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Resumo
Esta tese é composta por dois capítulos independentes que podem ser lidos separadamente.
O primeiro capítulo estuda como as regras fiscais afetam o crescimento econômico. Com
um modelo de gerações sobrepostas com crescimento endógeno, em que o governo impõe
duas regras fiscais, uma regra da dívida e uma regra de equilíbrio orçamentário, analisamos
a dinâmica da dívida pública, crescimento econômico e bem-estar em uma economia.
Empiricamente, examinamos o efeito das regras fiscais na taxa de crescimento do PIB per
capita. Para abordar o problema da endogeneidade, usamos um painel cross-country com
uma abordagem instrumental. O instrumento explora a difusão geográfica das regras fiscais
entre os países. Os resultados mostram que a adoção de regras fiscais afeta positivamente
o crescimento econômico de países em desenvolvimento e subdesenvolvidos. Para a Europa,
melhores regras fiscais também têm um impacto positivo no crescimento. Regras de dívida
bem elaboradas parecem uma receita melhor para o crescimento econômico do que regras de
equilíbrio orçamentário, especialmente em países em desenvolvimento e subdesenvolvidos.

O segundo capítulo estuda o papel da transformação estrutural na alocação do
tempo feminino ao longo dos anos em uma economia em desenvolvimento. Aplicamos um
modelo de transformação estrutural com dois setores de mercado e um setor doméstico
que pode reproduzir a evolução simultânea dos outcomes de gênero de horas e salários.
O modelo é compatível com as tendências observadas no mercado de trabalho brasileiro.
Calibramos o modelo com parâmetros que correspondem aos dados brasileiros para 1976 e
avaliamos quantitativamente como as mudanças estruturais na economia se refletiram na
alocação de horas das mulheres. Por exemplo, se o Brasil tivesse um maior crescimento de
produtividade no setor de serviços, as horas das mulheres no setor de bens aumentariam
com o tempo. Além disso, a transformação estrutural por si só não conseguiu reproduzir
a evolução do share das horas por gênero e setor. Os parâmetros específicos de gênero
foram fundamentais para chegar à calibração banchmark para o Brasil.

Palavras-chave: Regras fiscais. Política fiscal. Crescimento econômico. Variáveis
instrumentais. Transformação Estrutural. Participação Feminina na Força de Trabalho.
Gender Gap. Produção Doméstica. Marketização. Alocação de Horas de trabalho.



Abstract
This thesis consists of two independent chapters that can be read separately. The first
chapter studies how fiscal rules affect economic growth. With an overlapping generations
model with endogenous growth, in which the government imposes two fiscal rules, a debt
rule and a budget balance rule, we analyze the dynamics of public debt, economic growth
and welfare in an economy. Empirically, we examine the effect of fiscal rules on GDP per
capita growth rate. To address the endogeneity problem, we use a cross-country panel
with an IV approach. The instrument explores the geographical diffusion of fiscal rules
across countries. Results show that fiscal rule adoption positively affects economic growth
in developing and low-income countries. For Europe, better fiscal rules also have a positive
impact on growth. Well-designed debt rules seem a better recipe for economic growth
than budget balance rules, especially in developing and low-income countries.

The second chapter studies the role of structural transformation in the female alloca-
tion of time over the years in a developing economy. We apply a structural transformation
model with two market sectors and a home service sector that can reproduce the simultane-
ous evolution of gender outcomes in hours and wages. The model is compatible with trends
observed in the Brazilian labor market. We calibrate the model with parameters that
match Brazilian data targets for 1976 and quantitatively assess how structural changes
in the economy have been reflected in women’s hours allocation. For instance, if Brazil
had a higher productivity growth in the service sector, women’s hours in the goods sector
would even rise over time. Moreover, structural transformation alone failed to reproduce
the evolution of hours’ shares across gender and sectors. Gender-specific parameters were
pivotal to delivering the benchmark results for Brazil.
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Chapter 1

Do fiscal rules affect growth?

1.1 Introduction

In the last few decades, economies all over the globe witnessed the emergence and
persistence of large fiscal deficits and public debt. The sustainability of public finances has
acquired new importance after the global financial crises in the late 2000s. Many countries
pursued adjustment with the use of fiscal rules. The International Monetary Fund (FMI)
defines fiscal rules as longer-lasting constraints on fiscal policy through numerical limits on
budgetary aggregates. The objective of such rules is to pursuit debt sustainability and to
ensure fiscal responsibility. They have been widely used to restrain fiscal policy discretion
and bolster fiscal discipline.

Since the early 90s, fiscal rules adoption has been increasing in the number of rules
per country and in the number of countries that have adopted at least one rule. It has
been three decades since the first major fiscal rules implementation. Nowadays, there are
over 90 countries with at least one fiscal rule in place.1 According to Caselli et al. (2018),
in the early 90s, the average number of rules per country was less than one. By the year
2015, this average increased to three rules per country, with significant acceleration after
the 2008 financial crises.2 Countries may adopt multiple fiscal rules to achieve multiple
objectives. There has been an international trend toward adopting multiple fiscal rules.3

To better anchor fiscal sustainability, budget balance rules and expenditure rules have
progressively been used in combination with debt rules.

There exist some criteria when choosing fiscal rules, such as sustainability, stabi-
1Eyraud et al. (2018).
2In the European Union, this average tripled from 2 to 6 fiscal rules between 2000 and 2015. Among

countries outside the EU, the average number of fiscal rules went from zero during the same period.
3Another factor that might corroborate this trend includes overlap of supranational and national rules

in currency unions, as well as political difficulties in eliminating existing rules when new ones are adopted.
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lization, simplicity, operational guidance, resilience, ease of monitoring, and enforcement
(Kopits and Symansky, 1998). Nevertheless, a single fiscal rule might not simultaneously
achieve all of these criteria. Some trade-offs are likely to emerge, such as stabilization versus
simplicity: a more flexible rule to accommodate macroeconomic shocks is likely to have a
more complex design. For example, rules that correct for the impact of business cycles by
targeting cyclically-adjusted balances. Well-designed fiscal structures are generally built
over two pillars: (1) a fiscal anchor linked to the final objective of fiscal policy, and (2)
one or more operational rules on fiscal aggregates (Andrle et al., 2015). The debt-to-GDP
ratio is a natural fiscal anchor. It creates an upper bound for repeated missing fiscal
targets in the country’s budget and guides medium-term fiscal expectations. It can also
be calibrated to achieve the long-term sustainability of public finances. At the same time,
the debt-to-GDP ratio does not provide short-term operational guidance. In this sense,
budget balance rules work as a short-term operational rule since they have a close and
predictable link to debt dynamics and are under the direct control of the government.

The extensive economic growth literature predicts that fiscal policy can directly affect
growth. Public spending can represent a waste of the economy’s resources, but public
investment or productive public spending can stimulate growth. Concerning fiscal rules,
they might improve fiscal behavior and fiscal policy by improving budgetary outcomes,
but they can also negatively impact economic growth. Thus, this paper is close to the
literature of theoretical models that study fiscal sustainability under the assumption of
some fiscal rule within overlapping generations (OLG) model (Bräuninger (2005), Yakita
(2008), Arai (2011), Teles and Mussolini (2014) and Agénor and Yilmaz (2017)). These
articles either adopt a constant deficit/GDP ratio as a fiscal rule or a spending rule, but
they do not include a debt rule or focus on a combination of fiscal rules. Also, they lack
an empirical analysis to verify the conclusions of their theory. One exception is Teles and
Mussolini (2014).

By controlling public aggregates, fiscal rules affect the allocation of resources, eco-
nomic growth and welfare across generations. This study aims to analyze the dynamics of
public debt, economic growth and welfare in an economy under a debt rule and a budget
balance rule. We use an overlapping generations model with endogenous growth, in which
the government imposes the two fiscal rules. The debt rule sets an upper bound for public
debt. The deficit rule, which works as a budget balance rule, aims to keep budget deficits
at a certain percentage of GDP. The tax rate is used to adjust the government budget
constraint; thus, it is endogenously chosen. We then explore the effects of those rules on
economic growth and equilibrium dynamics. In our model, the long-run growth rate is
endogenous, and productive public spending is the engine for boosting productivity. We
consider productive public spending as the public expenditure on education, health, and
infrastructure, i.e., it is a flow rather than a type of capital that can be accumulated.

14



Regarding an empirical approach on the impact of fiscal rules, there is a large number
of studies of the effects on several fiscal outcomes (Caselli and Reynaud (2019), Bergman
et al. (2016), Bergman and Hutchison (2015), Debrun et al. (2008), Tapsoba (2012)).
There are far less conclusive answers on the effects of fiscal rules on growth. The few
existing studies mainly focus on the European Union (Castro (2011), Afonso and Jalles
(2012)). In the second part of this study, we conduct two empirical exercises. In the first
one, we estimate a growth equation with a specification derived from the theoretical model
for a panel of countries. The idea is to verify the results predicted by the model (the
correlations predicted by the model). This analysis controls for country and year-fixed
effects and has no ambitions regarding the direction of causality or rigorous endogeneity
control.

In the second empirical exercise, we take a step further concerning endogeneity
control to evaluate the effect of fiscal rules on GDP per capita growth rate. To address the
endogeneity problem, we use a cross-country panel with fixed effects and an IV approach
following Caselli and Reynaud (2019). The instrument - that has been published recently
on other studies4 - explores the geographical diffusion of fiscal rules across countries. We
are the first study to use this instrument to evaluate fiscal rules’ effects on economic
growth. We explore a larger dataset (178 countries), enabling us to analyze those effects
on subsamples such as developing and low-income countries. The results show that fiscal
rule adoption positively affects economic growth in developing and low-income countries.
For Europe, well-designed fiscal rules also have a positive impact on economic growth.
Well-designed debt rules seem a better recipe for economic growth than budget balance
rules, especially in developing and low-income countries.

The remainder of the paper is organized as follows. In the next section, we discuss
the related literature. Section 1.3 sets out our model, and in Section 1.4, we explore the
dynamics of the economy in three scenarios: first with a debt rule and a budget balance
rule; second with only a deficit rule; and third with only a debt rule. We also conduct
a welfare analysis of the economy with both fiscal rules. Section 1.5 presents the first
empirical exercise, in which we estimate a growth equation derived from the model in
Section 1.4.1 to analyze the direction of correlations. In section 1.6, the second empirical
exercise aims to evaluate the effect of fiscal rule adoption and enforcement on GDP per
capita growth rate. Finally, Section 1.7 concludes the paper. We also include an appendix
with proofs and derivations of the theoretical part and tables with additional estimations
of section 1.6.

4See Caselli and Reynaud (2019) and Acemoglu et al. (2019).
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1.2 Related Literature

There exists a vast literature that comprehends theoretical models that analyze the
relationship between public spending, public debt, and economic growth. In general,
they can be divided into two strands: the first one develops a dynamic analysis of the
growth effects of public investment (or productive public spending) financed by debt; the
second one focuses on debt sustainability and fiscal rule. This paper fits both categories.
Specifically, it relates to articles that study fiscal sustainability under the assumption of
some fiscal rule within overlapping generations (OLG) model and growth effects of fiscal
rules.

In OLG models, fiscal sustainability means that the public debt-to-capital ratio is
constant in the long run, i.e., converges to a steady-state level. Chalk (2000) and Rankin
and Roffia (2003), for example, explore the sustainability of government debt in an OLG
model with exogenous growth. Both studies investigate conditions for the debt to converge
to a stable level. In these cases, the long-run growth rate is given exogenously, but Rankin
and Roffia (2003) recognizes that growth needs to be incorporated, as well as distortionary
elements in taxation.

In endogenous growth models, the long-run growth rate is determined endogenously,
so the long-run growth rate of capital, and consequently of product, may change depending
on fiscal variables. Thus, the interaction between budget deficits, debt, and economic
growth can be analyzed. In this direction, there are a few closely related papers to
ours: they theoretically derive equilibrium conditions in an overlapping generations model
with AK production function and a constant deficit/GDP ratio as a fiscal rule. Among
them, Bräuninger (2005) also considers constant purchase ratio, but his model only
considers unproductive government expenditures. Arai (2011) also adopts a spending
rule, but following Barro (1990), the government expenditure flow increases productivity
instantaneously. Productive public spending is directly responsible for boosting aggregate
productivity. Agénor and Yilmaz (2017) focus their analyses on the golden rule of public
finance, considering unproductive public spending and transfers to households as well. The
golden rule states that the government can only borrow to invest and not to fund current
spending. Similarly, under the golden rule of public finance, Yakita (2008) assumes that
the government only invests in public capital. Nevertheless, this set of papers does not
consider a debt rule. Widespread among countries, debt rules aim to control bond issuing
by governments.5

5Different approaches are found in Moraga and Vidal (2010) and Maebayashi and Konishi (2021).
The first employs an OLG model with endogenous growth from human capital formation, and the latter
investigates the relationship between the sustainability of public debt and inequality in an endogenous
growth model with heterogeneous agents.
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Regarding debt rules, the work of Ono (2020) considers two fiscal rules, a debt rule
that controls the debt-to-GDP ratio and an expenditure rule to control the expenditure-to-
GDP ratio in a monetary growth model with financial intermediation. Overall, tightening
fiscal rules promotes economic growth and benefits future generations. In particular, he
finds that there could be two equilibria for nominal interest rates. The welfare effects
of the rules on the current generation are different between the two equilibria. Another
example concerning debt rules is Morimoto et al. (2017). They investigate the effects of
a debt policy rule under which the government must reduce its debt–to-GDP ratio if it
exceeds the criterion level in a small open economy model of endogenous growth with
public capital accumulation. Specifically, they focus on debt consolidation and its impact
on the dynamics and welfare of the economy.

Teles and Mussolini (2014) propose a theoretical model of endogenous growth to
study how the level of public debt-to-GDP ratio limits the effects of productive spending on
long-term growth. They show that the level of public debt-to-GDP ratio negatively impacts
the effect of fiscal policy on growth. Our study extends their model. In our model, we
assume two fiscal rules: a debt rule and a deficit rule. We explore the effects of those rules
on economic growth and derive equilibrium conditions. We use an overlapping generations
model with AK technology and characterize productive government expenditure as the
money spent to supply education, health, and infrastructure. Moreover, we add a welfare
analysis and two empirical exercises. In the first one, we follow Teles and Mussolini (2014)
and verify if we can find correlations in the data similar to the model predictions. The
second exercise is more related to the literature on the empirical effects of fiscal rule
adoption.

Heinemann et al. (2018) implement a meta-regression-analysis for the budgetary
impact of numerical fiscal rules based on 30 studies published between 2004 and 2014.6

They find that the existing empirical evidence indicates a constraining effect of rules on
fiscal aggregates.7 Nevertheless, they point out that this result is strongly weakened when
considering the bias coming from the potential endogeneity of fiscal rules. That is why we
conduct the second empirical exercise of this paper with a focus on endogeneity control.

Caselli and Reynaud (2020) aimed to measure the effect of fiscal rules adoption on the
budget balance using a panel of almost 150 countries. They dealt with endogeneity issues
in the cross-country panel using an IV approach with an instrument recently adopted
in the related literature. They instrumented domestic fiscal rules with a measure of
fiscal rules in the neighboring countries. Using a fiscal rule strength index, they find a

6Some of the studies considered were Debrun and Kumar (2007), Debrun et al. (2008), Afonso and
Hauptmeier (2009), Tapsoba (2012) and Foremny (2014).

7Similar conclusions show up in more recent works as well ( Bergman and Hutchison (2015), Bergman
et al. (2016)).
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positive and significant relation with fiscal balance. The intuition is that the introduction
and/or enforcement of fiscal rules in neighboring countries can prompt the adoption and/or
enforcement of fiscal rules in the domestic economy. This idea originates in political science
literature, which argues that there are several channels of policy dissemination, such as
economic competition, learning, socialization, mimicking, and coercion. Acemoglu et al.
(2019) use a similar approach to evaluate the effects of democratization on growth. They
use regional implementation of democratization as an instrument for democracy because
they argue that transitions towards democracy often occur in regional waves.

While fiscal rules might improve fiscal behavior and policy by improving budgetary
outcomes, they can also negatively impact public productive spending/public investment.
When a government faces a budgetary constraint that is more binding because of fiscal
rules, reducing its productive spending represents a smaller political cost instead of cutting
from unproductive but mandatory public spending such as payroll. Regarding this possible
effect of fiscal rules, Afonso and Jalles (2015) find that stricter fiscal numerical rules
constrain government spending but also decrease the amount of capital available for public
investment in the EU countries. On the effect of specific fiscal rules, Castro (2011) uses a
panel of 15 EU countries over the period 1970 - 2005 to respond whether the Maastricht
Treaty and Stability and Growth Pact fiscal rules were detrimental to economic growth.
His results provide evidence on the contrary. On average, growth was statistically higher
within the analysis period. The scant literature on the effect of fiscal rules on economic
growth probably bumps into endogeneity issues. In our second empirical exercise, we aim
to address this problem following the IV approach of Caselli and Reynaud (2020) and thus
contribute to this literature.

1.3 Model

We consider an overlapping-generation model of endogenous growth, populated by two-
period-lived generations. By assuming a Barro (1990)-type public flow expenditures,
productive public spending can increase economic productivity driving economic growth.

1.3.1 Individuals

Consider an OLG model of a one-sector economy populated by two-period-lived generations.
Each generation consists of a continuum of identical individuals with unit mass. The
discrete-time, infinite-horizon economy starts from period t=0. The utility function of an
agent is:

Ut = ln cyt + β ln cot+1 with 0 < β < 1 (1.1)
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where cyt is the young-agent consumption of some generation and cot+1 is the consumption
when old-aged.

Lifetime budget constraint of an agent:

cyt + st ⩽ (1− τ)wt

cot+1 ⩽ (1 + rt+1(1− τt+1))st (1.2)

(cyt , c
o
t+1) > 0

Moreover, young agents’ savings is given by:

st = kt+1 + dt+1 (1.3)

where kt+1 is private capital and dt+1 are government bonds owned by private agents.
Individuals take wt (wage rate), rt+1 (interest rate) and τ (tax rate) as given.

There is an initial old generation endowed with k0 units of capital. Generations are
endowed with one unit of labor when young. This unit of labor is inelastically supplied
in the first period. We assume that the labor supply is the same as the size of the
younger generation. Agents consume a part of their wage income when young and save
the remainder for retirement. Older agents do not save.

1.3.2 Government

There are two components in government expenditure: zt and gt, which represent productive
expenditures and consumption, respectively. Both zt and gt can be expressed as a fraction
of output:

zt = ξyt (1.4)

gt = θyt (1.5)

We assume that gt does not affect the utility of the private agent, θ is a fixed fraction,
and it is exogenously given. The fraction of production assigned for productive expenditure
is ξ. The government also levies a tax rate (τ) on agents’ income (wage and savings) and
borrows from the private sector by issuing one-period risk-free domestic bonds (dt) that
pay interests (1 + rt+1). Assume d0 = 0 and 0 < ξ + θ < 1.

The inter-temporal government budget constraint is:

dt+1 − dt = zt + gt − τ(wt + rtst−1) + rtdt (1.6)
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There is a debt rule aimed at controlling government bond issues:

dt = µyt with µ ∈ (0, 1) (1.7)

Also, there is a budget balance rule that restrains the size of the deficit:

dt+1 − dt
yt

= γ (1.8)

1.3.3 Firms

Consider a representative firm that maximizes profits in a perfectly competitive market
with production technology given by:

yt = A kα
t (zt lt)

1−α with 0 < α < 1 (1.9)

where yt is the output, lt and kt are labor force and capital stock used in production,
respectively, zt are productive government expenditures. Capital law of motion is kt+1 =

(1− δ)kt + it. For simplicity, we assume δ = 1.

Using equation (1.4) and since lt = 1, we rewrite the production function:

yt = A1/αξ
1−α
α kt = Ãkt (1.10)

where Ã := A1/αξ
1−α
α

From equation (1.10), we get an AK-type technology. As a result, an increase in
the rate of productive spending will increase productivity, which permanently raises the
marginal product of capital and, consequently, its growth rate. Following Barro (1990),
productive public expenditure is a spending flow rather than public capital accumulation.
Teles and Mussolini (2014) detail the implications of considering public expenditures as
investments that increase the stock of public capital. There is a risk that a balanced
growth path will not exist if we consider public spending as an investment that increases
the growth rate of the public capital stock. The productivity growth rate could increase
without limitation because of the nature of the AK model. As a result, investment in
physical capital and economic growth takes an explosive path.

The AK production function simultaneously displays constant marginal returns for
capital and decreasing returns for firms. That is a result of the positive externalities of
productive public spending. The firms do not realize that increasing their capital stock
(which, in turn, increases output) will also increase productive public spending, leading to
a rise in the marginal product of labor and capital. Thereby, the government’s productive
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spending influences the level of aggregate productivity.

1.3.4 Competitive equilibrium

A competitive equilibrium for this economy consists of a sequence of allocations, {kt+1, dt+1,

yt, c
y
t , c

o
t+1, s

y
t } and prices {wt, rt+1}, such that, given the initial conditions, k0 and d0, given

fiscal variables, τ , θ, ξ, and fiscal rules, µ, γ, the following conditions hold:

1. Given prices {wt, rt+1}, the allocation (cyt , cot+1, s
y
t ) solves the young agents maxi-

mization problem of each generation;

2. Given prices {wt, rt}, the allocation (yt, kt) solves the representative firm problem of
profits maximization;

3. There is equilibrium in capital markets: st = kt+1 + dt+1;

4. The resources restriction holds: yt = ct + it + zt + gt;

5. The government adopts the fiscal rules: dt = µyt and dt+1−dt

yt
= γ

Individual agent solution consists of maximize equation (1.1) subject to equation
(1.2), which yields:

st =
β(1− τ)wt

(1 + β)
(1.11)

Representative firm solution consists of profits maximization, resulting in:

rt = αA1/αξ
1−α
α = αÃ (1.12)

wt = (1− α)A1/αξ
1−α
α kt = (1− α)Ãkt (1.13)

Since productive public expenditures affect the economy’s productivity, they also
affect interest rates and wages. The impact on interest rate means an increase in the
marginal return of capital, which stimulates investment. From equation (1.11), positive
shocks on wages due to increasing productive government expenditures will increase savings.
The AK model implies that savings affect growth in the long run. However, equation (1.11)
also shows that the tax rate has a negative impact on savings. Thus, if the government
needs to increase the tax rate to adjust its budget, the net gain in productive expenditures
will decrease.

1.4 Dynamics and long-term equilibrium

Now we look at the dynamics of the economy. The first case presented is set with both
fiscal rules combined (debt and balanced budget rule). In the second one, we modify the
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economy with the government adopting only the deficit rule, and in the third, with only
the debt rule.

1.4.1 Economy with combined fiscal rules

Assuming that the government adopts the deficit and the debt rules and adjusts its tax
rate to meet the budget constraint. Inserting (1.7) in (1.3) and using it, along with (1.8),
we can rewrite the government budget constraint as:

γyt = ξyt + θyt − τ(wt + rt(kt + µyt)) + rtdt

Working the equation above, using (1.12), (1.13) and (1.10) we express the tax rate
as:

(1− τ) =
1 + (γ − ξ − θ)

1 + αµÃ
(1.14)

Equation (1.14) demonstrates that a positive shock to both productive and unpro-
ductive expenditure must be accompanied by an increase in the tax rate (keeping fiscal
rules unchanged). On the other hand, if the government decides to change the fiscal rules,
both an increase in the deficit rule and an increase in the debt rule will decrease the
tax rate (keeping expenses constant). On the one hand, raising the parameter γ means
increasing the threshold for the government deficit. As a result, this may reduce the
burden of adjustment on the tax rate. On the other hand, raising the parameter µ, which
means increasing the threshold for the public debt, may augment the adjustment needed
on the tax rate. However, we must also consider the effects of changing fiscal rules on the
growth rate of public debt and private capital, as these parameters are strongly related
to the existence of a balanced growth path. To see this, we derive one expression for the
capital growth rate and one for the debt growth rate. Using equations (1.13), (1.10) and
(1.14) in (1.11), the capital growth rate is written as:

kt+1 − kt
kt

=
β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αµÃ

ò
(1− α)Ã− γÃ− dt

kt
− 1 (1.15)

By using the deficit rule and the production function, the debt growth rate is:

dt+1 − dt
dt

= γÃ
kt
dt

(1.16)

The system dynamics can be represented by the capital growth rate (equation 1.15)
and debt growth rate (equation 1.16), where dt+1 and kt+1 are state variables. A balanced
growth path is defined as a trajectory in which the state variables growth at the same
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rate, i.e, for an equilibrium to exist, dt
kt

must be constant, such that kt+1

kt
= dt+1

dt
. Thus, we

set (1.15) equal to (1.16) and obtain a quadratic equation with solution given by:

d

k
=

J ±
»

J2 − 4γÃ

2
where J ≡ β

1 + β

Å
1 + (γ − ξ − θ)

1 + αÃµ

ã
(1− α)Ã− γÃ− 1

If there exists at least one positive root, there will exist one steady-state equilibrium.

Proposition 1. There exists a critical value γ′: if γ < γ′, then there are two steady states,
x1 and x2. In these steady states, dt and kt growth at the same rate, thus d/k is constant.
If γ > γ′ there is no steady state and if γ = γ′ there is a unique steady state.

Proof. See Appendix A.1.

For a better understanding, we present the first steps of the proof of Proposition 1.
First, we set equation (1.15) equal to (1.16):

γÃ

d/k
=

β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αµÃ

ò
(1− α)Ã− γÃ− dt

kt
− 1

Then, we define x, Ψ and Φ.

x ≡ d

k
(1.17)

Ψ(x, γ) ≡ γÃ

x
+ 1 (1.18)

Φ(x, γ) ≡ β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αµÃ

ò
(1− α)Ã− γÃ− x

Figure 1 depicts Proposition 1. Here, we illustrate the situations where there are
two equilibriums, x1 and x2, i.e., for values of γ and µ such that Ψ and Φ intercept. The
point where Φ and Ψ’ are tangents depicts the unique steady state case — furthermore, an
increase in γ shifts Ψ upwards and Φ downwards. A decrease in µ only shifts Φ upwards.
Thereby, for a large γ and/or a sufficiently high µ, there will not exist a steady-state.

In this economy, a rise in µ means raising the ceiling for the public debt, which leads
to a reduction in the capital growth rate, according to equation (1.15). That is because
there is space for the public debt to grow, which can happen via increases in productive
and/or unproductive public spending. The same reasoning holds for γ since its increase
raises the limit for government deficits and public debt growth rate. Now that we have
the conditions for the existence of equilibrium, we explore conditions for the stability of
such equilibrium.
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Figure 1.1: Existence of BGPs
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Proposition 2. The steady-state x1, with low d/k, is locally stable. The steady-state x2,
with high d/k, is unstable. Thus, fiscal rules γ and µ can be sustained around x1, but for
an initial d/k sufficiently large, it is not possible to comply with the rules.

Proof. See Appendix A.2.

Figure 2 depicts Proposition 2. As stated in the Proposition, in x1 there is a stable
equilibrium, so for plausible values of γ and µ and a sufficiently low initial d/k, the fiscal
framework is sustainable. In the unstable equilibrium in x2 we have an upper bound for
the initial d/k for which d/k converges to a finite level. That is, if the initial d/k is strictly
greater than d/k of x2, then the public-debt/capital ratio diverges. Thus, there is no
equilibrium for a large initial public debt-to-capital ratio, and the debt rule is pointless.

Figure 1.2: Stability of BGP
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1.4.2 Economy with a deficit rule

Assuming that the government adopts only one fiscal rule: a budget balance rule that
restrains the size of the deficit. As before, the tax rate is used to meet the budget constraint.
Inserting (1.8) in (1.6) we rewrite the government budget constraint as:

γyt = ξyt + θyt − τ(wt + rt(kt + µyt)) + rtdt

We work the equation above using (1.12), (1.13) and (1.10) to get the following
expression for the tax rate:

(1− τ) =
1 + (γ − ξ − θ)

1 + αdt/kt
(1.19)

The public debt growth rate is the same as in the previous section, given by equation
(1.16). Using equations (1.13), (1.10) and (1.19) in (1.11), the capital growth rate is
written as:

kt+1 − kt
kt

=
β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αdt/kt

ò
(1− α)Ã− γÃ− dt

kt
− 1 (1.20)

Same as before, in the balanced growth path, the debt-to-capital ratio is constant. To
find such solution, we set (1.16) equal to (1.20), which yields the following cubic equation:

αx3 + x2(αγÃ+ α + 1)− x

ï
β

1 + β
(1 + γ − ξ − θ)(1− α)Ã− γÃ(1 + α)− 1

ò
+ γÃ = 0

(1.21)

Proposition 3. Since equation (1.21) is cubic, it has at least one real root. Given that

the condition
β

1 + β
(1− α)(1 + γ − ξ − θ) >

1

Ã
+ γ(1 + α) is satisfied, then, it has two (or

none) positive real roots.

Proof. See Appendix A.3.

In case equation (1.21) has two positive real roots, the rule γ will have the same
behavior as in Proposition 1, and the proof is similar. However, in the current case, we do
not have an instrument to limit the size of public debt. Therefore, the government has no
mechanism to control the debt growth rate.
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1.4.3 Economy with a debt rule

Now we assume that the government adopts only a debt rule, i.e, a rule aimed at controlling
government bond issues. Again, the tax rate is used to meet the budget constraint. Inserting
(1.7) in 1.6) we rewrite the government budget constraint as follows:

µyt+1 − µyt = ξyt + θyt − τ(wt + rt(kt + µyt)) + rtdt

We work the equation above using (1.12), (1.13) and (1.10) and define π ≡ kt+1/kt

to get the following expression for the tax rate:

(1− τt) =
1 + µπ − (µξ + θ)

1 + µαÃ
(1.22)

On one hand, the capital growth rate is computed the same way using equations
(1.13), (1.10) and (1.22) in (1.11):

kt+1

kt
=

β(1− α)Ã[1− (µ+ ξ + θ)]

(1 + µÃ)(1 + β)(1 + αÃµ)− β(1− αÃ)µ
(1.23)

On the other hand, now we compute the debt growth rate using the government
budget since we do not have a mechanism acting directly on the deficit. We divide equation
(1.6) by dt, we use equations (1.13), (1.10) and (1.22) to get:

dt+1

dt
= 1 + αÃ (1.24)

Note that in this case, the solution is indeterminate. Equation (1.22) defines the tax
rate as a function of capital growth. Thus, the BGP will depend on the initial conditions
k0 and d0 if the economy converges to the steady state in period t=1. In case this happens
in some period s, the BGP will depend on the levels kt−s and dt−s.

1.4.4 Welfare Analysis

In this section, we assume an economy as the one in Section 1.4.1, with combined fiscal
rules. We investigate the effects of changes in such rules on the welfare of households. We
consider an unanticipated and permanent decrease in µ and γ. Such policy is aimed at
tightening fiscal discipline since it imposes a smaller target for the fiscal debt and deficit.
The objective is to compute the impact on the indirect utility of agents.

We assume that the government fixes ξ. Thus, changes in µ and γ do not change
the interest rate but alter the tax rate and debt-capital ratio. An agent born at t1 has
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indirect utility given by the following equation8, where kt−1 and bt−1 are predetermined
and thus remain constant in period t.

Vt−1 = β ln β + (1 + β) ln

Å
1

1 + β

ã
+ (1 + β) ln kt−1

+ (1 + β) ln

ï
1 + γ − ξ − θ

1 + αÃµ
(1− α)Ã

ò
+ β ln

ï
1 + γ − ξ − θ

1 + αÃµ
αÃ+ 1

ò
(1.25)

Proposition 4. Assume that the economy has two equilibria of debt-capital ratio as in
Propositions 1 and 2. An unanticipated, permanent decrease of µ, from period t, increases
indirect utility of agents born in t− 1. Nevertheless, a permanent reduction of γ, decreases
the indirect utility of agents born in t1.

Proof. See Appendix A.5.

Putting it differently, a looser fiscal policy is equivalent to an increase in µ or γ. A rise
in the debt-to-GDP limit, µ, leads to a reduction in Vt−1 because there is a crowding-out:
the government must raise the tax rate since γ is unchanged, so after-tax savings is reduced.
A rise in the deficit-to-GDP limit, γ, (with µ being unchanged) prompts an increase in Vt−1

because the government can finance itself with larger deficits. Hence, a tax rate reduction
is possible, increasing savings. Nevertheless, these results are not valid for current and
future generations since the government must comply with the debt rule and probably
need to raise taxes in future periods.

Considering the economy in Section 1.4.2, with only a constant deficit rule, we
conduct a similar exercise. An increase in γ yields an increase in Vt−1 (see Appendix A.6).
In this case, the rationale is the same for the generation born in t− 1. However, for current
and future generations, we need to consider that the public debt is increasing since there is
no debt rule. Perhaps the tax rate could remain at a lower level at the expense of raising
debt.

1.5 First empirical exercise

In this part of the article, we present the first empirical exercise. We estimate a growth
equation for a panel of countries with a specification derived from the theoretical model of
Section 1.4.1. The goal is to verify the results of the model. There is no ambition here to
prove that the model is true or to determine the direction of causality. As highlighted by
Teles and Mussolini (2014), we most certainly deal with significant endogeneity in this
framework. Thus, we solely search for the correlations predicted by the model.

8Details in Appendix A.4.
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Based on equation (1.15), we implement a specification in which GDP growth depends
on the variables of interest in that equation, besides GDP lags, for a cross-country panel
data. Since equation (1.15) is not an equilibrium equation, the results do not describe
the equilibrium relationship between variables. Following Teles and Mussolini (2014), we
define the empirical model with a non-linear specification with interactions to better fit
the findings of the theoretical model. Our model differs from the previous literature since
it considers two fiscal rules in the economy, a debt rule and a budget balance rule. Thus,
in this empirical exercise, we will naturally check the correlations of these fiscal rules. We
first estimate these correlations by representing the fiscal rules as dummies and then with
the fiscal rule strength index.

Some findings of the theoretical model were that productive public expenditures
increase productivity and impact growth. That happens because such policies increase the
marginal return of capital and thus stimulate private investment. Also, the inclusion of
productive expenditures in the production function carries a new channel through which
public debt impacts growth. The idea here is to glimpse the extent of the impact of
productive expenditure on growth and its interaction with other fiscal variables. Moreover,
we also add fiscal rule measures to verify the model predictions.

1.5.1 Model and data

We estimate the following regression based on the theoretical model presented earlier.

grit = a0 +
T∑

s=1

asgrit−s + β0zit−1 + β1
dit−1

yit−1

+ β2zit−1 ∗ surplusit−1

+ β3zit−1 ∗ taxit−1 + β4zit−1 ∗
dit−1

yit−1

+ β5γit−1 + β6µit−1 + αi + δt + εit (1.26)

Where grit is the growth rate of GDP per capita of country i in year t and T is
the number of lags of grit included in the dynamic panel. The variable zit represents
productive public expenditures. This variable is the sum of central government spending
(as % of GDP) on education, health, transportation, communications, and energy. Public
productive expenditures interacts with primary surplus (surplusit), tax burden on income
(taxit) and debt-to-GDP ratio (dit/yit). These variables are all expressed as percentages of
GDP. Country and year fixed effects are represented by αi and δt.

Variables γ and µ represent the presence of deficit and debt rules, respectively. We
use two different measures to estimate the effect of those rules on GDP growth. First, two
dummy variables indicate the presence of budget balance rules (representing deficit rules)
and debt rules. Then, we use a strength index of budget balance and debt rules. Data on
fiscal rules are from the Fiscal Rules Dataset 2017 from the International Monetary Fund.
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We detail this database in the following subsection and the strength index methodology.

To estimate equation (1.26), we have an unbalanced panel data of 97 countries over
the period 1990-2015. The data for economic growth comes from World Bank Development
Indicators. We utilize information released by the International Monetary Fund on data
about public debt and primary results (Historical Public Debt Database) and about
productive expenditures and tax burden on income (Government Financial Statistics).

Fiscal strength index

Data on fiscal rules is represented by Fiscal Rules Dataset 2017 from the Fiscal Affair
Department (FAD) of the International Monetary Fund. The dataset includes information
about national and supranational fiscal rules for countries that are members of the IMF.
The data includes 96 countries from 1985 to 2015 with information on 28 characteristics
of national rules in the following categories: (i) Type of rule, (ii) Year of implementation
and year of major revisions, (iii) Number of rules, (iv) Legal basis, (v) Coverage - level of
government, (vi) Monitoring procedures, (vii) Enforcement procedures, (viii) Institutional
supporting features (Multi-year expenditure ceilings; Fiscal responsibility laws; independent
council providing budget assumptions; independent council monitoring implementation),
and (ix) Stabilization features (budget balance rule accounting for the cycle; investment
excluded). Countries not included in this dataset were considered to not have any fiscal
rule during the analysis period.

The fiscal rule strength index (FSI) is a composite index of four sub-indexes for each
type of rule: budget balance rules, debt rules, expenditure rules, and revenue rules. Each
sub-index incorporates the following characteristics: legal basis, coverage, enforcement,
supporting procedures and institutions9. To construct an overall index measuring the
strength of fiscal rules, we compute sub-indexes for each type of fiscal rule, summing up
the indicators terms considered. Most of these indications lie between 0 and 1 (otherwise,
they were re-scaled). The sub-indexes are normalized to run between 0 and 1. Since
Schaechter et al. (2012) do not specify all of the procedures, some adaptations had to be
made.10 The overall index, which runs between 0 and 4, is the sum of all sub-indexes.
When a country scores zero, it means no fiscal rules are implemented — a score of four
means maximum strength (or well-designed fiscal rule). A score strictly higher than 0
represents a poorly designed rule. It is worth mentioning that this index measures the
strength of the design of rules, not the degree of enforcement. As stressed in Schaechter

9The characteristic "Supporting procedures and institutions" include the following categories: Multi-
year expenditure ceilings, Fiscal responsibility law, Independent body setting budget assumptions, Inde-
pendent body monitoring budget implementation

10For example, they do not make it clear how to aggregate the indicators for national fiscal rules with
indicators for supranational fiscal rules. For a complete description of the IMF fiscal rule index, see
Schaechter et al. (2012).
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et al. (2012), a higher score reflects the presence of features in line with those identified in
previous works as supporting the rule’s effectiveness.

1.5.2 Results

The results in Table 1.1 show the correlations of the baseline specification from equation
(1.26), estimated via OLS. We ran a cross-country panel data with country and year-
fixed effects to mitigate the effect of time-invariant and country-invariant omitted factors.
Comparing column one with the others shows that the inclusion of interaction variables
considerably improves the estimation results. Columns two and three were estimated with
the dummy variables for the fiscal rules, whereas columns four and five utilize the strength
index as a measure of the rules.

For all estimations, from columns two to five, we observe consistent results regarding
the direction and significance of the effects of fiscal variables and their interactions on
GDP growth. The effect of a shock on productive public spending is positive since it
affects savings, but the shock leads to a rise in income taxation, which diminishes the net
return of the shock on savings. The sign of the interaction of productive spending and
tax burden thus concurs with the model. Similar reasoning can be made about the size
of the fiscal deficit. In the case of the primary surplus, the government will not need to
capture part of the rise in savings to cover the deficit. Thus, we have a positive signal.
Regarding the stock of public debt, an increase in debt, under certain fiscal conditions,
may be related to increases in growth, as highlighted in Teles and Mussolini (2014). There
is also an effect of the interaction with public spending. A positive shock on ξ implicates
a rise in interest rates, which, in turn, raises the debt service proportionally on debt size,
crowding out private investment.

Turning to the fiscal rules, results were not statistically significant at the 5% level
when we used a dummy variable. However, with the index of strength index debt and
deficit rules, the coefficients were statistically significant at a 5% level. The theoretical
model predicts a positive signal for both rules since it represents their strength. That is, a
tighter debt rule means a reduction of µ but a higher index value. The same reasoning
holds for the deficit rule. However, only the empirical results for the debt rule endorse
the model. For the deficit rule, the index may not adequately replicate the rule’s concept
since the index builds upon the concept of budget balance rules, that is, any numerical
rule over the budget result. According to the database, there is a range of rules sorted
as budget balance rules, such as structural surplus, over-the-cycle surplus, zero budget,
and primary deficit, among others. Also, the index scoring captures, as far as possible,
specific features in their design that would increase the effectiveness of the rules. The
original article acknowledges this limitation. Schaechter et al. (2012) warns that a high
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score can well coexist with poor fiscal outcomes because the presence of a feature does
not necessarily imply that it is also soundly implemented. Disregarding this limitation,
a negative coefficient on the deficit rule strength index can represent a hindrance to
productive growth. Considering its interaction with public debt stock, we get that tighter
deficit rules are associated with economic growth depending on the size of public debt.

Table 1.1: OLS for baseline specification

Variables (1) (2) (3) (4) (5)
grit grit grit grit grit

zit−1 -0.0143 0.234* 0.257** 0.238* 0.324**
(0.0182) (0.133) (0.126) (0.134) (0.125)

Debt/GDPit−1 0.0135 0.0429** 0.0383*** 0.0428** 0.0389***
(0.00961) (0.0168) (0.0142) (0.0173) (0.0129)

zit−1 ∗Debt/GDPit−1 -0.00211 -0.00279* -0.00225 -0.00401**
(0.00179) (0.00160) (0.00177) (0.00162)

zit−1 ∗ TaxBurdenit−1 -0.00593* -0.00626** -0.00601** -0.00740**
(0.00303) (0.00296) (0.00302) (0.00291)

zit−1 ∗ PrimarySurplusit−1 0.00469** 0.00428** 0.00453** 0.00439**
(0.00206) (0.00193) (0.00201) (0.00188)

Dµit−1 0.738 0.811
(0.763) (0.784)

Dγit−1 -0.726 -1.438*
(0.659) (0.758)

Dγit−1 ∗Debt/GDPit−1 0.0202*
(0.0106)

Index µit−1 0.0607** 0.0702***
(0.0251) (0.0265)

Index γit−1 -0.0466** -0.0960***
(0.0222) (0.0306)

Index γit−1 ∗Debt/GDPit−1 0.000832***
(0.000253)

Observations 1,292 1,121 1,121 1,121 1,121
Number of countries 91 84 84 84 84
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES

Note: Robust standard errors, clustered at the country level, are reported in parentheses.

1.6 Second empirical exercise

Here, we present the second empirical exercise. The aim is to evaluate the effect of fiscal
rule adoption and enforcement on the GDP per capita growth rate. We use a cross-country
panel with fixed effects and an instrumental variable approach to address the endogeneity
problem. We use a relatively new instrument that explores the geographical diffusion of
fiscal rules across countries.

Almost all empirical papers mentioned in Section 2 use GMM techniques in cross-
country panel data framework to estimate the effect of fiscal rules on some outcome of
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interest. The Arellano-Bond estimator and system GMM estimator are widely used in
panels where: the dependent variable is a function of its past realizations (dynamic panel),
and independent variables are not strictly exogenous, i.e., they are correlated with past
and possibly current realizations of the error term. That is the case with fiscal rules.
However, some problems may emerge from GMM estimations: invalid estimates because
of an asymptotic bias when there are "too many instruments" and poor performance if
the autoregressive parameter is too close to one. Acemoglu et al. (2019) warns that the
critical issue to the validity of those estimates relies on the endogeneity problem, which can
occur because of omitted variable bias. In our context, omitted variable bias occurs when
there are time-varying factors that simultaneously impact the adoption of fiscal rules and
GDP growth. The inclusion of country-fixed effects absorbs non-observable time-invariant
factors.

The instrumental variable approach is the commonly used approach to tackle the
endogeneity problem. The challenge is to find a good instrument for the potentially
endogenous variable. The instrument needs to satisfy two conditions, relevance and
exogeneity. It means that the instrument has to be highly correlated with the explanatory
variable of interest (fiscal rules), and it has to be an exogenous source of variation of the
adoption of fiscal rules, meaning that it cannot have a direct influence on growth. The
literature on this tends to use instruments considered weak or inadequate.11

In our attempt to estimate the effect of fiscal rules on economic growth, we use the
instrument proposed by Caselli and Reynaud (2020) — they use this instrument to estimate
the causal effect of fiscal rules on fiscal balances. The instrument is a measure of fiscal rules
in the neighboring countries. The intuition is that the introduction and/or enforcement
of fiscal rules in neighboring countries can prompt the adoption and/or enforcement of
fiscal rules in the domestic economy.12 This idea originates in political science literature,
which argues that there are several channels of policy dissemination, such as economic
competition, learning, socialization, mimicking, and coercion. In sum, fiscal rule adoption
in neighboring countries may induce the domestic country to introduce a rule through
peer pressure and imitational effects. Acemoglu et al. (2019) use a similar approach to
evaluate the effects of democratization on growth. They use regional implementation of
democratization as an instrument for democracy because transitions towards democracy
often occur in regional waves.

To capture this process of geographical diffusion, we follow Caselli and Reynaud
(2020) and define the contiguity instrument for fiscal rule in country i at time t, FRit, in

11See Cherif et al. (2018) for further discussion on ’blunt’ and weak instruments.
12In her article, Caselli and Reynaud (2020) presents several anecdotal examples that support the

assumption that countries look at neighbors’ experiences when introducing fiscal rules.

32



the following way:

contiguityi,t =
n−i∑
j ̸=i

FRj,t ∗Xj,i,t, (1.27)

Where j is the neighboring country of domestic country i; FRj,t is a dummy variable
taking a value 1 when country j has a fiscal rule at time t, and 0 if country j does not
have a fiscal rule. Xi,j,t takes the value 0 when countries have no common borders and
sums the number of countries with shared borders. Therefore, the variable contiguityi,t

captures the number of fiscal rules in place in countries with common borders relative to
the domestic economy.

Another way to instrument fiscal rule, presented by Caselli and Reynaud (2020), is to
take into account the design of fiscal rules in place since there is evidence that well-designed
fiscal rules may have a significant impact on fiscal performance (Eyraud et al. (2018)). So,
instead of using a dummy variable for a fiscal rule in place, the contiguity instrument,
CFSIi,t, uses the Fiscal Strength Index (FSI) in the following way:

CFSIi,t =
1∑
Xj,i,t

n−i∑
j ̸=i

FSIj,t ∗Xj,i,t (1.28)

where FSIj,t is the fiscal rule strength index of the country j at time t (or 0 if country
j does not have a rule) and Xj,i,t takes value 1 if countries i and j share a border and 0
otherwise. The fiscal rule composite measure of strength is a continuous index measuring
the overall strength of fiscal rules in a given country in a given year. We follow the
methodology described in Schaechter et al. (2012) to construct this index. The underlying
source of the various fiscal rule components is the IMF Fiscal Rule Dataset. The main idea
of the index is to take into account all rules in place in a country and its characteristics.

1.6.1 Model and data

We estimate a standard growth equation that can be derived from a Cobb-Douglas
production function.

∆lnyit = β1FRit + β2lnyit−1 + β3lnkit + β4lngit + αi + δtεit (1.29)

Where ∆lnyit is the GDP growth in country i at time t, FRit is the dummy variable
of fiscal rule in country i at time t and yit−1 is the real GDP per capita lagged. The
covariate git is a proxy for government size and kit is the gross fixed capital formation. αi

denotes country-fixed effects, which will absorb the impact of any time-invariant country
characteristics, and δt denotes year-fixed effects. The error term εit includes all other
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time-varying unobservable shocks to GDP growth. The instrument for FRit is the variable
contiguityit .

We estimate another specification, using the measure of fiscal rule strength (the FSI),
according to:

∆lnyit = β1FSIit + β2lnyit−1 + β3lnkit + β4lngit + αi + δt + εit (1.30)

where FSIi,t is the measure of overall fiscal rule strength of country i at time t. This
variable will be instrumented with CFSIi,t. The main interest for both specifications is to
obtain consistent estimates of β1.

In addition to fiscal rules data, presented in Section 1.5.1, we used the Country
Borders dataset from GeoDataSource.com to build the two aforementioned instruments.
This database provides a complete list of countries and the associated land border countries
(the neighboring countries).

As our primary outcome variable, we use the GDP per capita growth rate, which we
obtained from the World Bank Development Indicators. This measure is available for an
unbalanced panel of 268 countries from 1960 to 2018. The proxy for government size is
the government’s final consumption expenditure (as a percentage of GDP). That series
and the gross capital formation (as a percentage of GDP) are also from the World Bank
Development Indicators. With this, we have a balanced panel of 178 countries from 1985
to 2015.

1.6.2 Estimation and results

The exogeneity assumption is that economic growth in the domestic country is correlated
with fiscal rules adoption in neighboring countries only through domestic fiscal rules.
Formally, the exclusion restriction we assume implies that fiscal rules and past GDP are
orthogonal to contemporaneous and future shocks to GDP, and that the error term, εit,
is serially uncorrelated (Acemoglu et al. (2019)). Still accordingly to the authors, that
assumption requires that we include in the estimation sufficiently many lags of GDP to
eliminate the residual serial correlation in εit and to remove any GDP trend that precedes
a fiscal rule adoption. Thus, by including lags of GDP per capita, we are both controlling
for the fact that fiscal rules are adopted more frequently after economic crises and sum
up the impact of a range of economic factors that affect both growth and fiscal results.13

We use the fixed effects estimator to handle omitted factors that correlate with GDP and
fiscal rule adoption and are unobservable. Year-fixed effects operate, for example, as a

13We made estimations with up to 5 lags of GDP per capita. However, the only lag with statically
significance was t− 1. Thus, we report the tables with only one lag.
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control for global shocks, and country-fixed effects control time-invariant characteristics
that may affect growth, such as geography.

Table 1.2 shows the first stage results for the contiguity instrument.14 For all samples
but Europe and advanced countries, the correlation between the instrument and the
dummy variable for fiscal rule adoption is statistically significant at the 1% level. That can
be related to the fact that Europe was a pioneer in adopting fiscal rules, and for this, the
instrument loses meaning. Despite the F statistic of less than 10 for some subsamples, we
do not find that the reason is a possible weak instrument. We did several weak instruments
and weak-robust-instruments tests that confirmed that the instrument seemed strong.
Here we report Sanderson and Windmeijer’s (2016) test, which seems an adequate statistic
for our case with one endogenous variable and one instrument. The Stock and Wright
statistic tests the null hypothesis of the coefficients to be jointly equal to zero, even in the
case of a weak instrument.

Table 1.3 shows the results for the second stage. Excluding Europe and Advanced
subsamples, the fiscal rule effect on economic growth is positive and significant at the 1%
level. Results for the sign of the convergence and the capital accumulation coefficients are
as expected. In addition, the government size, proxied by government final consumption
expenditure as % of GDP, is negative and statistically significant for all samples — at
the 1% level for Europe and Advanced sub-samples and at the 5% level for the remaining
samples. This result is in line with literature on government size effects (Fölster and
Henrekson, 2001).

Regarding the effect of fiscal rules, coefficient numbers in Table 1.3 are percentage
points, so the results for the full sample (column 1), the sample excluding European
countries (column 2), and the one excluding advanced countries (column 4) indicate a
positive effect on economic growth between 3% and 4%, meaning that adopting fiscal rules
improves GDP growth rate of low and middle-income countries. We have also estimated
the effects of debt and budget balance rules separately on economic growth because they
are the most common types of rules in our panel of countries and are the rules used in our
theoretical model. Those results are presented in Tables B.1 to B.4 in Appendix B. In this
case, debt rules alone present a slightly higher positive effect than budget balance rules
for the three subsamples mentioned above.

Equation (1.30) presented an alternative specification that uses a continuous fiscal
rule strength index instead of a simple fiscal rule dummy. The rationale is that just
introducing any rule might not reflect an impact on economic growth because it might not

14We have started by estimating OLS simple conditional correlations of economic growth and any rule,
debt rules, and budget balance rules. We found positive and statistically significant coefficients for FRit,
which could indicate the effects of fiscal rule adoption. Tables are not reported but are available upon
request.
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significantly impact fiscal variables. In this sense, we introduce a measure that accounts for
the design of fiscal rules in place so that a well-designed rule can make a difference. The
contiguity fiscal strength index (CFSI) is used as an instrument. An important limitation
of the index is that it captures only characteristics related to rules’ design and not their
implementation and compliance, leaving aside the critical enabling factor of the public
and political support to the rule.

Table 1.2: First stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables FRit FRit FRit FRit FRit

Contiguityit−1 0.136*** 0.153*** 0.0619* 0.148*** 0.0958*
(0.0202) (0.0217) (0.0322) (0.0193) (0.0481)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.305 0.293 0.444 0.325 0.353
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 8.387 5.792 14.73 7.001 12.52
Stock-Wright p-value 0.0001 0.0001 0.0001 0.0000 0.3468
SW F-stat 45.37 50.27 3.69 58.66 3.97
SW p-val 0.0000 0.0000 0.0621 0.0000 0.054

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.

Table 1.3: Second stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY

FRit 3.340*** 3.078*** 9.040* 4.046*** -0.668
(1.027) (1.038) (5.127) (1.227) (1.105)

lnYit−1 -5.538*** -4.777*** -15.22** -5.189*** -3.857***
(0.859) (0.822) (5.949) (0.937) (0.984)

lnKit 3.607*** 3.277*** 5.639*** 3.350*** 2.126
(0.660) (0.735) (1.835) (0.713) (1.788)

lnGit -2.212** -1.824** -11.58*** -1.860** -9.786***
(0.909) (0.897) (3.530) (0.886) (2.636)

Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.
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Table 1.4 shows first stage results. Even though the F statistic is less than 10,
the other tests confirm it is not weak. Unlike the dummy case, the instrument is also
relevant for Europe and Advanced subsamples since the FSI can capture changes in already
existing rules, not only by adopting new ones. For example, we can cite the reforms made
in 2005 and 2011 to the Stability and Growth Pact as strengthening the existing rule.
That is captured by the index and can foster reforms in neighboring countries. Table
1.5 shows second stage results. The effect of improving the fiscal rules design is positive
and significant, except for the Advanced subsample. For the samples ’No Europe’ and
’No Advanced’ (which include Developing and Low-Income countries), the coefficient’s
magnitude and significance level are higher, indicating that these groups of countries can
benefit more from well-designed fiscal rules. Tables B.5 to B.8 present the results for the
debt rule subindex and budget balance rule subindex. By comparing these two subindexes,
the first one presents better results (in terms of statistical significance and magnitude)
than the latter. That could mean that debt rules are a better recipe for economic growth
in developing and low-income countries.

Table 1.4: First stage for the contiguity fiscal strength index (FSI)

(1) (2) (3) (4) (5)
Variables FSIit FSIit FSIit FSIit FSIit

CFSIit−1 0.705*** 0.407*** 0.597*** 0.566*** 0.695***
(0.0883) (0.105) (0.115) (0.117) (0.134)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.361 0.173 0.540 0.251 0.508
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 7.244 4.066 8.085 4.503 5.253
Stock-Wright p-value 0.002 0.0098 0.0005 0.0007 0.0264
SW F-stat 63.86 15.09 27.08 23.39 27.07
SW p-val 0.000 0.0002 0.000 0.000 0.000

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.
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Table 1.5: Second stage for the contiguity fiscal strength index (FSI)

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY
FSIit 1.424** 3.880** 2.367* 3.340*** 0.719

(0.570) (1.714) (1.217) (1.231) (0.576)
lnYit−1 -4.752*** -4.584*** -8.817*** -4.757*** -5.273***

(0.759) (0.820) (2.522) (0.892) (0.972)
lnKit 3.672*** 3.371*** 4.539*** 3.450*** 2.548

(0.655) (0.726) (1.337) (0.701) (1.906)
lnGit -2.088** -1.835** -10.03*** -1.808** -9.954***

(0.942) (0.905) (2.454) (0.910) (2.878)
Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.

Our results in a nutshell: fiscal rule adoption positively affects economic growth in
developing and low-income countries since those subsamples coefficients of fiscal rule were
positive and statistically significant vis-a-vis Europe and advanced countries subsamples.
That might be because developing and low-income countries have room to benefit from
adopting fiscal rules, even if the rules are poorly designed and not complied with them.
It signals fiscal responsibility. For Europe, the instruments based on the fiscal strength
index seem relevant, and the effect on growth is positive. Since European countries were
pioneers in adopting fiscal rules in the early 90s, nowadays, they have to adjust existing
rules to new realities, such as high debt levels and slower GDP growth. When considering
the sub-indexes results, the debt rule outperforms the budget balance rule, especially for
developing and low-income countries.
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1.7 Conclusion

In the early 90s, fiscal rules started to pop over the globe. Since then, the number of
rules per country and the number of countries that have adopted at least one rule has
significantly increased. Three decades later, there were over 90 countries with at least one
fiscal rule in place. Lately, there has been an international trend toward adopting multiple
fiscal rules. Countries do it to achieve manifold objectives. Since it aims to control public
aggregates, fiscal rules affect the allocation of resources, economic growth, and welfare
across generations. Thus this paper dived into whether fiscal rules affect growth and how.

We have proposed an overlapping generations model with endogenous growth, in
which the government imposes two fiscal rules — a debt rule and a deficit rule — and
showed the conditions for a balanced growth path to exist. For an initial public debt-
to-capital ratio sufficiently large, it is not possible to comply with the rules. However,
the two fiscal rules can be sustained with a sufficiently low initial public debt-to-capital
ratio. In terms of welfare, a fiscal policy in the direction of loosening the fiscal rules leads
to a reduction of the indirect utility of agents because of a crowding-out effect since the
government must raise taxes.

Additionally, we empirically evaluate the effect of fiscal rules on economic growth
by addressing the endogeneity problem with an instrumental variable approach. The
instrument — a measure of fiscal rules in the neighboring countries — is relatively new
in the literature and has never been used in this context. It explores the geographical
diffusion of fiscal rules across countries. Again, we analyze two cases. First, the contiguity
instrument, built with a dummy variable, means that introducing fiscal rules in neighboring
countries can prompt the adoption of fiscal rules in the domestic economy. In this case, we
found that fiscal rule adoption positively affects economic growth only in developing and
low-income countries. It is indicative that these countries have benefited from adopting
fiscal rules, even if the rules are poorly designed. This instrument was not even relevant
for Europe and advanced countries’ subsamples.

In the second case, the contiguity-fiscal-strength-index instrument means that im-
proving or reforming fiscal rules in neighboring countries can prompt the same outcome in
the domestic economy. Since the Fiscal Strength Index also captures changes in already
existing rules, the effect of improving the fiscal rules’ design was observed even in the
European sample. For developing and low-income countries, this result corroborates the
one from the previous paragraph. In addition, for this group of countries, debt rules’
results, in both cases, outperform budget balance rules. That could mean that debt rules
are a better recipe for economic growth in developing and low-income countries.
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Appendix A

Proofs and derivations

A.1 Proof of Proposition 1

Set equation (1.15) equal to (1.16):

γÃ

d/k
=

β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αµÃ

ò
(1− α)Ã− γÃ− dt

kt
− 1

Define:

x ≡ d

k

Ψ(x, γ) =
γÃ

x
+ 1

Φ(x, γ) =
β

(1 + β)

ï
1 + (γ − ξ − θ)

1 + αµÃ

ò
(1− α)Ã− γÃ− x

Differentiating with respect to x:

∂Ψ

∂x
= −γÃ

x2
< 0

∂Φ

∂x
= −1 < 0

Functions Ψ and Φ are decreasing and convex in x. If x → 0, Ψ(x) → ∞ and if x → ∞,

Ψ(x) → 1. If x → ∞, Φ(x) < 0 and, if the condition
β(1− α)

1 + β

Å
1 + γ − ξ − θ

1 + αÃµ

ã
> γ is

satisfied, Φ(0) ∈ (0,∞).
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Moreover,

∂Ψ

∂γ
=

Ã

x
> 0

∂Φ

∂γ
= −Ã+

β(1− α)Ã

(1 + β)(1 + αµÃ)
< 0

since
β(1− α)Ã

(1 + β)(1 + αµÃ)
∈ (0, 1).

Thus, an increase in γ shifts Ψ upwards and Φ downwards. Thereby, for low values
of γ, there exists two steady-states, and for a large γ, there is no steady-state. Therefore,
∃ γ′ such that if γ = γ′, there will be one steady-state where Ψ and Φ tangent.

Besides,

∂Ψ

∂µ
= 0

∂Φ

∂µ
= − β

1 + β

(1− α)Ã2α

(1 + αÃµ)2
[1 + γ − ξ − θ] < 0

So an increase in µ has no effect over Ψ but shifts Φ downwards. A decrease in µ shifts Φ
up. Thus, for a sufficiently high µ, there won’t exist a steady-state.

A.2 Proof of Proposition 2

The definition of x = d/k implies that
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=
dt+1/kt+1

dt/kt
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Around the steady-state, we have D̂ = K̂ and xt+1 = x, then
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Using equations (1.15) and (1.16), we have the following differentials:

∂K̂

∂x
= −1 and

∂D̂

∂x
= −γÃ

x2

Thus, we have that

∂xt+1

∂xt

= 1 +
1

K̂

Ç
xt −

γÃ

xt

å
Taking into account the term in parentheses in the above equation, if x → 0, this

term goes to −∞. If x → ∞, the term goes to ∞. Then, ∂xt+1

∂xt
< 0 for low levels of x, and

∂xt+1

∂xt
> 1 for higher levels of x.

Therefore,

∂xt+1

∂xt

< 1 in the equilibrium with low x

∂xt+1

∂xt

> 1 in the equilibrium with high x

Hence, x1 is a stable equilibrium and x2 an unstable equilibrium.

A.3 Proof of Proposition 3

Let equation (1.21) be written as a function: m(x) = x3 +Γ1x
2−Γ2x+Γ3. It follows that:

lim
x→−∞

m(x) = −∞ and lim
x→∞

m(x) = ∞

Since m(x) is cubic, this implies that it it continuous. Thus, by the intermediate value
theorem, ∃ x′ such that m(x′) = 0. Hence, there exists at least one real root. Given the
model parameters, coefficients Γ1 and Γ3 are both greater than zero. Thus, if the following
condition is satisfied, Γ2 is also positive

β

1 + β
(1− α)(1 + γ − ξ − θ) >

1

Ã
+ γ(1 + α)

Thus, the signals of coefficients of m(x) are: + + − +, which implies that there exists
two sign changes, so there are either two or no positive roots. For negative roots, we look
at m(−x) signs: − + + +, which implies only one sign change, therefore, there exists
one negative root.
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A.4 Derivation of equation 1.25

Inserting equation (1.11) in the utility function yields the following indirect utility function:

Vt = ln [(1− τ)wt −
β

1 + β
(1− τ)wt] + β ln

ï
β

1 + β
(1− τ)wt(1 + rt+1(1− τ))

ò
(A.1)

Inserting equations (1.13) and (1.14) above yields:

Vt = β ln β + (1 + β) ln

Å
1

1 + β

ã
+ (1 + β) ln kt

+ (1 + β) ln

ï
1 + γ − ξ − θ

1 + αÃµ
(1− α)Ã

ò
+ β ln

ï
1 + γ − ξ − θ

1 + αÃµ
αÃ+ 1

ò
A.5 Proof of Proposition 4

Since (1 + γ − ξ − θ) > 0, the derivative of equation (1.25) with respect to µ is:

∂Vt−1

∂µ
= −αÃ(1 + β)

1 + αÃµ
− βαÃ2(1 + γ − ξ − θ)(1− α)

1 + αÃµ+ αÃ(1 + γ − ξ − θ)
< 0

The derivative of equation (1.25) with respect to γ is:

∂Vt−1

∂γ
=

1 + β

1 + γ − ξ − θ
+

β

µ+ 1 + γ − ξ − θ
+ 1/αÃ > 0

A.6 Welfare analysis of the economy with only deficit rule

Inserting equation (1.19) in (A.1):

Vt = β ln β + (1 + β) ln

Å
1

1 + β

ã
+ (1 + β) ln

ï
(1 + γ − ξ − θ)

1 + αdt/kt
(1− α)Ãkt

ò
+ β ln [1 + α

dt
kt

+ αÃ(1 + γ − ξ − θ)]− β ln (1 + α
dt
kt
)

Working the equation above, for agents born in t− 1 the indirect utility is:

Vt−1 = β ln β + (1 + β) ln

Å
1

1 + β

ã
+ 2(1 + β) ln kt−1 − (1 + 2β) ln (kt−1 + αdt−1)

+ (1 + β) ln [(1− α)Ã(1 + γ − ξ − θ)] + β ln [(kt−1 + αdt−1 + αÃkt−1(1 + γ − ξ − θ)]

Taking the differential:

∂Vt−1

∂γ
=

(1 + β)

1 + γ − ξ − θ
+

βÃ

1/α + dt−1/kt−1 + Ã(1 + γ − ξ − θ)
> 0
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Table B.1: Debt rule - first stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables DRit DRit DRit DRit DRit

ContiguityDRit−1 0.146*** 0.148*** 0.0908*** 0.139*** 0.143***
(0.0181) (0.0258) (0.0216) (0.0232) (0.0285)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.309 0.257 0.490 0.273 0.452
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 7.898 4.492 8.841 4.523 10.56
Stock-Wright p-value 0.0002 0.0012 0.000 0.0002 0.9342
SW F-stat 64.95 32.92 17.73 35.91 25.24
SW p-val 0.0000 0.0000 0.0001 0.0000 0.0000

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.

Table B.2: Debt Rule - second stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY
DRit 2.980*** 2.927** 6.880* 4.219** 0.0400

(1.146) (1.418) (3.881) (1.708) (0.782)
lnYit−1 -5.206*** -4.510*** -12.82*** -4.925*** -4.472***

(0.833) (0.805) (4.485) (0.929) (0.795)
lnKit 3.583*** 3.246*** 5.235*** 3.294*** 2.188

(0.669) (0.754) (1.521) (0.736) (1.825)
lnGit -1.890* -1.525 -10.09*** -1.471 -9.940***

(0.995) (0.990) (2.839) (0.990) (2.771)
Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.
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Table B.3: Budget balance rule - first stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables BBRit BBRit BBRit BBRit BBRit

ContiguityBBRit−1 0.143*** 0.160*** 0.0638* 0.153*** 0.102*
(0.0219) (0.0210) (0.0343) (0.0200) (0.0510)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.307 0.283 0.475 0.318 0.390
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 7.514 5.400 16.10 6.769 5.847
Stock-Wright p-value 0.0009 0.0014 0.0005 0.0002 0.233
SW F-stat 42.67 58.24 3.46 58.18 3.97
SW p-val 0.0000 0.0000 0.0704 0.0000 0.0539

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.

Table B.4: Budget Balance Rules - second stage contiguity instrument results

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY
BBRit 2.391*** 2.501** 6.393 3.190*** -0.786

(0.917) (1.094) (4.226) (1.166) (1.025)
lnYit−1 -5.042*** -4.478*** -12.41** -4.736*** -3.740***

(0.760) (0.761) (5.073) (0.835) (0.944)
lnKit 3.646*** 3.326*** 5.493*** 3.395*** 2.045

(0.650) (0.729) (1.647) (0.703) (1.814)
lnGit -2.080** -1.720* -10.08*** -1.721* -9.878***

(0.920) (0.909) (2.637) (0.895) (2.641)
Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.
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Table B.5: Debt rule - first stage for the contiguity fiscal strength sub-index

(1) (2) (3) (4) (5)
Variables DR indexit DR indexit DR indexit DR indexit DR indexit

CDR indexit−1 0.685*** 0.462*** 0.490*** 0.568*** 0.682***
(0.0843) (0.113) (0.110) (0.121) (0.127)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.351 0.189 0.532 0.245 0.522
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 6.705 3.973 7.965 3.898 6.451
Stock-Wright p-val 0.0006 0.0118 0.000 0.0004 0.0155
SW F-stat 66.2 16.68 19.76 22.13 28.73
SW p-val 0.0000 0.0001 0.0001 0.0000 0.0000

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.

Table B.6: Debt rule - second stage for the contiguity fiscal strength sub-index

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY
DR indexit 5.969*** 11.67** 13.52** 12.03*** 2.899

(2.212) (5.942) (5.786) (4.620) (2.176)
lnYit−1 -4.944*** -4.567*** -11.78*** -4.925*** -5.426***

(0.800) (0.832) (3.397) (0.941) (1.040)
lnKit 3.674*** 3.320*** 5.314*** 3.411*** 2.613

(0.660) (0.737) (1.700) (0.713) (1.950)
lnGit -2.055** -1.738* -10.43*** -1.736* -9.843***

(0.952) (0.925) (2.590) (0.930) (2.907)
Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.
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Table B.7: Budget Balance rule - first stage for the contiguity fiscal strength sub-index

(1) (2) (3) (4) (5)
Variables BBR idxit BBR idxit BBR idxit BBR idxit BBR idxit

CBBR idxit−1 0.685*** 0.462*** 0.490*** 0.568*** 0.682***
(0.0843) (0.113) (0.110) (0.121) (0.127)

Observations 4,555 3,509 1,046 3,489 1,066
R-squared 0.369 0.180 0.538 0.248 0.513
No. countries 177 137 40 140 37
Sample Full No europe Europe No Advanced Advanced
F-stat 1st Stage 8.650 4.536 8.391 4.799 6.065
Stock-Wright p-val 80.12 18.09 24 29.76 30.28
SW F-stat 0.0000 0.0000 0.0000 0.0000 0.0000
SW p-val 0.0325 0.0263 0.0035 0.0017 0.459

Note: Robust standard errors, clustered at the country level, are reported in parentheses. Other
covariates not reported.

Table B.8: Budget Balance rule - second stage for the contiguity fiscal strength
sub-index

(1) (2) (3) (4) (5)
Variables ∆lnY ∆lnY ∆lnY ∆lnY ∆lnY
BBR idxit 2.788* 9.560* 5.366 9.739** 0.645

(1.617) (5.300) (3.269) (3.904) (1.492)
lnYit−1 -4.548*** -4.431*** -8.013*** -4.676*** -4.708***

(0.731) (0.780) (2.418) (0.857) (0.875)
lnKit 3.617*** 3.320*** 4.229*** 3.396*** 2.268

(0.649) (0.731) (1.220) (0.702) (1.830)
lnGit -2.076** -1.821** -9.740*** -1.797** -9.983***

(0.938) (0.898) (2.413) (0.901) (2.789)
Observations 4,555 3,509 1,046 3,489 1,066
No. countries 177 137 40 140 37
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Sample Full No europe Europe No Advanced Advanced

Note: Robust standard errors, clustered at the country level, are reported in parentheses.
Constant term and year fixed effects not reported. Coefficients are p.p. since ∆lnY
is multiplied by 100.
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Chapter 2

Structural Transformation and Gender
Gaps

2.1 Introduction

Women’s participation in the labor market broadly rose in the twentieth century, especially
post-World War II in developed countries. In the United States, the employment rate
of working-age women rose from about 20% in 1900 to 35% in 1945 and 77% at the end
of the century. Similar changes are detected in most OECD countries, although with
different time lags compared to the US case. The ascent in female participation in the
labor market converted into a considerable increase in women’s participation in the total
hours worked and reduced wage disparities between women and men (Ngai and Petrongolo
(2017); Olivetti and Petrongolo (2016)).

Existing literature studying the underlying causes of these trends includes gender-
specific explanations, such as changes in society and legislation favoring women, health and
technological improvements, among others.1 In addition to these factors, there are gender-
neutral ones that may favor women since it has created jobs that require less brawn skills
but more brain. I.e., they are less physically demanding and intensive in communication and
interpersonal skills. Thus, women may have a comparative advantage in such jobs, whether
innate or acquired (Rendall (2017)). Suppose women have a comparative advantage in
services. Structural transformation is the reallocation of economic activity across broad
sectors, such as agriculture and services. In that case, the structural transformation of
economies from goods to services is a gender-neutral transformation that would boost
demand for female labor since women are over-represented in services. Additionally,
the growth of the service sector is able to create jobs intensive in both low and high-
skilled female labor. Recent literature that explores the interplay between structural
transformation and the narrowing of gender gaps is built upon trends observed, especially
in developed economies. For example, Ngai and Petrongolo (2017) identify for the US an

1Human capital investment has led to female gains in human capital accumulation. Medical advances
made possible the reduction in fertility, maternal health improvement, and maternal lactation substitutes.
Societal and institutional changes removed obstacles to women’s careers, such as anti-discrimination
legislation and affirmative actions, as well as the availability of child care. Technological advances in
the household enabled women to spend less time on housework. See among many others, Albanesi and
Olivetti (2016), Greenwood et al. (2005), Attanasio et al. (2008) Fernández (2013).
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increase in market hours for women, a fall in market hours for men, an increase in female
relative wages, a rise in service sector share among market hours worked,

Besides, there also exists an important reallocation between the household and the
market sector — the marketization phenomenon, which has also played a role in narrowing
gender gaps. According to Ngai and Petrongolo (2017), in the US in 1965, women spent,
on average, 41 hours per week in home production. At the same time, men only spent
11 hours in chores like child care, cleaning, and food preparation. Nevertheless, they
observe a fall in home production hours (working hours in the household) for women while
there is an increase for men between 1965 and 2010. Home production activities have
close substitutes in the market service sector and can be easily outsourced. When unpaid
household work can be transferred to the market-based sector of the economy, this usually
leads to more paid jobs for women, which improves gender equality in both the workplace
and at home. Thus we could expect a reallocation of women’s work from the household to
the market. In a nutshell, the rise of services, driven by structural transformation and
marketization of home production, has raised women’s relative wages and market hours.

All the labor market trends aforementioned are observed and well documented for
the US and some developed economies.2 What about the developing world? Available work
for developing and low-income countries focuses mainly on female labor force participation
(Klasen (2019); Klasen et al. (2021)). Can we say that developing countries follow these
trends in labor market hours? Or are structural transformation and marketization processes
at play regarding women’s participation in the labor market? Are there available data
to answer those questions? In Dinkelman and Ngai (2021), the authors advocate for a
research agenda to develop and build evidence on the marketization of home production,
market work allocations, and other gender gap outcomes in the labor market in developing
countries. This paper fills this gap with a descriptive and quantitative case study of Brazil,
the leading economy in Latin America. At the same time, the country still struggles as a
developing country with low GDP per capita, low levels of productivity, and one of Latin
America’s most significant gender gaps, ranking 22nd out of 25 countries in the region.
According to the Global Gender Gap Index from the 2020 World Economic Forum, Brazil
ranks 92nd of 153 countries (Schwab et al. (2019)).

Changes in time allocation have a profound impact on how the economy develops. As
an economy grows, a sizable number of tasks that were previously performed in the home
are outsourced to the market — from food production to childcare. These transformations
impact how women and men spend their time, gender equality, and aggregate output. As
discussed above, as structural transformation transfers unpaid home production to the
paid market sector, augmenting the service sector, this usually leads to more paid jobs for
women narrowing the gender gap. At a macroeconomic level, when people can choose how
to allocate their time between activities according to their talents, the economy benefits
from less labor misallocation (Hsieh et al., 2019). Thereby, in this paper, we quantitatively
assess how structural changes in a developing economy have been reflected in women’s
hours’ allocation between sectors.

Our paper builds upon the work of Akbulut (2011), where she develops a simple
time allocation model to quantitatively assess the contribution of sector productivity

2See Goldin (2006) for a complete panorama of historical trends in gender outcomes in the United
States and their determinant forces. Also, Olivetti and Petrongolo (2016) presents long-run trends in
gender outcomes in employment, hours, and wages for a sample of high-income countries.
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differences to the change in women’s labor supply.3 Even though her model accounts for
home production, it limits the home sector for women and the goods sector for men. In
our work, we also quantitatively assess changes in time allocations of men and women
across sectors over a given period, according to the evolution of sectors’ productivities.
Nevertheless, our model is much more complete and comprehensive and, to the best of
our knowledge, the first to conduct this kind of study for a developing economy. We use
Ngai and Petrongolo (2017) model to go one step further from Akbulut’s work. With
this model, we get a richer and more realistic representation of labor market structures
and preferences: men and women can spend time in all activities (working in the goods
and service sectors, doing housework, and enjoying leisure), and comparative advantages
of each gender in each sector are considered. Different from Akbulut (2011), the model
we use incorporates the wage gap between men and women, a widely-observed fact in
economics.

In sum, we adopt a structural transformation model with two market sectors (goods
and service) and a home service sector, calibrate the model with parameters that match
Brazilian data targets for 1976, and quantitatively assess how structural changes in
the economy have been reflected in women’s hours’ allocation. We then conduct some
counterfactual exercises. We verify the effects on hours allocation in case Brazil had labor
productivity growth rates the same as in the US, given that historically, Brazil has very
low productivity growth rates in certain sectors — in specific ones, rates are negative. We
find that if Brazil had a higher productivity growth in the service sector, marketization
dynamics would be more significant, and women’s hours in the goods sector could even rise
over time. Finally, we modify the assumptions regarding women’s comparative advantage.
We want to seek further evidence on the relationship between structural transformation,
gender-specific parameters, and female labor outcomes. Results show that in the absence
of gender differentials, structural transformation generated by uneven productivity growth
rates is entirely gender-neutral and fails to reproduce the narrowing in the wage gap
between men and women. Then, when our calibration approaches Akbulut (2011) by not
considering the specificities of each gender in terms of productivity and the gender wage
gap, structural transformation alone cannot account for the changes in hours allocation
presented in Brazilian data.

The remainder of the paper is organized as follows. In the next section, we discuss
the related literature. In section 2.3, we explore the case of Brazil. We briefly review
the literature on the process of structural change to the service sector and trends in the
labor market for women. We analyze the evolution of female work in Brazil and search for
historical trends and sectoral changes. These data and stylized facts ground the choice of
our model. Section 2.4 sets out our model, and section 2.5 calibrates the model to the
Brazilian experience from 1976 to 2015. Section 2.6 uses the model to quantitatively assess
structural changes in the Brazilian economy, how they affected women’s hours’ allocation
between sectors and the implications of counterfactual exercises. Finally, the last section
concludes the paper. We also include an appendix with the full model derivation of the
competitive equilibrium and calibration details.

3The author extends the model of Rogerson (2008) with both male and female labor.
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2.2 Related Literature

In a broader sense, this work relates to two strands of literature. The first is about
the female labor market. The second is about the rise of the service sector within the
process of structural transformation. In a narrower sense, this paper is related to the
literature that connects both strands: the increase of female participation in the labor
market with the rise of the service sector. For example, Akbulut (2011) models this
relationship extending the work of Rogerson (2008) by considering female and male labor.
Rogerson (2008) develops a multi-sector model with goods, market, and nonmarket service
production to examine hours worked in Europe and the US. In Akbulut (2011), the process
of structural transformation is modeled as the outcome of different productivity growth
rates across sectors. The increase in women’s market hours comes from the difference
in the productivity of market services provision relative to home production. Women
can only work at home or in the market service sector, whereas men can choose between
goods and market services. In this framework, the model accounted for a great part of the
observed increase in the female employment rate in the US from 1950 to 2005.

Ngai and Petrongolo (2017) overcomes several simplifications from the previous
model. Men and women can supply labor for all sectors. The framework has a feature to
represent women’s competitive advantage in the service sector (market and home), and
the wage ratio is different from 1, which reflects the real gender gap in wages. The model
is calibrated for the US economy between 1970 and 2006 and endogenously analyzes the
simultaneous narrowing of gender gaps in wages, market hours and home hours. Besides,
they document trends in labor market hours and wages by gender in the last decades in
the US data.

In this framework, we depart from Ngai and Petrongolo (2017) model to evaluate
the changes in time allocation of labor, per gender, across different sectors of the Brazilian
economy from 1976 to 2015. Our contribution is to shed light on this process in a developing
economy, document trends in labor market hours by gender and sector, and examine the
effect on hours allocations in different scenarios with counterfactual exercises. We chose
this approach because it does not constrain the sector where men and women can allocate
time. Simultaneously, it has a mechanism to account for women’s comparative advantage
in services (market and nonmarket). The increase in women’s market time and women’s
service sector share is a simultaneous result of uneven productivity growth across sectors.
The marketization of home services is also at play, contributing to this outcome, such as
in Rendall (2018) and Buera et al. (2019).

A critical underlying assumption that we make is that women have a comparative
advantage within the service sector because jobs in this sector are less intensive in the use
of brawn and more intensive in the use of brain relatively to the production of goods. One
could argue that technological progress has changed the nature of jobs in the manufacturing
sector, requiring fewer brawn skills, which could equalize this matter between men and
women. However, skills commonly valued in services are still heavily credited to women
and cannot be easily automated. Borghans et al. (2014) shows that women are the majority
workforce in tasks intensive in communication and interpersonal skills. Recent work shows
gender differences in other interpersonal spheres: women show more altruism, fairness,
and caring behavior (Azmat and Petrongolo, 2014). These characteristics are possibly
more valued in services, for example, in the health sector.
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Assuming that women have a comparative advantage in services, the structural
transformation of economies from goods to services is a gender-neutral transformation that
would boost demand for female labor since women are over-represented in services. For
advanced economies, Olivetti and Petrongolo (2016) show that in the twentieth century, the
structural transformation phenomena reallocated labor from agriculture to manufacturing
and then for services in the US and the majority of OECD countries, even though with
some time lag in comparison with the United States. For developing countries, Üngör
(2017) shows that Latin America has moved much more slowly out of agriculture than
East Asia. In general, differences in sectoral productivity growth rates account well for
the different sectoral reallocations in those two geographic regions.

Besides the structural change between market sectors, there also exists an important
reallocation between the household and the market sector. Bridgman et al. (2018) present
some evidence on home production for developing and developed countries. Using time-use
surveys from a set of countries, they find that as GDP per capita increases, average
household hours per working-age population enormously decrease. In contrast, average
market hours increase, evidencing the marketization phenomenon. Moreover, hours in
services production increase their share in total hours, i.e., structural transformation.
Besides, marketization is primarily due to changes in women’s hours.

2.3 The case for Brazil

Female labor force participation in Brazil has considerably risen over the last four decades.
Data from the National Household Sample Survey (PNAD) shows that in 1976 FLFP
was 35%, and this number became 60% in 2015. A large part of such change was among
married women. In 1977, the FLFP of married women was 20 p.p. less than men’s. By
2002, this difference dropped to 4p.p. (Soares and Izaki, 2002). It is reasonable to think
that the closing of the educational gap, the decline in the fertility rate, the increase in the
service sector, and the marketization of home production made this change possible for
married women.

In this section, we briefly and separately review the available literature for Brazil on
the process of structural change to the service sector and the trends in the labor market
for women. Then, we bring some data and stylized facts to connect these theories.

2.3.1 Structural transformation

Conceptually, structural transformation is the reallocation of economic activity across
broad sectors. In developed economies, it is related to economic growth and the transition
from agriculture to manufacturing and then to services. This process has critical aggre-
gate implications when sectoral composition matters, such as productivity, urbanization,
inequality, and even labor market outcomes, which leads to our discussion about gender
differences in labor.

Starting around 1950, Brazil began a process of structural change that, over six
decades, moved the country from a mainly agricultural and rural economy to one predom-
inantly based on the services sector. Firpo and Pieri (2013) provide detailed evidence
of how productivity evolved between sectors from 1950 to 2005. They found that Brazil
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experienced an intense structural change from 1950 to 1970, a period of vigorous indus-
trialization and urbanization driven by external constraints and internal market growth.
During this process, employment migrated from the least productive sectors — agriculture
— to the most productive ones — industry — promoting, thus, aggregate productivity
growth.

In addition, partitioning the Brazilian experience in three periods — 1950-1964,
1964-1994, and 1994-2011 — Firpo et al. (2020) show that between 1964 and 1994, the
service sector increased its share in employment from 22% of workers to 44% percent and
agriculture shrank from 55% to 26% of workers. Thus, this period depicts an intense
structural change in the country. Brazil’s structural transformation process was mainly
associated with workers’ transition from the agricultural sector to the service sector. Even
though manufacturing had a relevant role in the 1960s and 1970s, the share of workers in
that sector has been almost stable over time since it is less labor-intensive.

2.3.2 Female labor market

Despite the progress of female labor force participation over the past decades and an
observed long-term trend toward reducing the gender wage gap, this gap remains in almost
all advanced and developed countries. Machado et al. (2018) study the gender gap over
time and the life cycle in the formal labor market in Brazil between 1994 and 2015. They
highlight the massive entry of women into the workforce within this period. They show
that overall gender labor differentials fell from 185% to 86%, reflecting relative gains in all
labor market components such as participation rates, unemployment rates, hours worked,
and hourly wages. Nevertheless, they find that women are less likely to work full-time (at
least 40 hours weekly) than men, despite the increased hours supplied by female workers
in the formal labor market. The International Labor Organization Statistics (ILOSTAT)
time series for "Incidence of part-time employment by sex" shows that this rate for women
in Brazil is more than 1.5 times that of men for all series years.

In fact, worked hours and hours flexibility are essential factors that influence the
gender gap dynamics. In order to document trends in time allocation by gender in Brazil
between 2001 and 2015, Barbosa (2018) analyze the evolution of weekly working hours
in the market and home production based on the National Household Sample Survey
(PNAD). With a particular focus on leisure hours, she uses the weekly hours worked in
the market, those dedicated to household chores, and those commuting from home to
work to define the weekly leisure hours. Results reveal that men enjoy more leisure time
than women, although there is a tendency to reduce this difference over time. Moreover,
there has been an increase in the number of leisure hours over the period for men and
women. For men, this can be explained by a significant reduction in hours worked in the
market, while for women, the increase in leisure hours can be explained by a reduction
in hours devoted to home production. Since Brazil does not have a specific time survey,
Barbosa (2018) results for leisure and home production hours will be essential for our
model calibration.
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2.3.3 Data Analysis

As Dinkelman and Ngai (2021) argue, in developing countries (specially non-OECD),
one way to see the process of marketization and structural transformation is to look at
employment shares by broad sector of work. Furthermore, with data on time spent on
household chores, we can depict the level and process of marketization of home production.
With data on employment shares by sector, we can document the transition of an economy
toward the service sector. Brazil does not have a time-use survey like The American Time
Use Survey (ATUS), but we fill this gap with data from the National Household Sample
Survey (PNAD). This section provides evidence of structural changes in the Brazilian
economy from 1976 to 2015 and gender-specific trends for employment, hours, and home
production.

We present labor market trends through PNAD microdata. The PNAD survey is a
national household sample survey conducted annually from 1971 to 2015. Our data sample
covers the year from 1976 to 2015 and includes individuals aged 15–65. We first made a
compatibility table with variables of interest for each year to build a single database for
all years. The format and structure of the survey questionnaire are similar between the
years in the same decade, so we built and cleaned the base separately for each decade and
then joined them.

Figure 2.1.A shows a trend well documented and explored in the literature: the
increase in female participation in the workforce. Labor force participation (LFP) is the
ratio of the economically active population over the working-age population. Disaggregating
by gender, we see an increasing trend for women and a slight decline for men. Figure
2.1.B shows total and gender-specific employment rates for the years of analysis. It is
also widely documented that unemployment is higher among women than men. However,
we see the employment rate among women increasing over time, while men’s is slightly
declining, showing the closing of the gender gap in the employment rate.

Figure 2.1: Gender-specif trends in labor force and employment
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Figure 2.2 shows the gender-specific sectoral change in employment, i.e., we compute
the fraction of each gender and sector among all employed populations. To classify
individuals’ occupations within this broad classification of sectors — goods and services —
we used a PNAD variable that identifies the individual’s primary work field of activity
in the survey week. In goods, we consider agricultural activities, all transformation
industry, construction, and other industrial activities. Everything else falls under the
category services — trade and repair; services such as accommodation, food, transport,
and communication, among others; education, health, social and domestic services and
public administration. The category with the most significant drop was men in goods,
while women’s employment in this sector remained stable. Notice that for women and
men, the share of the service sector grows, but for women, the rate of this increase is
higher. For men, the increase comes mainly from the decrease in the share of employment
in the goods sector. As for women, the significant increase in employment in the service
sector may be correlated with marketization, that is, by a shift from domestic production
to the market.

Figure 2.2: Gender-specific sectoral change in employment

Now we turn to trends on hours worked. The PNAD contains a continuous variable
representing the usual hours worked by an individual per week in their primary occupation.
Figure 2.3 shows the shares of men’s and women’s hours in the total hours worked in
the Goods and Services sectors and for the whole economy. Over the years, women’s
working hours have almost taken the lead over men’s working hours in the service sector.
In the goods sector, shares remained constant, with male hours being four times more
than female.
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Figure 2.3: Gender shares in worked hours

Figure 2.4 shows the average hours worked per week each year by gender. Analyzing
the hours worked in levels, the characteristics of the Brazilian labor market and its
legislation emerge. Men work around 40 hours per week on average, compatible with 8
hours per working day. In addition, it shows a slightly decreasing. For women, the average
number of hours per week has been increasing, but it is still far below the average for
men, revealing that women work fewer hours than men. Indeed, women are the majority
in part-time jobs numbers. Nevertheless, the period shows an increase for women and a
decrease for men, resulting in stability in the total.4

Figure 2.5 plots the proportion of hours worked in the service sector over total market
hours — for all individuals, men and women. It shows that the share of market hours
worked by men and women in services has increased by about 20 percentage points. For
women, the share of hours in services is considerably higher than men’s and rose from 62%
to 82%. For men, it increased from 34% to 55%.

In 2001, the PNAD survey added a question to measure hours dedicated to housework
— tasks or activities that do not fall under the concept of paid work — per week. Some
household chores considered are: tidying or cleaning the house, cooking, laundering,
ironing, washing dishes; guiding domestic paid workers in the performance of domestic
tasks; taking care of children. Figure 2.6 shows the massive gap between men and women
in household chores. Although the gender gap in working hours is reducing over time,
indicating a process of marketization of home production in Brazil, there is no data prior to
2001 on hours spent on household tasks. Even covering only the period between 2001 and

4This trend is also documented in Rogerson (2008) and Olsson et al. (2019).
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2015, we can observe for women a reduction in the hours dedicated to home production
and an infinitesimal increase for men. For women, the average hours dropped from 28 in
2001 to 21 in 2015, while for men, the increase was from 4.72 hours to 5.55. These results
also indicate that social norms still play a significant role in Brazil and that women should
be more responsible for the care of the household, children, elderly, and other dependent
individuals (Codazzi et al., 2018).

Figure 2.4: Average weekly hours worked

Figure 2.5: Fraction of hours in services
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Moreover, this corroborates the fact that household paid services are performed
mainly by women in Brazil. At the same time, the low qualification required generates
an alternative for low-educated and unskilled women, subjecting them to low wages and
a high level of informality — but reinforcing the marketization phenomena. Time use
surveys support this conjecture for other countries, showing that the share of discretionary
time used for homework is declining over time.

In this section, we presented evidence of some stylized facts about the Brazilian
economy. First, an increase in female participation in the labor market and in hours worked
in the market while there is a fall for men. Second, an increase in the share of the service
sector among hours worked in the market, beyond the considerable rise of women’s share
in market service hours. Third, home production hours for women are decreasing. These
trends might suggest that women move from home to market production, especially to the
service sector. Furthermore, the process of structural transformation augments the service
sector and opens up even more space for women in the labor market. This reasoning is
the main motivation for choosing the model used in quantitative analysis. The model
accounts for this set of facts by embodying the processes of structural transformation and
marketization of home production.

Figure 2.6: Average weekly hours in household chores

2.4 Model

The model depicted here has two market sectors; one produces goods and the other services.
The household preferences are such that goods and services are poor substitutes. A third
sector produces home services, the home production sector. Market and home services
are goods substitutes. The production technology of each sector is represented by a CES
function that combines female and male work. Women have a comparative advantage in
the production of services — market and home. Market sectors are perfect competition,
firms are identical, and they employ men and women according to the CES technology.
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The model is a sequence of static time allocation problems. Preferences are constant over
time, but productivities vary. Labor productivity growth rates are uneven between sectors.
Time subscripts are suppressed to ease the notation.

2.4.1 Households

The representative household, composed of a man and a woman, derives utility jointly
from the consumption of goods (Cg), market services (Cs), home services (Ch), and leisure
(l). The following utility function represents household preferences:

U(Cg, Cs, Ch, l) = αc lnC + (1− αc)lnl (2.1)

C = [αg Cg
ε + (1− αg)S

ε]
1
ε (2.2)

S = [αs Cs
η + (1− αs)Ch

η]
1
η (2.3)

l = [αl lf
υ + (1− αs)lm

υ]
1
υ (2.4)

Where αg is the share of goods in aggregate consumption, C, and αs is the share of market
services in S, which is the aggregate consumption of services in general, market and home.
The parameter ε represents the substitutability between goods and services ( 1

1−ε
is the

elasticity of substitution), whereas η is the same for market services and home services.
We assume that goods and services are poor substitutes, so ε < 0, while 0 < η < 1 because
market and home services are good substitutes. Household leisure time is given by the
aggregation of men’s and women’s leisure. Considering that the leisure time of household
members is poorly interchangeable because husband and wife like to spend time together,
thus υ < 0.

Each household member: a woman (f) and a man (m) allocates time between four
activities: working in the goods sector (Lig), working in the market services production
(Lis), producing home services (Lih) and enjoying leisure (li), according to the following
constraint:

Lig + Lis + Lih + li = Li with i = f,m (2.5)

Household members offer time to produce home services, which they will consume
within the household. Home production technology is:

Yh = AhLh (2.6)

Lh = [γh Lfh
κ + (1− γh)Lmh

κ]
1
κ , (2.7)

The household budget constraint is:

pgCg + psCs = wf (Lfg + Lfs) + wm(Lmg + Lms) (2.8)

Thus, given wages (wf , wm) and prices (pg, ps), the representative household chooses
(Cg, Cs), home production time (Lfh, Lmh) and leisure time (lf , lm) that maximize the
utility function subject to equations (2.2)-(2.8).
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2.4.2 Firms

There are two competitive market sectors in this economy: goods (g) and services(s). Labor
is the only production input, but each sector employs female and male labor. Production
technology is:

Yj = AjLj (2.9)

Lj = [γj Lfj
κ + (1− γj)Lmj

κ]
1
κ , j = g, s (2.10)

Where 1
1−κ

is the elasticity of substitution between hours of men and women. We assume
that γs > γg to capture the female comparative advantage in the service sector.

Taken wages and prices as given, the representative firm j = g, s chooses labor
allocations {Lfj, Lmj} to maximize profits:

Πj = pjYj − wfLfj − wmLmj (2.11)

In the production function of sector j = g, s, h, Aj represents labor productivity,
which grows at a rate Ȧj/Aj ≡ θj. We assume that θg > θs > θh to represent that the
goods sector productivity grows at a faster pace than services, which we observe for
Brazilian data with the 10 Sector Database and Economic Transformation Database. To
generate the shifts in hours worked across sectors — one of the outcomes of structural
transformation — the model has to have uneven productivity growth rates across sectors.
Thus, relative productivities will change over time across activities.5 In addition, the
elasticities of substitution of what the household consumes are not unitary. These two
features together will reallocate labor hours across activities.

2.4.3 Equilibrium

A competitive equilibrium in this economy is a collection of prices (pg, ps), wages (wf ,
wm) and allocations (Cg, Cs, Ch, Lfg, Lmg, Lfs, Lms, Lfh, Lmh, lf , lm) such that, given
values of state variables (Ag, As, Ah):

(i) The representative firm in each sector maximize profits subject to the production
technology;

(ii) The representative household maximizes utility subject to his budged constraint;

(iii) Given firms and households optimal choices, all markets clear:

Cj = Yj, j = g, s (2.12)
Lig + Lis = Li − Lih + li, i = f,m

We assume free labor mobility across sectors for both genders. Thus, wages are
equal between sectors, but a wage gap exists between genders. In addition to that, on the
one hand, we assume goods and services as poor substitutes. Thus, a higher productivity

5Uneven technological progress across sectors is only one type of mechanism that yields structural
changes across sectors in a model. Rogerson (2008) gives a detailed explanation of other features that
yield the same outcome.
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growth rate in goods relative to services will shift labor from the former to the latter.
On the other hand, since market services and home services are good substitutes, then
a higher productivity growth rate in the market relative to home will move labor out of
home production. Appendix C presents the complete model derivation.

2.5 Calibration

In this section, we describe the calibration procedure for the quantitative exercise. We
calibrate baseline parameters to match the time allocation and wage ratio in the 1976
Brazilian economy. Among elasticities, preferences, and gender-specific parameters, we
have 12 parameters that need to be defined. Sectoral labor productivity levels and growth
rates are exogenous and add six more parameters, totaling 18 parameters required to
determine the time allocation by gender in the quantitative analysis.

2.5.1 Data targets

Table 2.1 presents data on the service share of total market hours worked (s), its gender
components (sf and sm), shares of market hours for women and men (Mf/Lf and Mm/Lm),
and total work hours of women and men (Tf/Lf and Tm/Lm), for the start and end of the
sample period, years 1976 and 2015.6 The service shares are obtained directly from the
PNAD following the categorization of hours worked within the goods/services sectors.

The first column of Table 2.1, s, presents the share of hours worked by all individuals in
services over hours worked in the market, i.e., goods sector plus service sector. Throughout
the period we are analyzing, there was an increase of 51% in services participation in total
hours worked in the market. The gender component sf in column two measures the share
of hours worked by women in services over total female hours worked in the market (sm
depicts the same for men). In 1976, 63% of hours worked by women were in the service
sector, while for men, this figure was 35%. In 2015, the participation of the service sector
in market hours increased for both genders. For women, 81% of total hours worked in the
market were in the service sector, while for men, this number increased to 54%.

Table 2.1: Data moments from PNAD

Service
Share

Service
share

women

Service
share
men

Market
hours
women

Market
hours
men

Total
work

women

Total
work
men

Time s sf sm Mf/Lf Mm/Lm Tf/Lf Tm/Lm

1976 0.427 0.634 0.348 0.198 0.513 0.660 0.575
2015 0.647 0.813 0.539 0.281 0.418 0.603 0.487

The columns Mf/Lf and Mm/Lm in Table 2.1 show hours worked in the market
over the endowment of hours by gender. We compute the average weekly hours worked

6The number for 1976 is the average between 1976-1979, and for 2015, it is the average between
2012-2015. The goal is to prevent possible outliers for a single year and to smooth short-run fluctuations.
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in the market directly from PNAD data, but we need a weekly average of hours in home
production and leisure to obtain the endowment of hours. Here we borrow the numbers of
Barbosa (2018). In her paper, she computes the home-to-market hours’ ratio for women
and men between 2001 and 2015. We multiply this ratio by the average hours in the
market to get a weekly average of hours in home production. From Barbosa (2018), we
also borrow the average hours of leisure for men and women.7 By adding the average
hours in the market, home production, and leisure, we get the total weekly endowment of
hours for men and women. Then, we compute Mf/Lf and Mm/Lm. Between 1976 and
2015, the market hours share of total hours increased 40% for women and decreased by
20% for men, showing a narrowing in the gender gap in market hours. Total work for each
gender (Ti/Li) is the sum of market hours and home hours as a share of the endowment
of hours. Despite allocating fewer hours in the market, women work more hours than
men due to a more significant load of domestic work. Between 1976 and 2015, total work
decreased for women and men due to reduced home production and market hours.

The model presented in the previous section allocates the endowment of time of men
and women across four activities: market work (goods and services), home production,
and leisure. Table 2.1 shows data from PNAD that we use to compute the implicit time
allocation within these four model categories. Table 2.2 presents the full-time allocation
across the four activities implied by the model. In the first row, we present the formulas of
how we combine data from Table 2.1 to reach the value of rows 2-5. Table 2.2 transforms
the PNAD data into shares of Li, i.e., we are adjusting the data in terms of the time
constraint given by the equation 2.5 to compare the quantitative results to the data.

Table 2.2: Full time allocation across activities derived from PNAD data

Goods Services Home Leisure Total
———————– ———————– ———————– ———————–
Lig

Li

=
Mi

Li

(1− si)
Lis

Li

=
Mi

Li

si
Lih

Li

=
Ti

Li

− Mi

Li

li
Li

= 1− Ti

Li

Time Women
1976 0.073 0.126 0.462 0.340 1
2015 0.052 0.229 0.322 0.397 1

Men
1976 0.335 0.178 0.062 0.425 1
2015 0.193 0.225 0.068 0.513 1

2.5.2 Parameters

Elasticity parameters are: ε, η, κ and υ. More precisely, they are the substitution parame-
ters that define the elasticities of substitution. That is, for any substitution parameter x,
the elasticity of substitution is given by 1/(1-x). The parameter ε determines how time is
reallocated from goods to total services (home and market), given the relative changes in
productivity. Hence, the value must be negative to reallocate from the sector with higher

7As the time horizon of Barbosa’s paper runs from 2001 to 2015, we compute the growth rate of
both numbers between 2001 and 2015 and project to obtain those numbers for the year 1976 except for
home-to-market hours ratio of men. In this case, we assume that the male home-to-market hours ratio of
1976 is the same of 2001.
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productivity growth (goods) to one with lower productivity growth (services). Ngai and
Pissarides (2008) claim that ε ranges from -2.33 till -9, but we follow Rogerson (2008) and
Akbulut (2011) and set the value as -1.28.

η is also a key parameter since it defines the substitutability of market and home ser-
vices and determines labor reallocation from home into market given different productivity
growth rates. Gelber and Mitchell (2012) obtained estimates from 0.33 to 0.6. Rogerson
(2008) and Akbulut (2011) chose 0.45, a value within this range. Olivetti (2006) states
that the elasticity of substitution between market and non-market services, such as in our
model, is consistent with a higher elasticity of substitution; thus, she uses 0.75, and we
use the same value.

The parameter κ reflects the substitutability of male and female input in production.
In Ngai and Petrongolo (2017), κ is set to match the observed response in the home hours
ratio to changes in the wage ratio. They find a value of 0.56. We chose to follow them. In
turn, υ is set to match the response in leisure hours ratio to changes in the wage ratio.
Since this parameter reflects complementarity of male and female leisure time, we expect
1

1−υ
< 1. We obtained 0.11, while Ngai and Petrongolo (2017) got 0.19.

Gender-specific parameters, γg, γs, and γh, are fixed by conditions (C.4) and (C.16)
evaluated in 1976. This gives γg = 0.21, γs = 0.30, and γh = 0.55, pointing out women’s
comparative advantage in services relative to the goods sector. Similarly, αl is pinned
down by condition (C.28), giving 0.019.

Given, η and κ, preference parameters, αc, αg, and αs are calibrated to match gender-
specific relative labor allocations in 1976. The resulting values are found in Table 2.3.
Lastly, (Lm

Lf
)76 is the relative time endowment for 1976. We assume this parameter does

not change over the years, and we set it to match the service share in the initial year of
our sample. We find a value of 1.15. Details of such computations are found in Appendix
B. Table 2.3 sums up the calibrated parameters.

Table 2.3: Parameters for the benchmark model

Description Values

ε Elasticity of substitution: goods and services ( 1
1−ε

) -1.28
η Elasticity of substitution: market and home services ( 1

1−η
) 0.75

κ Elasticity of substitution: female and male hours in technology ( 1
1−κ

) 0.55
( 1
1−υ

) Elasticity of substitution: female and male hours in leisure 0.11
γg Share of female labor in goods production technology 0.21
γs Share of female labor in market services production technology 0.30
γh Share of female labor in home services production technology 0.55
αl Share of female leisure in the composition of household leisure 0.019
αc Share of consumption in the utility function 0.60
αg Share of goods in the composition of consumption 0.61
αs Share of market services in the composition of services 0.19

(Lm

Lf
)76 Time endowment ratio at the initial year (1976) 1.15

66



2.5.3 Productivities

In our model, the engine for structural changes across sectors is the different productivity
growth rates. Hence, we need a measure for these growth rates and sectoral productivity
data levels for 1976. We use the 10 Sector Database and Economic Transformation
Database to collect annual series of value-added at constant prices and persons engaged
per sector. We aggregate the sectors of the database into our two categories, Goods
and Services, and compute labor productivity (output per worker). Goods comprehends
the following categories: agriculture, mining, manufacturing, utilities, and construction.
Services comprehends trade, transport, business, and Government services. The implied
annual growth rate for labor productivity in the goods sector is 2.42%, and for market
services is 0.0827%.

As highlighted by Akbulut (2011), measuring productivity in nonmarket services
(home production) is a challenge, and we have the same data limitation for Brazil. Her
approach was to identify activities in the service market that are similar to those at home,
using data from the Annual Industry Accounts provided by the US Bureau of Economic
Analysis. Then, she assumes that the measured productivity growth rate of such activities
reflects the upper limit for productivity growth of home services. We follow this idea to
overcome the same challenge.

The 10 sector database has an economic activity category named ’Community, social
and personal services’ — personal services further on. This category includes community
activities such as recreational, cultural, and sporting activities, but also private household
activities such as service-producing for own use, i.e., home production. We split personal
services into two subcategories, one representing home production and the other, with
everything else, representing general market services, which is after included in Services
aggregation. The home production subcategory is weighted to match the average share
of "Serviços Domésticos" on total value added from the Brazilian System of National
Accounts. We did the same procedure for the number of persons engaged. Thus, we
constructed a labor productivity series for home production and found an implied annual
productivity growth rate of -0.63%.

Differently from the papers that study the US — which in general find much higher
values for labor productivity growth rate in the service sector (θs) and positive values for
the home sector (θh) — we found almost zero growth rate for the former and a negative
growth rate for the later. Nevertheless, similar to other studies, the relatively lower
productivity growth in home services compared to market services will shift women from
home to the service sector. Table 2.4 summarizes all annual average sector productivity
growth rates (θg, θs and θh) and labor productivity levels (output per worked) for 1976
(Ag76, As76 and Ah76).

Table 2.4: Productivities parameters for the benchmark model

-Ag76- -As76- -Ah76- θg θs θh

10.97 32.58 4.08 2.42% 0.0827% -0.63%
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2.6 Quantitative Analysis

In this section, first, we quantitatively assess how structural changes in the Brazilian
economy have been reflected in women’s hours’ allocation between sectors using the
calibrated baseline model. We assess the calibration accuracy relative to data and then
conduct counterfactual experiments. The experiments use the baseline model but vary
specific parameters according to what we want to test. Specifically, we verify the effects
on hours allocations (i) in case Brazil had labor productivity growth rates the same as in
the US and (ii) by altering the assumptions regarding women’s comparative advantage.

2.6.1 Baseline Results

Table 2.5 presents the results from the calibration with baseline parameters. Here, we aim
to check if the model we calibrate for Brazil can account for the changes in labor allocations
observed between 1976 and 2015. Columns (1) and (2) contain data information from
Table 2.2. Data shows that women’s hours in the goods sector decreased from 7.3% in
1976 to 5.2% in 2015. Home production hours have also fallen. There was an increase in
the market service sector from 12% to 22%. Leisure hours have also raised. The direction
of changes for men was the same, except for home production hours, which have slightly
increased.

Columns (3) and (4), depicted as Model Baseline, present the resulting calibration
with parameters from Tables 2.3 and 2.4. Here, changes in hours allocated between sectors
from 1976 compared to 2015 are a result of different productivity growth rates across
sectors only. We observe that the model does a good job at replicating the 1976 data
allocation, but for 2015 it cannot account for the rise in female leisure hours and male
home production and leisure hours. Moreover, this baseline version also cannot replicate
the narrowing of the wage ratio gap. Using PNAD data, the wage ratio was computed
as the coefficient on the female dummy from yearly log wage regressions that control for
gender, age and age squared.

Thereby, we changed the baseline model to incorporate within-sector changes that
increase women’s perceived productivity over time. Specifically, we allow technology
parameters γg and γs to change from 1976 to 2015. As described in section 5.2, we
obtained those gender-specific parameters by conditions (C.4) and (C.16) evaluated in
1976. Repeating this procedure, but evaluating for 2015, we get higher values for those
parameters: γg2015 = 0.28 and γs2015 = 0.41. The idea is to represent changes within
the goods and market services sectors that simulate the effect of a decrease in gender
discrimination. We now have within-sector improvements for women, but the between-
sector dynamics are the same as in section 2.4.3. The resulting allocation of hours and
wage ratio is presented in column (6). With this change in the model, we could replicate
the reduction in the wage gap (increase in female relative wages) and the rise in female
leisure hours, male home production, and leisure hours.

According to the model, as productivity in market services grows faster than in the
home sector, this makes the former relatively more expensive than the latter. As they are
good substitutes, the relative expenditure on market services will increase, leading to a
shift of hours worked from home to the market for both men and women. The described
mechanism also helps reduce relative spending on goods, but there is also a price effect.
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As productivity in the goods sector grows faster than productivity in market services, the
effect on relative prices makes market services relatively more expensive than goods. Since
they are poor substitutes, the price effect shifts expenditure from goods to market services,
leading to a shift of market hours of men and women from the goods to the service sector.

Uneven labor productivity growth is a necessary condition to deliver a simultaneous
increase in both market services and the wage ratio (Ngai and Petrongolo, 2017). From
our baseline model, we found that uneven labor productivity growth is a necessary but not
sufficient condition to deliver such an outcome in the wage ratio when we calibrate the
model for Brazil. This mechanism alone was unable to sufficiently change relative prices
in order to raise relative demand for female labor and, consequently, the equilibrium wage
ratio (even under the assumption of female comparative advantages in services). This
outcome is in line with the fall in female leisure hours predicted by the baseline model for
2015 (column 4) – they have to increase market hours to cope with the increase in relative
spending on market services. Moreover, the higher relative wage for men is compatible
with lesser male hours in home production and leisure.

Table 2.5: Baseline results for gender and sector-specific time allocations

Data Model
Baseline

Within-sector
changes

1976 2015 1976 2015 1976 2015
(1) (2) (3) (4) (5) (6)

Female
Goods .073 .052 .080 .060 .080 .049
Services .126 .229 .132 .247 .132 .252
Home production .462 .322 .504 .423 .504 .345
Leisure .340 .397 .283 .271 .283 .354

Male
Goods .335 .193 .345 .245 .345 .154
Services .178 .225 .174 .311 .174 .244
Home production .062 .068 .071 .055 .071 .078
Leisure .425 .513 .409 .390 .409 .524

Wage Ratio (wf/wm) .56 .75 .54 .52 .54 .66

2.6.2 Counterfactuals

In Table 2.6, we show the quantitative results of the model solution. The top row reports
the percentage change between 1976 and 2015 data. The following rows present predicted
changes from model calibrations. In the second row, we show the percentage change of
hours allocation resulting from the model with within-sector changes, depicted in columns
5-6 of Table 2.5. This will be the benchmark model, which does a good job replicating the
direction and magnitude of the percentage changes in hours allocation from 1976-2015,
even though it slightly overestimates the results.
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US labor productivity growth rates

Unlike developed countries, Brazil has a historically low productivity growth rate in
services. Thus, in model A, we adopt US labor productivity growth rates borrowed from
Akbulut (2011). In this case, θg = 2.3%, θs = 1.3% and θh = 0.1%. The remaining
parameters are the same as the benchmark model.

Uneven labor productivity growth rates are the driver behind different results between
Brazil and US. The greater the difference θg − θs, the more labor hours migrate from
goods to market services. Notice that Model A also comprehends within-sector changes
in gender-specific parameters θg and θs. Together, those features lead to a rise in female
hours in the goods sector in model A and a fall for men. Analyzing labor productivity
growth rates, for Brazil we have (θg − θs) = 2.34 and, for the US, (θg − θs) = 1. Thus the
female reduction in the share of hours in the goods sector is bigger in the benchmark case.

The same reasoning is applied to the relative productivity between market and home
services, θs − θh. In the benchmark case with Brazilian growth rates, (θs − θh) = 0.71.
In contrast, with US growth rates in model A, this difference is 1.2, resulting in a bigger
movement of women and men out of home production in model A compared to the
benchmark. With this exercise, we infer that marketization dynamics could be bigger
if Brazil had a higher productivity growth in the service sector. Model A was the only
scenario where the share of hours that women allocate to the goods sector rose. It is
important to identify the obstacles to women’s time shift from home to market since it
has social and welfare implications.

Different scenarios for women’s comparative advantage

The remaining cases of Table 2.6 — models B, C, and D — analyze counterfactual scenarios
modifying assumptions about the comparative advantage of women assumed in the model
of section 2.4. Here we go back to Brazilian productivity growth rates, θ’s values from
Table 2.4. While the comparison of Model A with the benchmark model showed the
critical role of structural transformation (driven by uneven productivity between sectors)
in the increase in hours worked by women in market services, we will now examine the
role played by the hypothesis of female comparative advantage in services.

In model B we assume that women have a comparative advantage in services relative
to the goods sector, but across market and home services, parameters are equal, i.e.,
γh = γs = 0.3 > γg = 0.21. Results for female hours in home production and leisure
diverge relative to the data. According to the model, relative prices for any pair of
commodities are a function of labor productivity and comparative advantage parameters
(among other components).8 Thus, when we shut down the difference between γh and γs,
the effect of uneven labor productivity growth rates is maximized. In other words, the
price of home services relative to market services is higher, leading to a massive increase
in market service hours for women and men. The share of hours in the goods sector
diminishes for women and rises for men because of men’s comparative advantage in this
sector. In general, when the relative female wage increases, female hours diminish in
sectors where they do not have a comparative advantage and increase in sectors they do
have.

8See equation C.19.
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In model C, we assume that women do not have a comparative advantage in market
services relative to men, i.e., γh = 0.55 > γs = γg = 0.21. Here, we observe that the
direction of the percentage changes in hours allocation across sectors is the same for men
and women. The between-sector dynamics in place are the same as described in section
2.4.3. The higher productivity growth rate in goods relative to services, plus the poor
substitutability between them, will shift labor from the former to the latter. Moreover,
a higher productivity growth rate in the market relative to home, plus market services
and home services being good substitutes, will move labor out of home production into
the market service. However, this scenario resulted in a fall in female relative wages, i.e.,
deepening the wage gap.

The last case, model D, is such that γh = γs = γg = 0.5. Here, we do not consider
comparative advantages or differences in male and female productivity. Results show
virtually no gender differences in allocated hours and wages in this hypothetical scenario.
Different sector productivity growth rates generate a zero variation in relative wage.
Consequently, changes in time allocations between activities are practically the same for
women and men. This exercise shows that in the absence of gender differentials, structural
transformation generated by uneven productivity growth rates is entirely gender-neutral.
One important aspect of Model D is that it fails to reproduce the wage gap between
men and women. This version approaches Akbulut (2011), which does not consider the
specificities of each gender in terms of productivity, and does not consider the gender pay
gap. Thus, it does not capture the evolution of the gender pay gap over time and either
the effects of this gap in hours allocations. However, those two features were pivotal in
accounting for the changes in hours allocation presented in Brazilian data. Therefore, our
model is more suitable for analyzing an economy such as Brazil.

Moreover, when we compare the results of Models B, C, and D, it becomes clear
that the gender-specific parameters matter to deliver the observed wage ratio change
over time, and the ordering matters to capture the right wage gap direction of change.
The gender-specific parameters representing the comparative advantage assumption were
pivotal in delivering the benchmark results. Nevertheless, these parameters might differ
strongly across countries, and this difference is related to a hand full of factors, such as
the countries’ stage in the process of structural transformation, culture, and social norms.
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2.7 Conclusion

Since the mid-20th century in high-income economies, the rise in female participation
in the labor market converted into a considerable increase in women’s participation in
the total hours worked and a reduction in wage disparities between women and men.
Meanwhile, recent literature focuses on the rise of services as the driving force behind
narrowing gender gaps in hours worked and wages in developed countries. However, this
relationship is not clear for developing economies.

We apply a structural transformation model with two market sectors and a home
service sector that can reproduce the simultaneous evolution of gender outcomes in hours
and wages to study the role of structural transformation in the female allocation of time
over the years in Brazil. The model is compatible with trends observed in the Brazilian
labor market, such as an increase in female hours worked in the market and a fall for
men, an increase in the share of the service sector among market hours, a considerable
rise in women’s share in market service hours, and a decrease of female home production
hours. We calibrate the model with parameters that match Brazilian data targets for 1976
and quantitatively assess how structural changes in the economy have been reflected in
women’s hours allocation.

The first counterfactual exercise we propose shows that if Brazil had a higher
productivity growth in the service sector, marketization dynamics would be more significant.
In addition, women’s hours in the goods sector would even rise over time. This evidences
that Brazil’s historically low productivity growth rates represented an obstacle to women’s
time shift from home to the market. Then we analyze counterfactual scenarios modifying
the assumptions about women’s comparative advantage. We show that in the absence of
gender differentials, structural transformation generated by uneven productivity growth
rates is entirely gender-neutral and fails to reproduce the narrowing in the wage gap over
time exhibited in the data. We also deduce that proper calibration of gender-specific
parameters was pivotal to delivering the benchmark results, which signals the importance of
this kind of study across different countries since these parameters might differ enormously.
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Appendix C

Derivation

Derivation of the competitive equilibrium

Firms

The firm in sector j = g, s maximizes (2.11) subject to (2.9) and (2.10). The first order
condition for wages are:

wf = pjAjγj
Lfj

Lj

κ−1

(C.1)

wm = pjAj(1− γj)
Lmj

Lj

κ−1

(C.2)

Free labor mobility between sectors implies that the marginal rates of technical
substitution equalize. Thus we get relative prices between goods and market services.

pg
ps

=
As

Ag

γs
γg

Å
Lfs

Ls

Lg

Lfg

ãκ−1

(C.3)

Profit maximization implies that the marginal rate of technical substitution between
male and female labor equals the wage ratio (wf/wm) in each sector. Normalizing the
male wages, wm = 1, wf denotes relative female wages.

Lmj

Lfj

=

Å
1− γj
γj

wf

ã 1
1−κ

, j = g, s (C.4)

Define Ij as the share each sector pays on female labor over the total spending on
labor.

Ij ≡
1

1 + wf

κ
1−κ

Å
1− γj
γj

ã 1
1−κ

j = g, s (C.5)

Using (2.10), (C.4), (C.3) and the definition of Ij , we have the female hours that each
market sector demand as a function of the relative wage and the competitive advantage
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parameter.
Lfj

Lj

=

Å
Ij
γj

ã 1
κ

(C.6)

Plugging the expression above in equation (C.3), we get relative prices as a function
of the relative wage.

pg
ps

=
As

Ag

Å
γs
γg

ã 1
κ
Å
Ig
Is

ã 1−κ
κ

(C.7)

Defining Mf as women’s labor supply in the market, which comes from the household
optimization problem, market clearing in women’s labor market is then Mf = Lfg + Lfs.
Same for men’s labor market: Mm = Lmg + Lms. Using this market clearing conditions
and equation (C.6), we define female labor hours allocation in the market sector.

Lfs

Mf

=
1− Mm

Mf

Ä
1−γg
γg

wf

ä 1
κ−1

1−
Ä
1−γg
γg

γs
1−γs

ä 1
κ−1

(C.8)

Households

The Lagrangian for the household optimization problem is:

L = αc ln
[
αgCg

ε + (1 + αg)
[
αsC

η
s + (1− αs)

[
Ah

(
γhL

κ
fh + (1− γh)L

κ
mh

) 1
κ

]η] ε
η
] 1

ε

+ (1− αc)ln
[
αllf

υ + (1− αl)lm
υ
] 1

υ

+ λ
[
wf (Lf − Lfh − lf ) + wm(Lm − Lmh − lm)− pgCg − psCs

] (C.9)

First-order conditions for this problem are:

λpg =
αcαgCg

ε−1

Cε
(C.10)

λps =
αc(1− αg)αsS

ε−ηCs
η−1

Cε
(C.11)

λwf =
αc(1− αg)S

ε−η

Cε
(1− αs)Ch

η−κAκ
hL

κ−1
fh γh (C.12)

λwm =
αc(1− αg)S

ε−η

Cε
(1− αs)Ch

η−κAκ
hL

κ−1
mh (1− γh) (C.13)

λwf =
αcαll

υ−1
f

lυ
(C.14)

λwm =
αc(1− αl)l

υ−1
m

lυ
(C.15)

To find the optimal allocation of hours between activities for each gender, we have
to go through some steps. First, we find the optimal relative allocation of service hours,
i.e., between market services and home services (Esh) because they are good substitutes.
Second, we find the optimal allocation of hours between the two market sectors: goods
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and services (Egs). Third, we repeat this process for leisure and goods, i.e., we solve for
decision between work and leisure.

Home Production — The first-order conditions for Lfh and Lmh imply that the marginal
rate of technical substitution between male and female for home services equals the relative
wage (using equations (C.12) and (C.13)).

Lmh

Lfh

=

Å
1− γh
γh

wf

ã 1
1−κ

(C.16)

Plugging equation (C.16) and the definition of Ih according to (C.5), we have the
female hours demand in home production.

Lfh

Lh

=

Å
Ih
γh

ã 1
κ

(C.17)

To obtain the optimal allocation Esh, we need to get the relative prices between
market services and home services. For this, we must get an implicit price for the home
services. Since the marginal rate of technical substitution between two commodities equals
relative prices, this implies that:

ph ≡ wf

∂Ch/∂Lfh

=
wf

Ahγh
Ä
Lfh

Lh

äκ−1 (C.18)

Equalizing (C.18) and ps from (C.1), using (C.17) and (C.6) we get relative prices as
function of the relative wage:

ph
ps

=
As

Ah

Å
γh
γs

ã 1
κ
Å
Is
Ih

ã 1−κ
κ

(C.19)

Since the marginal rate of technical substitution between market services and home
services equals relative prices, from (C.11) and (C.12), we obtain the relative demand
between market services and home services:

Cs

Ch

=

Å
1− αs

αs

ps
ph

ã 1
η−1

(C.20)

Define the relative expenditure allocation Esh as:

Esh ≡ psCs

phCh

(C.21)

Using (C.20) and (C.19):

Esh =

[
αs

1− αs

Å
As

Ah

ãη ] 1
1−η
[
γs
γh

Å
Ih
Is

ã1−κ
] η

(1−η)κ

(C.22)
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Goods and Market Services — To obtain the optimal allocation Egs, first we obtain an
expression for S

Cs
. Using the definition of S, (C.20) and (C.22):

S

Cs

= α
1
η

Å
1 +

1

Esh

ã 1
η

(C.23)

The first-order conditions for Cg and Cs imply that the marginal rate of technical
substitution equals the price ratio:

pg
ps

=
αgC

ε−1
g

(1− αg)αsSε−ηCη−1
s

(C.24)

Rearranging and using (C.23), we obtain the relative demand between goods and market
services:

Cg

Cs

=

Å
pg
ps

αs(1− αg)

αg

ã 1
ε−1
Å
αs

Å
1 +

1

Esh

ãã ε−η
η(ε−1)

(C.25)

Define the relative expenditure allocation Egs as:

Egs ≡
pgCg

psCs

(C.26)

Using (C.25) and (C.7):

Egs =

[
Ag

As

Å
1− αg

αg

ã− 1
ε

α− 1
η

] ε
1−ε
[Å

γs
γg

ã 1
κ
Å
Ig
Is

ã 1−κ
κ

] ε
ε−1
[
1 +

1

Esh

] η−ε
(1−ε)η

(C.27)

Leisure — The process is analogous to obtain Elg.

The first order conditions for lf and lm (equations C.14 and C.15) imply that the
marginal rate of technical substitution equals the relative female wage:

lm
lf

=

Å
1− αl

αl

wf

ã 1
1−υ

(C.28)

Plugging equation (C.28) and the definition of Il according to (C.5) we have:

lf
l
=

Å
Il
αl

ã 1
υ

(C.29)

To get the relative prices between leisure and goods, we have to get an implicit price
pl. Since the marginal rate of technical substitution between two commodities equals
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relative prices, this implies that:

pl ≡
wf

∂l/∂lf
=

wf

αl

Å
lf
l

ãυ−1 (C.30)

Equalizing (C.30) and pg from (C.1), using (C.6) and (C.29) we get relative prices as
function of the relative wage:

pl
pg

=
Agγg
αl

Å
γg
Ig

ã 1−κ
κ
Å
Il
αl

ã 1−υ
υ

(C.31)

The first-order conditions for Cg and l imply that the marginal rate of technical
substitution equals the price ratio. Rearranging:

l

Cg

=
pg
pl

(1− αc)

αcαg

Å
C

Cg

ãε
(C.32)

Define the relative expenditure allocation Elg as:

Elg ≡
pll

pgCg

(C.33)

Using (C.32), (2.2), (C.23) and (C.24):

Elg =
(1− αc)

αc

[
1+

(
Ag

As

Å
1− αg

αg

ã− 1
ε

α− 1
η

Å
γg
γs

ã 1
κ
Å
Is
Ig

ã 1−κ
κ
Å
1 +

1

Esh

ã η−1
η

) ε
ε−1
]

(C.34)

Household optimal decision — We can rewrite the household’s budget constraint using
implicit prices, such as:

pgCg + psCs + phCh + pll = wmLm + wfLf (C.35)

Thus, using (C.21), (C.26), (C.33), the share of home production time of women is derived
as a function of the relative female wage:

Lfh

Lf

=
Ih

(1 + 1
wf

Lm

Lf
)(1 + Esh + EshEgs + EshEgsElg)

(C.36)

Market Clearing

We use the market clearing condition for female labor, shown in section 3.3, along with the
production function to rewrite the female relative time allocation as a function of relative
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expenditures.

Lfs

Lfh

=
Is
Ih
Esh (C.37)

Lfg

Lfs

=
Ig
Is
Egs (C.38)

lf
Lfg

=
Il
Ig
Elg (C.39)

With the expressions above, we derive another condition for the share of female
home production time that is also a function of the relative wage:

Lfh

Lf

=
Ih

Ih + IsEsh + IgEshEgs + IlEshEgsElg

(C.40)

Thus, the equilibrium relative wage wf has to satisfy the following condition from
equations (C.36) and (C.40):

Ih

(1 + 1
wf

Lm

Lf
)(1 + Esh + EshEgs + EshEgsElg)

=
Ih

Ih + IsEsh + IgEshEgs + IlEshEgsElg

The equilibrium relative wage depend on relative expenditures Esh, Egs and Elg which in
turn respond to changes in productivity over time through the parameters Ah, As and Ag.
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Appendix D

Calibration

Section 4 details how we obtain data targets from PNAD data and how the model
parameters are calibrated. Here, we show the equations used to compute αs, αg, αc and
(Lm/Lf )76.

Combining expressions C.22 and C.37 we get αs:(
Lfs76

Lfh76

Ih76
Is76

)1−η

︸ ︷︷ ︸
x1

=
αs

1− αs

(
As76

Ah76

)η[
γs
γh

(
Ih76
Is76

)1−κ] η
κ

︸ ︷︷ ︸
x2

αs =
x1/x2

1 + x1/x2

Combining expressions C.27 and C.38 we get αg:(
Lfg76

Lfs76

Is76
Ig76

)ε

︸ ︷︷ ︸
x1

=
1− αg

αg

[
As76

Ag76

αs

1
η

(
γs
γg

) 1
κ
(
Ig76
Is76

) 1−κ
κ
]ε(

1 +
1

Esh76

) ε−η
η

︸ ︷︷ ︸
x2

αg =
1

1 + x1/x2

Combining expressions C.34 and C.39 we get αc:

lf76
Lfg76

Ig76
Il76︸ ︷︷ ︸

x1

=
1− αc

αc

[
1 +

(
Ag76

As76

Å
1− αg

αg

ã− 1
ε

αs
− 1

η

Å
γg
γs

ã 1
κ
Å
Is76
Ig76

ã 1−κ
κ
Å
1 +

1

Esh76

ã η−1
η

) ε−1
ε
]

︸ ︷︷ ︸
x2

αc =
1

1 + x1/x2

As for the relative time endowment, Lr76 is set to match the service share level of
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1976. Notice that the service share is:

s =
Lfs + Lms

Lfs + Lms + Lfg + Lmg

We can rewrite this expression in terms of gender service shares (sf and sm) and market
shares (Mf/Lf and Mm/Lm), and thereby we use to obtain Lm/Lf .

s =

sm
Lm

Lf

Mm

Lm

+ sf
Mf

Lf

Mm

Lm

Lm

Lf

+
Mf

Lf
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