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Abstract: The recent empirical literature on the effects of outsourcing on skill 
substitution is based on the the estimation of input demand systems. The more common 
approach uses a translog cost function and large panel data, with many countries and 
sectors. At the chosen observation the estimated models satisfy the regularity conditions 
in some studies (Foster-McGregor at al., 2013), but not always (Crinò, 2012). Further 
analysis based on the reported estimates reveals that the theoretical conditions do fail 
for most of the empirical sample, a drawback of large heterogeneity.  
This paper shows that pooling different input cost shares leads, in general, to 
implausible elasticities for particular observations. If skill shares differ greatly within 
sample, the pattern of variation of the elasticities of substitution is largely imposed by 
the model and not in accordance to reality. Eventually, pooling different sectors and 
regions or countries is problematic when the shares of the different inputs differ greatly. 
The analysis is applied to the effects of outsourcing on skill substitution in 40 countries, 
distinguishing tradable and non tradable sectors. Conclusions based on the estimation 
using the complete panel estimation are significant, sensible and interesting. However 
they are not valid on theoretical grounds for many countries. Sector and country 
differences are found very relevant in modelling trade-skill substitution. Focusing on 
Spain, smaller panels, clustering on skill structure,  provide more satisfactory and 
diverse results. 
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Effects of outsourcing on skill substitution 

1. Introduction  

The recent empirical literature on the effects of outsourcing on skill substitution is based 

on the estimation of input demand systems. The more common approach uses a translog 

cost function and large panel data, with many countries and sectors, as Crinò (2012) and 

Foster-McGregor at al. (2013). The elasticities of substitution are the key parameters. 

Frondel and Schmidt (2003) have argued that elasticities of substitution are mainly an 

issue of cost shares, in an analysis of skill-capital substitution.  

This paper argues that pooling different input cost shares leads, in general, to 

implausible elasticities for particular observations. This claim is confirmed in the 

empirical application to import-skill substitution. The results show that applying the 

usual methodology provides significant and sensible results at mid-sample, but the 

elasticity estimates are untenable when evaluated at particular countries. 

Most of the literature on skill substitution, beginning in a single equation panel model 

with Berman et al. (1994), ignores the theoretical regularity conditions of economic 

theory although if the regularity conditions fail, the resulting demand functions become 

invalid (Barnett, 2002; Serletis and Feng, 2015). Even if the estimated models probably 

satisfy the regularity conditions at average values or at a particular normalization 

observation, the theoretical conditions do fail for most of the empirical sample.  In fact, 

at the chosen observation the estimated models satisfy the regularity conditions in some 

studies (Foster-McGregor at al., 2013), but not always (Crinò, 2012). Further analysis 

based on the reported estimates reveals that the theoretical conditions do fail for most of 

the empirical sample, a drawback of large heterogeneity. 

The point in this paper is that if skill shares differ greatly within sample, the pattern of 

variation of the elasticities of substitution is largely imposed by the model and not in 

accordance to reality. Eventually, pooling different sectors and regions or countries is 

problematic when the shares of the different inputs differ greatly. This issue is 

illustrated empirically comparing estimates for samples with available countries to 

estimates with sub-samples clustering around Spain in the functional distribution of 

income by skill categories. As in much of the existing literature, skills are defined 

according educational levels, given homogeneous data availability from well-known 

international projects of comparison of trade structure and productivity. 
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2. Brief review of import skill relationships 

Sanyal and Jones (1982) highlight the importance of trade in middle products modelling 

trade as part of the production process. Berman et al. (1994) note how the labour market 

is heterogeneous and differentiation by skill categories is relevant to analyse changes in 

labour and wages. With rapid technological development and increasing global 

economic integration, outsourcing affect employment relationships and could alter 

incentives for human capital accumulation (Mankiw and Swagel, 2006). 

Theoretically, the effects of outsourcing on skill demand are unclear. On the one hand, 

if the outsourced inputs are high skill-intensive, outsourcing may shift skill demand 

either against or in favour of more skilled workers, depending on substitution or 

complementarity with imports and domestic skills. On the other hand, the survey in 

Feenstra and Hanson (2003) supports the idea that outsourced inputs are mainly low 

skill-intensive, and outsourcing may shift demand in favour of more skilled labour, 

allowing the country to specialise in more complex activities.  

Our paper is related to the literature on intermediate inputs outsourcing and relative 

labour demand. Several empirical studies examine the impact of production outsourcing 

on the demand for unskilled labour in developed countries, including Feenstra and 

Hanson (1996) and Hijzen et al. (2005). Other empirical papers use  disaggregation of 

labour in more than two groups, such as Morrison and Siegel (2001) or Falk and Koebel 

(2002). The availability of large databases has allowed more recently the empirical 

analysis of multi-sector multi-country skill and imports demand, as in Crinò (2012), for 

services outsourcing, and Foster-MacGregor et al. (2013). These works generally show 

that outsourcing is skill biased, with a negative impact on the demand for unskilled 

labour.  

Following Feenstra and Hanson (1996, 1999), the empirical literature cited choose to 

estimate derived demand systems, usually from a translog cost function, with an 

outsourcing ratio as an exogenous variable. This implies that the demand functions are 

represented by share equations experiencing shifts when the share of outsourcing 

changes, irrespective of outsourcing prices. In this paper, we depart from the common 

practice because we tackle imported and domestic intermediate inputs separately, as 

different production factors, taking into account differences in prices of outsourcing and 

domestic inputs. 
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Feenstra and Hanson (1999) refer to imported intermediates in a given industry from the 

same industry as narrow outsourcing and to imported inputs from all industries as broad 

outsourcing. Feenstra and Hanson prefer the narrow measure of outsourcing in their 

empirical analysis. Given the high levels of aggregation in this paper, the broad measure 

of outsourcing seems more appropriate allowing changes in the demand for skilled 

labour between sub-industries.   

 

3. Methodology 

The econometric methodology consists in the estimation of a demand system derived 

from the translog variable cost function. As in Foster-MacGregor (2013) and Michaels 

et al. (2014), we assume that labour inputs and materials are flexible and capital input is 

quasi-fixed. There are five variable inputs: three skill classes  (high, medium, low), 

imports, and domestic consumptions. Capital is a quasi-fixed input with constant returns 

to scale imposed.  

The variable cost function is C=C(p,k,y,t), being p the vector of variable input price, k 

is capital, y is output, and t is time allowing for technical change. Input quantities q are 

derived using Shephard's Lemma.  If the variable cost function is translog, Shephard's 

Lemma equals the first order derivative of the cost function with respect to input i to the 

cost share of input i (si=piqi/C). With linear homogeneity in prices (normalising in 

domestic intermediate) and constant returns to scale (linear homogeneity in k,y), and 

with first order parameter country m specific, the derived demand equations take the 

form  

∑ ∑ log / log / 																            (1)  

In addition the shadow price equation for the quasi-fixed input is 

∑ ∑ log / log / 																            (2)  

where sk=(rk·k/C)=(p·y-C)/C. 

With five variable inputs, a pooled four-equations translog cost demand system is 

estimated, because of adding-up, i si = 1, and one equation is linearly dependent. The 

remaining coefficient are recovered as linear combination of the estimated ones. 
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One usual way of dealing with the large number country specific coefficient, and also  

autocorrelation problems, is to estimate equations (1),and (2), as first differences 

(Foster-MacGregor, 2013; Michaels et al., 2014): 

∆ ∑ ∆ log / ∆ log / 																             (3)  

∆ ∑ ∆ log / ∆ log / 																            (4)  

The system of five equations in (3) and (4) is estimated with the empirical sample. The 

interpretation of the results is commonly through the estimation of the price elasticities 

of derived demand. The elasticity of derived demand takes the form for the translog cost 

function: 

/ 																									 1			 	 ; 						 0			 	 																	(5) 

Obviously, the cost shares si and sj of both factors i and j are crucial for the elasticity Eij. 

Moreover, average own price elasticities are instrumental in the translation of the global 

results to particular countries. For each country, own demand elasticities are estimated 

using the mean of each country cost shares, and regularity is checked looking at the 

negativity of these own elasticities. This is only a necessary and not sufficient condition, 

although many studies, including Crinò (2012) and at average shares, stop checking at 

this stage.  

We advance checking at the mean shares for each of the countries in our analysis. From 

(3), negativity of the own price elasticities requires at the evaluation points: 

1 																							 	 	 																              (6) 

If there are positive coefficients bii, it is clear that negativity of own price elasticities 

fails for some input i cost shares. More general, looking at (3) elasticities can be very 

doubtful at extreme cost shares.  

Summarising, there are two analytical issues of empirical relevance: 

1 If skill cost shares differ greatly within sample, the pattern of variation of the 

elasticities of substitution is largely imposed by the model. Some elasticities in sample 

can be inadmissible on theoretical grounds (and many others perhaps not in close 

accordance to ‘reality’).  
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2 Pooling different countries is problematic when the shares of the different inputs 

differ greatly between them. In particular, beyond particular fails in regularity 

conditions for some observations, there are whole countries who behave badly 

according to economic theory. The question is: If the estimated demand  functions are 

not valid for some countries, can these countries be included in the empirical sample?  

Based on the connection between cost shares and elasticities of substitution, and the 

theoretical regularity requirements, this paper applies a framework in which both cost 

shares and structural parameters play a well-defined role.  

 

4 Data 

The main source of data is from the harmonized tables of the World Input-Output 

Database (WIOD) (Timmer et al., 2015), consisting of 40 countries and 35 industries . 

However, some important adjustments are made. Because translog derived elasticities 

are so dependent on cost shares, accurate computation of labour cost by skill groups are 

required. WIOD's Socio-Economic Accounts (SEA) provide data by industry on labour 

compensation of workers across three levels of educational attainment. These different 

educational attainments are associated with "skill": high, medium, low. SEA assumes 

for unpaid labour the same average wage as employees, which is an overestimation of 

labour costs, leading to low or even negative capital quasi-rents.  

Inklaar and Diewert (2016) refine the labour data by skill from SEA, assuming assumed 

average wage of self-employed workers to 60 percent of the average wage of employees 

and to 30 percent in agriculture. Hence we use the Inklaar and Diewert data for labour 

indexes and costs and the implied fixed capital input, for 38 countries (Luxembourg, 

because of small economy and very large financial sector, and Indonesia, for lack of 

capital data, excluded), aggregating intwo sectors: "Traded" and "Nontraded". "Traded" 

sector includes agriculture, mining and manufacturing and "Non-traded" sector includes 

utilities, construction and market services. Service sectors with large government 

participation are excluded. 

Hence, our database covers 38 economies between 1995 and 2011 across two main 

sectors of each economy, "Traded" and "Nontraded". Real gross output, quasi-fixed 

capital input, and three skill types costs and prices are taken  from Inklaar and Diewert 
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(1995). We draw from WIOD the value and volume of imported and domestic 

intermediate inputs aggregating in "Traded" and "Non traded", obtaining intermediate 

input costs and price indexes. 

 

5 Empirical Analysis 

Firstly, we present a statistical summary of the functional distribution of the cost 

structure analysed. Cost consist in the sum of the compensation for the five variable 

inputs, with capital quasi-rents omitted. 

Table 1. "Traded" sector. Cost shares. Summary.  
Total sample 

570 observations 
Country Mean 
38 observations 

Variable Mean Std. Dev. Minimum Maximum Minimum Maximum
Interm. Imports 0.2501 0.1144 0.0471 0.5985 0.0776 0.5018 
High skill 0.0403 0.0223 0.0028 0.1249 0.0045 0.1005 
Medium skill 0.0995 0.0495 0.0115 0.2512 0.0192 0.2046 
Low skill 0.0663 0.0487 0.0043 0.2356 0.0088 0.1983 
Interm. Domestic 0.5439 0.1085 0.2234 0.7777 0.2856 0.7267 

Table 1 shows a statistical summary of the cost shares for the "Traded" sector. We can 

observe the large variation of the skill shares, in particular the almost negligible high 

skill or low skill shares for some countries.  

In Table 2, we observe that intermediate import presents also some very low country 

mean shares for "Nontraded" . 

Table 2. "Nontraded" sector. Cost shares. Summary.  
Total sample 

570 observations 
Country Mean 
38 observations 

Variable Mean Std. Dev. Minimum Maximum Minimum Maximum
Interm. Imports 0.1187 0.0605 0.0189 0.2884 0.0291 0.2558 
High skill 0.1140 0.0477 0.0168 0.2540 0.0275 0.2281 
Medium skill 0.1855 0.0716 0.0433 0.3990 0.0574 0.3587 
Low skill 0.0891 0.0655 0.0045 0.2742 0.0073 0.2367 
Interm. Domestic 0.4927 0.0768 0.3033 0.7704 0.3364 0.7079 

  

The results of the estimation, using TSP5.0, of the derived demand systems for 

"Traded" and "Nontraded", with the whole sample (532 observations) are presented in 

Table (3). The coefficients and standard errors for the fifth equation are estimated using 

the command ANALYZ. At a first glance, the results are promising. Panel estimates are 
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efficient, standard errors are small, and twenty two (nineteen) out of twenty seven 

parameters are significant at p=.05 (p=.01).  

Table 3. Pooled system estimates. 532 obs. 

Traded Non traded 
Parameter Estimate Std. Error P-value Estimate Std. Error P-value 
dI 0.00407 0.00102 [.000] 0.00082 0.00052 [.115] 
bII 0.06039 0.01355 [.000] 0.03536 0.00705 [.000] 
bIH -0.00248 0.00184 [.178] -0.00191 0.00320 [.551] 
bIM 0.00280 0.00351 [.425] 0.00190 0.00371 [.608] 
bIL -0.00777 0.00369 [.035] -0.00173 0.00335 [.604] 
cI -0.01683 0.00706 [.017] 0.01223 0.00578 [.034] 
dH 0.00058 0.00014 [.000] 0.00172 0.00027 [.000] 
bHH 0.02617 0.00236 [.000] 0.06063 0.00570 [.000] 
bHM -0.01270 0.00253 [.000] -0.02938 0.00576 [.000] 
bHL -0.00169 0.00118 [.151] -0.01227 0.00238 [.000] 
cH 0.00746 0.00119 [.000] 0.00803 0.00309 [.009] 
dM -0.00153 0.00029 [.000] -0.00153 0.00031 [.000] 
bMM 0.04418 0.00349 [.000] 0.08471 0.00700 [.000] 
bML -0.00558 0.00196 [.005] -0.01105 0.00278 [.000] 
cM 0.01239 0.00226 [.000] 0.00885 0.00362 [.014] 
dL -0.00326 0.00031 [.000] -0.00317 0.00032 [.000] 
bLL 0.04691 0.00267 [.000] 0.05514 0.00319 [.000] 
cL 0.01940 0.00245 [.000] 0.00874 0.00364 [.016] 
dK 0.00021 0.00086 [.808] 0.00169 0.00116 [.147] 
cKK 0.02972 0.00737 [.000] -0.08105 0.01333 [.000] 

Derived Estimates 
Parameter Estimate Std. Error P-value Estimate Std. Error P-value 
bDD 0.12283 0.01273 [.000] 0.12699 0.01020 [.000] 
dD 0.00015 0.00090 [.869] 0.00216 0.00060 [.000] 
cD -0.02242 0.00660 [.001] -0.03785 0.00700 [.000] 
bID -0.05294 0.01202 [.000] -0.03363 0.00706 [.000] 
bHD -0.00930 0.00204 [.000] -0.01708 0.00401 [.000] 
bMD -0.02871 0.00366 [.000] -0.04619 0.00467 [.000] 
bLD -0.03188 0.00397 [.000] -0.03009 0.00417 [.000] 
I: Interm. Import; H: High Skill; M: Medium Skill; L: Low Skill; D: Interm. Domestic 
 

Relationships with capital are analysed looking at the ci parameters. For "Traded", there 

is capital-labour complementarity for the three skill types, and capital-intermediate 

input substitution for both imported and domestic intermediate inputs, all significant. 

With "Nontraded", the pattern is similar for capital-labour, and, there is slight 

complementarity capital-intermediate import, with intense capital-domestic intermediate 

substitution. 
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The pattern of technical change is high-skill using, medium-skill and low-skill saving 

for both "Traded" and "Non traded". A remarkable difference is the behaviour of 

intermediate inputs with respect to technical change: is import using for "Traded" and 

domestic using for "Nontraded". 

An analysis of the derived demand elasticities at mid-samples seems very informative. 

Table 4 presents the price elasticities for "Traded" 

Table 4. "Traded" sector. Price Elasticities at Mean Shares.  
Intermediate 

Import 
High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.51 0.03 0.11 0.04 0.33 
High skill 0.19 -0.31 -0.22 0.02 0.31 
Medium skill 0.28 -0.09 -0.46 0.01 0.26 
Low skill 0.13 0.01 0.02 -0.23 0.06 
Interm. Domestic 0.15 0.02 0.05 0.01 -0.23 

Bold: significant at p=.01 

 

All own demand are of the right sign and inelastic. There is clear substitution of 

intermediate inputs, both imported and domestic, and labour, except for low-skill and 

domestic input. There is complementarity between high-skill and medium-skill labour.  

Table 5. "Nontraded" sector. Price Elasticities at Mean Shares.  
Intermediate 

Import 
High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.58 0.10 0.20 0.07 0.21 
High skill 0.10 -0.35 -0.07 -0.02 0.34 
Medium skill 0.13 -0.04 -0.36 0.03 0.24 
Low skill 0.10 -0.02 0.06 -0.29 0.16 
Interm. Domestic 0.05 0.08 0.09 0.03 -0.25 

Bold: significant at p=.01 
 

Table 5 shows the elasticities for "Nontraded". The results are quite similar to those in 

"Traded" but complementarity between high-skill and medium-skill is not significant. In 

addition there is clear low-skill intermediate inputs substitution for domestic, too. 

Until here, the results are quite satisfactory, and we are tempted to present this evidence 

as a clear contribution to the empirics of the effects of trade on skill structure. Looking 

for information concerning particular countries (say China, USA, Spain, etc.), the 

results are disappointing, in a way overlooked previously in the literature. 
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A quick review of the own prices elasticities at the mean values for the thirty eight 

countries show that the panel estimates are satisfactory only for eleven countries with 

the "Traded" system and for fifteen countries in the "Non-traded" system. Failures to 

satisfy the right sign in own price elasticity are frequent for low-skill labour (seventeen 

in "Traded", fifteen in "Nontraded"), not unusual for high-skill labour (eleven in 

"Traded", six in "Nontraded") or medium-skill labour (seven in "Traded", six in 

"Nontraded"), with minor failures with imported inputs for  (two in "Nontraded": the 

relatively small importers Japan and USA).  

Splitting countries into groups based on income levels (Foster-MacGregor, 2013) or 

according to productivity (Inklaar and Diewert, 2016) does not work, because labour 

shares differ greatly. Clustering must be made based on similarity of the functional 

distribution of income by skill classes. 

In the following, we focus in Spain. The estimates for the whole samples presented in 

Table 3 are not appropriate for Spain, with implausible derived elasticities. In particular, 

Spain fails medium-skill, due to the very low cost share of this group. It is beyond the 

scope of this paper to analyse the polarised skill structure in Spain, with university level 

education above average, secondary education below average, and primary education 

above average.  

To compare with Spain and obtain meaningful cost estimates, we choose “close” 

countries, where closeness refer to functional distribution of income according to 

education levels, eight for "Traded" and seven for "Nontraded". Four Southern 

European countries are natural choices (Greece, Italy, Malta, Portugal). Two emerging 

countries are unexpected, but they present skill structures not very dissimilar to those of 

Spain: Brazil and India. The remaining countries are Turkey and Taiwan for “Traded”, 

and Australia “Nontraded”. Again, similarity of skill shares is the answer.  

Table 7  shows a statistical summary of the cost shares for the "Traded" sector (with 

Taiwan and Turkey). Even in this cluster, Spain appears as above average for high-skill 

and clearly below average in medium-skill. In addition, Spain outsources less than 

average. It is worth noting that the composition of outsourced and domestic 

intermediate inputs varies greatly, although their sum is fairly close, and the differences 

in shares are not problematic in the estimations. 
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Table 7. "Spanish cluster, Traded". Cost shares. Summary.  

Cluster 
 

Spain 
Country Mean 

9 countries 
Variable Mean Mean Minimum Maximum 
Interm. Imports 0.2273 0.1914 0.0920 0.5018 
High skill 0.0288 0.0593 0.0156 0.0593 
Medium skill 0.0502 0.0387 0.0285 0.0862 
Low skill 0.1098 0.1070 0.0731 0.1651 
Interm. Domestic 0.5839 0.6037 0.2856 0.7267 

 

The statistical summary of the cost shares for the “Nontraded" sector within the Spanish 

cluster (with Australia) is in Table 8. The differences with respect to Table 7 parallel 

those for the whole samples for  "Traded" and  “Nontraded" (Tables 1 and 2). The main 

issue is the relative position of Spain concerning skills, above average for high-skill and 

low-skill, and clearly below average in medium-skill. Outsourcing is less than average. 

Table 8.  "Spanish cluster, Nontraded". Cost shares. Summary.  

Cluster 
 

Spain 
Country Mean 

8 countries 
Variable Mean Mean Minimum Maximum 
Interm. Imports 0.0906 0.0682 0.0370 0.2558 
High skill 0.0872 0.1272 0.0275 0.1481 
Medium skill 0.1305 0.0858 0.0826 0.1837 
Low skill 0.1597 0.1843 0.0799 0.2367 
Interm. Domestic 0.5320 0.5345 0.3689 0.7079 

 

The results of the estimations for "Traded" and "Nontraded", with the Spanish clusters 

re in Table 9. Results are still fairly good, in particular for "Traded", although the 

number of significant coefficients decreases with respect to the estimates using the 

whole sample.  

Although a detailed analysis of elasticities is presented later, own prices elasticities are 

negative or not statistically significant when positive for the nine countries in each 

sample when evaluated at mean shares. This means that we can be moderately confident 

with the representativeness of the estimated models. In particular, all  elasticity 

estimates are right for Spain and Italy in both models, for Greece in "Traded" and for 

Portugal and Australia in "Nontraded".   
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Table 9. "Spanish Cluster" Pooled system estimates.  

Traded, 126 obs. Non traded, 112 obs. 
Parameter Estimate Std. Error P-value Estimate Std. Error P-value 
dI 0.00374 0.00201 [.062] 0.00108 0.00091 [.233] 
bII 0.08346 0.02786 [.003] 0.03587 0.01701 [.035] 
bIH -0.00324 0.00259 [.212] -0.00150 0.00613 [.807] 
bIM -0.01026 0.00422 [.015] -0.01622 0.00701 [.021] 
bIL -0.01990 0.00799 [.013] -0.01482 0.00753 [.049] 
cI -0.03013 0.01417 [.033] -0.00873 0.01235 [.479] 
dH 0.00055 0.00020 [.006] 0.00207 0.00041 [.000] 
bHH 0.01649 0.00283 [.000] 0.05348 0.00808 [.000] 
bHM -0.00524 0.00288 [.069] -0.02022 0.00716 [.005] 
bHL -0.00339 0.00170 [.046] -0.02979 0.00460 [.000] 
cH 0.00850 0.00165 [.000] 0.01227 0.00582 [.035] 
dM 0.00066 0.00033 [.043] 0.00061 0.00048 [.205] 
bMM 0.03479 0.00344 [.000] 0.07255 0.00813 [.000] 
bML -0.01664 0.00248 [.000] -0.04215 0.00500 [.000] 
cM 0.00934 0.00270 [.001] 0.01075 0.00678 [.113] 
dL -0.00506 0.00062 [.000] -0.00532 0.00048 [.000] 
bLL 0.07403 0.00532 [.000] 0.12247 0.00734 [.000] 
cL 0.04107 0.00496 [.000] 0.02078 0.00676 [.002] 
dK 0.00117 0.00181 [.516] 0.00264 0.00171 [.123] 
cKK 0.04997 0.01499 [.001] -0.01339 0.02562 [.601] 

Derived Estimates 
Parameter Estimate Std. Error P-value Estimate Std. Error P-value 
bDD 0.09144 0.02258 [.000] 0.03498 0.02968 [.239] 
dD 0.00011 0.00163 [.947] 0.00155 0.00108 [.152] 
cD -0.02878 0.01189 [.015] -0.03507 0.01535 [.022] 
bID -0.05007 0.02286 [.028] -0.00333 0.01950 [.864] 
bHD -0.00462 0.00285 [.105] -0.00197 0.00888 [.824] 
bMD -0.00265 0.00437 [.544] 0.00604 0.01020 [.554] 
bLD -0.03410 0.00779 [.000] -0.03571 0.01121 [.001] 
I: Interm. Import; H: High Skill; M: Medium Skill; L: Low Skill; D: Interm. Domestic 
 

The pattern of technical change (di coefficients in Table 9) is high-skill using  and 

medium-skill using, although not significant for "Nontraded", and low-skill saving. The 

pattern of medium-skill differs in this cluster with respect to the whole sample. 

Concerning Spain, it is good news given the low share of medium-skill in its labour 

structure. There is not any significant technical change bias with respect to outsourced 

or domestic inputs. 

Capital substitution or complementary is studied looking at the ci coefficients in Table 

9. There is capital-labour complementarity for the three skill types, and capital-
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intermediate input substitution for both imported, although with low significance, and 

domestic intermediate inputs. For "Traded", the pattern is the same than for the whole 

sample.  For "Nontraded", the relationship between capital and outsourced inputs differs 

to the whole sample. 

Price elasticities of derived demand for the "Spanish cluster" in Table 10 are very 

different to those presented for the whole sample in Table 4.  There is substitution 

between domestic intermediate inputs and all other inputs, including low-skill labour. 

There is complementarity between medium-skill and low skill labour, but it is not 

significant between high-skill and other labour. Own price demand are, in general, more 

inelastic than for the whole sample. 

Table 10. Spanish cluster. "Traded" sector. Price Elasticities at Mean Shares.  

Intermediate 
Import 

High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.41 0.01 0.01 0.02 0.36 
High skill 0.11 -0.40 -0.13 -0.01 0.42 
Medium skill 0.02 -0.08 -0.26 -0.22 0.53 
Low skill 0.05 0.00 -0.10 -0.22 0.27 
Interm. Domestic 0.14 0.02 0.05 0.05 -0.26 

Bold: significant at p=.01 
 

The results for Spain in "Traded" are in Table 11. They differ slightly to those for the 

cluster mean. Medium-skill is very inelastic, high skill is less inelastic and, in addition, 

there is substitution between high-skill and outsourced inputs. 

Table 11. Spain. "Traded" sector. Price Elasticities at Mean Shares.  

Intermediate 
Import 

High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.37 0.04 -0.01 0.00 0.34 
High skill 0.14 -0.66 -0.05 0.05 0.53 
Medium skill -0.07 -0.08 -0.06 -0.32 0.54 
Low skill 0.01 0.03 -0.12 -0.20 0.29 
Interm. Domestic 0.11 0.05 0.03 0.05 -0.24 

Bold: significant at p=.01 

 

Table 12 shows the elasticities for "Non traded" in the "Spanish cluster". There is clear 

substitution of only domestic intermediate inputs with labour, the three skill types.  

There is complementarity between low-skill and other labour. Low-skill is very 

inelastic. 
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Table 12. Spanish cluster. "Nontraded" sector. Price Elasticities at Mean Shares.  

Intermediate 
Import 

High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.51 0.07 -0.05 0.00 0.50 
High skill 0.07 -0.30 -0.10 -0.18 0.51 
Medium skill -0.10 -0.07 -0.31 -0.16 0.58 
Low skill -0.18 -0.10 -0.13 -0.07 0.31 
Interm. Domestic 0.51 0.08 0.14 0.09 -0.40 

Bold: significant at p=.01 
 

The results for "Nontraded" in Spain in Table 13 exhibit the same cross pattern. For 

Spain medium-skill is very inelastic.  

Table 13. Spain. "Nontraded" sector. Price Elasticities at Mean Shares.  

Intermediate 
Import 

High 
Skill 

Medium 
Skill 

Low 
Skill 

Intermediate 
Domestic 

Interm. Import -0.41 0.11 -0.15 -0.03 0.49 
High skill 0.06 -0.45 -0.07 -0.05 0.52 
Medium skill -0.07 -0.11 -0.07 -0.31 0.60 
Low skill -0.05 -0.03 -0.14 -0.15 0.34 
Interm. Domestic 0.52 0.12 0.10 0.12 -0.40 

Bold: significant at p=.01 

 

Some discussion around the results for Spain is relevant for whatever empirical analysis 

involving inter-country elasticity estimations. Country differences are very important in 

modelling imports-skill substitution and  country conclusions based on global (panel) 

estimation are, in general, doubtful and can be in many cases not valid on theoretical 

grounds. Clusters of countries according to share  structure, in smaller panels, can be 

useful for efficiency. An additional issue is whether the functional distribution of 

income (share structure) is related enough to other indicators (geography, development, 

etc.) to construct meaningful clusters. Our application to Spain is quite satisfactory. 

 

6 Conclusions 

The impact of outsourcing on labour markets is increasingly relevant with globalisation. 

The current paper adds to the empirical literature using heterogeneous samples of 

developed and developing countries in the refined measurement of labour costs by skill 

groups. More important, it differs from the existing literature in the differentiation of 
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outsourced and domestic intermediate inputs as separate production factors. In addition, 

care is taken in the fulfilment of regularity conditions at the subsamples of interest. 

Our analysis is applied to the effects of outsourcing on skill substitution in 38 countries, 

distinguishing tradable and non tradable sectors. Conclusions based on the estimation 

using the complete panel estimation are very significant, sensible and interesting. 

However, they are not valid on theoretical grounds for many countries. On empirical 

grounds, this paper finds that the functional distribution of income according to skill is 

useful for pooling countries in studies of imports and skill demand. Sector and country 

differences are found very relevant in modelling trade-skill substitution. The application 

to Spain illustrates that restricted samples are to be the first choice for point estimation 

of elasticities, for individual countries.  
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