
Service O¤shoring and the Composition of White-Collar
Employment: Evidence from the U.S.�

Rosario Crinòy

This version: August 30, 2006
PRELIMINARY VERSION: PLEASE DO NOT CITE WITHOUT
THE AUTHOR�S PERMISSION. COMMENTS ARE WELCOME

Abstract

We study the e¤ects of service o¤shoring on the composition of white-collar employ-
ment in U.S. manufacturing, by using highly disaggregated occupational data. We derive
a Flexible and Separable Translog model (Moschini, 1992) in which service o¤shoring af-
fects the substitutability both among minor occupations and among major occupational
groups. The model is estimated through Quasi-Maximum Likelihood to take account of the
presence of corner solutions. Our results suggests that service o¤shoring favors high-skilled
occupations, in line with the law of comparative advantages.

Keywords: Service O¤shoring, White-Collar Employment, Homothetic Weak Separa-
bility, Censored Demand Systems

JEL Codes: C24, F16, J31

�I gratefully thank Carlo Altomonte, Giovanni Bruno, Italo Colantone, Anna Falzoni, Chad Meyerhoefer and
seminar participants in Reggio Calabria and Bocconi University for useful suggestions on previous versions of
the paper. The usual disclaimers apply.

yContacts: Tel. 0039 - 02 - 58363380. Email. rosario.crino@unibocconi.it.



1. Introduction

Given that service o¤shoring is likely to be more skill intensive than material o¤shoring, it will

be interesting to see what e¤ects, if any, service o¤shoring has on the wage skill premium (Amiti

and Wei, 2006).

Recent years have witnessed sharp improvements in information and communication technologies. One of

the most striking consequences of such improvements has been the profound shift in the nature of international

trade: while, in the past, only physical goods were considered tradable, in recent years, this feature has been

recognized also to an increasing number of services. As a result, while trade in services amounts only to about

a quarter of trade in goods (Lipsey, 2006), this �gure is likely to increase in the near future.

Not surprisingly, the increasing tradability of services has opened up new opportunities to �rms for frag-

menting their production processes, by transferring abroad some of the service activities which were initially

carried out domestically. This phenomenon, known as service o¤shoring, has mostly been motivated by the

possibility to exploit cost advantages due to di¤erences in resource endowments across countries; in particular,

the increasing availability of highly quali�ed white-collar workers in developing economies has stimulated an

increasing transfer of service activities to these countries1 .

Existing studies have revealed the existence of signi�cant positive e¤ects of service o¤shoring on productivity

(Mann, 2003; Amiti and Wei, 2006), and found only limited negative e¤ects on total employment (Amiti and

Wei, 2005a and 2005b). Nevertheless, there still remain open questions about the e¤ects of service o¤shoring

on developed countries. The one we address in this paper is: does service o¤shoring a¤ect the composition

of white-collar employment? This question is motivated by recent concerns emerged around the labor market

e¤ects of service o¤shoring. The common wisdom is that, due to the high-skill intensity of the service activities

transferred abroad, service o¤shoring will hurt the white-collars, which were instead thought to be shielded from

the e¤ects of material o¤shoring. If true, this would imply that service o¤shoring will disrupt "good jobs" in

developed countries, that is jobs paying high-wages and caracterized by large amounts of job-speci�c skills.

From the point of view of international trade theory, however, this argument is �awed. The "Ironclad

Law of Comparative Advantage" (Tre�er, 2005a, 2005b), in fact, suggests exactly the opposite e¤ect of service

1Examples of service o¤shoring have �ourished in recent years, from the most cited cases of call- and help-centers in Bangalore,
to the less known cases of X-ray screening and medical case history transcriptions by Indian hospitals. This practice has involved
not only �rms in the service sector, but also manufacturing �rms, which have progressively found advantageous to o¤shore activities
like accounting and advertising to service �rms located abroad.



o¤shoring: high-skilled occupations should gain employment shares at the expense of low-skilled occupations in

developed countries.

To the best of our knowledge, there is still no study testing empirically the relationship between service

o¤shoring and the composition of white-collar employment, despite the relevance of the topic. This paper aims

to �ll in this gap. At this purpose, we carry out a two-level analysis, by studying whether service o¤shoring

a¤ects the composition of white-collar employment both among broadly de�ned groups of workers (e.g. man-

agers, architectures and engineers, secretaries, etc.), and among highly disaggregated occupations belonging to

these groups. This type of analysis may yield interesting insights for the economic policies directed to service

o¤shoring. In the short-run, in fact, workers can improve their skills and move from an occupation to another

only if these occupations are su¢ ciently similar; hence, improving on-the-job skills may be crucial to help work-

ers at risk of service o¤shoring. In the long-run, instead, people can choose occupations which are less at risk

of being o¤shored and the educational system can re-orient itself to provide these people with the necessary

education and skills.

In order to carry out our analysis, we use very highly disaggregated data on occupational employment

and wages for 135 U.S. manufacturing industries between 1997 and 2002; this data allows us to disaggregate

labor into 111 occupations (of which 58 are white-collar), that can be assigned to 13 homogeneous groups

(of which 8 are white-collar). Following Fuss (1977), we develop a model of the �rms� behavior based on

homothetic weak separability (HWS) of the production function in the 13 groups of workers. We work on the

associated dual representation of the technology and derive a two-level short-run cost function, in which the

�rst level represents the aggregate cost function, while the second represents a set of unitary cost functions for

the occupations belonging to each of the 13 homogeneous groups of workers. Service o¤shoring is treated as a

shift-factor that in�uences the substitutability across occupations at both stages. Following Moschini (1992),

we choose a Flexible and Separable Translog (FAST) speci�cation for the model, in which the explicit functional

form for the cost funtions at both levels is translog. The associated systems of share equations are censored,

due to the presence of corner solutions arising from the high level of detail of the occupational data. We deal

with corner solutions by adapting the Quasi-Maximum Likelihood Estimator proposed by Meyerhoefer et al.

(2005).

To preview the results, we �nd that, consistently with the law of comparative advantages and with existing

evidence on the employment trends for the white-collars, service o¤shoring acts in favor of high-skilled occupa-
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tions at both levels. Overall, however, the e¤ects are quite limited in magnitude, due to the still limited size of

the o¤shoring phenomenon. Hence, our results suggests that the popular concern about the negative e¤ects of

service o¤shoring on the white-collars is ill-founded.

This papers is related to the broad stream of literature about international o¤shoring and labor demand,

and contributes to this literature in two ways. First, it is the �rst study giving emphasis to the relationship

between service o¤shoring and white-collar employment. Second, it provides a useful extension of existing

results based on HWS and combine these results with a consistent estimation framework for censored demand

systems, previously applied only in consumption theory. Exploiting these result, the paper provides the �rst

analysis of the e¤ects of international o¤shoring on highly disaggregated occupations, while existing studies have

used much more parsimonius disaggregations consisting only of broad aggregates of workers (white-collar/blue-

collar, production/non-production, etc.): as known, however, aggregating labor may be inconsistent and lead to

estimation biases, when very di¤erent occupations are treated as a homogeneous (Berndt and Christensen, 1974;

Denny and Fuss, 1977; Woodland, 1978; Koebel, 2006). Hence, the paper provides a framework for dealing with

the e¤ects of international o¤shoring while avoiding the risk of inconsistent aggregation of labor.

The structure of the paper is as follows. In Section 2 we review the existing studies on service o¤shoring and

employment. In Section 3 we present the data and a set of stylized facts. Section 4 and 5 present the theoretical

model and the estimation strategy, respectively, while Section 6 reports the results. Section 7, �nally, concludes.

2. Service o¤shoring and employment: reviewing the literature

During the 1990s, the contemporaneous increase in the volume of imports of intermediate inputs (Campa and

Goldberg, 1997; Feenstra, 1998; Hummels et al, 2001; Yeats, 2001; Schott, 2004) and in the share of skilled

labor in total employment and wage bill (Katz and Murphy, 1992, Berman et al., 1994) in many developed

countries has stimulated a large stream of literature on the e¤ects of material o¤shoring on relative employment

and wages of the white-collars2 . The main conclusion has been that material o¤shoring has contributed to the

shift in the composition of employment in favor of the skilled (white-collars) and to the rise in wage inequality

between them and the unskilled (blue-collar), because �rms have transferred abroad the least skill-intensive

2See, among other, Feenstra and Hanson (1996, 1999, 2001) for the U.S.; Yan (2006) for Canada; Anderton et al. (2002), for
Sweden; Anderton and Brenton (1999) for the U.K; Egger et al. (2001), Lorentowicz et al. (2005), Egger and Egger (2005) for
Austria; Helg and Tajoli (2005) for Italy and Germany; Minondo and Rubert (2006) for Spain. All these studies have distinguished
labor between skilled and unskilled workers. Finer disaggregations of labor have been used by Falk and Koebel (2001, 2002),
Morrison and Siegel (2001), Ekholm and Hakkala (2005), Hijzen et al. (2005).
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activities, thereby increasing the skill-intensity of production in domestic industries3 .

Recent years have been experiencing a new wave of o¤shoring which di¤ers from material o¤shoring in that

the activities trasferred abroad are no longer intermediate stages of production, but service activites. Service

o¤shoring has been allowed by a set of developments in information and communication technologies, that have

made tradable many services previously thought to be non tradable, thereby giving �rms the opportunity to

exploit new cost advantages by trasferring many activities to the new emerging economies of East Asia and

Eastern Europe4 .

In principle, the employment e¤ects of service o¤shoring may di¤er signi�cantly from those of material

o¤shoring. In particular, given that service activities are more skill-intensive than productive activities, service

o¤shoring may hit particularly hard the white-collars, which have instead bene�tted from material o¤shoring, as

we saw before. The main concern emerged around service o¤shoring, in fact, is that, due to its bias against the

white-collars, it will lead to the disruption of "good jobs" in developed countries, that is jobs paying high wages

and caracterized by large job-speci�c skills5 . From the point of view of international trade theory, however, this

argument is �awed. It is already well established, in fact, that trade in services has little special relative to trade

in goods, and thus, also in the case of services, traditional trade theories are suitable to explain the patterns

of both �nal trade and o¤shoring (Deardor¤, 1985, 2005; Bhagwati et al., 2004; Samuelson, 2004; Markusen,

2005)6 . One of the main implications is that the law of comparative advantages applies also to service o¤shoring.

Accordingly, service o¤shoring should lead the U.S. and other industrialized countries to specialize in high-skill

service activities, thereby producing exactly the opposite e¤ect on the composition of white-collar employment

as the one postulated in popular discussions: high-skilled occupations should gain employment shares at the

expense of low-skilled occupations in developed countries. As a result, service o¤shoring should not produce

any detrimental e¤ect on the white-collars; rather, it should leave them the possibility of moving up towards

"better jobs" retained domestically (Tre�er, 2005a, 2005b).

Despite the relevance of the topic, empirical studies on the e¤ects of service o¤shoring on the composition

of white-collar employment still lack; the existing literature, in fact, has mostly focused on the e¤ects of service

3The other culprit for the increase in wage inequality and for the shift in the composition of employment in favor of the skilled
has been skill-biased technical change (Berman et al. 1994; Autor et al., 1998; Berman, et al., 1998; Machin and Van Reenen,
1998).

4Freund and Weinhold (2002), for example, estimate that a 10 percent increase in the number of top level internet domains
leads to a 1.7 percent increase in the growth rate of U.S. imports of "other private services" and to a 1.1 percent increase in the
growth rate of U.S. exports.

5See Blinder (2005), Mankiw and Swagel (2006) and Tre�er (2005a, 2005b) for a detailed discussion on this point.
6See also Sapir and Winters (1994) and the references therein. A di¤erent stream of literature has modelled service o¤shoring

according not to standard trade theories, but to the theory of �rms�hierarchies. In these models, service o¤shoring arises to allow
for a better explotation of knowledge across national borders (Antras et al., 2006a).
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o¤shoring on total employment7 . Nonetheless, some previous studies have provided a set of stylized facts

about the trends in white-collar employment in developed countries (the U.S. in particular), which support the

predicitons based on the law of comparative advantages.

First, although there is signi�cant employment in white-collar occupations "at risk" of service o¤shoring,

the number of employees in these occupations has stayed almost constant in recent years in most developed

countries8 . The relevant exception is the U.S., where employment in white-collar occupations at risk of service

o¤shoring has declined in recent years; while the size of the decline has been moderate in the economy as a

whole, it has been sizeable in manufacturing9 . The bulk of the decline, however, seems not to be attributable to

service o¤shoring, but rather to factors like technological progress, the dot-com bubble and the macroeconomic

downturn (Mann, 2003; Schultze, 2004; Rishi and Saxena, 2004; van Welsum and Vickery, 2005).

Second, the composition of white-collar employment is shifting towards high-skilled occupations and away

from low-skilled ones. In particular, white-collar occupations at the lowest end of the skill distirbution have

recently experienced negative employment growth in the U.S., contrary to those at the highest end of the

skilled distribution, whose employment has increased (Kirkegaard, 2004; Jensen and Kletzer, 2005). Moreover,

projected employment trends suggest that the sharpest decline in white-collar employment by 2010 is expected

in occupations earning below-average wages (Kirkegaard, 2004), while high-wage occupations are expected to

register the fastest growth rates in employment (Mann, 2003). Finally, there is also evidence that the de�nition

of high-skilled white-collar occupations is shifting up, in the sense that jobs previously considered skilled have

been progressively standardized and routinized (Kroll, 2005).

Overall, existing studies suggest that the concerns emerged about the e¤ects of service o¤shoring on the

composition of white-collar employment are probably exaggerated, if not completely ill-founded. However, none

of these studies has assessed the precise role of service o¤shoring in driving the documented changes in white-

collar employment, nor has any of these studies tested the predictions from trade theory based on the law of

comparative advantages. This is what we turn to now.

7These studies have showed that the e¤ects of service o¤shoring on total employment are very limited in size (Amiti and Wei,
2005a, 2005b; Gorg and Hanley, 2005b). The reasons are several. On the one hand, service o¤shoring is still a limited phenomenon.
On the other, it produces signi�cant e¤ects on productivity (Mann, 2003; Girma and Gorg, 2004; Gorg and Hanley, 2005a;
Gorg et al., 2005; Amiti and Wei, 2006) and makes viable projects that would otherwise not be so (Bhagwati et al., 2004): this
stimulates growth and additional labor demand in the sectors involved and o¤sets the negative direct impact of service o¤shoring
on employment.

8White-collar occupations are considered at risk of o¤shoring if they share features that make their services easily tradable
across countries (Bardhan ad Kroll, 2003; Garner, 2004; Blinder, 2005; Jensen and Kletzer, 2005; Kroll, 2005; van Welsum and
Reif, 2005; van Welsum and Vickery, 2005). The share of workers in at risk occupations in the U.S. has been estimated between
11% (Kroll, 2005) and 30% (Jensen and Kletzer, 2005); in other developed countries, these share ranges from 13% in Korea to
19.4% in Australia (van Welsum and Reif, 2005; van Welsum and Vickery, 2005).

9Kirkegaard (2004) shows that, between 2000 and 2002, employment in white-collar occupations at risk of o¤shoring has declined
by 25.4% in manufacturing, compared to just 1.7% in the economy as a whole.
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3. Data and stylized facts

A proper analysis of the e¤ects of service o¤shoring on the composition on white-collar employment has to

take account of the fact that service o¤shoring may act di¤erently across even narrowly de�ned white-collar

occupations, if these di¤er in terms of the skills and of the job-speci�c knowledge required. This implies that

the stardard white-collar (non production)/blue-collar (production) classi�cation traditionally used in existing

studies on the e¤ects of material o¤shoring is no longer suitable when the focus of the analysis shifts to the

e¤ects of service o¤shoring.

This study departs signi�cantly from previous trade literature, because it employs a highly detailed disag-

gregation of labor by occupation. We use the most disaggregated data on occupational employment and wages

available at the moment; this data is provided by the Occupational Employment Statistics (OES) of the U.S.

Bureau of Labor Statistics (BLS), and allows us to disaggregate manufacturing employment in 111 5-digit SOC

occupations, which belong to 13 2-digit homogeneous groups of workers10 . To clarify things in the sequel, we will

refer to each 5-digit occupation as to a minor occupation and to each 2-digit group as to a major occupational

group.

Our panel consists of 135 3-digit manufacturing industries between 1997 and 2002. The reason for focusing

on the manufacturing sector is two-fold. On the one hand, exiting studies have shown that the manufacturing

sector has experienced very large declines in the employment of these groups in recent years (Kirkegaard, 2004).

On the other hand, focusing on the manufacturing sector allows to bene�t from more reliable estimates of

quantities such as output and input prices, whose de�nition is instead subject to serious ambiguities in the case

of the service sector (Griliches, 1992; Heshmati, 2003).

Based on 2004 �gures from BLS, we isolate 8 major white-collar groups, de�ned as those with a signi�-

cantly higher share of workers with tertiary education (Table 1)11 ; these groups contain a total of 58 minor

occupations. To de�ne the level of education of each minor occupation we use data from the 2004 5% Public

Use Microdata Sample (PUMS), since the BLS data used for the major groups do not vary su¢ ciently across

minor occupations12 ; moreover, as a second indicator of skills, we use the ratio between the wage of each minor

occupation and the average wage of the group.

10The Standard Occupational Classi�cation (SOC) system disaggregates occupations in 2-, 3-, 4-, 5-, and 6-digit categories. See
the Data Appendix for further details.
11Notice that all these groups perform service activities, contrary to the blue-collar groups.
12The level of education of each minor occupation is estimated by averaging the �gures reported in the PUMS across individuals

ageing 15 to 65 and employed in manufacturing.
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Our measure of service o¤shoring is built following Amiti and Wei (2005a, 2005b, 2006): more precisely,

we measure service o¤shoring as the share of imported services on total non-energy materials. Unlike Amiti

and Wei, however, we use import-matrix coe¢ cients, rather than input-output coe¢ cients, for estimating the

value of service imports for each manufacturing industry. We think, in fact, that the proxy so obtained is less

subject to measurement errors, because it does not require any estimate of the value of service production,

whose de�nition has been often questioned (see Griliches, 1992, and Heshmati, 2003)13 . Our measure (SOSS)

is constructed by computing �rst the share of each manufacturing industry j in total imports of each service

h (#jh), and then applying these shares to total imports of that service (Mht); summing across services and

dividing throughout by the value of non-energy materials (NEjt) yields:

SOSSjt =

P
h #

97
jhMht

NEjt

We use non-a¢ liated imports for fourteen categories of private services from BEA (see Data Appendix)14 .

We also construct a second measure of service o¤shoring, which uses only imports from low-wage countries

(SOSS_POOR)15 ; compared to existing studies, this is the �rst attempt to analyze the di¤erences in the

e¤ects of service o¤shoring according to the level of development of foreign countries16 .

Finally, we present here also our proxy for material o¤shoring (MOSS), with which we will compare the

trends in both SOSS and SOSS_POOR. MOSS is de�ned as the share of imported intermediate inputs in

total non-energy materials. Since physical production does not su¤er from the problems highlighted before for

services, we measure MOSS as in Feenstra and Hanson (1996,1999): we use import/export data from NBER

(Feenstra, Romalis and Schott, 2002) and the 1997 BEA input-output matrix to get:

MOSSjt =

P
h �

97
jhYjt

NEjt
� Mht

Yht +Mht �Xht

13The main reason is that each service sector has its own peculiar type of output, which is generally di¢ cult to identify. As an
example, the output of an insurance company can be measured by the number of policies issued, although distinguishing policies
by type would perhaps give a better measure of the company�s output. Similar problems apply to the banking sector, and generally
plague the measurement of production in most service industries.
14According to the WTO�s de�nition of trade in services, most of the value of trade in these categories falls in Mode1 (Cave,

2002; WTO, 2002; van Welsum, 2003). Hence, our measure of service o¤shoring is closely related to the one suggested by Bhagwati
et al. (2004), who argue that arms� lenght relationships between una¢ liated parties in Mode1-type services represent the most
common form of service o¤shoring nowadays. Tre�er (2005a, 2005b) argues, instead, that one should consider also those cases in
which service o¤shoring takes place through FDI. Although this measure would account for cases not included in our measure,
neither data on a¢ liated trade nor data on intra-�rm trade in services are su¢ ciently reliable at the moment to allow using the
measure suggested by Tre�er.
15Low-wage countries are those de�ned as low- and low-middle-income by the World Bank.
16The assumption we make in constructing SOSS_POOR is that, for each service h; the share of each manufacturing industry

on service imports from these countries is the same as that on total service imports.
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where �jh is the input-output coe¢ cient giving the value of input h used by industry j to produce one dollar

of its total output, Yj , while Yh, Mh and Xh indicate, respectively, production, imports and exports of input h;

as before, t is a time index.

Our two proxies for service o¤shoring have sizeably increased between 1997 and 2002, especially compared

to material o¤shoring. Figure 1 shows the trends in service and material imports - the numerators of SOSS,

SOSS_POOR and MOSS - during the period and reveals that, while material imports have raised by a

factor of 6 percent, service imports have increased by 26 percent overall, and by 35 percent towards low-wage

countries. Despite the sharp increase, however, service o¤shoring still remains a very limited phenomenon in

manufacturing: the share of imported services in total non-energy materials raised from 1.4 percent in 1997 to

3.8 percent in 2002, while the share of imported intermediates in total non energy materials increased from 14.2

percent in 1997 to 18.7 percent in 2002; service o¤shoring to low-wage countries has been, and still is, an even

more limited phenomenon, the share of imported services from this group of countries never exceeding 1% of

total non-energy materials between 1997 and 2002.

During the same period, our data shows that white-collar employment has faced signi�cant and widespread

reductions in manufacturing; this has interested all white-collar groups but the "Legal Occupations", with

the largest declines occurring in "Computer and Mathematical Occupations", "Managers" and "Architecture

and Engineering Occupations" (Table 2). This evidence is consistent with that of the studies surveyed before.

These studies also revealed a signi�cant shift in the composition of white-collar employment towards high-skilled

occupations, at least in the economy as a whole. Has a similar shift occurred also in the manufacturing sector?

To answer this question, we analyze now the changes in the employment shares of the major groups; then we will

analyze the changes in the employment shares of the minor occupations within each major group. Column 1 in

Table 3 reports the changes in the employment shares of the white-collar groups. Two interesting points emerge.

First, the changes are quite small in magnitude and mainly concentrated among the medium-skilled groups: this

suggests that the shift in the composition of white-collar employment has been limited. Second, very high-skilled

groups have increased their shares (with the only exception of "Computer and Mathematical Occpations") while

low-skilled groups have decreased theirs. Hence, the shift in the composition of white-collar employment, if any,

has favored the most skilled groups. While this is consistent with the structure of comparative advantages

for the U.S., service o¤shoring needs not be the only explanations for these changes. Other forces might have

played a role: in particular, the studies surveyed before attribute an important role to both macroeconomic
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factors - e.g. the dot-com boom and bust and the economic downturn started in 2001 - and to the di¤usion of

new technologies. Moreover, the movement of white-collar workers from manufacturing to services may have

accounted for another fraction of this shift in the composition of white-collar employment. To shed some light

on these issues, we decompose the reported changes in the employment shares of the white-collar groups into a

within-industry and a between-industry term, as in Berman et al. (1994):

�ESHi =
X
j

�ESHij�j97 +
X
j

��jESHij02 (3.1)

where ESHij is the employment share of major group i in total employment in industry j , �j is the share

of industry j in total manufacturing employment and � indicates time di¤erences. If service o¤shoring were an

important explanation of the changes in the composition of white-collar employment, the within-industry term

should dominate; the same holds true for the e¤ects of the di¤usion of new technologies, as well as for those

of the dot-com boom and bust and of the economic downturn, which may have depressed production - and

thus demand for particular white-collar groups - in the most a¤ected industries. On the contrary, if the main

explanation for the changes were movements of white-collar workers to the service sector, the between-industry

component should dominate, because the industries that depend more on services for their production processes

would decrease their weight in total employment more than other, as workers from these industries �nd new

job opportunities in the service sector. Results reported in colomn 2 and 3 of Table 3, clearly show that the

within-industry term dominated for all white-collar groups but the "O¢ ce and Administrative Occupations".

Hence, the sources of the changes in the skill composition of white-collar employment have to be looked for

among those that are more likely to act within-industry17 .

We turn now to analyze the changes in the composition of employment within the major groups; this is

interesting because, by acting on speci�c minor occupations, service o¤shoring may, in principle, change the

composition of employment within each major group even without signi�cantly a¤ecting its overall employment

share. To explore whether and in which direction has the employment composition of the major groups changed,

we need a measure of the skill level of each minor occupation. Under the assumption that wages are correlated

with skills, the ratio between the wage of each minor occupation and the average wage of the corresponding

group can be used to rank minor occupations according to their relative level of skills. Accordingly, a positive

17This result is consistent with previous studies (see Pavcnik, 2003; Berman et al., 1994; Bruno et al., 2004). Moreover, according
to Schettakt and Yocarini (2006), the growth of the service sector in recent years can only partially be explained by the shift of
manufacturing workers to service �rms.
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change in the skill composition of employment within a major group would occur if occupations paying above-

average wages gained importance on the total employment of the group. But this, in turn, would cause the

average wage of the group to increase coeteris paribus -i.e. for given relative wages of the minor occupations.

The remaining part of the variation in the average wage of the group would instead be determined by the changes

in the relative wages of the minor occupations. Following this argument, we develop a measure of occupational

upgrading by decomposing the change in the average wage of each major group into an employment-term and

a wage-term; the former measures the percentage change in the average wage of the group accounted for by

occupational upgrading (if positive) or downgrading (if negative). Simple algebra shows that:

W 02
i �W 97

i

W 97
i

=
NX
n=1

wi;97n

W 97
i

�eshin +
NX
n=1

eshi;02n �
win
Wi

(3.2)

where n = 1; :::; N indexes minor occupations belonging to major groups i, w and W indicate the wage

of a minor occupation and the average wage of the major group respectively, esh is the share of each minor

occupation in the employment of the major group and � is the time-di¤erence operator. The �rst addendum

measures the occupational upgrading18 . Results reported in Table 4 show, also in this case, a shift in the

composition of employment in favor of high-skilled occupations: �ve out of seven major groups have, in fact,

experienced occupational upgrading19 . The size of the upgrading is generally small and, with the only exception

of "Computer and Mathematical Occupations", increasing in the skill level of the major groups.

Consistently with previous studies, the above stylized facts reveal that the composition of white-collar

employment has shifted towards high-skilled occupations also in manufacturing. The size of the shifts are,

however, quite small.

As a corollary, the fear of service o¤shoring is probably exaggerated. Nevertheless, these stylized facts are

not enough, alone, to relieve all anxieties. In fact, they do not tell much about the causal relationship between

service o¤shoring and the composition of white-collar employment. In order to analyze this relationship in more

details, we turn now to present a theoretical model of the �rms�behavior which allows to study the e¤ects of

service o¤shoring on the composition of white-collar employment at both levels: across major groups and within

each major group.

18This measure is closely related to those developed by Berman et al. (1994) and, more recently, by Osburn (2001).
19Note that we cannot compute the measure of occupational upgrading for the group "Legal Occupations" because this group

consists of only one minor occupation ("Lawyers").
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4. Theoretical model

We assume that each industry j (j = 1; :::; J) can be described by a representative �rm with a twice di¤erentiable

and strictly quasi-concave production function. Output (Y ) depends on labor, L, and a vector � of non-

labor inputs (electricity and non-energy materials) with generic entry �r. The labor input consists of major

occupational groups - indexed by the superscript i = 1; :::; I - each of which can in turn be distinguished in

minor occupations indexed by the subscript n (n = 1; :::; N). We will refer to the n-th minor occupation in the

i-th major group as Lin. The production function, then, has the form

Yj = f
�
L11; :::L

i
n; :::; L

I
N ; �

0� (4.1)

Function (4.1) is caracterized by positive marginal products of each input, and satis�es the Hicksian stability

conditions20 . We assume further that equation (4.1) satis�es HWS in the major occupational groups21 . Fol-

lowing Leontief (1947), this implies that equation (4.1) can be espressed as Yj = f
�
'1; :::; 'i; :::; 'I ; �0

�
, where

'i = '(Li1; :::; L
i
N ) is a homothetic aggregator function for the minor occupations (quantity index)

22 . It is well

know that, under HWS, two-stage optimization (TSO) is consistent23 : that is, the output-maximizing demand

for each minor occupation can be derived consistently by assuming that �rms, in the �rst stage, choose the

optimal occupational mix within each major group, and, in the second stage, choose the optimal demand for

each major group24 .

The HWS assumption may be questioned in our case. On the one hand, previous studies have shown that

aggregation of occupations may be inconsistent if the occupations are not su¢ ciently disaggregated25 . On the

other hand, the marginal rate of technical substitution between two occupations in the same group is more

likely to be independent of the level of employment in other groups when moving from the bottom to the top

of the �rm�s hierarchical structure, than viceversa: for example, adding one additional production worker may

20We strictly follow the discussion in Green (1964).
21This implies that @

@L�n

�
@f
@Lin

� @f
@Lim

�
= 0 and @

@�r

�
@f
@Lin

� @f
@Lim

�
= 0 8n;m 2 i, 8� 6= i and 8�r . Hence, the marginal rate of

technical substitution between two minor occupations belonging to the same major occupational group is independent of the value
of any other minor occupation outside the group and of the value of any other non-labor input.
22For more details, see Green (1964), Blackorby et al. (1978) and Gorman (1995). See also Lewbel (1996), Blundell and Robin

(2000) and Koebel (2002) for cases in which aggregation can be consistently achieved without weak separability.
23HWS is necessary and su¢ cient for two-stage optimization to be consistent.
24Following Gorman (1959), HWS and TSO have been exploited mainly in consumption theory, since they allow derivation of

optimal demands for highly disaggregated goods to be carried out by deriving �rst the expenditure shares devoted to major groups
of similar items (e.g. food, clothes, etc.) and then the optimal demand for each item within each major group (see, among others,
Edgerton et al. 1996; Edgerton, 1997; Moschini, 2000 and the references therein). In production theory, HWS and TSO have been
applied to study optimal demand for di¤erent types of energy by Fuss (1977), Denny et al. (1982), Woodland (1993), Chakir, et
al. (2004). Moreover, Blackorby et al. (1974) have applied similar concepts to justify hierarchical decison-making processes within
the �rms.
25Berndt and Christensen (1974), Denny and Fuss (1977).
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not change the substitutability relationship among the managers, while adding one additional manager may

change the substitutability relationship among the production workers. Formal tests of HWS are unfeasible

in our case due to the high level of occupational detail, which restricts dramatically the number of degrees

of freedom, and thus the power, of those tests26 . There is some empirical evidence, however, supporting the

assumption of HWS in our case. On the one hand, Weiss (1977) has argued that HWS is more likely to hold

when working with narrowly de�ned occupations. On the other hand, existing studies of �rms�organization and

hierarchies have shown that, once a particular allocation of tasks among di¤erent levels of the �rm�s burocratic

structure has been made, workers surpervising operations at each level care only about those variables that

a¤ect marginal productivity and costs in the units they supervise (Geanakoplos and Milgrom, 1991): in other

words, each unit becomes a pro�t-maximizing entity within the �rm�s hierarchy. Therefore, to the extent that

adding one more employee at some higher level of the bureaucracy does not change the allocation of tasks

among units, HWS holds. Using a sample of law o¢ ce in the U.S., Garicano and Hubbard (2006) have provided

evidence supporting this condition. The authors have shown that increasing demand for the services of the

legal o¢ ces - which implies higher level of output and thus higher number of employees in the o¢ ce - does not

a¤ect signi�cantly the ratio of lawyers to non-lawyers employed: hence, adding new workers to the o¢ ce does

not alter signi�cantly the allocation of tasks within the o¢ ce27 .

4.1. From the primal to the dual: a short-run cost function approach

Following Shephard (1953), dual to the production function in equation (4.1) there exists a cost function

C(w11; :::w
i
n; :::; w

l
N ;p

0; Y ), which is twice di¤erentiable in the wages of the minor occupations (w) and in

the prices of the non-labor inputs (p)28 . The assumption of HWS of the production function implies that

C(w11; :::w
i
n; :::; w

l
N ;p

0; Y ) = C(#1; :::; #i; :::; #I ;p0; Y ), where #i = #(wi1; :::; w
i
N ) is a homothetic aggregator

function (wage-index) for the wages of the minor occupations belonging to each major group i. Hence, HWS of

the production function implies HWS for the associated dual cost function29 .

While these results have been developed for a long-run cost function, it can be shown that they apply

also to a short-run cost function with quasi-�xed inputs (Berndt and Morrison, 1981; Berndt and Hesse,

26See, among other, Woodland (1978), Alston and Chalfant (1987), Moschini (1992) and Koebel (2006).
27The same study has also shown that, while a signi�cant correlation does exist between the ratio of di¤erent types of lawyers

(partners and associates) and the expansion of the demand for the services of the o¢ ce, this correlation is not due to the fact that
when demand increases the size of the o¢ ce increases, thereby changing the substitutability relationship among di¤erent types of
lawyers, but rather to the the opposite e¤ect: larger markets allow partners to better exploit increasing returns to their knowledge
by raising the number of associates they work with, and this stimulates the increase in the size of the o¢ ce.
28See Berndt and Christensen (1973).
29See Lau (1972) for a formal proof of this statement.
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1986) and shift-factors (Morrison, 1988; Morrison and Siegel, 1997, 2001)30 . Without loss of generality, let

us call z the vector of quasi-�xed inputs and shift factors. The short-run cost function will then be de�ned as

CSR(w
1
1; :::w

i
n; :::; w

l
N ;p

0Y ; z0). The following proposition holds:

Proposition 1. Under HWS in the variable inputs, TSO conditional upon z implies that

CSR(w
1
1; :::w

i
n; :::; w

l
N ;p

0Y ; z0) = CSR(�
1; :::; �i; :::; �I ;p0Y ; z0) (4.2)

where

�i = �(wi1;:::;w
i
n; z

0) (4.3)

Hence, TSO conditional upon z is consistent.

Proof. See Appendix.

What is crucial about Proposition 1 is that z enters the espressions of both the short-run cost function and

the agrgegators, thereby a¤ecting the substitutability both among major occupational groups and among minor

occupations. This is crucial in our case, because it allows to study the e¤ects of service o¤shoring both on the

occupational mix internal to each major group and on the occupational mix across major groups.

Notice that the structure of the model has some important implications for the e¤ects of the quasi-�xed

inputs and of the shift-factors on the optimal demands for the major occupational groups. In fact, both the

quasi-�xed inputs and the shift factors produce now two contemporaneous e¤ects on the demand for each major

group: a direct e¤ect, due to the presence of the variables at the second stage of the conditional optimization

(equation (4.2)), and an indirect e¤ect, due to the presence of the variables at the �rst stage, which makes them

appear in the expressions for the aggregators (equation (4.3)). In particular, the elasticity of demand for major

group i to the generic shift-factor zu is now equal to:

"i;u =
@ logLi(�1; :::; �i; :::; �I ; Y ; z0)

@ log zu
=
@ logLi

@ log zu
+

 
IX
i=1

@ logLi

@ log�i
� @�
@zu

!
(4.4)

where the �rst addendum is the direct (partial) elasticity of demand to the shift-factor, while the second

addendum accounts for the changes induced in the aggregators by the variation in the shift-factor31 .

30Shift factors are variables which are out of the �rm�s control but can exogenously a¤ect total costs: our analysis include SOSS
(or SOSS_POOR), MOSS and TECH (a proxy for technological progress). In some speci�cations, we will include also a set of
time dummies (see below).
31The structure of the model has implications also for the espressions of the shadow-value of the quasi-�xed inputs (Morrison
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4.2. Choosing the functional forms: the FAST model

We turn now to the choice of the functional form for both equation (4.2) and (4.3).

The common practice in the literature on international o¤shoring is to use the translog cost function32 . We

also make this choice here. However, it is a well know result that, starting from an unrestricted translog speci�-

cation and obtaining the separable model as a nested speci�cation through parametric restrictions (Berndt and

Christensen, 1974) would destroy �exibility and force the aggregators to have the Cobb-Douglas speci�cation,

with a constant unitary substitution elasticity across minor occupations (Blackorby et al., 1977; Denny and

Fuss, 1977). As a solution, we obtain the separable model as a non�nested version of the unrestricted translog

speci�cation, by modelling both equation (4.2) and (4.3) to the second order (Hudson and Jorgenson, 1974;

Fuss, 1977; Moschini, 1992)33 . More formally, we let equation (4.2) have the form:

lnC = ln�0 +
IX
i=1

�i ln�
i +

RX
r=1

�r ln pr + �Y lnY +
UX
u=1

�zzu

+
1

2

IX
i=1

QX
q=1

�iq ln�
i ln�q +

1

2

RX
r=1

SX
s=1

�rs ln pr ln ps +

IX
i=1

RX
r=1

�ir ln�
i ln pr

+
1

2
�Y Y (lnY )

2 +
1

2

UX
u=1

VX
v=1

�zvzuzv +
UX
u=1

�zY zu lnY +

+
IX
i=1

�iY ln�
i lnY +

IX
i=1

UX
u=1

�iu ln�
izu +

+
RX
r=1

�rY ln pr lnY +
RX
r=1

UX
u=1

�ru ln przu (4.5)

Applying Shepard�s Lemma to equation (4.5) yields a system of share equations of the form34 :

Si;r = �i(r) +
IX
i=1

�iq(r) ln�
i(q) +

RX
r=1

�ir(s) ln pr(s) + �i(r)Y lnY +
UX
u=1

�i(r)uzu

for i; q = 1; :::; I and for r; s 2 � (4.6)

1999). In particular, the shadow value �u of any quasi-�xed input , is now given by �u = �
�
@CSR
@zu

+
PI
i=1

@CSR
@�i

� @�
@zu

�
.

32See, among others, Berman et al. (1994) and Feenstra and Hanson (1996, 1999).
33Alternative ways of imposing separability without loosing �exibility are presented in Driscoll and McGuirk (1992) and in

Diewert and Wales (1995).
34Linear homogeneity in prices and symmetry require the following restrictions:
IP
i=1

�i +
RP
r=1

�r = 1;
IP
i=1

�iq =
QP
q=1

�qi =
RP
r=1

�rs =
SP
s=1

�sr =
IP
i=1

�ir =
RP
r=1

�ri = 0;

IP
i=1

�iY =
RP
r=1

�rY =
IP
i=1

�iu =
RP
r=1

�ru = 0;�iq = �qi;�rs = �sr;�ir = �ri:
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We also let the aggregators be proxied by a translog-type speci�cation, where the quasi-�xed inputs and

shift-factors enter interacted with the wages of the minor occupations35 :

ln�i =
NX
n=1

�n lnw
i
n +

1

2

NX
n=1

MX
m=1

�nm lnw
i
n lnw

i
m +

NX
n=1

UX
u=1

�nu lnw
i
nzu (4.7)

Notice that equation (4.7) implicitly assumes linear homogeneity of the aggregators in their arguments. This

assumption is stronger than the homotheticity assumption that would be su¢ cient for two-stage optimization

to be consistent, but is required here to ensure that the value of the aggregators depend just on the composition

of minor occupations within each group, and not also on the total level of employment in the groups36 . Under

this condition, the aggregators can be interpreted as unitary cost functions for the corresponding major groups,

and Shephard�s lemma applied to (4.7) yields I systems of share equations for the minor occupations belonging

to each major group i37 :

sin = �n +
MX
m=1

�nm lnw
i
m +

UX
u=1

�nuzu 8 n = 1; :::; N 2 i and 8i (4.8)

The systems of share equations in (4.6) and (4.8) constitute a two-stage model of the �rms�behavior: in

the �rst stage, �rms optimize the occupational mix within each major group, by choosing the combination

of minor occupations that yields the minimum cost per employee of type i (4.8); then, conditional on their

choice at the �rst stage, �rms choose the optimal amount of employment in each major group and the optimal

quantity of non-labor inputs to minimize total costs (4.6). Service o¤shoring and the other shift-factors a¤ect

the substitutability among occupations at both levels.

Fuss (1977) has shown that, in the absence of shift-factors and quasi-�xed inputs, a translog-type aggregator

of the form ln�i =
PN

n=1 �n lnw
i
n +

1
2

PN
n=1

PM
m=1 �nm lnw

i
n lnw

i
m would be the exact representation of the

Divisia index for the wages of the minor occupations in group i38 . Following the same argument as Fuss�, it is

easy to show that this result holds also in the presence of shift-factors and quasi-�xed inputs.

Proposition 2. Given z a vector of shift-factors and quasi-�xed inputs, the correct speci�cation for the Divisia

35See Denny et al. (1982) and Jorgenson and Stocker (1982) for two applications of translog-type aggregators with shift-factors.
36This assumption also ensures that the product of the price and the quantity index equals total expenditure in the group (Green,

1964).
37Linear homogeneity and symmetry imply the following restrictions:PN

n=1 �n = 1;
PN
n=1 �nm =

PN
m=1 �mn = 0;

PN
n=1 �nu = 0; :�nm = �mn:

38This result is important in the light of the very well know properties of the Divisia index. In particular, Hulten (1973) has
shown that, provided aggregate price and quantity indexes exist and be linear homogeneous in their components, the Divisia index
is path independent and yields the exact values of the aggregator function; hence, under these assumptions - which hold in our case
- the Divisia index is the best index to retrieve the actual values of the aggregator.
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index is the one in equation (4.7)

Proof. See Appendix.

Hence, while allowing service o¤shoring to a¤ect the substitutability among occupations also at the second

stage, the aggregators in (4.7) yield perfect price indexes for the wages of the minor occupations in each major

group. We will exploit this result in the sequel.

5. Estimation strategy

The high level of detail of the occupational data implies high shares of zero employment observations for both

the minor occupations and the major occupational groups (see Data Appendix). As a result, the dependent

variables at both stages of the model are censored and SUR estimation would yield inconsistent parameter

estimates.

Consistent estimators for censored demand systems have been developed in the literature especially in a

cross-section framework39 . In a panel context, studies are still limited. The main reason is that, in panel data,

consistent estimation of censored demand systems is complicated by the presence of unobserved individual

heterogeneity and by the associated "incidental parameter problems" (Neyman and Scott, 1948; Lancaster,

2000). While the literature on non-linear panel data model with �xed-e¤ects is growing rapidly40 , existing

studies on censored demand system estimation have up to now dealt with unobserved heterogeneity by treating

it as random e¤ects (Jacubson, 1988; Chakir et al., 2004; Meyerhoefer et al., 2005). This will be also our

choice; in particular, our estimation strategy is based on a modi�ed version of the Quasi-Maximum Likelihood

Estimator (QMLE) proposed by Meyerhoefer et al. (2005).

5.1. Empirical model

Consider the stochastic version of the model in equation (4.6) and (4.8):

sinjt = �n +
MX
m=1

�nm lnw
i
mjt +

UX
u=1

�nuzujt + "
i
njt + cj (5.1)

39The �rst contributions are the primal approach by Wales and Woodland (1983), the dual approach by Lee and Pitt (1986)
(see Yen and Roe (1989) for an application) and the Tobit system by Amemiya (1974). More recent contributions include a set of
two-step estimators by Heien and Wessells (1990), Shonkwiler and Yen (1999), Perali and Chavas (2000), Yen et al. (2002) and the
quasi- or simulated-maximum likelihood estimators by , Yen et al. (2003) and Dong et al. (2004), Yen (2005), Yen and Lin (2006).
40See, among other, Honore (1992), Honore and Kyriazidou (2000), Arellano and Hahn (2006)
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Si;rjt = �i(r) +
IX
i=1

�iq(r) ln�
i(q)
jt +

RX
r=1

�ir(s) ln pr(s)jt + �i(r)Y lnYjt +
UX
u=1

�i(r)uzujt + �
i
jt + cj (5.2)

with sinjt and S
i;r
jt are both censored at zero. cj is the industry-speci�c random term capturing unobserved

individual heterogeneity, while �ijt and "
i
njt are idiosyncratic disturbances, assumed to be correlated both across

equations and across systems, uncorrelated with all the explanatory variables, and multivariate normally dis-

tributed with mean zero and variances �2� and �
2
", respectively. Following Chamberlain (1980, 1982), we model

the distribution of cj by assuming correlation with the explanatory variables at all time period. Unlike Cham-

berlain, however, we cannot assume correlation with all the explanatory variables: in fact, cj appears at both

stages of the model and thus assuming correlation with all the regressors at both stages would imply that the

distribution of cj at one stage di¤ers from that at the other stage. Hence, we are forced by the stucture of the

model to assume that cj is correlated only with the shift-factors, which appear at both stages of the model. As

a result, the distribution of cj is:

cj =

UX
u=1

TX
t=1

�utzjut + �j (5.3)

where �j is a projection error uncorrelated with all the explanatory variables and satisfying �j�N(0; �j)

and E(�j�
i
jt) = E(�j"

i
njt) = 0 8j; t and 8i; n41 .

Substituting equation (5.3) into (5.1) and (5.2), yields reduced forms for the structural equations at both

stages:

sinjt = �n +
NX
n=1

�nm lnw
i
njt +

UX
u=1

�nuzujt +
UX
u=1

TX
t=1

�utzjut + �
i
njt (5.4)

Si;rjt = �i(r)+
IX
i=1

�iq(r) ln�
i(q)
jt +

RX
r=1

�ir(s) ln pr(s)jt+�i(r)Y lnYjt+
UX
u=1

�i(r)uzujt+
UX
u=1

TX
t=1

�utzjut+$
i
jt (5.5)

where $i
jt = �

i
jt + �j and �

i
njt = "

i
njt + �j , with $

i
jt � N(0; �2$) and �injt � N(0; �2�).

41Economically, this particular structure for the correlation of cj can be justi�ed as follows. Suppose, for example, that sectors
caracterized by features such as high innovative ability are also those relying more on international o¤shoring, or caracterized by
larger stocks of physical and technological capital; then, the innovative ability would be unobserved, but correlated with the shift
factors.
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As evident, the structure of the reduced-form error terms is caracterized by cross-equation, cross-system,

correlation, through both the idiosyncratic components and the �j . Cross-system error correlation may seem

incompatible with HWS: some authors have indeed argued that, due to this assumption, errors should be

uncorrelated across equations of di¤erent optimization stages, thereby yielding a fully block-recursive system

(Bieri and de Janvri, 1972). However, La France (1991) and Edgerton (1993) have shown that block-recursivity

holds rarely and only under very restrictive assumptions on the variance-covariance matrix of the error terms.

Therefore, our error structure is not incompatible with HWS. Yet, cross-system error correlation implies relevant

estimation issues. In particular, the form of the aggregators is such that the shares of minor occupations, sin,

appear both as explained variables at the �rst stage and as explanatory variables at the second stage42 . Hence,

since the errors are correlated across stages, sin is endogenous to the system, thereby requiring some form of

instrumental variable (IV) estimation (Fuss, 1977; Edgerton et al, 1996). One possibility is to use �tted values

of sin, bsin, from the second stage regression either in an IV framework or directly in place of sin
43 . We prefer,

however, to follow Fuss (1977) and use bsin in place of sin in the second stage of the model. Notice that this is
tantamount to use estimated parameters from the systems in (5.4) to construct �tted values for the aggregator

functions in (4.7), ln b�i, and then use these �tted values in place of ln�i to estimate the system in (5.5).

Therefore, we need a way to consistently estimate the system in (5.4).

5.1.1. The �rts stage: Quasi-Maxumum Likelihood Estimation

A �rst way to consistently estimate the systems of reduced-form equations in (5.4) is through maximization

of the joint likelihood function. For the generic system, however, this would imply evaluation of NT normal

integrals, where N is the number of equations in the system and T the time dimension of the panel. This would

be unfeasible in our case, due to the high number of equations in each system.

As an alternative, we adapt the Quasi-Maximum Likelihood Estimator (QMLE) proposed by Meyerhoefer

et al. (2005). The estimator works in two steps: in the �rst step, consistent estimates are obtained for the

reduced form parameters of the systems in (5.4), by exploting the marginal distribution of the sinjt; in the

second step, Minimum Distance (MD) estimation is used to impose theoretical restrictions on these parameters

(symmetry and homogeneity), thereby recovering the structural parameters appearing in the expressions for the

42See Fuss (1977).
43Bowden and Turkington (1981) call the �rst method "restricted internal instruments", since the only instruments used are those

generated by the model. IV estimators in the Tobit context have been developed by Smith and Blundell (1986) for cross-sectional
data, and subsequently extended by Vella and Verbeek (1999) to the panel context.
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aggregators.

Let us focus on a generic system of dymension N in (5.4); for notational simplicity, let us also collect the

right-hand side variables into the matrix X = [x01; :::;x
0
j ; :::;x

0
J ]
0 - with generic submatrix xj containing the ob-

servations for the j-th individual in all time periods - and the associated parameters in the vector �. Notice that

each reduced form equation in (5.4) consists of the same explanatory variables; in the absence of cross-equation

restrictions, therefore, single-equation tobit estimation yields consistent estimates of the reduced-form parame-

ters in the system and of the associated variance-covariance matrix44 . Single-equation tobit estimation can be

performed in two ways. One possibility, used by Meyerhoefer et al. (2005), is to exploit the marginal distribu-

tion of the sinjt conditional on the xj and estimate each equation cross-section by cross-section. This estimation

strategy, however, has prooved to be unfeasible in our case, because, given the large dimension of each system

and the limited number of observations in each cross-section (135), the non linearity of the tobit model often

resulted in poor identi�cation of the parameters and the associated standard errors. The alternative strategy

we use is to note that, after stacking observations over time for a given individual, the reduced-form equations

in (5.4) are perfectly identi�ed - all the right-hand side variables are, in fact, time varying - and caracterized by

an error-component structure; moreover, the reduced-form parameters are separately identi�ed from those of

the distribution of cj45 . Hence, the system of equations in (5.4) can be estimated through equation-by-equation

random e¤ect tobit. Under the normality assumption of the �j , the random e¤ect likelihood function for the

generic equation in (5.4) is given by logLn =
PJ

j=1 log
R Y
t2cj

1 � �
�
�0x0jt+�j

�"

� Y
t2cj

�
�
sinjt��

0x0jt��j
�"

�
�(�j)d�j ,

where � and � are the standard normal cumulative and density functions respectively, cj = ftjsinjt = 0g and

cj is its complement, x0jt is the row vector of xj containing the t-th period observations of the explanatory

variables.

Maximization of the random e¤ects likelihood function implies T -dimensional integration. To reduce the

computational burden, we use Gaussian-Hermite quadrature with 12 quadrature points46 and the Newton-

Rapshon optimization algorithm. The resulting estimated parameters are consistent and e¢ cient (Hsiao, 2003).

Once reduced-form estimates have been obtained, restrictions suggested by economic theory (symmetry and

homogeneity) can be imposed on them through MD estimation. Let us call e� the subvector containing only
the unrestricted parameters from equation (4.8), with dimension N((K + 1)) � 1. De�ne with � the mapping

44Single equation tobit estimation, however, is less e¢ cient than system estimation, because it cannot exploit cross-equation
correlation among the error terms.
45Estimation by cross-section, instead, would require restrictions to be imposed in order to disentangle the reduced-form para-

meters from those of the distribution of cj (Meyerhoefer et al., 2005).
46Estimation has been carried out in Stata 9, using the xttobit routine.
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between restricted (structural) parameters (��) and unrestricted parameters, such that e� = �(��); the jacobian
of the transformation �(�) has full column rank equal to N((K+1))�N(N �1)=2� (K+1), where N(N �1)=2

is the number of symmetry restrictions and K + 1 is the number of homogeneity restrictions47 . Given the

linear nature of the restrictions, we can specialize �(��) as a linear function; hence, e� = H��, where H is a

N((K + 1))� (N((K + 1))�N(N � 1)=2� (K + 1)) matrix of restictions.

MD estimation is carried out by �nding the vector b�� that minimizes the following quadratic form:
b�� = argmin

��
[
be� �H��]0b��1[be� �H��] (5.6)

where be� contains the unrestricted parameter estimates from the �rst stage and b� is an estimate of the

variance-covariance matrix of be� . The latter has to take into account that be� is obtained from the N

marginal distributions rather than from the joint distribution. Adapting the result in Meyerhoefer (2002),

we use the following expression for the metric � used in the minimization problem: � =eD�1
1
eD2
eD�1
1 , with

eD�1
1 = diagfE(e
1)�1; :::; E(e
N )�1g, eD2 = E(eSeS0) and eS = feS01; :::; eS0Ng048 . e
n and eSn are, respectively, the

hessian and the score of the random e¤ect likelihood function for the n-th equation. We estimate e
n by means
of the observed information matrix. As to eSn, estimation would require computing @ logLn

@� j�=b�. However, due
to the very complicated, highly non-linear, nature of @ logLn@� , we encountered problems in estimating eSn. As an
alternative, we choosed to evaluate at b� the scores of the likelihood function obtained from the distribution of

the sinjt unconditional upon the �j , that is the likelihood function for the pooled tobit model. This implies that

� is no longer the optimal weighting matrix for problem (5.6); however, the estimates b��will still be consistent,
although ine¢ cient (Wooldrigde, 2002, chp. 8, 14). Since we are interested in consistency to recover the �tted

values of the aggregators, we can accept some e¢ ciency loss in exchange of sizeable reductions in computational

burden.

The parameter estimates b�� will be used to construct the �tted values for the aggregators, ln b�i, used in
place of ln�i for estimating the second stage of the model.

47Note that imposing homogeneity on the translog implies that the observed shares add up to 1, since
PN
n=1 �n = 1 andPN

n=1 �nm =
PN
n=1 �nu = 0. Nonetheless, latent shares need not add up to 1. Ways for imposing adding up restrictions on latent

shares have been proposed by Wales and Woodland (1983) and Dong et al.(2004). To the purpose of the paper, however, it is
enough to ensure adding up on the observed share, because this will yield parameter estimates which satisfy theoretical restrictions
and can thus be used to recover �tted values for the aggregators.
48Meyerhoefer (2002) has shown that, in the case of single equation estimation cross-section by cross-section, the appropriate

expression for � is � = D�1
1 D2D

�1
1 , with D�1

1 = diagfE(
11)�1; :::; E(
NT )�1g, D2 = E(SS
0) and S =fS011; :::;S

0
NT g.
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5.1.2. The second stage

Estimation of the second stage of the model is carried out along the same lines as the �rst stage. In order

to account for the presence of estimated regressors (ln b�i), we bootstrap the variance-covariance matrix of the
reduced-form parameter estimates49 . We implement the bootstrap with 50 replications and allow for bootstrap

samples of the same size as the estimation sample50 .

5.2. Elasticities and model speci�cations

In order to assess the e¤ects of service o¤shoring on the composition of white-collar employment, we compute

constant-output labor demand elasticity of each minor occupation and of each major group to SOSS. At the

�rst stage of the model, total output in the unitary cost functions in (4.7) is the number of employees in the

major group; hence, constant-output elasticities provide a direct measure of the compositional e¤ects of each

shift-factor zu for a given number of employees in the group. Constant-output elasticities at the �rst stage are

equal to:

�in;j;t;u =
@ logLin;j;t
@zu

=
�nu
sinjt

(5.7)

As evident, these elasticities are industry- and time-speci�c, due to the appearance of sinjt at the denominator.

At the second stage, computation of constant-output elasticities is more complicated, due to the fact that a

change in the shift-factor a¤ects demand for each group through two channels: a direct e¤ect and a price e¤ects

(4.4). Specializing equation (4.4) to the translog case yields:

�i;j;t;u =
@ logLi

@ log zu
+

 
IX
i=1

@ logLi

@ log�i
� @�
@zu

!
=

aiu
Sij;t

+

" 
aii
Sij;t

+ Sij;t � 1
!
�
 

NX
n=1

�nu lnw
i
nt

!#
+

+
X
q 6=i

" 
aiq
Sij;t

+ Sqj;t

!
�
 

NX
n=1

�nu lnw
q
nt

!#
(5.8)

where the �rst term accounts for the direct e¤ect, while the second and third terms account for the indirect

49Bootstrap is a simple alternative to the variance-covariance adjustment needed to account for the presence of estimated regres-
sors. The correct expression for the variance-covariance matrix can be found in Wooldrige (2002, chp.12).
50We choose 50 replications since this is the lowest number ensuring estimation of reliable standard errors. Using a higher number

of replications would slow down dramatically the estimation process, since for each replication a quite high number of iterations is
necessary for the random e¤ect likelihood function to converge.
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e¤ects through price changes51 .

Both equation (5.7) and (5.8) are written in terms of deterministic shares, sinjt and S
i
j;t. However, since

the estimated sinjt and S
i
j;t are random variables, equations (5.7) and (5.8) have to be expressed in terms of

the expectation of sinjt and S
i
j;t, i.e. E(s

i
njt) and E(S

i
j;t). The latter, in turn, can be estimated as E(s

i
njt) =

�

� b�0x0jtb��
� b�0x0jt + b���� b�0x0jtb��

�
and E(Sij;t) = �

� b�0x0jtb�!
� b�0x0jt + b�!�� b�0x0jtb�!

�
, where the vector x in both

equations collects the right-hand-side variables from the systems at both stages (equation (5.5) and (5.4)).

Di¤erentiating E(sinjt) and E(S
i
j;t) with respect to the k-th variable in x yields the marginal e¤ect produced

by a change in that variable on the expected shares52 .

Substituting the espressions for the expected shares in place of the deterministic shares and the espressions

for the marginal e¤ects in place of the corresponding coe¢ cients in equation (5.7) and (5.8), yields the stochastic

expressions for the demand elasticities to a given shift factor. Also this espressions vary both across industries

and over time.

Turning to the speci�cation of the model, we estimate four di¤erent versions of equations (5.5) and (5.4). In

the baseline speci�cation (MODEL 1), we control for the e¤ects of material o¤shoring (MOSS ) and technical

progress (TECH ) - measured as the ex-ante rate of return on high-tech capital53 .

The second speci�cation (MODEL 2) includes also a set of time dummies (D) to control for the e¤ects

of year-speci�c factors that may have in�uenced the demand for speci�c minor occupations or major groups:

among these, the most likely to exerts e¤ects have been the dot-com boom and bust and the economic downturn,

as seen from previous studies54 .

The third speci�cation allows for potentially di¤erent e¤ect of service o¤shoring to low-wage countries

(MODEL 3).

Finally, since the assumption of strict exogeneity of the explanatory variables - necessary to ensure consis-

tency of the parameter estimates - may be questionable in our case55 , we test the robustness of our results by

estimating also a fourth speci�cation in which all variables enter lagged once (MODEL 4). Lagged variables

51Each square-bracketed term is composed of two round-bracketed terms: the �rst gives the expression for the own (cross) price
elasticity of demand, while the second accounts for the change induced in the aggregator by the variation in the shift-factor.

52These marginal e¤ects are equal to
@E(sinjt)

@xk
= �

� b�0x0jtb��
�
�k and

@E(S
i;r
j;t )

@xk
= �

� b�0x0jtb�!
�
�k (Wooldridge, 2002).

53See Berndt and Morrison (1995).
54Although time dummies are included among the shift-factors, they cannot be included in the expression for cj (equation (5.3)),

because the latter can contain only time-varying variables. Notice further that the inclusion of time dummies implies the following
additional restrictions to ensure homogeneity:

P
n �nt = 0 8t.

55Both the wages and the shift-factors can indeed be correlated with the idiosyncratic components: wages can be determined
endogenously by the interplay of labor demand and supply; o¤shoring can occur in industries caracterized by higher shares of
particular occupations, and so on.
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are, in fact, predetermined, and this reduces the risk of endogeneity.

Descriptive statistics about the explanatory variables at both stages and the dependent variables at the

second stage are reported in Table 556 .

6. Results

6.1. First stage: service o¤shoring and occupational upgrading

Our stylized facts showed that, with the only exception of "Computer and Mathematical Occupations" and

"Sales and Related Occupations", all the white-collar groups have experienced occupational upgrading. To

understand the role played by service o¤shoring, we present now the estimated labor demand elasticities to

service o¤shoring (computed as sample averages of the industry- and time-speci�c elasticities), together with a

wage index (i.e. the ratio of the wages of the minor occupations and the average wage of the major group) and

a measure of the level of educational attainement of each minor occupation. In the tables that follow, minor

occupations are ranked according to their educational attainement; the wage index is used to rank those minor

occupations with the same educational attainement. In general, wage index and educational attainement move

consistently: the higher the level of educational attainement, the higher the wage index. Hence, saying that a

major group has experienced occupational upgrading according to our measure (3.2) implies that, within the

major group, high-skilled occupations have gained employment shares at the expense of low-skilled occupations.

We start from the two groups which have experienced occupational downgrading. These are quite di¤erent

groups of workers, the employees in "Computer and Mathematical Occupations" being relatively more skilled

and better paid than those in "Sales and Related Occupations". Moreover, the group "Sales and Related

Occupations" is caracterized by a higher dispersion of the minor occupations both in terms of their wage indexes

and in terms of their educational level (column 1 and 2 in Tables 6 and 7)57 . Given these strong di¤erences,

it is unlikely that service o¤shoring has represented a common explanation for the documented occupational

downgrading. And, in fact, constant-output elasticities reported in the remaining columns of Tables 6 and 7

lend no support in favor of a signi�cant role of service o¤shoring in explaining the downgrading.

56 In order to save space, descriptive statistics about dependent variables at the �rst stage are not reported.
57The two groups di¤er signi�cantly also in terms of the caracteristics that make the minor occupations exposed to the risk of

service o¤shoring: in particular, all the four minor occupations in the group "Computer and Mathematical" have been classi�ed
as "at-risk" by Bardhan and Kroll (2003) and share the features outlined by Blinder (2005) in terms of the impersonal nature
of the services provided; on the contrary, the only occupation that, according to Bardhan and Kroll (2003), can be classi�ed as
"at-risk" in the group "Sales and Related Occupations" is "Telemarketers", an occupation which clearly shows also the feature of
impersonality suggested by Blinder (2005).
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Starting from the group "Computer and Mathematical Occupations" (Table 6), our results suggests that,

if anything, service o¤shoring would actually have determined some occupational upgrading. In particular, we

�nd a positive and signi�cant demand elasticity for the minor occupation "Database Administrators", which

represents the most skilled occupation among those for which the level of educational attainement is available,

and is caracterized by wages 5% higher than the mean of the group; this result is robust across all speci�cations.

This result is consistent with available projections in future employment growth rates across minor occupations:

in particular, according to the BLS - as cited by Mann (2003) - "Database Administrators" are among those

occupations expected to realize the highest increase in employment by 2010 in the economy as a whole.

Our results show also that service o¤shoring to low-wage countries produces e¤ects which are only limitedly

di¤erent from those of overall service o¤shoring. Precisely, we found only some negative e¤ects of service

o¤shoring to low-wage countries on "Computer Programmers". This suggests that the relocation of service

activities to low-wage countries may have caused some substitution away from national computer programmers.

This result implies that service o¤shoring to low-wage countries has accounted for part of the decline in the

total employment of this occupation documented in previous studies (Kirkegaard, 2004)58 .

Turning to the group "Sales and Related Occupations", our results show that also in this case service

o¤shoring has acted in favor of the most skilled, most paid, occupations; hence, not only is service o¤shoring

unresponsible for the occupational downgrading experienced by the group, but rather it has stimulated some

upgrading within it. Constant-output demand elasticities reported in the last columns of Table 7 reveal that

service o¤shoring has exerted positive and signi�cant e¤ects on the minor occupation "Sales Engineers", which

is the most skilled in the group and earns the highest wage (26% above the group mean)59 . Hence, once again,

there is evidence con�rming that the e¤ects of service o¤shoring on the composition of white-collar employment

run in the direction suggested by the law of comparative advantages, with U.S. high-skilled occupations gaining

importance relative to low-skilled occupations as a result of service o¤shoring. Also in this case, service o¤shoring

to low-wage countries was found to exert only limitedly di¤erent e¤ects from overall service o¤shoring.

Notice that, in the speci�cations omitting the time controls - MODEL1 and MODEL 4 -, part of the

e¤ect of service o¤shoring on "Sales Engineers" is counterbalanced by a positive e¤ect on two low-wage, low-

58While service o¤shoring alone would have determined occupational upgrading in this group, unreported results suggest that,
at least in part, the downgrading which actually occurred is due to technical change, which has favored occupations earning
relatively lower wages but being complements of the new technologies ("Computer Support Specialists"), at the expense of high-
wage occupations, which have been partly substituted away from the di¤usion of such technologies ("Computer Programmers").
59According to the de�nition of the BLS, "Sales Engineers" are equivalent to other engineers as far as their educational level is

concerned: this has to be at least a bachelor degree. The only di¤erence with the group "Architecture and Engineering Occupations"
is that "Sales Engineers" perform merchandising activities, while workers in the group "Architecture and Engineering Occupations"
are engaged in planning and design activities.
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skilled, occupations - i.e. "Demonstrators and Product Promoters" and "Cashiers" -. This e¤ect, however,

disappears when time controls are included in the speci�cation: estimated elasticities from either MODEL

2 or MODEL 3 are, in fact, insigni�cant60 . Hence, the evidence that service o¤shoring has produced some

occupational upgrading in the group is more clear-cut when the speci�cation allows for the presence of time-

speci�c components. This may suggest that time-speci�c, cyclical, factors may have been one of the explanations

for the downgrading actually experienced by the group.

Up to now, our results show that the common concerns that service o¤shoring will damage high-skill white-

collars is ill-founded. In the only two groups experiencing occupational downgrading, service o¤shoring was

actually found to act in favor of the high-skilled, high-paid, occupations. This result is consistent with the-

oretical and descriptive studies surveyed before. However, in order to have more direct evidence about the

contribution of service o¤shoring to the shift in employment composition towards high-skilled white-collar oc-

cupations documented before, we have to look at the remaining groups in which occupational upgrading did

occur during the period under study. To preview the results, we found that, with limited exceptions, service

o¤shoring has in fact caused part of the occupational upgrading occurred within these white-collar groups. The

two groups in which this evidence is most robust are "Architecture and Engineering Occupations" and "Busi-

ness and Financial Operations"; those in which it fails to hold are, instead, "Managers" and "Life, Physical and

Social Sciences Occupations".

Starting from the group "Architecture and Engineering Occupations", Table 8 shows that the labor demand

elasticity to service o¤shoring is positive and signi�cantly di¤erent from zero for almost all occupations in the

upper part of the table, which are caracterized by the highest level of educational attainement and by wages

higher than the group mean by factors ranging from 19% to 55%. Apart from the occupations "Petroleoum En-

gineers" and "Aerospace Engineers", these results are robust across speci�cations. Generally, service o¤shoring

to low-wage countries exerts somewhat larger e¤ects, although these remain typically limited in magnitude.

Similar evidence emerges for the group "Business and Financial Operations " (Table 9). Also in this case,

the most skilled and most paid occupation ("Management Analysts") is caracterized by a positive, signi�cant,

and robust labor demand elasticity to service o¤shoring. Among the remaining occupations, moreover, service

o¤shoring seems to have favored also some of those with wage close to, or slightly above, average ("Compliance

o¢ cers, except agriculture, construction, health and safety, and transportation" and "Cost estimators")61 . On

60This is true for both models in the case of "Demonstrators and Product Promoters", and only for MODEL 3 in the case of
"Cashiers".
61This result is more robust for "Compliance o¢ cers, except agriculture, construction, health and safety, and transportation";
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the contrary, we did not �nd any signi�cant e¤ect of service o¤shoring on minor occupations earning wages

signi�cantly below average. It is worth noticing that for none of the occupations classi�ed as "at-risk"by

Bardhan and Kroll (2003) we found robust evidence of a negative e¤ect of service o¤shoring62 . For two of them

- "Budget Analysts" and "Accountants and Auditors" - labor demand elasticities are negative but generally

insigni�cant. For the other two - "Management Analysts" and "Cost Estimators" - the elasticities are positive

and often signi�cant.

Finally, there is evidence for service o¤shoring being a signi�cant explanation also for the occupational

uprgading occurred in the group "O¢ ce and Administrative Support Occupations" (Table 10). Notice that,

unlike previous major groups, in this case the wage index and the educational attainement yield somewhat

con�icting indications about the skill level of each minor occupation. In general, however, for the most skilled

occupations - those with at least a vocational or technical degree - we found positive and signi�cant labor demand

elasticities to service o¤shoring; these results proove to be robust across speci�cations, with the only exception of

the "Financial Clerks". Moreover, looking at the occupations with slightly lower levels of educational attainment

(some college, but not degree), we found additional evidence in favor of a positive e¤ect of service o¤shoring on

the occupational upgrading of the group. What is especially relevant in this respect is that service o¤shoring has

exerted negative e¤ects on those occupations earning below-average wages63 . For the remaining occupations with

the same level of education - "First-line supervisors/managers of o¢ ce and administrative support workers" and

"Executive secretaries and administrative assistants" -, we found either no e¤ect at all, or positive - although

not fully robust - e¤ects from service o¤shoring; these occupations earn wages that exceed the mean of the

group by 6% to 50%64 .

In all the major groups analyzed so far, service o¤shoring has acted in favor of the most skilled, most paid,

occupations, in line with the structure of comparative advantages of the U.S. and consistently with the evidence

surveyed in section 2 about past and projected employment trends. As anticipated, however, in the remaining

major groups ("Managers" and "Life, Physical and Social Sciences Occupations"), we found some evidence that

service o¤shoring has acted against the most skilled occupations; this has occurred even though such groups

for the "Cost Estimators", instead, it holds only in the speci�cations without time dummies.
62Bardhan and Kroll (2003) classify as at risk the following occupations in the group "Business and Financial Operations":

"Budget Analysts", "Accountants and Auditors", "Management Analysts" and "Cost Estimators".
63"Material Recording, Scheduling, Dispatching, and Distributing Workers" and "Other O¢ ce and Administrative Support

Workers".
64Quite surplisingly, for those occupations typically thought to be at high risk - e.g. "Switchboard operators" -, not only did we

�nd no negative e¤ect at all from service o¤shoring , but actually, we found positive (and signi�cant) e¤ects. Consistently with the
discussion in Mann (2003), this evidence shows that the employment decline in these occupations cannot be attributed to service
o¤shoring; instead, technological improvements - like, for example, the di¤usion of answering machines - are probably the principle
culprit.
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have experienced moderate to high occupational upgrading. In the case of "Life, Physical and Social Sciences

Occupations", we found robust evidence of a negative demand elasticity to service o¤shoring for the minor

occupation "Physical Scientists"; which is among the most skilled and most paid occupations (Table 11). This

result suggests that the high availability of quali�ed scientists abroad may have produced some negative e¤ect

on domestic workers; as before, this e¤ect is somewhat larger for service o¤shoring to low-wage countries, where

the availability of physicists and scientists at low costs has been increasing in recent years65 .

As to the group "Managers" (Table 12), we found a negative, although very small in magnitude, e¤ect of

service o¤shoring on the "Chief Executives" (CEO), together with a positive, but again modest in magnitude,

e¤ect on the minor occupations in the lower part of the table: the latter typically perform managerial tasks

related to the production process (industrial production, construction, material transportation). There are

several possible explanations for this result. A �rst explanation is linked to the e¤ects of service o¤shoring on

productivity (Amiti and Wei, 2006). In particular, if service o¤shoring increases productivity, it will induce those

�rms more involved in the o¤shoring practice to become more e¢ cient and to grow faster than other; this will

lead to mergers and acquisitions between �rms in a given sector, as a result of which, for a given total number

of managers, the number of CEOs in the sector will decline; at the same time, the employment composition of

the "Managers" will shift towards minor occupations more involved in purely productive tasks. Notice that this

result is consistent with existing descriptive evidence about the employment trends in the group "Managers":

Kirkegaard (2004) documents strong employment declines for the CEOs between 2000 and 2002, especially in

manufacturing. A second explanation for this result can be found in Antras et al. (2006b). The authors show

that service o¤shoring generally increases wage inequality among the managers, because, as a result of service

o¤shoring, the number of active managers in the more advanced country increases, and this leads to higher wage

dispersion among the managers66 . However, for a given number of managers, service o¤shoring actually reduces

wage inequality, because it makes low-skilled managers scarcer and thus more valuable (low-skilled managers

are those that match with production workers abroad). Since we are working with constant-output elasticities

and evaluating the e¤ect of service o¤shoring on the composition of each major group for a given number of

employees in that group, our results are consistent with those predicted by the model of Antras et al. (2006b).

65 If service o¤shoring has acted againsts the most skilled occupations in the group, technological progress has represented the
main explanation for the strong occupational upgrading actually occurred. Unreported results show positive and signi�cant e¤ects
from our proxy for technical progress on the most paid occupation ("Market and Survey Researchers") and negative and signi�cant
e¤ects on the least paid ("Life, Physical, and Social Science Technicians").
66Notice that, although we are reasoning on the employment e¤ects of service o¤shoring, our results are directly linked to the

changes in wage inequality induced by service o¤shoring within each group. This is because our elasticities are computed from
cost-share equations derived from a translog cost function (see, among other, Feenstra and Hanson, 1996, 1999),
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To sum up our results from �rst stage estimation, we found that, contrary to common concerns but consis-

tently with previous studies and evidence, service o¤shoring generally acts in favor of the most skilled occupations

within each group, thereby stimulating occupational upgrading. The only exceptions are the groups Managers"

and "Life, Physical and Social Sciences Occupations".

In general, however, the e¤ects of service o¤shoring are quite small in magnitude, consistently with the still

limited scope of the phenomenon. With some exceptions, service o¤shoring to low-wage countries produces

similar e¤ects to overall o¤shoring, although somewhat larger in size.

6.2. Second stage: service o¤shoring and employment in the major groups

Moving to the second stage of the model, Table 13 presents partial elasticities of demand for each major group

to service o¤shoring. This elasticities are computed by taking account only of the direct e¤ect of a change in

service o¤shoring on the demand for each major group (the �rst addendum in equation (5.8)). Two main results

emerge from these estimates. First, the size, signi�cance, and robustness of the elasticities reveal that service

o¤shoring produced, at most, very limited e¤ects on the composition of white-collar employment. This �rst

result con�rms the previous �ndings about very limited e¤ects of service o¤shoring on total employment (Amiti

and Wei, 2005a) and is consistent with our stylized facts, which showed that the changes in the composition of

white-collar employment across major groups were limited in manufacturing between 1997 and 2002, a period in

which service o¤shoring remained very limited in size and was mostly concentrated in other developed countries,

whose skill endowments do not di¤er su¢ ciently from that of the U.S. to justify strong compositional e¤ects.

Moreover, previous studies have suggested that the bulk of the change in the structure of employment occurred

in the U.S. in recent years may have had little to do with service o¤shoring and been instead explained by

factors like the dot-com boom and bust and the macroeconomic downturn (Mann, 2003; Schultze, 2004): our

results support this conclusion.

The second result is that the sign of the partial elasticities is in general consistent with our theoretical priors:

with the only exception of "Computer and Mathematical Occupations", high-skill groups are caracterized by

positive demand elasticities to service o¤shoring, while low-skill groups are caracterized by negative elasiticites.

Also these pieces of evidence suggest that the concerns about the e¤ects of service o¤shoring on high-skill

white-collars are, at best, exaggerated: if anything, service o¤shoring induces increasing demand for the most

skilled white-collar occupations, and decreasing demand for the least skilled.

When we move from partial to full elasticities of demand (equation (5.8)), the picture changes only slightly.
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Table 14 reports weighted and unweighted average elasticities for the eight major groups, where the weights

are the shares of each industry in total manufacturing employment. Full elasticities maintain the same sign as

partial elasticities. Moreover, the magnitude of the full elasticities is close to that of the partial elasticities,

suggesting that the price e¤ects acting through the aggregators are negligible: this is consistent with the above

documented limited e¤ects of service o¤shoring within each major group. Clearly, theoretical expectations are

con�rmed by our results, as high-skilled white-collars are typically favored by service o¤shoring.

Summing up, service o¤shoring seems to produce very limited employment composition e¤ects among the

white-collars; these e¤ects go in the direction suggested by standard international trade theory and by the law of

comparative advantages. This result is consistent with the evidence from previous studies and with our stylized

facts. Also in this case, the e¤ects of service o¤shoring to low-wage countries do not di¤er sizeably from those

of overall service o¤shoring.

The most relevant exception to these conclusions is represented by the group "Computer and Mathematical

Occupations", for which we found negative demand elasticities to service o¤shoring despite the high-skill level

of the group. Once again, however, the magnitude of the estimated full elasticities is very small, and the partial

elasticities were never found to be signi�cant. Therefore, even though service o¤shoring may have produced

some negative employment e¤ects on this group, by no means can such e¤ects account for the whole employment

decline experienced by the group itself in recent years (Mann, 2003; Kirkegaard, 2004).

7. Summary and conclusions

This paper has studied the e¤ects of service o¤shoring on the composition of white-collar employment. We

have used highly disaggregated employment and wage data for the U.S. and developed a two-stage model of the

�rms�behavior based on HWS, which enabled to study the e¤ects of service o¤shoring on the composition of

white-collar employment both among major occupational groups and within each group. The model has been

estimated by adapting the QMLE developed by Meyerhoefer et al. (2005), in order to account for the high

shares of corner solutions due to the high level of detail of the occupational data.

Our results can be summarized as follows. First, in manufacturing, the composition of white-collar employ-

ment has shifted towards high-skilled occupations and away from low-skilled ones. Nevertheless, the magnitude

of the shift was quite limited.

Second, the role played by service o¤shoring in determining this shift has been quite limited in magnitude,
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and this is true also of service o¤shoring to low-wage countries. Third, the sign of the e¤ects of service o¤shoring

is, with very limited exceptions, consistent with the predictions of the law of comparative advantages: service

o¤shoring acts in favor of high-skilled white-collar occupations both among major groups and within the major

groups.

These results show that popular concerns about service o¤shoring are probably exaggerated. As it was

the case for material o¤shoring, in fact, service o¤shoring is probably more an opportunity than a threat

for industrialized economies. In fact, while its employment e¤ects are limited - both on overall employment

(Amiti and Wei, 2005a, 2006b) and on the composition of employment (as shown in this paper)- its e¤ects on

productivity are sizeable (Mann, 2003; Amiti and Wei, 2006): hence, service o¤shoring will rise e¢ ciency of

domestic �rms, thereby allowing them to face lower production costs and to reduce the prices of their products,

which will ultimately bene�t domestic consumers.

Our results suggest also some interesting policy implications. In the short-run, retraining programs aimed

at improving job-speci�c skills can help workers at risk of service o¤shoring to shield themselves from this risk;

such programs may also facilitate the transition of displaced workers to the high-skilled, high-wage, occupations

retained at home. In the long-run, the educational system can be re-oriented to provide workers with the skills

needed to be hired in occupations maintained at home.
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Proofs of propositions

Proposition 1 Assume that CSR(w11; :::w
i
n; :::; w

l
N ;p

0Y ; z0) is weakly separable in the variable inputs and that

�rms choose the optimal amount of minor occupations in two stages. Due to the separability assumption, at the

�rst stage, for any given level of employment in each major group, �rms choose the optimal demand for each

minor occupation by looking only at the wages of the minor occupations in the group and at the given level of

the shift-factors and of the quasi-�xed inputs. Total expenditure in major group i will thus be given by �i =

�(wi1; :::; w
i
N ; L

i; z) = min
Li1;:::;L

i
N

[
P

n w
i
nL

i
n s.t. L

i = L(Li1; :::; L
i
N ) and z]. Further assuming homotheticity of the

�i implies that �i = h(Li ��(wi1; :::; wiN ; z)), where h is a positive monotonic transformation and �(wi1; :::; wiN ; z)

is linearly homogeneous in the vector of wages wi:

Once the �rst stage of the optimization process has been solved, �rms choose the optimal number of em-

ployees in each major group to minimize total costs. Hence, it will hold that CSR(�1; :::; �i; :::�I ; Y ; z) =

min
L1;:::;LI

[
P

i �
i s.t. y = f(L1; :::; LI ; z)] = min

L1;:::;LI
[
P

i h(L
i � �(wi1; :::; wiN ; z)) s.t. y = f(L1; :::; LI ; z)] =

CSR(w
1
1; :::w

i
n; :::; w

l
N ;p

0Y ; z0). Hence, under HWS in the variable inputs, TSO conditional upon z implies

that CSR(w11; :::w
i
n; :::; w

l
N ;p

0Y ; z0) has an equivalent representation in CSR(�1; :::; �i; :::�I ; Y ; z) with �i =

�(wi1; :::; w
i
N ; z); as a result, TSO conditional upon z is consistent.

Proposition 2 The Divisia index for the wages of the minor occupations in major group i is � ln�i =P
n s

i
n� lnw

i
n, which has a discrete approximation in

ln�i � ln�i0 =
X
n

0:5(sin;0 + s
i
n)(lnw

i
n + lnw

i
n;0) (A1)

where the subscript 0 indicates the base period of normalization, in which all wages are set up to 1. From

equation (4.8), this normalization implies sin;0 = �n+
UP
u=1

�nuzu, while from equation (4.7) it implies ln�i0 = 0.

Substituting back into equation (A1) yields:

ln�i =
X
n

0:5

 
�n +

UX
u=1

�nuzu + s
i
n

!
lnwin

which, after further substituting in equation (4.8) yields:

ln�i =
X
n

0:5

 
�n +

UX
u=1

�nuzu + �n +
MX
m=1

�nm lnw
i
m +

UX
u=1

�nuzu

!
lnwin
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Finally, rearranging terms gives:

ln�i =
NX
n=1

�n lnw
i
n +

1

2

NX
n=1

MX
m=1

�nm lnw
i
n lnw

i
m +

NX
n=1

UX
u=1

�nu lnw
i
nzu

Hence, in the presence of shift-factors and quasi-�xed inputs, equation (4.7) is the correct speci�cation for

the Divisia index of the wages of the minor occupations in each major group.
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Data Appendix

This section provides additional details on data sources and variable de�nitions.

Occupational Data

The OES is an annual survey that covers approximately 400,000 establishments each year aver a total of 1.2

million establishments67 . Each year survey is based on a probability sample, strati�ed by area, industry, and

establishment size, designed to represent the total number of establishments.

Employment and wage estimates for each year are obtained using survey results for that year and for the

previous two years, so that the estimates are always based on 3 years of sample data68 . Industry-level employ-

ment �gures are computed from each survey as weighted average of establishment employment. Construction of

industry level wage �gures is more complicated. For each occupation, the survey asks establishments to report

the number of employees earning wages falling into one of 12 contiguous intervals; for each interval, a mean

wage rate is then computed. These mean wage rates are used, together with the corresponding employment

�gures for each interval, to compute occupational wages as weighted averages of the mean wage rates. Finally,

in order to retrieve wage estimates for each year, data from the current survey is combined with that from the

previous two years. The latter is adjusted to take account of in�ation, by applying a weighting factor based on

the BLS Employment Cost Index.

The OES survey is based on the Standard Occupational Classi�cation (SOC) system, which distinguishes

occupations in 23 major groups (2-digit), each containing minor occupations at the 6-digit level. The total

number of minor occupations surveyed is 770. This �gure is much higher than the number of occupations used

in the analysis. The reason is due to the fact that the occupational classi�cation method employed by the BLS

changed in 1999, with the adoption of the SOC system. Due to the change, comparable wage estimates for the

periods 1997-1998 and 1999-2002 are available only for 374 6-digit SOC occupations. Out of this number, we

restricted attention only at those occupations with positive employment in at least one manufacturing industry

in each year of the sample period; this yielded a total number of 275 6-ditig occupations, belonging to 20 2-digit

groups69 .

Out of this number, 7 groups consist of occupations that cannot be considered as productive inputs in

67Each establishment is surveyed once every three years, so that three years are necessary for the full number of establishments
to be surveyed.
68The only exception is data for 1997, which was constructed using only 2 years of data, 1996 and 1997.
69The total number of 2-digit groups in the SOC classi�cation is 23. Three groups, however, are not present in the manufacturing

sector over the sample period: "Community and Social Service Occupations", "Healthcare Support Occupations" and "Military
Speci�c Occupations".
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an even broadly de�ned production process: "Arts, Design, Entertainment, Sports and Media Occupations",

"Education, Training and Library Occupations", "Protective Service Occupations", "Farming, Fishing and

Forestry Occupations", "Personal Care and Service Occupations", "Healthcare Practitioners and Technical

Occupations", "Food Preparation and Serving Related Occupations"; we therefore excluded these occupations

from the analysis. The remaining 13 groups contain 230 6-digit SOC occupations. These occupations had

to be merged with their counterparts for the period 1997-1998. Since a correspondence table is not available

yet from the BLS, we merged occupations based on the de�nition of the tasks they perform (available from

BLS)70 . Finally, to make the dimension of the problem tractable, we aggregated the 6-digit occupations into

the corresponding 5-digit occupations. This yielded the �nal number of 111 occupations. The OES report data

on wages and employment both for the minor occupations and for the major groups. The latter, however, are

estimated considering also minor occupations for which employment and wage �gures are not reported due to the

small number of employees in these occupations. Hence, we estimated our own data for employment and wages

of the major groups, by taking into account only the minor occupations used in the analysis: total employment

for each major group, then, has been obtained as sum of the number of employees in the constituent minor

occupations; average wages have been obtained as employment-weighted averages of the wages of the minor

occupations belonging to each major group.

Wage and employment estimates for these occupations are available for 140 3-digit SIC. Due to excessive

number of missing values, 5 industries were excluded from the analysis, yielding a �nal number of 135 sectors71 .

Starting from 2002, the NAICS classi�cation replaced the SIC. Hence, OES started reporting data at 4- and 5-

digit NAICS levels. In order to make 2002 data comparable with earlier period estimates we converted 4-digit

NAICS data into 3-digit SIC industries based on the correspondence table provided by the U.S. Census Bureau;

wage estimates were computed as employment weighted averages of the wage earned by each occupation in the

NAICS sectors corresponding to each SIC industry.

Finally, for those occupations and industries with zero employment, the OES does not provide a wage

estimate. Hence, we assumed that �rms hire workers in each occupation based on the economy-wide average

wage for that occupation; that is, when �rms make decisions as to the number of workers to hire, the expected

cost to them for each occupation corresponds to the wage paid for that occupation in the economy as a whole.

70The correspondence scheme is available from the author upon request.
71The excluded industries are: Logging (241); Newspaper Publishing, or Publishing and Printing (271); Periodicals Publishing,

or Publishing and Printing (272); Miscellaneous Printing (274); Greetings Cards (277). The full list of industries and related SIC
code is available from the author upon request.
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Therefore, we replaced missing wage estimates for the occupations and industries with zero employment with

the economy-wide average wages for those occupations provided by the BLS.

To have a glance of the importance of zero employment observations in our sample, table A1 reports the

percentage number of zero observations for each occupation, averaged over the period 1997-2002. As evident,

the degree of censoring varies widely across occupations, ranging from values virtually close to zero to values

exceeding 95% of observations.

Other Variables

The proxy for technological progress has been computed as in Berndt and Morrison (1995). First, we used

data on private, non residential, �xed assets provided by BEA at the 2-digit SIC level to calculate the share

of high-tech capital on total capital stock for each sector; high-tech capital includes computer and peripheral

equipments, software, communications, photocopy and related equipments, o¢ ce and accounting equipments.

Then, we calculated the total capital stock at the 4-digit level by extending the series in the NBER Productivity

Database (Bartelsman and Gray, 1996) by using data on investments in equipments and structures from the

Annual Survey of Manufactures and applying a perpetual inventory method, with depreciation rates equal to

7.7 for equipments and 3.5 for structures (Amiti and Wei, 2006). Finally, we applied the share of high-tech

capital for each 2-digit industry to the capital stock so computed for the corresponding 4-digit sectors: this gave

us an industry speci�c measure of the share of high-tech capital. In order to obtain a measure for the ex-ante

rental price of high-tech capital, we multiplied these shares by the rate of Baa bonds provided by the FED.

Data on real output was obtained by de�ating the total value of shipments obtained from the Annual

Survey of Manufacture with the price de�ator for shipments available from BEA ("Industry Economic Accounts

�Supplemental Estimates").

Data on expenditures in materials and electricity by 6-digit NAICS come from the Annual Survey of Man-

ufactures; the latter provides also information on the quantity of purchased electricity. We converted these

�gures at the 3-digit SIC level by means of the conversion table provided by the U.S. Census Bureau.

We computed the price de�ator for electricity by normalizing at one the average unit values in 200072 .

Computation of the non-energy material de�ator was more complicated. First we retrieved nominal non-energy

materials as di¤erence between material costs and electricity expenditures. Then, we de�ated material costs

with the 2-digit SIC de�ator provided by BEA ("Industry Economic Accounts � Supplemental Estimates")

72Average unit values for electricity were obtained by dividing the cost of purchased electricity by the quantity of purchased
electricity.
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and obtained real non-energy material costs as di¤erence between real material costs and real expenditures on

electricity. Finally, by dividing nominal non-energy material costs by real non-energy material costs we obtained

a 4-digit proxy for the price de�ator of non-energy materials.
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Table 1 – Major occupational groups by educational level, 2004§  
SOC code Occupation Name High school or less 

 
Some college College or Higher 

 High-Skilled White-Collars    

19-0000 Life, Physical and Social Sciences Occupations 9.0 12.6 78.5 

15-0000 Computer and Mathematical Occupations 8.2 21.2 70.6 

23-0000 Legal Occupations 11.9 23.5 64.6 

 Medium-Skilled White-Collars    

17-0000 Architecture and Engineering Occupations 13.2 30.2 56.6 

13-0000 Business Financial Operations 17.3 26.8 55.9 

11-0000 Managers 19.5 24.8 55.7 

 Low-Skilled White-Collars    

41-0000 Sales and Related Occupations 32.9 30.0 37.1 

43-0000 Office and Administrative Support Occupations 40.7 41.0 18.4 

 Blue-Collars    

53-0000 Transportation and Material Moving Occupations 61.8 26.4 11.7 

49-0000 Installation, Maintenance and Repair Occupations 54.2 37.3 8.5 

37-0000 Building and Grounds Cleaning and Maintenance Occupations 71.9 20.3 7.8 

51-0000 Production Occupations 68.8 24.3 6.9 

47-0000 Construction and Extraction Occupations 76.6 19.7 3.7 
§Fraction of the workforce in each group by educational degree 
Source: Bureau of Labor Statistics (Occupational Employment Statistics) 
 
Figure 1 – Service* and material offshoring in manufacturing§ 
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* Service imports are based on unaffiliated data. Low-wage countries are those classified as low- and middle-low income by the World Bank. 
§ Unweighted manufacturing averages.  
Source: Author’s calculations based on: BEA (“U.S. International Services: Cross-Border Trade 1986-2004, and Sales Through 
Affiliates, 1986-2003”, Table 5 and 7); BEA (“1997 Benchmark Input-Output Data”, Supplementary Make, Use and Direct 
Requirements Tables and Import Matrix); NBER (“U.S.” Trade by 1987-SIC category”). 
 
 



Table 2 – Employment changes in manufacturing by white-collar group§ 

SOC code Occupation Name Change in employment 
 High-Skilled White-Collars  

19-0000 Life, Physical and Social Sciences Occupations -12.4 

15-0000 Computer and Mathematical Occupations -41.5 

23-0000 Legal Occupations 118.4 

 Medium-Skilled White-Collars  

17-0000 Architecture and Engineering Occupations -21.5 

13-0000 Business Financial Operations -10.0 

11-0000 Managers -25.7 

 Low-Skilled White-Collars  

41-0000 Sales and Related Occupations -6.6 

43-0000 Office and Administrative Support Occupations -18.6 

 Manufacturing (Total) -12.6 
§Percentage changes in unweighted manufacturing averages (1997-2002). 
Source: Author’s calculation based on Bureau of Labor Statistics (Occupational Employment Statistics) 
 
Table 3 – Changes in the employment shares of the white-collar groups (1997-2002)§: within- and 
between-industry decomposition* 

SOC code Occupation name Total Within Between 

 High-skilled    
19-0000 Life, Physical and Social Sciences Occupations 0.04 0.06 -0.02 
15-0000 Computer and Mathematical Occupations -0.34 -0.31 -0.03 
23-0000 Legal Occupations 0.02 0.02 0.00 

 Medium-Skilled    
17-0000 Architecture and Engineering Occupations -0.29 -0.32 0.03 
13-0000 Business Financial Operations 0.15 0.18 -0.03 
11-0000 Managers -0.78 -0.57 -0.20 

 Low-Skilled    
41-0000 Sales and Related Occupations 0.28 0.41 -0.13 
43-0000 Office and Administrative Support Occupations -0.31 0.78 -1.09 
§Percentage changes 1997-2002.   
*Decomposition is carried out according to: ∑∑ ∆+∆=∆

j
ijj

j
jiji ESHESHESH 0297 θθ , where ijESH is the employment share of major 

group i in industry j and jθ is the share of industry j in total manufacturing employment. The first summation gives the within-industry contribution to the total 

change in the employment share of group i, while the second term gives the between-industry contribution.  
Source: Author’s calculation based on Bureau of Labor Statistics (Occupational Employment Statistics) 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4 – Occupational Upgrading within the white-collar groups (1997-2002)§* 

SOC code Occupation name Occupational Upgrading 

 High-skilled 8.72 
19-0000 Life, Physical and Social Sciences Occupations -1.70 
15-0000 Computer and Mathematical Occupations  

 Medium-Skilled  
17-0000 Architecture and Engineering Occupations 6.56 
13-0000 Business Financial Operations 0.39 
11-0000 Managers 0.11 

 Low-Skilled  
41-0000 Sales and Related Occupations -2.43 
43-0000 Office and Administrative Support Occupations 0.14 
§Percentages. 

*Occupational upgrading is computed as 
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, where iW and 
i
nw  are the wages of major group i 

and of minor occupation n, respectively, while nesh is the share of minor occupation n in total employment of major group i. The first summation measure the 

change in the average wage of the group to a shift in the employment composition of the group towards high-wage occupations and represents our proxy for 
occupational upgrading; the second summation gives the change in the average wage of the group accounted for by changes in the relative wages. 
Source: Author’s calculation based on Bureau of Labor Statistics (Occupational Employment Statistics) 
 
Table 5 – Descriptive statistics 
Variable #Obs Mean Std. Dev. Min Max 
Dependent Variables at Second Stage*  
 
Managers 577 3.70 2.24 0.00 16.01 
Business Financial Operations 577 0.59 0.45 0.00 3.07 
Computer and Mathematical Occupations 577 0.25 0.38 0.00 3.37 
Architecture and Engineering Occupations 577 1.06 1.65 0.00 15.64 
Life, Physical and Social Sciences Occupations 577 0.23 0.64 0.00 5.86 
Legal Occupations 577 0.01 0.03 0.00 0.32 
Building and Grounds Cleaning and Maintenance Occupations 577 0.12 0.10 0.00 0.95 
Sales and Related Occupations 577 0.97 0.93 0.00 8.28 
Office and Administrative Support Occupations 577 2.36 1.80 0.00 15.07 
Construction and Extraction Occupations 577 0.73 3.33 0.00 41.22 
Installation, Maintenance and Repair Occupations 577 0.60 0.54 0.00 2.84 
Production Occupations 577 10.20 7.17 0.00 85.81 
Transportation and Material Moving Occupations 577 1.78 1.60 0.00 10.88 
Electricity 577 2.29 3.17 0.10 22.87 
Non-Energy Materials 577 75.12 11.52 6.90 99.01 
            
Explanatory Variables 
Service offshoring 784 2.28 3.53 0.05 36.25 
Service offshoring to low-wage countries 784 0.45 0.79 0.01 8.60 
Material offshoring 784 16.01 10.21 0.52 75.61 
High-tech capital (ex-ante) 805 5.20 3.12 2.02 13.38 
Log capital stock 805 8.37 1.62 2.73 11.59 
Log real output 810 9.47 1.47 4.54 12.97 
*Total Cost Share of major group i, electricity and non-energy materials.  
 
 
 
 



Table 6 – Estimated constant-output elasticities of demand to service offshoring from first stagea 
      Computer and Mathematical Occupations 

Model Specification Occupation Name Wage Index* Educational 
Attainment** 

MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Computer systems analysts 113.9 - -0.0284 -0.0139 0.0253 -0.0147 
   0.0264 0.0283 0.1156 0.0451 
Database administrators 105.1 13 0.1452 0.1223 0.4260 0.1035 
   0.0478 0.0492 0.1899 0.0630 
Computer programmers 103.8 12 -0.0142 -0.0224 -0.1363 0.0067 
   0.0188 0.0199 0.0837 0.0288 
Computer support specialists 80.7 12 0.0370 0.0280 0.0475 0.0051 
      0.0217 0.0231 0.0933 0.0324 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree. 
§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 
 

Table 7 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

      Sales and Related Occupations 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Sales engineers 126.0 13 0.1381 0.1537 0.5486 0.3487 
   0.0381 0.0431 0.1797 0.0959 
Advertising sales agents 90.3 13 -0.1530 -0.1343 -0.6208 -0.2830 
   0.1734 0.1911 0.7314 0.3197 
Sales Representatives, Wholesale and Manufacturing 104.5 12 -0.0077 -0.0073 -0.0054 -0.0154 
   0.0071 0.0074 0.0063 0.0096 
Parts salespersons 54.4 11 1.2546 0.1223 3.7270 0.0026 
   1.0131 0.8738 5.5332 0.0013 
Telemarketers 45.7 10 0.1379 0.0540 0.0471 0.2433 
   0.1106 0.1173 0.5050 0.2483 
Retail salespersons 48.7 - -0.0001 -0.0192 -0.0706 0.0502 
   0.0319 0.0364 0.1561 0.0628 
Demonstrators and product promoters 51.1 9 0.5449 0.4558 2.7605 0.5395 
   0.3849 0.4114 2.4738 0.3515 
Cashiers, except gaming 33.4 8 0.8999 0.4714 0.5611 2.5558 
      0.3840 0.3034 0.6735 0.9506 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once.



Table 8 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

      Architecture and Engineering Occupations 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Petroleum engineers 154.8 14 0.0008 0.0072 0.0311 -0.0076 
   0.0006 0.0276 0.1164 0.0498 
Aerospace engineers 136.1 13 0.5934 0.3347 0.3915 0.7549 
   0.4017 0.3499 0.7716 0.7198 
Computer hardware engineers 134.4 13 0.2592 0.3315 0.9618 0.3867 
   0.0877 0.1206 0.5229 0.2862 
Mining and geological engineers, including mining safety engineers 123.4 - 0.0816 0.0931 0.4175 0.0155 
   0.0487 0.0500 0.2169 0.0729 
Marine engineers and naval architects 122.6 13 -0.0269 -0.0190 -0.0766 -0.0023 
   0.0376 0.0387 0.1647 0.0533 
Civil engineers 118.1 13 0.6264 0.4755 0.8673 0.9483 
   0.2788 0.2596 0.7192 0.5045 
Mechanical engineers 115.5 13 0.0103 0.0039 -0.0019 -0.0415 
   0.0255 0.0259 0.1088 0.0402 
Materials engineers 118.7 12 0.0522 0.0465 0.1726 0.0566 
   0.0330 0.0310 0.1252 0.0422 
Industrial Engineers, Including Health and Safety 112.3 12 0.0043 0.0055 0.0644 0.0299 
   0.0186 0.0187 0.0804 0.0286 
Agricultural engineers 112.3 - 0.0000 0.0155 0.0670 0.0031 
   0.0001 0.0451 0.1939 0.0711 
Engineering Technicians, Except Drafters 80.1 11 -0.0135 -0.0178 -0.0822 -0.0266 
   0.0246 0.0251 0.1061 0.0433 
Drafters 76.7 11 -0.0113 -0.0109 -0.0930 -0.0340 
      0.0273 0.0288 0.1116 0.0481 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 9 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

      Business and Financial Operations 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Management analysts 132.4 13 0.3159 0.2181 0.8699 0.9048 
   0.1656 0.1573 0.6622 0.3233 
Budget analysts 114.6 13 -0.0156 -0.0408 -0.5236 -0.1238 
   0.0805 0.0826 0.3505 0.1178 
Accountants and auditors 103.9 13 -0.0147 -0.0130 -0.0251 -0.0198 
   0.0105 0.0109 0.0468 0.0172 
Compliance officers, except agriculture, construction,  
health and safety, and transportation 102.6 12 0.3451 0.2502 0.5821 0.4590 
   0.1766 0.1672 0.4858 0.2158 
Cost estimators 102.0 12 0.0356 0.0147 -0.0487 0.0585 
      0.0228 0.0240 0.0969 0.0332 
Human Resources, Training and Labor Relations Specialists 98.4 12 0.0553 0.0715 0.2365 0.0382 
   0.0289 0.0306 0.1229 0.0451 
Buyers and Purchasing Agents 94.5 12 0.0006 0.0039 0.0178 0.0025 
   0.0115 0.0118 0.0508 0.0188 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 10 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

       Office and Administrative Support Occupations 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Statistical assistants 105.1 11 0.4765 0.4928 1.2191 0.4545 
   0.2017 0.2182 0.6393 0.2664 
Financial Clerks 101.7 11 0.0125 0.0099 0.0291 0.0090 
   0.0066 0.0062 0.0266 0.0113 
Order, receptionist and information clerks 89.6 11 0.0199 0.0214 0.0967 0.0408 
   0.0138 0.0137 0.0608 0.0257 
Information and Record Clerks 81.0 11 0.0811 0.0800 0.3608 0.1347 
   0.0501 0.0509 0.2127 0.0855 
First-line supervisors/managers  
of office and administrative support workers 150.2 10 -0.0029 -0.0006 0.0091 0.0064 
   0.0119 0.0120 0.0522 0.0182 
Executive secretaries and administrative assistants 106.4 10 0.0182 0.0195 0.0423 -0.0049 
   0.0092 0.0091 0.0386 0.0162 
Material Recording, Scheduling,  
Dispatching, and Distributing Workers 97.8 10 -0.0073 -0.0079 -0.0043 -0.0144 
   0.0054 0.0044 0.0038 0.0093 
Other Office and Administrative Support Workers 86.4 10 -0.0259 -0.0255 -0.0999 -0.0171 
   0.0102 0.0099 0.0432 0.0165 
Weighers, measurers, checkers, and samplers, recordkeeping 96.2 9 0.1004 0.1076 0.3316 0.1669 
   0.0411 0.0428 0.1634 0.0629 
Switchboard operators, including answering service 81.5 8 0.0898 0.1081 0.3191 0.1831 
      0.0385 0.0411 0.1640 0.0631 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 11 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

        Life, Physical and Social Sciences Occupations 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Life Scientists 115.8 14 0.4335 -0.1372 -0.5765 0.0324 
   0.2714 0.3214 1.0051 0.3285 
Physical Scientists 106.7 14 -0.0967 -0.1016 -0.4347 -0.0582 
   0.0461 0.0487 0.1872 0.0568 
Market and Survey Researchers 123.3 13 0.2729 0.1552 0.3167 0.0663 
   0.1319 0.1290 0.4347 0.1018 
Life, Physical, and Social Science Technicians 78.2 11 0.0154 0.0562 0.2811 0.1209 
      0.0451 0.0509 0.1934 0.0641 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 12 – Estimated constant-output elasticities of demand to service offshoring from first stagea 

        Managers 
Model Specification Occupation Name 

Wage 
Index* 

Educational 
Attainment** MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Chief executives 117.4 13 -0.0185 -0.0227 -0.0672 -0.0203 

   0.0051 0.0048 0.0221 0.0086 

Engineering managers 103.0 13 0.0003 0.0021 -0.0085 0.0048 

   0.0054 0.0050 0.0209 0.0064 

Financial managers 97.6 13 0.0091 0.0117 0.0240 0.0282 

   0.0108 0.0107 0.0466 0.0187 
Advertising, Marketing, Promotions,  
Public Relations and Sales Managers 100.2 12 

-0.0120 0.0040 0.0083 0.0553 

   0.0135 0.0129 0.0568 0.0234 

Human Resources Managers 82.2 12 0.0085 0.0250 0.0569 -0.0020 

   0.0155 0.0150 0.0637 0.0254 

Purchasing managers 79.0 12 0.0241 0.0357 0.0945 0.0181 

   0.0137 0.0137 0.0588 0.0241 
Property, real estate,  
and community association managers 55.6 12 

-0.0090 -0.0072 -0.0232 0.0244 

   0.0447 0.0456 0.2028 0.0711 

Industrial production managers 82.1 11 0.0127 0.0106 0.0265 -0.0082 

   0.0079 0.0079 0.0349 0.0130 

Construction managers 80.1 11 0.9387 0.7720 1.1019 1.0464 

   0.3973 0.3939 1.0036 0.6924 

Administrative services managers 77.8 11 0.0969 0.1053 0.2939 0.0759 

   0.0284 0.0296 0.1185 0.0405 
Transportation, storage, and distribution 
managers 77.6 11 

0.1292 0.2411 0.5136 0.1616 

   0.0840 0.1052 0.3380 0.0855 

Medical and health services managers 80.3 - 0.0074 0.0262 0.0734 0.0215 

      0.0447 0.0456 0.2028 0.0708 
a Standard errors in italics. Bold numbers indicate significant elasticities (p-value<10%). 
*Ratio between each minor occupation’s wage and the average wage or the major group. 
** 8= Grade 12, no diploma; 9= High-school graduate; 10= Some college, not degree; 11= Vocational or technical degree; 12= Associate degree in college; 13= 
Bachelor’s degree; 14= Master’s degree; 15= Professional school degree; 16= Doctorate degree  

§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 

 
 
 
 
 
 
 
 
 
 
 
 



Table 13 – Estimated partial elasticities of demand to service offshoring from second stagea 

Model Specification 
Occupation Name 

Educational 
Attainment * 

MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ 

Life, Physical and Social Sciences Occupations 78.5 0.0609 0.0055 0.3664 0.0144 
  0.0352 0.0436 0.1862 0.1346 
Computer and Mathematical Occupations. 70.6 -0.0453 -0.0526 -0.2443 -0.0516 
  0.0816 0.1003 0.3829 0.1568 
Legal Occupations 64.6 0.0716 0.4237 1.4833 1.2334 
  0.3913 0.6106 2.4305 0.8510 
Architecture Engineering Occupations 56.6 0.0988 0.1124 0.3636 0.0934 
  0.0703 0.0798 0.2942 0.1070 
Business Financial Operations 55.9 0.0507 0.0446 0.1484 0.0101 
  0.0321 0.0362 0.1163 0.0496 
Managers 55.7 -0.0232 -0.0194 -0.0672 -0.0043 
  0.0446 0.0423 0.1956 0.0356 
Sales and Related Occupations 37.1 -0.0094 -0.0333 -0.1971 0.0105 
  0.0702 0.0703 0.2901 0.0692 
Office and Administrative Support Occupations 18.4 -0.0262 -0.0198 -0.1115 -0.0225 
    0.0303 0.0337 0.1231 0.0671 
Bold numbers indicate significant elasticities (p-value<10%). 
a Partial elasticities take account just of the direct effect of service offshoring on demand for each major group, while they do not account for the indirect effect 
through changes in the aggregators. 
* Percentage of workers with at least a college degree. 
§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 

 
Table 14 – Estimated full elasticities of demand to service offshoring from second stagea 

 

MODEL 1§ MODEL 2§§ MODEL 3§§§ MODEL 4§§§§ Occupation Name 
Unweighted* Weighted** Unweighted* Weighted** Unweighted* Weighted** Unweighted* Weighted** 

Life, Physical and  
Social Sciences Occupations 0.0946 0.0788 0.0845 0.0638 0.6565 0.5296 0.0243 0.0193 
Computer and  
Mathematical Occupations. -0.0425 -0.0352 -0.0511 -0.0441 -0.2411 -0.2043 -0.0457 -0.0318 
Legal Occupations 0.0698 0.0527 0.4440 0.3706 1.4917 1.2733 1.2413 0.8835 
Architecture Engineering  
Occupations 0.1679 0.1582 0.1301 0.1248 0.3658 0.3209 0.1002 0.0745 
Business Financial  
Operations 0.0520 0.0461 0.0331 0.0341 0.1498 0.1339 0.0156 0.0129 
Managers -0.0197 -0.0208 -0.0183 -0.0170 -0.0646 -0.0641 0.0097 0.0092 
Sales and  
Related Occupations -0.0077 -0.0073 -0.0339 -0.0341 -0.2034 -0.2158 0.0111 0.0083 
Office and Administrative  
Support Occupations -0.0287 -0.0325 -0.0332 -0.0396 -0.1096 -0.1140 -0.0195 -0.0179 
a Full elasticities take account of both the direct effect and the indirect effect (through price changes) of service offshoring. 
* Unweighted manufacturing averages. 
** Weighted manufacturing averages. Weights: share of each industry in total manufacturing employment. 
§ Baseline specification: time controls excluded, overall service offshoring.  
§§ Time controls included, overall service offshoring. 
§§§ Time controls included, service offshoring to low-wage countries. 
§§§ Time controls excluded, overall service offshoring, all variables in the model lagged once. 
 



Table A1 – Occupations used in the analysis and degree of censoring 
SOC 
Code Occupation Name % zero 

obs. 
SOC 
Code Occupation Name % zero 

obs. 
110000 Managers 0.7       
111011 Chief executives 0.3 172051 Civil engineers 79.1 

112000 Advertising, Marketing, Promotions, Public 
Relations and Sales Managers 7.8 172061 Computer hardware engineers 70.4 

113011 Administrative services managers 17.0 172110 Industrial Engineers, Including Health and Safety 4.8 
113031 Financial managers 6.2 172121 Marine engineers and naval architects 98.7 
113040 Human Resources Managers 10.5 172131 Materials engineers 50.5 
113051 Industrial production managers 3.2 172141 Mechanical engineers 14.4 

113061 Purchasing managers 12.8 172151 Mining and geological engineers, including 
mining safety engineers 97.4 

113071 Transportation, storage, and distribution 
managers 48.3 172171 Petroleum engineers 97.5 

119021 Construction managers 88.9 173010 Drafters 36.3 
119041 Engineering managers 9.6 173020 Engineering Technicians, Except Drafters 12.6 
119111 Medical and health services managers 94.1 190000 Lyfe, Physical and Social Sciences Occupations 35.0 

119141 Property, real estate, and community association 
managers 96.3 191000 Life Scientists 78.6 

130000 Business Financial Operations 3.3 192000 Physical Scientists 31.0 
131020 Buyers and Purchasing Agents 3.8 193020 Market and Survey Researchers 14.6 

131041 
Compliance officers, except agriculture, 
construction, health and safety, and 
transportation 

75.5 194000 Life, Physical, and Social Science Technicians 57.2 

131051 Cost estimators 28.8 230000 Legal Occupations 83.0 

131070 Human Resources, Training and Labor Relations 
Specialists 21.4 370000 Building and Grounds Cleaning and 

Maintenance Occupations 4.7 

131111 Management analysts 73.1 372011 Janitors and cleaners, except maids and 
housekeeping cleaners 0.0 

132011 Accountants and auditors 1.1 373011 Landscaping and groundskeeping workers 70.9 
132031 Budget analysts 67.8 410000 Sales and Related Occupations 3.1 
150000 Computer and Mathematical Occupations 14.6 412011 Cashiers, except gaming 83.8 
151021 Computer programmers 6.9 412022 Parts salespersons 92.6 
151041 Computer support specialists 9.6 412031 Retail salespersons 47.9 
151051 Computer systems analysts 18.7 413011 Advertising sales agents 92.0 

151061 Database administrators 35.9 414010 Sales Representatives, Wholesale and 
Manufacturing 0.1 

170000 Architecture and Engineering Occupations 8.0 419011 Demonstrators and product promoters 82.1 
172011 Aerospace engineers 91.7 419031 Sales engineers 46.7 
172021 Agricultural engineers 96.5 419041 Telemarketers 86.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table A1 (concl.) 
SOC 
Code Occupation Name % zero 

obs. 
SOC 
Code Occupation Name % zero 

obs. 
430000 Office and Administrative Support Occupations 0.9       

431011 First-line supervisors/managers of office and 
administrative support workers 4.8 499012 Control and valve installers and repairers, except 

mechanical door 60.6 

432011 Switchboard operators, including answering 
service 26.2 499021 Heating, air conditioning, and refrigeration 

mechanics and installers 97.0 

433000 Financial Clerks 1.4 499031 Home appliance repairers 91.9 

434000 Information and Record Clerks 37.3 499040 Industrial Machinery Installation, Repair, and 
Maintenance Workers 61.3 

434100 Order, receptionist and information clerks 6.8 499063 Musical instrument repairers and tuners 97.1 

435000 Material Recording, Scheduling, Dispatching, 
and Distributing Workers 0.1 499090 Miscellaneous Installation, Maintenance, and 

Repair Workers 97.2 

435111 Weighers, measurers, checkers, and samplers, 
recordkeeping 1.9 510000 Production Occupations 0.2 

436011 Executive secretaries and administrative 
assistants 28.3 511011 First-line supervisors/managers of production and 

operating workers 0.9 

439000 Other Office and Administrative Support 
Workers 3.0 512000 Assemblers and Fabricators 12.0 

439111 Statistical assistants 84.2 513000 Food Processing Workers 90.4 
470000 Construction and Extraction Occupations 14.7 514000 Metal Workers and Plastic Workers 14.2 

471011 First-Line Supervisors/Managers of 
Construction Trades and Extraction Workers 55.6 514100 

Welding, soldering, and brazing machine setters, 
operators, and tenders; Heat treating equipment 
setters, operators, and tenders, metal and plastic 

56.0 

472011 Boilermakers 88.6 515000 Printing Workers 67.3 
472020 Brickmasons, Blockmasons, and Stonemasons 91.4 516000 Textile, Apparel, and Furnishings Workers 49.9 
472031 Carpenters 92.1 517000 Woodworkers 72.0 
472051 Cement masons and concrete finishers 36.9 518000 Plant and System Operators 56.5 

472071 Paving, surfacing, and tamping equipment 
operators 96.9 519000 Other Production Occupations 1.2 

472111 Electricians 97.2 519100 

Packaging and Filling Machine Operators and 
Tenders; Painting Workers; Photographic Process 
Workers and Processing Machine Operators; 
Semiconductor Processors; Miscellaneous 
Production Workers 

7.3 

472121 Glaziers 3.9 530000 Transportation and Material Moving 
Occupations 2.1 

472130 Insulation workers 93.6 531021 First-line supervisors/managers of helpers, 
laborers, and material movers, hand 16.3 

472140 Painters and paperhangers 92.4 531031 
First-line supervisors/managers of transportation 
and material-moving machine and vehicle 
operators 

24.0 

472152 Plumbers, pipefitters, and steamfitters 38.5 532010 Aircraft pilots and flight engineers 96.8 
472211 Sheet metal workers 41.7 533030 Driver/Sales Workers and Truck Drivers 9.4 

472221 Structural iron and steel workers 50.0 534013 Rail yard engineers, dinkey operators and 
hostlers 1.0 

473010 Helpers, Construction Trades 93.5 534021 Railroad brake, signal, and switch operators 98.5 

490000 Installation, Maintenance and Repair 
Occupations 6.4 536051 Transportation inspectors 98.9 

491011 First-line supervisors/managers of mechanics, 
installers, and repairers 4.8 537011 Conveyor operators and tenders 97.8 

492090 Miscellaneous Electrical and Electronic 
Equipment Mechanics, Installers, and Repairers 53.3 537021 Crane and tower operators 52.1 

493011 Aircraft mechanics and service technicians 79.4 537032 Excavating and loading machine and dragline 
operators 67.4 

493021 Automotive body and related repairers 7.0 537041 Hoist and winch operators 91.9 

493031 Bus and truck mechanics and diesel engine 
specialists 19.6 537051 Industrial truck and tractor operators 85.1 

493040 Heavy Vehicle and Mobile Equipment Service 
Technicians and Mechanics 96.5 537060 Laborers and Material Movers, Hand 11.6 

493050 Small engine mechanics 97.7 537121 Tank car, truck, and ship loaders 81.6 

 
 
 
 
 
 
 
 



Table A2 – Other Private Services included in the measure of service offshoring 

Financial Services Management, Consulting and Public Relation 
Services 

Insurance Services Industrial Engineering 

Computer and Information Services Installation, Maintenance and Repair of 
Equipment 

Research, Development and Testing Services Legal Services 
Business, Professional and Technical Services Operational Leasing 
Advertising Accounting, Auditing and Bookkeeping 
 
 




