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Guadalupe Serrano+, Francisco Requena**, Joan Martin-Montaner * Resumen. La participación de los inmigrantes en el mercado de trabajo español aumentó desde menos de un 3% en 1996 hasta más de un 13% en 2005. En el marco del modelo de producción de proporciones factoriales, analizamos el impacto de este shock de oferta de trabajo en la estructura productiva de las regiones españolas. Los resultados apuntan que: las diferencias en las dotaciones factoriales regionales determinan los patrones regionales de especialización industrial; los inmigrantes y los nativos actúan como factores complementarios en muchos sectores; y en la explicación de los cambios en la estructura productiva, la importancia de la inmigración es relativamente pequeña comparada con la de los cambios tecnológicos y de las características idiosincrásicas sectoriales. Large migration flows can be viewed as labour supply shocks which affect the relative factor endowments in both the source and the host economy. If the skill endowments of migrant workers strongly differ from those of native workers in the host countries, then it is likely that the factor intensities in different sectors may be affected.

This could be one explanation for the observed differences in wages of more-skilled relative to less-skilled workers in the developed countries over the nineties (Davis and Reeve, 2004). This migratory phenomenon may also induce (or prevent) technological adjustments, as the adoption of new capital-intensive technologies could be delayed when low-skilled labour is a relative abundant factor (Lewis, 2004; Gandal et al., 2004).

In this paper we analyse the impact of immigration on Spanish regions' industrial compositions by quantifying the extent to which the rise of the immigrant labour force has caused a shift in the industrial specialisation pattern of the regional economies. To do so, we adopt a general equilibrium approach -the factor proportions model of production-to explain up to which point changes in industrial structure of economies are driven by shifts in factor endowments, with independence of those specific changes happening in each industry. 1 This approach was popularised by Harrigan (1995) as an empirical tool for investigating the shifts in production composition in an economy over time. Harrigan found that relative factor endowments had a large influence on industrial specialisation across OECD countries over the period 1970-1985. 2 Bernstein and Weinstein (2002) evaluate the prediction capacity of the standard factor proportions theory using both regional and international data. They observed that prediction errors using intra-national data were much larger than using international data and concluded that the standard factor proportions model of production does a poor job of explaining production patterns at regional level. Redding and Vera-Martin (2006) analyse the regional pattern of output specialisation in Europe and find that it is necessary to account for technological differences and price differences across countries in the standard factor proportion model to predict accurately the pattern of industrial specialisation of the European regions. Based on previous research we adopt the standard factor proportion model of production in our analysis of the pattern of specialization of Spanish regions and check for technological and price differences across regions.

A novelty of the paper is the incorporation of immigrants as an additional production factor. The underlying assumption is that immigrants and native workers are imperfect substitutes. Recent papers by Carrasco et al. (2008), Izquierdo et al. (2009) and De la Rica and Dorantes (2009) provide empirical support in the case of Spain. First, there is evidence of important occupational segregation, in line with the popular idea that immigrants are employed in jobs that native workers do not want. Second, there are important institutional barriers (such as the existence of regional languages and the need for public recognition of the educational degree) that limit the access of foreign workers to be employed in certain jobs (professional services with a university degree, jobs in the public sector). Third, the arrival of immigrants is recent and has occurred very quickly so there has been insufficient time for complete assimilation. The foreign labour force in Spain increased from 2.7% of the total labour force in 1996 to an astonishing 13.3% in 2005. The existence of important institutional barriers, the lack of sufficient time for cultural assimilation and the fact that there are vacancies which require skills that foreign workers have, are three reasons that explain why immigrant workers with Finally, and despite the strong efforts made by both private and public agents to increase the level of R&D expenditures, the adoption of new technologies in certain manufacturing and services activities in Spain has been slow compared to other European countries (OECD, 2005). A plausible reason is the type of technologies required to accommodate the new inflows of workers in sectors that use the new production factor more intensively. Therefore, knowing whether production in each sector varies because of changes in endowments or because of the adoption of new technologies becomes a key point in the analysis.

The rest of the paper is structured as follows. First, we formalise the production side of the factor proportions model and its extensions to accommodate differences in prices and technology across regions. Second, we present the data and describe the evolution of the foreign and native labour force in the period 1996-2005. Third, we estimate the model using different levels of regional and sectoral aggregation and interpret the Rybczynski coefficients. Fourth, we allow the Rybczynski coefficients to change over time and assess the relative importance of changes in factor endowments and changes in production techniques in explaining changes in industrial specialisation.

Finally, we summarize our results in the conclusions section.

THE PRODUCTION SIDE OF THE FACTOR PROPORTIONS MODEL

In this section we describe the factor endowment production function, originally proposed by Harrigan (1995) and extended recently by Harrigan and Zakrajšek (2000), 

Theoretical foundations

The core insight of the factor proportions model is that regions tend to produce relatively more of those goods that intensively use the factors of production that the region has in abundance. Thus, relative factor endowments become the determinant of industrial structure and the source of comparative advantage.

Under constant-returns-to-scale technology and perfect competition in goods and factor markets, a country's national product is given by its revenue function
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where P is an (N × 1) vector of goods prices, V is an (M × 1) vector of inelastic factor supplies, Y is an (N × 1) vector of net outputs, and (V) Y is a compact production set. Assuming Π (P, V) is twice continuously differentiable, the gradient with respect to P gives the net supply vector, ( )
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Differentiating again with respect to factor supplies gives the matrix of Rybczynski derivatives, ( )
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. Since the supply function is homogeneous of degree one in
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and net output is a linear function of factor endowments. 3 The underlying condition that allows the R matrix to be identical across regions and thus equation (1) to be used as a model of interregional location of production is that regions must be able to produce the same set of goods with the same techniques.

Producing the same set of goods requires relative factor endowments not to be "too" 4 The fact that regions use the same techniques of production depends on common technologies and factor prices. Good prices will be equalized across regions with free trade and zero transport costs. A crucial condition for factor price equalization is that the number of goods exceeds the number of factors, N ≥ M.

However, in order for the supply function to be singly-valued, there must be at least as many factors as goods, M ≥ N. Thus, what is left is the "square" model in which there are equal numbers of goods and factors, N = M. In this case, equation (1) holds for each region and forms the basis for the empirical work to follow. Obviously there are more goods than factors and therefore there does not exist a unique mapping between factor endowments and production. Nevertheless, the existence of a structural relationship between factor endowments and production is all that really matters for the present analysis. 5

A final point is that the use of a general equilibrium relationship between production structure, relative prices, technology and factor endowments holds irrespective of the degree of factor mobility. 6

2.2 Empirical model.

Equation ( 1) can be rewritten for each industry in each year with an additive error term as

i ct i t ct i ct R v Y ε + = (2)
Here, i ct Y is region c's value added in industry i in year t and ct v is region c's (1 × M) vector of factor endowments in year t. The (M × 1) vector 
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The main advantage of this approach is the ability to test homogeneity hypotheses across equations, i.e. across industrial branches belonging to the same sector.

Moreover, since it is likely that the disturbances across equations are correlated, the multivariate approach may lead to efficiency gains and account for inter-industry externalities, an issue that has not been addressed in previous studies.

Next we allow for a more flexible specification that relaxes the assumptions on identical prices and technology among regions. In order to do so the model becomes (4a).
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Where τ refers to "periods of time": the 1996-2000 period of low immigration in The model can also be extended to accommodate time-invariant regional differences in relative prices and technology, by adding a time-invariant regional fixed effect, Z D , with dimension [(CxT) x Z], and its correspondent vector of [Z x 1] parameters, Z φ , where C denotes the spatial dimension of the data that we are using -NUTS-2 Spanish Autonomous Communities or NUTS-3 Spanish provinces -while Z always is referred to NUTS-II Spanish Autonomous Communities. 7 This is illustrated in model (4b).
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A final extension consists on allowing region-specific differences in prices and technology to vary over time, by including a set of region-time dummy variables, τ Z D , with dimension [(CxT) x (Zx2)], and its correspondent vector of [(Zx2) x 1] parameters, τ φ Z , as shown in model (4c).
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We estimate equations (4a), 4(b) and (4c) and test for the best specification using different geographic units and levels of industry aggregation. The dependent variable in our study is annual production by geographical unit and industry. Industry's output is measured by means of sector GVA (gross value added) at current basic prices from the homogeneous series of INE's Regional Accounts base year 2000. The database provides regional value added at two different geographical levels: 17 regions (NUTS-2) 8 which can be disaggregated into 52 provinces (NUTS-3). The number of industries varies depending on the level of geographical aggregation. There are 21 sectors (S-21) for NUTS-2, which are grouped into 5 sectors (S-5) for NUTS-3: Agriculture, Energy, Manufacturing, Building and Services. Immigrants increased their participation in the Spanish labour market from less than 3 percent in 1996 to more than 13 percent in 2005. Table 1 shows that the newly 

MODEL SPECIFICATION AND ESTIMATION

We conduct the analysis from the two different data-sets referring to different geographic units in the Spanish economy. As we can also aggregate Spanish provinces from NUTS-3 to NUTS-2, we can perform our analysis both for S-5 and S-21 classifications. This latter possibility allows us to explore differences in the estimates due to different levels of spatial and industrial aggregation. 9 Models (4a)-(4c) are estimated considering the eight productive factors described in the previous section. When data correspond to S-5 disaggregation, we estimate two five-equation SUR models both for provincial and regional data. 10 Nevertheless, computational capabilities do not allow the estimation of a 21-equation SUR model. Because of this, we estimate a single equation model for Agriculture and Building whereas SUR specifications are estimated for Energy (two equations), Industry (ten equations) and Services (seven equations).

Through the analysis, sector Gross Value Added (GVA) for each region and the regional gross capital stock are measured in current prices. To control scale effects due to differences in the size of region, sectoral outputs and regional inputs are expressed in relative terms with respect to regional GDP, which is measured in current prices.

Moreover, to avoid heteroskedasticity problems in each equation, we specify a SUR We start selecting the best model specification. Table 2 reports the mean absolute percent errors (MAPE) by industry and regional units for the models (4a), ( 4b) and (4c) in columns (ii), (iv) and (v) respectively. 11 As a crude benchmark for comparison, these percent errors are contrasted with those based on the estimation of relative production using the cross-sectional mean. This naïve estimator in the estimation without dummy variables, column (i), has an overall mean absolute percent error of 66.5 and 66.4 percent for provinces and for regions, respectively; that is 30 percentage points larger than the average error based on the factor proportions model. In addition, the naïve estimator percent error is larger than the overall mean absolute percent error in all sectors. 12 As was expected, the factor proportion model of production performs better at a regional level (NUTS-2) than at a province level (NUTS-3). Thus, in the estimation without regional dummies, column (i), the MAPE is 35.3 percent for provinces higher than the one in the specification for regions (27.2 percent). Following the same trend, the MAPE is smaller across regions than across provinces in those models including time and regional dummies. Our results contrast with those of Bernstein and Weinstein (2002), which report a MAPE of 310 percent using data on Japanese regions. More striking is the fact that our largest MAPE, 35.3 percent in the provincial model without dummies, is smaller than any other percent error reported by papers using international data. 13 (Insert According to this last criterion, the better specification is (4c) in both S-5 and S-21 cases. This specification, which corresponds to an augmented factor proportion model of production, is such that regional dummies capture differences in technology and prices that are not permanent but change over time. This conclusion is confirmed by three additional tests. First, we always reject the null hypothesis that the coefficients of the regional dummies are zero. Second, we reject the homogeneity of regional effects obtaining evidence supporting the fixed effects model specification. Finally, we test whether the coefficients for the regional dummy variables are constant over time (model 4b vs 4c), being that the hypothesis is always rejected.

Finally, we analyse the validity of the SUR specification by testing the null hypothesis of no correlation of the residuals between equations independently estimated. The results of the Breusch-Pagan test do reject the null hypothesis, confirming the adequacy of the SUR estimation of the model (being the exception Energy in the specifications (i) and (ii) with 21 sectors).

The analysis of the MAPE obtained in the S-5 model and in the S-21 model shows negligible differences, which does not support the idea that production indeterminacy is mainly due to the fact that the number of goods is larger than the number of factors. We perform a last test to choose between S-5 (Table A-2 in the Appendix) and S-21 (Table A-3 in the Appendix) using regional level data. Using the S-5 and S-21 sectoral correspondence in Table A-1 in the Appendix, we test the equality of Rybczynski parameters across those S-21 branches belonging to the same S-5 sector. Because of that, we selected model (4c) using regional data (NUTS 2) and 21 sectors as our best specification. Estimates are displayed in Table A-3 and the findings are explained in the next section.

The test results displayed in the last row of

IMMIGRATION IN THE FACTOR PROPORTION MODEL OF PRODUCTION.

In this section we use the Rybczynski coefficients to investigate the impact of immigration on the production structure of Spanish regions. The sign and significance of the coefficients can be interpreted in terms of comparative advantage (Leamer, 1984).

Profit-maximizing firms adapt to changes in relative endowments, according to the differences in benefits that can be drawn from an increase in the endowment of each factor. Thus, productive factors are reallocated across sectors and that reallocation might imply increases and reductions of production depending on the sector. Therefore, a positive sign for the corresponding Rybczynski coefficient means that the increase in one region's endowment of a certain factor translates into an increase in production in that sector (or, in other words, represents a source of comparative advantage), whereas a negative sign means that the accumulation of that factor leads to a reduction of the production of the sector (representing, therefore, a comparative disadvantage). 14 The coefficient on capital is significant in most sectors, although only displays a positive sign in branches 3 (Electricity, gas and water), 4 (Food, drink and tobacco), 14 (Building), 19 (Renting and business services) and 20 (Education, health and other services). The coefficient on land is also significant in most branches, playing a positive impact in branch 1 (Agriculture), 6 (Wood Products), 14 (Building), 18 (Financial Services), 19 (Renting and business services) and 20 (Education, health and other services). With regard to the native labour force, the coefficient on medium-educated workers appears to be positive and significant in most sectors (17 branches out of 21).

For high-educated workers the coefficient is positive and significant in Energy and Services branches, whereas for low-educated workers the coefficient exhibits mixed signs across sectors.

With regard to immigrants, our results display a high degree of heterogeneity in terms of significance. The coefficient on medium-skilled immigrants is significant in 14 branches (in most cases negative), whereas for high-skilled immigrants it shows a statistically significant coefficient only in 6 branches. Low-skilled immigrants are in an intermediate position, with a statistically significant coefficient in 9 branches, most of them in the Industry sector. The significant, unexpected absence of less-skilled immigrants in Agriculture and Building can be explained by the fact that our data do not include undocumented workers which would likely enlarge the amount of foreign workers in that sector. Another striking result comes from the Industry sectors, where the impact of low and medium-educated foreign workers is negative in all its branches. This negative impact can be interpreted as foreign workers constituting a source of comparative disadvantage. This could explain both the small number of overall immigrants in Industry and the fact that they tend to be medium-level educated (some qualifications are required, but not as many as to require high-qualified workers).

We analyse next the kind of relationship, if any, that exists between foreign and native workers. Table 4 shows the results of testing the equality of the parameters for native and immigrant workers at different skill levels. The results are mixed. The hypothesis of equal parameters for high-qualified workers is only rejected in two cases: sectors 7 (Paper and printing) and 13 (Miscellaneous). This is not surprising as the coefficients of both native and foreign high-qualified workers are the only significant ones in these two sectors. The equality of the parameters for medium-qualified workers is rejected in all the cases in which both native and foreign workers exhibit statistically significant coefficients (sectors 1, 2, 4, 5, 6, 7, 10, 13, 15 and 17) and it is not rejected in two cases: 3 (Electricity, gas and water) and 20 (Education, health and other services).

In these two cases the coefficient of both types of workers is positive. Finally, in the case of low-qualified workers, equality is only rejected in three sectors: branches 4 (Food, drink and tobacco), 9 (Plastic and Rubber) and 10 (Metal industries and nonmetallic products).

(Insert Table 4 approximately here)

In general, it can be observed that the coefficient on immigrant workers is not significant unless the coefficient on native workers is also significant. We observe that only in 9 out of 63 cases the coefficient for a type of immigrant worker is statistically significant when the coefficient of the native counterpart is not statistically significant.

This outcome is partly explained by the high standard errors in the estimated coefficients associated with the immigrant worker variables (see Tables A-2 and A-3).

Given the asymmetry of estimated effects for native and foreign workers in most sectors, it is not possible to point to any accumulation or compensation effect of foreign workers relative to native ones, but there is a sort of interrelation between both types of labour, especially for medium-qualified workers.

FACTOR ACCUMULATION AND INDUSTRIAL STRUCTURE CHANGES FROM 1996 TO 2005

Although factor endowments have been proved to be significant in determining the value added for the different sectors, changes in the productive structure can also be caused by both changes in the level of those endowments or in the way they are combined to produce. In order to incorporate the possibility of changes in production techniques, we need to test the stability of the Rybczynski parameters over the period analysed. Table 3 reports In order to identify the relative importance of the forces acting on production structures, the estimation results from Equation (4) can be used to decompose the change in output from t-n to t as:

( ) ( ) ( ) n t i t i n t i t i i n t t n t i t i R R V R V V Y Y - - - - ε - ε + - + - = - ˆ ( 5 
)
where V is the average value of factor endowments in years t and t-n, and i R ˆ is the average estimated coefficient matrix in periods t and t-n for industry i. The first term, V ∆ can also be interpreted as the Rybczynski effect. The second term in Equation ( 5),

i n R V ∆
, is the effect that changes in production techniques have on shifts in production, holding fixed endowments. Here, "technique" refers to factor usage which depends on technology (i.e. the production function) as well as relative factor prices. 16 The final term, i n ε ∆ ˆ, is the difference in the residuals.

Table 5 shows the decomposition analysis in equation ( 5) used to determine the percentage contribution of changes in factor endowments and technology to variations in value added between 1996-2000 and 2001-2005. The values reported are the percentage contributions of the terms in equation ( 5), expressed as cross-country averages. 17 The overall contribution of factor accumulation, across all industries and years, is about 7.2 percent. Changes in the techniques of production contribute about 47.5 percent. The residual term comprises the remaining 45.4 percent. In general terms, these results give little room for changes in factor endowments to play a relevant role. In fact, they factor endowments are the dominant source of change only in the case of branch 14 (Building), and represent more than 10 percent in branches 20 (Education, health and other services) and 21 (Household services). Nevertheless, changes in techniques appear to have contributed more in most cases, followed by the regionspecific changes of each sector which are included in the residual term. The residual term in Table 5 represents a high share of the change in sector output in most cases. This term includes all regional issues beyond technology and endowments which may affect the regional value added per sector. In order to reduce this residual term and put on the front some of these regional issues, an alternative decomposition has been attempted.

(Insert

In our estimates, we controlled scale effects due to differences in the size of the region by expressing sectoral output and regional inputs in relative terms with respect to regional GDP. Therefore model ( 2) can be rewritten for each industry in each year

as i ct ct i t ct ct i ct Q R v Q Y ε + =
, where Q ct is the aggregate region c output. Following the same methodology as in ( 5), we decompose the change in output from t-n to t as:
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The new term,

i n Q ε ∆
, stands for a regional effect that captures the contribution of changes in regions' relative relevance (in regions' scale) on shifts in sector production.

As shown in Table 6, the scale effect is relevant. All three initial effects are smaller than in Table 5, although the mean for the technological effect and the residual are those which decrease more. Once the scale effect is taken into account, the factor endowment effects in Building becomes smaller (accounting for just a 10.4% of total VAB variation), whereas it becomes more important in the case of Mechanical Machinery and Electric and Electronic Equipment and Transport Equipment and, even more so, in Wood Products. Finally, the "regional scale effect" represents a high share in the total variation in value added in the case of Chemical Products, Reparation and (Insert Table 6 approximately here)

7. FINAL REMARKS.

This paper provides the first evidence of the impact of immigration in the pattern of production specialisation across Spanish regions in the period 1996-2005. The extent to which an increase in the immigrant labour force could induce shifts in the industrial structure of regional economies is also quantified. Based on the factor proportions model of international trade, foreign and native labour force are introduced as two separate inputs in an augmented supply production function to estimate how much sectoral output varies with changes in factor endowments (the so-called Rybczynski coefficients).

The results show that both the effects of factor endowments and specific timevarying regional characteristics in each industry appear to be important in understanding industrial structure. While a higher spatial disaggregation reveals a production indeterminacy problem and a poor performance of the model, the higher sector disaggregation does not seem to generate this indeterminacy problem.

Our first finding is that the data reject the hypothesis of equality in the impact of native and foreign labour by educational type on industrial shares across Spanish regions. This result holds even when we examine those sectors in which the Rybczynski coefficients for natives and immigrants have the same sign. This can be interpreted that natives and immigrants are not perfect substitutes in the production function. In terms of the impact of factor endowments and its role as a source of comparative advantage across industries within Spain, the results point to a small effect caused by the presence of foreign workers. Only medium-educated foreign workers present a statistically significant impact in most of the sectors, whereas the impact of low and high-educated foreign workers appears to differ from zero in less than half of the branches considered.

If we connect these results to those showing complementarities between native and foreign labour, we can conclude that the presence of immigrants never implies the leaving of native workers from a sector, as shown by the fact that immigrant work is never statistically significant without native work also being so. In general, results

suggest a sort of complementarity between natives and immigrants at the different levels of qualification, especially among the medium-educated workers.

To conclude, factor accumulation has tended to be the least important gross force acting on production. In contrast, shifts in the national techniques of production have been the more relevant source of changes in relative outputs in Spanish regions.

That immigration has been one of the most important sources of change in factor endowments in Spain in recent years, a strong conclusion stems from our results:

although immigration has changed the factor endowment mix across Spanish regions, it has had little impact on the changes observed in the industrial structure in Spain between 1996 and 2005. 

F

Data sources and variable computations.

Data on Gross Value Added (GVA) have been obtained from INE's Spanish

Regional Accounts Base-year 2000 information (www.ine.es). We use 1996-2005 homogenous information on current GVA, both for Spanish provinces (NUTS-3) and regions (NUTS-2), for 5 aggregated production sectors (S-5). Data on current GVA for 25 production branches is only available from the year 2000 onwards. Because of this, the need for estimating homogeneous information on current GVA for activity branches implied the reduction of activity branches considered to 21 (S-21). See Table A1.

We obtain the current GVA of the 21 branches (S-21) from the period 1996-1999, splitting the S-5 current GVA data, by using sector shares from information from INE's Spanish Regional Accounts Base-year 1995 data, once those shares have been corrected according to Base 2000 database revision. The main problem with sector branch classification in current Euros is found in the services sector. While the Baseyear 1995 database distinguishes between market and non-market service branches, the Base-year 2000 database does not distinguish the non-market services. Then, in order to reduce branch share differentials among both databases, we considered an aggregated "Education health, public administration and other services" branch which is obtained as a rest.

(Insert The key assumption for the present analysis is the existence of a structural relationship between factor endowments and outputs, but for our purposes, we do not need to go further into testing the factor proportion model's assumptions against alternatives or address any of its critics. Thus, the factor proportion model is a good theoretical framework to base our analysis on. 3 Equation (1) can also be derived in a monopolistic competition model with increasing returns to scale (see Harrigan, 1995). The assumption of constant returns to scale is supported by the work by Goerlich and Orts (1994) in the case of Spain.

4 Regions will produce a different set of goods in the case of "lumpiness" (i.e. an excessive uneven distribution of factors across Spanish provinces). Artal et al. (2008) applied the "lens condition" test and rejects the existence of lumpiness in the case of Spain.

5 The structural relationship goes in one direction since factor endowments are exogenous in the model. However, as far as accumulation depends primarily on broad forces that are largely external to a given sector, this assumption should not be a serious problem. For example, educational attainment seems to be driven largely by demographic characteristics and domestic educational policy and capital accumulation depends on aggregate forces such as life-cycle behaviour, macroeconomic conditions, and tax policy. From a more pragmatic point of view, there are no good instruments available for factor supplies. Indeed many empirical papers use factor endowments as "good" instruments of production output, when this variable is included in the regression as an explanatory variable, under the assumption that they are exogenous.

6 Redding and Vera-Martín (2006) show that the production-factor endowment relationship holds without factor price equalisation given that both differences in relative prices and technology are controlled in the model, and hold under factor 7 As we explain in more detail later, we use both EUROSTAT NUTS-2 (17 Spanish Autonomous Communities) and NUTS-3 (52 Spanish provinces) in our analysis. Then, for NUTS-2, C=Z, and for NUTS-3, C>Z.

8 The Spanish Autonomous Communities (EUROSTAT NUTS-2 classification) represent the most important administrative units at the regional level and 11 out of 17 include more than one province. 9 In their study of regional production specialisation across European regions, Redding and Vera-Martin (2006) find larger, within-sample-average absolute-percent errors in disaggregated manufacturing industries, and relate it to the production indeterminacy problem given the larger number of industries relative to production factors. They also refer to the Bernstein and Weinstein (2002) explanation of production indeterminacy, "which is likely to be larger for the lower values of trade costs observed across regions within a country" (page 4).

10 See Table A-2 for estimated coefficients using regional data. Estimated coefficients using provincial data are available on request from the authors. 14 Notice that the values of Rybczynski coefficients do not indicate differences in marginal value productivity. Rather the value of the coefficients indicates differences in the benefit that can be drawn from an increase in the endowment of each factor, after optimal reallocation of all factors, given the endowments of other factors. 15 Standardised or beta coefficients, discussed in Leamer (1984), are formed by multiplying the regression slope by the standard deviation of the explanatory variable and dividing by the standard deviation of the dependent variable. The actual coefficient estimates are reported in Table A-3 in Appendix. 16 Techniques can change for a wide variety of reasons. These include changes in technology and preferences. Other sources of change include trade liberalization with the rest of the world, the emergence of new industrialized trading partners, overall factor accumulation within the sample, and even industry-specific shocks. Whatever the reasons for change in techniques, they cannot be distinguished in the present framework.

However, explaining the changes in the techniques is not our goal, but merely distinguishing them from the factor endowment effect. 17 Since the terms in Equation ( 5) can be of either sign, a simple average obscures their true contributions. Therefore, the averages are reported in terms of absolute values.

Moreover, these components have been normalized to sum to 100 percent. 

(i) (ii) (iii) (iv) (v) (i) (ii) (iii) (iv) (v) (i) (ii) (iii) (iv) (v
( ) i n t t R V V - - ( ) n t i t i R R V - -ˆ( ) n t i t i - ε - ε î n t t Q Q ε )

  of education as their native colleagues are not being employed in the same occupations.

  and Redding and Vera-Martín (2006) to accommodate differences in technology and factor prices across countries and regions.

  Spanish regions and the 2001-2005 period of high immigration in Spain. Here, D τ -specific impact of changes in prices and technology over the period τ.

  Figure1shows the map of Spain where NUTS-3 provinces (left map) and NUTS

  equations, in which each weight is obtained from the equation's robust estimation. Then, the estimates of the cross-equation covariance matrix are based upon GLS parameter estimates of the weighted system.

  regional dummy variables, show that the equality of Rybczynski coefficients is rejected for branches belonging to Energy, Industry and Services.

  the Wald test statistics for the null hypothesis of equality of coefficient estimates for the periods of 1996-2000 and 2001-2005. The null hypothesis of constant coefficients can be rejected at standard levels of significance in all the cases. Therefore changes in the techniques of production over the entire period 1996-2005 could be an important source of change in industrial structure.

  the contribution of changes in factor endowments, holding fixed i R ˆ, of production. The Rybczynski theorem characterises how output responds to changes in endowments at fixed prices and technology, i.e. at fixed techniques of production. Hence, the term i n R

  and Transport and Communication Services, whereas it is negligible for other service activities such as Financial Services, Renting and Business Services, Education and Health and Household Services.

  conclusions are shown to be robust to alternative model specifications and estimation techniques byHarrigan (1999),Harrigan and Zakrajšek (2000) andReeve (2006).

  , the interpretation of this general equilibrium relationship changes depending on the mobility of factors. When factor immobility holds, the model can be interpreted in supply-side terms (external changes in factor endowments cause production structure changes). When factors are perfectly mobile across regions, there is also a demand-side interpretation (external changes in demand and production cause endogenous changes in factor endowments).

  report absolute percent errors of 40 percent, 67 percent, and 52 percent, respectively.

Figure 1 .Figure 2 .

 12 Figure 1. Participation of foreign labour (% total labour force). Year 2005

  indicate the cross-region average percentage contributions of the three effects normalised to sum to 100 percent (aside from rounding).

  Table A-1 in the Appendix displays the correspondence between S-21 and S-5.

	The period of analysis is 1996-2005.
	Endowment data includes three primary factors: arable land, capital stock and
	labour. Labour is split into native and foreign workers and into three educational
	categories: low, medium, and high-educated workers, to account for differences in
	human capital in the labour force. Data on arable land is provided by INE's Statistical
	Yearbook of Spain and data on capital stock is provided by the BBVA Foundation and
	IVIE (http://www.ivie.es/banco/stock2.php). Labour endowments come from INE's
	Economically Active Population Survey (EPA, 2005 methodology). Low-educated
	workers include illiterates and workers with only primary education. Medium-educated
	workers have completed secondary school. High-educated workers have at least
	enrolled in a high education degree. The Appendix provides a detailed explanation of
	the construction of the variables.
	(Insert Table 1 approximately here)
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  Table 2 also reports an LR test for the global significance of estimates and the AIC criterion for model selection.

Table A

 A 

-2 for model (4c), which includes

Table 3

 3 reports the beta coefficient estimates. Beta coefficients indicate the relevance of the explanatory variable in the regression, since they measure the expected change in the standardised dependent variable induced by a unitary change in the standardised independent variable, which is conditional on the other standardised regressors.15 (Insert Table3approximately here)
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Table 5

 5 

	approximately here)

Table A

 A that arrived in Spain from the second half of the nineties. In order to extrapolate population data from sample data, the EPA compute an "elevation factor" variable (so-called 'facele') from the 2001 population census data. The elevation factor captures the representativeness of each individual in the EPA sample in the total population. The use of the 2005 EPA methodology over the period 1996-2005 is especially relevant for our immigrants' population database because the INE considers that, due to the unexpected fast increase of such population in Spain, the elevation factor, computed using the previous population census (1991), severely underestimates the immigrant population within the total Spanish population. Data on arable land is provided by INE's Statistical yearbook of Spain and interpolated when a specific year is missing. Finally data on the gross capital stock in current Euros is obtained from estimations provided by the BBVA Foundation and IVIE. Concretely, we use the gross capital stock in current Euros for the period 1995-2005, which is valued at restoration prices.

	F o r P e e r R e wave of immigrants Additional Tables. v (Insert Table A-2 approximately here) i e w (Insert Table A-3 approximately here)
	NOTES 1	O l n
		y
	-1 approximately here)	
	We use data from INE's Economically Active Population Survey (EPA, 2005
	methodology) to measure native and foreign labour endowments. We use data on the
	second quarter of each year from 1996 to 2005, given its possibility of actualization
	using the new 2005 methodology, which is adopted explicitly to account for the large
		25

Table 1 .

 1 Composition of Labour Supply by Education Levels and Nationality.

	Baleares					
	Madrid					
	C Valenciana					
	Murcia		Natives Low-edu			
	Canarias		Natives Med-edu			
			Natives High-edu			
	Rioja		Immigrants Low-edu			
	Cataluña		Immigrants Med-edu			
			Immigrants High-edu			
	Aragón					
	Navarra					
	Cast la Mancha					
	Andalucía					
	Galicia					
	Cantabria					
	País Vasco					
	Cast y León					
	Asturias					
	Extremadura					
	0%	20%	40%	60%	80%	100%
	Source: INE's Economically Active Population Survey.				
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Table 2 .

 2 Model Specification and evaluation.

	GLS & SUR ESTIM. 5 SECTORS. PROV. DATA	GLS & SUR ESTIM. 5 SECTORS. CCAA DATA	GLS & SUR ESTIM. 21 SECTORS. CCAA DATA

Table 3 .

 3 Standardised Coefficient Estimates (1996-2005). Beta Coefficients.

	)
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Table 4 .

 4 Hypotheses Tests for Equality in the Marginal Effects of Native and Foreign Actives by Education Categories.

		Sector	Hig-edu. Medium-edu.	Low-edu
	1 Agriculture	0,33	4,5	0,04
			(0,5672)	(0,0358)	(0,8427)
	2 Extractive energy	1,1	5,94	9,04
			(0,2945)	(0,0148)	(0,0026)
	3 Electricity, gas and water	1,43	0,57	8,24
			(0,2323)	(0,4496)	(0,0041)
	4 Food, beberages and tobacco	0,14	24,32	55,69
			(0,7093)	(0,000)	(0,000)
	5 Textiles, clothing, leather, fur	0,72	75,13	9,71
			(0,3966)	(0,000)	(0,0018)
	6 Wood products, excl. Furniture	1,59	11,34	6,62
			(0,2072)	(0,0008)	(0,0101)
	7 Paper, printing & publishing	4,15	10,83	5,03
			(0,0417)	(0,001)	(0,0249)
	8 Chemical products	0,25	3,43	2,44
			(0,6145)	(0,0638)	(0,1179)
	9 Plastic & rubber	0,82	6,84	35,68
			(0,3648)	(0,0089)	(0,000)
	10	Metal basic and other non-metallic mineral prod.	0,15	38,64	28,35
			(0,6988)	(0,000)	(0,000)
	11	Mechanical & Electric and electronic equip.	1,53	3,88	1,52
			(0,2162)	(0,0489)	(0,2179)
	12 Transport equipment	0,25	1,53	0,01
			(0,6194)	(0,2161)	(0,9206)
	13 Miscellaneous	6,88	8,9	0,01
			(0,0087)	(0,0029)	(0,9249)
	14 Building	2,62	11,46	4,66
			(0,1082)	(0,0009)	(0,0327)
	15 Reparation and commerce	0,5	6,27	0,7
			(0,4789)	(0,0123)	(0,4016)
	16 Hotels	0,05	3,72	0,95
			(0,8274)	(0,0537)	(0,329)
	18 Transport & communi.serv.	2,26	24,65	0,37
			(0,1326)	(0,000)	(0,5448)
	18 Financial services	3,21	0,12	7,83
			(0,073)	0,7254)	0,0051)
	19 Renting and business services	0,2	8,7	3,22
			(0,6566)	(0,0032)	(0,0727)
	20	Education, health and other services	2,48	0,26	1,65
			(0,1153)	(0,6123)	(0,1996)
	21 Household services	2,74	6,8	0,95
			(0,0978)	(0,0091)	(0,3286)

Note: Wald tests. P-values in parentheses.

Table 5 .

 5 Decomposition of Output Change between 1996 and 2005 Values indicate the cross-region average percentage contributions of the three effects in terms of relative magnitudes, normalised to sum to 100 percent (aside from rounding).

	Sector	Techniques ( ) n t i t i R R V --ˆ( Factor Endowments ( ) i n t t R V V --ε Residual n t i t i -ε -ˆ	)
	1	47,5	6,7	45,8
	2	50,4	0,9	48,7
	3	44,5	8,9	46,5
	4	40,8	14,7	44,5
	5	49,9	9,8	40,3
	6	46,2	29,8	24,0
	7	50,8	2,0	47,2
	8	52,1	3,8	44,1
	9	51,1	1,9	47,0
	10	41,2	8,5	50,3
	11	53,8	1,8	44,4
	12	42,8	8,9	48,3
	13	47,3	20,5	32,2
	14	31,9	57,4	10,8
	15	37,6	5,0	57,4
	16	26,9	18,9	54,1
	17	36,1	11,4	52,4
	18	47,7	2,3	50,0
	19	47,8	2,2	50,0
	20	46,8	3,1	50,1
	21	47,0	3,2	49,8
	Mean	44,8	10,6	44,7

Note:

Table 6 .

 6 Alternative Decomposition of Output Change between 1996 and 2005

		Techniques Factor Endowments	Regional Scale	Residual
	Sector				
	1	42,9	3,2	8,2	45,7
	2	40,7	1,2	4,9	53,1
	3	55,6	11,1	14,4	18,8
	4	19,8	0,9	22,0	57,4
	5	32,2	8,5	11,0	48,4
	6	29,8	55,0	7,7	7,5
	7	49,4	0,5	35,6	14,4
	8	36,6	3,8	38,1	21,5
	9	44,4	7,5	8,0	40,1
	10	10,9	5,7	32,0	51,4
	11	35,8	12,4	19,7	32,2
	12	29,0	13,0	17,4	40,5
	13	11,7	17,6	28,8	41,9
	14	13,2	10,4	26,3	50,1
	15	15,1	6,8	54,3	23,7
	16	17,6	3,0	40,6	38,8
	17	25,6	9,2	35,2	30,0
	18	40,8	9,3	0,1	49,9
	19	40,8	9,2	0,1	49,9
	20	40,8	8,8	1,9	48,5
	21	39,1	9,3	0,3	51,4
	Mean	32,0	9,8	19,4	38,8

Table A -

 A 1. Geographic units and Sector classification.

	Geographic unit Provinces (NUTS 3) Period 1996-2005 Sectors S-5 1. Agriculture 2. Energy 3. Manufactures F o r Autonomous Communities (NUTS 2) 1996-2005 S-21 1 Agriculture 2 Extractive energy and other energetic minerals, oil and nuclear 3 Electricity, gas and water 4 Food, drink and tobacco 5 Textiles, clothing, leather, fur 6 Wood products, excl. furniture 7 Paper, printing and publishing 8 Chemical products 9 Plastic, rubber 10 Metal basic industries and other non-metallic mineral products 11 Mechanical mach. & electric and electronic equipment P e e r R e F o r P e e r R e v i e w	O n l y
	4. Building	12 Transport equipment 13 Miscellaneous 14 Building v i e
	5. Services	15 Reparation and commerce 16 Hotels 17 Transport and communication services w
		18 Financial services 19 Renting and business services 20 Education, health and other services 21 Household services n l O	43
		y

Table A -

 A 3. Coefficient Estimates. GLS and SUR estimates. (1996-2005).[Continues] 

	Regional dummies	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21

The exceptions are Wood Products in all the specifications and Financial Services in the estimation without regional dummies.

Using OECD country-level data,[START_REF] Harrigan | Factor endowments and the international location of production: econometric evidence for the OECD, 1970-1985[END_REF],[START_REF] Bernstein | Do endowments determine the location of production? Evidence from national and international data[END_REF] 
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< R1 -General Regional Economics < R -Urban, Rural, and Regional Economics, R13 -General Equilibrium, Welfare Econ.

Note: ***, **,* significant at 1%, 5% and 10% respectively. Standard errors are in parentheses.