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Abstract
This paper examines the role of offshoring in the flattening of the ratio of female to male hours worked in
the US since the early 1990s. The observed flattening coincides with a decline in the share of occupations
with high offshoring potential in women’s hours worked and an increase in service offshoring. I propose a
two-gender, two-sector model with a continuum of occupations. Given the higher female intensity in the
service sector, the gender hours ratio declines as service offshoring increases. Quantitatively, the service
offshoring plays an important role in explaining the plateau in the gender hours ratio since the 1990s.
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1. Introduction
Over the past 50 years, the hours worked by women in the US have increased dramatically, while
the hours worked by men have fluctuated with the business cycle. As a result, the ratio of women’s
hours to men’s hours has increased from less than 40% in 1968 to about 75% in 2018. However,
the rate of convergence has not been uniform. As the left panel of Figure 1 shows, the ratio of
female to male hours has leveled off since the early 1990s.

It could be argued that the plateau is natural because the gender hours ratio cannot rise indef-
initely. While this argument has some merit, the plateau still raises an important question as it
reflects the changes in the relative demand for and supply of female labor when the trends in the
gender hours ratio and the gender wage ratio are considered together. The gender wage ratio has
also risen sharply but the gap has stopped closing since the early 1990s, as shown in the right panel
of Figure 1. The pause in both the gender hours gap and the gender wage gap suggests that the
relative demand for female labor has grown more slowly since the early 1990s. Prior to the 1990s,
both the gender hours ratio and the gender wage ratio rose sharply because the relative demand for
female labor grew faster than the relative supply. Since then, both ratios have stagnated, suggest-
ing that the pace of the increase in the relative demand for female labor has slowed considerably
compared to the previous period. These trends imply that the flattening out of the gender hours
ratio is due to the factors affecting the relative demand for female labor.

This paper attempts to explain the change in the gender hours ratio in terms of the differential
impact of offshoring on female and male labor. Specifically, I focus on service offshoring, which
increased during the same period that the gender hours ratio began to level off, namely the 1990s. I
postulate a mechanism by which the increase in service offshoring has exerted greater downward
pressure on women’s hours since the 1990s, thereby slowing the rise in the gender hours ratio
since then.

Changes in hours worked by gender and occupation group support this mechanism. The
share of “sales and administrative support occupations” in women’s hours worked has declined
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Figure 1. Female to male hours ratio and female to male wage ratio in the US.
Notes: The hours ratio is the ratio of average annual hours of work by individuals aged 21 to 65. The female-to-male wage
ratio is calculated as the exponential of the coefficient on a female dummy, after regressing the log of hourly wages on a
female dummy, age, age squared, educational attainment (4 categories), and ethnicity (nonwhite dummy) for each year.
Sources: Current Population Survey (CPS) March Supplement.

significantly since 1990, while the share of the same occupations among men’s hours worked
remained relatively stable. Given that these occupations have the highest offshoring potential and
that the occupation groups with higher offshoring potential have a higher female to male hours
ratio, the diverging trends by gender suggest that the negative impact of the increase in offshoring
has been greater for women. In particular, given that women are more likely than men to be
employed in the service sector, these facts are consistent with the increase in service offshoring
that has taken place since the late 1980s. Routine-biased technological change (RBTC) could be
a prominent alternative to offshoring in this mechanism, but I find that it does not reconcile the
empirical facts well enough compared to offshoring.

I propose a static, general equilibrium model with two genders, two sectors, and a continuum
of occupations. The model is based on Ngai and Petrongolo (2017), and incorporates the off-
shoring elements of Grossman and Rossi-Hansberg (2008). Motivated by the empirical evidence,
the model imposes the assumptions that more women are employed in highly offshorable occu-
pations and that offshoring in the goods sector has been more widespread than offshoring in
the services sector. Under these assumptions, the model implies a higher female to male hours
ratio in services. This result, together with the assumptions that productivity growth is faster in
the goods sector than in the services sector and that the consumption of goods and services is
complementary, suggests an increasing female to male hours ratio. However, the decline in the
cost of offshoring in the services sector, facilitated by the developments in information and com-
munication technology (ICT) in the 1990s, causes the gender hours ratio to fall. This is because
the increase in service offshoring replaces highly offshorable and female-dominated domestic
occupations with offshored labor.

Quantitative analysis allows for three sources of the slowdown in the gender hours ratio since
the early 1990s. The first is the increase in service offshoring. Second, the forces driving structural
transformation into the service sector have weakened. Finally, the pace of decline in gender pro-
ductivity wedge has been more moderate. The results show that the increase in service offshoring
is a larger contributor than the weaker structural transformation toward services. This means that
the service offshoring mechanism has played a more important role in rationalizing the flattening
of the gender hours ratio. Comparing the service offshoring channel with the gender productivity
wedge channel also confirms the quantitative importance of the increase in service offshoring.

This paper contributes to the existing literature on women’s labor market performance in three
aspects. First, I consider both the extensive and the intensive margins of the labormarket by focus-
ing on hours worked by women and men. Most previous studies have only looked at the trends
in the extensive margin, such as women’s labor force participation or women’s employment-to-
population ratio. However, it is crucial to look at bothmargins simultaneously, as there is a greater
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Macroeconomic Dynamics 3

potential for women’s hours worked to increase due to the lower hours worked by employed
women, even though women’s labor force participation is rapidly approaching that of men.

Second, this paper sheds light on the demand side of female labor, which is driven by offshoring.
The literature has primarily focused on the supply side of female labor, which is at odds with the
evolution of the gender wage ratio. If an increase in the female labor supply was the main driver of
women’s high labor market performance, we would have observed a declining gender wage ratio
with an increasing gender hours ratio.

The paper by Ngai and Petrongolo (2017), which focuses on hours worked and presents the
rise in services as a factor contributing to the increase in the relative demand for female labor, is
a notable exception to the previous two aspects. They obtain women’s comparative advantage in
services by directly imposing a higher weight on female labor in the services sector. On the other
hand, this paper provides a novel channel that can lead to higher female intensity in services. The
model shows that this can arise endogenously due to the unequal impact of offshoring by gender
and the different degree of offshoring across sectors. I also show that introducing the offshoring
channel outperforms Ngai and Petrongolo (2017) in explaining the slowdown in the growth of the
gender hours ratio since 1990.

This paper is also the first to examine the differential impact of offshoring by gender in an
advanced economy. Previous literature on offshoring has not addressed this issue. It is well known
that an increase in offshoring leads to the reallocation effect from domestic to offshored labor
and the scale effect due to an overall increase in productivity. Studies that explore the size of the
reallocation effect report that the overall impact of offshoring on domestic employment is modest
at best. However, these studies cannot answer the question raised in this paper because small
aggregate employment effects could mask large asymmetric effects for women and men.

A few papers have touched on the issues relevant to this paper. For example, Acemoglu and
Autor (2011) found that the average offshorability index was higher for women than for men
using the 1980 Census data, but they did not pursue this further. Using Brazilian data, Peri and
Poole (2013) attempted to identify the differential impact of the increase in offshoring on women
and men. They find that the relative demand for cognitive versus manual tasks rises in each firm
as the offshoring to the country increases, but that firms do not hire more women.

Building on Autor and Dorn’s (2013) offshorability index for each occupation, this paper
addresses the unequal effects of offshoring by gender in the US and finds that the effects may
be different from those in Brazil, which is mainly on the receiving end of offshoring. In particular,
I document that the more offshorable occupation groups employ more women relative to men
and that this trend has been constant in the US since 1970. These findings suggest that the growth
of offshoring has an additional impact on the labor market through the gender dimension.

1.1. Related literature
A large body of previous research has identified numerous candidates for the improvement in
women’s labor market outcomes since World War II. These include advances in women’s educa-
tion and human capital (Goldin, 2006; Eckstein and Lifshitz, 2011), home technology (Greenwood
et al. 2005), medical technology (Albanesi and Olivetti, 2016), the closing of the gender wage gap
(Jones et al. 2015), the expansion of the service sector (Ngai and Petrongolo, 2017), and the inter-
action between the size of the service sector and the tax system (Rendall, 2018). Santos and Weiss
(2016) examined the role of increased income volatility on marriage rates, which in turn affects
female labor supply. One strand of the literature argues that the marketization of childcare costs
has affected the labor supply behavior and willingness to have children of highly educated women
(Hazan and Zoabi, 2015; Bar et al. 2018; Hazan et al. 2021). Other studies highlight the role of
ICT development (Weinberg, 2000; Dettling, 2017), increased demand for female-oriented skills
(Cortes et al. 2018), family peer effects (Nicoletti et al. 2018), and politics (Cohen et al. 2024) in
improving women’s labor market outcomes.
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Relatively less attention has been paid to the stagnation of women’s labor market performance,
which is a more recent phenomenon. These papers document that age-LFP (labor force partici-
pation) profiles that differ across cohorts (Juhn and Potter, 2006; Krueger, 2017), single women’s
labor supply (Moffitt, 2012), family policies (Blau and Kahn, 2013), and married women’s labor
supply response to their husbands’ earnings (Albanesi and Prados, 2017) are responsible for the
stagnation. Kleven et al. (2019) found that the “child penalties” persists in determining married
women’s hours worked and labor market participation.

This paper is also closely related to the literature on the employment effects of offshoring, of
which the theoretical work of Grossman and Rossi-Hansberg (2008) has been the most influential
in recent years. They incorporate trade in tasks into the model, providing a tractable framework
for analyzing the effects of offshoring. Empirically, most researchers agreed that the impact of ser-
vice offshoring on aggregate employment was either statistically insignificant or slightly negative
(Liu and Trefler, 2008; Amiti and Wei, 2009). A small number of studies, including Crinò (2010),
probed the employment effects by different demographic groups, but none of them, with the
exception of Peri and Poole (2013), considered the differential impact on men and women. Some
papers attempted to estimate the share of offshorable jobs by creating a new index (Blinder, 2009;
Jensen and Kletzer, 2010) and conducting a new survey (Blinder and Krueger, 2013). Another
strand of the literature considered the effects of RBTC together with those of offshoring (Autor
and Dorn, 2013; Goos et al. 2014; Autor et al. 2015).

1.2. Roadmap
The paper is organized as follows. Section 2 documents the main empirical facts, and Section
3 develops a model to understand the results. Section 4 presents the calibration strategies, and
Section 5 performs the quantitative analysis based on the model. Section 6 concludes the paper.

2. Empirical facts
This section first discusses the unequal impact of offshoring across gender. I construct the average
offshoring potential of each occupation group and describe the underlying trends in the share of
each occupation group in each gender’s hours worked based on this new statistic. I then document
the increase in actual service offshoring and the correlation between the female intensity and
the increase in imports across services. Finally, I present the rationale for focusing on offshoring
rather than RBTC in this paper.

2.1. Offshoring potential by occupation
Offshoring refers to the movement of jobs, but not the people who perform them, across national
borders. An offshorability index for each occupation is derived from the task measures that can
represent the potential for offshoring. It is assumed to be fixed over time because it indicates the
intrinsic nature of an occupation.1 One point to note is that a high offshorability index for an
occupation simply means that the occupation has a high potential for offshoring, not that many
jobs in that occupation have actually been offshored.

I use the offshorability index for each occupation to construct the average offshoring potential
of broader occupation groups. Specifically, I use Autor and Dorn’s (2013) offshorability index.
They focus on the elements of each occupation that represent Face-to-Face contact andOn-Site Job,
as originally proposed by Firpo et al. (2011).2 This occupation-specific content is available from
the Occupational Information Network (O∗NET), which has been developed and maintained by
the US Department of Labor. Their offshorability index is defined so that occupations that require
more Face-to-Face contact and involve more On-Site Job are less offshorable. The main advantage
of using this index is that it has a consistent occupational classification structure over time.3
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Macroeconomic Dynamics 5

Figure 2. Share of each occupation group in hours worked.
Notes: Figures are 5-year moving averages. Farming, forestry, and fishing occupations are omitted due to their small share
of hours worked.
Sources: CPS March Supplement, David Dorn’s website.

Occupations are divided into five occupation groups based on the Dorn’s (2009) classification.4
I then calculate the average offshoring potential of each broad occupation group by taking averages
of offshorability, using as weights the total hours worked by occupations within each group from
1968 to 2018 in the Current Population Survey (CPS) March Supplement data provided by Flood
et al. (2018). According to the calculation, “sales and administrative support” occupations have the
highest offshoring potential (0.58), followed by “service” (−0.12), “managers and professionals”
(−0.14), “operators and laborers” (−0.16), and “craft and repair” (−0.82) occupations.5

Figure 2 shows that managers and professionals are the occupations that have shown the great-
est improvement in their share of hours worked since 1970. The share of service occupations also
increased, while the shares of operators/laborers and craft/repair occupations decreased over the
same period. The share of hours worked in sales and administrative support occupations followed
a hump-shaped pattern, peaking in 1990.

In terms of labor supply, these transitions across occupation groups suggest that the sup-
ply of skilled workers has increased as a result of higher educational attainment among
younger cohorts.6 Managers and professionals employed the most skilled workers, while oper-
ators/laborers and craft/repair occupations were the occupations with the fewest skilled workers.7

Sales and administrative support occupations also employ significant numbers of skilled work-
ers, but their share of hours has declined since 1990. A possible explanation for this observation
can be found in Figure 3, which describes the share of each occupation group in each gender’s
hours worked. The top panel shows that the share of hours worked by women in sales and admin-
istrative support occupations has declined since 1990. These occupations have been the largest
employers of female workers and have shown the greatest potential for offshoring. Over the same
period, managers and professionals and service occupations, which are relatively less vulnerable
to offshoring, have increased their shares. Given the definition of offshorability, these trends are
all consistent with an increase in offshoring.
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Figure 3. Share of each occupation group for each gender’s hours worked.
Notes: The average offshoring potential for each occupation group is; −0.14 (Managers, Professionals), 0.58 (Sales,
Administrative support), −0.12 (Service), −0.82 (Craft, Repair), and −0.16 (Operators, Laborers). These average offshoring
potentials are calculated by averaging the offshorability index of occupations in each occupation group, using hours worked
from 1968 to 2018 as the weight. The figures are 5-year moving averages.
Sources: CPS March Supplement, David Dorn’s website.

However, the performance of sales and administrative occupations for men has been relatively
stable after 1990, as shown in the bottom panel of Figure 3. This suggests that the increase in
offshoring since 1990 has had a greater impact on the hours worked by women in this group.

Fact 1. Sales and administrative support occupations, which have the highest offshoring potential,
have experienced a decline in the share in women’s hours worked since 1990. At the same time, the
share of these occupations in men’s hours worked has remained relatively stable.
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Figure 4. Ratio of female to male hours worked in each occupation group.
Notes: The figures shown are the total hours worked bywomen divided by the total hours worked bymen in each occupation
group and year. The average offshoring potential for each occupation group is; 0.58 (Sales, Administrative support), −0.12
(Service),−0.14 (Managers, Professionals),−0.16 (Operators, Laborers), and−0.82 (Craft, Repair).
Sources: CPS March Supplement, David Dorn’s website.

The differential impact of offshoring by gender suggests that men’s and women’s main occupa-
tions differ in their offshoring potential. Figure 4 shows the ratio of female to male hours worked
in each occupation group to test this hypothesis. Sales and administrative support occupations,
which have the highest average offshoring potential, consistently have the highest female intensity.
They are followed by service occupations, managers and professionals, operators and laborers, and
craft and repair occupations. These rankings have not changed since 1970, and more importantly,
are exactly the same as the rankings of average offshoring potential among occupation groups.
These facts imply that occupations with higher offshoring potential employ more women relative
to men.

Fact 2. Occupation groups with higher offshoring potential have a higher female to male hours
ratio.

The increase in the female to male hours ratio among managers and professionals can be
attributed to the greater improvement in women’s educational attainment.8 Cortes et al. (2018)
provide an alternative explanation that the demand for female-oriented skills in these occupations
has increased.

2.2. Service offshoring
I focus on actual offshoring to corroborate the findings based on offshoring potential in the pre-
vious section. Specifically, I highlight the offshoring of services, which has increased since the
1990s, to account for the different movements in the shares of sales and administrative support
occupations among each gender’s hours worked.

Traditionally, offshoring has taken place in the form of material offshoring, which occurs when
material inputs are outsourced to other countries, mostly in the manufacturing sector. According
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to Feenstra and Jensen (2012), material offshoring accounted for 6.6% and 27.0% of intermediate
purchases in manufacturing in 1980 and 2006, respectively.

Since the 1990s, a new form of offshoring called service offshoring has emerged and gained
prominence. Advances in ICT made some types of services tradable by lowering the techni-
cal barriers to transmitting large amounts of information. In addition, China and India began
opening their economies for political reasons in the early 1990s, providing the US with cheap off-
shoring opportunities.9 The best-known examples of service offshoring are call centers, tax form
preparation, X-ray reading, and software development.

I exploit a widely used proxy for service offshoring from Amiti and Wei (2009) due to the
lack of data sources that represent the actual degree of service offshoring. The basic idea is that a
firm that offshores its service component must import the component back to use it as an input
for production. They propose the following methodology, which is analogous to the offshoring
measure of Feenstra and Hanson (1999):

SOit =
∑
j

IPijt
TIPit

Importsjt
Consumptionjt

, (1)

where i and t denote industry and year, respectively. j denotes each of the four types of service
inputs, namely Insurance, Finance, Telecommunication, computer, and information, and Other
business services.10 IPijt is the input purchases of service type j by i in t and TIPit is the total
non-utility input purchases by i in t. Consumption is defined as production plus imports minus
exports. Themeasure indicates the share of service input imports and can be considered as a proxy
for the foregone demand for domestic service inputs due to offshoring in each year.

I obtain input purchases and production from annual input–output data from the Bureau of
Labor Statistics (BLS) and the Bureau of Economic Analysis (BEA).11 Although the BEA provides
longer time series, the BLS provides more detailed sectors (205 sectors) than the BEA (71 sectors).
For this reason, I choose the BLS data as my main source and use the BEA data as an auxiliary
measure.

Import and export data are available from the IMF Balance of Payments statistics. Since the
IMF does not provide industry-level imports of each service input, I assume that the import share
is the same for all industries, as in Amiti and Wei (2009).12

Figure 5 shows the evolution of service offshoring for all private sectors. From 1997 to 2016,
the share of service offshoring in total non-energy input purchases more than doubled, from 0.5%
to 1.2%. When offshoring shares are calculated using BEA data with longer time series, service
offshoring has increased steadily since the late 1980s. Previous literature finds a similar trend.13

Fact 3. Service offshoring has increased since the late 1980s.
To put these numbers in perspective, I perform a simple back-of-the-envelope calculation to

obtain the employment effects of service offshoring. First, I calculate employment losses by mul-
tiplying the dollar value of service offshoring by the compensation to output ratios and then
dividing by compensation per employee in the relevant industries.14

The employment loss due to service offshoring based on this calculation increased from around
140,000 in 1997 to 350,000 in 2008 and remained between 350,000 and 400,000 after 2009. The
cumulative employment loss due to service offshoring between 1997 and 2016 was about 5.4 mil-
lion. This loss represents 4.8% of the average total employment in US service-producing industries
between 1997 and 2016, which is a non-negligible fraction.

Given that the services sector accounts for a higher share of women’s hours than men’s, the
increase in service offshoring is likely to have affected women more adversely. Moreover, within
the broad services sector, there is evidence that the service types with a higher share of female
hours were imported more.

I run simple fixed effects regressions to see if there is an association between the increase in
imports and the female share of hours worked (employment). Each service type is defined as in

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1365100524000658
Downloaded from https://www.cambridge.org/core. IP address: 3.135.183.145, on 24 Dec 2024 at 22:21:47, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1365100524000658
https://www.cambridge.org/core


Macroeconomic Dynamics 9

Table 1. Relationship between the import growth and the female intensity of service types

Dependent variable: Increases in import

(1) (2) (3) (4) (5) (6)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Female hours share 1.267∗∗ 1.252
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.482) (0.922)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Female employment share 1.655∗∗ 1.591∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.620) (0.855)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Female hours share (Lagged) 0.665
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.513)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Female employment share (Lagged) 1.049∗
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(0.474)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Number of obs. 153 153 153 153 153 153
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2 0.015 0.028 0.004 0.011

Notes: In regressions (5) and (6), the share of female hours worked (employment) is instrumented with a one-year lag of the share of
female hours (employment). All regressions include service type fixed effects. Standard errors are clustered by each service type. ∗∗ and
∗ indicate that the coefficients are statistically significant at the 5% and 10% levels, respectively.

Figure 5. Service offshoring.
Notes: The figures shown are the average shares of service offshoring in total non-energy input purchases in each private
industry, weighted by the output of each industry.
Sources: BEA, BLS, IMF Balance of Payments.

the BEA’s major categories of US international trade in services. These service types are matched
to the industries in the CPS data to compute women’s share of hours worked (employment) based
on the Bureau of Economic Analysis (2022).15 Since the BEA provides trade in services by major
category starting in 1999, the regressions use annual data between 1999 and 2016.

Table 1 shows the regression results. As columns (1) and (2) show, both female hours and
female employment shares are positively correlated with import growth. Although the additional
tests in columns (3) to (6) are not sufficient to establish a causal relationship, the results support
the hypothesis that services with higher female intensity are imported more. Columns (3) and
(4) include a one-year lag of female intensity in the regressors and columns (5) and (6) instru-
ment female intensity with the lagged variables. These additional results suggest that services with
higher female intensity are likely to have experienced higher import growth.
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10 Kangchul Jo

2.3. Offshoring and routine-biased technological change
The mechanism described in the previous sections also seems to work well if we consider automa-
tion or RBTC in general instead of service offshoring. This is natural because offshoring and
RBTC are similar concepts, especially in terms of their impact on the labor market. In the case
of offshoring, some workers lose their jobs due to cheaper foreign labor. In the case of RBTC,
computers and IT equipment play the role of displacing workers from their jobs. In fact, a group
of researchers including Black and Spitz-Oener (2010), Autor and Price (2013), and Cerina et al.
(2021) pointed out that women’s use of routine tasks declined more than men’s.

However, it turns out that offshoring and RBTC are not as closely related as they appear. In
addition to an offshorability index, Autor and Dorn (2013) also provide the routine task measure
of each occupation. This measure is calculated based on the methodology proposed by Autor et
al. (2003).16 The correlation coefficient between their offshorability index and the routine task
measure is −0.02. Given the low correlation between the two measures, it is unlikely that a signif-
icant number of occupations with the highest offshorability index, such as “mathematicians and
statisticians” and “operations and systems researchers,” were sacrificed by the RBTC.17

Furthermore, the close association between offshoring potential and the female to male hours
ratio by occupation group (Fact 2) is not strong in the case of RBTC. The average routineness
measure computed using Autor and Dorn’s (2013) data is the highest for craft and repair occupa-
tions (0.91), followed by sales and administrative support (−0.02), operators and laborers (−0.17),
managers and professionals (−0.76), and service (−0.84). According to an alternative measure
based on Acemoglu and Autor (2011), operators and laborers (0.66) have the highest routineness,
followed by craft and repair (0.10), sales and administrative support (0.02), service (−0.27), and
managers and professionals (−0.74).18 The occupation groups that are most vulnerable to RBTC
are craft and repair, and operators and laborers, which have traditionally been male occupations
(Figure 4).

Figure 3 also shows that the hours worked share of these occupation groups has declined
steadily for both women and men since 1980. The timing of the fall is inconsistent with the flat-
tening of the gender hours ratio. More importantly, the RBTC should have had a more negative
impact on men’s hours worked since 1980, which is at odds with the leveling off of the gender
hours ratio. For these reasons, this paper proposes service offshoring rather than the RBTC as a
candidate for explaining the change in the gender hours ratio.

3. The model
In this section, I present a model with two market sectors and two gender-specific labor inputs. I
introduce a continuum of occupations defined by their offshorability to incorporate the elements
of offshoring into the model. All the proofs for the propositions and lemmas can be found in
Appendix A.

3.1. Setup
Firms. There are two sectors in the economy: goods and services. Firms in each sector produce
final goods by combining occupations as follows:

Yj =Aj

[∫ 1

0
Lj
(
k
) η−1

η dk
] η
η−1

︸ ︷︷ ︸
≡Lj

, (2)

where j= g, s denotes either the goods or the services sector; Aj is the sector-specific productivity,
which grows at the rate of γj = Ȧj/Aj;Lj(k) is the labor input of occupation k in sector j; and Lj is
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Macroeconomic Dynamics 11

the labor aggregate in sector j. I consider each occupation as a collection of tasks and assume that
each occupation is defined and ordered only by a continuous index k. k indicates the offshorability
of each occupation and lies on [0, 1]. η is the elasticity of substitution between occupations in the
production process.19

Occupations can be supplied by either domestic or offshored labor. Offshored labor can
perfectly substitute for domestic labor:

Lj
(
k
)= LDj

(
k
)+ L∗

j
(
k
)
, (3)

where LDj (k) and L∗
j (k) are the labor inputs provided by domestic and offshored labor in

occupation k, sector j, respectively.
Domestic labor is the Constant Elasticity of Substitution (CES) aggregate of male and female

hours worked:

LDj
(
k
)=

[
αj
(
k
)
Lfj

(
k
) ε−1

ε + (
1− αj

(
k
))

Lmj
(
k
) ε−1

ε

] ε
ε−1

, (4)

where Lfj(k) and Lmj(k) are hours worked by women andmen, respectively, in occupation k, sector
j. ε is the elasticity of substitution between male and female hours. αj(k) is the weight of women in
occupation k, sector j within each domestic labor aggregate and is on [0, 1]. To reflect the Fact 2
that more women are hired in occupations with high offshorability, α

′
j (k)> 0 is assumed. I allow

αj(k) to differ across sectors, but as will be shown later, the model implies a higher female to male
hours ratio in the service sector.20

Free labor mobility is assumed, so that the wage for each gender is the same across occupations
and sectors. For domestic labor, there is a gender wage gap between men (wm) and women (wf ).

There is no gender gap for offshored labor and each foreign worker receives w∗ as wage. w∗
is exogenously given. The actual hiring cost of firms using offshored labor is βjτ (k)w∗. βj and
τ (k) denote the common and occupation-specific components of offshoring costs, respectively.
βj is specific to each sector j. If βj is lower, the sector’s offshoring costs would be cheaper for
all occupations, inducing firms to use more offshored labor. Since material offshoring is more
common than service offshoring, βg <βs generally holds.21 The rapid development of ICT since
the 1990s is one factor that could reduce βj by lowering the cost of offshoring. I impose τ ′(k)< 0
to ensure that an occupation with higher offshorability incurs a lower offshoring costs on firms
and thus is more likely to actually be offshored.

Households. Household utility is determined by the joint consumption of goods and services
and the leisure of a husband and a wife:

u
(
cg , cs, Ll

)= ln C + δ ln Ll, (5)

C =
[
ωc

ρ−1
ρ

g + (1−ω) c
ρ−1
ρ

s

] ρ
ρ−1

, (6)

Ll =
[
αlL

εl−1
εl

fl + (1− αl) L
εl−1
εl

ml

] εl
εl−1

, (7)

where C is the aggregate consumption of goods and services; δ is the weight of leisure relative
to consumption in the utility function; Ll is the CES combination of male and female leisure
within each household; ω is the weight on consumption of goods; ρ is the elasticity of substi-
tution between consumption of goods and services; αl is the weight of female leisure within the
leisure aggregate; and εl is the elasticity of substitution between male and female leisure. I assume
ρ < 1, suggesting that goods and services are gross complements.
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Household income depends on the gender-specific wages and hours worked by a husband and
wife, which is equal to the time endowment minus the time for leisure. Households use their
income to consume goods and services:

pgcg + pscs =wm (Tm − Lml)+wf
(
Tf − Lfl

)
. (8)

Equilibrium. The competitive equilibrium consists of wages (wm,wf ), prices (pg , ps), hours
worked by domestic workers {Lfg(k), Lfs(k), Lmg(k), Lms(k)}k∈[0,1], hours worked by offshored
labor {L∗

g (k), L∗
s (k)}k∈[0,1], leisure (Lfl, Lml), consumption (cg , cs), and output (Yg , Ys) such that:

1. Given wages and prices, firms maximize profits subject to (2)–(4) and households maxi-
mize utility (5) subject to (6)–(8);

2. Wages and prices clear the goods and labor markets:

cj = Yj, (9)

Tm − Lml =
∫ 1

0
Lmg

(
k
)
dk+

∫ 1

0
Lms

(
k
)
dk, (10)

Tf − Lfl =
∫ 1

0
Lfg

(
k
)
dk+

∫ 1

0
Lfs

(
k
)
dk. (11)

3.2. Firm’s profit maximization
Since domestic and offshored labor aggregates are perfect substitutes, firms will hire either
domestic or offshored labor, taking into account the cost of hiring.

Consider the case where firms hire only domestic labor because it is cheaper than offshored
labor. In this domain, L∗

j (k)= 0 for all k and firms solve the following maximization problem for
all k ∈ {k | L∗

j (k)= 0} given wf and wm:

max{Lfj(k),Lmj(k)
}
k
pjAj

[∫
k
LDj

(
k
) η−1

η dk
] η
η−1 −wf

∫
k
Lfj

(
k
)
dk−wm

∫
k
Lmj

(
k
)
dk,

subject to (4). If the wage of hiring a unit of LDj (k) is denoted by wD
j (k), the firms’ maximization

problem can alternatively be written as:

max{LDj (k)}kpjAj

[∫
k
LDj

(
k
) η−1

η dk
] η
η−1 −

∫
k
wD
j
(
k
)
LDj

(
k
)
dk.

Combining the first order conditions of the two maximization problems gives the expression
for wD

j (k):

wD
j
(
k
)=

[
αj
(
k
)ε w1−ε

f + (
1− αj

(
k
))ε w1−ε

m

] 1
1−ε . (12)

Since the cost of hiring a unit of offshored labor for occupation k is βjτ (k)w∗, firms compare
wD
j (k) and βjτ (k)w∗ to decide whether to hire domestic or offshored labor.
The cutoff offshorability Kj for each sector j is defined such that wD

j (Kj)= βjτ (Kj)w∗. Lemma 1
states that the existence of a unique cutoff for each sector can be guaranteed under a number of
conditions. These conditions include the existence of offshoring in both sectors and the faster
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Macroeconomic Dynamics 13

decrease in offshoring costs than in domestic hiring costs as offshorability increases. Then, occu-
pations with offshorability higher than Kj are offshored and those with offshorability lower than
Kj are supplied by domestic workers.

Lemma 1. If wD
j (0)<βjτ (0)w∗, wD

j (1)>βjτ (1)w∗, and ∂wD
j (k)/∂k> ∂(βjτ (k)w∗)/∂k for all j

and k, then there exists a unique cutoff Kj that satisfies the following conditions:

1. wD
j (Kj)= βjτ (Kj)w∗,

2. LDj (k)> 0 and L∗
j (k)= 0 for 0≤ k≤Kj,

3. LDj (k)= 0 and L∗
j (k)> 0 for Kj < k≤ 1.

One feature to note is that Kj increases with βj. The intuition is straightforward; a lower βj
means that the cost of offshoring in sector j is reduced, so the sector hires more offshored labor,
which is realized by a lower Kj in the model.22

Lemma 2. When Lemma 1 holds, ∂Kj
∂βj
> 0.

Given {wf ,wm, pg , ps} and the cutoff Kj, the firm’s profit maximization problem is

max{Lfj(k),Lmj(k),L∗
j (k)

}
k∈[0,1]

pjYj −
∫ Kj

0
wD
j
(
k
)
LDj

(
k
)
dk−

∫ 1

Kj
βjτ

(
k
)
w∗L∗

j
(
k
)
dk,

subject to (2)–(4). Combining the first order conditions gives:

Lfj
(
k
)

Lmj
(
k
) = ϕj

(
k
)ε x−ε , (13)

where ϕj(k)≡ αj(k)/(1− αj(k)), x≡wf /wm, 0≤ k≤Kj, and j= g, s. x is the gender wage ratio.
The ratio of female to male hours worked in each occupation increases in k, indicating that
occupations with higher offshorability hire more women.

By solving for the relationship between prices and wages, I derive the profit-maximizing
condition of Lj:

pjAj =
[
w1−η
f

∫ Kj

0

(
αj
(
k
)− ε

ε−1 Ij
(
k, x

) 1
ε−1

)1−η
dk+ (

βjw∗)1−η ∫ 1

Kj
τ
(
k
)1−η dk

] 1
1−η

︸ ︷︷ ︸
≡H(βj,x)

, (14)

where Ij(k, x)≡wf Lfj(k)/(wf Lfj(k)+wmLmj(k))= 1/(1+ ϕj(k)−εxε−1). Ij(k, x) denotes the wage
bill share of female labor in occupation k, sector j. pjAj is the value of marginal productivity of the
labor aggregate, Lj. H(βj, x), the right-hand side of (14), is the cost of hiring a unit of Lj.

The hiring cost H(βj, x) increases in βj because a lower βj induces firms to use more offshored
labor, which is cheaper, thereby reducing the total hiring cost. This relationship represents the
scaling effect of offshoring due to productivity gains that has been extensively discussed in the
literature.

3.3. Household’s utility maximization
The household’s utility maximization generates the following conditions for consumption and
leisure:

cs
cg

=
(
ps
pg

ω

1−ω

)−ρ
, (15)
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Lfl
Lml

= ϕ
εl
l x

−εl , (16)

where ϕl ≡ αl/(1− αl).
Using the property of the log utility function and (16), I solve for the leisure of a woman and a

man:

Lfl = δ

1+ δ

wmTm +wf Tf

wf
Il (x) , (17)

Lml = ϕ
−εl
l xεl

δ

1+ δ

wmTm +wf Tf

wf
Il (x) , (18)

where Il(x)≡wf Lfl/(wf Lfl +wmLml)= 1/(1+ ϕ
−εl
l xεl−1). Il(x) is the implicit wage bill share of

women in leisure.

3.4. Hours worked in the equilibrium
Through the goods market clearing condition (9), the profit maximization condition (14), and the
utility maximization condition (15), the ratio between labor aggregates in the goods and services
sectors in equilibrium can be obtained:

Lg
Ls

= As
Ag

cg
cs

=

⎡
⎢⎢⎢⎢⎣

H (βs, x)
H
(
βg , x

)︸ ︷︷ ︸
≡Hsg(βs,βg ,x)

ω

1−ω

⎤
⎥⎥⎥⎥⎦
ρ (Ag

As

)ρ−1
. (19)

Hsg(βs, βg , x) is the ratio of hiring costs in services to goods. Since ∂H(βj, x)/∂βj > 0,
∂Hsg(βs, βg , x)/∂βs > 0 and ∂Hsg(βs, βg , x)/∂βg < 0. Using the links between labor aggregates and
labor inputs in each sector, the ratio of hours worked in the goods and services sectors can be
obtained:

Lfg
(
k
)

Lfs
(
k
) =Hsg

(
βs, βg , x

)ρ−η
(Ag

As

)ρ−1 (
ω

1−ω

)ρ
︸ ︷︷ ︸

≡Rsg(Ag ,As)

[
αg

(
k
)

αs
(
k
)
] ε(η−1)

ε−1

︸ ︷︷ ︸
≡αsg,f (k)

[
Ig
(
k, x

)
Is
(
k, x

)
] ε−η
ε−1

︸ ︷︷ ︸
≡Isg(k,x)

, (20)

Lmg
(
k
)

Lms
(
k
) =Hsg

(
βs, βg , x

)ρ−η
(Ag

As

)ρ−1 (
ω

1−ω

)ρ [αg (k)
αs
(
k
)
] ε(η−ε)

ε−1
[
1− αg

(
k
)

1− αs
(
k
)
]ε

︸ ︷︷ ︸
≡αsg,m(k)

[
Ig
(
k, x

)
Is
(
k, x

)
] ε−η
ε−1

,

(21)
for 0≤ k≤Kg .

The higher female intensity in the service sector can be derived from the assumptions in the
setup and (13). Since αj′(k)> 0, ϕj(k) also increases with k. According to (13), the female inten-
sity (Lfj(k)/Lmj(k)) in each sector is higher for an occupation with higher offshorability. Kg <Ks
holds using a previous assumption of βg <βs and the fact that Kj increases in βj (Lemma 2). Since
occupations with offshorability below the cutoffKj hire only domestic labor (Lemma 1), the goods
and services sectors hire domestic labor in the region of [0,Kg] and [0,Ks], respectively. In other
words, firms in the services sector additionally hire domestic occupations in [Kg ,Ks] compared to
the goods sector. Among the range of [0,Ks] where the service sector employs domestic labor, this
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Macroeconomic Dynamics 15

additional range of [Kg ,Ks] has the highest female intensity by (13). If αs(k)>αg(k), the female
intensity of the goods sector is lower than that of the services sector in [0, Kg], unless the distri-
bution of Lmg(k) is highly skewed to the right with respect to k compared to Lms(k).23 As a result,
the overall female to male hours ratio is higher in the services sector.

In sum, this result derives from the unequal demand for each gender-specific labor input across
a continuum of occupations and the different extent of offshoring across sectors. Proposition 1
formally establishes this relationship.

Proposition 1. If Lemma 1 holds, βg <βs, α
′
j (k)> 0, αs(k)>αg(k), and

∫ Kg
0 ϕg(k)εLmg(k)dk/∫ Kg

0 Lmg(k)dk≤ ∫ Kg
0 ϕs(k)εLms(k)dk/

∫ Kg
0 Lms(k)dk, the female to male hours ratio in the goods

sector is lower than the ratio in the services sector:∫ Kg
0 Lfg

(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk
<

∫ Ks
0 Lfs

(
k
)
dk∫ Ks

0 Lms
(
k
)
dk

.

Finally, plugging the derivations for leisure (17) and (18) into the labor market clearing
conditions (10) and (11) yields the following equilibrium conditions:

Tf − δ

1+ δ

wmTm +wf Tf

wf
Il (x)=

∫ Kg

0
Lfg

(
k
)
dk+

∫ Ks

0
Lfs

(
k
)
dk, (22)

Tm − ϕ
−εl
l xεl

δ

1+ δ

wmTm +wf Tf

wf
Il (x)=

∫ Kg

0
Lmg

(
k
)
dk+

∫ Ks

0
Lms

(
k
)
dk. (23)

3.5. Effects of productivity growth on the gender hours ratio
The female to male hours ratio in the aggregate economy is written as follows:

FM =
∫ Kg
0 Lfg

(
k
)
dk+ ∫ Ks

0 Lfs
(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk+ ∫ Ks

0 Lms
(
k
)
dk

. (24)

Using (13), (20), and (21), the female to male hours ratio can be formulated in terms of
Lfs(k),Hsg(βs, βg , x), Rsg(Ag ,As), αsg,f (k), αsg,m(k), and Isg(k, x) :

FM = RsgHsgρ−η ∫ Kg
0 αsg,f

(
k
)
Isg

(
k, x

)
Lfs

(
k
)
dk+ ∫ Ks

0 Lfs
(
k
)
dk[

RsgHsgρ−η ∫ Kg
0 αsg,m

(
k
)
Isg

(
k, x

)
ϕs
(
k
)−ε Lfs (k) dk+ ∫ Ks

0 ϕs
(
k
)−ε Lfs (k) dk] xε . (25)

In examining the effects of productivity growth and offshoring on the gender hours ratio, the
higher female to male hours ratio in services (Proposition 1) plays a crucial role. In particular, the
following variant of Proposition 1 holds:∫ Kg

0
Lfg

(
k
)
dk

∫ Ks

0
Lms

(
k
)
dk−

∫ Ks

0
Lfs

(
k
)
dk

∫ Kg

0
Lmg

(
k
)
dk< 0. (26)

The female tomale hours ratio continues to rise when labor productivity growth is higher in the
goods sector than in the services sector. This is formally stated in Proposition 2. If γg > γs, then
Rsg(Ag ,As)= (ω/(1−ω))ρ(Ag/As)ρ−1 decreases over time as Ag/As grows at a rate of γg − γs
and ρ < 1. By (20) and (21), the decrease in Rsg(Ag ,As) reduces hours worked in the goods sector
relative to the services sector. Intuitively, higher productivity growth in the goods sector leads to a
decline in the relative price of goods. Since goods and services are poor substitutes for households,
the relative expenditure share of services rises and more labor must be hired in the service sector
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in equilibrium. The higher female intensity in the service sector suggests that the aggregate female
to male hours ratio would rise in this case.

Proposition 2. If Proposition 1 holds, the aggregate female to male hours ratio increases over time
as γg > γs.

3.6. Effects of offshoring on the gender hours ratio
Next, Proposition 3 claims that a decrease in offshoring costs in the service sector βs leads to a
decrease in the gender hours ratio as long as βg <βs after the change. The effect of a change in βs
on FM can be decomposed into two components: a direct effect and an indirect effect through a
change in Ks. The direct effect works through a change in Hsg(βs, βg , x). A decrease in βs would
cause the ratio of hiring costs Hsg(βs, βg , x) to fall. It raises the ratio of hours worked in goods
to hours worked in services by (20) and (21). This is because firms in the services sector react
to a decrease in labor costs by hiring cheaper offshored labor, since occupations taken by foreign
labor can easily replace those taken by domestic labor due to the high substitutability between
occupations under the assumption of η > ρ. This force reduces the ratio of female to male hours
due to the lower female intensity in the goods sector.

As βs decreases, so does Ks (Lemma 2). As Ks decreases, the service sector employs more off-
shored labor and sheds domestic labor. However, the occupations that are replaced by offshoring
as a result of a fall in Ks have the highest offshorability among the previously employed domes-
tic occupations, which implies that the female intensity in these occupations is also the highest.
Therefore, the decrease in Ks leads to a decrease in the female to male hours ratio. Putting these
two forces together, the female to male hours ratio clearly decreases when βs falls.

Proposition 3. If Proposition 1 holds and η > ρ, the aggregate female to male hours ratio falls as
βs decreases and βg <βs is satisfied after the change.

On the other hand, the effect of a change in βg on the gender hours ratio is ambiguous. The
sign of the direct effect is negative, but there is uncertainty about the indirect effect. If Kg is rel-
atively far from Ks and the female weight αj(k) is highly sensitive to the offshorability of each
occupation, then there is a possibility that the indirect effect will also become negative and the
female to male hours ratio could increase as βg decreases. These conditions imply that the goods
sector employed few women in the first place because the sector only hired domestic labor in less
offshorable occupations compared to the services sector. As a result, the impact of a decrease in βg
on female labor is limited, while it has a negative impact on male labor, causing the female to male
ratio to increase. However, these conditions are very restrictive, and if any of the above conditions
are not met, it is not clear in which direction βg would affect the gender hours ratio.

3.7. Notes on the gender productivity wedge
Although the model abstracts from the source of the gender wage gap, there is one element that
could introduce the best-known source, gender discrimination, into the model. It is αj(k), which is
the weight of women in occupation k and sector jwithin the production function. As (13) suggests,
αj(k) is closely related to the gender wage ratio, x. Previous literature also supports the use of a
wedge in the women’s comparative advantage parameter to represent gender discrimination. For
example, Ngai and Petrongolo (2017) interpret the wedge to reflect factors that reduce women’s
perceived productivity relative to men, while Buera et al. (2019) and Rendall (2024) view gender
discrimination as a wedge between women’s and men’s wages. Consistent with these papers, an
increase in αj(k) over time can be viewed as a reduction in the wedge, which could translate into
less gender discrimination.

However, a rise in αj(k) could imply other factors relevant to the production function, such as
women’s educational attainment. In fact, (13) implies that the interpretation of αj(k) depends on
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the potential source of the gender wage gap, and vice versa. If one believes that the gender wage
gap is mainly due to discrimination (characteristics favored in the labor market), one is likely to
think that an increase in αj(k) represents a decrease in gender discrimination (an improvement
in women’s labor market characteristics). Recognizing that αj(k) can be interpreted in different
ways, I will simply refer to αj(k) as the gender productivity wedge in each occupation, without
specifying the exact source of the wedge.

To predict the response to FM when αj(k) is increased for all k, I start with the lemma that
firms would choose to employ the labor aggregate Lj to the extent that αj(k)= Ij(k, x) is satisfied
for all k. This condition can be derived from the expression for H(βj, x) in (14).

Lemma 3. H(βj, x) is minimized if αj(k)= Ij(k, x) for all k and j.

Intuitively, αj(k) is the parameter directly relevant to the marginal productivity of female labor,
and Ij(k, x) is the wage bill share of women in occupation k. The lemma implies that there is
a unique, profit-maximizing level of H(βj, x) and Hsg(βs, βg , x)=H(βs, x)/H(βg , x) for a given
αj(k).

However, predicting the effect of αj(k) on FM becomes amore difficult task after this step. First,
it is not qualitatively clear whether Hsg(βs, βg , x) would increase or decrease as αj(k) increases. In
addition, αj(k) also appears in αsg,f (k), αsg,m(k), and Isg(k, x) in (25) and these objects interact
with each other, making the prediction more difficult. Therefore, I will leave this matter to the
later section, where I will perform a quantitative analysis.

3.8. Notes on the implications in the open economy
The model includes the foreign economy in principle, but does not specify the detailed elements
of the open economy. In fact, the assumption of perfect substitutability between domestic and
offshored labor in (3) effectively focuses on offshoring from the US to developing countries and
largely abstracts from offshoring to the US by other countries. This is because offshoring to the
US is mainly due to the high quality of US material and service inputs, which are generally not
perfect substitutes for foreign inputs.

An increase in offshoring to the US by other countries is captured by an increase in US exports.
In particular, US exports of services have risen sharply. However, the occupations that are hurt by
service offshoring are likely to be different from the occupations that benefit from service off-
shoring to the US. Services dominated by high-skilled professionals account for a large share of
US service exports. These include financial services, charges for the use of intellectual property,
and other business services including research and development, and professional and manage-
ment consulting.24 Given that these services are not particularly female-dominated, accounting
for an increase in offshoring to the US would not qualitatively change the negative impact of
service offshoring on female labor.

There is also the possibility that a rise in offshoring would actually lead to a depreciation of
the real exchange rate. The depreciation would allow the US to export more goods and services.
However, most exports are in the form of goods and men make up a large share of the manu-
facturing workforce. These facts mean that the positive impact of the real depreciation on female
labor would be limited, even if the trade balance is included in the model.

This section has shown that the proposed model can qualitatively explain the evolution of the
gender hours ratio. The gender hours ratio has been on a continuous upward trend since the 1970s
due to higher productivity growth in goods (Proposition 2). However, advances in ICT since the
1990s have reduced the cost of offshoring services, slowing the pace of the rise in the gender hours
ratio (Proposition 3). The key assumptions that shape this mechanism are the high female inten-
sity in highly offshorable occupations and the relative prevalence of material offshoring compared
to service offshoring. These assumptions imply a higher female to male hours ratio in services
(Proposition 1).
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Table 2. Benchmark

Year FM Mm Mf x

1968−1972 (1970) 0.384 0.416 0.160 0.631
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1988−1992 (1990) 0.646 0.381 0.246 0.733
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2014−2018 (2016) 0.746 0.349 0.260 0.776

Notes: FM is the gender hours ratio. Mm and Mf are the five-year averages of hours worked by men and women. x is the five-year
average of the adjusted gender wage ratios, plotted in Figure 1.
Source: CPS March Supplement

4. Calibration
In this section, I calibrate the parameters of the model to match the US data in 1970. This is in
order to compare the model-generated gender hours ratios with actual ratios in 1990 and 2016 in
the next section.

4.1. Benchmarks
Table 2 displays the benchmark data. Mm and Mf are the average hours worked by men and
women, respectively. In the context of the model,Mm = ∫ Kg

0 Lmg(k)dk+ ∫ Ks
0 Lms(k)dk andMf =∫ Kg

0 Lfg(k)dk+ ∫ Ks
0 Lfs(k)dk. FM is the gender hours ratio, namely Mf /Mm. Mm and Mf are

expressed as shares of the total time endowment of each individual.25 They are presented as aver-
ages of two years before and after each year to smooth out the potential influence of outliers. x is
the five-year average of the gender wage ratio shown in Figure 1, obtained from a regression that
controls for each individual’s labor market characteristics.

4.2. Additional assumptions for the calibration
As in the previous section, I use Autor and Dorn’s (2013) occupational classification and
offshorability index. Their offshorability index is re-scaled from 0 to 1.

For the weight of women for each occupation k in the production of domestic labor in sector
j and year t, αj,t(k), I choose the simplest specification that satisfies an assumption of the model;
αj,t(k)= αkj,tk+ αcj,t , where αkj,t > 0 for all k, j, and t. t refers to 0, 1, and 2 for 1970, 1990, and
2016, respectively. The two sectors have a common slope but different intercepts; αk,t = αks,t =
αkg,t and αcs,t �= αcg,t . Since 0<αj,t(k)< 1 for all k, j, and t, 0<αcj,t < 1 and 0<αk,t + αcj,t < 1
must hold for all j and t. It will eventually turn out that αcs,t >αcg,t in the calibration, reflecting
the higher female intensity in the service sector in the data.

For the functional form of τ (k), the occupation-specific part of offshoring costs, I follow
Grossman and Rossi-Hansberg (2008); τ (k)= k−τ , where τ > 0.26

The actual distribution of hours worked by women in the service sector by each occupation k in
1970, Lfs,0(k), is not a continuous function of k, contrary to a model assumption.27 There are 330
occupations in Autor and Dorn’s (2013) classification and not every occupation employs female
workers in the service sector. If the discrete distribution of Lfs,0(k) is retained in the calibration, the
implied distributions of Lmg,0(k), Lms,0(k) and Lfg,0(k) from themodel based on Lfs,0(k) are unlikely
to match their actual distributions in 1970. In the calibration, I make an alternative assumption
that Lfs,0(k) is a hypothetical, continuous probability distribution function that matches the char-
acteristics of the actual distribution in 1970. Under this assumption, Lfs,t(k) in subsequent years
follow the same underlying p.d.f., only with different offshoring cutoffs and scaling factors of the
distribution from Lfs,0(k). I approximate Lfs,0(k) with the beta distribution because its domain is
in [0, 1].
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4.3. Parameters from the firm side
This part describes the methods to obtain the parameters from the firm side, namely η, ε, (γg −
γs) for 1970–1990 and 1990–2016, and {αk,t , αcg,t , αcs,t} for each t. The estimates for η and ε are
imported from the existing literature, and the rest of the parameters are derived from the model
and other data sources.

The value for the elasticity of substitution between occupations η= 0.854 comes from Goos
et al. (2014). They build a structural model and estimate the parameter using the European data.
Ritter (2014) provides a lower estimate of 0.4 from the 2000–2005 BLS Occupational Employment
Statistics. Both papers classify occupations into broad occupation groups, while the calibration in
this paper is based on detailed occupations. Since the elasticity of substitution is likely to be higher
between finer occupational classifications, I choose the higher estimate of the two.28

The elasticity of substitution between male and female labor ε= 2.4 is taken from Weinberg
(2000). The values of the same parameter chosen by Acemoglu et al. (2004) and Ngai and
Petrongolo (2017) are 3 and 2.27, respectively, which are not far from the pick.

The difference between the annual growth rates of Ag and As can be calculated using the
BLS labor productivity data, the gender wage ratio, and the equations of the model.29 Ngai and
Petrongolo (2017) formulate a mechanism in which the increase in services induced by structural
transformation is key to rationalizing the increase in women’s hours worked. Indeed, their mech-
anism can also explain a slowdown in the gender hours ratio if γg − γs declined after 1990. The
calculated estimates are (γg − γs)0,1 = 1.6% and (γg − γs)1,2 = 0.9% per year for 1970–1990 and
1990–2016, respectively, which is consistent with their view. These are the baseline estimates.

Instead of calibrating αk,0 and αcj,0 in 1970 and using these estimates to generate predictions
for 1990 and 2016, I obtain αk,t and αcj,t from each year’s data. This is to allow for the possibility
of increasing female demand within each sector. If I use the fixed parameter values from 1970, the
model would predict a decline in the gender hours ratio as the gender wage ratio rises, as suggested
by (13). Since I assume that the slope coefficient in αj,t(k) is identical across sectors, I generalize
(13) and use the hours worked by women and men in both sectors to obtain the common slopes.
More specifically, I run simple regressions of αt(k) on k, where ϕt

(
k
)= (

Lf ,t
(
k
)
/Lm,t

(
k
)) 1

ε xt
and αt(k)= ϕt(k)/(ϕt(k)+ 1). The resulting estimates for the common slope coefficients for each
year are αk,0 = 0.233, αk,1 = 0.284, and αk,2 = 0.239.30 For the intercepts, I use the relationship
between female and male hours worked (13) and match men’s total hours worked in each sector
and year.31 αcj,t is the value that satisfies the following condition when αk,t ’s and xt are given:

Lmj,t =
1∑

k=0

Lmj,t
(
k
)=

1∑
k=0

Lfj,t
(
k
) ( αk,tk+ αcj,t

1− αk,tk− αcj,t

)−ε
xεt . (27)

The resulting estimates are αcg,0 = 0.118, αcs,0 = 0.221, αcg,1 = 0.145, αcs,1 = 0.281, αcg,2 =
0.174, and αcs,2 = 0.331.

4.4. Parameters from the household side
The elasticity of substitution between goods and services consumption ρ = 0.002 is imported from
the estimate of Herrendorf et al. (2013).

To get the rest of the parameters from the household side ({Tm,t , Tf ,t} for each t, εl, αl, and δ),
we need leisure data for each year and gender. I get this data using actual hours worked for each
year and gender from the CPS and total time endowment based on Valerie Ramey’s data. The time
endowment is treated as the total time allocated to work and leisure, excluding home production.
Since themodel abstracts from home production, this adjustment is necessary to prevent women’s
leisure from exceeding men’s leisure too much. Total time endowments for each gender and year
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are calculated by subtracting the hours for home production provided by Ramey and Francis
(2009) from the total time allocation of 88.5 hours per week.

As suggested by (16), the elasticity of substitution between male and female leisure εl is the
elasticity of the gender leisure ratio (Lfl/Lml) with respect to the gender wage ratio. A simple
regression of log Lfl/Lml on log x from 1970 and 2016 yields the slope coefficient εl = 0.210. Then,
using the 1970 data and εl, I obtain the value for women’s weight in the labor aggregate αl = 0.329
from (16). Given these parameter values, the relative weight of the leisure aggregate in the utility
function δ = 1.404 can be obtained from (17).

4.5. Offshoring-related parameters
Calibrating the offshoring-related parameters (τ , {Kg,t ,Ks,t , θg,t ≡ βg,tw∗

t , θs,t ≡ βs,tw∗
t , Rsg,t} for

each t) begins with estimating the offshoring cutoffs in each year. Previous work by Ranjan (2013)
and Zhang (2018) used proxies for offshoring to obtain the offshoring cutoffs. As in themodel pre-
sented in Section 3, they assumed perfect substitutability between domestic and offshored labor.
This implies that occupations with offshorability higher than the cutoff are filled by foreign labor
and should not appear in the domestic data. In reality, however, these occupations do not disap-
pear from the data.32 The aggregate data used by Ranjan (2013) and Zhang (2018) include these
occupations, which are inconsistent with their model assumptions.

To overcome this problem, I construct hypothetical distributions of women’s hours worked in
each sector and year along the offshorability of each occupation. These are constructed from the
actual distributions of hours worked in the base year. The hypothetical distribution in each year
and sector mimics the average female offshoring potential of the actual distribution and has the
same shape as the one in the base year with a different offshoring cutoff.33 1983 is chosen as the
base year because it is the earliest year with a consistent occupational classification.34

For the calibration, I make the simplifying assumptions thatKg,0 =Ks,0 = 1 andKs,1 = 1. These
imply that there was no offshoring of goods and services in 1970 and that offshoring of services
began only after 1990. They reflect the fact that the burgeoning development of ICT allowed
service offshoring to increase from around 1990. Then, Kg,1, Kg,2, and Ks,2 are calibrated using
the hypothetical distributions of 1990 and 2016. They are jointly calibrated to match the average
offshoring potential for women and the rate of estimated female employment losses in services
relative to goods in each year. The targets are expressed as follows:

Offf ,t =
∑Kg,t

k=0 kL
H
fg,t

(
k
)+∑Ks,t

k=0 kL
H
fs,t

(
k
)

∑Kg,t
k=0 L

H
fg,t

(
k
)+∑Ks,t

k=0 L
H
fs,t

(
k
) , (28)

χf ,t =
∑1

k=Ks,t L
H
fs,t

(
k
)

∑1
k=Kg,t L

H
fg,t

(
k
) , (29)

where LHfj,t(k) refers to female hours worked in sector j and occupation k from the hypothetical
distribution in each year; Offf ,t and χf ,t represent the average offshoring potential for women and
the ratio of estimated female employment losses in services to goods in each year, respectively.35
The calibration yields Kg,1 = 0.836, Kg,2 = 0.568, and Ks,2 = 0.836.

For the parameter of the offshoring cost function, I simply assign τ = 1, but the results do not
change much when other values are considered.

Given Kg,t , Ks,t , xt , and the other parameters, the values for θg,t and θs,t can be computed
from the relationship between the hiring costs of domestic and offshored labor wD

j (Kj)= θjτ (Kj).
The resulting values are θg,0 = 1.621, θs,0 = 1.595, θg,1 = 1.437, θs,1 = 1.577, θg,2 = 0.936, and
θs,2 = 1.424.
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4.6. Distributional parameters
Finally, the two distribution parameters of Lfs,0(k) and Rsg,0 are jointly estimated tomatch the 1970
data. Only the benchmark distribution of Lfs,0(k) needs to be specified because Lms,0(k), Lfg,0(k),
and Lmg,0(k) can be expressed in terms of Lfs,0(k) and the other parameters using (13), (20), and
(21).

Two parameters of the beta distribution are calibrated to match the total hours worked by
women and men in 1970. In this way, these parameters would also fit the ratio of female to male
hours in 1970. The values are ψ = 1.421 and ξ = 0.952.36

Rsg,0 = 0.259 can be obtained by using the total hours worked by women in the goods sec-
tor in 1970 and the relationship between Lfg,0(k) and Lfs,0(k) in (20). Rsg,1 = 0.188 and Rsg,2 =
0.150 are determined by Rsg,0, γg − γs, and ρ, according to the definition Rsg(Ag ,As)≡ (ω/(1−
ω))ρ(Ag/As)ρ−1.

Table 3 summarizes the calibrated parameters.

5. Quantitative analysis
Using the calibrated parameters, I first predict the gender hours ratio for 1990. I then consider
three different counterfactuals along with the baseline to generate estimates for 2016. These coun-
terfactuals reflect three forces that are potentially responsible for the slowdown in the gender
hours ratio since 1990: the emergence of service offshoring, the weakening of structural trans-
formation toward the service sector, and the slower pace of improvement in gender productivity
wedge. The baseline includes all of these elements and each counterfactual represents a constraint
on one of them. Using the projections of the baseline and counterfactuals in 2016, I calculate the
change in the gender hours ratio from the 1990 projection. The contribution of each counterfac-
tual is measured by how much the change in the gender hours ratio in the baseline is less than the
change in each counterfactual.

The first counterfactual considers the possibility that the trend in service offshoring between
1970 and 1990 has been the same since 1990. Since I make a simplifying assumption in the calibra-
tion that there was no service offshoring in 1970 and 1990, this scenario assumes that no service
offshoring occurred until 2016. Ks,1 =Ks,2 = 1 is imposed to enforce this counterfactual, since I
treat the offshoring cutoff as a proxy for the degree of offshoring. This counterfactual is designed
to test Proposition 3, which states that the gender hours ratio declines as service offshoring rises
due to a fall in the cost of offshoring in the service sector.

The second scenario assumes that the intensity of structural transformation into the service
sector remained the same after 1990. Proposition 2 predicts that the faster productivity growth
in the goods sector induces an increase in the female to male hours ratio, and it also implies that
the ratio declines as the gap in productivity growth between sectors closes.37 This counterfactual
attempts to assess the contribution of this mechanism, and is realized by equating the difference
in annual productivity growth between the goods and services sectors from 1990 to 2016 to the
difference from 1970 to 1990. Since γg − γs fell from 1.6% between 1970 and 1990 to 0.9% between
1990 and 2016, I postulate (γg − γs)0,1 = (γg − γs)1,2 = 1.6%.

The third counterfactual assumes that the pace of improvement in gender productivity wedge
since 1990 has been the same as in the previous period. I focus on the weight of women in the
domestic labor aggregate αj,t(k) and the gender wage ratio x to quantify the degree of gender pro-
ductivity wedge as discussed in Section 3.7. To implement the counterfactual, the gender wage
ratio is assumed to have evolved at the same pace since 1990, and αHk,2 and α

H
cj,2 are derived under

this hypothetical gender wage ratio.38 The estimated values are αHk,2 = 0.249, αHcs,2 = 0.354 and
αHcg,2 = 0.191, which are higher than the baseline parameter values of 0.239, 0.331, and 0.174.
Therefore, women’s comparative advantage becomesmore responsive to the offshorability of each
occupation and is increased for all occupations and sectors in this counterfactual.
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Table 3. Summary of calibrated parameters

Parameters Values Sources/Targets

Firm’s side
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

η 0.854 Goos et al. (2014)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ε 2.4 Weinberg (2000)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(γg − γs)0,1 1.6% BLS data and relation between labor productivity and Aj
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(γg − γs)1,2 0.9% BLS data and relation between labor productivity and Aj
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αk,0 0.233 Relation between gender hours ratio and offshorability
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αk,1 0.284 Relation between gender hours ratio and offshorability
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αk,2 0.239 Relation between gender hours ratio and offshorability
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αcg,0, αcs,0 0.118, 0.221 Total hours of work in goods and services by men, given αk,0
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αcg,1, αcs,1 0.145, 0.281 Total hours of work in goods and services by men, given αk,1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αcg,2, αcs,2 0.174, 0.331 Total hours of work in goods and services by men, given αk,2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Household’s side
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ρ 0.002 Herrendorf et al. (2013)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tm,0, Tf ,0 0.870, 0.591 Valerie Ramey’s data on home production in 1970
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tm,1, Tf ,1 0.834, 0.679 Valerie Ramey’s data on home production in 1990
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tm,2, Tf ,2 0.829, 0.715 Valerie Ramey’s data on home production in 2016
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

εl 0.210 Relation between gender leisure and wage ratios from 1970 to 2016
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

αl 0.329 Relation between gender leisure and wage ratios in 1970
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

δ 1.404 Expression for female leisure in 1970
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Offshoring-related and distributional parameters
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kg,0, Ks,0 1, 1 Simplifying assumptions
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kg,1, Ks,1 0.836, 1 Women’s average offshoring potential & trend for service offshoring
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Kg,2, Ks,2 0.568, 0.836 Women’s average offshoring potential
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

& rate of estimated female employment losses in goods to services
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

τ 1 Arbitrary
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θg,0, θs,0 1.621, 1.595 Hiring cost of domestic and offshored labor
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θg,1, θs,1 1.437, 1.577 Hiring cost of domestic and offshored labor
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

θg,2, θs,2 0.936, 1.424 Hiring cost of domestic and offshored labor
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ψ , ξ 1.421, 0.952 Total hours of work by women andmen in 1970
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rsg,0 0.259 Total hours of work by women in goods in 1970
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rsg,1 0.188 Using Rsg,0, ρ, and (γg − γs)0−1
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rsg,2 0.150 Using Rsg,1, ρ, and (γg − γs)1−2

Note: (γg − γs)0,1 and (γg − γs)1,2 represent the difference in annual growth rates from 1970 to 1990 and from 1990 to 2016,
respectively.

The parameter values for the baseline and counterfactual are presented in Table 4.
Table 5 presents the quantitative results. The baseline predicts an increase in the gender hours

ratio of 76.3% from 1970 to 1990 and 17.2% from 1990 to 2016. These are close to the 68.2% and
15.5% increases in the data. The predicted increases in the gender wage ratio are 13.7% and 5.5%
over the same periods. Overall, the baseline model is successful in replicating the flattening of
gender hours and wage ratios since 1990.

Assuming that service offshoring did not exist in 2016 as it did in 1990, the gender hours ratio is
projected to increase by 20.1% between 1990 and 2016. Compared to the baseline, the emergence
of service offshoring has reduced the increase in the gender hours ratio by 2.9 percentage points.
The gender wage ratio is projected to increase by 14.2%, which is 8.8 percentage points higher
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Table 4. Parameter values for the baseline and counterfactuals

Ks,2 (γg − γs)1,2 αk,2 αcg,2 αcs,2

Baseline 0.836 0.9% 0.239 0.174 0.331
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Counterfactual 1: Increase in service offshoring 1 0.9% 0.239 0.174 0.331
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Counterfactual 2: Structural transformation into services 0.836 1.6% 0.239 0.174 0.331
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Counterfactual 3: Decrease in gender productivity wedge 0.836 0.9% 0.249 0.191 0.354

Note: The other parameters have the same values as in Table 3.

Table 5. Quantitative results

FM Mm Mf x

Data
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1970 0.384 0.416 0.160 0.631
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1990 0.646 0.381 0.246 0.733
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1970 data, %) (68.2) (−8.6) (53.8) (16.1)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2016 0.746 0.349 0.260 0.776
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 data, %) (15.5) (−8.3) (5.9) (5.9)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Model predictions in 1990 and 2016
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1990 0.677 0.370 0.251 0.718
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1970 data, %) (76.3) (−11.1) (56.7) (13.7)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2016
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Baseline 0.794 0.356 0.283 0.757
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 predictions, %) (17.2) (−3.7) (12.8) (5.5)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 1: Increase in service offshoring 0.813 0.353 0.287 0.820
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 predictions, %) (20.1) (−4.5) (14.7) (14.2)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 2: Structural transformation into services 0.797 0.356 0.284 0.768
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 predictions, %) (17.7) (−3.9) (13.2) (7.0)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 3: Decrease in gender productivity wedge 0.817 0.353 0.288 0.832
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 predictions, %) (20.6) (−4.7) (15.0) (16.0)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contribution of each counterfactual (%p)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 1: Increase in service offshoring 2.9 −0.8 1.8 8.8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 2: Structural transformation into services 0.5 −0.1 0.3 1.6
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Counterfactual 3: Decrease in gender productivity wedge 3.4 −0.9 2.2 10.5

Notes: Counterfactual 1 assumes that service offshoring did not occur until 2016, that is, Ks,1 = Ks,2 = 1. Counterfactual 2 assumes
that the difference in annual productivity growth between goods and services has been identical since 1990, that is, (γg − γs)0,1 =
(γg − γs)1,2 = 1.6%. Counterfactual 3 assumes that the rate of decline in gender productivity wedge has been the same since 1990.
This is achieved by assuming that the gender wage ratio has evolved at the same pace since 1990 and deriving αHk,2 and α

H
cj,2 under

this hypothetical gender wage ratio. The contribution is calculated by subtracting the change in the baseline from the change in
each counterfactual.

than in the baseline. In this counterfactual, women work more and men work less than in the
baseline, implying that the emergence of service offshoring in the baseline has indeed negatively
affected women’s hours worked. The result confirms the main hypothesis that the rise of service
offshoring is behind the flattening of the gender hours ratio since the 1990s.

In counterfactual 2, which assumes the same pace of structural transformation toward the ser-
vice sector, the predicted increase in the gender hours ratio from 1990 to 2016 is 17.7%. This

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1365100524000658
Downloaded from https://www.cambridge.org/core. IP address: 3.135.183.145, on 24 Dec 2024 at 22:21:47, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1365100524000658
https://www.cambridge.org/core


24 Kangchul Jo

means that the slowdown in between-sector forces after 1990 is responsible for a 0.5 percentage
points fall in the change in the gender hours ratio between 1990 and 2016. The gender wage ratio
rises by 7.0% in this scenario, a difference of 1.6 percentage points from the baseline. This result
confirms Proposition 2, although the magnitude of the contribution is modest compared to the
counterfactual 1.

Comparing these two counterfactuals suggests that the service offshoring mechanism pre-
sented in this paper is quantitatively more important in explaining the flattening of the gender
hours ratio. The slower pace of structural transformation toward services, which is the mecha-
nism proposed by Ngai and Petrongolo (2017) and represented by counterfactual 2, played a role
in the slowdown in the gender hours ratio. However, this counterfactual does not perform as well
as counterfactual 1 in accounting for the slowdown in the gender hours ratio in the data.

If the trend in gender productivity wedge, as indicated by the gender wage ratio and the com-
parative advantage of women, had continued at the same pace after 1990, the gender hours ratio
would have increased by 20.6% since 1990. This means that the plateau in the pace of decline in
gender productivity wedge has contributed to a 3.4 percentage points reduction in the change in
the gender hours ratio. The gender wage ratio would have increased by 16.0%, which is 10.5 per-
centage points higher than the baseline. The faster decline in gender productivity wedge increases
the comparative advantage of female labor, raising the perceived labor productivity of women.
This leads to an increase in the demand for female labor and thus an increase in the gender hours
ratio and the gender wage ratio.

This result also confirms the quantitative importance of the rise of service offshoring in explain-
ing the flattening of the gender hours ratio since 1990. The contribution of counterfactual 1 in
explaining the flattening is comparable to that of counterfactual 3.Moreover, given that the change
in the gender productivity wedge reflected in α(k) represents a mix of factors including gender
discrimination and improvements in women’s labor market characteristics, it is highly likely that
the contribution of the service offshoring channel is actually larger than that of any of the factors
represented by the gender productivity wedge.

Table 5 shows that all counterfactuals have not only a higher gender hours ratio, but also a
higher gender wage ratio than the baseline. This means that these forces, in addition to the gender
hours ratio, contribute to the slowdown in the gender wage ratio. An explanation can be found
in (13), which shows the tension between the gender hours ratio and the gender wage ratio. The
slowdown in the gender wage ratio acts as a factor that increases the gender hours ratio by (13),
preventing the gender hours ratio from falling further. In a sense, the slowdown in the gender
wage ratio absorbs some of the flattening of the gender hours ratio.39

It would also be interesting to compare the contribution of service and material offshoring
to the evolution of the gender hours ratio. For this comparison, I consider two scenarios in
which service and material offshoring remained at 1990 levels by imposing either Ks,1 =Ks,2 = 1
or Kg,1 =Kg,2 = 0.836. Note that the first case corresponds to the counterfactual 1 of no service
offshoring in Table 5.

The model predicts that as the cost of service offshoring declines, the gender hours ratio falls.
However, the effect of a change in the cost of material offshoring on the hours ratio is theoretically
unclear in the model. The results in Table 6 show that the change in the gender hours ratio from
1990 to 2016 would be 2.4 percentage points lower than the change in the baseline if material
offshoring remained at its 1990 level. In this counterfactual of lower material offshoring, men’s
hours are higher than in the baseline, while women’s hours are lower. This means that the increase
in material offshoring, facilitated by a decline in the cost of material offshoring, had a negative
effect on men’s hours while increasing women’s hours, resulting in an increase in the gender
hours ratio since 1990. These results are consistent with the earlier hypothesis that an increase in
material offshoring can induce a rise in the gender hours ratio.
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Table 6. Comparison of service andmaterial offshoring

FM Mm Mf x

Model predictions in 2016
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Baseline 0.794 0.356 0.283 0.757
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 projections, %) (17.2) (−3.7) (12.8) (5.5)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Service offshoring remained at 1990 levels 0.813 0.353 0.287 0.820
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 projections, %) (20.1) (−4.5) (14.7) (14.2)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Material offshoring remained at 1990 levels 0.778 0.358 0.279 0.708
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Changes from 1990 projections, %) (14.8) (-3.1) (11.2) (−1.3)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Contribution of each counterfactual (%p)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Service offshoring remained at 1990 levels 2.9 −0.8 1.8 8.8
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Material offshoring remained at 1990 levels −2.4 0.6 −1.6 −6.7
Notes: The scenario that service offshoring remained at 1990 levels assumes Ks,1 = Ks,2 = 1 and corresponds to the counterfactual
1 (no service offshoring) in Table 5. The scenario in which material offshoring remained at 1990 levels assumes that Kg,1 = Kg,2 =
0.836. The changes from 1990 projections are calculated using the 1990 projections in Table 5. The contribution is calculated by
subtracting the change in the baseline in Table 5 from the change in each scenario.

6. Conclusion
The main objective of this paper is to understand the plateau in the rising gender hours ratio since
the 1990s. The trends in the gender hours and wage ratios imply a slower growth in the relative
demand for female labor since the 1990s. I identify the ICT-driven emergence of service offshoring
as the relevant demand factor. The mechanism is that the expansion of service offshoring has hit
women harder than men, thereby restraining further growth in the gender hours ratio.

This paper complements the existing literature in several ways. By focusing on hours worked
and the demand side, I consider both the extensive and the intensive margins of the labor market
and reconcile the dynamics of both gender hours and wage ratios. In addition, my framework can
endogenously generate the key proposition of a higher female to male hours ratio in the service
sector, in contrast to the literature that explicitly assumes this. The paper also introduces an addi-
tional layer of the labor market effects of offshoring in terms of gender, enriching the literature
that has mostly focused on aggregate effects.

I document the empirical evidence consistent with this mechanism. These include the different
trajectories of sales and administrative occupations by gender, the higher female intensity of highly
offshorable occupations, and the increase in service offshoring since the 1990s. The model with
two sectors, two genders, and a continuum of occupations predicts an increasing gender hours
ratio as labor productivity grows faster in the goods sector. As the cost of offshoring falls in the
services sector, the gender hours ratio falls due to women’s comparative advantage in services in
the model. Quantitatively, the increase in service offshoring plays a significant role in the flatten-
ing of the gender hours ratio since 1990, especially when compared to the slowdown in structural
transformation toward the services sector.

Notes
1 The nature of a job changes over time as technology evolves. For example, Atalay et al. (2020) showed that within-
occupation changes in non-routine and routine tasks were greater than between-occupation changes, using occupation-year-
specific routineness measures based on the text of job advertisements from 1950 to 2000. It is difficult to apply the measures
directly to this paper because their dataset ends in 2000. However, they also find that their measures are highly correlated with
the static measures such as the Dictionary of Occupational Titles (DOT), the Occupational Information Network (O∗NET),
and the one by Autor et al. (2003). This fact supports the use of a time-invariant offshorability index in this paper.
2 The elements that consist of Face-to-Face contact are: Face-to-face discussions (4.C.1.a.2.l), Establishing and maintain-
ing interpersonal relationships (4.A.4.a.4), Assisting and caring for others (4.A.4.a.5), Performing for or working directly
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with the public (4.A.4.a.8), and Coaching and developing others (4.A.4.b.5). The elements for On-Site Job are; Inspecting
equipment, structures, or material (4.A.1.b.2), Handling and moving objects (4.A.3.a.2), Controlling machines and pro-
cesses (4.A.3.a.3), Operating vehicles, mechanized devices, or equipment (4.A.3.a.4), Repairing and maintaining mechanical
equipment (, 4.A.3.b.4), and Repairing and maintaining electronic equipment (4.A.3.b.5).
3 Autor and Dorn (2013) provide crosswalks that can be used to generate 330 occupation codes that are comparable from
1968 onward. However, there are about 70 occupations that have no individuals prior to 1983. This is because these occupation
codes were not available in the surveys during this period. After the reform of the classification in 1983, the number of
occupations with no individuals dropped dramatically to less than 10 occupations. Since this section is primarily concerned
with five broad occupation groups rather than individual occupations, this issue is not critical to the analysis.
4 Dorn (2009) categorizes occupations into six groups, but I omit the farming, forestry, and fishing occupations from the
analysis due to their small share of hours worked.
5 Sales and administrative support occupations include technicians and support occupations, salespersons in various fields,
and administrative support occupations such as office typists, receptionists, telephone operators, and bank tellers. Service
occupations include housekeeping and cleaning, protective services, food preparation, health care support, building main-
tenance, recreation, hospitality, and child care workers. Managers and professionals include managers in organizations and
occupations that require professional skills. Operators and laborers are mostly mechanics, construction workers, and manual
laborers. Craft and repair occupations include machine operators, assemblers, inspectors, and transportation occupations.
6 When skilled workers are defined as workers with some college education or more, the share of hours worked by skilled
workers increased from 26.6% in 1968 to 68.3% in 2018.
7 Skilled workers’ share of hours worked in managers and professionals was already over 60% in 1968 and increased to
90.8% in 2018. On the other hand, skilled workers accounted for less than 10% of hours worked in operators/laborers and
craft/repair occupations in 1968 and these shares were only 44.3% and 35.2%, respectively, in 2018.
8 The share of skilled workers in women’s hours worked has risen from 24.3% in 1968 to 73.8% in 2018. Women’s skilled
hours share has exceeded that of men since 1992.
9 See Liu and Trefler (2008).
10 Amiti andWei (2009) originally present five service industries (telecommunications, insurance, finance, business services,
and computing and information), but in this paper the categories are reduced to four due to their availability in the IMF
Balance of Payments statistics.
11 Since 1997, the BLS has produced input–output data based on the BEA’s input–output table in the course of preparing
its employment projections. These data can be downloaded from “Inter-industry relationships (Input-Output matrix)” of
“Employment Projections” on the BLS web site.
12 A caveat to this measure is that it is likely to underestimate the true value of service offshoring, as it would normally be
more expensive to purchase the services domestically than to import them. The use of volume data would solve this problem,
but these are not available at the detailed industry level.
13 Amiti and Wei (2009) report an increase in the share of service offshoring from 0.18% to 0.29% between 1992 and 2000.
The magnitudes differ mainly because this paper calculated these shares for all private industries, while they calculated the
shares for manufacturing industries.
14 The relevant industries are insurance, finance, telecommunication, computer, and information, and other business ser-
vices. Total compensation of employees is divided by the number of full-time equivalent employees to obtain compensation
per employee, using data from the BEA.
15 The only two exceptions are “Transport and travel” and “Charges for the use of intellectual property n.i.e”. The “Transport
and travel” category is merged because it is difficult to distinguish between the two types of services in terms of industry. The
category “Charges for the use of intellectual property n.i.e.” is not included because it is difficult to assign the type to specific
industries.
16 Autor, Levy, and Murnane (2003) used the STS (Set limits, Tolerances, or Standards) and FINGDEX (Finger Dexterity)
variables from the DOT and took a simple average of the two to generate the routine task measure.
17 “Mathematicians and statisticians,” “operations and systems researchers and analysts,” “computer software develop-
ers,” “technical writers,” and “insurance underwriters” are among the 10 occupations with the highest offshorability index
according to Autor and Dorn (2013).
18 Acemoglu and Autor (2011) used the selected O∗NET measures to construct the routineness index. It is an average of
Routine Cognitive and Routine Manual measures for each occupation. The elements that make up the Routine Cognitive
measure are: Importance of repeating the same tasks (4.C.3.b.7), Importance of being exact or accurate (4.C.3.b.4), and
Structured vs. Unstructured work (inverted, 4.C.3.b.8). The elements for the Routine Manual measure are: Pace determined
by speed of equipment (4.C.3.d.3), Controllingmachines and processes (4.A.3.a.3), and Spend timemaking repetitive motions
(4.C.2.d.1.i). O∗NET version 13.0 was used to generate these measures. The correlation coefficient between the offshorability
index and this routine task measure is 0.08.
19 The elasticity of substitution between occupations is different from the offshorability of each occupation. The former refers
to the substitutability between different occupations in the production of final goods, while the latter refers to the potential
substitutability of domestic labor for foreign labor in a given occupation.
20 This is in contrast to Ngai and Petrongolo (2017), who explicitly assume that the weight of women is higher in the service
sector.
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21 Amiti and Wei (2009) report that the average material and service offshoring in manufacturing industry in 2000 was
17.4% and 0.29% of total non-energy inputs, respectively.
22 There is a caveat to Lemma 2. It does not necessarily hold across sectors, since αj(k) also plays a role in determining Kj
other than βj. If αs(k)>αg (k), there is a possibility that Ks is lower than Kg , depending on the parameters of αj(k) even if
βg <βs. In this section, I will maintain the assumption that βg <βs translates into Kg <Ks. However, in the calibration and
quantitative analysis, I will not keep the parametric assumption of βg <βs. I will consider Kj as a proxy for the degree of
offshoring in sector j, since the calibration starts with the estimation of Kj and θj ≡ βjw∗ is derived from Kj and Lemma 1.
23 The model assumes αs(k) �= αg (k). Therefore, it does not explicitly assume αs(k)>αg (k). However, αs(k)>αg (k) will turn
out to be true in the calibration.
24 Data from the Bureau of Economic Analysis show that financial services, charges for the use of intellectual property, and
other business services accounted for 13.6%, 15.6%, and 16.6%, respectively, of US service exports on average from 1999 to
2018. Travel (24.8%) accounted for the largest share.
25 The total time endowment, including work, school, home production, and leisure, is assumed to be 88.5 hours per week,
following Ramey and Francis (2009).
26 Note that their definition of offshorability i is inverted in this paper, that is, i= 1− k.
27 I choose Lfs,0(k) as a benchmark because the evolution of women’s hours worked in services has been more important in
determining the gender hours ratio thanmen’s hours worked or women’s hours worked in the goods sector. Lmg,0(k), Lms,0(k),
and Lfg,0(k) can be expressed in terms of Lfs,0(k) in the model.
28 Occupations that belong to the same occupation group are likely to have higher substitutability, while occupations in
different groups would be more complementary. Therefore, if occupations are defined by broad occupation groups, their
substitutability is likely to be lower.
29 I derive the mapping from the BLS labor productivity data to Aj in the model in the online appendix. One problem with
calculating Aj using the data and the model is that the level of Aj is related to Kj in each year, even though the model assumes
that Aj is exogenously given, while Kj is endogenously determined by the equalization of hiring costs in the model. This is
because the BLS definition of labor productivity is linked to Kj in the context of the model. This link may be problematic
in the next section, when I consider a counterfactual of no service offshoring in 2016. In this counterfactual, a change in Kj
would also change the level of Aj, making it impossible to isolate the effect of a change in Kj. To avoid this problem, Aj is
derived by assuming that there was no offshoring from 1970 to 2016 and this common Aj is applied to the baseline and all
counterfactuals.
30 Occupations with both zero Lf ,t(k) and zero Lm,t(k) are dropped. All coefficients for αk,t are statistically different from 0
at the 1% significance level.
31 I take only the slope coefficients from the regressions to use the trends in total hours worked in each sector, as well as the
trends extracted from the regressions at the individual occupation level.
32 This is natural because an offshorability index only measures the potential for offshoring, not the actual degree of
offshoring, as emphasized earlier.
33 Previously, I used a similar strategy to specify Lfs,0(k), assuming that Lfs,0(k) followed a continuous probability distribution
function. The difference here is that the hypothetical distributions are based on the actual, discrete distributions of hours
worked in the base year.
34 As discussed in the previous footnote, the number of occupations with nontrivial hours worked hovered around 262 to
264 out of 330 from 1971 to 1982, increased to 329 in 1983, and remained consistently above 320 through 2016.
35 The method for calculating χf ,t is discussed in the online appendix.
36 The p.d.f. of the beta distribution in the calibration is defined by Lfs,0(k)= Lfskψ−1(1− k)ξ−1/B(ψ , ξ ), where B(ψ , ξ )=
�(ψ)�(ξ )/�(ψ + ξ ) and Lfs is a scaling factor of the distribution.
37 From the proof of Proposition 2 in Appendix A, ∂FM/∂Rsg < 0. Since Rsg increases as γg − γs falls, FM is expected to
decrease.
38 The hypothetical gender wage ratio in 2016 is xH2 = 0.866. This ratio is used only to obtain hypothetical parameters for
αj,t(k), and the gender wage ratio itself is determined endogenously by the model as in the other scenarios.
39 I present the quantitative results when the gender wage ratio is fixed to the actual data in 2016 in the online appendix. In
this exercise, the contribution of each channel to the flattening of the gender hours ratio is much larger.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/10.1017/
S1365100524000658
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Appendix: Proofs for lemmas and propositions

Lemma 1. If wD
j (0)<βjτ (0)w∗, wD

j (1)>βjτ (1)w∗, and ∂wD
j (k)/∂k> ∂(βjτ (k)w∗)/∂k for all k,

then there exists a unique cutoff Kj that satisfies the following conditions:

1. wD
j (Kj)= βjτ (Kj)w∗,

2. LDj (k)> 0 and L∗
j (k)= 0 for 0≤ k≤Kj,

3. LDj (k)= 0 and L∗
j (k)> 0 for Kj < k≤ 1.

Proof. Define hj(k)=wD
j (k)− βjτ (k)w∗. Then hj(k) is a continuous function of k and

min(hj(0), hj(1))= hj(0)< 0< hj(1)=max(hj(0), hj(1)). By the intermediate value theorem, there
exist Kj ∈ [0, 1] such that hj(Kj)= 0. ∂hj(k)/∂k= ∂wD

j (k)/∂k− ∂(βjτ (k)w∗)/∂k> 0 for all k, so
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hj(k) is a monotonically increasing function on [0, 1]. This guarantees the existence of a unique
Kj.

For 0≤ k≤Kj, hj(k)≤ 0, that is,wD
j (k)≤ βjτ (k)w∗. Therefore, firms hire only the cheaper labor

input, that is, domestic labor. For Kj < k≤ 1, hj(k)> 0, that is, wD
j (k)>βjτ (k)w∗, implying that

firms choose to employ the offshored labor in this region.

Lemma 2. When Lemma 1 holds, ∂Kj
∂βj
> 0.

Proof. Since

βj =
wD
j
(
Kj
)

w∗τ
(
Kj
) ,

∂βj

∂Kj
=

[
∂wD

j (Kj)
∂Kj

τ
(
Kj
)−wD

j
(
Kj
) ∂τ(Kj)

∂Kj

]
w∗ [τ (Kj

)]2 .

Using the expression for βj,

∂βj

∂Kj
=
τ
(
Kj
) [ ∂wD

j (Kj)
∂Kj

− βjw∗ ∂τ(Kj)
∂Kj

]
w∗ [τ (Kj

)]2 .

Since the numerator is positive by the assumption in Lemma 1,

∂βj

∂Kj
> 0,

which confirms
∂Kj

∂βj
> 0.

Proposition 1. If Lemma 1 holds, βg <βs, α
′
j (k)> 0, αs(k)>αg(k), and∫ Kg

0 ϕg(k)εLmg(k)dk/
∫ Kg
0 Lmg(k)dk≤ ∫ Kg

0 ϕs(k)εLms(k)dk/
∫ Kg
0 Lms(k)dk, the female to male

hours ratio in the goods sector is lower than the ratio in the services sector:∫ Kg
0 Lfg

(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk
<

∫ Ks
0 Lfs

(
k
)
dk∫ Ks

0 Lms
(
k
)
dk

.

Proof. By Lemma 2, Kg <Ks if βg <βs. Also, by assumption,∫ Kg
0 ϕg

(
k
)ε x−εLmg

(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk

≤
∫ Kg
0 ϕs

(
k
)ε x−εLms

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk

.

Using (13), ∫ Kg
0 Lfg

(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk

≤
∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk

.
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Next, I will prove ∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk
<

∫ Ks
0 Lfs

(
k
)
dk∫ Ks

0 Lms
(
k
)
dk

.

This is equivalent to ∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk
<

∫ Ks
Kg

Lfs
(
k
)
dk∫ Ks

Kg
Lms

(
k
)
dk

.

Using (13), ∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk

=
∫ Kg

0
ϕs
(
k
)ε x−ε Lms

(
k
)

∫ Kg
0 Lms

(
k
)
dk

dk.

This is a weighted average of ϕs(k)εx−ε and lies between the minimum and maximum of
ϕs(k)εx−ε at [0,Kg]. Since ϕs′(k)> 0,

ϕs (0)ε x−ε <
∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk
<ϕs

(
Kg
)ε x−ε .

Similarly,

ϕs
(
Kg
)ε x−ε <

∫ Ks
Kg

Lfs
(
k
)
dk∫ Ks

Kg
Lms

(
k
)
dk

=
∫ Ks

Kg
ϕs
(
k
)ε x−ε Lms

(
k
)

∫ Ks
Kg

Lms
(
k
)
dk

dk<ϕs (Ks)
ε x−ε .

Therefore, ∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk
<ϕs

(
Kg
)ε x−ε <

∫ Ks
Kg

Lfs
(
k
)
dk∫ Ks

Kg
Lms

(
k
)
dk

,

and ∫ Kg
0 Lfg

(
k
)
dk∫ Kg

0 Lmg
(
k
)
dk

≤
∫ Kg
0 Lfs

(
k
)
dk∫ Kg

0 Lms
(
k
)
dk
<

∫ Ks
0 Lfs

(
k
)
dk∫ Ks

0 Lms
(
k
)
dk

.

Proposition 2. If Proposition 1 holds, the aggregate female to male hours ratio rises over time as
γg > γs.

Proof. If I differentiate FM with respect to Rsg and rearrange terms,

∂FM
∂Rsg

= 1
Rsg

∫ Kg
0 Lfg

(
k
)
dk

∫ Ks
0 Lms

(
k
)
dk− ∫ Ks

0 Lfs
(
k
)
dk

∫ Kg
0 Lmg

(
k
)
dk[

RsgHρ−η
sg

∫ Kg
0 αsg,m

(
k
)
Isg

(
k, x

)
ϕs
(
k
)−ε Lfs (k) dk+ ∫ Ks

0 ϕs
(
k
)−ε Lfs (k) dk]2 x2ε < 0,

by Proposition 1. Since Rsg = (Ag/As)ρ−1(ω/(1−ω))ρ decreases as γg > γs, FM increase when
labor productivity growth is higher in goods.

Proposition 3. If Proposition 1 holds and η > ρ, the aggregate female to male hours ratio falls as
βs goes down and βg <βs is still satisfied after the change.
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Proof.
dFM
dβs

= ∂FM
∂βs

+ ∂FM
∂Ks

∂Ks
∂βs

.

If I differentiate FM with respect to βs and rearrange terms,
∂FM
∂βs

= ∂Hsg

∂βs

ρ − η

Hsg

×
∫ Kg
0 Lfg

(
k
)
dk

∫ Ks
0 Lms

(
k
)
dk− ∫ Ks

0 Lfs
(
k
)
dk

∫ Kg
0 Lmg

(
k
)
dk[

RsgHρ−η
sg

∫ Kg
0 αsg,m

(
k
)
Isg

(
k, x

)
ϕs
(
k
)−ε Lfs (k) dk+ ∫ Ks

0 ϕs
(
k
)−ε Lfs (k) dk]2 x2ε > 0,

by Proposition 1. The derivative of FM with respect to Ks can be written as

∂FM
∂Ks

=
Lfs (Ks)

[∫ Kg
0

(
ϕg

(
k
)−ε − ϕs (Ks)

−ε
)
Lfg

(
k
)
dk+ ∫ Ks

0

(
ϕs
(
k
)−ε − ϕs (Ks)

−ε
)
Lfs

(
k
)
dk
]

[
RsgHρ−η

sg
∫ Kg
0 αsg,m

(
k
)
Isg

(
k, x

)
ϕs
(
k
)−ε Lfs (k) dk+ ∫ Ks

0 ϕs
(
k
)−ε Lfs (k) dk]2 xε .

Since ϕj′(k)> 0, ϕs(k)−ε > ϕs(Ks)−ε for 0≤ k<Ks. ϕg(k)−ε > ϕs(Ks)−ε holds for 0≤ k<Kg
because ϕg(k)<ϕs(k) for all k and Kg <Ks. This implies that ∂FM/∂Ks > 0. Also, from Lemma 2,
∂Ks/∂βs > 0. Therefore,

dFM
dβs

> 0.

Lemma 3. H(βj, x) is minimized when αj(k)= Ij(k, x) for all k and j.

Proof. Define Dj
(
k, x

)= αj
(
k
)− ε

ε−1 Ij
(
k, x

) 1
ε−1 where Ij(k, x)≡wf Lfj(k)/(wf Lfj(k)+

wmLmj(k))= 1/(1+ ϕj(k)−εxε−1). Then

∂Dj
(
k, x

)
∂αj

(
k
) = ε

ε− 1
αj
(
k
) 1−2ε
ε−1 Ij

(
k, x

) 1
ε−1

[−Ij
(
k, x

)+ αj
(
k
)]
.

Since ε > 1 in general, this means that ∂Dj(k, x)/∂αj(k)> 0 when αj(k)> Ij(k, x) and
∂Dj(k, x)/∂αj(k)≤ 0 when αj(k)≤ Ij(k, x). Therefore, Dj(k, x) is minimized when αj(k)= Ij(k, x).

The right-hand side of (14) was defined as H(βj, x) as follows:

H
(
βj, x

)≡

⎡
⎢⎢⎣w1−η

f

∫ Kj

0

⎛
⎜⎜⎝αj (k)− ε

ε−1 Ij
(
k, x

) 1
ε−1︸ ︷︷ ︸

=Dj(k,x)

⎞
⎟⎟⎠

1−η

dk+ (
βjw∗)1−η ∫ 1

Kj
τ
(
k
)1−η dk

⎤
⎥⎥⎦

1
1−η

.

Then
∂H

(
βj, x

)
∂αj

(
k
) =H

(
βj, x

)η w1−η
f

∫ Kj

0
Dj

(
k, x

)−η ∂Dj
(
k, x

)
∂αj

(
k
) dk.

Thus, H(βj, x) is also minimized when αj(k)= Ij(k, x).
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