>  

Turning to the estimates of the coefficients generated by the model, capital and 

labour are shown to be complementary within this framework. While the capital stock 

is positively correlated with wages, this effect is significantly greater for unskilled 

workers. It is likely that increased capital expenditure impacts on unskilled labour 

productivity to a greater extent than it does on the productivity of skilled labour. 

Unemployment is significant in both equations and has a negative impact as expected, 

with a significantly greater impact on unskilled wages, again as one would expect. 

This is consistent with Blanchflower and Oswald (1994) and Cameron and 

Muellbauer (2000), but contrasts with Latreille and Manning (2000) who find no 

significant difference in the impacts of unemployment.  
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 The cross wage terms indicate the existence of such wage effects. These are 

also suggestive of the importance of skill differentials in wage determination. The 

inter-occupational effects are positive and significant and suggest that skilled wages 

are more responsive to cross wage spillovers than unskilled wages. Interestingly, 

industry level wages paid by inward investors at the regional level has no influence 

upon unskilled wages, but does have a positive and significant effect on skilled wage 

determination. This would suggest that wage differentials between the skilled and 

unskilled will increase with foreign presence thus increasing wage inequality in the 

domestic sector, see Taylor and Driffield (2005). 

 Finally, this model generates significant evidence of wage spillover effects. 

We find confirmation that contiguous regional domestic wages and contiguous 

industry foreign wages impact on local wage determination. Not surprisingly wage 

spillover effects are greater for skilled labour. Skilled workers are generally more 

mobile, and as discussed above the returns to mobility are greater for skilled labour, 

see for example Dickie and Gering (1998). These results are interesting in that 

neighbouring industry and regional wages matter for wage determination, but the 

mechanism of foreign effects operates solely via industry comparisons. In contrast, 

domestic wage comparisons exhibit inter-regional effects. This suggests that while 

inward investment has an impact on local labour markets, these effects are limited to 

the area of the investment. There are two potential explanations for this. Firstly, there 

is significant evidence that productivity spillovers from FDI (and indeed productivity 

spillovers generally) are limited geographically, Driffield et al. (2005), Baranes and 

Tropeano (2003). Secondly (higher paying) foreign firms outside the region may not 

be seen as relevant comparators by firms seeking to set wages within a local labour 

market context. 
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Spatial GMM and First-difference 3SLS 

The results from estimating the dynamic panel data model of equation (5) for both 

unskilled and skilled wage determination are shown in Table 5 below, which reports 

results based upon spatial GMM and first difference (FD) 3SLS estimation 

respectively.xi Tests for spatial correlation and serial correlation are also reported, 

where, as with the levels results spatial dependence is apparent in the data. In the 

FD3SLS estimator, this effect is captured by the use of contiguous wage variables, 

instrumented with further spatial lags, following Kelejian and Prucha (2004). As a 

result, tests for second degree spatial lags were also carried out, though none were 

detected. All estimates are based upon robust standard errors and include a set of time 

dummies that all prove significant. For the FD3SLS we present an additional test for 

spatial autocorrelation, which employs the Lagrange Multiplier (LMSEC) test, which 

following Anselin and Moreno (2003) is shown to outperform other testsxii.  

<<TABLE 5 HERE>> 

After losing observations for first differencing and instrumenting, estimation is based 

upon 1,330 observations. All alternative wage variables are instrumented with lagged 

values due to possible endogeneity problems, as is the capital stock, and the 

unemployment rate. The global validity of the instruments in the simultaneous 

estimation is confirmed (at 5% level) by the Sargan tests reported in both the skilled 

and unskilled wage equations towards the bottom of the table. This is further 

reinforced by the absence of a second-order serial correlation in the first-differenced 

models under consideration. 

In both the skilled and unskilled domestic wage equations, the spatial GMM 

and FD3SLS, generate coefficients in line with the levels estimation. Capital and 

unemployment have positive and negative impacts upon wages respectively. We find 
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the impact of the cross wage term is positive which suggests that the two groups are 

complements and the effect is larger than under the spatial GMM specification.  

Turning to the foreign wage variable, there is evidence that the existence of 

higher-paying foreign firms exerts upward pressure on wages in domestically owned 

firms. Noticeably, these effects are evident for both unskilled and skilled wages, 

whereas for the fixed effects analysis foreign wages only influenced skilled wage 

determination. However, the impact upon skilled wages is larger and so supports the 

earlier conclusion that a foreign presence in the same industry and region elevates 

wage inequality in the domestic sector. There is a growing literature that suggests that 

there is a gap between wages paid in the foreign sector to those wages in the domestic 

sector of around 5% to 7% in favour of foreign firms (see Section III).  

 When considering contiguity terms, as found when using spatial fixed effects, 

across specifications there is a role for the average domestic wage in adjacent regions 

to influence wage determination. Focusing upon skilled wages, both domestic and 

foreign contiguous industry wages have an impact – although the former is always 

larger. This confirms the earlier evidence that the mechanism of foreign effects 

operates via industry comparisons, rather than regional comparisons. 

Comparisons Across Estimators 

The results presented in Tables 4 and 5 are also indicative of the difference in the 

results generated by the alternative estimators. In general, the coefficients of 

unemployment and capital are greater from the levels estimation than for either of the 

difference estimators. This is a relatively common result, but may also be indicative of 

the problem of endogeneity in the levels model. All the results presented here suggest 

that capital and labour are complementary, and though standard endogeneity tests for 

capital and unemployment do not indicate a problem, it is clear that the different 
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estimators provide alternative results regarding the magnitudes of the effects of capital 

investment on wage rates. The implied inter-industry effects are also greater in the 

fixed effects estimation, though more marked in the foreign effect. The results do 

suggest that, particularly for skilled workers, wages paid by foreign firms do have a 

positive impact on domestic wages.  

There is far less of a difference however regarding the implied importance of 

contiguous wages on wage determination. Once spatial error is allowed for, each of 

the models generate very similar results regarding the importance of industry level 

contiguous wages, for both skilled and unskilled workers. The FD3SLS does however 

suggest the importance of contiguity varies across regions.  

<<TABLES 6 TO 8 HERE>> 

As outlined above, one essential difference between the simultaneous equation 

estimator and the more standard spatial lag estimator is that it allows the importance 

of contiguity to vary across regions. Indeed, the results presented in Table 8 suggest 

that this is important, as there are significant differences in the size of the contiguity 

parameter across regions. As may be expected, contiguity effects are significant for 

those regions contiguous to the South East, such as East Anglia and the East 

Midlands, while the same effect does not work in reverse. Equally, in general 

contiguity effects appear more significant for skilled workers, and for the “core 

regions” of the UK, where in general unemployment is lower. The average effect of 

contiguous industry level wages across all regions is reported in Table 5, whilst the 

region-specific point estimates are given in Table 8. For the sake of brevity the results 

for individual regions based on the assisted / non-assisted area split are not reported, 

though these are in line with Table 8.xiii The issue of further spatial lags becomes 

particularly important in the case of the FD3SLS estimator, as it is possible that the 
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South East of England exerts upward pressure on earnings beyond its contiguous 

regions. No such effect however could be detected.  

The final difference between the estimators concerns the “cross-wage” effect, 

the impact of skilled wages on unskilled wages, and vice versa. Perhaps not 

surprisingly, theses effects are shown to be much greater by the simultaneous 

estimator, than the single equation estimates. This again is perhaps not to be 

unexpected, and highlights one of the differences between the results produced here 

and earlier work, for example Latreille and Manning (2000). Skilled and unskilled 

labour appear to be treated by firms as complementary, although the impact of skilled 

wages on unskilled earnings appears to be greater than the reverse. This is intuitively 

appealing in that skilled workers are only concerned with the wages of those of the 

same occupational status, not those below, whereas the wage determination of 

unskilled workers is influenced not only by the wages of similar workers but also 

those in higher occupational classes presumably due to aspiration effects.  

Assisted Area Status – Spatial GMM and FD3SLS  

The importance of unemployment in terms of the differential effects on skilled and 

unskilled wages has been noted across estimators. We now investigate this further by 

estimating (3) and (5) as above, but for assisted and non-assisted areas separately. The 

results are shown in Tables 6 and 7 above, where both tables have the same format as 

Table 5.xiv The results so far suggest that contiguous inter-industry and inter-regional 

domestic wages are more important in skilled wage determination than for unskilled 

wage determination. The analysis in Tables 6 and 7 confirms that these impacts are 

generally less important in assisted areas. This again confirms a priori expectations, 

that unskilled workers, particularly those in areas of high unemployment would be the 
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least mobile, Gordon and Molho (1998), and therefore the least likely to experience 

wage spillovers.  

When considering the impact of inter-industry or inter-regional contiguous 

FDI, the greatest effects are again found for skilled workers, with wages paid by 

foreign firms exerting a greater inter-industry and inter-regionally effect on skilled 

rather than unskilled workers. This again seems a plausible result, and ties in with 

results reported elsewhere, which show that foreign firms are more skill intensive than 

domestic firms, Driffield and Taylor (2005). Consequently, it is logical to assume that 

skilled workers in the domestic sector are more likely to be able to move into the 

foreign sector, because the foreign sector demands skilled labour. Notions of fairness 

and comparability therefore feed through into the determination of skilled wages, and 

to a much lesser extent into unskilled wages. This suggests that wage spillovers in 

general, and effects from FDI in particular may be acting to increase regional 

disparity in the UK. 

Carrying out the estimation for assisted and non-assisted areas separately, we 

also find evidence of inter-regional effects, that is 02 ≠γ , with the exception of 

unskilled wage determination in assisted areas. However, the magnitude of these 

effects suggests that inter-regional or inter-sectoral wage spillovers are limited. This 

may tie in with work by Ingram et al. (1999) who report that issues of wage 

comparability are becoming less important over time in the UK, as does Hamermesh 

(2001) for the USA. 

Whilst wage spillovers from foreign to domestic firms are largely confined to 

intra-industry, intra-region effects, such spillovers exist even within assisted areas. 

This is a potentially important result, as it suggests that even in areas of high 

unemployment, inward investment acts to bid up wages in the domestic sector. For 
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skilled workers, this effect is particularly strong; a 10% increase in foreign wages will 

increase domestic wages by some 2.9% (based upon the FD3SLS estimator).  

VII. Conclusions 

There is evidence of wage spillovers, for both skilled and unskilled workers, 

both across regions, industries, and between the foreign and domestic owned sectors. 

However, for both inter-regional and inter-industry effects, the impact of wages paid 

by foreign owned firms is limited to skilled workers. As such, there are inter-regional 

wage spillovers from FDI, but these are restricted to skilled workers. There are several 

potential explanations of why wage spillovers are greater for skilled workers. For 

example, it is widely accepted that skilled workers have greater mobility, and often 

their skills are more transferable between industries. It is also interesting to note that 

wages paid by foreign firms have a greater impact on domestic skilled wages. This 

suggests that inward investment encourages inter-regional mobility of skilled workers 

due to the higher wages on offer. Equally, there is evidence that certain regions and 

industries in the UK are experiencing significant skill shortages and such sectors, and 

wage spillovers in such locations are likely to be larger. Again this effect will be 

limited to skilled workers and areas with low unemployment.  

This suggests that while contiguity effects are important in wage 

determination, the UK exhibits evidence of distinct spatial labour markets, similar to 

those reported for Canada and Germany by Dickie and Gerking (1998) and Brakman 

et al. (2004) respectively. Equally, there is evidence of labour market segmentation in 

the UK, both between assisted and non-assisted areas, between occupation groups, 

and between the foreign and domestically owned sectors. This difference between the 

results for skilled and unskilled workers is highlighted further by the assisted areas 

distinction, as there are no significant external effects on wages for unskilled workers 
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in assisted areas. At the same time, such regions have higher proportions of unskilled 

workers than non-assisted areas.  

While inward investment does generate wage increases in the domestic sector, 

there is also evidence of labour market segmentation. Foreign firms employ more 

skilled workers, and so inward investment has only a limited impact on surrounding 

unskilled labour markets. It is also worth noting, that foreign wages impact, even 

within the region, to a larger extent on domestic skilled wages. This adds credence to 

the recently expressed concerns that inward investment may act to increase wage 

inequality between the two groups.  

These results have also shown that the importance of wage spillovers varies 

across regions. While the models are generally robust to the restrictions concerning 

contiguity impacting uniformly across regions, the individual region effects are 

clearly heterogeneous, suggesting that work on external wage effects that does not at 

least allow for differences in the importance of wage spillovers across regions must be 

treated with caution.  

REFERENCES 

Adams, J. (1963) “Towards an understanding of inequity”, Journal of Social 
Psychology, 67, pp.422-36. 

Akerlof, G. and Yellen, J. (1990) “The fair wage effort hypothesis and 
unemployment”, Quarterly Journal of Economics, 105(2), pp.255-83. 

Anderson T. and Hsiao C. (1982) “Formulation and estimation of dynamic models 
using panel data”, Journal of Econometrics, 18, pp.67-82. 

Anselin, L and Florax, R.J.G.M (1995) “Small sample properties of tests for spatial 
dependence: Some further results”, In Anselin, L and Florax, R.J.G.M (eds) New 
directions in spatial econometrics. Springer, Berlin. 

Anselin, L. and Kelejian, H.H. (1997) “Testing for spatial error autocorrelation in the 
presence of endogenous regressors”, International Regional Science Review, 
20(1&2), pp.153-82. 

Anselin, L. and Moreno, R. (2003) “Properties of tests for spatial error components”, 
Regional Science and Urban Economics, 33(5), pp.595-618. 

 25



 

Aragon, Y., Haughton, D., Haughton, J., Leconte, E., Malin, E., Ruiz-Gazen, A. and 
Thomas-Agnan, C. (2003) “Explaining the pattern of regional unemployment: The 
case of the Midi-Pyrénées region”, Papers in Regional Science, 82, pp.155-74. 

Arellano, M. and Bond, S. (1988) Dynamic panel data estimation using DPD, a guide 
for users. Institute for Fiscal Studies working paper. 

Arellano, M. and Bond, S. (1991) “Some tests of specification for panel data: Monte 
Carlo evidence and an application to employment equations”, Review of Economic 
Studies, 58, pp.277-97. 

Baltagi, B. (2002) Econometric Analysis of Panel Data, Wiley. 

Baranes, E and Tropeano, J-P. (2003) “Why are technological spillovers spatially 
bounded? A market orientated approach”, Regional Science and Urban Economics,  
34(1), pp.3-25. 

Barrell, R. and Pain, N. (1997) “Foreign direct investment, technological change and 
economic growth within Europe”, Economic Journal, 107, pp.1770-86. 

Basile, R. (2004) “Acquisition Versus Greenfield Investment: The Location of 
Foreign Manufacturers in Italy”, Regional Science and Urban Economics, 33(3), 
pp.445-66.  

Blanchflower, D. and Oswald, A. (1994) The Wage Curve,  MIT Press. 

Boarnet, M.G. (1998) “Spillovers and the locational effects of public infrastructure”, 
Journal of Regional Science, 38 (3) pp. 381-400. 

Brakman, S., Garretsen, H. and Schramm, M. (2004) “The spatial distribution of 
wages: Estimating the Helpman-Hanson model for Germany”, Journal of Regional 
Science, 44 (3), pp.437-66. 

Burridge, P. and Gordon, I. (1981) “Unemployment in the British metropolitan labour 
Areas”, Oxford Economic Papers, 33, pp.274-97. 

Cameron, G. and Muellbauer, J. (2000) “Earnings, unemployment, and housing: 
Evidence from a panel of British regions”, Centre for Economic Policy Research, 
Discussion Paper No:2404. 

Clark, A. and Oswald, A. (1996) “Satisfaction and comparison income”, Journal of 
Public Economics, 61, pp.359-81. 

Conyon, M., Girma, S., Thompson, S. and Wright, P. (2002) “The impact of foreign 
acquisition on wages and productivity in the UK”, Journal of Industrial Economics, 
50(1), pp.85-102. 

Cornwell, C, Schmidt, P and Wyhowski, D (1992) “Simultaneous equation and panel 
data”, Journal of Econometrics, 51, pp.151-81. 

Coughlin, C.C. and Segev, E. (2000)  “Location determinants of new foreign-owned 
manufacturing plants”, Journal of Regional Science, 40(2), pp. 323-51.     

Crozet, M., Mayer, T. and Mucchielli, J. (2004)  “How do Firms Agglomerate? A 
Study of FDI in France”, Regional Science and Urban Economics, 34(1), pp.27-54.  

Davies, S.W. and Lyons, B.R. (1991) “Characterising relative performance: the 
productivity advantage of foreign owned firms in the UK”, Oxford Economic 
Papers, 43, pp.584-95.  

 26



 

Dickie, M. and Gerking, S. (1998) “Interregional wage disparities, relocation costs 
and labor mobility in Canada”, Journal of Regional Science, 38 (1), pp. 61-87. 

Driffield, N.L.  (1996) Global Competition and the Labour Market, Harwood, 
Reading. 

Driffield, N.L. (1999) “Indirect employment effects of foreign direct investment into 
the UK”, Bulletin of Economic Research, 51, pp.207-21. 

Driffield, N.L. and Taylor, K. (2000) “FDI and the labour market: A review of the 
evidence and policy implications”, Oxford Review of Economic Policy, 16(3), 
pp.90-103. 

Driffield, N.L. and Girma, S. (2003) “Regional foreign direct investment and wage 
spillovers: Plant level evidence from the UK electronics industry”, Oxford Bulletin 
of Economic and Statistics, 65(4), pp.453-74. 

Driffield, N.L. Munday, M. and Roberts, A. (2005) “Inward investment, transactions 
linkages, and productivity spillovers”, Papers in Regional Science. (Forthcoming). 

Driffield, N.L. and Taylor, K. (2005) “Are Foreign Firms More Technologically 
Intensive? UK Establishment Evidence from the ARD”, Scottish Journal of Political 
Economy. (Forthcoming). 

Driscoll, J. and Kraay, A. (1998) “Consistent covariance matrix estimation with 
spatially dependent panel data”, Review of Economics and Statistics, 80, pp.549-60. 

Elhorst, J. (2003) “Specification and estimation of spatial panel data models”, 
International Review of Regional Science, 26(3), pp.244-68. 

Girma, S., Greenaway, D. and Wakelin, K. (2001) “Who benefits from foreign direct 
investment in the UK?”, Scottish Journal of Political Economy, 48(2), pp.119-33. 

Gordon, I. and Molho, I. (1998) “A multi-stream analysis of the changing pattern of 
interregional migration in Great Britain, 1960-1991”, Regional Studies, 32(4), 
pp.309-23. 

Guimarães, P. O. Figueiredo and Woodward D. (2000) “Agglomeration and the 
location of foreign direct investment in Portugal”, Journal of Urban Economics, 
47(1), pp.115-35.   

Hamermesh, D. (2001) “The changing distribution of job satisfaction”, The Journal 
of Human Resources, 36(1), pp.1-30. 

Harris, J. and Todaro, M. (1970) “Migration, unemployment and development: A 
two-sector analysis”, American Economic Review, 60, pp.126-42. 

Holtz-Eakin, D., W.Newey and H.S. Rosen (1988) “Estimating vector autoregressions 
with panel data”, Econometrica, 56, pp.1371-75. 

Ingram, P., Wadsworth, J. and Brown, D. (1999) “Free to choose? Dimensions of 
private sector wage determination”, British Journal of Industrial Relations, 37(1), 
pp.33-49. 

Kelejian, H. and Prucha, I. (2004) “Estimation of simultaneous systems of spatially 
interrelated cross sectional equations”, Journal of Econometrics, 118, pp.27-50. 

Latreille, P. and Manning, N. (2000) “Inter-industry and inter-occupational wage 
spillovers in UK manufacturing”, Oxford Bulletin of Economics and Statistics, 
62(1), pp.83-99. 

 27



 

Lee, K. and Pesaran, M. (1993) “The role of sectoral interactions in wage 
determination in the UK economy”, Economic Journal, 103, pp.21-55. 

LeSage, J.p. (1999) Spatial Econometrics, http://www.rri.wvu.edu/regscweb.htm  

López-Bazo, E., Vayá, E. and Artis, M. (2004) “Regional externalities and growth: 
Evidence from European regions”, Journal of Regional Science, 44, pp.43-73. 

McCormick, B. (1997) “Regional unemployment and labour mobility in the UK”, 
European Economic Review, 41, pp.581-89. 

Machin, S. and Van Reenen, J. (1998) “Technology and changes in skill structure: 
Evidence from seven OECD countries”, Quarterly Journal of Economics, 113, 
pp.1215-44. 

Manning, N. (1994) “Earnings, unemployment and contiguity: Evidence from British 
counties 1976-1992”, Scottish Journal of Political Economy, 41(1), pp.43-68. 

Molho, I. (1982) “Contiguity and regional migration flows”, Scottish Journal of 
Political Economy, 29, pp.283-97. 

Moran, P. (1950) “Notes on continuous stochastic processes”, Biometrica, 37, pp.17-
23. 

Morgan, K. (1997) “The learning region: Institutions, innovation and regional 
renewal”, Regional Studies, 31, pp. 491-503. 

Newey, W. and West, K. (1987) “A simple positive semi-definite heteroskedasticity 
and  autocorrelation consistent covariance matrix”, Econometrica, 55(3), pp.703-8. 

Rees, A. (1993) “The role of fairness in wage determination”, Journal of Labor 
Economics, 11, pp.243-52. 

Ross, A. (1948) Trade union wage policy, Berkeley: University of California Press. 

Smith, J. (1996) “Wage interactions: Comparisons or fall-back options?”, Economic 
Journal, 106, pp.495-506. 

Sun, H. (2001) “Foreign Direct Investment and Regional Export Performance in 
China”, Journal of Regional Science, 41(2), pp.317-36. 

Taylor, K. and Driffield, N. (2005) “Wage inequality and the role of multinationals: 
Evidence from UK panel data”, Labour Economics. (Forthcoming). 

Willis, R.J. (1986) “Wage determinants: A survey and reinterpretation of human 
capital earnings functions”, In Handbook of Labor Economics, Ashenfelter, O. and 
Layard, R. (eds.), Amsterdam: North Holland. 

Yankow, J.J. (2003) “Migration, Job Change, and Wage Growth: A New Perspective 
on the Pecuniary Return to Geographic Mobility”, Journal of Regional Science 43 
(3), pp.483-516. 

 28

http://www.rri.wvu.edu/regscweb.htm


 
Figure 1: Standard Statistical Regions of the UK 



 

Table 1: Average unemployment rates by region over the period 1984-92 

   UNEMPLOYMENT% 

South East 6.80 

East Anglia 6.40 

South West 7.50 

West Midlands 10.10 

East Midlands 8.00 

Yorkshire & Humberside 9.90 

North West* 11.10 

North of England* 12.50 

Wales* 10.50 

Scotland* 11.00 
 
* Mostly covered by Assisted Area Status during the period. 



Table 2: Definitions of regions and industries. 

REGIONS  INDUSTRIES
    SIC code Description
South East 22 Metal manufacturing 
East Anglia 23 Extraction of minerals not elsewhere specified 
South West 24 Manufacture of non-metallic mineral products 
West Midlands 25 Chemical industry 
East Midlands 26 Production of man-made Fibres 
York and Humberside 31 Manufacture of metal goods not elsewhere specified 
North West 32 Mechanical engineering 
North East 33 Manufacture of office machinery & data processing equipment 
Wales 34 Electrical & electronic engineering 
Scotland 35 Manufacture of motor vehicles & parts 
 36 Manufacture of other transport equipment 
   37 Instrument engineering
 41 Food, drink and tobacco 
   43 Textile industry
 45 Footwear and clothing industries 
 46 Timber & wooden furniture industries 
 47 Manufacture of paper & paper products; printing & publishing 
 48 Processing of rubber & plastics 
 49 Other manufacturing industries 



Table 3: Summary statistics of sample means. 

Earnings, capital and unemployment   Average foreign and domestic wages per head and ratio by industry 
Domestic skilled wage £17198    Foreign Domestic Ratio 
Domestic unskilled wage £13095   sic22 £20,000 £20,300 0.98 
Foreign skilled wage £18761   sic23 - £15,900- - 
Foreign unskilled wage £17488   sic24 £17,900 £18,000 0.99 
Capital     £1,261,219 sic25 £19,200 £19,000 1.01
Unemployment       10% sic26 - £16,300- -
      sic31 £17,200 £16,100 1.07

 Average foreign and domestic wages per head and ratio by region sic32    £18,400 £18,400 1.00
      Foreign wage  Domestic

wage 
 Ratio sic33 £20,600 £18,200 1.13

South East £19,800 £17,100 1.16 sic34 £15,800 £15,600 1.02 
East Anglia £17,200 £16,800 1.02 sic35 £22,600 £20,100 1.12 
South West £16,800 £16,800 1.00 sic36 £17,300 £18,600 0.93 
West Midlands £18,400 £16,400 1.12 sic37 £15,400 £15,500 0.93 
East Midlands £18,000 £15,500 1.16 sic41 £21,000 £15,200 1.38 
York and Humberside £17,800 £16,300 1.09 sic43 £14,300 £13,000 1.10 
North West £20,400 £16,800 1.21 sic45 £10,700 £10,300 1.04 
North East £19,200 £17,400 1.10 sic46 £13,500 £15,400 0.87 
Wales   £18,100 £17,300 1.05 sic47 £20,700 £18,800 1.10
Scotland  £18,300 £16,700 1.10 sic48 £19,100 £17,100 1.12
        
        

Definitions of industry sic codes are given in Table 2. Average wage per head=total wage bill÷ FTE employment by industry (region) 

 



Table 4: Spatial Fixed Effects Results for Domestic Wage Determination  

 SPATIAL FIXED EFFECTS 

UNSKILLED SKILLED

 Spatial lag estimator Spatial error estimator Spatial lag estimator Spatial error estimator 

Capital 0.744 (6.36) 0.810 (6.30) 0.271 (3.69) 0.307 (3.41) 

Unemployment -0.254 (2.20) -0.485 (4.56) -0.220 (2.12) -0.079 (1.62) 

Skilled Wage 0.490 (9.37) 0.480 (8.51)  

Unskilled Wage 0.590 (5.50) 0.564 (5.18) 

Foreign Wage 0.015 (1.41) 0.008 (0.68) 0.060 (3.51) 0.051 (3.12) 

Contiguous Region Domestic Wage 0.048 (2.79) 0.041 (2.50) 0.047 (1.87) 0.050 (2.03) 

Contiguous Region Foreign Wage 0.012 (0.83) 0.008 (0.55) 0.003 (0.19) 0.004 (0.29) 

Contiguous Industry Domestic Wage 0.022 (1.03) 0.023 (1.03) 0.018 (1.13) 0.019 (1.17) 

Contiguous Industry Foreign Wage 0.009 (2.45) 0.014 (2.22) 0.021 (3.11) 0.018 (2.30) 

Observations  1,520

Time Dummies yes 

Log Likelihood -2688.971  p=[0.000] -2686.584  p=[0.000] -2829.121  p=[0.000] -2818.373  p=[0.000] 

Wald 02 =γ : ( )42χ  p=[0.000]    p=[0.000] p=[0.000] p=[0.000]

ρ  0.230 (0.82) -0.097 (0.34)   

Wald 0=ρ : ( )12χ  0.679  p=[0.410] 0.116  p=[0.733]   

λ      -0.708 (2.30) -1.178 (7.05) 

Wald 0=λ : ( )12χ      5.294  p=[0.021] 49.707  p=[0.000] 

Spatial Autocorrelation Moran’s I  p=[0.042]  p=[0.400]

   



Table 5: First difference estimates of Domestic Wage Determination 

 DRISCOLL & KRAAY SPATIAL GMM FD3SLS 

UNSKILLED SKILLED UNSKILLED SKILLED
Capital(t-1) 0.167 (4.96) 0.075 (5.14) 0.312 (10.50) 0.101 (2.82) 

Capital(t-2) 0.024 (2.55) 0.029 (2.89) 0.109 (9.45) 0.040 (0.23) 

Unemployment(t-1) -0.164 (4.30) -0.118 (2.52) -0.361 (4.01) -0.152 (2.77) 

Unemployment(t-2) -0.022 (2.84) -0.047 (2.91) -0.058 (2.09) -0.034 (0.63) 

Skilled Wage(t-1) 0.112 (9.84)  0.401 (2.17)   

Skilled Wage(t-2) 0.128 (1.21)  0.105 (1.63)   

Unskilled Wage(t-1) 0.191 (6.73)  0.419 (8.43) 

Unskilled Wage(t-2) 0.036 (3.73)  0.115 (3.53) 

Foreign Wage(t-1) 0.066 (2.42) 0.248 (4.08) 0.170 (5.51) 0.179 (5.09) 

Contiguous Region Domestic Wage(t-1) 0.021 (2.40) 0.111 (2.45) 0.082* (2.04) 0.127* (2.78) 

Contiguous Region Foreign Wage(t-1) 0.059 (0.36) 0.099 (0.29) 0.067 (1.67) 0.088 (0.11) 

Contiguous Industry Domestic Wage(t-1) 0.012 (0.87) 0.006 (3.65) 0.007 (1.64) 0.011 (3.15) 

Contiguous Industry Foreign Wage(t-1) 0.002 (1.57) 0.001 (3.19) 0.003 (1.21) 0.003 (4.33) 

Observations 1,330 

Time Dummies yes 

Wald 02 =γ : ( )42χ  p=[0.000]    p=[0.000] p=[0.000] p=[0.000]

Sargan p-value p=[0.378]    p=[0.259] p=[0.303] p=[0.498]

Further time lag in contiguous wages ~  ( )42χ 6.443 p=[0.168]   5.248 p=[0.263] 4.288 p=[0.368] 5.57 p=[0.233] 

Serial correlation AR(2) p-value  0.937  p=[0.333]   0.577  p=[0.447] 0.402  p=[0.526] 0.643  p=[0.423] 

Spatial Autocorrelation Moran’s I ~ normal (p value) 0.790  p=[0.430]   1.233  p=[0.218] 1.578  p=[0.114] 1.243  p=[0.214] 

Spatial Autocorrelation LMSEC ~ χ2(1) 1.974  p=[0.160]   1.687  p=[0.194] 1.031  p=[0.309] 1.587  p=[0.208] 

Fit – 2R  (approximated by Corr for GMM) ( )2ŷ,y 0.797    0.864 0.754 0.687

    

*This estimation allows the effects of spatial contiguity to differ across regions. As such, this is an average of the 10 coefficients. This model rejects the restriction of a uniform 

contiguity parameter using standard  tests. The individual coefficients and test statistics are given in Table 8. 2χ



Table 6: First difference estimates of Domestic Wage Determination in Assisted Areas 

 DRISCOLL & KRAAY SPATIAL GMM FD3SLS  

UNSKILLED SKILLED UNSKILLED SKILLED

Capital(t-1) 0.167 (3.05) 0.089 (3.81) 0.238 (9.56) 0.156 (1.94) 

Capital(t-2) 0.028 (1.84) 0.039 (2.38) 0.075 (6.69) 0.014 (0.97) 

Skilled Wage(t-1) 0.378 (4.36)  -0.319 (4.35)  

Skilled Wage(t-2) 0.131 (0.79)  -0.160 (2.73)  

Unskilled Wage(t-1) 0.139 (4.83) 0.433 (7.03) 

Unskilled Wage(t-2) 0.031 (2.14) 0.284 (3.83) 

Foreign Wage(t-1) 0.015 (2.19) 0.163 (4.82) 0.235 (3.79) 0.290 (4.25) 

Contiguous Region Domestic Wage(t-1) 0.004 (0.26) 0.143 (2.08) 0.053 (1.15) 0.154 (1.79) 

Contiguous Region Foreign Wage(t-1) 0.002 (0.17) 0.124 (1.23) 0.003 (0.81) 0.131 (1.71) 

Contiguous Industry Domestic Wage(t-1) 0.010 (0.43) 0.007 (1.29) 0.004 (0.38) 0.002 (1.18) 

Contiguous Industry Foreign Wage(t-1) -0.006 (0.69) 0.002 (2.39) 0.001 (0.65) 0.007 (2.45) 

Observations 798 

Time Dummies yes 

Wald 02 =γ : ( )42χ  p=[0.745]    p=[0.000]

further time lag in contiguous wages ~χ2(4) 3.655 (0.455) 3.870 (0.424) 2.651 (0.618) 5.479 (0.242) 

Sargan p-value p=[0.457] p=[0.199] p=[0.359] p=[0.540] 

Serial correlation AR(2) p-value  0.858  p=[0.354] 0.815  p=[0.367] 0.670  p=[0.413] 2.191  p=[0.139] 

Spatial Autocorrelation Moran’s I (p value) 0.806  p=[0.420]   1.06  p=[0.289] 1.365 p=[0.172] 1.299  p=[0.294] 

Spatial Autocorrelation LMSEC ~ χ2(1)     0.943 p=[0.332] 0.991  p=[0.319] 

Fit – 2R  (approximated by Corr for 

GMM) 

( )2ŷ,y 0.788    0.792 0.657 0.507

    



 

Table 7: First difference estimates of Domestic Wage Determination in Non-Assisted Areas 

 DRISCOLL & KRAAY SPATIAL GMM FD3SLS  

UNSKILLED SKILLED UNSKILLED SKILLED

Capital(t-1) 0.175 (4.90) 0.075 (4.05) 0.171 (4.06) 0.126 (2.75) 

Capital(t-2) 0.010 (2.88) 0.027 (2.00) 0.063 (3.83) 0.023 (1.02) 

Skilled Wage(t-1) 0.311 (3.62) -0.445 (3.19)  

Skilled Wage(t-2) 0.131 (1.33) 0.111 (1.54)  

Unskilled Wage(t-1) 0.197 (4.63) 0.420 (6.93) 

Unskilled Wage(t-2) 0.054 (2.41) 0.032 (0.45) 

Foreign Wage(t-1) -0.389 (3.72) 0.274 (3.13) 0.085 (3.54) 0.168 (5.13) 

Contiguous Region Domestic Wage(t-1) 0.042 (3.36) 0.168 (1.51) 0.103 (2.58) 0.115 (2.75) 

Contiguous Region Foreign Wage(t-1) 0.051 (2.40) 0.147 (1.64) 0.036 (2.13) 0.114 (1.53) 

Contiguous Industry Domestic Wage(t-1) 0.032 (3.26) 0.029 (2.95) 0.040 (3.02) 0.039 (2.34) 

Contiguous Industry Foreign Wage(t-1) 0.004 (3.20) 0.006 (3.79) 0.061 (2.82) 0.029 (3.00) 

Observations  532

Time Dummies yes 

Wald 02 =γ : ( )42χ  p=[0.000]    p=[0.000]

further time lag in contiguous wages ~χ2(4) 3.655 (0.455) 4.654 (0.325) 5.687 (0.223) 5.215  (0.266) 

Sargan p-value p=[0.341]    p=[0.347] p=[0.241] p=[0.591]

Serial correlation AR(2) p-value  0.791  p=[0.374] 0.647  p=[0.421] 0.504   p=[0.478] 0.937  p=[0.333] 

Spatial Autocorrelation Moran’s I 0.916  p=[0.360]   1.565  p=[0.118] 0.888  p=[0.374] 1.288  p=[0.198] 

Spatial Autocorrelation LMSEC ~ χ2(1) 2.568  p=[0.109]   2.052  p=[0.152] 1.427  p=[0.232] 1.626  p=[0.202] 

Fit – 2R  (approximated by Corr ) for 

GMM) 

( 2ŷ,y 0.877    0.868 0.764 0.711

     



 

Table 8: Estimates of Region – Specific contiguity effects (impacts on the region from neighbouring regions) 

 UNSKILLED  SKILLED

 COEFFICIENT
T VALUE – 

different from 
zero 

T VALUE – 
different from 

mean 
COEFFICIENT

T VALUE – 
different from 

zero 

T VALUE – 
different from 

mean 
South East  0.0086 (1.02)     (8.75) 0.0245 (0.84)  (3.51)  

East Anglia  0.1475 (4.55)     (2.02) 0.2227 (4.87)  (2.09)  

South West  0.1235 (2.87)     (0.96) 0.1356 (2.51)  (0.16)  

West Midlands  0.0952 (2.14)     (0.29) 0.1053 (2.09)  (0.43)  

East Midlands  0.1244 (4.98)     (1.69) 0.2048 (4.52)  (1.72)  

Yorkshire & Humberside  0.0577 (1.07)     (0.45) 0.1083 (1.01)  (0.17)  

North West  0.0944 (1.74)     (0.23) 0.1156 (1.98)  (0.20)  

North  0.0067 (1.34)     (15.04) 0.1013 (1.26)  (0.32)  

Wales  0.1224 (2.63)     (0.87) 0.1563 (2.18)  (0.41)  

Scotland  0.0396 (1.47)     (1.58) 0.0921 (1.38)  (0.52)  

MEAN        0.0820  0.1266

LR Test of uniform 

coefficients χ2 (1) 

     5.02 p=[0.025] 6.54 p=[0.011] 





 

ENDNOTES 
                                                 

i This is also indirectly related to the concept of the reservation wage, i.e. the wage at which the individual would 
cease to work or find another job. 
ii In both cases approximately 40% of this differential is due to foreign firms being more highly concentrated in 
high-wage industries or regions, for details of the methodology used in this disaggregation, see Davies and Lyons 
(1991). 
iii The labour force LF is defined as the unemployed UE plus the employed E, LF=UE+E, thus the unemployment 
rate is defined as U=UE/LF. The motivation for the inclusion of unemployment rate U in the skilled and unskilled 
wage equations follows Blanchflower and Oswald (1994). Their work suggests that a negative spatial relationship 
exists, within and across countries, between the level of pay and the local rate of unemployment. This differs from 
conventional wisdom which implies that there should be a positive relationship between wages and 
unemployment stemming from compensating-differentials arguments, see Harris and Todaro (1970). As such, 
although the direction of influence from the unemployment rate may be debatable, the literature implies a 
relationship exists between unemployment and wage determination. 
iv Two alternatives for the contiguity matrix are generally offered by the literature, the “rook” specification, where 
any contiguous region would enter with a “1” in the matrix, and the standard reduced form, where this is 
normalised such that all columns sum to 1. In practice, the choice of specification makes little difference here, so 
following convention the standard reduced form is employed. 
v In practice in the estimation of equation (3) in levels an industry fixed effect is included. 
vi Notice that in the linear context we are working with, the 3SLS estimator can be derived as a GMM estimator 
from the orthogonality conditions implied by the set of instrument (see Theorem 5 in Cornwell et al., 1992). 
vii Our approach of estimating the system of dynamic panel equations is in the spirit of Holtz-Eakin et al. (1988), 
using lagged values as instruments to generate orthogonality conditions on differenced data, and employing 
GMM. 
viii See for example Morgan (1997) for a full discussion of this. 
ix Assisted Areas are those areas of Great Britain where regional aid may be granted under European Community 
law. Regional Selective Assistance (RSA) is the main form of such aid in Great Britain. It is a discretionary grant, 
awarded to secure employment opportunities and increase regional competitiveness and prosperity. 
x The average wage bill was calculated as: Total wage bill divided by employment, by industry and region. 
xi Overidentification test statistics (which are the FD-3SLS objective function evaluated at the solution points and 
divided by the sample size) are also computed to test the validity of the instrumental variables candidates. 
xii As the models are estimated in logs, this test employs the “lognormal” errors, see Anselin and Moreno (2003). 
xiii Interestingly, the importance of contiguity is greatest for skilled workers in non-assisted areas, and smallest for 
unskilled workers in assisted areas with the highest levels of unemployment. 
xiv Note that levels fixed effects estimates for the assisted / non-assisted area split are omitted for brevity, but are 
consistent with those presented and available upon request from the authors. 
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