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Abstract

We examine how trade influences female labor supply through reductions in the
prices of household appliances that substitute for domestic labor. Using a comprehen-
sive data set from 1981 to 2017, which includes four population censuses, household
surveys, and customs records from Peru, we show that labor force participation rose at
the same time that appliance import prices fell. We then develop and estimate a dy-
namic general equilibrium model of trade and household production, to quantitatively
evaluate the aggregate impact of declining appliance prices. We find that the reduction
in appliance prices during the sample period leads to an increase in female labor force
participation that explains one tenth of the total rise in female labor participation in

Peru over the past 30 years.
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1 Introduction

Globalization has increased rapidly during the past decades and the resulting competition
from labor-abundant countries has transformed labor markets in rich and poor countries
alike. This sweeping transformation has sparked a vast body of economic research trying to
understand the e ects of globalization across a wide range of outcomes, ranging from income
inequality to health and marital outcomes!

An overarching principle in much of the existing literature is that trade competition a ects
labor markets primarily through its impact on labor demand. We propose a complementary
channel through which trade also reshapes labor supply. Increased trade reduces the prices
of household appliances, such as refrigerators and washing machines, which substitute for
labor in domestic production. Access to these appliances allows individuals to shift their
time from home production to market activities, leading to higher labor force participation.
Since women devote a larger share of their time to domestic tasks|twice as much as men,
on average, in OECD countries (OECD, 2011)|this mechanism disproportionately a ects
female labor force participation.

To examine this new channel linking trade and labor markets, we focus on Peru, which like
many developing countries relies heavily on international trade to access modern appliances.
We begin by documenting four empirical facts that reveal the transformation of Peru's labor
market and suggest a potential role of international trade in appliances in driving this process.
To do so, we leverage a comprehensive dataset from 1981 to 2017 that comprises population
censuses, detailed import and export records, and a time-use survey. We then develop a
model to quantify the impact of an exogenous reduction in appliance prices brought about
by a trade liberalization.

Our rst fact shows a striking parallel development in Peruvian households. Female labor
force participation among those aged 25-65 has risen by approximately 23 percentage points
since 1993, while male participation has remained stable at about 90 percent. At the same
time, household appliance adoption expanded rapidly. Prior work has shown that appliance
ownership is closely linked to women's labor supply (Greenwood, Seshadri, and Yorukoglu
(2005); de V. Cavalcanti and Tavares (2008)), and the Peruvian evidence is consistent with
this relationship. Time-use surveys indicate that women in households with appliances spend
less time on home production and exhibit both higher labor force participation and greater
market hours.

Our second fact suggests that international trade played an important role in enabling

1See, for example, Autor, Dorn, and Hanson (2016) and Harrison, McLaren, and McMillan (2011) for
surveys.



the adoption of these time-saving technologies. Beginning in the early 1990s, after a period of
import substitution policies, Peru liberalized its economy and allowed households to access
modern appliances produced abroad. The e ects were substantial. From 1994 to 2017,
import prices of time-saving appliances, relative to average national income, fell by about
70 percent, and total appliance imports increased more than tenfold. Importantly, these
imports replaced the country's previously limited domestic production, suggesting that the
price decline was largely an exogenous shock to appliance availability and highlighting the
potential role of international trade in this labor market transformation.

Did appliance adoption enable this labor market transformation? Our third fact suggests
this was the case, by exploiting geographic variation in access to utilities. Running water
and electricity are preconditions for using modern appliances, and in 1993 there was wide
dispersion in utility access across Peruvian regions. We nd that regions with better baseline
utility access experienced faster growth in both appliance ownership and female labor force
participation, consistent with these regions being better positioned to bene t from declining
appliance prices. This dierential is particularly pronounced among married women, who
typically bear greater responsibility for household chores and child-rearing.

Our fourth fact provides additional suggestive evidence by examining how ownership and
labor force participation vary by age, depending on the timing of exposure to cheaper appli-
ances. We divide regions into terciles based on baseline utility access and compare women
aged 30-45 (prime working years) to those aged 50-65 (nearing retirement) across cohorts
exposed to di erent appliance prices. For the younger group, the di erential in appliance
ownership and labor force participation between high- and low-access regions reaches 10 per-
centage points for cohorts observed after prices declined. E ects are substantially smaller for
the older group. These patterns are consistent with younger households treating appliances
as long-term investments, leading to di erential adoption and labor market responses that
persist over the life cycle.

These four facts are consistent with trade reducing the price of appliances, which then
enabled women to reallocate time from home to market production, especially among those
living in places where infrastructure allowed them to do so and among those who would
bene t from long run investments.

These four facts also motivate our theoretical framework and guide our guantitative
analysis of the mechanism. The second part of our paper develops a dynamic, quantitative
model of household production in a small open economy. In the model, we analyze the
households' decisions to adopt appliances for home production in the face of a price shock.
The new technology embodied in appliances entails a sunk investment cost and an increase
in labor productivity at home. We show that, at the extensive margin, the sunk cost of



ownership is traded o against the improved continuation value of having appliances in the
rest of the lifecycle, inducing an adjustment that takes years to unfold. At the intensive
margin, the productivity gain induced by appliances leads to increases in hours worked when
market and home goods are complementary. The strength of these responses is governed by
the dispersion of an unobserved heterogeneity shock to preferences.

We calibrate the model and simulate the e ects of reducing import prices of time-saving
appliances in general equilibrium. Our strategy is to calibrate our parameters targeting a
combination of macro and micro moments of the Peruvian economy before the shock, assum-
ing it is in a steady state. Data on wages and hours worked inform household preferences;
aggregate census data allow us to recover a small set of model fundamentals. To connect the
model to data, we treat the country as a collection of small economies (provinces, the same
as in our empirical section) that vary in their productivities and the share of households with
access to utilities.

In our main quantitative exercise, we study a counterfactual scenario in which there is
a permanent and unexpected drop in appliance prices (relative to average national income)
of 70 percent|the magnitude we observe in the data. We nd that appliance ownership
increases in aggregate by about 8 percentage points, whereas female labor force participation
increases by 2.2 percentage points. This corresponds to slightly below one tenth of the total
change in female labor force participation observed in the data between 1993 and 2017, which
demonstrates the importance of the labor supply channel of trade. A second quantitative
exercise examines a broader notion of trade liberalization, in which tari reductions lower the
goods price index by one percent. Female labor force participation responds more strongly in
this scenario, as the additional income e ect allows households to invest more in appliances.
All these e ects take several years to unfold, as they require substantial adjustments across
households of di erent ages.

We contribute to three main strands of the literature. First, we contribute to the large
empirical literature examining the impacts of international trade on local labor markets.
Early work, such as Topalova (2010), documents the distributional consequences of trade
liberalization in India, while Autor, Dorn, and Hanson (2013) and Pierce and Schott (2016)
study the e ects of Chinese import competition on United States labor markets. Subsequent
work has documented that these distributional impacts are present in both developing and
advanced economies (e.g. Pierce and Schott, 2020, Traiberman, 2019, Hummels, Jorgensen,
Munch, and Xiang, 2014, Costa, Garred, and Pessoa (2016), Greenland and Lopresti, 2016,
Greenland, Lopresti, and McHenry, 2019). In addition, the adjustment to trade shocks and
their consequences have been shown to be persistent (e.g. Dix-Carneiro, 2014, Dix-Carneiro
and Kovak, 2017, Caliendo, Dvorkin, and Parro, 2019). More recently, attention has turned



to gendered impacts. Autor, Dorn, and Hanson (2019) show that male employment in
the United States was disproportionately a ected by Chinese import competition, while
Juhn, Ujhelyi, and Villegas-Sanchez (2014) nd that Mexican exporters reduced gender gaps
through labor-saving technologies. In Peru, Chong and Vebhsquez (2024) show that exposure
to tari cuts lower wages among men, but not women. Conversely, other studies nd more
limited or adverse e ects for women. Gaddis and Pieters (2017) document no gains for
women in Brazil due to male-dominated sectoral expansion, and Mansour, Medina, and
Velasquez (2022) show substantial and persistent negative impacts on Peruvian women's
employment in response to Chinese imports. While this literature focuses largely on labor
demand channels and gendered sectoral di erences, our work complements it by examining
how trade also shapes women's labor supply through changes in the relative prices of market
goods and home production.

Second, our work connects to the literature on electri cation, household appliance adop-
tion, and women's employment. Theoretically, we build on Greenwood, Seshadri, and
Yorukoglu (2005), who examine how the di usion of household appliances contributed to
rising female labor force participation in the United States during the past century, and on
Gertler, Shelef, Wolfram, and Fuchs (2016), who characterize household decisions regarding
the acquisition of energy-using assets. Empirically, we relate to studies documenting the ef-
fects of electri cation on women's employment such as Dinkelman (2011) and Vidart (2023),
as well as research linking appliance ownership to labor force participation (Coen-Pirani,
Leon, and Lugauer (2010); de V. Cavalcanti and Tavares (2008); Hackett and Marquez-
Padilla (2022)). We extend this literature to developing countries, where the connection be-
tween trade and household technology adoption is particularly salient. Developing economies
typically lack domestic appliance production and, during the 1970s-1980s, maintained trade
barriers that made imports prohibitively expensive. Trade liberalization therefore played a
crucial enabling role in household technology di usion|a channel less relevant in the de-
veloped countries examined in prior work. We document how this trade-enabled appliance
di usion correlates with changes in time allocation and female labor supply, and evaluate its
equilibrium and aggregate impacts through a quantitative model.

Finally, we contribute to the macro development literature on structural transformation,
female labor force participation, and the division of labor across countries (Gottlieb, Doss,
Gollin, and Poschke (2024); Chiplunkar and Kleineberg (2025); Ngai, Olivetti, and Petron-
golo (2024); Ngai and Petrongolo (2017)), as well as work on household production and
time allocation over the life cycle and across demographic groups (e.g Aguiar and Hurst,
2005, 2007a,b). Building on these contributions, our theoretical framework explicitly models
women's market labor through the lens of home production. We show that trade can reshape



the productive structure of the economy by altering the demographic composition of labor
supply, a mechanism that is particularly salient in developing countries where female labor
force participation remains relatively low.

2 Data

Our paper uses three primary sources from Peru. First, we draw from four population cen-
suses conducted in 1981, 1993, 2007, and 2017. These censuses provide detailed data on labor
force participation, employment status, demographic characteristics, and household appli-
ance ownership, all at a ne geographic level. We use the census data for two purposes: to
conduct individual-level regressions examining labor market outcomes and appliance own-
ership and to construct measures of regional exposure to the appliance availability shock
based on baseline utility infrastructure. We harmonize provincial boundaries across census
years to create a consistent panel based on the 1993 province de nitions. To mitigate poten-
tial confounding e ects related to college attendance and early retirement, our main sample
comprises individuals aged 25-65. An individual is classi ed as part of the labor force if he
or she reports being employed or actively seeking employment. We measure utility access at
the household level as having running water, electricity, or both. The combined census data
cover approximately 33 million individuals after applying sample restrictions.

Second, we use customs records from 1994 to 2017 to document the nationwide shock
to appliance availability. These records provide detailed data on appliance imports and
exports at the product level, including value, quantities, and unit prices. Our focus is on
time-saving household appliances, speci cally refrigerators and washing machines (including
combined washing and drying machines, see Appendix Table A.1). With these data, we
construct nationwide real appliance prices as import unit values relative to adjusted net
national income per worker (from the World Bank WDI).

Third, we use the Peruvian Time Use Survey of 2010 to document the allocation of time
by gender between labor market and household work. Finally, we supplement these primary
data sources with the Encuesta Nacional de Hogares (ENAHO), a household survey spanning
1998 to 2017, which we use for additional robustness checks and supplementary analyses.

3 Stylized Facts

In this section, we document four stylized facts about the relationship between international
trade in appliances and female labor force participation in Peru since 1993: (i) appliance
ownership surged while female labor force participation rose by 23 percentage points, (ii)
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international trade enabled this expansion in appliance adoption, (iii) areas with better access
to electricity and running water experienced larger increases in both appliance ownership and
female labor force participation, particularly among married women, and (iv) these shifts
were more pronounced among younger cohorts.

3.1 Fact 1: Appliance Use and the Transformation of Household Produc-
tion and Female Labor Force Participation

Over the past few decades, female labor force participation has grown substantially across
both developed and developing countries, while male labor force participation has remained
relatively stable or declined. In Latin America and the Caribbean, for instance, female labor
force participation among women aged 15 and older increased from 44 percent to 51 percent
between 1993 and 2017, according to the International Labor Organization (ILO). At the
same time, ownership of appliances such as washing machines and refrigerators increased
globally by approximately 25 percentage points, marking a substantial shift in household
technology adoption?

In Peru, these global trends are mirrored by striking local patterns. Female labor force
participation among women aged 25 to 65 rose dramatically from 33 percent in 1993 to 56
percent in 2017, according to our population census data. By contrast, male labor force
participation remained steady at a bit below 90 percent during the same period (Figure 1a).
At the same time, household ownership of time-saving appliances increased substantially,
with ownership of washing machines growing from 8 to 30 percent and that of refrigerators
from 27 to 49 percent (Figure 1b).

2Appendix B documents these trends.



Figure 1. The Evolution of Labor Force Participation and Appliance Ownership in Peru

(a) Labor Force Participation (b) Appliances

Notes: Panel (a) shows labor force participation rates for women and men, aged 25-65. Panel (b) shows the
share of all Peruvian households that own refrigerators and washing machines. Both panels are based on
data from the Peruvian censuses of 1993, 2007, and 2017.

Increased availability of these household technologies has implications for the allocation of
time in the household and, by extension, for labor markets. Our time-use data show that this
is particularly true for women, who disproportionately bear the burden of household chores.
Table 1 shows the mean hours per day allocated by women and men to household chores and
labor markets according to the Peruvian Time Use Survey of 2020The average woman aged
25 to 65 spends four times as much time on household chores as her male counterpart. The
ownership of time-saving appliances, however, alleviates this burden. Women in households
with such appliances spend 13 percent less time on daily chores, reducing their mean from
6.8 to 5.9 hours per day. Appliance ownership is also associated with a 4.3 percentage
point increase in female labor force participation and a 15 percent increase in average daily
hours worked in the labor market, conditional on employment. In contrast, across all these
measures, the time allocation of men is virtually unchanged with ownership of time-saving
appliances.

SUnfortunately, Peru's time use survey was only conducted in 2010, when the transformation of labor
markets was well underway. Data availability prevents us from exploiting time series variation for the
analysis.



Table 1: Time Use, by Ownership of Appliance and Sex

Female Male
Variable With Appl.  W/o Appl. With Appl. W/o Appl.
HH Chores (hrs/day, mean) 5.9 6.8 1.9 2.3
(0.10) (0.08) (0.06) (0.05)
Labor Force Patrticipation (%) 62.1 57.8 91.6 94.7
(1.28) (1.14) (0.79) (0.54)
Labor Market (hrs/day, mean) 5.1 4.5 9.6 9.4
(0.13) (0.10) (0.12) (0.09)
Labor Market (hrs/day, mean, cond. work) 7.9 6.9 10.4 9.7
(0.12) (0.12) (0.10) (0.09)

Notes: Household chores include cooking, cleaning, washing clothing, managing the household, shopping for
the household, childrearing, and caring for a disabled, sick, or elderly household member. Labor market hours
refer to the total time spent on both primary and secondary jobs for each individual. Appliance ownership
indicates a refrigerator and/or a washing machine in the household. Standard errors are in parentheses.

The data show, therefore, that starting in the 1990s, Peruvian households experienced a
substantial transformation in both household production and women's labor market partici-
pation. The time use evidence suggests that appliances reduce domestic workload for women,
enabling them to reallocate time toward paid labor, while having much smaller e ects for
men. We next document how international trade enabled this transformation.

3.2 Fact 2: Ownership of Appliances Boosted by International Trade

Between 1994 and 2017, Peru saw a sharp increase in the imports of time-saving appliances.
This surge can be traced back to economic reforms in the early 1990s, when the coun-
try shifted from import substitution policies to greater integration into international trade.
These reforms enabled Peru to access modern appliances produced abroad, bene ting from
global productivity gains and the integration of East Asian countries into global markets.
Two key developments characterize this transformation. First, as shown in Figure 2a, the
import prices of appliances|relative to national income per worker|declined signi cantly
between 1994 and 2017, with refrigerator prices falling by approximately 74 percent and
washing machine prices by 71 percefit.Second, as illustrated in Figure 2b, imports of re-
frigerators and washing machines surged during this period, each growing tenfold (against

4The early years of our imports data contain a few records in which quantities are measured with error
and, therefore, unit values are mismeasured as well. We therefore present median import prices for each
appliance.



population growth of only about thirty percent).

Figure 2: Relative Price and Imports

(a) Relative Price (b) Imports

Notes: Panel (a) shows the relative price of appliances, de ned as the ratio of the nominal import price
to the national income per worker in Peru. Panel (b) shows an index of total imports of these appliances
during the same time period (1994=1). Prices and imports are derived from customs data, while the average
national income per capita is obtained from the World Bank.

This increase in imports of appliances was instrumental in expanding access to time-saving
technologies for Peruvian households. Throughout this period, appliance imports entirely
replaced local production, which was virtually non-existent to begin with. According to the
Peruvian Statistical Institute (INEI) and our own calculations using customs data, in 1994,
the quantity imported of washing machines was approximately 15 times greater than the
number of domestically produced washing machines. This number is 2.2 for refrigerators.
Furthermore, the Peruvian Ministry of Production reports a 62.5 percent decline in the
physical volume of production in the appliance manufacturing sector from 1994 to 2002.
Coupled with the large increase we see in imports, these numbers suggest the vast majority
of the supply into the country comes from abroad (Proexport-Colombia, 2003). This near
absence of domestic manufacturing means that the large drop in import prices e ectively
acted as an exogenous shock that gave international trade a critical role in facilitating the
adoption of time-saving technologies.

3.3 Fact 3: Ownership and Labor Force Participation

Did trade-enabled appliances drive the rise in female labor force participation? This fact
provides suggestive evidence of this channel by examining how the transformation of Peru-

5In addition, it was a relatively unimportant industry within Peruvian manufacturing. According to
the results of the 1994 Annual Manufacturing Statistical Survey, the household appliance industry in Peru
accounted for just 0.76 percent of the country's total manufacturing output. It also represented only 0.99
percent of manufacturing employment and 0.56 percent of the total number of manufacturing establishments.
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