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Abstract

de Queiroz Brunelli, Andre; de Carvalho, Carlos Vianna (Advisor).
Three Essays on Macroeconomics. Rio de Janeiro, 2019. 206p.
Tese de doutorado – Departamento de Economia, Pontifícia Uni-
versidade Católica do Rio de Janeiro.

This thesis is comprised of three essays. The first two investigate the
relationship between households per capita income and sectoral expenditure
shares both in times series and in cross-section in the postwar US. The
first uses a partial approach to estimate the rise of consumption (income)
dispersion and income effects in the US from 1980 to 2010. We show that
income effects are heterogeneous across households grouped by income quintiles
and then consumption dispersion correlates the two main driving forces of
structural change (price and income effects) in accounting for the magnitude of
structural change in the shares of consumption expenditure in the US over this
period. The second extends a canonical Bewley-Aiyagari model in continuous
time embedded with a two-sector environment to depict quantitatively three
empirical regularities in the postwar US (relative price of goods falls and
expenditure shares of goods falls systematically with per capita income, both
in times series and in cross-section) without departing from benchmark Stone-
Geary preferences. We assess the importance of changes in income and relative
prices for structural change in the shares of consumption expenditure in the
postwar US and conclude they are nearly equivalent forces. We reinforce that
reconciling these three main empirical regularities in the postwar US calls
for a growth theory that accommodates long-run demand and supply drivers
of structural change. Finally, the third essay uses a unique panel dataset
with individual-level administrative records of credit transactions, program
benefits, individual demographics and features of labor contracts to study
how consumers respond to a liquidity shock arising from withdrawals releases
from inactive accounts of the Guarantee Fund for Time of Service (FGTS)
in Brazil in 2017. Using a difference-in-differences identification design, we
find consumption rose and total debt declined after the announcement: during
up to twelve subsequent months, for each $1 of program benefit, consumers
on average increased consumption spending by $ 0.53 - 25 percent of which
occurs during the announcement window - and total debt declined by $
0.07, specially in payroll debt. Consumption response occurred mostly via
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credit card spending, but evidence of debt-financed durables was also found.
Indebted consumers used short-term liquidity in debt modalities (overdraft
debt and credit card debt) in addition to credit card spending to smooth
consumption. Constrained consumers, measured as young or old, showed
stronger consumption responses.

Keywords
Structural Change; Consumption Inequality,; Linear Expenditure

Systems; Price Effect; Income Effect; Stone-Geary; Consumption;
Debt; Permanent Income Hypothesis; Heterogeneity; Liquidity Cons-
traints
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Resumo

de Queiroz Brunelli, Andre; de Carvalho, Carlos Vianna. Três
Ensaios em Macroeconomia. Rio de Janeiro, 2019. 206p. Tese de
Doutorado – Departamento de Economia, Pontifícia Universidade
Católica do Rio de Janeiro.

Esta tese é composta por três ensaios. Os dois primeiros investigam a
relação entre a renda per capita das famílias e as frações dos gastos setoriais,
tanto em séries temporais quanto em cross-section nos EUA do pós-guerra. O
primeiro usa uma abordagem parcial para estimar o aumento da dispersão do
consumo (renda) e os efeitos de renda nos EUA de 1980 a 2010. Mostramos que
os efeitos da renda são heterogêneos entre as famílias agrupadas por quintis
de renda e, em seguida, a dispersão do consumo é correlacionada com as
duas principais forças de transformação estrutural (efeitos de preço e renda)
na contabilização da magnitude de transformação estrutural nas partes das
despesas de consumo nos EUA durante esse período. O segundo estende um
modelo canônico de Bewley-Aiyagari em tempo contínuo incorporado a um
ambiente de dois setores para representar quantitativamente três regularidades
empíricas nos EUA do pós-guerra (o preço relativo dos bens cai e a parcela
de gastos dos produtos cai sistematicamente com a renda per capita, tanto
em séries temporais quanto no cross-section) sem se afastar das preferências
padrão Stone-Geary. Avaliamos a importância de mudanças na renda e nos
preços relativos para mudanças estruturais nas parcelas dos gastos de consumo
nos EUA do pós-guerra e concluímos que são forças equivalentes. Reforçamos
que a conciliação dessas três principais regularidades empíricas nos EUA do
pós-guerra exige uma teoria do crescimento que acomode a demanda de longo
prazo e forneça fatores de mudança estrutural. Finalmente, o terceiro ensaio
usa um conjunto de dados de painel exclusivo com registros administrativos em
nível individual de transações de crédito, benefícios do programa, demografia
individual e características de contratos de trabalho para estudar como os
consumidores respondem a um choque de liquidez decorrente de liberações
de saques de contas inativas do Fundo de Garantia por tempo de serviço
(FGTS) no Brasil em 2017. Usando um design de identificação de diferenças
entre diferenças, encontramos um aumento no consumo e uma dívida total
diminuída após o anúncio: durante até doze meses subsequentes, para cada
US$ 1 de benefício do programa, os consumidores a média aumentaram os
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gastos de consumo em US$ 0,53 - 25% dos quais ocorrem durante a janela de
anúncio - e a dívida total diminuiu em US$ 0,07, especialmente em dívidas de
folha de pagamento. A resposta ao consumo ocorreu principalmente por meio
de gastos com cartão de crédito, mas também foram encontradas evidências
de bens duráveis financiados por dívida. Os consumidores endividados usaram
liquidez de curto prazo nas modalidades de dívida (cheque especial e dívida
com cartão de crédito), além dos gastos com cartão de crédito para suavizar
consumo. Consumidores restritos, medidos como jovens ou idosos, mostraram
respostas mais fortes ao consumo.

Palavras-chave
Transformação Estrutural; Desigualdade de Consumo; Sistemas de

Despesas Lineares; Efeito de Preço; Efeito de Renda; Stone-Geary; Con-
sumo; Dívida; Hipótese de Renda Permanente; Heterogeneidade; Res-
trições de Liquidez
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Chapter 1
Consumption Inequality and Structural Change: A Partial
Equilibrium Approach

1.1
Introduction

Sectoral reallocation of aggregate variables is a well documented feature
of economic development. As income grows through time, value added, em-
ployment, and final consumption expenditure move gradually from agriculture
to manufaturing. Then this reallocation process - widely known as structural
change (transformation) - continues further from these broad goods sectors
(agriculture and manufacturing) to the services sector, which ultimately be-
comes the largest sector (Fisher (1939),Clark (1940),Kuznets (1955),Chenery
(1960),Maddison (1980)). Lately, a similar pattern was documented in the
cross-section of the households expenditure (Boppart, 2014), which reinforces
the structural change as one of the main stylized facts of economic develop-
ment.

Recent work on the literature of structural change extends the standard
one-sector growth model to incorporate either supply or demand mechanisms
to explain this dynamic process through two main driving forces: changes in
relative sectoral prices (price effects) - supply side theories - and changes in
aggregate income (income effects) - demand side theories. The former stresses
in general two mechanisms behind relative prices changes: heterogeneous
growth of sectoral technology (Baumol (1967),Ngai and Pissarides (2007)) and
differences in sectoral capital intensities (Acemoglu and Guerrieri, 2006). The
latter, in turn, focuses on the income (expenditure) elasticity mechanism - the
relation between income growth and nonhomotheticity in preferences which
engender persistent differences in the slope of Engel curves of broad sectors1

(Kongsamut et al. (1997),Foellmi and ZweimÃĳller (2008))
Even though this literature has already solidified the dynamic process

through which output growth imply structural change and despite any further
dispute on its driving forces, little is known in terms of whether consumption

1Broad sector in the literature of structural change in general means either goods
(agriculture and manufacturing) and services sectors or the goods sector is split between
agriculture and manufacturing sectors in addition to the services sector.
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Chapter 1. Consumption Inequality and Structural Change: A Partial Equilibrium Approach 16

(and income) dispersion concerns structural change. Moreover, there is a rela-
tively consolidated interconnection of structural change with several macroe-
conomic aspects in the literature, including international trade, income conver-
gence, demographics and labor supply. However, even though recent studies in
the structural change field feature income and consumption inequality, empiri-
cal and theoretical works focused exclusively on studying the relation between
consumption inequality and structural change have been limited. For exam-
ple, in Buera and Kaboski (2009) wage inequality arises endogenously in a
model aimed at explaining the rise of the services sector that features human
capital so that skill premium is tightly linked to demand patterns associated
with income per capita. In Boppart (2014), a macroeconomic model features
expenditure inequality as a single sufficient statistic. It enables tractability of
a nontrivial aggregation so that it rationalizes aggregate and cross-sectional
stylized facts of structural change along with the aggregate Kaldor facts.

Therefore, an important question that arises in this literature is whether
consumption inequality and structural change are connected. In this sense,
this question can be seen as an application in a broader context that studies,
on the one hand, when inequality matters for the dynamics of macroeconomic
aggregates and, on the other hand, when macroeconomic shocks and policies
affect inequality (see, for example, Ahn et al. (2017)).

In this paper we seek to tackle this question empirically. Rather than
identifying an exogenous causal effect of consumption inequality on structural
change or to disentangle general equilibrium feedbacks, we take a step back to
initially stress a reduced-form of this correlation. We take a partial approach
to a model of structural change with disaggregate sectoral expenditure shares
specified over US household final consumption expenditure data from the
Consumption Expenditure Survey of the Bureau of Labor Statistics (CE-BLS)
survey that follows Aguiar and Bils (2011) and price data from the Consumer
Price Index (CPI-BLS) over the period 1980−2010. The disaggregate sectoral
expenditure shares are consistent with aggregate analogues defined by previous
work (Herrendorf et al., 2009) applied on aggregate consumption expenditure
data from the National Income and Product Accounts of the Bureau of
Economic Analysis − NIPA-BEA (See Figure 1.1) for the postwar period2.

2We use Table 2.4.5 − "Personal Consumption Expenditures by Type of Product". We
exclude from total personal consumption expenditure the net foreign travel expenditures,
final consumption expenditures of nonprofit institutions serving households and do not
include government consumption expenditure for consistency with CE-BLS data. See the
data subsection 3.2.1 for further details on definitions.
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Chapter 1. Consumption Inequality and Structural Change: A Partial Equilibrium Approach 17

Figure 1.1: Trends in Aggregate Sectoral Shares − Consumption Expenditure

Notes: This figure depicts the approximation of aggregate shares of consumption expenditure using data from
CE-BLS and data from NIPA-BEA for agriculture, manufacturing and services that follows (Herrendorf et al.,
2009) subject to smaller consistency issues due to data source differences. Solid and dashed lines denote,
respectively, data from NIPA-BEA and data from CE-BLS. Sectoral shares are defined by the ratio of sectoral
expenditure to total expenditure. See the data subsection 3.2.1 for further details on definitions.

We consider the aggregate sectoral expenditure shares as the composition
of two margins of consumption expenditure: an extensive margin − consump-
tion inequality, expressed as the expenditure weights of households grouped
by income quintiles − and an intensive margin − income quintiles’ sectoral
expenditure shares. By doing this, the main contribution of this paper is to es-
timate an empirical correlation between consumption inequality and structural
change. To this respect, we follow basically two steps.

First, we implement a methodology that provides a tractable framework
to address systematic mis-measurements of reported expenditures in the CE
survey which follows Aguiar and Bils (2011). Hence, we use a log-linear ap-
proximation to the Engel curves to obtain a corrected measure of the change of
consumption inequality that is consistent with the change of income inequal-
ity3 without which reported expenditures would systematically understate
consumption inequality so that the correlation between consumption inequal-

3For this debate on whether income inequality is mirrored by consumption inequality,
see for example, Attanasio et al. (2007), Attanasio and Pistaferri (2014) ; Heathcote et al.
(2010) and Aguiar and Bils (2015).
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Chapter 1. Consumption Inequality and Structural Change: A Partial Equilibrium Approach 18

ity and structural change virtually does not show up empirically. We show that
the increase of consumption inequality is driven basically by the top income
quintile. Second, we estimate the intensive margin of consumption expenditure
− the income quintiles’ sectoral expenditure shares − based on a structural
analogue of the reduced-form linear expenditure system used to estimate the
extensive margin of consumption expenditure, which is a fairly standard de-
mand system that features nonhomotheticity of preferences. We show that
income effects are the dominant source of the aggregate structural change in
the shares of consumption expenditure, which is in line with other studies
that apply aggregate data (see, for example, Herrendorf et al. (2009)). We
also highlight that there are heterogeneous income effects across households
grouped by income quintiles and that the top income quintile captures the
bulk of the changes in the aggregate sectoral expenditure shares. Moreover,
agricultural and manufacturing goods are necessities and services are luxuries
for the top quintile.

We then use the estimated model to perform a counterfactual experiment
to measure the contribution of the rise of consumption inequality to structural
change in the US economy in the past three decades. We find that the increase
of consumption (income) inequality correlates, although marginally, with the
two main driving forces of structural change − changes in relative sectoral
prices and, in special, changes in aggregate income − in accounting for the
magnitude of structural change in the shares of consumption expenditure in the
US. Particularly, we show that without the increase of consumption inequality,
the aggregate expenditure share of services would be lower4 and, conversely,
the aggregate expenditure shares of agriculture and manufacturing would be
higher5 than the actual ones.

Besides this introduction, this paper is organized as follows. Section 2
presents the model; Section 3 describes the data and discusses the estimation
procedure and its results both for the consumption inequality − quintiles’s
expenditure weights −and for the quintiles’ sectoral expenditure shares. In
section 4, we assess the heterogeneity of income effects of structural change in

4The rise of aggregate expenditure share of services would be lower by 1.8 percent and 4.4
percent, respectively, by considering consumption expenditure and nondurable expenditure
data.

5The fall of the aggregate expenditure share of agriculture would be lower by 10.8 percent
and 6.2 percent, respectively, by considering consumption expenditure and nondurable
expenditure data. The fall of the aggregate expenditure share of manufacturing, in turn,
would be higher by 2.3 percent by considering consumption expenditure. However, we argue
that in the manufactuing sector a lower contrafactual expenditure share is due to mis-
measurement specially associated to durables since if we consider nondurable expenditure,
the fall of the aggregate expenditure share of manufacturing would be lower by 2.5 percent.
See Table A.7 in Appendix A.
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Chapter 1. Consumption Inequality and Structural Change: A Partial Equilibrium Approach 19

households grouped by income quintiles and runs the counterfactual experi-
ment. Section 5 concludes.

1.2
Model: a partial equilibrium approach

The basic aim of this paper is to stress whether there is an empirical
evidence that income and consumption inequalities underlie the price and
income effects associated to structural change. If so, a necessary condition is
to assess whether there are different experiences of structural change across
households defined over broad consumption sectors. We outline below the
model that we take to US data to approach it.

Our intertemporal preferences belong to a class that features (explicit)
additively separable intertemporal preferences - CRRA. In this class of models
that features additively separable intertemporal preferences, the household
may wish to save or to borrow according to the way in which it evaluates
present and future needs and this determines how much to allocate to current
consumption and in particular to goods, cqk,i,t, where qk ∈ {q1, q2, q3, q4, q5}
stands for the income quintiles and i = {a, m, s} are indexes that refer
to three broad sectors: agriculture, manufacturing and services. Expenditure
allocated to these goods is the first stage in a two-stage allocation process −
the intertemporal and intratemporal problems.

Intertemporal problem. We consider an infinitely lived household
in each income quintile that observes the sequence of prices and allocates
income between the composite consumption good and savings. Household has
preferences represented by a utility function of the form6:

∞∑
t=0

βt
u (cqk,a,t, cqk,m,t, cqk,s,t) 1−γ − 1

1− γ ,

where u (cqk,a,t, cqk,m,t, cqk,s,t) ≡ cqk,t is the composite consumption good
and γ > 0 is the inverse of intertemporal elasticity of substitution of consump-
tion;

Intratemporal (static) problem. To allocate total consumption
expenditure in t among the three types of consumption goods:

6Time is discrete. However, note that since our focus in on the static problem it is actually
irrelevant whether we consider discrete or continuous time.
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max
{cqk,a,t,cqk,m,t,cqk,s,t}

cqk,t s.t (1-1)
∑

i=a,m,s
pi,tcqk,i,t = eqk,t, (1-2)

where: i. cqk,t = ∑
i=a,m,s ϕqk,i log (cqk,i,t + c̄qk,i). We use preferences similar

to Kongsamut et al. (2001). This utility function was first introduced by Stone
(1954) and Geary (1950) and the implied demand model is often called the
Linear Expenditure System7; ii. ϕqk,i are nonnegative weights (add up to one);
iii. c̄qk,i are constants, such that c̄qk,m is restrict to be zero (Kongsamut et al.,
2001; Herrendorf et al. (2009) ), c̄qk,a < 0 and c̄qk,s > 0 can be interpreted,
respectively, as food subsistence and home-services endowment8; iv. pi,t are
sectoral goods prices and v. eqk,t = ptcqk,t −

∑
i=a,m,s pi,tc̄qk,i denotes total

expenditure of quintile qk.
We assume that all households have preferences of the above form. If con-

sumption expenditure exceeds a minimum level, then aggregate expenditures
are consistent with those for a stand-in household for each income quintile
with preferences of the same form. Note that to suppose a stand-in household
for each income quintile with Stone-Geary preferences in our partial approach
is trivially consistent with a stand-in household for the aggregate economy.9

We consider the stand-in household in a setting in which it maximizes
lifetime utility given a market structure that features markets for each of
the three consumptions goods and a market for borrowing and lending at
each date t. We follow Herrendorf et al. (2009) in focusing solely on the
implications for optimal consumption behavior within each period. This partial
equilibrium approach implies that we do not take a stand on the exact
nature of intertemporal opportunities available to the household or to specify
how expectations of the future are formed. Additionally assuming interior

7We select a linear expenditure system for basically two reasons. First, as we shall
see, it represents the expenditure patterns in our sample data quite reasonably and, as
mentioned, there are several empirical work giving support to linear expenditure systems
as good approximations to broad sectors. Second, we can conveniently benefit from Aguiar
and Bils (2015)’s methodology to correct for systematic measurement error in consumption
expenditure reported in the CE Survey, which is further discussed in subsection 3.1.

8c̄qk,s can be negative. However, to interpret it in our environment is tricky. Our
interpretation follows Moro et al. (2017). Following these authors, c̄qk,s < 0 can be
interpreted as a minimum requirement of home-services production and traditional market
services consumption (for instance household maintenance and cleaning) that the household
has to provide/consume before enjoying the rest of home-services and traditional market
services. See the section on empirical implementation for further discussion on this matter.

9See the Online Appendix A in Herrendorf et al. (2013) for the precise formal condition
for a stand-in household in the aggregate economy and Appendix B in our study for
the decomposition among income quintiles. This property extends to settings in which
individuals make consumption-savings decisions in complete markets.
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solutions10, the first order conditions and some algebra yield the following
consumption expenditure shares11:

sqk,i,t ≡
pi,tcqk,i,t
eqk,t

= ϕqk,i

(
1 +

∑
g=a,m,s

pg,tc̄qk,g
eqk,t

)
− pi,tc̄qk,i

eqk,t
, (1-3)

where we refer to g = {a,m, s} here with a slight abuse of terminology.
Finally, the aggregate sectoral expenditure shares are obtained by aver-

aging the quintiles’ expenditure shares by expenditure weights of each income
quintile in total expenditure:

si,t ≡
5∑

k=1
ωqk,tsqk,i,t, (1-4)

where ωqk,t ≡
eqk,t∑5
k=1 eqk,t

is the expenditure weight of income quintile qk in total
expenditure at time t.

Note that the aggregate sectoral expenditure shares can naturally be
interpreted as the composition of an extensive margin of consumption ex-
penditure − quintiles’ expenditure weights − and an intensive margin of con-
sumption expenditure − quintiles’ sectoral expenditure shares. As we shall see,
this weighted-average aggregate sectoral expenditure share is key for our re-
sults since it enables to connect consumption inequality and structural change
through heterogeneous experiences in both margins.

Therefore, rather than being only a decomposition, under certain condi-
tions on demand patterns, structural change expressed by aggregate sectoral
expenditure shares can be thought, at least theoretically in our partial ap-
proach, as a result of developments arising exclusively from one of the two
expenditure margins. That is, developments of the aggregate sectoral expen-
diture shares might be the result of changes only in the intensive margin,
whereas consumption inequality remais constant or, alternatively, it might be
exclusively the result of changes in consumption inequality.However, regardless
of any theoretical possibility, ultimately this is an empirical question that we
seek to tackle in the next section.

10In general the nonhomotheticity terms in this class of utility functions can lead to corner
solutions. However, as argues Herrendorf et al. (2009) , this is not relevant for aggregate
consumption in a rich country such as the postwar United States and even less relevant
particularly after the 1980’s. See online Appendix B for the formal condition regarding
interior solutions.

11Assuming that the utility function as well as the expenditure function feature standard
conditions (they are taken to be continuous, diffentiable, increasing and strictly concave)
and that there is no corner solution, so that the dual problem applies, to solve problem
(1) − (2) by maximizing the composite consumption good in u (cqk,t) ≡ cqk,t for cqk,i,t
subject to total expenditure,

∑
I pi,tcqk,i,t ≤ ptcqk,t + pa,tc̄qk,a − ps,tc̄qk,s, is equivalent to

solve it by minimizing total expenditure,
∑
I pi,tcqk,i,t ≡ et, for cqk,i,t subject to a utility

level u (cqk,t) ≥ ūqk . In this case, marshallian demands arise from Roy’s identity.
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1.3
Implementing the Weighted-average Aggregate Sectoral Expenditure
Shares

This section describes the data and estimation apart into the extensive
and intensive margins of consumption expenditure for the United States, as
we decompose the aggregate sectoral expenditure shares in equation (4).

Note that, even though we apply an empirical analysis to a specific period
in the US, the relative importance of each consumption margin to structural
change is conditional to features of development observed in a particular econ-
omy, including income growth, inequality and demand patterns associated to
income per capita. For example, we can think of two extreme hypothetical
examples to illustrate the intuiton underlying this relative importance. First,
consider that an stagnant economy for a long period, so that the sectoral ex-
penditure shares virtually did not changed and, in the meantime, consumption
inequality increased. By considering that the aggregate expenditure share of
services is increasing in income per capita, whereas the aggregate expenditure
share of goods are nonincreasing in income per capita, thus, in this case the ex-
tensive margin o consumption would account for most of the structural change
observed in that period. Conversely, consider that an economy experimented
a positive path of economic growth during a long period, while inequality re-
mained virtually unchanged. Hence, in this case, it is the intensive margin of
consumption that would account for most of the structural change observed in
this economy. In other words, income (consumption) inequality is an underly-
ing feature of the growth dynamics of income per capita that can potentialize
its effect on structural change by considering persistent demand patterns of
broad sectors in the cross-section of households12. That is, conditional on an
increasing path of income per capita, the greater the rise (decline) of inequal-
ity, the more (less) the share of services expenditure might soar relative to the
shares of agricultural and manufacturing expenditure. Conversily, considering
a decreasing path of income per capita, the greater the rise (decline) of inequal-
ity, the less (more) the share of services expenditure might decline relative to
the shares of agricultural and manufacturing expenditure.

Regardless of the fact on whether the theoretical reasons that underlies
the nature of the connection between consumption inequality and structural
change may or may not be appropriate, ultimately this is an empirical question
that we tackle in this section. In subsection 3.1, we correct for systematic
measurement errors in the interviews of the CE-BLS regarding to reported

12See Figure 1.5 in subsection 3.2 and Figures A6 and A7 in appendix for demand pattens
in the cross-section of households grouped by income quintiles that we observe in US data
from 1980-2010.
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expenditure - and then to the associated quintiles’ expenditure weights. In
subsection 3.2, we estimate our structural change model applying equation (3)
for the sectoral expenditure shares of the income quintiles using data from the
CE-BLS and the CPI-BLS. Our approach is based on the final consumption
expenditure method (as opposed to the value-added method). Thus, we focus
on quintiles’ sectoral expenditure shares for our estimations. Further details
are provided below.

1.3.1
Extensive Margin of Consumption Expenditure: quintiles’ expenditure
weights

1.3.1.1
Data

Our data closely follows Aguiar and Bils (2011) ’s consumption expen-
diture database with two small consistency differences since we apply this
database on the estimation of the intensive margin of consumption expendi-
ture (sectoral expenditure shares).13

We use a pooled cross section over 31 annual time series aggregated
from U.S. quarterly household consumption data covering more than 252,000
households. These data are drawn from the CE-BLS for the years 1980-2010. In
the CE, each household is interviewed about their expenditures for up to four
consecutive quarters. In one form or another the CE has been the cornerstone
of many empirical studies of consumer behavior at the micro level, including,
for example, the papers by Cutler and Katz (1992), Krueger and Perri (2002),
Blundell et al. (2008) and also recently in studies on structural change applied
on micro level, as Boppart (2014).

By following Aguiar and Bils (2011) , in terms of sample selection the
results reported here refer to a sample of urban households whose head is more
than 25 and less than 64 years of age. Moreover, as the authors, we only include
households that have: at least full-year of interview coverage, complete income
reporter, no expenditure outliers and that range between 5-95 percentile of
before-tax income to eliminate outliers and mitigate any time-varying impact
of bottom-coding and top-coding. It then implies that the bottom income group
contains the 5-20 percentile groups and the top income group contains the 80-

13It is available online at the AER website. For further details, the current link is
https://www.aeaweb.org/articles?id=10.1257/aer.20120599.
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95 percentile groups14. This results in a final sample of 62,734 households.
The first difference with respect to the original authors’ database refers

to the fact our demand system for the quintiles’ weights estimation is specified
over final-good consumption constructed by aggregating consumption items
over 22 consumption categories. We use the authors’ 20 expenditure categories
and divide two of them ("vehicle purchase, leising, insurance" and "furniture
and fixtures") in nondurable (services) and durable expenditures because both
groups are composed specifically by services and durable (goods) items. Since
there are no nondurable goods in these groups, we attribute their nondurable
part to services. This enhances the definition of the three-sector demand system
(agriculture, manufacturing and services) so that it better matches definitions
in Herrendorf et al. (2009) and becomes consistent with the estimation of the
intensive margin of consumption expenditure in subsection 3.2.

Note that durable goods differences in expenditure across income quin-
tiles do not necessarily align with differences in durable stocks and associated
service flows and therefore it might obliterate cross-sectional differences of con-
sumption patterns that we mean to address. For this reason we also report in
Appendix A results using the authors’ nondurable measure of expenditure in
each category to compose a nondurable version of the consumption sectors.

The second difference from the authors’ data regards the fact that we use
household per capita expenditure data instead of total household expenditure
since our model is specified in per capita terms. It means we average household
per capita expenditure by income quintiles when documenting differences
across income levels. Apart from the two small differences and this summary,
see Aguiar and Bils (2011) for a detailed description of the database.

1.3.1.2
Estimation

This subsection describes de estimation of the extensive margin of
consumption expenditure, namely, the quintiles’ expenditure weights, ωqk,t,
which is our measure of consumption inequality. A central motivation for this
estimation regards the fact that there are systematic mis-measurements in
reported expenditure in consumption expenditure surveys. For example, one
of the main clues that stem from our primary data depicts the growth of
consumption inequality inconsistently with the growth of income inequality.

14Although the income groups in the extreme of the income distribution do not compose
exactly an income quintile, we keep calling so henceforth for simplicity. Moreover, for
illustrative purposes, the average of annual before-tax income of quintiles q1−q5 in per capita
terms (and constant 1983 dollars by CPI-U - U.S. city average) follows: 5,305; 9,072; 11,934;
14,360; 17,439, respectively, in 1983 and 5,546; 10,247; 13,025; 17,577; 25,606, respectively,
in 2010.
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Therefore, to compute quintiles’ expenditure weights directly by summing
household expenditures on reported data from these surveys is potentially
misleading. Addressing this potential measurement error is the focus of this
subsection.

Table 1.1 reports this seeming inconsistency between the change of
consumption inequality and the change of income inequality over the sample
period. It log differenciates the ratio of expenditure by income quintiles with
respect to the botton quintile between the averages of 2008-2010 and 1983-
1985.15 Note that in this case we leave aside the beginning period 1980-1982
for comparative reason since this pooled base period is employed in the first
step of the two-step estimation discussed below. Furthermore, we report the
same measures over two concepts of income (before-tax and after-tax16) to
compare with the consumption one.17

15We average over multiple years to mitigate year-to-year sampling error. We do not
follow Aguiar and Bils (2011) in breaking out the recent recession. Although consumption
inequality behaves somewhat differently during this period, to show the log change between
2005-2007 and 2008-2010 separately does not add to our main point here regarding the fact
the change in consumption inequality does not mirror the change in income inequality in
the whole sample period.

16See Aguiar and Bils (2011)’s Online Appendix for details on definition of these types of
income.

17We also report figures over nondurable expenditures in Table A.1 in Appendix A.
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Table 1.1: Trends in Inequality: Log Change of the Ratio of each Income
Quintile to Bottom Income Quintile

Notes: This table depicts the log difference of the ratio of the average of each quintile of before-tax income
respondents (quintile 2-quintile 5: q2-q5) to the average for bottom quintile respondents where the averages
are taken over the pooled years indicated at the head of the table. All variables are converted into constant
1983 dollars by CPI-U - U.S. city average before averaging. Definitions of each series and sample construction
are given in the data section.

Two aspects arise most notably from Table 1. First, we see an oppos-
ing trend of consumption inequality across services and goods sectors, with
increasing consumption inequality in services expenditure and a falling con-
sumption inequality in manufacturing and agriculture expenditure. Note that
this evidence is consistent with nonhomothetic demands as we consider in our
model, in which relative expenditures are increasingly allocated to services as
total expenditure (income) rises. Second, the rise of consumption inequality
is much less than that of income. For example, by looking at the log change
of the ratio of income quintile q5 to quintile q1 with respect to consumption
expenditure and income, we see a 4 percent rise in consumption expenditure,
while before-tax income and the after-tax income register an increase of 21
percent and 24 percent, respectively.

Our goal here is to estimate consumption inequality (and associated
quintiles’ expenditure weights) and there is some cumulating evidence showing
that increasing disparities in income are approximately replicated by increasing
disparities in consumption, a fact that is well-documented since the beginning
of the 1980’s (see, for example, Krueger and Perri (2002);Attanasio et al.
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(2007) ; Heathcote et al., 2010; Attanasio and Pistaferri (2014) and Aguiar
and Bils (2011)). To this respect, we particularly apply Aguiar and Bils
(2011)’s methodology to correct for mis-measurement in the interview survey
of the CE-BLS. There is a map connecting our structural linear demand
system that arise from the intratemporal problem represented by equations
(1)− (2) and the reduced-form Engel curves these authors take to the data to
estimate consumption inequality. See Appendix C for more details on this
map and Aguiar and Bils (2011) for details on the estimation procedure
and for a discussion on the identification assumption. Below we outline their
methodology for brevity.

The estimation of the consumption inequality, which gives rise to the
quintiles’ expenditure weights, consists of two steps. Before introducing these
steps, the step zero is to assume that consumption expenditure is measured
with error. Let ehj,t denotes the reported per capita expenditure of household h,
h = 1, ..., H on good j, such that j = 1, ..., J indexes our J = 22 consumption
categories at time t. We aggregate ehj,t over the j goods so that eht denotes total
per capita expenditure at time t by household h, eht = ∑J

j=1 e
h
j,t. Furthermore,

since ehj,t is measured with error,
(
ehj,t
)∗

denotes the true expenditure and the
degree of mis-measurement depends on time, income quintile and good with
the following specification:

ehj,t =
(
ehj,t
)∗

exp
{
ζhj,t
}

(1-5)

where ζhj,t = ψj,t + φqk,t + υhj,t, such that k = 1, ..., Q denotes the Q = 5
income quintiles; ψj,t reflects mis-measurement of consumption good j at
time t that is common across respondents18; φqk,t denotes mis-measurement
specific to income quintile qk at time t that is common across goods19; and υhj,t
is the residual good-household specific measurement error20. The identifying
assumption here is that υhj,t is a classical measurement error so that it is
independent of the characteristics of good j and household h at each date
t21.

In the first step, we estimate the total expenditure elasticities for each
good. We estimate a log-linear approximation to the Engel curves. One has to
keep in mind that log-linear demand systems are not globally theory consistent
Deaton and Muellbauer (1980). Specifically, the “adding up” constraint is not

18Good j may be either underreported or overreported for all households.
19Income quintile qk may either underreports or overreports all expenditure categories.
20Good j of household h may be either underreported or overreported.
21The mean of υhj,t across households is normalized to be zero for all t without loss of

generality (given the presence of ψj,t and φqk,j).
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globally satisfied22. A suitable alternative of local approximation for our case
that focus on structural change through sectoral expenditure shares could be
the popular Almost Ideal Demand System (AIDS), which considers that the
share of expenditure on good j is log linear in total expenditure. However, it
is not well suited to handle good-specific measurement error ψj,t in the second
step of the estimation, even though it brings informative testing implications
of consumer optimization. Log-linear demand systems, instead, provide a
tractable framework to address the mis-measurement of expenditure in the CE,
which is our main objective in this subsection. To the extent that respondent’s
errors are scaled by their level of expenditures, we shall see that the log-linear
specification is particularly well suited to deal with such measurement error.

We then assume that the first-order expansion in true expenditure
satisfies:

ln
(
ehj,t
)∗
− ln ē∗j,t = α∗j,t + βj ln e∗t + ΓjZh + ξhj,t, (1-6)

where Zh is a vector of demographic dummies based on age range (25-37, 38-
50, 51-64), number of earners (<2, 2+), and household size (≤2, 3-4, 5+)23.
We allow the coefficient vector on demographics Γj to vary across goods.24 The
variable α∗j,t reflects an approximation of the expansion point of average total
expenditure. The error term ξhj,t represents idiosyncratic relative taste shocks
as well as the second-order error from the log-linear approximation, which we
assume are independent of total expenditure and independent of expenditure
elasticities βj. The expenditure elasticity, βj, does not have a time subscript,
refecting the assumption that the expenditure elasticity for each good is stable
over time25.

It is worth mentioning that relative prices do not appear explicitly in (6),
although its specification accommodates changes in demand over time that are
driven by shifts in relative prices. Since this subsection is aimed at estimating
consumption inequality and not price effects, the first-order effect of changes
in prices (the cumulation of own price effects and the effects due to cross-price
elasticities) on demand for good j at time t are captured by the good-time
intercept α∗j,t − good-time specific effects.

Equation (6) can be rewritten in terms of observables:
22Namely, a log change in total expenditure will predict proportional changes in individual

goods that do not necessarily add up to the assumed change in the total.
23We use the same variables in Zh as in Aguiar and Bils (2015).
24Aguiar and Bils (2015) have explored an extension in which demographic taste-shifters

are allowed to vary by income as well as good and the results are nearly the same.
25See the robustness section of Aguiar and Bils (2015) in which they explore in detail the

validity of the stability of βj .
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ln ehj,t − ln ēj,t = αj,t + βj ln eht + ΓjZh + uhj,t, (1-7)
where uhj,t = φqk,t + υhj,t + ξhj,t. That is, the residual term includes

income-specific systematic measurement error, the residual good-household
specific measurement error and the idiosyncratic taste shocks. Note that
by including the mean observed per capita expenditure on the left-hand
side, the good-time specific measurement error, ψj,t, is differenced out and
αj,t = α∗j,t + βj

(
ln
(
eht
)∗
− ln eht

)
26.

Before introducing the second-stage estimation, it is worth mentioning
two issues. First, we estimate expenditure elasticities βj using the pooled base
period 1980-1982 in the CE survey. These three waves represent the beginning
of our sample. Aguiar and Bils (2011) discuss in detail second-stage estimates
and it turns out that they are relatively stable with respect to the first-stage
time period27. Thus, considering the stability of expenditure elasticities, we
choose the beginning of our sample as the basis for estimating expenditure
elasticities so that we benefit as much as possible from the size of the sample
period considering that we have to avoid using the same sample in the first and
second stages of the consumption inequality estimation to prevent correlated
sampling error arising from our generated regressors.

Second, mis-measurement of individual goods is cumulated into total ex-
penditure, inducing correlation between the measurement error captured in
the residual and observed total expenditure in a demand system like (7). We
report results using standard instruments to total per capita expenditure. We
focus on the authors’ baseline instruments to total per capita expenditure:
dummies for the household’s income quintile as well as the continuous variable
log after-tax income. It exploits the fact that total expenditure reflects per-
manent income and will thus be correlated with current income.28 Note that
although Aguiar and Bils (2015) show that expenditure elasticities are rather
stable over time, still the pooled base period 1980-1982 CE may contain sys-
tematic mis-measurement that will lead to biased estimates of the expenditure

26We follow Aguiar and Bils (2015) in replacing ln ehj,t−ln ēj,t with the percentage deviation

from average per capita expenditure on that good in that year: ẽhj,t ≡
ehj,t−ēj,t
ēj,t

since there are
cases in which household expenditure on a particular good may be zero, which makes the log
specification inappropriate. These authors have verified that the analysis does not depend on
whether we use log total expenditure as the independent variable or the percent deviation
from that year’s average. These are equivalent representations in a first-order expansion
around average expenditure. However, one has to keep in mind that households with large
deviations may infuence the estimation in one or the other specification.

27These authors compare expenditure elasticities basically in the beggining (1980-1982),
the mid-point (1994-1996) − baseline − and the end (2008-2010) of their sample and show
they are rather stable.

28Aguiar and Bils (2011) also report a second approach to instrument, but they show that
the two approaches yield nearly identical results.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 1. Consumption Inequality and Structural Change: A Partial Equilibrium Approach 30

elasticities that may understate or overstate consumption inequality. For this
reason, our ultimate estimates of inequality must be interpreted as conditional
on the level of inequality observed in the first-stage surveys.

The second stage of the estimation recovers an estimate of how consump-
tion inequality evolved by inverting demand system (6). First, expenditure is
adjusted for demographics:

êhj,t ≡ ẽhj,t − Γ̂jZh,

where ẽhj,t ≡
ehj,t−ēj,t
ēj,t

and Γ̂j is the estimate of Γj from (6). Using (7) and
by adding and subtracting βj ln e∗qk,t in the right-hand side, we have:

êhj,t = αj,t + φqk,t + βj ln e∗qk,t + εhj,t, (1-8)
where εhj,t = βj

(
ln
(
eht
)∗
− ln e∗qk,t

)
+ ξhj,t +υhj,t

29 and ln e∗qk,t is the average
log per capita expenditure of income quintile qk at time t.

The empirical implementation of (8) follows: αj,t are the coefficients of a
vector of good-time dummies, φq,t are the coefficients of a vector of income-time
dummies, Dqk,t, and ln e∗qk,t are the coefficients on the interaction of income-
time dummies and the first-stage estimates, β̂j. We estimate expenditure rel-
ative to the lowest income quintile (q1), which implies a consistent estimate
of consumption inequality: δqk,t ≡ ln e∗qk,t − ln e∗q1,t (normalized quintile expen-
diture) − our primary measure of consumption inequality. We regress êhj,t on
these vectors of dummies and interactions for each year in the relevant sam-
ple period (1983-2010). Since the second stage uses a generated regressor, the
first-stage estimates β̂j, we adjust the standard errors by bootstrapping.30

The key identification assumption is that εhj,t must be independent
of βj × Dqk,t. More exactly, we require that the good-time-household mis-
measurement, υhj,t, be orthogonal to the expenditure elasticity, βj, conditional
on income quintile so that we can obtain a consistent estimate of ln e∗qk,t, up to
a normalization, by least squares31. Intuitively consistent with nonhomothetic
preferences, identification arises from the fact that if the total expenditure of
quintile qk|k>1 increases relative to that of quintile q1, that increase will fall
disproportionately on luxuries.

29We suppress in the notation an estimation error related to Γ̂j in the residual term.
30We draw 100 replications with replacement from the micro data for all years and re-

estimate both stages.
31As Aguiar and Bils pointed out, the presence of βj

(
ln
(
eht
)∗ − ln e∗qk,t

)
in

εhj,t is not an issue, as this will be orthogonal to our regressor by definition:
E
[
βjDqk,t × βj

(
ln
(
eht
)∗ − ln e∗qk,t

)
| βj , Dq,t

]
= β2

jDqk,t

[
E
(

ln
(
eht
)∗ − ln e∗qk,t | Dqk,t

)]
=

0.
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Note that implementing specification (8) exploits the relative expenditure
of higher income quintiles households and the bottom quintile households
also exploring variation over all goods. This double differencing corrects for
measurement error that can vary over time by consumption category and
income. Identification then relies on the linear demand system (stability of
expenditure elasticities) and nonhomotheticity of preferences, which in turn
means that an increase in total expenditure inequality, conditional on income
elasticities, implies a relative shift in expenditure toward luxuries (vis-a-vis
necessities) for the richest households.

Estimation of equation (8) is by weighted least squares (WLS) for each
year, where the estimation weights reflect average shares of each good in NIPA-
BEA data over the sample period.32 We also report estimations by ordinary
least squares (OLS). However, one has to keep in mind that OLS weights all
goods equally in the second stage, so that goods with small shares may be
driving the results. Thus, we keep the WLS as our baseline estimation method
for the computation of the quintiles’ expenditure weights.

Interestingly, we can use the measure of consumption inequality δ̂qk,t

estimated in the empirical implementation of equation (8) for each t in the
sample (t = 1983−2010) to construct the corrected weights of income quintiles:

ω̂qk,t ≡
exp

{
δ̂qk,t

}
1 +∑5

k=2 exp
{
δ̂qk,t

} , (1-9)

where we normalize e∗q1,t = 1 for all t, such that ω̂q1,t ≡ 1
1+
∑5

k=2 exp{δ̂qk,t}
.

1.3.1.3
Estimation Results

We now present the corrected weights of income quintiles in total
expenditure by applying Aguiar and Bils (2011) ’s methodology. As we
mentioned in the previous subsection, we estimate first-stage expenditure
elasticities βj in equation (7) using the pooled base period 1980-1982 CE
survey, representing the beginning of our sample. See Table A.2 in Appendix
A for the first-stage estimates.33

32We calculate the share of each good out of total expenditure consumption for each year,
then average the shares over the sample period 1980–2010 and use these shares to weight
the goods in the second stage regression. For more details in the construction of the weights
see Aguiar and Bils (2011).

33Remind that the estimates are reported by using dummies for the household’s income
quintile as well as the continuous variable log after-tax income as intruments to total per
capita expenditure. It also includes the average share of each good out of total per capita
expenditure and standard errors, which suggest the elasticity estimates have a reasonable
degree of precision and are consistent with Aguiar and Bils (2011)’s results using the 1994-
1996 CE survey.
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Table 1.2: Trends in Consumption Inequality Based on Relative Expenditure
Patterns and Trends in Income Inequality

Notes: This table reports the estimated change in consumption inequality for income quintiles versus the
poorest income quintile obtained from the second-stage regressions in subsection 3.1.2. All sepecifications in
columns 1-2 use the first-stage estimated expenditure elasticities reported in Table A.2 in appendix A. The
estimated parameters, δqk,(08−10) − δqk,(83−85), qk ∈ {q2, q3, q4, q5}, represent the relative growth in total
expenditure for higher-income quintiles households relative to the lowest-income households for the period
1983-1985/2008-2010. See the specification in equation (8) and discussion in the text for full details. The first
column implements the second stage by OLS while the second column implements weighted least squares,
using the average shares for 1980–2010 as weights from NIPA-BEA. The standard errors are calculated using
a bootstrap with 100 replications.

Table 2 reports the second-stage regression estimates of the log change
in consumption inequality from (8). We show the change in consumption
inequality of income quintiles relative to the bottom quintile (q1). Since there is
substantial year-to-year movement, reflecting in large part sampling error, we
report the change in inequality between the average of the first three years and
the average of the last three years of the second-stage sample (1983-1985/2008-
2010). This is the estimate of δqk,(08−10) − δqk,(83−85). The first column reports
the second-stage estimates using OLS on consumption expenditure data, while
the second column reports the second-stage estimates using WLS. The last two
columns exhibit again two measures of log change (before-tax and after-tax)
income inequality reported in Table 1 for easy of comparison.

We see that the OLS estimates are in general larger than the WLS es-
timates, which likely reflects goods with small shares driving the results. In
addition, consumption inequality is higher and more precisely estimated the
richer the income quintile and it is especially driven by the top quintile, q5.
Finally and more important, we see that the overall figures on the second-stage
estimates of consumption inequality are rather consistent to their counterpart
of income inequality, unlike Table 1, which shows that the rise of consumption
inequality based on reported consumption in the CE survey is considerably
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smaller than the increase of income inequality. It then suggests that the esti-
mation methodology succeeded in correcting systematic measurement error in
the CE Survey, which is key to assess consumption patterns across households.
In particular, we note that in quintile q5 the rise of consumption inequality ex-
penditure is higher than income inequality: 0.34 by OLS and 0.31 by WLS
vis-a-vis 0.21 and 0.24, measured on both before-tax income and before-tax
income, respectively. However, Table A.3 in Appendix A shows that the in-
crease of income inequality is in line with the rise of nondurable consumption
inequality. Figure A.1 also depicts the weights of income quintiles for non-
durables and suggest that it is due to the fact that durable consumption is
particularly important in quintile q5.

Finally, Figure 1.2 depicts the corrected weights of the income quintiles
implied by the consumption inequality measure δ̂qk,t, as defined by equation (9)
for each year in the relevant sample period. We also report the weights of the
income quintiles computed directly by reported expenditure in the CE survey
for comparison. Note that the extensive margin of expenditure has increased
considerably toward the top quintile - the quintile in which households have
the largest expenditure shares (intensive margin of expenditure) of services and
the lowest expenditure share of goods. We see in the upper Graphs A, B, and C
for quintiles q1, q2 and q3, respectively, that the reported extensive margins of
expenditure of these quintiles understate the downward trend of the corrected
extensive margins of expenditure. Conversely, Graph E shows that the increase
of the reported extensive margin of expenditure of quintile q5 understates the
upward trend of its corrected extensive margin of expenditure.34

34See Table A.4 in Appendix A that reports the change in the income-specific measurement
error for higher-income respondents relative to lowest-income respondents in equation (8)
between 1983-1985 and 2008-2010, φqk,(08−10) − φqk,(83−85), where, more precisely, φqk,t ≡
φqk,t−φq1,t. We see that the change in relative mis-measurement is more precisely estimated
and more negative in q5, which suggests that the CE-BLS is increasingly missing expenditure
by the high-income households (relative to low-income households).
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Figure 1.2: Trends of the Quintiles’ Expenditure Weights in Total Expenditure
Computed From Reported Data in the CE Survey and Constructed From the
Second-stage Regressions (Corrected Data)

Notes: This figure depicts the weights of the average of each income quintile (quintile 1-quintile 5: q1-q5) with
respect to total consumption expenditures from reported data in CE survey and obtained from the second-
stage regressions in subsection 3.1.2. Quintiles’ figures at a point in time add up to one. The weights obtained
from from the second-stage regressions represent the ratio of the relative expenditure of each quintile to the
sum of quintiles’ relative expenditures. See the specification in equation (9) and discussion in the text for full
details. Solid lines and Dashed lines denote, respectively, reported data (computed directly from reported
data in CE survey) and corrected data (obtained from the second-stage regressions).

1.3.2
Intensive Margin of Consumption Expenditure: quintiles’ sectoral expen-
diture shares

1.3.2.1
Data

We use two sources of data for the estimation of the intensive margin
of consumption expenditure: consumption expenditure data and prices data35.
For consumption expenditure data we apply the same database from the CE-
BLS used to estimate the quintiles’ weights in subsection 3.1.1. That is, our
three-sector demand system (agriculture, manufacturing and services) is spec-

35Similarly to subsection 3.1.1, we report in Appendix A results using a nondurable version
of the consumption sectors.
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ified over final-good consumption constructed by aggregating 22 consumption
categories. For prices data we use the CPI-BLS (CPI-U - U.S. city average).

Although we are not completely unresctricted in terms of disaggregated
consumption items - as stated above, the database is aggregated in 22 con-
sumption categories36 - these two surveys are coupled. There is a direct link
between consumption items in the CE and CPI items since the former items
compose the annual weights of the consumption goods in the basket comprised
by the CPI. Therefore, price items are naturally assigned to each consumption
category in most cases.

With respect to consumption expenditure data, as we mentioned, we use
household per capita expenditure data since our model is specified in per capita
terms. Our focus is on assessing differences in cross-sectional experiences of
structural change, in particular over households grouped by income quintiles.
For consistence with previous work, which use aggregate data, the definition
of the sectors is done by aggregating over consumption categories in our
database from CE-BLS to maximize the match with Herrendorf et al. (2009),
subject to some consistency issues due to data source differences, by using
the classification of total personal consumption expenditures in Table 2.4.5
− "Personal Consumption Expenditures by Type of Product" from NIPA-
BEA.37 Note that for estimating the utility function parameters of equation
(3) in a consistent way with the aggregate demand system in Herrendorf et al.
(2009), we need to reproduce a similar data generator process in aggregate
terms in our data from CE-BLS. That is, our definition of sectoral expenditure

36The allocation of consumption categories among sectors is limited by definitions in
Aguiar and Bils (2011). For every category they constructed a nondurable measure of ex-
penditure. Thus, we are able to disentangle categories among services and manufacturing
sectors whenever a category comprises durables and services. In this case, the nondurable
part is allocated in the services sector, as for example, the nondurable part of "funitures
fixture" and the nondurable part of "vehicle purchase, leasing and insurance". However, for
example in the category "all other transportation", which is composed basically by motor fu-
els and public transportation, we could not split it among services and manufacturing sectors
since its regular measure equals its nondurable measure. Hence, we decide to allocate it in the
manufacturing sector since public transportation accounts for 20%-30% of total expenditure
in this category in average during the sample period, according to public available CE data by
quintiles of income before taxes - current link: https://www.bls.gov/cex/csxcombined.htm.

37This replication is subject to smaller consistency issues due to differences in the level of
aggregation. Furthermore, since CE-BLS data only cover household expenditure, we exclude
purchases by nonprofit institutions serving households, purchases by U.S. government
civilian and military personnel stationed abroad and do not include government consumption
expenditure from NIPA-BEA data for the matching with CE-BLS data. Yet one has to keep
in mind that fringe benefit payments made by an employer are accounted in the NIPA-BEA
data, but are not reported in the CE-BLS data. Herrendorf et al. (2009) also use NIPA-
BEA Table 7.1 for population data. All these consistency issues imply a level shift of the
sectoral expenditure shares with respect to that in Herrendorf et al. (2009). Since we exclude
expenditure categories that comprise the services sector, it implies the expenditure share of
this sector is lower and those of agriculture and manufacturing are higher than the respective
sectoral expenditure shares in Herrendorf et al. (2009).
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and relative prices should implie alike trajectories with respect to that using
NIPA-BEA. Figures A.2-A.4 in Appendix A suggests a rather reasonable data
source compatibility with respect to prices, aggregate quantities and associated
aggregate expenditure shares.38

Regarding prices data, we assign each consumption category mentioned
above to a CPI item. Then we set price indexes for consumption sectors at
a point in time by averaging of the CPI items that compose each sector by
the respective expenditure shares in NIPA-BEA (weights), following Aguiar
and Bils (2011)’s matching between each expenditure groups in CE-BLS and
itens of household expenditure in NIPA-BEA. Table 3 depicts the assignment
of each consumption category and associated CPI itens to the three broad
consumption sectors39.

We now turn to Figures 3-4, which show the evolution of price and
consumption expenditure40 − the predetermined variables in our demand
system. Looking at Figure 1.3, we see that the price of services has increased
relative to agriculture and to manufacturing and the price of agriculture has
increased relative to manufacturing41. Turning next to Figure 1.4, the quantity
of manufacturing has grown the most, while the quantity of agriculture has
grown the least42 in all income quintiles (graphs A-E) and consistently with
aggregate data (graph F).

38We follow the cyclical expansion procedure in the online Appendix of Herredorf et al.
(2013) to construct the sectoral prices and aggregate quantites.

39See Table A.5 in Appendix A for the assignment of each nondurable consumption
category and associated CPI itens to the three broad consumption sectors

40Price and quantity indexes normalized in 1983 to 1.
41In special due to durable manufacturing goods. See nondurable price indexes in Figure

A.3 in Appendix A.
42Nondurable manufacturing and services have grown similarly. See nondurable quantities

indexes in Figure A.5 in Appendix A.
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Table 1.3: Association of Broad Consumption Sectors, CE Consumption Cat-
egories and CPI Items

Notes: This table depicts the assignment of each consumption category in the CE-BLS and associated CPI
itens (CPI-BLS) to the three broad consumption sectors that follows the sectors definitions in Herrendorf
et al. (2009). For more details on definitions of each sector see Herrendorf et al. (2009). For details on sample
construction see the data section and Aguiar and Bils (2011).

Figures 3-4 also suggest qualitative features of the utility specification
that our estimation will use. For example, as the price of agriculture relative
to manufacturing has increased, the quantity of agriculture relative to manu-
facturing has decreased, which is consistent with there being substitutability
between agriculture and manufacturing in the aggregate and it is similarly valid
for all income quintiles. However, our database suggests that aggregate data
may suppress important cross-sectional differences of household consumption
patterns.
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Figure 1.3: Sectoral Price Indices

Notes: This figure depicts the approximation of sectoral price indexes associated to consumption expenditure
using data from CE-BLS for agriculture, manufacturing and services. Price indexes are constructed with CPI-
BLS data obtained by weighted-average (by the expenditure share of the equivalent consumption group of
CE-BLS in NIPA-BEA) of the CPI itens attributed to each consumption group that compose agriculture,
manufacturing and services. Data is normalized in 1983 to 1. See the data sectionfor further details on
definitions.

First, note that the price of services has increased relative to that
of agriculture, while at the same time in aggregate data the quantity of
services has also increased relative to that of agriculture, which is consistent
with nonhomothetic utility specification − there is relative price and relative
quantitiy moving in the same direction. However, while the quantities of
services have increased relative to that of agriculture, the same conclusion
arises both with decaying quantities of services and agriculture in quintiles
q1 − q3 (graphs A-C) and with rising quantities of services and agriculture
in quintiles q4 − q5.43 We discuss its implications in subsection 3.2.3 on the
estimation results of our demand system.

43See Figure A.5 in Appendix A for the sectoral quantity indexes by income quintiles in
nondurable expenditure.
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Figure 1.4: Sectoral Quantity Indexes by Income Quintiles

Notes: This figure depicts the sectoral quantity indexes considering consumption expenditure using data
from CE-BLS for the agriculture, manufacturing and services sectors. Quantity indexes are obtained by
deflating expenditure with the weighted-average (by the expenditure share of the equivalent consumption
category of CE-BLS in NIPA-BEA) of the CPI itens attributed to each consumption category that compose
the agriculture, manufacturing and services sectors. Data is normalized in 1983 to 1. See the data subsection
for further details on definitions.

The sectoral expenditure shares complete the data description − the
dependent variables in the demand system. Figure 1.5 suggests that the
standard (and asymptotic) pattern of structural change also shows up in the
cross-section by income quintiles: the expenditure shares of agriculture (graph
A) and manufacturing (graph B) are falling, while those of services (graph C)
are increasing 44. Similarly to Boppart (2014), we see that poorer households
exhibit a larger expenditure share of agriculture as opposed to a smaller
expenditure share of services. In manufacturing this income-ordered pattern
does not show up, especially due to durable goods. As we mentioned, durable
goods differences in expenditure across income quintiles do not necessarily align
with differences in durable stocks and associated service flows and therefore
it might obliterate cross-sectional differences of consumption patterns that we

44We report linear trends for easy of presentation.
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mean to address in the demand system45.

Figure 1.5: Trends in Sectoral Expenditure Shares by Income Quintiles

Notes: This figure depicts the consumption expenditure shares by quintiles of before-tax income respondents
(quintile 1-quintile 5: q1−q5) in agriculture, manufacturing and services using CE-BLS data. Dashed lines and
solid lines denote, respectively, data and linear trends. See the data section for further details on definitions.

1.3.2.2
Estimation

Now we estimate the parameters of the demand system (3). We closely
follow previous studies in the literature in employing the iterated feasible
generalized nonlinear least square to estimate the share equations both in
the aggregate and by income quintiles. This is a standard way of estimating
demand systems ( Deaton (1986); Herrendorf et al. (2009) ; Moro et al. (2017)).

Consider the expenditure share in each sector in equation (3) for each
income quintile qk. Given the set of predetermined variables,

xqk,t ≡ (pa,t, pm,t, ps,t, eqk,t)
45We also report results on nondurable expenditure in Figure A.6 in Appendix A. This

income-expenditure pattern becomes clearer in nondurable manufacturing and then affects
this pattern in the services sector, which shows up even sharper. In Figure A.7 in Appendix
A, we add up the goods sectors (agriculture and manufacturing) so that one can see a clear
opposite trend between goods and services and the expenditure shares ordered from the
poorest quintile to the richest quintiles.
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and given the set of parameters

θqk ≡ (c̄qk,a, c̄qk,s, ϕqk,a, ϕqk,m, ϕqk,s) ,

we assume a stand-in household in each income quintile qk solves the intratem-
poral problem (1)− (2) for three shares,

{
pi,tcqk,i,t
eqk,t

}
, for each sector i. Note we

further assume that all households at a point in time face a common set of
prices. We maintain this standard assumption, but acknowledge the caveat
that prices may vary across households due to the ability to search46.

Since sectoral shares add up to one, the error covariance matrix is
singular. Thus, we drop the demand for manufactured goods when we do the
estimation and we are left with two nonlinear equations to be estimated:

sqk,a,t ≡
pa,tcqk,a,t
eqk,t

= fa (xqk,t;θqk) + εa

sqk,s,t ≡
ps,tcqk,s,t
eqk,t

= fs (xqk,t;θqk) + εs,

where fa and fs are, respectively, the expenditure share of agriculture and the
expenditure shares of services as in equation (3); and εa, εs are the error terms
assumed to be uncorrelated with the predetermined variables47.

Note that the estimation results are not affected by which equation we
drop due to the iteration over the parameters of the error covariance matrix.
To deal with the issue that three out of our six parameters are constrained
(i.e, ϕqk,i ≥ 0 and ∑i=a,m,s ϕqk,i = 1), we transform the constrained parameters
into unconstrained parameters as follows:

ϕqk,a =
1

1 + exp
{
b1,qk

}
+ exp

{
b2,qk

} , ϕqk,m =
exp
{
b1,qk

}
1 + exp

{
b1,qk

}
+ exp

{
b2,qk

} , ϕqk,s =
exp
{
b2,qk

}
1 + exp

{
b1,qk

}
+ exp

{
b2,qk

} ,
where b1,qk , b2,qk ∈ (−∞,+∞).

After estimating the model in terms of the unconstrained parameters,
b1,qk , b2,qk , and c̄qk,a, c̄qk,s, we transform these back to compute point estimates
and standard errors for the original parameters, ϕqk,a, ϕqk,m, ϕqk,s.

46See, for example, Aguiar and Hurst (2007).
47This demand system falls into the nonlinear seemingly unrelated regression framework

and then in general equations are related through the covariance structure of the error
terms. Considering that assumption over the error terms, iterating on the feasible generalized
nonlinear least square estimator produces a sequence of parameter estimates that converges
to the maximum likelihood estimate. See Greene (2003), chapter 14.9.3. and Deaton (1986)
for further discussion related to the estimation of demand systems.
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1.3.2.3
Estimation Results

Table 4 shows the results for the aggregate and for each income quintile
using consumption expenditure from the CE-BLS survey and index prices from
the CPI-BLS in the sample period, 1983-2010. We first note that, although BLS
data is noisier than BEA data used by Herrendorf et al. (2009), it does not
affect considerably the precision of the estimates. By comparing the results
of the same model reported by these authors and the aggregate estimates of
consumption expenditure in the sixth column of Table 4, we note that the
estimates are similar.48

We also see that the aggregate estimates, which are consistent with those
for a stand-in household with preferences of the same form, actually aggregate
heterogeneous experiences of household sectoral demand across income quin-
tiles. Even though our sample period, which starts in the 1980’s, depicts a
rich US and a considerable part of the structural change transition has already
taken place in the aggregate, the estimate results reveal different consumption
patterns across households grouped in income quintiles. We can see it through
several ways. There are four points worth emphasizing here. First, there are
opposite trends of both preference weights, ϕqk,i, and nonhomotheticity terms,
c̄qk,j, between goods and services sectors across income quintiles. Overall, while
ϕqk,a, ϕqk,m and c̄qk,a decrease as income quintile rises, we see the opposite for
ϕqk,s and c̄qk,s.

48For example, see the second column of Table 1 in Herrendorf et al. (2009)). One has to
keep in mind that, as mentioned in the section on dataset description, unlike these author’s
we do not consider for example government consumption in the services sector since we use
CE-BLS data. Thus, one should expect, on the one hand, that it lowers the estimates of the
services weight, ϕqk,s, and the nonhomotheticity term o services, c̄qk,s. On the other hand,
whereas Herrendorf et al. (2009) cover all the postwar period (1947-2010), we consider
a more recent subperiod (1983-2010), which should imply a rise of these estimates since
it represents a richer economy. In the sixth column of Table 4, the estimate for c̄s in the
aggregate is statistically significant at 17 percent level.
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Table 1.4: Sectoral Share Estimation Results for the Aggregate and Income
Quintiles (q1-q5)

Notes: χ2 (c̄a = 0, c̄s = 0) is the Wald Test Statistics for the hypothesis that c̄a and c̄s are jointly zero.
χ2 (θqk = θagg) is the Wald Test Statistics for the hypothesis that each quintiles’ coefficient estimates are
jointly equal to the aggregate counterpart. LR

(
θagg nested in {θqk}

5
k=1

)
is the Likelihood-ratio test for the

hypothesis that all coefficients of the aggregate model do not vary between income quintiles q1-q5. RMS Ej

is the root mean squared error for j-sector’s share equation. Robust standard errors in parentheses. The
calculation of standard errors of the constrained parameters is based on the delta method. *** Significant
at the 1 percent level, ** Significant at the 5 percent level and * Significant at the 10 percent level.

Second, in general terms the signs of the two unrestricted nonhomothetic
terms in the aggregate and in most quintiles have the pattern suggested by
Kongsamut et al. (2001), that is, c̄a < 0 and c̄s > 0. Interestingly, c̄q1,s, c̄q2,s

and c̄q3,s are negative. It might seem tricky to interpret it in our environment,
insofar as our model only consider market services data. To assess it in detail
is not in the core of our study and it deserves further investigation. However,
it is worth pointing out that it seems consistent with results in Moro et al.
(2017), from which we follow our interpretation49. These authors include home-
services production data and split market services between traditional services

49Our result is also consistent with Mazzolari and Ragusa (2013) that use data from
CE-BLS to show that the least-skilled workforce in the United States is disproportionally
employed in the provision of time-intensive services that can be thought of as market
substitutes for home services. Mazzolari and Ragusa (2013) also show evidence that the
income elasticity of services that are substitutes for home services is substantially lower for
households in the bottom portion of the income distribution, which suggest that the poorest
households cannot easily substitute home services.
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(substitutable with home-services production) and modern services in a value-
added specification to estimate a Stone-Geary demand system that features
parameters of nonhomotheticity associated to traditional market services and
home-services production. Both parameters are estimated to be negative. Our
final-good consumption specification prevent that we consider a variable of
home-services production. Nevertheless, following these authors, c̄qk,s < 0 can
be interpreted as a minimum requirement of home-services production and
traditional market services consumption (for instance household maintenance
and cleaning) that the household has to provide/consume before enjoying the
rest of home-services and market services50.

Third, we reject the hypothesis that both nonhomotheticity terms are
equal to zero, according to the Wald test statistics χ2 (c̄a = 0, c̄s = 0) re-
ported in Table 4. Fourth, according to the other set of Wald test statis-
tics, χ2 (θqk = θagg), we reject that each quintiles’ coefficient estimates are
jointly equal to the aggregate counterpart. Similarly, we also reject the hy-
pothesis that all coefficients of the aggregate model do not vary between dis-
jointed subsets of the data, which is reported in the Likelihood-ratio test,
LR

(
θagg nested in {θqk}

5
k=1

)
- a Chow-type test in the cross-section of hou-

seholds by income quintiles.51

Following the economic and statistical significance of the disaggregate es-
timates, we apply the empirical counterpart of the weighted-average aggregate
expenditure shares defined in equation (4):

s̃i,t ≡
5∑

k=1
ω̂qk,tŝqk,i,t, (1-10)

where ω̂qk,t is the estimated expenditure weights of income quintile qk defined
in equation (9) and ŝqk,i,t is the predicted expenditure share of quintile qk of
sector i denoted by equation (3).

As we see by the reported root mean square errors in Table 4, the fit
of the model for most quintiles is even better than the fit of the model for
aggregate data. Figures 6 and 7 illustrate it. We see that it specially applies
to the fit of the manufacturing and services shares. These findings then imply
a lower root mean square errors (RMSE) for the weighted-average aggregate
expenditure shares, s̃i,t, relative to that reported for the model applied on
aggregate data − the RMSE of the weighted-average aggregate expenditure
shares are 0.004, 0.014, 0.016 vis-a-vis 0.005, 0.027, 0.030 reported in Table 4 for

50Note that there is an hierarchical sense of the preferences in this interpretation.
51To compute the LR test we do not use robust standard errors in order to guarantee its

validity and interpretability. However, it virtually does not affect the statistical significance
of the estimates in general terms.
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model applied on aggregate data, respectively, in agriculture, manufacturing
and services.

Figure 1.6: Fit of the Model: Expenditure Shares by Income Quintiles

Notes: This figure depicts the fit of the model for sectoral expenditure shares by income quintiles (Graphs
A-E, respectively, for quintile 1-quintile 5: q1-q5) in agriculture (blue), manufacturing (green) and services
(red) as denoted by equation (3) using CE-BLS data for consumption expenditure. Solid lines and dashed
lines denote, respectively, data, model prediction. See the data subsection for further details on definitions
and the estimation subsection for the estimation procedure.
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Figure 1.7: Fit of the Model: Expenditure Shares on Aggregate Data and
Weighted-average Aggregate Expenditure Shares

Notes: This figure depicts the fit of the model for expenditure shares on aggregate data and the weighted-
average (by expenditure weights of quintile 1-quintile 5: q1-q5) aggregate expenditure shares in agriculture
(blue), manufacturing (green) and services (red) using CE-BLS data for consumption expenditure. Solid
lines, dashed lines and dotted lines denote, respectively, data, model prediction on aggregate data and
model prediction for the weighted-average aggregate expenditure shares. See the data subsection for further
details on definitions and the estimation subsection for the estimation procedure.

Finally, note that aggregate expenditure data broadly support our Stone-
Geary specification that follows Kongsamut et al. (1997) consistently with
cross-sectional expenditure data. These authors impose the condition pa,tc̄qk,a+
ps,tc̄qk,s = 0 for the existence of a generalized balanced growth. However,
following Herrendorf et al. (2009) , this condition is not consistent with the
final consumption expenditure data. Figure 1.3 shows that ps,tpa,t has been
steadily increasing while c̄qk,a and c̄qk,s are constants. However, it does not
seem problematic. Since the stylized fact states that balanced growth is a
good approximate description of the data, there is no incompatibility. For
example, simulations results for specifications that depart from the conditions
required for exact balanced growth in Kongsamut et al. (1997) are not
quantitatively significant in the sense that the resulting time series are still
very close to satisfying balanced growth (See also Gollin et al. (2007) for similar
calculations).
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1.4
Income Effects, Consumption Inequality and Structural Change

Following the implementation of the weighted-avarage aggregate sectoral
expenditure shares, we are now able to assess whether there is a connection
between consumption inequality and structural change. If so, particularly with
respect to the intensive margin of consumption expenditure, it first passes
through provide some perspective on the relative importance of changes in
income vis-a-vis the importance of changes of relative prices in accounting for
the observed changes in the sectoral shares of consumption expenditures. To
explore this further, we stress below the relevance of income effects of changes
in the sectoral shares across households grouped by income quintiles as an
underlying mechanism through which consumption inequality correlates with
structural change.

1.4.1
Relevance of Income Effects of the Structural Change

Before assessing the relative importance of income and price effects
of changes in the sectoral shares of consumption expenditures, a first step,
that is associated to the heterogeneous income effects of the households
demands that we further explore below, is to present the quintiles’ expenditure
(income) elasticities. The first order conditions from equations (1)−(2) and the
estimation of our demand system for households grouped by income quintiles
in subsection 3.2.3 gives rise to the following empirical expenditure elasticities:

ηeqk,i,t =
(

1 +
ˆ̄cqk,i
cqk,i,t

)(
eqk,t

eqk,t +∑
g=a,m,s pg,tˆ̄cqk,g

)
, (1-11)

where ηeqk,i,t is the expenditure elasticity of quintile qk of sector i, such that the
superscript e denotes expenditure52; ˆ̄cqk,i is the estimated nonhomotheticity
term of quintile qk of sector i and cqk,i,t and eqk,t are, respectively, the per
capita average consumption quantities of quintile qk of sector i and the per
capita average consumption expenditure of quintile qk.53

Figure 1.8 illustrates the expenditure elasticities by sectors across income
quintiles. We see in Graphs A-C for the sectors that there are two different
clusters of quintiles’ elasticities. To this respect, we consider the uncertainty
associated to the estimation of c̄qk,j. We plot point estimates and confidence
bands for the quintiles’ elasticities at 90 percent level in the Graphs.54 The

52Due to constancy of c̄qk,i, these elasticities converge to unity at the same rate as the rate
of growth of cqk,i,t: eqk,t → +∞ ⇒ ηeqk,i,t → 1. Therefore, nonhomotheticity is a short-run
feature of Stone-Geary preferences.

53Similarly to equation (3), g = {a,m, s} here with a slight abuse of terminology.
54The calculation of standard errors is based on the delta method.
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confidence bands depict the contours of a heterogeneity of quintiles’ elasticities
through clusters of income quintiles. However, we cannot statistically differen-
tiate the expenditure elasticities of the income quintiles within each cluster of
quintiles’ elasticities.

Figure 1.8: Trends in Sectoral Expenditure Elasticities by Income Quintiles

Notes: This figure depicts the sectoral expenditure elasticities by income quintiles (quintile 1-quintile 5:
q1 − q5) in agriculture (Graph A), manufacturing (Graph B) and services (Graph C) using CE-BLS data.
Solid lines and dotted lines denote, respectively, point estimates and confidence bands at 90 percent based on
standard errors calculated by the delta method. See equation (11) for the formal definition of the elasticities.

First, note in Graph A that goods from agriculture (food) are necessities55

for households income quintiles q3 − q5 and according to the point estimates
they are luxuries for quintiles q1−q2, although we cannot reject the hypothesis
that food is a necessity for all income quintiles. Second, we see in Graph B
that manufacturing goods are luxuries for the cluster composed by the poorest
quintiles q1−q3 and necessities for the cluster composed by the richest quintiles
q4−q5. In Graph C of the services sector, we see an opposite picture. Remind the
estimates of the nonhomotheticity term of services reported in Table 4. More
relevant than any interpretation of the negative estimates for quintiles q1−q3, it
ultimately indicates what equation (11) describes: the expenditure of services
for these quintiles are less elastic than those of quintiles q4 − q5. Interestingly,

55A sectoral commodity good is a necessity for quintile qk if ηeqk,i,t ≤ 1. Conversely, a
sectoral commodity good is a luxury for quintile qk if ηeqk,i,t > 1.
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this cross-sectional pattern of household consumption is consistent with US
secular aggregate data that describes an asymptotic fall of the agriculture
expenditure share, a hump-shaped manufacturing expenditure share and the
services expenditure share rising assymptotically (see, for example, Herrendorf
et al. (2013), p. 873).

Now we provide a perspective on the relative importance of changes
in income and relative prices in accounting for the observed changes in the
sectoral shares of aggregate consumption expenditure. We follow Herrendorf
et al. (2009) in defining the fit of the expenditure shares implied by the
income effect and the price effect. Unlike these authors, we do it through the
weighted-average aggregate expenditure shares, our key measure of structural
change, instead of assessing the fit of the expenditure shares implied by the
income effect and the price effect applied on aggregate data. That is, these
effects are special cases that arises from equation (10). It means the fit of the
weighted-average aggregate expenditure shares implied by the income effect
is expressed in terms of the parameters estimated in each income quintile
according to equation (3) and reported in Table 4 under the counterfactual in
which quintiles’ expenditure change as dictated by the data but relative prices
are held constant at their t0 values (t0 = 1983) :

s̃ei,t ≡
5∑

k=1
ω̂qk,tŝ

e
qk,i,t

, (1-12)

where ŝeqk,i,t = ϕ̂qk,i

(
1 +∑

g=a,m,s
pg,t0

ˆ̄cqk,g
eqk,t

)
− pi,t0

ˆ̄cqk,i
eqk,t

and the superscript e
again denotes the income (expenditure) effect.

The fit of the weighted-average aggregate expenditure shares implied by
the price effect, in turn, is expressed in terms of the parameters estimated
in each income quintile under the counterfactual in which prices change as
dictated by the data but quintiles’ expenditure are held constant at their t0
values:

s̃pi,t ≡
5∑

k=1
ω̂qk,tŝ

p
qk,i,t

, (1-13)

where ŝpqk,i,t = ϕ̂qk,i

(
1 +∑

g=a,m,s
pg,t ˆ̄cqk,g
eqk,t0

)
− pi,t ˆ̄cqk,i

eqk,t0
and the superscript p

denotes the price effect.
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Figure 1.9: Weighted-average Aggregate Expenditure Shares and Income and
Price Effects

Notes: This figure depicts the weighted-average aggregate expenditure shares (model) and their counterfac-
tuals implied by the income effects and price effects in agriculture (Graph A), manufacturing (Graph B) and
services (Graph C) using CE-BLS data. Solid lines, dashed lines and dotted lines denote, respectively, the
model prediction, income effects and price effects. See equations (10) , (12) and (13) for the formal definitions
of the weighted-average sectoral expenditure shares and the counterfactuals implied by the income effects
and price effects, respectively.

Figure 1.9 depicts the sectoral weighted-average aggregate expenditure
shares as predicted by equation (10) and the associated fits implied by
the income effect (equation (12)) and price effects (equation (13)). We can
intuitively see that price effects alone drive the expenditure shares in the
opposite direction to income effects and to what is observed in the model
prediction. Furthermore, consistently with Herrendorf et al. (2009), we see
that the counterfactual implied by the income effects associated with the
nonhomotheticities are the prevailing source of the observed structural change
in the shares of consumption expenditure, especially in agriculture and services
− sectors that feature nonhomothetic demands56.

56It is particularly strong in agriculture. Furthermore, remind that the manufacturing
expenditure shares reflect the nonhomotheticity of the other sectors, even though they
feature a weaker income effect, by definition.
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Figure 1.10: Weighted-average Aggregate Expenditure Shares and Income
Effects by Selected Income Quintiles

Notes: This figure depicts the weighted-average aggregate expenditure shares (model) and their counterfac-
tuals implied by selected quintiles’ income effects in agriculture (Graph A), manufacturing (Graph B) and
services (Graph C) using CE-BLS data. q2-q5, q3-q5, q4-q5 and q5 stand for the income effects of the respec-
tive income quintiles, while the predicted expenditure shares of the remaining quintiles are held constant at
their 1983 levels and the estimated quintile’s weights changes as dictated by the data. See subsection 4.1 for
the formal definitions of the quintiles’ income effects.

We explore the income effects further by showing their relavance across
households grouped by income quintiles. To this respect, we define the following
four different counterfactual measures that stem from the fit of the weighted-
average aggregate expenditure shares implied by the income effect that follows
equation (12). We aggregate income effects of income quintiles to highlight
the marginal relevance of different quintiles’ income effects to capture the
changes in aggregate expenditure shares. The measures follow: i. income effects
of quintiles q2-q5 − the expenditure share of quintile q1 is held constant
at t0 = 1983 and the income effects of quintiles q2 − q5 follow equation
(12) (prices and total expenditure of q1 held constant at t0): s̃

eq2−q5
i,t ≡

ω̂q1,tŝq1,i,t0 +∑5
k=2 ω̂qk,tŝ

e
qk,i,t

, where the superscript eq2−q5 denotes income effects
of quintiles q2-q5; ii. income effects of quintiles q3-q5: s̃

eq3−q5
i,t ≡ ∑2

k=1 ω̂qk,tŝqk,i,t0 +∑5
l=3 ω̂ql,tŝ

e
ql,i,t

; iii. income effects of quintiles q4-q5: s̃
eq4−q5
i,t ≡ ∑3

k=1 ω̂qk,tŝqk,i,t0 +∑5
l=4 ω̂ql,tŝ

e
ql,i,t

and iv. income effect of quintile q5: s̃
eq5
i,t ≡

∑4
k=1 ω̂qk,tŝqk,i,t0 +

ω̂q5,tŝ
e
q5,i,t. Interestingly, as Figure 1.10 illustrates, the changes in the weighted-
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average aggregate expenditure shares (model) in all sectors are specially driven
by the income effect of the top quintile q5.

1.4.2
Counterfactual Experiment

Remind that two aspects enable us to approach our central question on
whether there is an empirical correlation between consumption inequality and
structural change. First, we take benefit from a database of household ex-
penditures associated to consumer prices indexes to disaggregate the sectoral
expenditure shares by households grouped by income quintiles. However, ex-
penditures reported in household surveys are potentially mis-measured. Then,
we correct these systematic mis-measurements applying consolidated econo-
metrical techniques (Aguiar and Bils (2011)) . Second, we apply a benchmark
demand system of structural change in the cross-section of households so that
it is consistent with canonical work that uses aggregate data Herrendorf et al.
(2009). Here two more issues. First, if consumption (income) inequality con-
cerns structural change it has to show up through income effects by definition.
We show that income effects are the dominant source of the aggregate struc-
tural change in the shares of consumption expenditure. Second, we highlight
that there are heterogeneous income effects across households grouped by in-
come quintiles.

Up to this point we note that any possible correlation between consump-
tion inequality and structural change in the past three decades in the US con-
cerns specially the top quintile. With respect to consumption inequality, we
show in subsection 3.1.3 that it is driven virtually exclusively by the quintile
q5, as suggest Figure 1.2. In regard to structural change, we saw in subsection
4.1 that the income effects of quintile q5 captures the bulk of the changes of the
sectoral expenditure shares, as Figure 1.10 depicts. Therefore, to the extent
that services are luxuries and both agricultural and manufacturing goods are
necessities for quintile q5, as illustrates Figure 1.8, consumption inequality and
structural change are potencially connected.

In this sense, how large is this correlation in the past three decades in
the US? In this section, we address this question by running a counterfac-
tual experiment, in which we assume that during the period 1983-2010 the
consumption inequality, measured by the quintiles’ weights in total expendi-
ture, is held constant at the 1983 pattern. More precisely, we assume that
the weighted-average aggregate expenditure shares, which are implied by the
estimated paramameters in the intratemporal problem of the stand-in house-
hold of each income quintile, are under the counterfactual in which all market
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prices and quintiles’ expenditures evolve as observed in the data, but quintiles’
weights are kept constant at their t0 = 1983 levels. Following equation (10),
we define the counterfactual weighted-average aggregate expenditure share:

ŝci,t ≡
5∑

k=1
ω̂qk,t0 ŝqk,i,t, (1-14)

where the superscript c denotes the counterfactual regarding consumption
inequalilty.

Figure 1.11: Counterfactual experiment: No Increase in Consumption Inequal-
ity

Notes: This figure depicts the weighted-average sectoral expenditure share (model) in agriculture (Graph A),
manufacturing (Graph B) and services (Graph C) and their counterfactuals in which all market prices and
quintiles’ expenditures evolve as observed in the data, but quintiles’ weights are kept constant at their 1983
levels using CE-BLS corrected data. See equations (10) and (14), respectively, for the formal definitions of
the weighted-average sectoral expenditure shares and their counterfactuals so that consumption inequality
is held constant at the 1983 pattern.

Figure 1.11 depicts the weighted-average aggregate expenditure (model),
defined in equation (10), and its trajectory under the counterfactual on con-
sumption inequality (model - counterfactual) as defined in equation (14) for
agriculture (Graph A), manufacturing (Graph B) and services (Graph C). Ac-
cording to our model, we see that if consumption inequality had kept constant
since the beginning of the 1980’s, there would have been less structural change
in the past three decades in the US. That is, the expenditure shares of agri-
culture and manufacturing would be higher and, conversely, the expenditure
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share of services would be lower. For the expenditure share of manufacturing
there is no clear change. It is worth mentioning that if we consider the coun-
terfactual experiment described in equation (14) by considering the quintiles’
weights implied by reported expenditure (ωqk,t0), instead of considering the cor-
rected quintiles’ weights (ω̂qk,t0) defined in equation (9), the weighted-average
aggregate expenditure shares and their counterfactual trajectories would be
virtually identical. That is, at first glance, by considering directly the repor-
ted expenditures in the CE survey it would suggest no empirical correlation
between consumption inequality and structural change. See Figure A.10 in
Appendix A.

A simple algebraic argument helps to synthesize our reduced-form sense
of the empirical correlation between consumption inequality and structural
change. We decompose the change of the wighted-average aggregate expendi-
ture share of sector i between any two periods t1 and t0,4ŝi,t1 , into an extensive
margin (change of the quintiles’ expenditure weights) and an intensive mar-
gin (change of the quintiles’ sectoral expenditure shares). Since consumption
inequality increase, we define the income quintiles whose expenditure weights
rise, qk′′ , such that k′′ ∈ K′′and the income quintiles whose expenditure weights
fall, qk′ , such that k′ ∈ K′ . Yet, note that since the weights add up to one at
any period t, we have that | 4ω̂q

k
′ ,t |=| 4ω̂q

k
′′ ,t | and ω̂K′′ ,t = 1− ω̂K′ ,t. Then

the change of the wighted-average aggregate expenditure share of sector i in
t1 is decomposed as follows:

4ŝi,t1 = 4ŝK′′ ,i,t1 +4ŝK′ ,i,t1
=

(
4ω̂K′′ ,t1 ŝK′′ ,i,t1 +4ŝK′′ ,i,t1ω̂K′′ ,t0

)
+
(
4ω̂K′ ,t1 ŝK′ ,i,t1 +4ŝK′ ,i,t1ω̂K′ ,t0

)
=

[
4ω̂K′′ ,t1

(
ŝK′′ ,i,t1 − ŝK′ ,i,t1

)]
+
[(
4ŝK′′ ,i,t1 −4ŝK′ ,i,t1

)
ω̂K′′ ,t0 +4ŝK′ ,i,t1

]
,

where ω̂K′′ ,t ≡
∑
k′′∈K′′ ω̂qk′′ ,t is the sum of the quintiles’ weights that in-

crease, ŝK′′ ,i,t ≡
∑
k′′∈K′′

(
ω̂q

k
′′ ,t
∑
k′′∈K′′ ω̂qk′′ ,t

)
ŝq
k
′′ ,i,t is the aggregate (aver-

age) expenditure share of sector i of the quintiles whose weights increase and
ŝK′ ,i,t ≡

∑
k′∈K′

(
ω̂q

k
′ ,t
∑
k′∈K′ ω̂qk′ ,t

)
ŝq
k
′ ,i,t is the aggregate (average) expendi-

ture share of sector i of the quintiles whose weights decrease.
Note that since consumption inequality increase, 4ω̂K′′ ,t1 > 0, and

ω̂K′′ ,t0 > 0 by definition. Moreover, since total quintiles’ expenditure increase
and our demand system features nonhomotheticity, 4ŝK′ ,i,t1 and the term(
ŝK′′ ,i,t1 − ŝK′ ,i,t1

)
is either positive or not depending on whether, respectively,

i = s or i = {a,m}. The term
(
4ŝK′′ ,i,t1 −4ŝK′ ,i,t1

)
equals zero if the

demand system implies linear Engel curves in terms of expenditure shares.
We follow a Stone-Geary linear demand system, but our Engel curves in terms
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of expenditure shares are nonlinear, as defines equation (3). Thus, this term
is also either positive or not depending on whether, respectively, i = s or
i = {a,m}.

We see in Figure 1.11 that there is year-to-year moviment largely reflect-
ing sampling error and then the results can be sensible to the choice of the
base year. Thus, to mitigate this issue, Table 5 reports the percent change
of the variation of the weighted-average aggregate expenditure share that is
attributed to the correlation with the increase of consumption inequality be-
tween the first three-year period57 t0 = (1983 − 1985) and the last three-year
period t1 = (2008− 2010) of the sample period, as the following definition:

ς̂i,t1 ≡

(
4ŝi,t1 −4ŝci,t1

)
4ŝi,t1

× 100 =

[
4ω̂K′′ ,t1

(
ŝK′′ ,i,t1 − ŝK′ ,i,t1

)]
4ŝi,t1

× 100 (1-15)

According to Table 5, the percent change of the variation of the weighted-
average aggregate expenditure share that is attributed to the correlation with
the increase of consumption inequality in agriculture is the largest, 10.8, and in
services is 1.8. In manufacturing it accounts for -2.3. However, we argue this is
particularly due to sampling error and mis-measurements associated to durable
goods58. For example, the same percent change between 1983-1985 and 2005-
2007 for manufacturing is 1.7 and Table A.7 in Appendix A, which includes
the same calculations using nondurables, reports 2.5 for manufacturing, which
are figures qualitatively in line with that reported for agriculture share, which
is another goods sector.

57We average over these three-year periods.
58As we mentioned, durables obliterate cross-sectional differences of consumption patterns

due to the fact that differences in expenditure across income quintiles do not necessarily align
with differences in durable stocks and associated service flows.
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Table 1.5: Percent Change of the Variation of the Weighted-average Aggre-
gate Expenditure Shares Attributed to the Correlation With the Increase of
Consumption Inequality − 2008-2010/1983-1985

Notes: This table reports the percent change of the variation of the weighted-average aggregate sectoral
share that is attributed to the correlation with the increase of consumption inequality, ς̂i,(08−10), between
2008-2010/1983-1985, where i = {a,m, s}, using CE-BLS corrected data. The effect is in percent change,
which means it is relative to the size of the predicted change of the weighted-average aggregate sectoral
shares. See equation (15) for the formal definition.

Before concluding, it is worth discussing some limitations of our reduced-
form (empirical) correlation between consumption inequality and structural
change. First, in our main results there is an underlying assumption which
states that a level difference of a corrected income quintile’s weight in total
expenditure with respect to the same income quintile’s weight computed
directly from reported expenditure does not imply a change of the true sectoral
expenditure shares of that that income quintile. We thus assume they do not
change although the corrected weights might have changed relative to the
reported ones in the CE-BLS survey. Equivalently, we suppose that either
a rise or a fall of the corrected mean (aggregate) expenditure of a quIintile
imply an increase or decrease of the corrected quintile’s sectoral expenditure
proportionally to its reported sectoral expenditure shares. We argue that it
is a conservative assumption due to nonhomotheticity of preferences so that
it implies that our main results are a lower bound for the true correlation
between the rise in consumption inequality and structural change.

Remind that the estimation methodology on consumption inequality
yields a corrected measure of consumption inequality but does not speak
directly to mean expenditure. In paticular, it omits the bottom income quintile
and estimates relative expenditure for the remaining income quintiles, from
which we construct the corrected weights of the income quintiles. To move
from relative expenditure to aggregate we need to take a stand on expenditure
for the omitted quintile. Note, for example, that nonhomotheticity implies that
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the services shares are increasing in expenditure. Thus, if the true expenditure
of the bottom income quintile is larger (smaller) than its reported expenditure,
then the services share of the bottom quintile, which is implied by the reported
data, understates (overstates) its true expenditure share of services. The
opposite applies in the case of either agriculture or manufacturing.

Figure 1.12: Trends in Consumption Inequality Based on Relative Expenditure
Patterns Obtained From Reported Data in the CE Survey and Obtained From
the Second-stage Regressions

Notes: This figure depicts the total expenditure ratio of each quintile versus the poorest income quintile
(quintile 2-quintile 5: q2-q5) obtained from reported data in CE survey (Panel A) and obtained from the
second-stage regressions (Panels B). Formally, the ratios represent the exp of the log of the relative growth
in total expenditure for higher-income quintiles households relative to the lowest-income households for each
year in the sample period, exp {δqk,t}, qk ∈ {q2, q3, q4, q5} and t = 1983, ..., 2010. Dashed lines and solid
lines denote, respectively, data and linear trends.

For illustrative purposes, suppose expenditure is correctly reported for
the bottom quintile. Figure 1.12 depicts the quintiles’ relative (to bottom
quintile) expenditures in reported data and corrected data and illustrates
the arguments. By comparing Graphs A-B, we see that the reported relative
expenditure of quintiles q2 − q4 overstate their corrected ones, while the
reported relative expenditure of quintile q5 understates its corrected relative
expenditure. Note that it then implies that q2 − q4 overstate, for example,
their services expenditue shares whereas quintile q5 understates it due to
nonhomotheticity. Moreover, when we understate the true expenditure share of
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the services sector of quintile q5 (the quintile whose weight in total expenditure
increase) and overstate the true services share of the remaining quintiles, it
implies that by using the reported services expenditure shares, we understate
the change of the weighted-average aggregate expenditure share of the services
sector that is attributed to the correlation with the increase of consumption
inequality. Thus, by comparing the level of the relative expenditures of each
quintile in the Graphs, we see that the reported expenditure share of services
in quintile q5 surely understates its true one in the case the expenditure of the
bottom quintile is correctly measured. Conversely, the reported services shares
of q2−q4 surely overstate their true expenditure shares of the services sector.59

To this respect, a back-of-the-envelope calculation that assumes that
expenditure is correctly reported for the bottom quintile and considers the
relative expenditures, the corrected quintiles’ weights and the expenditure
shares elasticities of services reveals that our main result would understate
the true correlation of consumption inequality and the expenditure share
of services by about 4 percentage points between 1983-1985 and 2008-2010.
Therefore, in this case, we argue that our main result would understate the
true change of the weighted-average aggregate expenditure share of the services
sector that is attributed to the correlation with the increase of consumption
inequality.

1.5
Conclusion

In this paper we estimate a standard model of structural change that
features nonhomotheticity of preferences by using US household expenditure
and price data over the period 1980-2010. We consider the aggregate sectoral
expenditure shares as the composition of two margins of consumption expendi-
ture: the extensive margin − a measure of consumption inequality that mirrors
income inequality, expressed as the expenditure weights of households grouped
by income quintiles − and the intensive margin − income quintiles’ sectoral
expenditure shares. Thus, we are able to estimate a measure of consumption in-
equality that corrects for systematic mis-measurements genneraly presented in
reported expenditures in household expenditure surveys using a log-linear ap-
proximation to the Engel curves that stem from a linear expenditure system.
Then analogously using a structural linear expenditure system, we estimate
quintiles’ sectoral expenditure shares in a consistent way with aggregate sec-
toral expenditure shares presented in recent evidence based on aggregate data
from the National Income and Product Accounts.

59Again, the opposite applies in the case of either agriculture or manufacturing.
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We find that heterogeneity presented in the income effects of the struc-
tural change in the quintiles’ expenditure shares is key to connect the rise of
consumption inequality and structural change. In special, we show that the top
quintile accounts for the bulk of the changes in both margins of consumption
expenditure. Thus, we argue that to the extent that the top quintile drives the
increase of consumption inequality and that for this quintile both agricultural
and manufacturing goods are necessities and services are luxuries then the
rise of consumption (income) inequality is potentially connected to structural
change.

We then use the estimated model to perform a counterfactual experiment
to measure the contribution of the rise of consumption inequality to structural
change. We find that the increase of consumption (income) inequality corre-
lates, although in a limited extent, with the changes in relative sectoral prices
and, in special, the changes in aggregate income in accounting for the magni-
tude of structural change in the shares of consumption expenditure observed
in the US in the past three decades. Particularly, we show that without the
increase of consumption inequality, the rise of the aggregate expenditure share
of services would be lower and, conversely, the fall of the aggregate expenditure
shares of agriculture and manufacturing would be lower than the actual ones.

Possible extensions to the analysis we carried out in this paper are man-
ifold. For example, in the demand system estimation, to characterize inflation
at the household level will be usefull to assess whether the estimated struc-
tural parameters are sensible to the standard assumption which states that all
households face the same prices. Moreover, as noted, we measure an empirical
importance of the correlation between consumption inequality and structural
change. We neither identify an exogenous causal effect of consumption in-
equality on structural change nor disentangle general equilibrium feedbacks.
In this regard, it is of interest to extend our partial approach in a general
equilibrium framework, for example, in heterogeneous agents and incomplete
markets economies to study the nature of the reduced-form correlation we find
in this empirical application.
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Chapter 2
Reconciling Kuznets Facts, Engel’s Law and Relative Prices
trend in the postwar US in a Bewley-Aiyagari Framework with
Stone-Geary Preferences

2.1
Introduction

Structural change was listed by Kuznets (1973) Kuznets (1973) as one of
the six main features of modern economic growth. Thenceforth, recent work
on the literature of structural change typically extends the standard one-sector
neoclassical growth model to incorporate either supply or demand mechanisms
to explain the change in the sectoral shares of consumption expenditures in
time series − the so called Kuznets facts1 − through two main driving forces:
changes in relative sectoral prices (price effects) − supply-side theories −
and changes in aggregate income (income effects) − demand-side theories.
The former stresses in general two mechanisms behind relative prices changes:
heterogeneous growth of sectoral technology (Ngai and Pissarides, 2007) and
differences in sectoral capital intensities (Acemoglu and Guerrieri, 2006), while
the latter focuses on the relation between income growth and nonhomotheticity
in preferences engendering persistent differences in the slope of Engel curves
of broad sectors2 (Kongsamut (1997)).

In addition to the Kuznets facts, illustrated in figure 1 − panel A for the
postwar US, within demand-side reasons of structural change there is empirical
evidence at the micro level supporting that household demand of goods and
services follows persistent differences in the slope of Engel curves3 (Young
(2012), Boppart (2014), Aguiar and Bils (2011), Comin et al. (2015)). That is,
the richest (poorest) the household, the greatest (lowest) is her expenditure
share of services (figure 1 −panel B). Therefore, this evidence generalizes
the stylized fact which states that the expenditure share of food declines as

1It is also known as the Fisher-Clark-Kuznets thesis (Fisher, 1939; Clark, 1940; Kuznets,
1955).

2Broad sector in the literature of structural change in general means either goods
(agriculture and manufacturing) and services sectors or the goods sector is split into
agriculture and manufacturing sectors in addition to the services sector.

3We follow Comin et al. (2015) in defining Engel curves as the relationship between
sectoral consumption shares and aggregate (real) consumption holding prices constant.
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household income rises (Engel, 1857 − Engel’s law) to aggregate expenditure
shares of many consumption goods, a broader goods sector, and is augmented
with highly income elastic demand for services. With respect to supply-side
reasons of structural change, another stylized fact states that the relative price
of goods declines as an economy grows and becomes increasingly specialized
in services (Boppart, 2013) − see figure 2.

Figure 2.1: Kuznets Facts and Engel’s Law in the Postwar US

Notes: This figure depicts in panel A the approximation of aggregate shares of consumption expenditure using
data from NIPA-BEA in 1947-2010 and from CE-BLS in 1986-2010 for goods (agriculture and manufacturing)
and services that follows Herrendorf et al. (2009) subject to smaller consistency issues due to data source
differences − Kuznets facts. Solid and dashed lines denote, respectively, data from NIPA-BEA and data from
CE-BLS. Panel B depicts the nondurable sectoral expenditure shares (smoothed with Hodrick-Prescott filter
for easy of visualization) across income quintiles (quintile 1-quintile 5: q1-q5) using data from CE-BLS in
1986-2010 − Engel’s law. Sectoral shares are defined by the ratio of sectoral expenditure to total expenditure.
See the data appendix for further details on definitions of expenditure sectors.
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Figure 2.2: Goods to Services Prices Ratio in the Postwar US

Notes: This figure depicts the ratio of goods to services prices using data from NIPA-BEA and data from
CPI-BLS for goods (agriculture and manufacturing) and services. Data from NIPA-BEA follows Herrendorf
et al. (2009) subject to smaller consistency issues due to data source differences with CPI-BLS. Definition of
sectors and its components with data from CPI-BLS matches to sectoral definitions with data from CE-BLS.
Solid and dashed lines denote, respectively, data from NIPA-BEA and data from CPI-BLS. See the data
appendix for further details on definitions of expenditure sectors.

Motivated by this evidence, we build a Bewley-Aiyagari style model
(Hildenbrand et al. (1986), Aiyagari (1994)) in continuous time embedded
with a two-sector environment and a demand-side benchmark theory rely-
ing on Stone-Geary preferences. Bewley-Aiyagari models constitute a natural
workhorse to study heterogeneity in household choices and market outcomes
altogether. Our application of the Bewley-Aiyagari model follows the frame-
work of heterogeneous agent models in continuous time (HACT) in Achdou
et al. (2017) that boils down to a system of two coupled partial differen-
tial equations, which imparts several computational advantages. It features
a Hamilton-Jacobi-Bellman (HJB) equation, which characterizes households’
optimal consumption expenditure and savings behavior given a stochastic pro-
cess for labor income and a Kolmogorov Forward (KF) equation characteriz-
ing the evolution of the joint distribution of income and wealth given optimal
choices of households4. This approach features a tractable algorithm that is

4HJB and KF equations are coupled since optimal policies (expenditure and savings)
depend on the interest rate which is determined in equilibrium and hence depends on the
wealth distribution.
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based on a finite difference method that enables the computation of stationary
and time-varying equilibria using efficient sparse matrix routines. It thus al-
lows the characterization of the distribution of agents’ optimal strategies and
hence the distribution of the sectoral expenditure shares both in the steady
state equilibrium and throughout the transition5. Therefore, representation
of the generalized Engel’s law, which we henceforth call Engel’s Law for the
brevity (Matsuyama (2019)), arises naturally by following demand patterns in
the cross-section of households grouped by income per capita.

We carry out a numerical simulation that is able to illustrate the three
empirical regularities, or stylized facts, of structural change that we highlight.
We specify three versions of Stone-Geary preferences that feature the same level
o aggregate capital in stationary equilibrium to stress the relevance of income
and price effects for the representation of Kuznets facts and Engel’s law in the
model. The baseline case is a more flexible version of the Stone-Geary, which
features relative prices and income effects and gives rise to a linear demand
system across sectors, which, as we shall see, reasonably represents the observed
behavior in data both in time series and in cross-sectional expenditure. The
second specification follows Kongsamut et al. (1997) , so that it only allows for
income effects to take place in the model. Conversily, the third version of the
model follows Ngai and Pissarides (2007) so that it only features price effects.

The model is calibrated to represent structural change in the aggregate
goods and services expenditure shares, as illustrated by data from the National
Income and Product Accounts of the Bureau of Economic Analysis − NIPA-
BEA for the US postwar economy (1947-2010). This characterization in
aggregate sectoral shares is consistent with cross-sectional demand patterns
of households grouped by income quintiles from mid-80’s, when there is data
available of final-expenditure in the Consumption Expenditure Survey of the
Bureau of Labor Statistics (CE-BLS). Therefore, these data sources are used
to consistently reconciliate of the Kuznets facts with the Engel’s law. It
means that sectoral definitions of prices and final-expenditure in NIPA-BEA
time-series data that follows Herrendorf et al. (2009) are subject to smaller
consistency issues due to data source differences in the level of aggregation
of household final-expenditure in the pooled cross-section data from CE-BLS

5Furthermore, this framework allows to extend the joint distribution of wealth and income
in a more realistic way, which conveys important implications of public policy. For instance,
it allows to extend recent policy analysis, such as in monetary policy in HANK models
(Kaplan et. al, 2018) and fiscal policy in incomplete markets models (Heathcote, 2005;
Kapalan and Violante, 2014) since it enables to assess not only direct effects and general
equilibrium feedbacks of broad policies in an economy. It also admits general equilibrium
assessement of policies targeted in specific disaggregated groups of households in different
stages of structural change.
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between 1986 and 2010, which, in turn, is matched to a sectoral definition of
prices from the Consumer Price Index (CPI-BLS) − see panel A of figure 1
and figure 2.

The two main contributions of this study are in order. First, our general
equilibrium framework in a multi-sector environment with nonhomothetic pref-
erences enables us to show that price and income effects drive structural change
not only through sectoral consumption demands stemming from intratemporal
preferences. Relative prices and nonhomotheticity terms also drive structural
change via intertemporal opportunities since they impact expenditure (and
savings) policy functions. Second, the simulations with the three versions of
the model suggest that the two driving forces of structural change in the aggre-
gate shares of final consumption expenditure (Kuznets facts), price and income
effects, are of roughly equal size in the postwar US. Moreover, we reinforce that
reconciling these three main empirical regularities in the postwar US calls for
a growth theory that accommodates both long-run demand (income effects)
and supply (price effects) drivers of structural change.

The papers that are the closest to ours are Herrendorf et al. (2009) and
Boppart (2014). The former has a partial equilibrium approach focused on the
intratemporal problem of the households to explain the structural change on
the aggregate expenditure shares of agriculture, manufacturing and services in
the postwar US. We apply their Stone-Geary specification in two sectors and
also their estimation methodology on data to feed the calibration of our general
equilibrium model. To this respect, our paper can be considered a general
equilibrium application of their partial approach, which, in addition, reconciles
the Kuznets facts they depict in US aggregate data with the Engel’s law at
the micro level from mid-80’s. That is, we argue that it is not necessary to
depart from benchmark preferences to depict such reconciliation. For the sake
of simplicity, in our framework households are ex-ante identical. It then implies
that heterogeneity in sectoral expenditure patterns across household grouped
by income quintiles arises exclusively from the idiosyncratic labor income
(productivity) shocks. Herrendorf et al. (2009) also carry out a structural
estimation to Stone-Geary preferences parameters in final-expenditure and
prices postwar data from NIPA-BEA and perform simulations that suggest
income effects are the dominant source of structural change in the aggregate
shares of final consumption expenditure in the postwar US. Therefore, their
result contrasts with ours in this matter. A key reason for this discrepancy
is due to the differences in the level of sectoral aggregation. Herrendorf et
al. (2009) show that by excluding government consumption from the services
sector, which is more consistent to household expenditure, the estimated term
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of nonhomotheticity becomes lower, which implies that sectoral expenditure
shares becomes less elastic to total expenditure and then it increases the
explanatory power of relative prices to structural change.

Boppart (2014), in turn, was the first to square these three central stylized
facts of structural change with balanced growth at the aggregate level, as
described by the Kaldor facts, in a macroeconomic model with non-Gorman
preferences that displays income and price effects. These effects are of equal
importance for structural change in their empirical analysis for the postwar US,
which is consistent to our result in this topic appling a different framework.
The model in this paper features price-independent generalized-linear (PIGL)
preferences and heterogenous agents through different initial labor and assets
endownments in a complete markets environment. Since our focus is to match
those three stylized facts of structural change to recent available data ranging
from mid-80’s, we are not inserted in this debate that rationalizes structural
change along with aggregate Kaldor facts6. Therefore, unlike Boppart’s model,
which greatly depart from the benchmark model of structural change7, we
keep close to benchmark demand systems of seminal papers in the literature
as Ngai and Pissarides (2007)), Kongsamut et al. (1997) and Herrendorf et al.
(2013) in a Bewley-Aiyagari framework. In this frame, contrary to Boppart
(2014) , aggregation is trivial and computation of prices and aggregate and
cross-sectional expenditure shares arises explicitly so that it enables us to
match the data promptly. To this respect, being a tractable frame and easy
to extend in many fronts, as for example, a more realistic income inequality
theory, embedding distinct preferences to feature any specificity of demand
patterns, etc., is an appealing feature of this framework relative to intrincate
cutting-edges general equilibrium models8 applied to the structural change
literature.

Besides this introduction, the paper is organized as follows. Section 2
presents the model; Section 3 conducts numerical simulations to illustrate the
main stylized fact of structural change in the US from mid-80’s. Section 4
concludes.

6See for example, Kongsamut et al. (1997); Ngai and Pissarides (2007) ; Acemoglu and
Guerrieri, 2008; Foellmi and Zweimuller, 2008 and Boppart (2014) . Particularly Kongsamut
et al. (1997) Kongsamut et al., 2001 and Ngai and Pissarides (2007) apply Stone-geary
preferences featuring exclusively income effects and price effects, respectively, and show
that under some special conditions it is possible to reconcile a balanced growth path with
structural change in their models.

7That is, a multi-sector neoclassical growth model, as described by Herrendorf et al.
(2013).

8See, for example, Buera and Kaboski (2009) and Boppart (2014)
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2.2
Model Setup

The model representation is an extension of the canonical one-sector
Bewley-Aiyagari model described in Acemoglu and Jensen (2012) in which we
apply rather usual features in a benchmark setup of structural change. We
solve the model in continuous time building on Achdou et al. (2017) and we
do not allow for rich heterogeneity across agents for simplicity. That is, utility
functions, the distribution of labor endowments, and the lower bound on assets
do not vary across households.

2.2.1
Household Preferences

There is an unit mass of infinitely lived households indexed by h ∈ H =
[0, 1] that consume, borrow/save and inelastically supply labor. The continuum
of households are heterogeneous in their wealth, a, and idiosyncratic labor pro-
ductivity (measured in labor efficicient units), z, such that the joint distribu-
tion, g(a, z, t), is the state of the economy at time t. Intertemporal preferences
are (explicit) additively separeable over consumption (CRRA) specified over
total consumption expenditure. Agreggate composite consumption follows Her-
rendorf et al. (2009) and adds agricultural to manufactured goods, which means
we have a two-sector Stone-Geary demand system, so that indexes {g, s} = J ,
refer to the two broad sectors of goods and services, respectively.

As mentioned, a Bewley-Aiyagari framework constitutes a natural
workhorse to study how changes in the distribution of economic parameters
impact household choices and market outcomes, which is key to our analysis ap-
plied to structural change. In this respect, applying this framework enables us
to characterize a joint wealth and income distribution in a more in-depth way.
Solving the model in continuous time, in addition to imparting some notable
computational advantages, provides a natural and parsimonious approach to
modeling stochastic diffusion earnings process that generates kurtosis in data
observed at discrete time intervals. Therefore, z follows a stationary stochastic
diffusion process (Ornstein-Uhlenbeck) that features a continuum of produc-
tivity types, a drift with a rate of mean reversion, µ = ζ (zmean − zt), and a
diffusion, σ (z), that captures the size of innovations of a standard Brown-
ian motion, Wt. This specification represents a continuous time analogue of
an AR(1) process and encompasses (or differs only in minor ways from) the
processes traditionally estimated in the literature.

It follows that in the class of models that features additively separable
intertemporal preferences, the household may wish to save or to borrow
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according to the way in which it evaluates present and future needs, and this
determines how much to allocate to current consumption expenditure, eht , and
in particular to (real) consumption commodities, chj,t, where j ∈ J . Expenditure
allocated to these commodities is the first stage in a two-stage allocation
process - the intertemporal and intratemporal problems. The intertemporal
problem follows closely, although slightly extends in a multi-sector environment
in continuous time, the application of the Bewley-Aiyagari model in Acemoglu
and Jensen (2012)

Intertemporal problem. Household h makes a sequence of consump-
tion expenditure decisions, {et}t≥0 , et ∈ X ⊆ R, where X is the household’s
action set, taking the sequence of wages, interest rates, price of the composite
consumption9 and sectoral prices

{
wt, rt, pt, {pj,t}j∈J

}
t≥0

as given, by solving
(we omit superscript h henceforth for simplicity of notation10):

max
{et}t≥0

E0

∫ ∞
0

exp {−ρt} ν̃ (et) dt s.t (2-1)

Γ̃ (at, et, zt,Qt,θ) =


ȧt = wt (Qt) zt + rt (Qt) at − e (pt, ūt)

dzt = µ (z) dt+ σ (z) dWt

at ≥ a,

where ρ ∈ (0, 1) is the descount factor; ν̃ (et) ≡ (et)1−ς

1−ς is the individual indirect
utility function, such that ς > 0 is the inverse of the intertemporal elasticity of
substitution (IES) of consumption expenditure; at is the asset holdings of the
household; wt (Qt) and rt (Qt) are respectively wages and interest rates; Qt ∈
Q, such that Q ⊆ R, is the set of the market aggregate at time t in Acemoglu
and Jensen (2012) ’s sense11; θ ∈ Θ, such that Θ ⊆ RH , is a vector with
the parameters; e (pt, ūt) ≡

∑
j∈J pj,tcj,t = ptct −

∑
j∈J pj,tc̄j is the household’s

total12 consumption expenditure function, where pt ≡
{
pt, {pj,t}j∈J

}
, pt ∈ P,

such that P ⊆ RJ+1
++ , is the vector of relative prices and ∑

j∈J pj,tc̄j is a
time varying endowment, such that c̄g and c̄s are constants (nonhomotheticity
terms) that can be interpreted, respectively, as food subsistence and home-
services endowment (Kongsamut et al., 2001; Herrendorf et al. (2009); a is a
lower bound on assets capturing both natural debt limits and other borrow

9Composite consumption is a sectoral consumption aggregator of the household.
10Except when we integrate a variable over the unit mass of households.
11See subsections 2.2 and 2.3 for our application of market aggregate and definition 1 in

Acemoglu and Jensen (2012) for the formal definition. We mention here in advance that our
market aggregate is the aggregate capital to "effective" labor ratio.

12Total - for all sectors in J .
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constraints13. Note that a does not necessarily binds for a household even
when the worst zt (z), occurs. Lower and upper bounds on assets are chosen
so that they do not bind in equilibrium. Since z ∈ Z, such that we impose
Z = [z, z̄] ⊆ R, which follows an Ornstein-Uhlenbeck process and we also
impose X = [a, ā] ⊆ R, it ensures compactness of productivities and actions.
Moreover, it is well known that ν̃ features standard continuity conditions14.

We rearrange the constraint so that we substitute et ≡ e (pt, ūt) for
ȧt ≡ yt, the savings of each household. Since ν̃ is increasing, we can solve for
et in terms of yt and rewrite decision problem:

max
{yt}t≥0

E0

∫ ∞
0

exp {−ρt} ν̃ (wt (Qt) zt + rt (Qt) at − yt) dt s.t (2-2)

Γ (at, zt,Qt,θ) =


yt ≤ wt (Qt) zt + rt (Qt) at
dzt = µ (z) dt+ σ (z) dWt

at ≥ a,

where ν (at, yt, zt,Qt,θ) = ν̃ (wt (Qt) zt + rt (Qt) at − yt). The intertemporal
problem is seen to be a standard dynamic programming problem (Stokey and
Lucas, 1989), with ν̃ : X2×Z ×Q× θ → R the instantaneous utility function
and Γ : X × Z × Q × θ → 2X the constraint correspondence. A strategy
y = (y1,y2, ...) is a sequence of random measurable maps yt : Zt−1 → X, where
Zt−1 ≡

∏t−1
ι=0 Z, and gives rise to a joint distribution g(a, z, t) for each t. A

strategy is feasible if it satisfies Γ in (2) and it is optimal, y∗, if it is a solution
to (2).

It is worth pointing out that the intertemporal problem in our multi-
sector economy is the countinuous-time analogue of the decision problem in a
(one-sector) standard Bewley-Aiyagari economy in discrete time. Apart from
minimal adjustments to adapt for countinuous time, it generalizes the decision
problem of the standard one-sector economy by considering relative prices and
the expenditure function, which in the canonical one-sector version reduces
to consumption due to consumption price normalization and homotheticity of
preferences.

Intratemporal problem. To allocate consumption expenditure in t

13−∞ < a < 0. In a stationary equilibrium with interest rate r > 0, the natural debt
limit is a = −zr < 0, where r > 0 and z is the lowest realization of zt. Note that for any
borrowing limit less tight than the natural borrowing limit, the constraint −a < a never
binds.

14See assumption A.1 in Appendix B.
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among the two types of consumption commodities:

min
{cj,t}j∈J

∑
j∈J

pj,tcj,t s.t (2-3)

u (cg,t, cs,t) ≥ ũ (pt, e (pt, ūt)) ≡
∑
j∈J

ϕ
1
ε
j (cj,t + c̄j)

ε−1
ε

 ε
ε−1

,

where
[∑

j∈J ϕ
1
ε
j (cj,t + c̄j)

ε−1
ε

] ε
ε−1
≡ ct is a CES composite consumption (Stone-

Geary), such that ϕj are nonnegative weights (add up to one)15. If all c̄j are
zero, then preferences are homothetic and ε > 0 is the within-period elasticity
of substitution between consumption categories.

Three comments are in order. First, since preferences are nonhomothe-
tic, then ε is not equal to the elasticity of substitution between consumption
categories, which in practice means this specification does allow for differences
in the elasticity of substitution between different pairs of consumption catego-
ries. Second, all households have preferences of the above form, which means
households are ex-ante identical and only differs by following a shock drawn
from the distribution of the individual-level stochastic productivity process.
Third, considering that the utility function as well as the expenditure func-
tion feature standard conditions16 and that there is no corner solution, so
that the dual problem applies, to solve problem (3) by minimizing expendi-
ture∑j∈J pj,tcj,t ≡ e (pt, ūt) subject to a utility level is equivalent to solve it by
maximizing for composite consumption in u (ct) subject to total expenditure17.

It follows that applying Roy’s identity, gives the sectoral uncompensated
(Marshallian) demands, cj, where j ∈ J .

∂e (pt, ūt)
∂pj,t

= cj (pt, e (pt, ūt)) =
 ϕj
pεj,t

∑
i=g,s

pεi,tc̄i

ϕi

− c̄j
+
(

ϕj
pεj,t

∑
i=g,s ϕip

1−ε
i,t

)
et,

(2-4)
where we refer to i = {g, s} here with a slight abuse of terminology. Note

that under intertemporal separability, once et is determined in the first stage,
cj,t can be chosen without reference to prices and incomes outside t (Blundell
and Walker, 1986).

The expenditure share of j in instant t completes the representation of
the households’ preferences. We denote

15Note that in our two-sector environment, it then means ϕs = 1− ϕg.
16They are taken to be continuous, diffentiable, increasing and strictly concave.
17It follows from the trivial equality ν (pt, e (pt, ut)) = u, such that u = u (ct). Without

loss of generality, take the unconstrained case for simplicity. Applying the chain rule
dν(e(pt,ct))

dct
= dνi(e0)

det
· detdct

= 0 if e0 = arg max ν. Moreover, d
2ν(e(,pt,ct))
d(ct)2 = d2ν(e0)

d(et)2 ·
(
det
dct

)2
≤ 0

since ν is concave.
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sj (pt, et) ≡
pj,tcj,t∑
i=g,s pi,tci,t

=
ϕjp

1−ε
j,t∑

i=g,s ϕip
1−ε
i,t

1 +
∑
i=g,s

pi,tc̄i
et

− pj,tc̄j
et

, (2-5)

where it follows that the expenditure share of j, sj,t, depends explicitly on
relative prices and total consumption expenditure.

We will estimate the parameters of the utility function using (5) and
use it to feed the model calibration in the numerical analysis we carry out in
section 3.

2.2.2
Technology

The supply side of the economy comprises all consumption sectors j ∈ J
and an investiment sector d, where each sector features a representative firm
in perfect competition. In particular, suppose that each sectoral production
function of the economy is given by a constant return to scale Cobb-Douglas

Ym,t = Kα
m,t (Am,tLm,t)1−α , (2-6)

where m ∈ M ≡ {d} ∪ J and α ∈ (0, 1) denotes capital intensity, which
means we do not allow for sector-specific capital intensities for simplicity. Since
L̄t ≡

∑
m Lm,t = 1, is the total labor endowment of the economy, it implies

that aggregate capital equals capital-labor ratio in any sector m ∈M :

Kt = α

1− α
wt
Rt

= Km,t

Lm,t
. (2-7)

It gives rise to a convenience in terms of aggregate output. That is, we can
consider an aggregate production function that produces a single good that can
be turned into either consumption or investment via a linear technology with
marginal rate of transformation equal to pt. Furthermore, the economy labor-
aumenting productivity becomes simply investment sector labor-aumenting
productivity:

Yt = Dt +
∑
j∈J

pj,tcj,t = Kα
t A

1−α
d,t , (2-8)

where we normalize investment sector price, pd,t = 1, capital accumulates as
usual, K̇t = Dt − δKt, and Dt is aggregate investment goods demand.

In this model, we define Qt as the aggregate variable − the effective
capital-labor ratio

Qt ≡
Kt

Ad,tL̄t
, (2-9)

through which all markets interactions take place. Note that we can naturally
define an aggregate production function as a function of Qt, Yt = Ad,tQ

α
t .
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Hence, this market aggregate uniquely determines the wage and interest rate
at t via the usual marginal product conditions18

wt = (1− α)Ad,tQα
t , rt = αQα−1

t − δ. (2-10)
From marginal product conditions and by equilizing the prices of labor

and capital across sectors and by considering (7), we have that prices are
determined by technology for any j ∈ J :

pj,t =
(
Ad,t
Aj,t

)1−α

. (2-11)

Then some algebra manipulation by using the optimal conditions in the
intratemporal problem of the households and by using the definition of ct19,
we have the price of the composite consumption:

pt ≡

∑
j∈J

ϕj (pj,t)1−ε

 1
1−ε

. (2-12)

Finally, we allow for heterogenous (and constant) growth of sectoral
technology, for any m ∈M :

Am,t = Am,0 exp {ψmt} , (2-13)
where ψm is the technological growth rate of sector m.

2.2.3
Aggregator and Market Clearing

The aggregator determines (the market aggregate) Qt in the "reduced"
version of the Bewley-Aiyagari model represented by (2) in the intertemporal
problem, where aht is capital holdings of household h in date t. We follow
Acemoglu and Jensen (2012)’s aggregator definition, so that for all t,

Qt =
∫ 1

0
aht dh. (2-14)

Therefore, it is the "average" of the strategies of agents20, which "cancels
out" individual-level uncertainty (see, e.g., Lucas 1980; Bewley 1986; Aiyagari
1994). In stationary equilibrium, AdL̄ can be normalized to one so that our
baseline aggregator (14), Qt =

∫ 1
0 a

h
t dhAd,tL̄t, is equivalent to the capital

market-clearing condition. In equilibrium, capital and labor markets clear, that
is, for any sector m ∈M :

18Note that Rt = rt + δ is the gross interest rate, such that rt = DKYt.
19See Herrendorf et al. (2009). It follows from some some algebra manipulation in the

primal version of the intratemporal decision problem of the household by considering the
definition of ct and the fact that the Lagrange multiplier is the marginal value of an additional
unit of expenditure in period t.

20The integral is the Pettis integral (Uhlig, 1996).
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L̄t =
∑
m∈M

Lm,t =
∫ 1

0
zhdh, and Kt =

∑
m∈M

Km,t =
∫ z̄

z

∫ ∞
a

ag (a, z, t) dadz.

(2-15)
Let us write the aggregate demands as consumption goods (and ser-

vices) demand, Cj,t =
∫ z̄
z

∫∞
a cj,tg (a, z, t) dadz, and investment goods demand,

Dt =
∫ z̄
z

∫∞
a ytg (a, z, t) dadz. Then, market clearing in the consumption and

investiment markets requires

Yj,t = Cj,t, j ∈ J and Yd,t = Dt. (2-16)

2.2.4
Equilibrium

2.2.4.1
Transition dynamics

Many equilibrium objects in this version of the model are nonstationary.
To derive the normalized equilibrium we detrend the model’s original equilib-
rium objects by investment sector productivity, which drives aggregate output
growth in the long-run. To this respect, for any given object ot, we have that
ôt ≡ ot

Ad,t
. Furthermore, the new discount rate becomes ρ̂ ≡ ρ − (1− γ)ψ

d
.

Thus, the detrended version of the model states equations ((1)− (16)) in the
previous subsections with detrended objects.

As we mentioned in the introduction, we follow the framework of the het-
erogeneous agent models in continuous time (HACT) - in Achdou et al. (2017).
It boils down to a system of two coupled partial differential equations (PDEs).
A Hamilton-Jacobi-Bellman (HJB) equation, which characterizes households’
optimal consumption and saving behavior given a stochastic process for labor
income and a Kolmogorov Forward (KF) equation characterizing the evolu-
tion of the joint distribution of income and wealth given optimal choices of
households.

It is convenient to split the equilibrium definition into two related
definitions: the dynamic equilibrium and the static equilibrium. The former
relates to the intertemporal problem of the household and is essentially the
same concept applied in a canonical Bewley-Aiyagari model with minimal
modifications to accommodate a multi-sector economy. The latter is related
to the intratemporal problem of the household.

The problem of individuals and the joint distribution of income and
wealth satisfy HJB and KF equations for every t. Therefore, the dynamic
equilibrium of this model can be represented by a set of normalized objects
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υ (â, z, t) , g (â, z, t), ŵt, rt, Qt, {pj,t}j={g,s}, pt and Ad,t, such that:

ρ̂υ (â, z, t) = max
ŷ∈Γ(ât,zt,Qt,θ)

ν̃ (w (Qt) zt + (r (Qt)− ψd) ât − ŷ) +Dâυ (â, z, t) y (â, z, t)

+ Dzυ (â, z, t)µ (z) + 1
2Dzzυ (â, z, t)σ2 (z) +DtEt [υ (â, z, t)] (2-17)

Dtg (â, z, t) = −Dâ (y (â, z, t) g (â, z, t))−Dz (µ (z) g (â, z, t))

+ 1
2Dzz

(
σ2 (z) g (â, z, t)

)
(2-18)

pj,t =
(
Ad,t
Aj,t

)1−α

, j ∈ J, pt =
∑
j∈J

ϕj (pj,t)1−ε

 1
1−ε

(2-19)

rt = α (Qt)α−1 − δ, ŵt = (1− α) (Qt)α (2-20)

Qt ≡ K̂t =
∫ z̄

z

∫ ∞
â

âg (â, z, t) dâdz (2-21)

on (â,∞)× (z, z̄)× (0, T ), where we apply Ito’s lemma in (17) and (18),
the HJB and KF equations, respectively.

The function ŷ is the saving policy function

ŷ ≡ y (â, z, t) = ŵ (Qt) zt + (r (Qt)− ψd) ât − e (â, z, t) , (2-22)

where the expenditure policy function

ê ≡ e (â, z, t) = ptĉt −
∑
j∈J

pj,tˆ̄cj,t = (ν ′)−1 (Dâυ (â, z, t)) (2-23)

arises from envelope condition in HJB.
The value function, υ, satisfies a terminal condition. Although the time

domain is R+, in practice the domain is (0, T ) for large T . Thus, it is imposed
that

υ (â, z, T ) = υ∞ (â, z) , (2-24)
where υ∞ is the stationary value function that solves the stationary analogue
of the system (17)− (21), below in equations (27)− (28). The value function
also satisfies a state constraint boundary condition at ât = ât, which satisfies
the following boundary conditions, for all z:

ν̃ ′

ŵ (Qt) zt + (r (Qt)− ψd) ât +
∑
j∈J

pj,tˆ̄cj,t

 ≤ Dâυ (â, z, t) . (2-25)
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Since the diffusion is reflected at z and z, the value function also satisfies
the boundary conditions, for all â:

Dzυ (â, z, t) = 0, Dzυ (â, z̄, t) = 0. (2-26)
We are now ready to define a dynamic equilibrium in this economy.
Definition 1 (Dynamic Equilibrium). Given initial conditions

(â0, z0) ∼ g (â, z, 0) and a time path of sectoral productivities {Am}m∈M ={
{Am,t}m∈M

}
t≥0

, a dynamic equilibrium is an evolution of prices{
ŵ, r,p, {pj}j∈J

}
=

{
ŵt, rt, pt, {pj,t}j∈J

}
t≥0

, a time path of market aggre-

gates and a strategy for each household, {Q∗, ŷ∗} =
{
Q̂∗t , ŷ

∗
t

}
t≥0

, value
functions υ = {υ (â, z, t)}t≥0 and distributions g = {g (â, z, t)}t≥0, such that
the following conditions hold: i. Household intertemporal optimality: υ and g

satisfy the PDEs (17) and (18), considering boundary conditions (25) and (26),
given Q∗,

{
ŵ, r,p, {pj}j∈J

}
and the initial conditions (â0, z,0) ∼ g (â, z, 0); ii.

Firms optimality; iii. Market clearing conditions (14)− (16).
Once we find the solution for the intertemporal problem, we properly

compute the sectoral demands and expenditure shares following equations (4)
and (5). Moreover, note that we assume interior solution in our framework.
According to Herrendorf et al. (2009), although nonhomotheticity terms in
this class of utility functions can lead to corner solution, we illustrate in the
calibrated model in section 3 that each household chooses quantities that
are far away from corners, which reflects the fact that it is not relevant for
aggregate consumption in a rich country such as the postwar United States.
Nevertheless, we have to impose an assumption in order to guarantee no corner
solution. It means in our case that services consumption expenditure must be
positive and then household’s income must exceed a minimum level bounded
by the time varying endowment21:

Assumption 1. For every instant of time, the nonhomothetic terms ˆ̄ca,t
and ˆ̄ca,t satisfy:

%
(
1− p1−ε

s,t

) [
ps,t max

(
−ˆ̄cs, 0

)]
+
(

%

%− 1

) [
pg,t max

(
−ˆ̄cg, 0

)]
≤ (ŵ (Qt) z + (r (Qt)− ψd) â) ,

where % ≡
[
1 + ϕg

ϕs

(
pg,t
ps,t

)1−ε
]
.

Finally, we define a static equilibrium associated to a dynamic equili-
brium:

Definition 2 (Static Equilibrium). Given objects of the dynamic equi-
librium, a static equilibrium for each instant t is defined as sectoral con-
sumption demands for each household, {ĉj,t}j∈J , and sectoral factor alloca-

21See appendix B for the derivation of assumption 1.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 2. Reconciling Kuznets Facts, Engel’s Law and Relative Prices trend in the postwar
US in a Bewley-Aiyagari Framework with Stone-Geary Preferences 75

tions
{
L̂m,t, K̂m,t

}
m∈M

, such that the following conditions hold: i. Household
intratemporal optimality: for each household, {ĉj,t}j∈J follow (4) considering
assumption 1; ii. Firms optimality; iii. Markets clear.

2.2.4.2
Stationary equilibrium

As we state in (24), we impose a terminal condition for the value function,
υ, in the dynamic equilibrium from which we solve backward. Formally,
the problem of households and the joint distribution of income and wealth
satisfy the stationary analogues of the HJB and KF equations (17) and (18),
respectively:

ρ̂υ (â, z) = max
ŷ∈Γ(â,z,Q,θ)

ν̃ (ŵ (Q) z + (r (Q)− ψd) â− ŷ) +Dâυ (â, z) y (â, z)

+ Dzυ (â, z)µ (z) + 1
2Dzzυ (â, z)σ2 (z) (2-27)

0 = −Dâ (y (â, z) g (â, z))−Dz (µ (z) g (â, z))

+ 1
2Dzz

(
σ2 (z) g (â, z)

)
(2-28)

on (â,∞) × (z, z̄), such that the equilibrium objects, (19) − (21), follow a
constant time path and the policy functions (22) and (23) and boundary
conditions (25)− (26) follow their stationary analogues.

Note that, at the individual level, a stationary strategy means in our
model that, for all t, ŷ∗t has the same joint distribution g (â, z) ∈ G (X,Z)
and, at the aggregate level, Q∗ has a constant time path. Therefore, we have
the following definition:

Definition 3 (Stationary Equilibrium). Given initial conditions
(â0, z0) ∼ g (â, z, 0) and a constant time path of sectoral productivi-
ties {Am}m∈M , a stationary equilibrium is a constant evolution of prices,{
ŵ, r, p, {pj}j∈J

}
, a constant time path of market aggregate and a stationary

strategy with invariant distribution g (â, z) for each household, {Q∗, ŷ∗}, where
Q∗ =

∫ z̄
z

∫∞
â âg (â, z) dadz and y (â, z) is given by the stationary analogue

of (22) and a stationary value function (24), such that the following condi-
tions hold: i. Household intertemporal optimality - υ and g satisfy the PDEs
(28) and (29), considering the stationary analogues of the boundary condi-
tions (25) and (26), given Q∗,

{
ŵ, r, p, {pj}j∈J

}
and the initial conditions

(â0, z,0) ∼ g (â, z, 0); ii. Firms optimality; iii. Markets clear.
It immediately follows from definition 3 (static equilibrium) that a

constant time path of sectoral consumption demands and factor allocations
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stem from the stationary dynamic equilibrium due to the dependence of the
static equilibrium on {Q∗, ŷ∗}.

Note in addition that we impose, as mentioned, a terminal condition
as stationary equilibrium to solve the model numerically22. To this respect,
the following assumption applies to the growth rates of sectoral technology,
nonhomothetic terms and debt limit.

Assumption 2. Consider the growth rates of sectoral technology,{
ψm,t

}
m∈M

, the nonhomothetic terms, {c̄j}j∈J , an arbritrarily large terminal
instant T and an instant τ , such that 0 ≤ τ ≤ T, and the debit limit at. Then
the following conditions must hold:

1.
{
ψm,t

}
m∈M

∈ Ψ , such that Ψ ⊆ RM , are potencially different for 0 ≤ t ≤
τ . Then

{
ψm,t

}
m∈M

start to converge expontentially for τ < t < T and
finally become equal for T ≤ t.

2. {c̄j,t}j∈J grow at ψd, the economy (long-run) labor-aumenting productiv-
ity:

{
ˆ̄cj,t
}
become constant for T ≤ t.

3. at = a0 exp {ψd}, such that ât is constant.

We leave
{
ψm,t

}
m∈M

free for 0 ≤ t ≤ τ to calibrate the model according to
target stylized facts of structural change. Yet, by setting T sufficiently large,
we are able to obtain a stationary system (27) − (28) that implies aggregate
expenditure share of services arbitrarily close to 1 (aggregate expenditure share
of goods close to 0) and

{
ˆ̄cj,t
}
j∈J
→ 0.23 Note also that since

{
ψm,t

}
m∈M

= ψd

for T ≤ t, the model admits a balanced growth path by construction from this
point onwards. That is, as the detrended model converges to the stationary
equilibrium, output, consumption, aggregate capital, wages and interest rate
are constant24.

In a stationary equilibrium, each household faces a constant time path
of aggregates, Q∗, and solves a stationary dynamic programming problem
(27) − (28). HJB equation has a unique solution υ, which is ensured by
compactness of productivities and actions, and standard continuity conditions
of the utility function. Furthermore, when the idiosyncratic shock process
zt is stationary, g (â, z), in definition 3, is an invariant distribution for the

22We overcome it by following Ribeiro (2018), which, in turn, follows Caselli and Coleman
(2001).

23Note that the real value of the nonhomotheticity terms converging to zero asymptoti-
cally,

{ˆ̄cj,t
}
j∈J →

t→+∞
0, reveals that the Stone-Geary preferences exhibit asymptotic homo-

theticity.
24To see this, it suffices to show that Kt, Yt and Dt all grow at rate ψd. The fact that rt

is constant and equation (10) holds implies: Ȧd,t = K̇t = ψ
d
. Using Yt = A1−α

d,t K
α
t , we have:

Ẏt = ψd. Constant growth of K necessarily implies constant growth of D.
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households’ decision problem. One can show that existence of such invariant
distribution and stationary strategies are ensured by minimal and natural
conditions25.

Proposition 1 (Existence of stationary equilibrium). Consider the
Bewley-Aiyagari multi-sector model and suppose assumptions 1−2 hold. Then
there exists a stationary equilibrium.

The proof of proposition 126 hinges upon the proof of theorem 2 in Ace-
moglu and Jensen (2012) on existence of a dynamic equilibrium, standard
results on existence of a consumer demand correspondence related to equi-
librium (See, e.g., Debreu, 1959 and Kreps, 2012) and on Topkis’s theorem
(Topkis, 1998).

2.3
Numerical Simulation

In this section we bring the model to the data to study how it performs in
reconciling the three empirical regularities related to structural change in the
US postwar period. We embed three benchmark specifications of Stone-Geary
preferences, that Herrendorf et al. (2009) estimate in a partial approach focused
in the intratemporal household problem, into the standard growth model in
a Bewley-Aiyagari framework presented in section 2 to reconcile the trend of
relative prices of goods with Kuznets Facts and Engel’s law. We also follow
these authors in performing structural estimation of preferences parameters
to feed the model calibration using postwar NIPA-BEA data, between 1947-
2010, although unlike that study, our sectoral definitions are subject to smaller
consistency issues due to data source differences in the level of aggregation in
household final-expenditure data from CE-BLS since 1986. CE-BLS data are
drawn from the database prepared by Aguiar and Bils (2015) and represents
the households’ cross-sectional patterns of sectoral expenditures, so that we
have a model calibrated to fit the Kuznets facts in the US postwar that are
consistent with the Engel’s law since mid-80’s, which is the decade from which
there is available data yearly.

Our baseline Stone-Geary specification follows the most flexible case that
features both income and price effects, which is presented in section 2 in
the intratemporal household problem (3) and gives rise to expenditure shares

25See Acemoglu and Jensen (2012) for further details.
26The proof is in Appendix B.
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(5)27 − we present below as baseline case 1. Cases 2 and 3 follow Herrendorf
et al. (2013) so that they stress exclusively income effects and price effects,
respectively. Instead of estimating parameters of each of the three Stone-Geary
specifications, we only estimate parameters of the baseline model to assess
marginally how income effects and price effects affect the model performance
in terms of matching the three highlighted stylized facts of structural change
in the postwar US. It means in cases 2 and 3 the preference parameters of the
Stone-Geary specification are the same as in case 1 (baseline) apart from the
following assumptions in terms of preferences (and technology) that we point
out below.

Case 2 corresponds to the analysis found in Kongsamut et al. (1997)
and represents the extreme scenario in which all structural change is driven
by income effects that are generated by the non–homotheticity term c̄g when
income changes but prices are set fixed. It means we assume that technological
progress is uniform across all consumption sectors

(
ψs,t = ψg,t ∀t

)
and equals to

the economy’s long-run technological progress
(
ψ
d,t

)
, and that the parameter

governing the elasticity of substitution among consumption goods is unity
(ε = 1). Thus, the expenditure shares take the following form28 :

sj (pt, êt) = ϕj

1 +
∑
i=g,s

pi,tˆ̄ci
êt

− pj,tˆ̄cj
êt

(2-29)

Case 3 corresponds to the analysis found in Ngai and Pissarides (2007)29.
The authors consider the polar extreme case in which structural change is
generated purely from changes in relative prices. Accordingly, they assume
the non–homotheticity terms are zero, c̄j = 0. Therefore, for the structural
change to arise it is clearly necessary to exist differential rates of technological
progress among goods and services. Consistently to the empirical literature in
structural change30, we impose ψg,t > ψs,t . In this case, the expenditure shares

27Note that we compute aggregate shares. It means that equation (5) depends on
aggregate total expenditure, sj

(
pt, Êt

)
= ϕjp

1−ε
j,t∑

i=g,s
ϕip

1−ε
i,t

(
1 +

∑
i=g,s

pi,tc̄i

Êt

)
− pj,tc̄j

Êt
, where

Êt =
∫ z̄
z

∫∞
a
êtg (â, z, t) dadz. For each income quintile qk, such that k = {1, 2, 3, 4, 5}, we

define an income distribution gi (â, z, t), where it is ordered from the bottom to top income,
it = ŵtz + rta, where z ∈ [z, z̄] and a ∈ [a, ā]. Hence, aggregate expenditure of income
quintile qk is Êqkt =

∫ z̄
z

∫∞
a
êtgiqk (â, z, t) dadz, where giqk (â, z, t) is the density of income

quintile qk.
28The composite consumption in (3) becomes ĉt ≡

∑
j∈J ϕj log (ĉj,t + c̄j) and then the

following Marshallian demands: cj (pt, ê (pt, ūt)) =
[(

ϕj
pj,t

)∑
i=g,s pi,tˆ̄ci − ˆ̄cj

]
+
(
ϕj
pj,t

)
êt.

Composite consumption price also becomes pt =
∑
j∈J ϕj log pit.

29This paper builds considerably on Baumol (1967) seminal paper relying on the supply-
side theories of structural change.

30See Herrendorf et al. (2013) for a review of estimations on the literature.
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arise from homothetic preferences and then become31:

sj (pt) =
ϕjp

1−ε
j,t∑

i=g,s ϕip
1−ε
i,t

(2-30)

The simulations we perform in each version of the model follow the
same methodology. We set an ’old’ stationary equilibrium that represents the
economy in the prewar period, in which sectoral technological progress and the
economy’s long-run technological progress are identical. Then “MIT shocks”
on sectoral growth of technology leads to a secular transition path, in which the
postwar period is inserted, towards the economy’s ’new’ stationary equilibrium
following assumption 232.

It worths comment that the model follows the final consumption expen-
diture approach as opposed to the value-added one in Herrendorf et al. (2009)’s
sense. This means commodities in the utility function are interpreted as the
final consumption purchases of the household. Consistency requires that the
sectoral production functions be final consumption production functions rather
than value-added production functions. We discuss this matter further below.

We follow empirically reasonable choices to most parameters, which
means they are based on estimations we carry-out, moments based on these
estimations and standard values in either growth or structural change litera-
tures.

2.3.1
Data and Model Calibration

We split our model calibration into two tables. Table 1 3.1 shows the
parameters that applies to all three cases with different Stone-Geary specifica-
tions. The parameters of intertemporal preference, discount rate (ρ) and the
inverse of the intertemporal elasticity of substitution (ς); parameters related to
the process of idiosyncratic labor productivity (zmin, zmax, zmean, ζ, σ2 (z)), the
debt limit (a) and the depeciation rate (δ) follow Achdou et al. (2017). ρ and
ς are standard values. zmin, zmax, zmean, ζ, σ2 (z) are not targeted to inequality
moments since this basic version of Bewley-aiyagari model, it is well-known, is
not sufficiently rich to be an empirically realistic theory of income and wealth
distribution (Achdou et al. (2017); Anh et al., 2017). However, we shall see,
this simple description of income and wealth distribution suffices for the model
to feature the cross-sectional patterns of sectoral expenditure of households

31The composite consumption in (3) becomes ĉt ≡
[∑

j∈J ϕ
1
ε
j (ĉj,t)

ε−1
ε

]
and then the

following Marshallian demands: cj (pt, ê (pt, ūt)) =
(

ϕj

pε
j,t

∑
i=g,s

ϕip
1−ε
i,t

)
êt. Composite con-

sumption price follows the baseline model’s definition in (12).
32We solve the model backwards following Achdou et al. (2017) .

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 2. Reconciling Kuznets Facts, Engel’s Law and Relative Prices trend in the postwar
US in a Bewley-Aiyagari Framework with Stone-Geary Preferences 80

grouped by income quintiles. a also is not target to any moment in the model
and represents around 0.15 of the natural debt limit in 1947. δ is equivalent
to the annual average between 1950-2010 in Penn World Table (Feenstra et al.
(2015)).

Table 2.1: Model Calibration − First Part

Notes: This table reports the model calibration for the parameters of intratemporal preference, discount rate
(ρ) and the inverse of the intertemporal elasticity of substitution (ς); parameters related to the process of
idiosyncratic labor productivity, mean and bounds of labor productivity, the rate of mean reversion and the
diffusion, respectively

(
zmin, zmax, zmean, ζ, σ

2 (z)
)
; the debt limit (a), the capital share (α), the economy’s

long-run rate of technological progress (ψ
d
), the depeciation rate (δ) and time periods for the transition.

Sources or targets and additional comments are provided for each parameter.

The economy’s long-run rate of technological progress (ψ
d
) follows Jones

(2015), which shows that since 1870 the annual growth rate of GDP per person
in the US is considerably steady at 2 percent. Targeting a secular transition,
we set τ = 64 years to represent the postwar period between 1947-2010 and
T = 3τ = 192 years. Note that setting any T > τ , even though arbitrarily,
it is only a convenience to solve the model backward and it does not change
the model results during the postwar period that we aim to illustrate since
the growth rates of sectoral technological progress are constant during the
targeted periods33. For the capital share (α) we follow ÃĄkos Valentinyi and
Herrendorf (2008) . Consistently with our final expenditure approach, they
estimate it in final expenditure production functions to overall consumption

33See assumption 2. We vary T equals to 2τ and 4τ to confirm it.
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(agriculture, manufacturing and services) taking into account the the entire
input-output structure of the economy for the US in 1997.

Table 2 2.2 exhibits parameters that vary by each model case of structural
change. The initial level of sectoral labor-aumenting productivity, Am,t0 ,m =
{d, g, s}, sectoral technological progress, ψj,t, j = {g, s} and parameters related
to the intratemporal Stone-Geary preferences: the parameter that governs in-
tratemporal elasticity of substitution, ε, the nonhomotheticity term of goods
in the ’old’ stationary equilibrium, which represents 1947, c̄g,1947 and the pref-
erence weights of goods and services, ϕg and ϕs. Regarding parameters of
technology, we highlight the following comments. As we mentioned in the be-
ginning of this section, we follow the final expenditure approach. It means that
commodities in the utility function are interpreted as the final consumption
purchases of the household, which then requires, for consistency, that the sec-
toral production functions be final consumption production functions rather
than value-added production functions34. In our case, calibrating exogenous
variables and parameters related to technology turns out to be changelling
since sectoral production functions must be final consumption production func-
tions. The exact production processes with intermediate inputs have to be
specified considering the entire input-output structure in the economy so as
to set sectoral real expenditures and associated factors levels35, factor shares,
labor-aumenting productivities and technological progress in all periods. To
assess it in detail is not in the core of our study and it deserves further inves-
tigation (see e.g.ÃĄkos Valentinyi and Herrendorf (2008)). For this reason, we
leave both initial level of sectoral labor-aumenting productivity and sectoral
technological progress free to match aggregate sectoral expenditure shares in
initial year, 1947, in all cases (1) , (2) and (3) so as they depart from the same
levels of sectoral expenditure shares. It implies, since all cases also feature the
same long-run rate of technological progress, that they converge to the same
level of aggregate capital (and output) in the new stationary equilibrium. Sec-
toral technological progress are also targeted to match moments of structural
change in Table 3 3.3 in the baseline model (1).

With respect to parameters of the Stone-Geary preferences, we rely on
Herrendorf et al. (2009)’s estimation methodology and data from NIPA-BEA36.

34As an illustration, in our final expenditure approach a meal in a restaurant is a service
expenditure both in the utility function and in the services production function, whereas
in the value-added approach, a meal in a restaurant represents consumption of food from
agriculture, processing from manufacturing and cooking and serving in the restaurant from
services.

35In section 2, we normalize aggregate labor to 1. Initial aggregate capital follows Achdou
et al. (2017).

36See appendix D for our application of their estimation methodology.
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Table 2.2: Model Calibration − Second Part

Notes: This table reports the model calibration for the initial level of sectoral labor-aumenting productivity,
Am,t0 ,m = {d, g, s}, sectoral technological progress, ψj,t, j = {g, s} and parameters related to the
intratemporal Stone-Geary preferences: the parameter that governs intratemporal elasticity of substitution,
ε, the nonhomotheticity term of goods in the ’old’ stationary equilibrium, which represents 1947, c̄g,1947
and the preference weights of goods and services, ϕg and ϕs. Sources or targets and additional comments
are provided for each parameter.

However, unlike these authors, since we focus on consistency with household
final-expenditure data from CE-BLS to reconcile Kuznets facts with Engel’s
law, data are subject to smaller consistency issues due to data source differences
in the level of aggregation from this two different data sources. It implies,
for example, that we exclude government consumption expenditure from
NIPA-BEA data37. Furthermore, unlike Herrendorf et al. (2009)who estimate
the preference parameters in three consumption sectors’ shares (agriculture,
manufacturing and services), we add manufacturing to agriculture in the
goods sector in addition to services to improve the matching with CE-BLS
cross-sectional households final-expenditure data. Reported expenditures in
the CE interviews surveys reveal well-known systematic mis-measurements
(Aguiar and Bils, 2015) specially related to durable goods in the manufacturing
sector. Durable goods differences in expenditure across income quintiles do not
necessarily align with differences in durable stocks and associated service flows
and therefore it might obliterate cross-sectional differences of consumption
patterns that we mean to address related to the Engel’s law. For this reason, to

37See data appendix C for more details.
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mitigate these mis-measurements, our Stone-Geary specification features only
one broad goods sector and we will see in the results section on Engel’s law that
we target the cross-sectional nondurable final-expenditure of the households
in CE-BLS data. For the estimation in two sectors, we then follow Matsuyama
(2016) by imposing c̄s = 038 (see the first column of Table A.1 in appendix
A for the estimation results of the Stone-Geary preferences parameters in the
baseline model (1)).

Table 2.3: Targeted Moments −Nonhomotheticity Term of Goods Relative To
Final Consumption Expenditure

Notes: This table reports in the first two columns the ratio of the value of the goods subsistence relative
to aggregate total expenditure estimated on data from NIPA-BEA that follows Herrendorf et al. (2009)’s
partial equilibrium approach and methodology for 1947 and 2010. Data is subject to smaller consistency
issues due to data source differences with CE-BLS. The last two columns exhibit the same moments by the
calibrated general equilibrium baseline model. See the data appendix for further details on definitions of
expenditure sectors.

Finally, as mentioned in Table 2 2.2, c̄g,1947 and ψj, j ∈ {g, s} were
calibrated so that the sequence of ˆ̄cg,t yields the moments estimated in data
by the baseline model (1), which follows the partial equilibrium approach
in Herrendorf et al. (2009). (2013). We see in Table 3 3.3 these targeted
moments predicted by our general equilibrium model, where we define Êt =∫ z̄
z

∫∞
a êtg (â, z, t) dadz as aggregate total expenditure.

38Note that although we do not consider services endownments through c̄s, it is only
necessary one nonhomotheticity term to be different from zero (in our case interpreted as
food subsistence term within the goods sector, c̄g) for the two-sectors to feature income
effects of the structural change in both sectors. We also estimate the preference parameters
in three consumption sectors (agriculture, manufacturing and services). It turns out that
the nonhomotheticity term of agriculture is rather similar to the one of the goods sector and
the preference weights of agriculture and manufacturing also add up similarly to the goods
sector’s preference weight. Therefore, either specifying two or three consumption sectors
does not considerably affect the fit of the model.
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2.3.2
Results

In the results section we present how the model performs in matching
the Kuznets facts, which is the relative rise of the aggregate expenditure share
of services, and the what it implies for the other two main stylized facts of
structural change in the postwar US: the Engel’s law, or the cross-sectional
pattern of sectoral expenditure of households grouped by income quintiles and
the decreasing trend of the relative price of goods. Before that, in the beggining
of this section, we briefly discuss on how our two-sector Bewley-Aiyagari model
shapes the intertemporal opportunities and, in turn, how it qualitatively affects
sectoral dynamics.

2.3.2.1
Intertemporal opportunities and sectoral dynamics

In Herrendorf et al. (2009), the authors carry out a partial equilibrium
approach focused on the households intratemporal problem. Accordingly, they
do not take a stand on the exact nature of intertemporal opportunities available
to the household and on how expectations of the future are formed. In
our framework, instead, we do so. Expectations are rational, which in our
environment means that in the beginning of the transition households know
the economy will start a growth path towards a richer economy in the new
stationary equilibrium. Households also know all parameters, the technological
shocks the economy faces and therefore know the prices trajectory. This is key
in our model, since we will show that the two main driving forces of structural
change, namely, the paths of sectoral technological progress (relative prices)
and the nonhomotheticity term of goods subsistence (income effects), also
affect intertemporal opportunities.

Note that, since in the transition beginning households know they will
become richer, there is a ’natural’ wish to smooth consumption expenditure
arising from intertemporal preferences. In addition, we mentioned in previous
section that we calibrate each case (1) , (2) and (3), so that they converge to
the same level o capital (and output) in the new stationary equilibrium. Thus,
households know in the transition beginning that the economy will feature
a lower (and equivalent in all model cases) level of interest rate. The Euler
equation39 synthesizes the intuition on how rt interacts with intertemporal
preferences in the wish to smooth consumption expenditure.

Et {dν ′ (e (â, z, t))}
ν ′ (e (â, z, t)) = (ρ̂+ ψd − rt) dt (2-31)

39See appendix B for the derivation of the Euler equation.
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Therefore, for given ρ̂ and ψd, the path of interest rate througout the
transition towards a richer economy implies that the expenditure-savings trade-
off is smaller in the transition beginning. Hence, it turns out to be optimal to
anticipate consumption expenditure (and to decumulate assets) − see panels
A, B and C in figure 3.

Figure 2.3: Transition Dynamics of Aggregate Total Expenditure, Aggregate
Capital Stock, Interest Rate and composite consumption Price

Notes: This figure depicts the transition dynamics for aggregate total expenditure, aggregate capital stok,
interest rate and composite consumption price, in panels A, B, C and D, respectively. Black solid lines:
baseline case (1), dashed lines: case (2) and dotted lines: case (3). Gray lines represent levels in the new
stationary equilibrium. The time range in the transition between the old stationary equilibrium and the new
stationary equilibrium is 256 years. See assumption 2 and section 3.1 for details on targeting the secular
transition.

By looking at panel A of figure 3, in particular, one might ask what
distinguishes the level of consumption expenditure anticipation in the tran-
sition beggining in each case. The answer is related to sectoral dynamics in
our two-sector environment. The composite consumption price40, pt, and the
nonhomotheticity term, c̄g, also affect intertemporal opportunities expressed
by the Euler equation (31) since they affect expenditure (and savings) policy
functions. We also see from (12) that the composite consumption price is a

40Remind from the baseline model setup in the technology section, we normalize invest-
ment prices so that pt represents the rate in which the economy transforms consumption
and capital − the marginal rate of transformation.
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composition of sectoral prices41, pj,t, j = {g, s}. Hence, the paths of sectoral
prices stemming from different assumptions both with respect to the growth
rate of sectoral technological progress and also related to the nonhomotheticity
term in each case will affect the intensity of the wish to anticipate consump-
tion expenditure. Rewriting equation (22), which defines the savings policy
(and expenditure policy), and total expenditure definition helps in clarifying
this intuition:

y (â, z, t) = ŵ (Qt) zt + (r (Qt)− ψd) ât − e (â, z, t) ,

where it is well-known that e (â, z, t) = ptct−pg,tc̄g, such that c̄g < 0 according
to the estimation results in table A.1 in appendix A.

Panel D of figure 3 complements equation (22) and expenditure definition
in grasping this intuition. It exhibits the composite consumption price. First
remind, as panel B illustrates, we keep the level of capital (and output)
the same in all cases in the new stationary equilibrium42. Therefore, apart
from differences with respect to assumptions of each case and how they affect
the Euler equation, the wish to smooth consumption expenditure due to the
transition towards a richer economy should be the same in all three cases.
In case (2) the composite consumption price is flat by assumption, so that
we turn the price effects off in comparison to baseline case (1). Since pt is
flat and in a lower level, it strenghens the expenditure-savings trade-off in the
transition beginning relative to the baseline case. That is, by following e (â, z, t)
definition, expenditure anticipation is slightly lower and then aggregate capital
reduces relatively less in the transition beginning (it weakens the households’
wish to decumulate assets)43, as we see in panels A and B of figure 3.

In case (3), expenditure anticipation is the lowest and then aggregate
capital feature the smallest declining in the transition beginning, according
to panels A and B in figure 3. Since composite consumption price declines
and reaches the lowest level relative to the other cases in the new stationary

41Even though equation (12) defines the composite consumption price in the baseline case
(1), it does not invalidate the generality of the argument that the composite consumption
price is also a composition of sectoral prices. See footnotes 26 and 29 for specifications of
composite consumption and its price in cases (1) and (2), respectively.

42It this imples in panels A and C that aggregate expenditure and interest rate also
converge in the new stationary equilibrium.

43Moreover, since composite consumption is relatively cheaper than in the baseline case
and we impose the same level of aggregate capital and output in the new stationary
equilibrium, the level of composite consumption must be higher than the in the baseline case.
To see this from the aggregate output perspective, let’s consider market clearing conditions
(16) and aggregate total expenditure definition. Thus, we have that Yt =

∑
j pj,tCj,t+Dt =

Et + Dt = ptCt + pg,tc̄g + Dt, where it is clear that, all else unchanged, if pt is lower, Ct
must be higher than the baseline case. See figure A.1 in appendix A.
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equilibrium, the expenditure-savings trade-off in the transition beginning is
the strongest one. In addition, considering definition of e (â, z, t), once we turn
the nonhometheticity term off, expenditure anticipation should be indeed the
lowest one relative to the other cases.

Figure 2.4: Average Savings in Selected Periods of the Transition Dynamics

Notes: This figure depicts the average savings y (a, t) ≡
∫
Z
y (a, z, t) dz over the grid of wealth, a, for t = 1,

the transition beginning; t = 24, when interest rate peaks; and t = 256, the new stationary equilibrium for
the baseline model case (1), case (2) and case (3) in panels A, B and C, respectively.

Finally, as households dwindle assets and aggregate capital declines in
the transition beginning, interest rate rises, as illustrates panel C of figure 3.
As interest rate rises, the average savings becomes more positively steep with
respect to asset holdings, a, as shows equation (22)44. When interest rate is
sufficiently high, at its peak, it means the richest households save relatively
more so that aggregate capital reverts and starts to increase towards the new
stationary equilibrium. Figure 4 plots the savings policy in the three cases in
the first year of the transition, t = 1, when rt reaches its peak in t = 24 and in
the new stationary equilibrium in t = 256. We see that it is more pronounced
in baseline case (1) in panel A, followed by cases (2) and (3) due to the interest
rate paths in these cases. The theorethical support behind the shape of the
savings function follows Jensen (2017) , which generalizes Carroll and Kimball
(1996)’s result on concave consumption functions (convex savings functions) to
the Aiyagari (1994) setting with borrowing constraints in a framework rather

44Average savings here, y (a), means we integrate y (a, z) over z. We could show the savings
policy over (a, z). However, since it is virtually monotonically increasing in z, for easy of
presentation we plot y (a), otherwise it would be more subtle to visualize the savings policy
becoming more positively steep in a. See the saving plots over (a, z) in figures A.2-A.4 in
appendix A for the baseline case (1), case (2) and case (3), respectively.
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similar to this study45. Moreover, note that the model generates a contingent
of restricted (hand-to-mouth) households (households that hold zero or are
endebted with negative assets)46 whose savings policy has a negative slope47.

2.3.2.2
Fact i: Relative price of goods

As we highlight in figure 2, the price of goods relative to services declines
over the postwar period. We mentioned that the two data sources we use for
final-consumption expenditure and prices in this analysis (BEA and BLS) are
internally consistent. Both expenditure and price data from BEA are drawn
from NIPA tables and are focused to depict the relative consumer price between
goods and services and the Kuznets facts. Final-consumption expenditure from
BLS is drawn from the CE interviews and are focused to depict the relative
consumer price between goods and services and the Engel’s law from the
80’s. Sectoral definitions in expenditure data from both sources are subject
to consistency issues to maximize the match in the levels of sectoral aggregate
shares, as illustrates figure 1. In order to make price data also be consistent,
we also define sectoral consumer price from CPI-BLS accordingly to sectors
in CE-BLS final-consumption data. Figure 2 also shows that it then implies a
rather reasonable match of the price of goods relative to services drawn both
from NIPA-BEA and from CPI-BLS48.

It worth noting that in calibrating the baseline model we have not
targeted sectoral price dynamics. Instead, relative prices dynamics stem from
sectoral technological progress, which are set exogenously and targeted, in
turn, to moments of structural change in table 3 3.3. Having mentioned it, we
see in figure 5 that the baseline case (1) does a reasonable job of capturing
the declining long-run trend of relative price of goods data from NIPA-BEA49

45The main difference with Jensen (2017)’s environment is that time is discrete in the
author’s study, which does not affect this result. Furthermore, although the author applies
a canonical one-sector Aiyagari model, our model behaves exactly as a canonical one-sector
model in the intertemporal problem. The similarity specially refers to preferences in HARA
(CRRA) family, which is key for this result. See theorem theorem 4 in Jensen (2017).

46Note that one-asset heterogeneous agent models in the spirit of Aiyagari (1994) are ill-
suited to match the fraction of hand-to-mouth households (Ahn et al., 2017; Kaplan et al.,
2018).

47Our case is similar to proposition 1 in Achdou et al. (2017), which applies a Poisson
productivity process instead of an Ornstein-Uhlenbeck diffusion process of productivity in
our case. It deserves further investigation, which is not in the core of this paper, but there
seems to exist 0 < azmin such that y (a, z) < 0 for any a < a ≤ azmin and for any z < zmin,
such that zmin ∈ [z, z̄]. See figures A.2-A.4 in appendix A with y (a, z). One can also see the
densities in figure A.5 in appendix A.

48See data appendix for details on data sources. Particularly for the consistency between
CE-BLS sectoral expenditure data and CPI-BLS sectoral price data, see the first chapter of
this thesis.

49Note that price data is filtered using Hodrick-Prescott filter
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Figure 2.5: Fit of the Model to Goods to Services Prices Ratio in the Postwar
US

Notes: This figure depicts the fit of the model to the ratio of goods to services prices using data from
NIPA-BEA for goods (agriculture and manufacturing) and services. Data follows Herrendorf et al. (2009)
subject to smaller consistency issues due to data source differences with expenditure data from CE-BLS and
price data from CPI-BLS. Definition of sectors and its components with data from CPI-BLS matches to
sectoral definitions with data from CE-BLS. Solid and dashed lines denote, respectively, data from NIPA-
BEA (smoothed with Hodrick-Prescott filter) and predictions of the model cases (1), (2), (3) in panels A, B
and C. See the data appendix for further details on definitions of expenditure sectors.

in the postwar period. In case (3), the only difference relative to case (1) is
that we turn the nonhomotheticity term off, keeping all else unchanged. Since
by relative prices definition in (11), it only depends on sectoral technological
progress and they are the same in cases (1) and (2), hence naturally both cases
feature identical trajectories of relative price of goods. Case (2) cannot feature
this emprical regularity by assumption. Conversely to case (3), we turn the
price effects off so that sectoral technological progress are identical to long-run
technological progress of the economy. Thus, relative prices dynamics is flat.

2.3.2.3
Fact ii: Kuznets facts

In terms of the empirical regularity on a falling aggregate expenditure
share of goods and a rising aggregate expenditure share of services in the
postwar period − Kuznets facts −, our calibration strategy succeeded in
featuring a good fit of the model to the data on final consumption expenditure
shares in the baseline case (1) when we do not impose any restrictions on the
parameters, according to panel A of figure 6.

Cases (2) and (3) represent a way to judge the importance of income
versus relative prices. First note that in the baseline case (1) the nonhomoth-
eticity term is sizable, standing for 0.50 and 0.13 of the aggregate consumption
quantities of goods, ˆ̄cgĈg,t, respectively in 1947 and 2010, which suggests that
income effects could play an important role in shaping the shares of final con-
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Figure 2.6: Fit of the Model to Kuznets Facts in the Postwar US

Notes: This figure depicts the fit of the model to the aggregate sectoral shares of consumption expenditure
− Kuznets facts − using data from NIPA-BEA in 1947-2010 (smoothed with Hodrick-Prescott filter) for
goods (agriculture and manufacturing) and services following Herrendorf et al. (2009) subject to smaller
consistency issues due to data source differences. Solid and dashed lines denote, respectively, data from
NIPA-BEA and the model cases (1), (2) , (3) in panels A, B and C, respectively. See the data appendix for
further details on definitions of expenditure sectors.

sumption expenditure.
In case (2), price effects are turned off by imposing ε = 1 and that

ψd = ψj, j = {g, s}. In case (1), ε = 0.57. Thus, a higher ε implies that
households respond to the given decrease in the relative price of goods by
substituting away from services, which provide an intuiton behind the lack
of structural change on the aggregate shares of consumption expenditure in
case (2), as shows panel B of figure 6. Alternatively, remind of expenditures
shares definition in this case in (29). We see that the aggregate expenditure
share of services is bounded above, since it assymptotically converges to the
sector preferences weight, ϕs ≡ (1− ϕg) = 0.57 as aggregate total expenditure
increases indefinitely50. Since structural change occurs at a much faster pace,
case (2) is not able to feature a good fit to data, which suggests price effects
are indeed a relevant force of structural change.

In case (3) exhibited in panel C of figure 6, the fit slightly deteriorates
relative to case (2). Remind by (30) that sectoral expenditure shares in this
case are homothetic, so that we turned off income effects (c̄g = 0). Overall,
we conclude that price effects associated to sectoral technological progress
and income effects associated with the nonhomotheticities are of virtually
equivalent importance as sources of the observed structural change in the
shares of final consumption expenditure in the postwar US. This findings

50According to (29), Ss
(
pt, Êt

)
= ϕs

(
1− pg,t ˆ̄cg

Êt

)
, such that capital letters S and Êt

stand for aggregate expenditure share and aggregate total expenditure, respectively. Hence,
Ss

(
pt, Êt

)
Êt→+∞→ ϕs.
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contrasts with previous studies (Herrendorf et al. (2009) , 2013 and Comin
et al., 2015) that attribute to income effects the bulk of the structural change.
It occurs for different reasons. In Herrendorf et al. (2009), which also apply
Stone-Geary preferences, it follows due to the differences in the level of sectoral
aggregation. Herrendorf et al. (2009) show that by excluding government
consumption from the services sector, which is our case since we aim at
approximating expenditure series from NIPA-BEA to expenditure series from
CE-BLS, it lowers the estimated term of nonhomotheticity. It then implies
that sectoral expenditure shares becomes less elastic to total expenditure and
then it increases the explanatory power of relative prices to structural change.
Comin et al. (2015) apply nonhomothetic CES preferences, which in turn,
implies non-vanishing income effects in contrast to Stone-Geary preferences,
which are hardwired to feature transitory income effects. On the other hand,
our result on this matter is consistent with the finds in Boppart (2014) also
applied to postwar US, although it stems from different reasons. In our case,
the income effects vanish asymptotically by the Stone-Geary specification.
Boppart ’s demand system based on price-independent generalized-linear
(PIGL) preferences implies that the price elasticity of services relative to the
rest of consumption is declining as the economy grows. As noted by Buera and
Kaboski (2009), since the relative expenditure of services grows at a faster rate
than services relative price, a declining price elasticity automatically increases
the explanatory power of relative prices to structural change.

2.3.2.4
Fact iii: Engel’s law

We see in figure 1, which motivates this study in the introduction,
that poor (rich) households in the bottom (top) income quintiles spend
a larger fraction of their total expenditure on goods (services) than do
rich (poor) households in the US, which we name (generalized) Engel’s law
following Matsuyama (2019) . This empirical regularity seems quite general
since Boppart (2014) shows it also applies to other developed OECD countries
− and we add an emerging country evidence in Brazil in figure A.6 in appendix
A.

Figure 7 illustrates in panel A, B and C how cases (1), (2) and (3) fulfill
Engel’s law, respectively. We confirm by construction that Engel’s law calls for
a theory with nonhomothetic preferences since, unlike cases (1) and (2), case
(3) has homothetic expenditure shares. Since only price effects drive structural
change in this case, all households feature the same sectoral expenditure share
at a period in time regardless of its income and total expenditure levels. Note
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that Engel’s law in case (2) is in accordance with aggregate levels of sectoral
expenditure shares presented in previous section on Kuznets facts.

Figure 2.7: Engel’s Law in the in the US − Predictions of the Model − 1986-
2010

Notes: This figure depicts the sectoral shares of households grouped by income quintiles −Engel’s Law
−predicted by the model cases (1), (2) and (3) in panels A, B and C, respectively. See the data appendix
for further details on definitions of expenditure sectors.

To reconcile Kuznets facts and Engel’s law by bringing the model to data
raises some challenges. First, as we mentioned before, aggregate evidence on
Kuznets facts and micro evidence of expenditure shares (Engel’s law) have
different data sources (NIPA-BEA and CE-BLS, respectively), which demands
consistency issues due to data source differences in the level of aggregation of
household final-expenditure. Second, micro data is only available from the 80’s,
which narrows our range period of analysis. Moreover, reported expenditures
in the CE interviews surveys reveal well-known systematic mis-measurements
(Aguiar and Bils, 2015) specially related to durable goods in the manufacturing
sector. Durable goods differences in expenditure across income quintiles do not
necessarily align with differences in durable stocks and associated service flows
and therefore it might obliterate cross-sectional differences of consumption
patterns that we mean to address synthesized by the Engel’s law (see figure
8). For this reason, to mitigate these mis-measurements, our Stone-Geary
specification features only one broad goods sector (instead of splitting it into
agriculture and manufacturing51) and in the baseline case (1) we will target
the cross-sectional nondurable final-expenditure of the households in CE-BLS
data, since Engel’s law shows up more clearly. For this reason we propose to
extend the baseline model so that the goods commodities become a composite
of durables and nondurables.

51This consumption pattern by income quintiles in the manufacturing sector becomes
quite confusing specially due to mis-measurements related to durables consumption.
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Figure 2.8: Engel’s Law in the in the US According to Reported Expenditure
in CE-BLS −1986-2010

Notes: This figure depicts the sectoral shares of households grouped by income quintiles with data from
reported expenditures in the interviews of the CE-BLS for goods (agriculture and manufacturing) and
services. Aggregate data on sectoral expenditure sahres from CE-BEA approximates in levels a measure of
household sectoral expenditure shares with data from NIPA-BEA. See the data appendix for further details
on definitions of expenditure sectors.

2.3.2.4
Extending the baseline model to improve the fit of the Engel’s law to
data

To improve the model fit we focus on nondurable consumption as an
attempt to mitigate mis-measurements arising specially from durables in the
CE-BLS data. Thus, we propose to extend the model so that the goods
commodities become a composite of durable and nondurable goods. That is,
the broad goods sector is split into durables and nondurables. We only highlight
below the main changes implied by this extension of the baseline model. The
reminder of the model remains exactly the same as the model set up presented
in section 2. Let’s start by the intratemporal household problem.

In the intratemporal problem, households now allocate consumption
expenditure in t among three types of consumption commodities, ĉf,t, where
f ∈ F = {gd, gnd, s}, such that indexes gd and gnd stand for durable goods and
nondurable goods, respectively:
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min
{ĉf,t}

f∈F

∑
f∈F

pf,tĉf,t s.t (2-32)

u (ĉg,t, ĉs,t) ≥ ũ (pt, e (pt, ūt)) ≡
[
ϕ

1
ε
g

(
ĉg,t + ˆ̄cg

) ε−1
ε + (1− ϕg)

1
ε (ĉs,t)

ε−1
ε

] ε
ε−1

,

where
[
ϕ

1
ε
g

(
ĉg,t + ˆ̄cg

) ε−1
ε + (1− ϕg)

1
ε (ĉs,t)

ε−1
ε

] ε
ε−1
≡ ĉt is the same Stone-Geary

composite consumption as in problem (3)52, except for the following additional
restriction:

ĉg,t =
[
φgd (ĉgd,t)

γ−1
γ + (1− φgd)

(
ĉgnd,t + ˆ̄cgnd

) γ−1
γ

] γ
γ−1

,

where φgd ≤ 1 is a preference weight on durable goods, γ is the parameter
that governs the within-period elasticity of substitution between durables and
nondurables and ˆ̄cgnd is the nonhomotheticity term of nondurables. This Stone-
geary specification applies to goods the consumption composition that Moro
et al. (2017) use to split the services sector into market services and home
services.

From the first order conditions, we derive the following sectoral expen-
diture share equations53:

ss (pt, êt) ≡
pt,sĉt,s
êt

= (1− ϕg) p1−ε
s,t Φt,1

Φt,2
, (2-33)

sgd (pt, êt) ≡
pt,gd ĉt,gd

êt
=

ϕgp
1−ε
gd,tφ

ε
gd

Ω
ε
γ
−1

t,1 Φt,1

Φt,2
−
pgd,tΩ−1

t,1 ˆ̄cg
êt

, (2-34)

sgnd (pt, êt) ≡
pt,gnd ĉt,gnd

êt
= 1− ss (pt, êt)− sgd (pt, êt) , (2-35)

where

Φt,1 ≡
(

1 +
pt,gnd ˆ̄cgnd + pgd,tΩ−1

t,1 ˆ̄cg + pgnd,tΩ−1
t,2 ˆ̄cg

êt

)
,

Φt,2 ≡ (1− ϕg) p1−ε
s,t + ϕgp

1−ε
gd,t

φεgdΩ
ε
γ
−1

t,1 + ϕgp
1−ε
gnd,t

(1− φgd)
ε Ω

ε
γ
−1

t,2 ,

52Remind that we follow Matsuyama (2016) by imposing ˆ̄cs = 0.
53The shares arise from the following compensated demands: ĉs,t = (1− ϕg)

(
pt
pt,s

)ε
ĉt;

ĉt,gd = ϕ
γ
ε
g φγgd ĉ

ε−γ
ε

g,t

(
pt
pt,gd

)ε
ĉ
γ
ε
t and ĉt,gd = ϕ

γ
ε
g (1− φgd)γ ĉ

ε−γ
ε

g,t

(
pt

pt,gnd

)ε
ĉ
γ
ε
t , where ĉg,t =

ϕg

(
pt
pt,g

)ε
ĉt.
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and where

Ωt,1 ≡

φgd + (1− φgd)
(

1− φgd
φgd

)γ−1 (
pt,gd
pt,gnd

)γ−1


γ
1−γ

,

Ωt,1 ≡

(1− φgd) + φgd

(
φgd

1− φgd

)γ−1 (
pt,gnd
pt,gd

)γ−1


γ
1−γ

.

With respect to technology, equations (6) − (13), and market clearing
conditions (14) − (16), there is one slight modification related to the number
of sectors due to the split of the broad goods sector into nondurable and durable
goods sectors. That is, although m′ ∈M ′ ≡ {d} ∪F , where again d stands for
the investment sector and F = {gd, gnd, s}, specification of sectoral production
function remains the same as in section 2. One additional modification refers
to the relative price of goods in equation (12) on the price of the composite
consumption, which again arises manipulating the first order conditions of the
households intratemporal problem, so that:

pt ≡
[
ϕgp

1−ε
t,g + (1− ϕg) p1−ε

t,s

] 1
1−ε , (2-36)

where pt,g ≡
[
φγgdp

1−γ
t,gd + (1− φgd)

γ p1−γ
t,gnd

] 1
1−γ .

We follow a similar calibration strategy relative to the baseline model.
We keep almost all parameters the same as the previous baseline case, which
implies that the model features the same level of aggregate capital in the
new stationary equilibrium as in the baseline case. Stone-Geary preferences
parameters are different relative to the baseline case since they feed the
model calibration stemming from another estimation including price and final-
consumption data from NIPA-BEA from 1947 to 201054 following the same
methodology we apply to the baseline case. We also apply similar consistency
with BLS data. The estimation of the preference paramenters of the extended
Stone-geary preferences shows that by including another nonhomotheticity
term for nondurable goods, c̄gnd , it turns out that the nonhomotheticity term
of the broad goods sector, c̄g, becomes very small and statistically insignificant
(see table A.1 in Appendix A). It then reinforces our interpretation that this
term represents a nondurable subsistence − particularly food subsistence, even
though the model does not feature a sector of agriculture. Thus, we follow the
estimation by setting c̄g = 0 in the model calibration.

Again, ˆ̄cgnd,1947 and ψf , f ∈ F = {gd, gnd, s} were calibrated55 so that
the sequence of ˆ̄cgnd yields the moments estimated in data similarly as shows

54See appendix D on the estimation implementation.
55We set ψs = 0.01;ψgd = 0.025;ψgnd = 0.037.
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table 3 (see in table A.2 in appendix A for these targeted moments). Remind
that we leave both initial level of sectoral labor-aumenting productivity and
sectoral technological progress free to match aggregate sectoral expenditure
shares in initial year, 1947. Note that in this extended baseline case, in
computing aggregate expenditure shares of nondurable goods and services
sectors we do not consider durable goods for consistency with data, in which
we exclude durables to mitigate mis-measurement on CE-BLS data. Therefore,
the ambition of this extension is that by targeting data on aggregate sectoral
expenditure shares of nondurable consumption that is consistent with micro
data, it implies that the fit of the Engel’s law on nondurable consumption
improves in the model.

Overall, our baseline model extension succeeded in improving the match
to data since the framework can reasonably replicate the observed structural
change quantitatively. That is, not only relative price of nondurable goods
and the Kuznets facts (see figures 9 and 10), but specially the implied cross-
sectional variation in the expenditure structure grouped by income quintiles
−Engel’s law − are confirmed by the data, as shows figure 11.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 2. Reconciling Kuznets Facts, Engel’s Law and Relative Prices trend in the postwar
US in a Bewley-Aiyagari Framework with Stone-Geary Preferences 97

Figure 2.9: Fit of the Model to Goods to Services Prices Ratio in the Postwar
US

Notes: This figure depicts the fit of the extended baseline model to the ratio of nondurable goods to services
prices using data from NIPA-BEA for goods (agriculture and manufacturing) and services. Data follows
Herrendorf et al. (2009) subject to smaller consistency issues due to data source differences with expenditure
data from CE-BLS and price data from CPI-BLS. Definition of sectors and its components with data
from CPI-BLS matches to sectoral definitions with data from CE-BLS. Solid and dashed lines denote,
respectively, data from NIPA-BEA (smoothed with Hodrick-Prescott filter) and the model prediction. See
the data appendix for further details on definitions of expenditure sectors.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 2. Reconciling Kuznets Facts, Engel’s Law and Relative Prices trend in the postwar
US in a Bewley-Aiyagari Framework with Stone-Geary Preferences 98

Figure 2.10: Fit of the Extended Model to Kuznets Facts in the Postwar US

Notes: This figure depicts the fit of the extended model to the aggregate sectoral shares of nondurable
consumption expenditure − Kuznets facts − using data from NIPA-BEA in 1947-2010 (smoothed with
Hodrick-Prescott filter) for goods (agriculture and manufacturing) and services following Herrendorf et al.
(2009) subject to smaller consistency issues due to data source differences. Solid and dashed lines denote,
respectively, data from NIPA-BEA and the model prediction. See the data appendix for further details on
definitions of expenditure sectors.

Lastly, note that although Stone-Geary preferences is well-suited to
represent developments of the Kuznets facts in the postwar US, it presents
a caveat in depicting the Engel’s law dynamics according to available data
in the past three decades. It is known that Stone-Geary preferences limits
the explanatory power of the income effects in the long-run since Engel
curves level off asymptoticaly (Buera and Kaboski, 2009; Comin et al., 2015).
Consequently, as we see in figure 11, the level difference of the average sectoral
shares of income quintiles slowly declines over time since the relevance of the
nonhomotheticity term, which gives rise to income effects, falls as the economy
grows, so that the level difference of the average sectoral shares of income
quintiles vanishes asymptotically.

Although the time range is limited by available data since the 80’s and
then it is challenging to raise a more assertive conclusion, a simple look at the
data does not confirm this pattern arising from the Stone-Geary preferences.
Instead, it suggests that the level difference of the average sectoral shares of
income quintiles increases specially from mid-90’s or at least remains stable,
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as suggests Boppart (2014). Note that Stone-Geary preferences seems to fit
better the Engel’s law in brazilian case, as shows figure A.6 in appendix A.
Although there are only two periods available, one can see that, unlike US
from the 80’s, the level difference of the average sectoral shares of income
quintiles declines over time. The difference between experiences in US between
1986-2010 and Brazil between 2003-2009 might be related to the fact that
whereas the time range in the former was marked by an increase of income
inequality, in the latter it is widely known as a period in which income
inequality fell. However, a more thorough investigation of this pattern on
Engel’s law dynamics and its illustration with stable preferences with long-
run income effects is left for future work. That is, for example, to investigate
whether different Engel’s law dynamics might reflect distinct experiences of
income and consumption inequality and heterogeneity in income elasticities in
the cross-section of households.

Figure 2.11: Engel’s Law in the in the US Predicted by the Extended Baseline
Model and According to Reported Nondurable Expenditure in CE-BLS −1986-
2010

Notes: This figure depicts the sectoral nondurable consumption shares of households grouped by income
quintiles −Engel’s Law −predicted by the extended baseline model in panel A and presented by data from
reported expenditures in the interviews of the CE-BLS for nondurable goods (agriculture and manufacturing)
and services in panel B. Aggregate data on sectoral expenditure sahres from CE-BEA approximates in levels
a measure of household sectoral expenditure shares with data from NIPA-BEA. See the data appendix for
further details on definitions of expenditure sectors.

2.4
Conclusion

This paper presents a growth theory that is consistent with relative
price dynamics, Kuznets facts and Engel’s law in the postwar US. We do
so by extending a canonical Bewley-Aiyagari model in continuous time in
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a tractable framework embedded with a two-sector environment without
departing from benchmark Stone-Geary preferences. Bewley-Aiyagari models
constitute a natural workhorse to study heterogeneity in household choices and
market outcomes altogether. Therefore, representation of the Engel’s law arises
naturally by following demand patterns in the cross-section of households. In
calibrating the model to represent the postwar US, our analysis offers two
contributions.

First, our general equilibrium framework in a multi-sector environment
with nonhomothetic preferences enables us to show that price and income
effects drive structural change not only through intratemporal sectoral con-
sumption demands. Relative prices and nonhomotheticity terms also drive
structural change via intertemporal opportunities since they impact expen-
diture (and savings) policy functions. Second, the simulations with the three
versions of the model suggest that the two driving forces of structural change
in the aggregate shares of final consumption expenditure (Kuznets facts), price
and income effects, are of roughly equal size in the postwar US. Moreover, we
reinforce that reconciling these three main empirical regularities in the post-
war US calls for a growth theory that accommodates both long-run demand
(income effects) and supply (price effects) drivers of structural change.

Structural change and several other topics in economics are intercon-
nected, such as, labor supply, biased technical change, consumption and in-
come inequality. Works in these topics often follow either partial or general
equilibrium approaches in standard one-sector models. To this respect, being
tractable, easy to extend in many fronts and empirically plausible are appeal-
ing features of our framework to analyze these interrelations in a multi-sector
environment.

The analysis we carry out can be extended in many dimensions. For
example, it would be of interest to feed the model calibration by exploiting
cross-sectional variation in the expenditure structure on microdata to estimate
the model’s key preference parameters instead of on aggregate data. Thus,
allowing the model for heterogeneity in preferences, for example by households
grouped by income quintiles, might improve the fit of the Engel’s law to data by
weakening the asymptotic homotheticity property of Stone-Geary preferences.
Alternatively, one could apply preferences that feature long-run income effects
so that income effects do not level off asymptotically since reconciling these
three main stylized facts of structural change indeed calls for a growth theory
that accommodates both long-run demand (income effects) and supply (price
effects) drivers of structural change. Finally, it would be useful to extend the
US postwar analysis we carry out here to other countries in different stages
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of development not only to improve assessment of the relative relevance of
driving forces of structural change but also for robustness check of the empirical
regularities we highlight in this study.
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Chapter 3
Follow the Money: The Effects of Liquidity Shocks on Con-
sumption and Debt − Evidence from a Natural Experiment
in Brazil

.

3.1
Introduction

This paper studies an unique policy experiment by the Brazilian gov-
ernment that is exogenous and allows one to discern an unanticipated an-
nouncement effect and an anticipated effect of the program’s benefits in both
consumption and debt. While there is substantial evidence that consumers
respond to anticipated liquidity and income shocks by more than standard
models would predict, evidence on unanticipated shocks are scarse since they
are relatively rare events and even if a potentially unanticipated event arises,
there are many underlying challenges in identifying shocks that are indeed ex-
ogeous and unanticipated. Furthermore, measuring the scope of the effects is
also challenging. Even though there is a growing body of research based on
high-frequency and integrated data, existing data typically capture only some
dimensions of the effect with sufficient resolution. Hardly ever they measure
spending and debt simultaneously with accuracy.

In the late 2016, Brazil was trying to resume growth following the worst
recession in its documented history in 2015 and 2016, when real GDP per
capita accumulated a 8.5 percent fall. In this special context, on December
22, 2016, in a surprise pronouncement of the former President of Brazil, the
government announced the Withdrawals Program of inactive accounts of the
Guarantee Fund for Time of Service (FGTS) as an attempt to boost the
economy. FGTS is a compulsory fund financed by employers in the formal
sector to their employees in Brazil.1 The amount in each account is proportional
to the workers’ life cycle wages and withdrawals are permitted in restricted
situations, so that the inactive accounts of the FGTS can be characterized as
an illiquid asset. However, it is an unconventional illiquid asset. The fund is

1A workers’ account becomes inactive when he or she quits or is dismissed for just cause.
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used by the government in subsidized credit lines to specific industries and it
yields to the workers a lower return relative to the base rate.

The program allowed the workers to withdraw, for any purpose, the entire
amount that they had in an inactive account created up to December 31,
2015. The amounts could be withdrawn following a timeline which defined 5
groups according to workers’ months of birth. Each group of treated workers
was allowed to perform withdrawals in five subsequent initial months from
March to July 2017. Interestingly, this positive liquidity shock mingles with
an income shock due to the income effect associated to the interest rates
differential between the FGTS accounts and the base rate in the economy. The
program totaled US$13.6 billion, which represents 0.7 percent of the annual
gross domestic product (GDP) of Brazil in 2017. The program benefited 25.99
million workers with average withdraw of US$523, which is equivalent to 80
percent of the monthly average earnings of employed people in Brazil in this
year.

We use a unique panel dataset that merges three different databases
with individual-level administrative records. Using de-identified individual
public registration number we merge a dataset containing all withdrawals
and its respective amounts made by participants of the program to another
database that contains a rich set of individual demographic and labor contract
characteristics to a third database containing all individual credit information
in the brazilian banking sector. We end up with a final dataset containing
12.15 million treated workers (approximately 47 percent of total workers who
qualified for the program, which accounts for 64 percent of total withdrawals)
in a two-year sample period from 2016:01−2017:12.

We take advantage of this database to study how workers responded to
this positive liquidity-income shock. We define a proxy of consumption that
adds up credit card spending and down payments of vehicles and real estate
financing. The balance of the remaining debt modalities is considered simply
total debt2. There are several debt modalities comprising total debt in our
database, such as installment credit, rural credit, personal credit, etc. In this
work we highlight in the data description and in the results on modalities
heterogeneity only the balance of the most relevant modalities of individual

2More precisely, our concept of total debt comprises all debt modalities excluding credit
card spending, vehicles debt and real estate debt.
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debt: overdraft debt3, credit card debt4and payroll debt5. The three modalities
jointly represent nearly 60 percent of individual total debt on average in
20176. We also include balance of total overdue debt and total default debt7

to emphasize the program responses in terms of individual deleveraging in
the Brazilian recessive context. Our methodology is based on a difference-in-
differences identification applied to each of the five groups of treated workers. It
exploits the program’s qualification criteria −workers with inactive accounts
of the FGTS created after December 31, 2015 or workers who cleared out
their inactive accounts before the program announcement did not qualify to
the program and thus comprise the control cluster for each group or treated
workers following the same months of births defining these groups8.

We estimate a distributed lag model using the announcement date of the
withdrawals program of the FGTS as the exogenous event. We summarize our
findings as follows. First, we find that treated workers’ consumption rose after
the program announcement. For each $1 withdrawn, treated workers on average
spent $0.53 during the months after the announcement (averaged across the
five groups of treated workers)9. In particular, $0.11 for each $1 withdrawn
were consumed within the announcement window (or equivalently 25 percent
of the cumulative consumption response, majorly via credit card spending),
which represents a strong announcement effect. The life-cycle theory has a
clear prediction that consumers should respond to the announcement (of an
unanticipated income shock). Thefore, this result allowed us to neatly test this
theory similarly to Agarwal and Qian (2014).

Second, the withdrawals program of the FGTS also implied a deleverag-
ing effect after the withdrawals releases. Treated workers on average reduced
total debt by $0.07 for each $1 withdrawn. In the months prior to the initial
month of withdrawals releases, from which debt response start to decline, we
find evidence of leveraging on overdraft and credit card debt modalities. That

3Overdraft debt is the amount readly available by a checking account. It accounted for
notables 329 percent annual interest rate in December 2016.

4When a consumer does not fully pay the credit card bill at the due date or pays only
part of it, the full or remainder due amount becomes automatically part of this modality. It
accounted for notable 498 percent annual interest rate in December 2016.

5In the payroll debt, the debt payment is automatically charged from the individual
salary. It is relatively ’cheap’, accounting for a 29 percent annual interest rate, and represents
more than 40 percent of individual total debt.

6Credit card debt accounts or around 5 percent and overdraft debt accounts for 10 percent
of the individual total debt in 2017.

7Total overdue debt stands for overdue debt in any modality. The same applies to total
default debt.

8As an attempt to control for seasonal consumption/savings behaviour related to birth
months.

9We shall see in section 3 that the months after the announcement for groups 1-5 of
treated workers are 9 to 13 months (2016:12 to 2017:08,..., 2016:12 to 2017:12, respectively).
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is, indebted consumers used short-term liquidity in debt modalities in addition
to credit card spending to smooth consumption, which is mostly overlooked in
the literature on methods of smoothing consumption.

Third, consumption and debt responses were heterogeneous across spend-
ing categories and debt modalities. We find that consumption rose primar-
ily in credit card spending after the program announcement (on average 70
percent of the consumption response) followed by the increase of big-ticket
durables, specially real estate down payments (on average 26 percent of the
consumption response), which is consistent with prior research (e.g.Aaronson
et al. (2012),Parker et al. (2011)), considering the relative size of the shock,
and is suggestive of an important role for liquidity constraints, as the unan-
ticipated shock may have provided otherwise unavailable down payments for
debt-financed purchases of durables. With respect to debt, payroll debt stood
out among modalities, accounting for 48 percent of total debt response after
the program announcement. Lastly, consumption response was heterogeneous
across individuals. Constrained consumers, measured as young or old, showed
stronger consumption responses.

Our paper builds on three literatures. The first is the literature that
introduces an additional illiquid asset to benchmark (liquid and risk-free) one-
asset economies (e.g Kaplan and Violante (2011),Kaplan et al. (2014),Kaplan
et al. (2016)) to study the behaviour of wealthy hand-to-mouth individuals and
economic policy by considering these non-Ricardian individuals. It provides a
framework to think of the liquidity shock to the FGTS asset. Note, however,
that an inactive account of the FGTS represents an unusual illiquid asset for
this literature. In this two-asset environment, households may choose to hold
an illiquid asset that typically yields a higher return, but it can only be accessed
by paying a transaction cost. In the FGTS case, it is compulsory (exogenous)
and yields a lower return relative to the base rate. Based on insights from
this framework, an immediate, direct effect of this liquidity-income shock is
an increase of the disposable income arising from the interest rate differential
between the one that remunerates the FGTS’ resources and the base rate
on the liquid and risk-free asset. Constrained consumers rise consumption
and reduce debt reflecting the relaxed borrowing (or liquidity) constraints,
while unconstrained consumers may either increase consumption or rebalance
their portfolio depending on income and substitution effects following general
equilibrium multipliers and price effects.

Second, our work is related to the literature that address the effects of a
shock to liquidity. For example, Baker and Yannelis (2017) and Gelman et al.
(2018) analyzes the response to the liquidity shock caused by the 2013 US
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government shutdown using data derived from account records linked to an
online banking app. Baker and Yannelis (2017) emphasizes the heterogeneous
spending response by category of spending, while Gelman et al. (2018)shows
that many individuals who had low liquid assets used multiple sources of
short-term liquidity to smooth consumption. Both studies identify a pure
liquidity shock holding income constant. In our case shocks to income and
liquidity arrive together. Rather than distinguishing the response to a change
in liquidity from the response to a change in resources, our focus is to measure
the overall response of the withdrawals program of the FGTS on consumption
and debt and to test the life-cycle theory. However, interpreting these responses
remains challenging for the recent studies on excess sensitivity of consumption
to income.

Having said this and considering the above mentioned peculiarity of the
FGTS iliquid asset, this paper is more closed related to studies of consumption
and debt response to either anticipated and temporary changes in income and
unanticipated and temporary changes in income. The former group of the
literature has explained the response to consumption of these expected income
shocks through models of liquidity constraints and precautionary savings. It
includes: Carroll (1992),Parker (1999),Shapiro and Slemrod (2001),Souleles
(2002),Hsieh (2003), Stephens (2003),Johnson et al. (2004),Agarwal et al.
(2007),Stephens and Unayama (2010),Parker et al. (2011) Carroll (1997);. For
example, Johnson, Parker, and Souleles (2006) and Parker et al. (2011) study
the effects of the tax rabates in 2001 and 2008 in the US on consumption using
the CE-BLS sample. Agarwal, Liu, and Souleles (2007) uses a high-frequnecy
micro-data sample of credit card spending to assess the consumption effect of
the tax rebate in 2001 in the US. These studies on US stimulus policies take
advantage of clean identification from the random payout timing.

A few papers that study the consumption response to unanticipated
and temporary changes in income are Woplin (1982); Paxson (1993) ; Gruber
(1997); and Jappelli and Pistaferri (2014). For a review of the literature, see
Browning and Crossley (2001)and Jappelli and Pistaferri (2010). Particularly,
Jappelli and Pistaferri (2010) documents that anticipated and unanticipated
income shocks bear different implications for the consumption response. Per-
manent income hypothesis (PIH) suggests that consumption should respond
to an unexpected increase in income and the magnitude of the consumption
response is equal to the real interest rate in a complete market with an infi-
nite horizon but will be higher when the horizon is finite. Furthermore, the
consumption response could be significant when consumers face borrowing or
liquidity constraints or when precautionary saving motives are strong (Zeldes

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 3. Follow the Money: The Effects of Liquidity Shocks on Consumption and Debt −
Evidence from a Natural Experiment in Brazil 107

(1989),Carroll (1992)) . Prior studies (e.g., Poterba (1988)) have had difficul-
ties in identifying the announcement effect mainly due to low frequency or lack
of cross-sectional variation, or the fact that the policy announcement was not
really a surprise. Other studies that use temporary job loss as identification
are potentially subject to endogeneity and external validity concerns (Gruber,
1997). The setting in Agarwal and Qian (2014), which is the closest study to
ours, was the first to cleanly test life-cycle theory by decomposing the post-
policy window into the announcement period and the disbursement period in
a policy experiment in Singapore.

Finally, we acknowledge that the advisability of the use of this program
for public policy depends crucially on the extent to which these withdrawal
resources directly changed individual spending, as well as on any subsequent
multiplier or price effects. While we estimate substantial direct, partial equi-
librium effects, admittedly, the ultimate impact of the program on aggregate
consumption may be higher or lower than implied by these calculations, due
to possible indirect, general equilibrium changes in prices or interest rates and
in additional spending through multiplier effects.

The rest of the paper follows. Section 2 describes the withdrawals
program of the FGTS. Section 3 discusses the data and empirical strategy
on the econometric methodology. Results are reported in section 4. Section 5
concludes.

3.2
Withdrawals Program of the FGTS

In the special recessive context of the Brazilian economy we have men-
tioned in the introduction, the former President of Brazil announced in pro-
nouncement on December 22, 2016 that, in an attempt to boost the econ-
omy, the government was releasing withdrawals from inactive accounts10 of
a government-controlled compulsory worker fund − the Guarantee Fund for
Time of Service (FGTS)11 − for terminated employment contracts until 31
December 201512. Workers cannot freely access the funds from these inactive

10The account becomes inactive when a employee quits or is dismissed for just cause.
11FGTS is a compulsory fund created in 1966 imposed by the government to formal

employment contracts so that employers deposit in open accounts at “Caixa EconÃťmica
Federal” (a government-owned financial institution), at the beginning of each month and in
the name of employees, the amount corresponding to 8 percent of the wage of each employee.

12As stipulated by provisional executive order n. 763/2016.
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accounts. Withdrawals are permitted in restricted situations13, which means
an inactive accout of the FGTS is an illiquid asset. To this respect, the with-
drawal release program in 2017 represents a liquidity shock to beneficiaries.
Nevertheless, it is an unusual illiquid asset since it is compulsory and remu-
nerated with low interest rates − lower than the base rate set by the Central
Bank of Brazil − SELIC 14. Therefore, we argue that in this particular case,
the liquidity shock is equivalent to an income shock due to the income effect as-
sociated to the interest rates differential between the FGTS accounts and any
other asset in the economy. In fact, these accounts have been accumulating
real losses at least for the past two decades. In appendix B we develop a sim-
ple two-period consumption model that formalizes this intuition on the FGTS
liquidity-income shock and the MPC responses of hand-to-mouth (HtM) and
non hand-to-mouth (N-HtM) consumers.

While the amount each beneficiary was allowed to withdraw was pro-
portional to his or her life cycle wages, the average withdrawal was US$52315.
It worths mentioning that the size of the shock was substantial considering a
middle income economy. The average withdrawal accounts for 80 percent of
monthly average earnings of employed people in Brazil in 2017. As a matter of
comparison, the growth dividend that a typical qualified Singaporean received
in the growth divident program in Singapure in Agarwal and Qian (2014)
accounted for 18 percent of monthly median income in Singapore in 2011. Ap-
proximately 25.99 million people benefited from the withdrawal program of the
FGTS in Brazil − around 30 percent of the labor force −, which implies the
program totaled US$13.6 billion. This amount accounted for aproximatelly 1.2
percent of the aggregate household consumption expenditure16 and 0.7 percent
of the brazilian GDP in 2017, which is comparable to the size of the 2001 and
2008 US tax rebates (Johnson et al, 2006; Johnson et al, 2013).

Withdrawals had no limit, which means the the worker could withdraw,
13The situations can be summarized as follow: i. dismissal without just cause; ii. termina-

tion of contract; iii. retirement; iv. death; v. permanence outside the FGTS regime for three
years in a row; vi. purchase of a property, liquidation, amortization or mortgage payment;
vii. serious illness; viii. company extinction, ix. termination of contract by reciprocal fault,
x. personal need in case of emergency or serious reasons linked to natural disaster and xi.
suspension of odd job.

14The FGTS accounts yield 3 percent per year plus the reference rate (TR). The TR is
used as a reference for interest rates in Brazil and makes the monetary correction of various
types of investment, such as savings. In fact, these accounts have been accumulating real
losses in the past two decades. The fund is used by the government in subsidized credit lines
in the housing sector.

15The exchange rate applied is US$1=BRL$3.2591 as of December 2016 −Exchange rate
- Free - United States dollar (sale) - end of period from the Central Bank of Brazil. All other
amounts in (BRL$) applies this exchange rate henceforth.

16According to the National Accounts System of the Brazilian Institute of Geography and
Statistics (IBGE) - excluding imputed rent for dwelling services.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 3. Follow the Money: The Effects of Liquidity Shocks on Consumption and Debt −
Evidence from a Natural Experiment in Brazil 109

for any purpose, the entire amount that he or she had in the inactive account.
The criterium for determining the timeline for the withdrawals was exogenously
defined − took into account the date of birth of the workers who qualified
for the program. Five groups were created according to the month of birth:
(1) born in January and February were able to withdraw as of March 10,
2017; (2) born in March, April and May, from April 10, 2017; (3) June, July
and August, beginning on May 12, 2017; (4) born in September, October and
November, from June 16, 2017; and (5) born in December, from July 14, 2017.
The deadline for any withdrawal was July 31.

Similarly to the growth dividend program in Singapore and unlike other
stimulus programs such as tax rebates in the United States, we found evidence
supporting that the withdrawals program of inactive accounts from the FGTS
in Brazil was unanticipated. We perform a through search on the web media
related to the program and find no information one-year period before the
announcement. We also perform a Google Trends search in a 30-month period
comprising the announcement and timeline of the program. We see in Figure
3.1 figure 1 that before the announcement date virtually no search were done.
On the other hand, searches for the program become more salient on the web
from this date through the withdrawals deadline. All major newspapers media
also start to cover the stimulus program, publicizing that the worker could: (i)
consult the account balance on the website of the Caixa EconÃťmica Federal
(a government-owned financial institution that manages the fund), (ii) on the
website of the FGTS itself, (iii) or through an app for smartphones and tablets
and (iv) it was also possible to make a registration to receive information from
the FGTS by messages in the mobile or by e-mail.

Therefore, as theory has different predictions for the two effects, our pol-
icy experiment also enable us to assess effects of announcement (unanticipated)
and withdrawals (anticipated) periods for the five groups of the program bene-
feciaries, instead in a middle-income continental country in a recessive context.

3.3
Data and Methodology

3.3.1
Data

In our analysis we merge three individual-level datasets with administra-
tive records using the public individual registration number17 to link individu-
als in these datasets. The first dataset is obtained from the government-owned

17Datasets are subject to individuals confidenciality and were obtained for research
purposes with a de-identified number associated to the public individual registration number.
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bank Caixa EconÃťmica Federal, which is the depository institution of the
FGTS resources. This sample fully covers the 25.99 million workers who quali-
fied for the program and performed withdrawals from their innactive accounts.
It contains the birth date and the amount, date and number of withdrawals
by each individual’s inactive account during the withdrawals timeline, from
March to July 2017.

Our dataset on consumer credit transactions is obtained in the Credit In-
formation System (SCR) from the Central Bank of Brazil (CBB) in a 24-month
period range between 2016:01 and 2017:12. The SCR is a registration dataset
managed by the CBB that is fed monthly by all financial institutions in Brazil,
which register all credit operations in the country18. The database contains
transaction-level information on all credit/debt modalities and some demo-
graphic characteristcs, including age, property address, zip code and county.
For the purpose of this analysis, we aggregate the data at the individual-month
level. The variety of credit/debt modalities includes total balance, balance of
new transactions, interest rates, spreads, overdue balance, etc. In this study we
split the modalities into two groups. First we add credit card spending19 to two
other consumption proxies related to durables spending. We define down pay-
ments of vehicles and real estate financing as the difference between the balance
of debt in these two modalities and the value of a non surety guarantee as an
attempt to approximate the balance of vehicle and real estate debt modalities
to an amount that is indeed consumed. The balance of the remaining modali-
ties are considered simply debt. Therefore, the proxy of consumption that we
have available adds up credit card spending and down payments of vehicles
and real estate financing. Furthermore, we highlight in the data description
and in the results the relatively more relevant modalities of individual debt
which comprises: balance of overdraft debt20, balance of credit card debt21and
balance of payroll debt22. The first two modalities are the most expansive ones,
accounting for notables 329 and 498 percent annual interest rates in Decem-
ber 2016. The latter although relatively ’cheap’, accounting for a 29 percent
annual interest rate, represents more than 40 percent of individual total debt.
The three modalities jointly represents nearly 60 percent of individual total

18More precisely, all credit operations above US$61.4 (BRL$200).
19It is included as a credit modality in the SCR database. Close to 20 percent of aggregate

household consumption expenditure in the country is purchased using credit card according
to the National Accounts System - excluding imputed rent for dwelling services.

20Overdraft debt is the amount readly available by a checking account.
21When a consumer does not fully pay the credit card bill at the due date or pays only

part of it, the full or remainder due amount becomes automatically part of this modality.
22In the payroll debt, the debt payment is automatically charged from the individual

salary.
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debt on average in 201723. We also include balance of total overdue debt and
total default debt24 to emphasize the program responses in terms of individual
deleveraging in a recessive context. Moreover, this modalities heterogeneity
and demographic information allow us to assess differences in responses to the
program by modalities and across (constrained and unconstrained) workers.

The other merged dataset is on labor market data, more precisely the
Annual Report of Social Information (RAIS) from the Ministry of Economy.
The RAIS is a dataset in which all employers must feed with many features
of the job title and demographic information of the employees in formal la-
bor contracts25. This database provides statistical information for government
policy, including for the FGTS. It contains a rich set of demographics infor-
mation about each individual, including earnings, age, date of birth, gender,
race, schooling, occupation and information on the labor contracts, such as for
example, when a employee starts to work, when either a employee quits or is
dismissed and the reason why he or she is dismissed.

The datasets merge resulted in a intermediary dataset from which we
exclude treated workers with no record on our concept of consumption or total
debt in the SCR database during our sample period (i.e., 2016:01−2017:12).
Moreover, to address the concern that outliers could obliterate overall re-
sponses and responses across groups, we also exclude workers in the extreme
percentiles of both consumption and total debt. We were left with a final full
dataset containing 11.9 million treated workers (46 percent of total workers
who qualified for the program, which accounts for 64 percent of total with-
drawals). These people account for a BRL$2,080 (US$638) average withdrawal,
whereas the remaining people outside SCR account for around half of our
sample’s average withdrawal (BRL$1,154 − US$354). We use the first four
months in our data (2016:01−2016:04) to identify consumers’ pretreatment
demographics and worker debt modalities. We then remove this range period

23Credit card debt accounts or around 5 percent and overdraft debt accounts for 10 percent
of the individual total debt in 2017.

24Total overdue debt stands for overdue debt in any modality. The same applies to total
default debt.

25All formal contracts in the private and public sectors. In Brazil a formal contract is in
accordance with current labor legislation and, therefore, assuring the worker all the rights
that he or she is entitled to. It basically comprises four types of job titles: i. job titles
that have a labor card in the private of public sectors, which includes contributions to the
general system of social security, withholding income tax - when there is a basis of incidence
- on wage, deposits to the FGTS, overtime - when provided - with the legal increases,
vacation release, etc. ii. job titles under the old public-own social security system or under the
new public-own social security system; iii. military workers and iv. registered self-employed
worker who pays due taxes and contributes to the general system of social security. In Brazil,
as in many poor and emerging economies, there is a large share of informal jobs (around
40%) in which employers do not pay due taxes and contributions and then employees do not
take benefit of these rights provided by law.
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from our sample for a cleaner identification. As a result, the final range period
in our study is from 2016:5−2017:12.

By delimiting the scope of our analysis, it worths mentioning that we
focus on consumption and debt effects of the program in the brazilian credit
information system. Due to data limitations, we cannot track consumption
and debt taken outside the banking system. We also do not track portfolio
investment, which may be another destination of part of the withdrawals
amounts, specially among richer workers. Furthermore, this study is based on
individual information, hence it does not consider likely unfolded household
effects.

The richness of the consumption and debt transaction-level information
as well as the individual demographics in our dataset is that it allows us
to better understand heterogeneity in consumption and debt response to
the positive liquidity-income shock. For example, whether individuals spend
and borrow differently and when they do so following a positive shock. To
this respect, this data overcome substantial obstacles in terms of accuracy,
scope and frequency that usually limits to obtaining reliable answers to these
important issues. Although we do not have a detailed data on either credit
card relative to studies that use micro-level credit card data (e.g., Gross and
Souleles, 2002; Agarwal, Liu, and Souleles, 2007; Aaronson, Agarwal, and
French, 2012) or jointly on credit card, debit card, and checking accounts
(Agarwal and Qian (2014),Gelman et al. (2014),Baker (2018)), we have a
more complete information on each individual indebtness in our sample.
Rather than observing only aggregate debt or one specific debt modality,
we have information on several modalities available in all banking system
in the country. Moreover, relative to traditional household spending and
balance-sheet datasets in the US such as the Survey of Consumer Finance
(SCF), our sample is larger, allows high frequency analysis and have negligible
measurement error.

Similarly to US stimulus policies, in our policy experiment qualified
workers do not access the stimulus money at the same time. Meanwhile,
unllike those programs, we cannot cleanly identify the stimulus effect from
the random payout timing as as the specialized literature often carries out.
In our case, it is the initial day of the withdrawal release that is exogenously
defined according to the month of birth. Qualified workers do not receive a
pre-defined amount of stimulus money by eletronic deposit in their checking
account or by paper check, as in the US stimulus policies. They had to go
to a bank agency to voluntarily withdraw it. We see in data that around 90
percent of the withdrawals occurs in the first month of release. However, the
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exact total withdrawal amount and the day(s) it occurs possibly endogenously
reflect qualified workers’ demographic characteristcs or seasonal as well as the
average of all other concurrent aggregate factors.

Therefore, instead of exploring variation on withdrawal timing, we use a
difference-in-differences approach and rely on the untreated workers to identify
the debt response. The untreated workers were raised as follows. In the RAIS
database we have information on when a employee quits or is dismissed for
just cause. Since these events define the deactivation of an account of the
FGTS, it implies that we know whether he or she had an inactive account. We
then tracked all 44.92 million individuals with formal labor contracts between
1994 to 2016 that had any inactive account in this period. Among these
individuals, the ones who performed withdrawals, as indicated by the merge
with the dataset of the Caixa EconÃťmica Federal with qualified workers’
withdrawals, were assigned to the treatment cluster, while those individuals
who did not qualified to the program due its participation criteria26 were
considered the control cluster − nearly 18.92 million individuals. Moreover,
we assign individuals in the control cluster to each of the five groups of treated
workers following the months of birth as stated by the program timeline.

Tables 1 and 2 Tables 3.1 and 3.2 exhibit, respectively, summary statistics
of demographics and consumption and debt variables, for the treatment and
control clusters in the five groups of program benefeciaries. We see that the
control cluster is not directly comparable with the treatment cluster along key
dimensions in the full (unmatched) sample. For example, on average the control
cluster is richer and more qualified than the treatment cluster. The amount
available in the withdrawals program of the FGTS depends on individual’s
life cycle income, for which we use monthly income (labor earnings) in 2016
as proxy. Moreover, the level of education is also proxy for financial literacy.
This suggests that the treatment cluster may have spending and debt patterns
intrinsically different from that of the control cluster.

For a sound indentification of the policy effect, workers in the treatment
and control clusters should also have comparable levels of income and edu-
cation. Motivated by this evidence, we follow two approaches to address the
challenge in statistical inference related to an unbalanced sample to report
the results. First, we build a matched sample of workers in the treatment and
control clusters that are similar in observable in demographic characteristcs
and in consumption and indebtedness patterns. More precisely, we compute
propensity scores based on a logistic regression using a set of income as well as

26That is, individuals with accounts created after December 31, 2015 or with accounts
cleared by withdrawals made before the program announcement.
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demographics, including age, schooling, gender and race. We also include aver-
age balances and interest rates of the main credit modalities at the individual-
month level as an attempt to capture unobservable characteristics as well as
dummies for each of the 27 states as fixed effects to control for regional dif-
ferences in a continental country as Brazil − see Table A.1 in appendix A for
the logistic regression results. We then perform the nearest-neighbor match-
ing based on the computed propensity scores. We compute the propensity
scores in the first four months of our (pre-treatment) sample for each group
of treated workers and then we remove this range period for a cleaner iden-
tification, as we mentioned. We see that differences in several characteristics
either shrink significantly or become statistically insignificant in Tables 1 and
2 Tables 3.1 and 3.2. In addition to the mean statistics, distributions of age,
monthly income in 2016 and credit card spending of the treatment and control
groups after matching are also similar and comparable (Figures 2−4 Figures
3.2-3.4). Notwithstanding, we acknowledge that the matched sample might not
eliminate the unobservable differences between treated and controlled workers,
which would affect their consumption and debt behaviour.

In the second approach of our analysis, we consider all treated workers
with some consumption and debt information in the SCR database. We exploit
the estimated propensity scores by including them as regression weights in the
full sample difference-in-differences analysis. The grounds behind it is to give a
larger weight to those workers in the control cluster more similar to workers in
the treatment cluster (e.g., those with similar income, age, educational level,
etc.) in estimating the counterfactuals after the FGTS stimulus program.

The difference-in-differences identification approach requires the control
group to have the same consumption and indebtedness patterns as the treat-
ment group in the pretreatment period so that their behavior after the pol-
icy announcement constitutes a valid counterfactual. To illustrate it, we plot
the unconditional means of treatment and control clusters of workers in the
matched sample and in the full sample (weighted means by propensity scores)
in all sample period (2016:01−2017:12) for the consumption proxy in Figure 5
Figure 3.5 and total debt in Figure 6 Figure 3.6. We see in these figures that
the difference in consumption or total debt between the treatment cluster and
the control cluster before the announcement of the withdrawal program of the
FGTS remains virtually constant for all groups, which confirms the underlying
identifying assumption of parallel pre-trends. Note that, while visual inspec-
tion is more subtle for consumption in the matched sample, in the full sample
for both cosumption and total debt the lines depicting treatment and control
visibly diverge after the program, which provides a suggestive evidence of the
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workers response to the liquidity-income shock.

3.3.2
Methodology

We now assess the consumption and debt responses using a difference-
in-diferences regression approach that follows Agarwal and Qian (2014) .
Remind that the treatment cluster corresponds to workers who qualified for the
FGTS program and performed withdrawals from their inactive accounts. The
control group corresponds to workers that did not qualified for the program,
that is, individuals whose accounts were created after December 31, 2015
or individuals who cleared up their inactive accounts by withdrawals made
before the program announcement. The pretreatment period is from 2016:05
to 2016:11 (seven months), and the post-treatment period is from 2016:12 to
2017:12 (thirteen months).

The first specification shows the average monthly consumption or debt
responses to the withdrawals program in each of the five groups of treated
workers, according to the withdrawals timeline, where g = {1, 2, 3, 4, 5}:

Y g
i,t = βgpre × $W g

i × 1pre + βgpost × $W g
i × 1post + αgi + δt + εi,t. (3-1)

The dependent variable, Y g
i,t, is consumption or the balance amount of

total debt for individual i of group g, at the end of month t. $W g is the
withdrawal amount of the FGTS Program that the worker i in the treatment
cluster of group g did, and is equal to 0 for the control cluster. 1pre is a dummy
variable equal to 1 for the period before the announcement of the program (i.e,
2016:06−2016:11).27 1post is another dummy variable equal to 1 for the months
after the announcement of the program (i.e, ≥2016:12). αgi is the individual
dummy in each group g used to absorb differences in individual preferences. δt
is the year-month dymmy, included to absorb seasonal as well as the average
of other concurrent aggregate factors. We clustered standard errors at the
individual level.

βgpre captures the difference of consumption (or total debt) trend between
the treatment and the control clusters of group g in the pretreatment window,
2016:06−2016:11, (compared to the benchmark period, i.e, 2016:05). Note
that βgpre must be statiscally and economically indistinguishable from zero
for validity of the difference-in-difference design. On the other hand, βgpost
measures the average monthly post-policy reponse of consumption balance per

27Period 2016:05 is absorbed to identify the benchmark consumption or debt patterns in
the estimation. We varied the number of absorbed months (2016:05−2016:06) and conversely
the months before the announcement (2016:07−2016:11) and overall results are similar.
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$1 withdrawn by a treated worker (compared to the benchmark period) relative
to the post-policy change of consumption of the control cluster in group g. βgpost
has a different interpretation if Y g

i,t is total debt, since this dependent variable
is a stock variable in levels, instead of a flow variable such as consumption.28

It then measures the average post-policy reponse (in the whole post-policy
window) of total debt balance per $1 withdrawn by a treated worker (compared
to the benchmark period) relative to the post-policy change of total debt of
the control cluster in group g.

In the following specification we allow for differences within the post-
policy period by splitting it into the announcement window and the withdrawal
window:

Y g
i,t = βgpre×$W g

i ×1pre+βga×$W g
i ×1gannounce+βgw×$W g

i ×1gwithdraw+αgi +δt+εi,t.
(3-2)

The dummy variables 1gannounce and 1gwithdraw equal to 1 for the months
during the announcement and withdrawal windows, respectively. Note that
both windows vary across groups of treated workers following the withdrawals
timeline. More precisely, 1gannounce equal to 1 for g = {1, 2, 3, 4, 5} in the fol-
lowing month ranges: 2016:12−2017:02, 2016:12− 2017:03, 2016:12−2017:04,
2016:12−2017:05, 2016:12−2017:06, respectively. Since in the last group in
the withdrawals timeline, g = 5, we observe six months following the first
month of this group’s withdrawal release (2017:07) considering our sam-
ple period (2016:05 to 2017:12), we also set a 6-month withdrawal win-
dow for the remaining groups for comparability. Hence, 1gwithdraw equal to
1 for g = {1, 2, 3, 4, 5} in the following month ranges: 2016:03−2017:08,
2016:04−2017:09, 2016:05−2017:10, 2016:06−2017:11, 2016:07−2017:12, re-
spectively. Therefore, βa and βw measure the average monthly post-policy (av-
erage in the whole post-policy window) response of consumption (total debt
balance)29 per $1 withdrawn by a treated worker − compared to the bench-
mark period − in group g, relative to the change of consumption (or total
debt) of group g control cluster during the announcement and the withdrawal

28It applies to any stock variable in this study. We could alternatively define Y gi,t as total
debt change

(
4Y gi,t ≡ Y

g
i,t − Y

g
i,t−1

)
. However, since in specification 1 we regress total debt on

dummy variables of relatively large post-policy windows, βgpost in general become statistically
insignificant since, we could see by applying specification 3 that, unlike the response of the
flow variable of consumption, the debt change response is not persistent. In other words,
the monthly coefficients are in general statistically significant only in the initial month of
withdrawal release for each group of treated workers. Therefore, either the monthly sum
of total debt change response or the average of the total debt response in levels in the
post-policy windows are virtually identical responses for each group of treated workers. The
choice for total debt in levels is for convenience due to specifications 1 and 2.

29See footnote 21 for an explanation of the difference of interpretation of the response
coefficients whether the dependent variable in the regression is consumption flow or the
stock of total debt balance in levels.
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windows, respectively.
The third specification is an event study approach on the dynamics of

consumption (or total debt) responses. However, rather than identifying the
effect through variation of the timing of the program disbursements, as usual
in the literature, we do so in a difference-in-differences design. The following
distributed lag model is estimated:

Y g
i,t =

Sg∑
s=−6

βgs × $W g
i × 1month s + αgi + δt + εi,t. (3-3)

The coefficients β−6, ..., β−1 capture the difference of trends in debt modalities
balance between the treatment cluster and the control cluster in the pretreat-
ment months (2016:06,..., 2016:11), and we expect it to be economically and
statistically insignificant. β0 captures the immediate $ response during the an-
nouncement month (2016:12). The marginal coeficients β1, ..., βSg measure the
monthly average responses one month, ..., and Sg months (S1 = 8, ..., S5 = 12,
where g = {1, 2, 3, 4, 5} stands for the groups of treated workers) after the
announcement, respectively. Since, as we mentioned, consumption is a flow
variable and total debt balance is a stock variable in levels, we define the
total effects within the pre and post windows differently. If the dependent
variable is consumption, we define cgpre ≡

∑−1
t=−6 β

g
t as the cumulative con-

sumption response, whereas dgpre ≡ 1
6
∑−1
t=−6 β

g
t stands for the average total

debt response, both in the pre-policy window in group g. cgannounce ≡
∑τg−1
t=0 βgt

is the cumulative consumption response within the announcement window,
while dgannounce ≡ 1

τg−1
∑τg−1
t=0 βgt is the average deleveraging effect (average

total debt response) within the same window, where τ g (τ 1 = 3, ..., τ 5 = 7
stands for months 2017:03,..., 2017:07) represents the initial months of with-
drawals releases for groups g = 1, ..., g = 5, respectively. In the withdrawal
window, cgwithdraw ≡

∑Sg

t=τg β
g
t stands for the cummulative consumption re-

sponse, whereas dgwithdraw ≡ 1
Sg−(τg − 1)

∑Sg

t=τg β
g
t , in turn, defines the average

deleveraging effect in group g.
Finally, in the fourth specification we extend model (3) to assess het-

erogeneity in the consumption response to the withdrawals across groups of
workers. We define N as the number of subgroups of workers, which we de-
compose into subgroups j1, ..., jN , such that the Nth subgroup is absorved in
the regression of the following model:

Y g
i,t =

Sg∑
s=−1

βgs × $W g
i × 1month s +

Sg∑
s=−1

βgj1,s × 1j1 × $W g
i × 1month s + ... (3-4)

+
Sg∑

s=−1
βgj(N−1),s

× 1j(N−1) × $W g
i × 1month s + αgi + δt + εi,t.
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3.4
Results

We present the results following the order of the models presented
previously in the methodology section. First, we estimate the average response
of consumption and total debt to the withdrawals program of the FGTS as in
equation (1). Second, we split the post-policy period into the announcement
period and the withdrawal period following equation (2). Then we assess
dynamics using the distributed lag model (3). Lastly, we apply the model
specification (4) to assess heterogeneity in the consumption response across
workers. We present the main results both in the matched sample (after
propensity score matching based on the nearest neighbor) and the full sample30

in the period range from seven months before to twelve months after the
announcement of the program (2016:05−2017:12). To mitigate the challenge
in statistical inference related to an unbalanced sample, we use the estimated
propensity scores as regression weights in the full sample analysis.

3.4.1
Matched Sample Analysis

3.4.1.0
The average response of consumption and total debt

Table 3.3 shows results on the average consumption response by applying
equation (1) in panel A and equation (2) in panel B in the five groups of
treated workers − columns (A)−(E). In panel A, the coefficients on $W g

i ×1pre
capture the difference in consumption per $1 of the withdrawal amount
between the treatment and control clusters in the period before announcement
(2016:05−2016:11) relative to the first month in our sample period (2016:05).
Analogously, the coefficients on $W g

i ×1post measure the consumption response
after the announcement31 relative to the first month in our sample period.

In Panel A of table 3.3 , coefficient estimates on the pretreatment period
variable, $W g

i ×1pre, are both economically small and statistically insignificant
in all five columns. For example, for each $1 withdrawn by the treatment cluster
in group 5, consumption is on average $0.003 more than its control cluster in
the window before the program announcement and is statiscally insignificant
(p-value = 0.91). It suggests that before the withdrawals program of the FGTS

30We randomly draw approximatelly 8 percent of the full database.
31Remind that we set a 6-month withdrawal window following the first month of the

withdrawal release for each group. Thus, the post-treatment for all groups begins on 2016:12
and ends on 2017:08, 2017:09, 2017:10, 2017:11 and 2017:12, for groups 1,2,3,4 and 5,
respecitively.
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there are no differences in consumption spending patterns between the matched
treatment and control clusters. It provides evidence supporting our difference-
in-diferences approach and then reinforeces that the difference in consumption
after the announcement is indeed the treatment clusters’ response to the
liquidity-income shock. Overall, coefficient estimates on the post-treatment
period variable, $W g

i ×1post, are both statistically and economically significant
and ranges from $0.029, in group 4, to $0.058, in group 2, per month for every
$1 of withdrawn resources from inactives accounts of workers who qualified for
the FGTS program.

Remind that in section 2 we show evidence supporting that the with-
drawals program of the FGTS in 2017 was unanticipated by formal workers in
Brazil. The program was announced in December 2016, three months before
withdrawals release of qualified workers in group 1, which enable us to inves-
tigate the announcement and withdrawals effects separately. In Panel B, con-
sistently with Agarwal and Qian (2014) 32, there is evidence that workers are
taking advantage of consumer credit in facilitating the consumption response
in the announcement period by “borrowing” from the future withdrawal money
and started spending immediately upon announcement. Coefficient estimates
on the announcement period variable, $W g

i ×1gannounce, in groups 2 and 3 shows
a $0.030 and $0.031 increase, respectively, per month for every $1 of withdrawn
resources. The withdrawal effect, in turn, is stronger and more precisely esti-
mated, as we see the coefficient estimates on the withdrawal period variable,
$W g

i × 1gwithdraw, also in panels B across groups of treated workers. The effects
range from $0.046 in group 1 to $0.092 in group 5 per month for every $1 of
withdrawn resources.

Table 3.4 shows that the withdrawals program of the FGTS also implied
a deleveraging effect among treated workers. We see in Panel A that workers
in the treatment cluster reduce their total debt balance by amounts ranging
from -$0.037 (not statistically significant) in group 3 to -$0.13 in group 5 for
every $1 withdrawn in the program during the whole post-treatment window
(coefficients on the post-treatment period variable $W g

i ×1post) . Remind from
subsection 3.2 that for result’s interpretation, consumption spending (flow) is
the monthly average response within the respective windows, whereas for total

32We shall see in the subsection on heterogeneity of modalities below that it is due to
credit card spending.
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debt balance (stock) it is the average within the whole respective windows33.
Panel B suggests that, unlike the effect on consumption, overall there is no
deleveraging antecipation to the withdrawal window − coefficients on the
annoucement period, $W g

i × 1gannounce, are insignificant34. Workers in general
wait for the release of their groups’ withdrawals to deleverage on total debt.
Therefore, as the coefficients on the withdrawal period, $W g

i ×1gwithdraw, show,
total debt balances of workers in the treatment cluster decline by (statistically
significant) amounts ranging from -$0.068 in group 3 to -$0.183 in group 5 for
every $1 withdrawn in the program during the whole withdrawal window.

3.4.1.0
The Dynamics of Consumption and Debt Responses

Tables 5−6 Tables 3.5-3.6 report the average monthly response of con-
sumption and total debt, respectively, to the withdrawals program of the FGTS
following the distributed lag model in equation (3). Tables also exhibit the av-
erage monthly response in the pre-treatment period and in the post-treatment
period, which we decompose into announcement and withdrawal windows, to
gauge both the consumption and the deleveraging impact of the liquidity-
income shock. The results can be interpreted as an event study, with month
0 being the time of the announcement and τ g = {3, 4, 5, 6, 7} being the ini-
tial months of withdrawals releases for groups g = {1, 2, 3, 4, 5}, respectively.
As mentioned before,

{
cgpre, c

g
announce, c

g
withdraw

}
and

{
dgpre, d

g
announce, d

g
withdraw

}
stand for the cumulative response, in the case of the dependent variable is con-
sumption spending, or the average response if the dependent variable is total
debt balance within the pre-policy, announcement and withdrawal windows,
respectively35. For easy of visualization, in these tables we do not report the
monthly coefficients within the pre-treatment window and we set the monthly

33As we mentioned in subsection 3.2, total debt is a stock variable. We report results in
levels instead of reporting them in levels change for convenience with model specifications
1 and 2. Debt levels changes are transitory, impacting in general only the first month of
withdrawal release across groups. Thus, the The coefficient estimations of the effect of
the withdrawals within the post-treatment windows do not show up significantly since the
monthly significant effect averages with the remaining insignificant coefficient’s months of
these windows. By reporting the post-treatment windows’ effects across groups using total
debt in levels, results shows up significantly since the level of total debt declines persistently.
The main difference between using either total debt in levels or in levels change refers to
interpretation. The coefficient estimations of the effect of the withdrawals using the former
should be taken as the monthly average within the post-treatment window, whereas the
latter is the average effect within the whole post-treatment windows.

34One exception is group 5, which shows a decline of $0.084 for every $1 withdrawn in
the program. However, we will see in the full sample analysis that this announcement effect
becomes economically and statistically insignificant.

35Note again that the dependent variable consumption spending is a flow variable, whereas
the dependent variable total debt balance is a stock. For further details on interpretation
see subsection 3.2.
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coefficients within the withdrawal windows in bold. Tables tables 5−6 Tables
3.5-3.6 confirm results in previous specifications and, for example, differences
between in the cumulative (average) responses between treatment and control
clusters in the pre-treatment window, cgpre (dgpre), are widespread insignificant
both economically and statistically.

Consistently with the regression results in table 3.3, the monthly coeffi-
cients of the consumption response within the withdrawal windows of each
group are overall economically and statistically significant, whereas those
within the announcement window are not so widespread significant. We see
that cgannounce shows a $0.119 and a $0.155 cumulative response in groups 2
and 3, respectively, for every $1 withdrawn in the program. Remind that the
time range of the annoucement window of each groups increase by one month
for each group from group 1 to group 5, as shows the monthly coefficients
not in bold in the table. Thus, one have to take this in mind when compar-
ing cgannounce across groups if the dependent variable is consumption spending.
cgwithdraw, in turn, shows cumulative consumption responses within the with-
drawal six-months windows ranging from $0.275 in group 1 to $0.553 in group
5. Table 3.4 reports the average monthly coefficients on the total debt re-
sponse. It shows that the responses in general occur from the beginning the
withdrawal windows36, concurrently with stronger consumption reponses. The
average total debt responses within the withdrawal windows, dgwithdraw, range
from -$0.068 in group 3 and -$0.183 in group 5.

3.4.2
Full Sample Analysis

We have performed the analysis so far on a smaller sample in which
the treatment group and control group are matched on several demographics
and credit variables. To ensure that the results can be generalized to the full
sample, we repeat the main analysis on the full sample. As we mentioned, we
consider all treated workers with some consumption and debt information in
the SCR database. We exploit the estimated propensity scores by including
them as regression weights in the full sample difference-in-differences analysis
to address the challenge in statistical inference related to an unbalanced
sample. Furthermore, by using all treated workers in the analysis, we are
able to speak to the external validity of our results in the matched sample

36One exception is again group 5, which shows an average decline of $0.084 for every $1
withdrawn in the program within the announcement window. However, we will see in the
full sample analysis that this announcement effect becomes economically and statistically
insignificant.
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analysis.37We overall see that results are more precisely estimated and stable
across groups of treated workers relative to results estimated on the matched
sample. Therefore, we include in this subsection more exercises related to
heterogeneity of consumption and debt modalities and heterogeneity across
consumers.

3.4.2.0
The average response of consumption and total debt

First, we analyze the average response of consumption and total debt.
Tables 3.7 and 3.8 exhibts the full sample analogues of the consumption and
debt responses on the matched sample in Tables 3.3 and 3.4, respectively,
using model specifications 1 in Panel A and 2 in Panel B. Table 3.7 shows
that coefficient estimates on consumption responses in the pretreatment period
variable, $W g

i × 1pre, are in general both economically small and statistically
insignificant. One exception in group 3, since the pre-treatment shows up
statiscally significant. However, it should not rise much concern. It is due to
only one month (2016:11) −the remaining five months of the pre-treatment
window are both economically small and statistically insignificant − and we
further note that the post-treatment coefficients are rather similar to the other
groups’ coefficients. In Panel A, coefficient estimates on the post-treatment
period variable, $W g

i ×1post, are both statistically and economically significant
and ranges from $0.042, in group 4, to $0.054, in group 2, per month for every
$1 of withdrawn resources from inactives accounts of workers who qualified
for the FGTS program. In Panel B, we see that the consumption antecipation
shows up in all groups of treated workers, which reinforces that workers are
taking advantage of consumer credit in facilitating the consumption response
in the announcement period by “borrowing” from the future withdrawal money
and started spending immediately upon announcement. Coefficient estimates
on the announcement period variable, $W g

i × 1gannounce, renges from $0.019 in
group 4 to $0.024 in group 1 per month for every $1 of withdrawn resources.
The withdrawal effect, in turn, is stronger as we see the coefficient estimates
on the withdrawal period variable, $W g

i × 1gwithdraw, also in panels B across
groups of treated workers. The effects range from $0.064 in group 4 to $0.082
in group 5 per month for every $1 of withdrawn resources.

Table 3.8 exhibits the total debt response, as Table 3.4 on the matched
sample. In Panel A, coefficient estimates on the post-treatment period variable,

37The standard errors reported for the full sample analysis do not take into account the
estimation error associated with estimating the propensity score, and the reported errors
may thus be downward biased, making estimates appear more precise than they actually
are. However, we believe that this issue is lessened by the size of our full sample.
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$W g
i × 1post, are both statistically and economically significant and indicates

a decline of total debt ranging from -$0.033, in groups 3 and 4, to -$0.058,
in group 2 for every $1 of withdrawn resources from inactives accounts of
workers who qualified for the FGTS program in the whole post-treatment
window. In Panel B, coefficient estimates on the announcement period variable,
$W g

i × 1gannounce, indicates that the workers generally deleverage following the
withdrawal windows.38 The withdrawal effect, $W g

i × 1gwithdraw, also in panels
B across groups of treated workers. The effects range from -$0.058 in group
3 to -$0.089 in group 5 for every $1 of withdrawn resources during the whole
withdrawal window.

3.4.2.0
The Dynamics of Consumption and Debt Responses

In addition to the average response analysis, we also apply the distributed
lag model in equation (3) showing the dynamics of consumption and debt
responses. Table 3.9 shows that the monthly coefficients of the consumption
response within both the announcement and the withdrawal windows of each
group are overall economically and statistically significant, whereas those
within the announcement window in Table 3.5 that uses the matched sample
are not so widespread significant. We see that cgannounce shows results ranging
from $0.073 and $0.15 as cumulative responses in groups 1 and 5, respectively,
for every $1 withdrawn in the program.39 cgwithdraw, in turn, shows cumulative
consumption responses within the withdrawal six-months windows ranging
from $0.383 in group 4 to $0.490 in group 5. Table 3.10 reports the average
monthly coefficients on the total debt response. It shows that the responses
in general occur following the withdrawal windows40. The average total debt
responses within the withdrawal windows, dgwithdraw, range from -$0.058 in
group 3 and -$0.089 in group 5.

We include an additional exercise on the dynamics of consumption and
debt responses applied on the full sample. We restrict the sample to individuals
that holds simultaneasly short-term liquidity sources of both consumption

38One exception is group 2, that show a coefficient of -$0.017 for every $1 of withdrawn
resources from inactives accounts of workers who qualified for the FGTS program in the
whole announcement window. We shall see below that it might be capturing an outlier
regarding to payroll debt in 2016:11.

39Remind again that the time range of the annoucement window of each groups increase
by one month for each group from group 1 to group 5, as shows the monthly coefficients not
in bold in the table. Thus, one have to take this in mind when comparing cgannounce across
groups if the dependent variable is consumption spending

40One exception is group 2, which shows an average decline of $0.017 for every $1
withdrawn in the program within the announcement window. However, we shall see below
in Table 3.12 that it likely reflects outliers exclusively in 2017:03 in group 2.
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(credit card spending) and debt (overdraft debt). We additionally restrict the
sample to individuals that also hold payroll debt, representing a relatively less
liquid debt modality. The coefficient results in Table 3.11 shows that unlike
in payroll debt, which shows overall no response within the announcement
window, we see evidence that overdraft debt balance soars across groups of
treated workers within the announcement window. In Table A.2 in Appendix
A, we show the same exercise, but overdraft debt is replaced by credit card
debt, which is another liquid debt modality. We also find some evidence
that there are treated individuals who increase credit card debt during the
announcement window in contrast with the negative debt response within the
withdrawal window. This result is consistent with studies in the literatures
on consumption effects of income and liquidity shocks (e.g. Agarwal and
Qian (2014),Gelman et al. (2018)). That is, we show that financial incentives
drive (constrained)41 consumers’ spending behaviour not only through credit
card spending. Interestingly, we also document a newly response mechanism
that highlights consumers use multiple sources of short-term liquidity in debt
modalities to smooth consumption following a positive unanticipated liquidity
shock. Then, after the withdrawals, consumers start to deleverage the increased
short-term debt modalities and switch to (cheaper) credit card spending42, as
we observe a stronger spending response within the withdrawals window.

3.4.2.0
Response heterogeneity by consumption categories and debt modalities

We next study the dynamics of heterogeneous responses to the with-
drawals program across different modalities following specification 1. The spe-
cialized literature documents heterogeneity in the type of spending response
to positive income shocks (e.g.,Parker et al. (2011),Agarwal and Qian (2014)).
In ou data, consumption is disaggregated into credit card spending and vehi-
cles and real estate down payments. There are several types of debt modalities
comprising total debt. As mentioned, we will highlight three modalities (credit
card debt, overdraft debt and payroll debt) that account for more than 60
percent of total debt. We also include in the analysis the amount of total debt
that are overdue and as well as default debt. Since we have shown that there
is no pre-treatment effect in Tables 7−8 Tables 3.7 and 3.8, we absorb the
pre-treatment variable $W g

i × 1pre in the heterogeneity analysis to increase
41In a next version of this paper, we will have data on liquid assets which will enable us

to study more precisely that these results are driven by liquidity constraints.
42Agarwal and Qian (2014) show an even stronger increase of debit card spending with

cash in hand, which is a cheaper modality relative to credit card spending.
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power and for the purpose of easier interpretation.43 Coefficient estimates on
the post-treatment period variable, $W g

i ×1post, are both statistically and eco-
nomically significant and rather stable across groups of treated workers, which
is a gauge of robustness of the results applied on the full sample.

To summarize, Table 3.12 shows that most of the consumption response
to the withdrawals program stems from credit card spending. It indicates a rise
of spending ranging from $0.030 in group 3 and $0.033 in group 5 in average
per month in the post-treatment window for every $1 of withdrawn resources
from inactives accounts of workers who qualified for the FGTS program. It
accounts for approximately 70 percent of the consumption response, whereas
real estate down payments accounts for 26 percent and vehicles down payments
accounts for the remaining 4 percent44. This result is consistent with the
literature. Agarwal and Qian (2014) estimate a coefficient on $W g

i × 1post of
$0.053 as monthly average credit spending in the post-treatment window for
every $1 of disbursement resources in a policy experiment in Singapore. One
has to keep in mind that credit card spending in Singapore accounts for 30
percent of the aggregate personal consumption, while in Brazil close to 20
percent of aggregate household consumption expenditure in the country is
purchased using credit card.45 Furthermore, also consistently with some prior
research (e.g Aaronson et al. (2012),Parker et al. (2011)), we find positive
response in big-ticket durables, especially in real estate down payments.46

43We follow Agarwal and Qian (2014) in this procedure. We have verified that our results
are qualitatively the same by adding the pre-treatment months in the analysis in all types of
consumption and all debt modalities across groups of treated workers in the heterogeneity
analysis. Moreover, pre-treatment periods are overall insignificant.

44It is a back-of-the-envelope calculation of the ratio of the average responses of each
category (weighted by groups’ observations) to the average response of consumption within
the post-treatment window.

45It is according to the Brazilian Association of Credit Card and Service Companies
(ABECS) and the National Accounts System - excluding imputed rent for dwelling services
- from the Brazilian Institute of Geography and Statistics (IBGE) in 2017. Agarwal et al.
(2007) find similar results for the U.S, where credit card spending accounts for 20 percent
of the aggregate personal consumption during the late 90’s ( Chimerine and Incorporated
(1997)

46Notwithstanding, real estate credit contracts are very infrequent, which reduces the size
of the response due to a large number of individuals that do not hold this type of contracts
(many zeros by considering the full sample). By restricting the sample for individuals that
made real estate down payments (and that eventually hold any other consumption category
or debt modality), the size of the coefficient response can increase to up to $0.60 in average
per month in the post-treatment window for every $1 of withdrawn resources from inactives
accounts. Note that it imples an accumulated response of more than 100 percent within the
post-treatment window among individuals that buy a house, which is a common results for
very large purchases. Similarly, payroll debt, which is also a relatively less frequent debt
modality, restricting the sample for individuals that hold payroll debt (and that eventually
hold any other consumption category or debt modality), the average deleveraging response
within the whole post-treatment window rises to approximately -$0.15 (near -$0.02 on the
full sample).
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This finding is suggestive of an important role for liquidity constraints, as the
unanticipated shock may have provided otherwise unavailable down payments
for debt-financed purchases of cars and dwelling.

Table 3.12 also exhibts the response of debt modalities. Payroll debt
stand out with 48 percent of total debt response by considering an average
response of nearly -$0.020 across groups in the post-treatment window for every
$1 of withdrawn resources47. Credit card debt and overdraft debt show similar
responses accounting for 15 percent and 13 percent of total debt response,
respectively. Furthermore, by considering the average response in the post-
treatment window of total overdue debt and total default debt, we highlight
that around 24 percent of the deleveraging response on total debt refers to
overdue debt and 16 percent relates to default debt.

Nevertheless, to move from the consumption and debt responses of each
group of treated workers to aggregate consumption and debt responses, we
need to take a stand on total responses in order to gauge the overall impact of
the program stimulus. For illustrative purposes, we report some back-of-the-
envelope calculations along these lines, in which we consider the statistically
significant responses in each group in tables 7 and 8 Tables 3.7 and 3.8 as
well as consider the group’s average withdrawn amounts. Thus, the implied
consumption and total debt response of treated workers in our SCR full
sample represent, respectively, nearly 53 percent and 7 percent of workers’
average withdrawals resources in the program. Considering the program totaled
US$13.6 billion and that around 64 percent of it belongs to treated workers with
some information in the SCR in our full sample, the direct (partial equilibrium)
impact of the withdrawals program in rising treated workers’ consumption and
reducing treated workers’ total debt represents approximately 35 percent and
5 percent, respectively, of total resources in the withdrawals program of the
FGTS. We are not able to keep track of the remaining 26 percent of total
resources in the withdrawals program in our full sample as we do not have
data on cash/check spending, debt card spending and savings. Moreover, as
we mentioned, nearly 1/3 of the total resources in the withdrawals program
are not in the SCR database.

3.4.2.0
Heterogeneity of consumption response across consumers

Now we study the dynamics of heterogenous responses to the withdrawal
program across different treated workers. Previous literature has demonstrated

47Again we consider a simple calculation of the ratio of the average responses of each debt
modality (weighted by groups’ observations) to the average response of total debt within
the post-treatment window.
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that constrained consumers respond more strongly to positive shocks (e.g.,
Agarwal and Qian (2014); Johnson et al, 2006). The empirical literature
emphasizes that some observed characteristics such as income, debt, and liquid
wealth are likely to bear some correlation with the unobserved characteristics
that may trigger a violation of the permanent income hypothesis. Earlier
studies use demographics as proxies for liquidity constrained consumers. For
instance, prior papers argue that young and old consumers are more likely
to be liquidity constrained. To this respect, we show an initial approach to
heterogeneity across consumers. We follow previous literature to argue that
young and old workers are more likely to constrained consumers. We estimate
each group’s response to the stimulus in one regression using specification in
equation (4). Our data allow us to understand differences in the full path of
the workers’ consumption responses across different debt modalities. However,
we leave a more complete assessment of different demographic proxies, asset
and debt modalities holdings for the assessment of constrained consumers for
future investigation.

Given that in previous tables in general no pretreatment effect was shown,
as in the modalities heterogeneity analysis, we absorb the pretreatment variable
($W g

i ×1pre) to increase power48 and for easy of interpretation. We classify the
sample of workers according to their age in the four months before our analysis
sample (i.e., 2016:01−2016:04): workers with low level of age if his of her age
is below the tenth percentile of the distribution, or equivalently to around 26
years old across groups of treated workers, and workers with high level of age
if his or her age is above the top decile of the distribution, or equivalently
to 54 years old. Therefore, for example, if there are two groups, we estimate
each group’s response to the shock in one regression using the specification in
equation (4), with group N = 2 being absorbed. We then plot, for each group
of consumers, the the cumulative consumption coefficients (starting from the
announcement month s = 0) up to each month in the post-treatment period in
the x-axis, ctg ≡

∑tg

s=0 β
g
s , where tg = {0, ..., Sg}, along with their corresponding

95 percent confidence intervals in Figure 7 Figure 3.7.
Young individuals typically have low liquid wealth and high income

growth, they are disproportionately likely to be liquidity constrained (e.g.,
Jappelli (1990),Jappelli et al. (1998)). There is also evidence that older
individuals increase their spending on receiving (predictable) pension checks

48To include the pre-treatment month does not change qualitatively the results and it
exhibits parallel trends in the pretreatment period in all subgroups in the heterogeneous
analysis.
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(Wilcox (1989),Stephens (2002)). Outside the null PIH hypothesis of βgs = 049,
older households might also spend relatively more because they have shorter
time horizons on average.

Keeping in mind the degree of statistical significance, visual inspection
of Figure 7 Figure 3.7 shows that the extreme groups according to age have
qualitatively different average consumption response in the post-treatment
period. We see evidence that both young and old treated workers spend
more within the withdrawal window. Interestingly, within the announcement
window young workers spend up to $19 less for every $100 withdrawn in
the program50, which suggests that relatively more young workers might be
liquidity constrained in accessing multiple sources of short-term liquidity to
smooth consumption.

3.4.3
Robustness

In this section we assess robustness of the statistical inference that con-
duct a cross sectional test as suggested by the Bertrand et al. (2004). We com-
pute the average monthly consumption and total debt during the six months
before treatment (2016:06-2016:11), and during the months after treatment
(2016:12-2017:08,..., 2016:12-2017:12, respectively, for each of the five groups
of treated workers). Then we compute, as our dependent variables, the dif-
ference between the after-treatment average and before-treatment average for
each individual. We then regress the dependent variables on the withdrawn
amount of each group g, $W g. In Table A.3 in Appendix A, in Panels A and
B, we report results on consumption in the matched sample and in the full
sample, respetively. Panels C and D similarly show the results on total debt.

49The Euler-equation literature focuses on testing whether predictable changes in income
are orthogonal to the residual (ui,t+1) over time; that is, whether βgs equals zero (Cham-
berlain 1984; Souleles 2004). In contrast, here we use the exogeneous defined timing of
withdrawal allowance and a difference-in-differences identification to ensure orthogonality
between the residual and our withdrawal regressor in the cross-section, which allows us to
estimate βgs and, thus, measure the causal effect of the withdrawals on expenditure, regard-
less of whether the PIH is true or not. Nonetheless, our estimate still provides a direct test
of the PIH, which implies that households should consume at most the annuitized value
of a transitory increase in income, and Ricardian equivalence, which implies no spending
response at all.

50We run F-tests of the difference in the cumulative coefficients between the young and
old groups within the announcement windows, cgannounce ≡

∑τg−1
t=0 βgt , across groups and

the results are statistically significant in groups 2 and 4 of treated workers ( p-value <
0.001). In group 5 p-value = 0.11 and in groups 1 and 3 p-value = 0.39 and p-value =
0.27, respecively. We also run F-tests in the cumulative coefficients between the young and
old groups within all post-treatment windows cgpost ≡

∑Sg

s=0 β
g
s and the results are overall

statistically insignificant, which suggests we cannot reject that young and old consumption
behaviour following the liquidity shock is different.
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We claim that our main findings remain in the tests.

3.5
Conclusion

This study uses an unique panel dataset of consumption and debt infor-
mation for more than 12 million workers in Brazil to analyze how consumption
and debt responded to an unanticipated fiscal stimulus program announced on
December 22, 2016. The unique policy experiment by the Brazilian govern-
ment allows us to distinguish an announcement effect and a withdrawal effect.
We apply a difference-in-differences identification to estimate the response to
the program. Workers that have inacctive accounts of the FGTS created after
December 31, 2015 or whose inactive accounts were cleaned up by withdrawals
before the program announcement were not elegible for the withdrawals pro-
gram of the FGTS in 2017. We use this exclusion restriction to identify the
causal effect of the program on consumption and debt by using these workers
as our control clusters for each group of the five groups of treated workers
defined by the program timeline of withdrawals.

We find that consumption rose following the announcement of the
program: for each dollar withdrawn from a inactive account of the FGTS,
workers on average accumulated a rise of $0.53 − 25 percent of which
particularly within the announcement window, which is a stong anticipation
effect. Consumption rose primarily in credit card spending after the program
announcement (on average 70 percent of the consumption response) followed
by the increase of big-ticket durables, specially real estate down payments
(on average 26 percent of the consumption response), which is suggestive
of an important role for liquidity constraints, as the unanticipated shock
may have provided otherwise unavailable down payments for debt-financed
purchases of durables. Furthermore, consumption response was heterogeneous
across individuals. Constrained consumers, measured as young or old, showed
stronger consumption responses. The withdrawals program of the FGTS also
implied a deleveraging effect after the withdrawals releases. Treated workers
on average reduced total debt by $0.07 for each $1 withdrawn. In addition,
payroll debt stood out among modalities, accounting for nearly 48 percent of
total debt response after the program announcement.

Our main contributions to prior literature follow. First, our database
allows us to study both unanticipated and anticipated effects to liquidity-
income shocks and to attest consistency with life-cycle theory predictions. Very
few papers are able to do so mainly due to lack of cross-sectional variation or
due to the difficulty in identifying shocks that are geneuinely exogeneous and
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unanticipated. Second, within the announcement window indebted consumers
used short-term liquidity in debt modalities (overdraft debt and credit card
debt) in addition to credit card spending to smooth consumption, which is
mostly overlooked in the literature on methods of smoothing consumption. It
implies that prior work based on micro-data with one single debt type (e.g.,
credit card debt) likely underestimates the the debt response to income shocks.
To this respect, our database and this policy experiment allows us to study
how consumption/savings behaviour adjust to a shock more comprehensively.

We should highlight that the results we report so far on the matched
sample should be taken with caution. Responses across groups in several cases
are not very stable, as one would expect after controlling in the regressions for
individual fixed effects and seasonal and other concurrent aggregate factors.
As Figure 3 Figure 3.3 on the distrubution of monthly income suggests, there
is a mass of poorer workers in the treatment cluster that does not exist in the
control cluster. More importantly, since income is a relevant covariate in the
logistic regression in the propensity score matching, it affects the quality of
the characteristics’ overlapping between treatment and control clusters. Since
poorer workers are likely to be constrained, they probably account for a large
share of the consumption variation following the shock that is discarded by
the nearest neighbour algorithm. In the full sample analysis, since we use
the individual propensity scores as weights in the regression, we include these
otherwise excluded individuals in the sample to deal with challenges related
to unbalanced sample. Nevertheless, the estimates in the matched sample
analysis may be more sensitive to outliers and may be causing bias due to
unobservable heterogeneity with respect to consumption/savings behaviour.
We leave for future endeavors to improve the matching sample by including
more information on the logistic regression so that it enhances the overlapping
of characteristics of the treatment and control clusters, as well as to test
alternative matching algorithms.

Other future improvements refer to heterogeneity of consumption re-
sponses across consumers. Our database allows to further explore consumption
differences by employment status. We will soon merge our database to assets
issued by all banks in the country. This will be an important source to expand
the scope of use of the withdrawals resources, specially among unconstrained
workers. Furthermore, a growing body of research has identified individual
balance sheets as important channels through which financial shocks to in-
dividuals can be amplified, with higher debt-to-asset ratios leading to higher
implied elasticities of consumption with respect to wealth. We could further
explore it by debt modalities.
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We mention at least more two possible extensions. First, it would be
of interest to consider likely unfolded household effects of the withdrawals
programs to study, for example, household risk sharing. Second, we can explore
variation through geographic heterogeneity of responses to assess whether
they are different in booming and recessive local economies, which is gap in
the empirical literature based on methodologies that measure (direct) partial
equilibrium effects of income shocks conditional to the state of economy in the
aggregate.

Figure 3.1: Web Searches for "FGTS saques" on Google Trends

Notes: This figure depicts a web search on Google Trends for "FGTS saque" ("FGTS withdrawal" in english)
in all categories of websites in Brazil in a 30-month period between Jan 24, 2016 an Jun, 24 2018. As the
website states, numbers represent search interest relative to the highest point on the chart for the given
region and time. A value of 100 is the peak popularity for the term. A score of 0 means there was not enough
data for this term.
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Table 3.1: Summary Statistics − Demographics

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 3. Follow the Money: The Effects of Liquidity Shocks on Consumption and Debt −
Evidence from a Natural Experiment in Brazil 133

Summary Statistics − Demographics (Continued)

Notes: This table reports the summary of demographics statistics of our treatment and control sample both
before and after propensity score matching (based on the nearest neighbor). The treatment sample consists of
workers who qualify for the Withdrawal Program of the FGTS in 2017 (workers who had an inactive account
of the FGTS until December, 31 2015) and the control sample consists of all workers who did not qualified
for the program (individuals with FGTS accounts created after December 31, 2015 or with accounts cleared
by withdrawals made before the program announcement). We exclude individuals with no information in the
SCR database in our period sample (2016:05−2017:12). It exhibits the comparison of demographics between
the treatment and control clusters for the five groups of treated workers.
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Table 3.2: Summary Statistics − Consumption and Debt
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Summary Statistics − Consumption and Debt (Continued)

Notes: This table reports the summary of consumption and debt statistics of our treatment and control
sample both before and after propensity score matching (based on the nearest neighbor). The treatment
sample consists of workers who qualify for the Withdrawal Program of the FGTS in 2017 (workers who had
an inactive account of the FGTS until December, 31 2015) and the control sample consists of all workers
who did not qualified for the program (individuals with FGTS accounts created after December 31, 2015
or with accounts cleared by withdrawals made before the program announcement). We exclude individuals
with no information in the SCR database in our period sample (2016:05−2017:12). It shows the comparison
between treatment and control clusters in consumption categories and debt modalities. We also include the
total overdue debt and total default debt. See the main text of section 3 for more details on the program
timeline for each group and definitions on debt modalities. All the amounts are in the local currency (BRL$),
and US$1=BRL$3.2591 as of December 2016.
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Figure 3.2: Kernel Densities of the Matched Sample − Age

Notes: This figure shows the treatment group and the control group comparison of distributions of age during
the period 2016:01–2016:04 after the propensity score matching for the five groups of treated workers.
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Figure 3.3: Kernel Densities of the Matched Sample −Monthly Income in 2016

Notes: This figure shows the treatment group and the control group comparison of distributions of monthly
income in 2016 during the period 2016:01–2016:04 after the propensity score matching for the five groups of
treated workers.
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Figure 3.4: Kernel Densities of the Matched Sample − Monthly Credit Card
Spending in 2016

Notes: This figure shows the treatment group and the control group comparison of distributions of monthly
credit card spending in 2016 during the period 2016:01–2016:04 after the propensity score matching for the
five groups of treated workers.
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Figure 3.5: Unconditional Mean of Consumption

Notes: This figure depicts the comparison of the unconditional mean of consumption between the treatment
and control clusters for all five groups of treated workers in the matched sample and in the full sample in the
period from 2016:01−2017:12. In the full sample workers are weighted by their respective propensity scores.
Numbers are normalized relative to period -11 (2016:01=100). For more details on the program timeline
for each group and definitions of consumption and debt modalities as well as details on the propensty
score matching applied to treated and untreated workers see the main text of section 3 and appendix A,
respectively.
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Figure 3.6: Unconditional Mean of Total Debt

Notes: This figure depicts the comparison of the unconditional mean of total debt between the treatment
and control clusters for all five groups of treated workers in the matched sample and in the full sample in the
period from 2016:01−2017:12. In the full sample workers are weighted by their respective propensity scores.
Numbers are normalized relative to period -11 (2016:01=100). For more details on the program timeline
for each group and definitions of consumption and debt modalities as well as details on the propensty
score matching applied to treated and untreated workers see the main text of section 3 and appendix A,
respectively.
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Table 3.3: The Average Consumption Response to the FGTS Program

Notes: This table shows the average consumption response (equations (1) and (2)) in the period from from
2016:05 to 2017:12 using the matched sample. Panel A presents the estimation results of equation (1), and
panel B shows the estimation results of equation (2). $W g is the amount withdrawn by the treatment
group g, and is equal to 0 for the control group. 1pre is a binary variable equal to 1 for the month before
the announcement (i.e., 2016:05-2016:11). 1post is a binary variable equal to 1 for the months after the
announcement of the Withdrawals Program (i.e., ≥ 2016:12). 1gannounce equal to 1 for g = {1, 2, 3, 4, 5}
in the following month ranges: 2016:12 to 2017:02, 2016:12 to 2017:03, 2016:12 to 2017:04, 2016:12 to
2017:05, 2016:12 to 2017:06, respectively. 1g

withdraw
equal to 1 for g = {1, 2, 3, 4, 5} in the following month

ranges: 2016:03 to 2017:08, 2016:04 to 2017:09, 2016:05 to 2017:10, 2016:06 to 2017:11, 2016:07 to 2017:12,
respectively. Individual and year-month fixed effects are included, and standard errors are clustered at the
individual level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at
the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.4: The Average Total Debt Response to the FGTS Program

Notes: This table shows the average total debt response (equations (1) and (2)) in the period from from
2016:05 to 2017:12 using the matched sample. Panel A presents the estimation results of equation (1), and
panel B shows the estimation results of equation (2). $W g is the amount withdrawn by the treatment
group g, and is equal to 0 for the control group. 1pre is a binary variable equal to 1 for the month before
the announcement (i.e., 2016:05-2016:11). 1post is a binary variable equal to 1 for the months after the
announcement of the Withdrawals Program (i.e., ≥ 2016:12). 1gannounce equal to 1 for g = {1, 2, 3, 4, 5}
in the following month ranges: 2016:12 to 2017:02, 2016:12 to 2017:03, 2016:12 to 2017:04, 2016:12 to
2017:05, 2016:12 to 2017:06, respectively. 1g

withdraw
equal to 1 for g = {1, 2, 3, 4, 5} in the following month

ranges: 2016:03 to 2017:08, 2016:04 to 2017:09, 2016:05 to 2017:10, 2016:06 to 2017:11, 2016:07 to 2017:12,
respectively. Individual and year-month fixed effects are included, and standard errors are clustered at the
individual level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at
the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.5: The Consumption Response Dynamics

Notes: This table shows the consumption response dynamics (equation (3)) in the period from from 2016:05
to 2017:12 using the matched sample. βgs measures the coefficient estimates of variable $W g

i × 1month s and
represents the average monthly response in month s = {−1, 0, ..., 12}, where s = −6 stands for 2016:06,...,
s = 0 is the announcement month 2016:12,..., and s = 12 is the last month in the withdrawal period
of group g = 5, 2017:12. We define cgpre ≡

∑−1
t=−6 β

g
t as the cumulative consumption response within

the pre-treatment window for group g, where g = {1, 2, 3, 4, 5}. We decompose post-treatment period into
announcement and withdrawal periods. cgannounce ≡

∑τg−1
t=0 βgt , where τg = {3, 4, 5, 6, 7} is the initial

month of withdrawals release for groups g = {1, 2, 3, 4, 5}, respectively, is the cumulative consumption
response of the program in group g within the announcement window. cg

withdraw
≡
∑Sg

t=τg β
g
t , in turn,

is the cumulative consumption response of the program in group g within the withdrawal period, where
Sg = {7, 8, 9, 10, 11, 12} for group g = {1, 2, 3, 4, 5}, respectively. Withdrawal windows for each group are in
bold. Individual and year-month fixed effects are included, and standard errors are clustered at the individual
level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at the 1 percent
level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.6: The Total Debt Response Dynamics

Notes: This table shows the total debt response dynamics (equation (3)) in the period from from 2016:05
to 2017:12 using the matched sample. βgs measures the coefficient estimates of variable $W g

i × 1month s and
represents the average monthly response in month s = {−1, 0, ..., 12}, where s = −6 stands for 2016:06,...,
s = 0 is the announcement month 2016:12,..., and s = 12 is the last month in the withdrawal period
of group g = 5, 2017:12. We define dgpre ≡ 1

6
∑−1

t=−6 β
g
t as the average total debt reponse within the

pre-treatment window for group g, where g = {1, 2, 3, 4, 5}. We decompose post-treatment period into
announcement and withdrawal periods. dgannounce ≡ 1

τg−1
∑τg−1

t=0 βgt , where τg = {3, 4, 5, 6, 7} is the
initial month of withdrawals release for groups g = {1, 2, 3, 4, 5}, respectively, is the average total debt
response of the program in group g within the announcement window. dg

withdraw
≡ 1

Sg−(τg − 1)
∑Sg

t=τg β
g
t ,

in turn, is the average total debt response of the program in group g within the withdrawal period, where
Sg = {7, 8, 9, 10, 11, 12} for group g = {1, 2, 3, 4, 5}, respectively. Withdrawal windows for each group are in
bold. Individual and year-month fixed effects are included, and standard errors are clustered at the individual
level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at the 1 percent
level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.7: The Average Consumption Response to the FGTS Program

Notes: This table shows the average consumption response (equations (1) and (2)) in the period from from
2016:05 to 2017:12 using the full sample. Panel A presents the estimation results of equation (1), and panel B
shows the estimation results of equation (2). $W g is the amount withdrawn by the treatment group g, and is
equal to 0 for the control group. 1pre is a binary variable equal to 1 for the month before the announcement
(i.e., 2016:05-2016:11). 1post is a binary variable equal to 1 for the months after the announcement of the
Withdrawals Program (i.e., ≥ 2016:12). 1gannounce equal to 1 for g = {1, 2, 3, 4, 5} in the following month
ranges: 2016:12 to 2017:02, 2016:12 to 2017:03, 2016:12 to 2017:04, 2016:12 to 2017:05, 2016:12 to 2017:06,
respectively. 1g

withdraw
equal to 1 for g = {1, 2, 3, 4, 5} in the following month ranges: 2016:03 to 2017:08,

2016:04 to 2017:09, 2016:05 to 2017:10, 2016:06 to 2017:11, 2016:07 to 2017:12, respectively. Individual and
year-month fixed effects are included, and standard errors are clustered at the individual level. T-statistics are
reported in parentheses under the coefficient estimates. *** Significant at the 1 percent level. ** Significant
at the 5 percent level. * Significant at the 10 percent level.
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Table 3.8: The Average Total Debt Response to the FGTS Program

Notes: This table shows the average total debt response (equations (1) and (2)) in the period from from
2016:05 to 2017:12 using the full sample. Panel A presents the estimation results of equation (1), and panel B
shows the estimation results of equation (2). $W g is the amount withdrawn by the treatment group g, and is
equal to 0 for the control group. 1pre is a binary variable equal to 1 for the month before the announcement
(i.e., 2016:05-2016:11). 1post is a binary variable equal to 1 for the months after the announcement of the
Withdrawals Program (i.e., ≥ 2016:12). 1gannounce equal to 1 for g = {1, 2, 3, 4, 5} in the following month
ranges: 2016:12 to 2017:02, 2016:12 to 2017:03, 2016:12 to 2017:04, 2016:12 to 2017:05, 2016:12 to 2017:06,
respectively. 1g

withdraw
equal to 1 for g = {1, 2, 3, 4, 5} in the following month ranges: 2016:03 to 2017:08,

2016:04 to 2017:09, 2016:05 to 2017:10, 2016:06 to 2017:11, 2016:07 to 2017:12, respectively. Individual and
year-month fixed effects are included, and standard errors are clustered at the individual level. T-statistics are
reported in parentheses under the coefficient estimates. *** Significant at the 1 percent level. ** Significant
at the 5 percent level. * Significant at the 10 percent level.
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Table 3.9: The Consumption Response Dynamics

Notes: This table shows the consumption response dynamics (equation (3)) in the period from from 2016:05 to
2017:12 using the full sample. βgs measures the coefficient estimates of variable $W g

i ×1month s and represents
the average monthly response in month s = {−1, 0, ..., 12}, where s = −6 stands for 2016:06,..., s = 0 is the
announcement month 2016:12,..., and s = 12 is the last month in the withdrawal period of group g = 5,
2017:12. We define cgpre ≡

∑−1
t=−6 β

g
t as the cumulative consumption response within the pre-treatment

window for group g, where g = {1, 2, 3, 4, 5}. We decompose post-treatment period into announcement and
withdrawal periods. cgannounce ≡

∑τg−1
t=0 βgt , where τg = {3, 4, 5, 6, 7} is the initial month of withdrawals

release for groups g = {1, 2, 3, 4, 5}, respectively, is the cumulative consumption response of the program in
group g within the announcement window. cg

withdraw
≡
∑Sg

t=τg β
g
t , in turn, is the cumulative consumption

response of the program in group g within the withdrawal period, where Sg = {7, 8, 9, 10, 11, 12} for group
g = {1, 2, 3, 4, 5}, respectively. Withdrawal windows for each group are in bold. Individual and year-month
fixed effects are included, and standard errors are clustered at the individual level. T-statistics are reported
in parentheses under the coefficient estimates. *** Significant at the 1 percent level. ** Significant at the 5
percent level. * Significant at the 10 percent level.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Chapter 3. Follow the Money: The Effects of Liquidity Shocks on Consumption and Debt −
Evidence from a Natural Experiment in Brazil 148

Table 3.10: The Total Debt Response Dynamics

Notes: This table shows the total debt response dynamics (equation (3)) in the period from from 2016:05
to 2017:12 using the full sample. βgs measures the coefficient estimates of variable $W g

i × 1month s and
represents the average monthly response in month s = {−1, 0, ..., 12}, where s = −6 stands for 2016:06,...,
s = 0 is the announcement month 2016:12,..., and s = 12 is the last month in the withdrawal period
of group g = 5, 2017:12. We define dgpre ≡ 1

6
∑−1

t=−6 β
g
t as the average total debt reponse within the

pre-treatment window for group g, where g = {1, 2, 3, 4, 5}. We decompose post-treatment period into
announcement and withdrawal periods. dgannounce ≡ 1

τg−1
∑τg−1

t=0 βgt , where τg = {3, 4, 5, 6, 7} is the
initial month of withdrawals release for groups g = {1, 2, 3, 4, 5}, respectively, is the average total debt
response of the program in group g within the announcement window. dg

withdraw
≡ 1

Sg−(τg − 1)
∑Sg

t=τg β
g
t ,

in turn, is the average total debt response of the program in group g within the withdrawal period, where
Sg = {7, 8, 9, 10, 11, 12} for group g = {1, 2, 3, 4, 5}, respectively. Withdrawal windows for each group are in
bold. Individual and year-month fixed effects are included, and standard errors are clustered at the individual
level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at the 1 percent
level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.11: Credit Card Spending, Payroll Debt and Overdraft Debt Dynamics
Responses − Restricted Sample
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Credit Card Spending, Payroll Debt and Overdraft Debt Dynamics
Responses − Restricted Sample (Continued)

Notes: This table shows the credit card spending, payroll debt and overdraft debt response dynamics
(equation (3)) in the period from from 2016:05 to 2017:12 using the full sample, restricted to individual
holding at least credit card spending and these two debt modalities. βgs measures the coefficient estimates
of variable $W g

i × 1month s and represents the average monthly response in month s = {−1, 0, ..., 12}, where
s = −1 stands for 2016:11, s = 0 is the announcement month 2016:12,..., and s = 12 is the last month
in the withdrawal period of group g = 5, 2017:12. We define cgpre ≡

∑−1
t=−6 β

g
t and dgpre ≡ 1

6
∑−1

t=−6 β
g
t

as the cumulative consumption response and the average debt modality response, respectively, within the
pre-treatment window for group g, where g = {1, 2, 3, 4, 5}. Withdrawal periods for each group are in bold.
Individual and year-month fixed effects are included, and standard errors are clustered at the individual
level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant at the 1 percent
level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Table 3.12: Response heterogeneity by consumption categories and debt modal-
ities

Notes: This table shows the monthly average response of consumption categories and the average response
of debt modalities, total overdue debt and total default debt (equation (1)) in the period from from 2016:05
to 2017:12 for each of the five groups of treated workers (Panel A to Panel E) using the full sample. $W g is
the amount withdrawn by the treatment group g, g = {1, 2, 3, 4, 5}, and is equal to 0 for the control group.
1post is a binary variable equal to 1 for the months after the announcement of the Withdrawals Program
(i.e., ≥ 2016:12). Individual and year-month fixed effects are included, and standard errors are clustered at
the individual level. T-statistics are reported in parentheses under the coefficient estimates. *** Significant
at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
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Figure 3.7: Heterogeneity in Consumption Response across Workers Types
−Age

Notes: This figure plots for each group of consumers, the cumulative consumption response (starting from the
announcement month s = 0) up to each month in the post-treatment period in the x-axis, ctg ≡

∑tg

s=0 β
g
s ,

where tg = {0, ..., Sg} for g = {1, 2, 3, 4, 5}, respectively, along with their corresponding 95 percent confidence
intervals, across different consumers. The y-axis shows the $ response (for every $100 received). The sample
includes the treatment and control groups during the period of 2016:05–2017:12. Column 1 plots workers
with low age in each group (i.e., age between 2016:01 and 2016:04 ≤26 or bottom tenth of the sample).
Column 2 shows workers with high age in each group (i.e., age between 2016:01 and 2016:04 ≥54, or top
tenth of the sample).
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Chapter 1

A.1
Additional Tables and Figures

Table A.1: Trends in Inequality: Log Change of the Ratio of each Income
Quintile to Bottom Income Quintile − Consumption Expenditure, Nondurable
Expenditure, Before-tax Income and After-tax income

Notes: This table depicts the log difference of the ratio of the average of each quintile of
before-tax income respondents (quintile 2-quintile 5: q2-q5) to the average for bottom quintile
respondents where the averages are taken over the pooled years indicated at the head of the
table. All variables are converted into constant 1983 dollars by CPI-U - U.S. city average
before averaging. Definitions of each series and sample construction are given in the data
section.
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Table A.2: Consumption Expenditure Shares and First-Stage Expenditure
Elasticities of Goods Categories − 1980-1982 − Consumption Expenditure and
Nondurable Expenditure

Notes: The first column presents each good’s average share of total expenditure for 1980–1982
for consumption expenditure and nondurable expenditure. The remaining columns report
estimates of each good’s expenditure elasticity, with associated standard errors in parenthe-
ses. The regression specification sums each household’s expenditure (on each good and in
total) over all four interviews and instruments log total expenditure with dummy variables
indicating the household’s income category as well as the continuous variable of log real
after-tax income. See text for details of sample construction and regression specification. It
includes demographic control dummies for age, household size, and number of earners.
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Table A.3: Trends in Consumption Inequality Based on Relative Expenditure
Patterns and Trends in Income Inequality − Consumption Expenditure and
Nondurable Expenditure

Notes: This table reports the estimated change in consumption inequality for income
quintiles versus the poorest income quintile obtained from the second-stage regressions in
subsection 3.1.2. All sepecifications in columns 1-4 use the first-stage estimated expenditure
elasticities reported in Table A.2 in appendix A. The estimated parameters, δqk,(08−10) −
δqk,(83−85), qk ∈ {q2, q3, q4, q5}, represent the relative growth in total expenditure for higher-
income quintiles households relative to the lowest-income households for the period 1983-
1985/2008-2010. See the specification in equation (8) and discussion in the text for full
details. The first column implements the second stage by OLS while the second column
implements weighted least squares, using the average shares for 1980–2010 as weights from
NIPA-BEA. The standard errors are calculated using a bootstrap with 100 replications.
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Figure A.1: Trends of the Quintiles’ Expenditure Weights in Total
Expenditure Computed From Reported Data in the CE Survey and Con-
structed From the Second-stage Regressions (Corrected Data) − Consumption
Expenditure and Nondurable Expenditure Notes: This figure depicts the weights of

the average of each income quintile (quintile 1-quintile 5: q1-q5) with respect to total con-
sumption expenditures from reported data in CE survey and obtained from the second-stage
regressions in subsection 3.1.2. Quintiles’ figures at a point in time add up to one. The weights
obtained from from the second-stage regressions represent the ratio of the relative expendi-
ture of each quintile to the sum of quintiles’ relative expenditures. See the specification in
equation (9) and discussion in the text for full details. Dashed lines and solid lines denote,
respectively, weights of nondurable expenditures and weights of consumption expenditures.
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Table A.4: Change In Relative Income-Specific Measurement Error

Notes: This table reports the change in the estimated income-specific measurement error for
highest-income respondents relative to lowest-income respondents: φqk,(08−10)−φqk,(83−85),
qk ∈ {q2, q3, q4, q5} from equation (12) for the change over the period 1983-1985/2008-
2010. The specification for each column is the same as in Table A.3. Standard errors are
calculated using a bootstrap with 100 replications.
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Figure A.2: Trends in Aggregate Sectoral Shares - Consumption Expenditure
and Nondurable Expenditure Notes: This figure depicts the approximation of aggregate

shares of consumption expenditure and non-durable expenditure using data from CE-BLS
with data from NIPA-BEA for agriculture, manufacturing and services. Solid and dashed
lines denote, respectively, data from NIPA-BEA and data from CE-BLS. Sectoral shares are
defined by the ratio of sectoral expenditure to total expenditure. See the data subsection
3.2.1 for further details on definitions.
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Table A.5: Association of Broad Consumption Sectors, CE Consumption
Categories (Nondurables) and CPI Items

Notes: This table depicts the assignment of each nondurable consumption category in the
CE-BLS and associated CPI itens (CPI-BLS) to the three broad consumption sectors that
follows the sectors definitions in Herrendorf et al. (2009) Herrendorf et al. (2013). For more
details on definitions of each sector see Herrendorf et al. (2009) Herrendorf et al. (2013). For
details on sample construction see the data section and Aguiar and Bils (2015).

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Appendix A. Chapter 1 165

Figure A.3: Trends in Sectoral Price Indexes - Consumption Expenditure
and Nondurable Expenditure Notes: This figure depicts the approximation of sectoral

price indexes considering both consumption expenditure and non-durable expenditure
using data from CPI-BLS with data from NIPA-BEA for agriculture, manufacturing and
services. Price indexes constructed with NIPA-BEA data are obtained by cyclical expansion
procedure Herrendorf et al. (2009) (Herrendorf et al., 2013). Price indexes constructed
with CPI-BLS data are obtained by weighted-average (by the expenditure share of the
equivalent consumption group of CE-BLS in NIPA-BEA) of the CPI itens attributed to
each consumption group that compose agriculture, manufacturing and services. Data is
normalized in 1983 to 1. See the data subsection 3.2.1 for further details on definitions.
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Figure A.4: Trends in Sectoral Quantity Indexes - Consumption Expenditure
and Nondurable Expenditure Notes: This figure depicts the approximation of sectoral

quantity indexes considering both consumption expenditure and non-durable expenditure
using data from CPI-BLS with data from NIPA-BEA for agriculture, manufacturing and
services. Quantity indexes constructed with NIPA-BEA data are obtained by cyclical
expansion procedure Herrendorf et al. (2009) (Herrendorf et al., 2013). Quantity indexes
constructed with CPI-BLS data are obtained by deflating expenditure with the weighted-
average (by the expenditure share of the equivalent consumption group of CE-BLS in NIPA-
BEA) of the CPI itens attributed to each consumption group that compose agriculture,
manufacturing and services. Data is normalized in 1983 to 1. See the data subsection 3.2.1
for further details on definitions.
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Figure A.5: Sectoral Quantity Indexes by Income Quintiles − Nondurable
Expenditure

Notes: This figure depicts the sectoral quantity indexes considering nondurable expenditure
using data from CPI-BLS with data from NIPA-BEA for agriculture, manufacturing and
services sectors. Quantity indexes constructed with CPI-BLS data are obtained by deflating
expenditure with the weighted-average (by the expenditure share of the equivalent consump-
tion group of CE-BLS in NIPA-BEA) of the CPI itens attributed to each consumption group
that compose agriculture, manufacturing and services sectors. Data is normalized in 1983
to 1. See the data subsection 3.2.1 for further details on definitions.
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Figure A.6: Trends in Sectoral Expenditure Shares by Income Quintiles
− Nondurable Expenditure Notes: This figure depicts the nondurable expenditure

shares by quintiles of before-tax income respondents (quintile 1-quintile 5: q1 − q5) in
agriculture, manufacturing and services using CE-BLS data. Dashed lines and solid lines
denote, respectively, data and linear trends. See the data subsection 3.2.1 for further details
on definitions.
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Figure A.7: Trends in Goods Expenditure Shares by Income Quintiles
− Nondurable Expenditure Notes: This figure depicts the expenditure shares by

quintiles of before-tax income respondents (quintile 1-quintile 5: q1− q5) in the goods sector
using consumption expenditure and nondurable expenditure from the CE-BLS data. Dashed
lines and solid lines denote, respectively, data and linear trends. See the data subsection 3.2.1
for further details on definitions.
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Table A.6: Sectoral Share Estimation Results for the Aggregate and Income
Quintiles (q1-q5) −Nondurable Expenditure

Notes: χ2 (c̄a = 0, c̄s = 0) is the Wald Test Statistics for the hypothesis that c̄a and
c̄s are jointly zero. χ2 (θqk = θagg) is the Wald Test Statistics for the hypothesis that
each quintiles’ coefficient estimates are jointly equal to the aggregate counterpart.
LR

(
θagg nested in {θqk}

5
k=1

)
is the Likelihood-ratio test for the hypothesis that all coeffici-

ents of the aggregate model do not vary between income quintiles q1-q5. RMS Ej is the root
mean squared error for j-sector’s share equation. Robust standard errors in parentheses. The
calculation of standard errors of the constrained parameters is based on the delta method.
*** Significant at the 1 percent level, ** Significant at the 5 percent level and * Significant
at the 10 percent level.
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Figure A.8: Fit of the Model: Expenditure Shares by Income Quintiles
− Nondurable Expenditure Notes: This figure depicts the fit of the model for sectoral

nondurable expenditure shares by income quintiles (Graphs A-E, respectively, for quintile
1-quintile 5: q1-q5) in agriculture (blue), manufacturing (green) and services (red) as denoted
by equation (3) using CE-BLS data for consumption expenditure. Solid lines and dashed
lines denote, respectively, data, model prediction. See the data subsection for further details
on definitions and the estimation subsection for the estimation procedure.
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Figure A.9: Fit of the Model: Expenditure Shares on Aggregate Data and
Weighted-average Aggregate Expenditure Shares
−Nondurable Expenditure Notes: This figure depicts the fit of the model for nondurable

expenditure shares on aggregate data and the weighted-average (by expenditure weights of
quintile 1-quintile 5: q1-q5) aggregate expenditure shares in agriculture (blue), manufacturing
(green) and services (red) using CE-BLS data for consumption expenditure. Solid lines,
dashed lines and dotted lines denote, respectively, data, model prediction on aggregate data
and model prediction for the weighted-average aggregate expenditure shares. See the data
subsection for further details on definitions and the estimation subsection for the estimation
procedure.
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Figure A.10: Counterfactual experiment: No Increase in Consumption
Inequality − Reported Data Notes: This figure depicts the weighted-average sectoral

expenditure share (model) in agriculture (Graph A), manufacturing (Graph B) and services
(Graph C) and their counterfactuals in which all market prices and quintiles’ expenditures
evolve as observed in the data, but quintiles’ weights are kept constant at their 1983 levels
using CE-BLS reported data. See equations (10) and (14), respectively, for the formal
definitions of the weighted-average sectoral expenditure shares and their counterfactuals
so that consumption inequality is held constant at the 1983 pattern.
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Table A.7: Percent Change of the Variation of the Weighted-average
Aggregate Expenditure Shares Attributed to the Correlation With the Increase
of Consumption Inequality − 2008-2010/1983-1985

Notes: This table reports the percent change of the variation of the weighted-average
aggregate sectoral share that is attributed to the correlation with the increase of consumption
inequality, ςi,(08−10), between 2008-2010/1983-1985, where i = {a,m, s}, using CE-BLS
reported and corrected data. The effect is in percent change, which means it is relative to the
size of the predicted change of the weighted-average aggregate sectoral shares. See equation
(15) for the formal definition for corrected data. For reported data, the formal definition is
analogous to equation (15) using reported quintiles’ expenditures weights, 4ωK′′ ,t1 , instead
of the corrected ones, 4ω̂K′′ ,t1 .
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A.2
Aggregation of Demand Functions

We follow the Online Appendix A in Herrendorf et al. (2009) Herrendorf
et al. (2013) which show that there is aggregation for general case of the Stone-
Geary preferences, which encapsulates our model’s preferences. We use a trivial
decomposition to show that a stand-in household for an income quintile qk,
such that qk ∈ {q1, q2, q3, q4, q5}, is consistent with a stand-in household of the
aggregate economy.

Consider H households indexed by h = 1, ..., H. Each household h in
quintile qk solves the following intratemporal problem:

max
{chqk,a,t,chqk,m,t,chqk,s,t}

∑
i=a,m,s ϕqk,i log

(
chqk,i,t + c̄qk,i

)
s.t

∑
i=a,m,s

pi,tc
h
qk,i,t

≤ ehqk,t,

where ehqk,t = ptc
h
qk,t
− ∑

i=a,m,s pi,tc̄qk,i denotes total expenditure of
household h in quintile qk, such that chqk,t is the consumption goods composite
of household h in quintile qk and pt is the price of the consumption good
composite.

The first order conditions yields the following marshallian demands:

chqk,i,t = ϕqk,i
pi,t

(
ehqk,t +

∑
g=a,m,s

pg,tc̄qk,g

)
− c̄qk,i,

where we refer to g = {a,m, s} here with a slight abuse of terminology.
Note from Marshallian demand of services that the solution of each

household problem is interior if parameters and the income distribution are
such that household expenditure of the poorest household, exceeds a minimum
nonnegative level.That is, for all h ∈ {1, ..., H} household expenditure exceed a
minimum level. Since households are ordered by income quintiles, we naturally
refer to the bottom quintile:

ps,tc̄q1,s < ϕq‘1,s

 min
h∈Hq1

ehq1,t +
∑

i=a,m,s
pi,tc̄q1,i


min
h∈Hq1

ehq1,t > (pa,tc̄q1,a) +
(

1− ϕq1,s

ϕq1,s

)
(ps,tc̄q1,s)

ehq1,t > [pa,t max (−c̄q1,a, 0)] +
(

1− ϕq1,s

ϕq1,s

)
[ps,t max (−c̄q1,s, 0)]
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where we restrict c̄qk,m = 0 for all qk and ehq5,t > ehq4,t > ehq3,t > ehq2,t > ehq1,t > 0
for all household h in quintile qk.

Some simple algebra yields the expenditure of the sectoral commodity
good i so that it makes explicit the linear demand (expenditure) system:

chqk,i,t =
[(
ϕqk,i
pi,t

) ∑
g=a,m,s

pg,tc̄qk,g − c̄qk,i
]

+
(
ϕqk,i
pi,t

)
ehqk,t.

ehqk,i,t ≡ pi,tc
h
qk,i,t

=
(
ϕqk,i

∑
g=a,m,s

pg,tc̄qk,g − pi,tc̄qk,i
)

+ ϕqk,ie
h
qk,t
.

Therefore, since there is a finite number of commodities and households
and Stone-Geary preferences feature linear Engel curves1, then our specific
Stone-Geary preferences can be aggregated and represented by those of a
representative household in the lines we show below − Gorman’s Aggregation
Theorem (Gorman, 1959).

Adding up over all households, we obtain:

eqk,i,t =
[
ϕqk,i

∑
g=a,m,s

pg,t (Hqk c̄qk,g)− pi,t (Hqk c̄qk,i)
]

+ ϕqk,ieqk,t,

where Hqk ≡
∑Hqk
h=1 h stands for all households in quintile qk, eqk,i,t ≡

∑Hqk
h=1 e

h
qk,i,t

and eqk,t ≡
∑
i=a,m,s

∑Hqk
h=1 e

h
qk,i,t

.
If the stand-in household of quintile qk solves:

max
{cqk,a,t,cqk,m,t,cqk,s,t}

∑
i=a,m,s ϕqk,i log (cqk,i,t +Hqk c̄qk,i) s.t

∑
i=a,m,s

pi,tcqk,i,t ≤ eqk,t,

then its choices satisfy cqk,i,t ≡
∑Hqk
h=1 c

h
qk,i,t

, which means there is aggregation
within quintile qk.

Analogously for the stand-in household of the aggregate economy, con-
sider each household h = 1, ..., H solves:

1That is, it can also be represented by an indirect utility form, υ (pt, et) =
∑
H a

h (pt) +
b (pt) eht , where pt = (p1, ..., pI) and et ≡

∑
H e

h
t . In our case, υh

(
pt, e

h
t

)
= eht (see footnote

11) and then υ (pt, et) = et.
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max
{cha,t,chm,t,chs,t}

∑
i=a,m,s ϕi log

(
chi,t + c̄i

)
s.t

∑
i=a,m,s

pi,tc
h
i,t ≤ eht ,

where eht = ptc
h
t −

∑
i=a,m,s pi,tc̄i denotes total expenditure of household

h, such that cht is the consumption goods composite of household h.
Then again from the first order conditions we have the following Mar-

shallian demands:

chi,t = ϕi
pi,t

(
eht +

∑
g=a,m,s

pg,tc̄g

)
− c̄i.

Equivalently to the previous case for households h ordered by income
quintile qk, we have that for all h ∈ {1, ..., H}, household expenditure must
exceed a minimum level for the solution of each household problem to be
interior:

eht > [pa,t max (−c̄a, 0)] +
(

1− ϕs
ϕs

)
[ps,t max (−c̄s, 0)]

where we restrict c̄m = 0 and eht > 0 for all household h.
Again some simple algebra yields our linear demand system:

ehi,t ≡ pi,tc
h
i,t =

(
ϕi

∑
g=a,m,s

pg,tc̄g − pi,tc̄i
)

+ ϕie
h
t .

Adding up over all households, we obtain:

ei,t =
[
ϕi

∑
g=a,m,s

pg,t (Hc̄g)− pi,t (Hc̄i)
]

+ ϕiet,

where ei,t ≡
∑H
h=1 e

h
i,t = ∑5

k=1
∑Hqk
h=1 e

h
qk,i,t

, H ≡ ∑H
h=1 h = ∑5

k=1
∑Hqk
h=1 h,

et ≡
∑
i=a,m,s

∑H
h=1 e

h
i,t = ∑

i=a,m,s
∑5
k=1

∑Hqk
h=1 e

h
qk,i,t

and Hc̄i ≡
∑5
k=1Hqk c̄qk,i.

Thus, if the stand-in household solves:

max
{ca,t,cm,t,cs,t}

∑
i=a,m,s ϕi log (ci,t +Hc̄i) s.t∑

i=a,m,s
pi,tci,t ≤ et,

then its choices satisfy ci,t ≡
∑H
h=1 c

h
i,t = ∑5

k=1
∑Hqk
h=1 c

h
qk,i,t

, which means there
is aggregation in the economy as a whole.
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Therefore, aggregation within quintile qk is consistent with aggregation
for the economy as a whole.
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A.3
Linear Expenditure Systems of the Extensive and Intensive Margins of
Consumption Expenditure

Consider the structural linear expenditure system we use to estimate the
intensive margin of consumption. Recall the intratemporal problem (1) − (2)
of the stand-in household. Now considering the true total expenditure for all
h ∈ {1, ..., H}, the first order conditions yields the following true marshallian
demands:

(
chi,t
)∗

= ϕi
pi,t

[(
eht
)∗

+
∑

g=a,m,s
pg,tc̄g

]
− c̄i,

where again we refer to g = {a,m, s} here with a slight abuse of
terminology. Moreover, remind that each sector (agriculture, manufacturing
and services) aggregates consumption categories as in dataset description
subsection.

Some simple algebra yields the true expenditure of the sectoral commod-
ity good i so that it makes explicit the linear demand system:

(
ehi,t
)∗
≡ pi,t

(
chi,t
)∗

=
(
ϕi

∑
g=a,m,s

pg,tc̄g − pi,tc̄i
)

+ ϕi
(
eht
)∗

= γ0,i,t + γ1,i
(
eht
)∗
,

where γ0,i,t ≡ ϕi
∑
g=a,m,s pg,tc̄g − pi,tc̄i and γ1,i ≡ ϕi.

We then take a first-order expansion in the true expenditure around the
true mean expenditure and following some manipulation in the right-hand side
we have

ln
(
ehi,t
)∗
− ln ē∗i,t = −

(
γ1,iē

∗
t ln ē∗t

γ0,i,t + γ1,iē∗t

)
+
(

γ1,iē
∗
t

γ0,i,t + γ1,iē∗t

)
ln
(
eht
)∗

= α∗i,t + βi
(
eht
)∗

where α∗i,t ≡ −
(
γ1,iē∗t ln ē∗t
γ0,i,t+γ1,iē∗t

)
, βi ≡ γ1,iē∗t

γ0,i,t+γ1,iē∗t
and ē∗i,t is the mean per

capita expenditure of sectoral commodity good i = {a,m, s} (that aggregates
consumption categories) in year t across all households and βi is assumed
to be stable over time. Note that it applies to any sectoral commodity good
i, but also to any consumption category j, j = 1, ..., 22, that comprise the
consumption sectors. Thus, we can represent the reduced-form log-linear Engel
curves approximation in equation (6) used to estimate the extensive margin
of consumption expenditure as a function of prices and parameters from our
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structural linear expenditure system that we use to estimate the intensive
margin of consumption.

DBD
PUC-Rio - Certificação Digital Nº 1512837/CA



Appendix B
Chapter 2

B.1
Additional Tables and Figures

Figure B.1: Transition Dynamics of Aggregate composite consumption

Notes: This figure depicts the transition dynamics of aggregate composite consumption. Solid
lines: baseline case (1), dashed lines: case (2) and dotted lines: case (3). Gray lines represent
levels in the new stationary equilibrium. The time range in the transition between the old
stationary equilibrium and the new stationary equilibrium is 256 years. See assumption 2
and section 3.1 for details on targeting the secular transition.
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Figure B.2: Savings Policy in Selected Periods of the Transition Dynamics
− Case (1)

Notes: This figure depicts the savings policy, y (a, z, t), in the baseline case (1) over the grid
of wealth, a, and labor productivity, z, for t = 1, the transition beginning; t = 24, when
interest rate peaks; and t = 256, the new stationary equilibrium in panels A, B and C,
respectively.

Figure B.3: Savings Policy in Selected Periods of the Transition Dynamics
− Case (2)

Notes: This figure depicts the savings policy, y (a, z, t), in case (2) over the grid of wealth,
a, and labor productivity, z, for t = 1, the transition beginning; t = 24, when interest rate
peaks; and t = 256, the new stationary equilibrium in panels A, B and C, respectively.
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Figure B.4: Savings Policy in Selected Periods of the Transition Dynamics
− Case (3)

Notes: This figure depicts the savings policy, y (a, z, t), in case (3) over the grid of wealth,
a, and labor productivity, z, for t = 1, the transition beginning; t = 24, when interest rate
peaks; and t = 256, the new stationary equilibrium in panels A, B and C, respectively.

Figure B.5: Density in the New Stationary Equilibrium

Notes: This figure depicts the density in the new stationary equilibrium, g (a, z), in the
baseline case (1) over the grid of wealth, a, and labor productivity, z, for the baseline model
case (1), case (2) and case (3) in panels A, B and C, respectively.
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Figure B.6: Engel’s Law According to Brazilian Data

Notes: This figure depicts the sectoral shares of households grouped by income quintiles
with brazilian data from reported expenditures in the interviews of the POF-IBGE for
goods (agriculture and manufacturing) and services in 2003 and 2009.

B.2
Proofs and derivations

Proof of Proposition 1
The proof relies heavily on technical results presented in Acemoglu and

Jensen (2012) Acemoglu and Jensen (2015). Before the proof itself, it worths
to highlight necessary assumptions we omitted in the main text of section 2 on
the model setup to make it more straight to the point and to spare the reader
from technicalities that are not the core of the text.

Remind the intertemporal problem (2). A strategy is feasible if it satisfies
Γ in (2) and it is optimal, y∗, if it is a solution to (2), which is ensured by the
next standard assumption:

Assumption A.1. For each household, z follows a continuous-time
analogue of a Markov process, so that its transition function has the Feller
property, X and Z are compact, ν is bounded and continuous, and Γ is
continuous with nonempty and compact values.

Remark A.1. A transition function has the Feller property if the
associated Markov operator maps the set of bounded continuous functions into
itself.

As it is well known, assumption 1 holds as z ∈ Z, such that Z = [z, z̄] ⊆
R, follows an Ornstein-Uhlenbeck process and X = [a, ā] ⊆ R, which ensures
compactness of productivities and actions. Moreover, both ν and aggregate
production function, Y , feature standard continuity conditions.

Now let’s refer to the stationary equilibrium and introduce another
necessary assumption to the poof of the existence of stationary equilibrium.
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In a stationary equilibrium, each household faces a constant time path
of aggregates, Q∗, and solves a stationary dynamic programming problem as
follows, by rewriting the HJB (27):

υ (â, z,Q∗,θ) = max
ŷ∈Γ(â,z,Q̂,θ)

1
ρ̂

[ν (â, ŷ, z,Q∗,θ) +Dâυ (â, z,Q∗,θ) y (â, z,Q∗,θ)

+ Dzυ (â, z,Q∗,θ)µ (z) + 1
2Dzzυ (â, z,Q∗,θ)σ2 (z)]

This functional equation has a unique solution υ̂ under assumption A.1.
Note that with the baseline aggregator (14), assumption 1 is sufficient to
guarantee the existence of an equilibrium due to the “convexifying” effect
of set-valued integration (see assumption 2 and theorem 1 in Acemoglu and
Jensen (2012) Acemoglu and Jensen (2015) for the proof).

For a given υ, the stationary policy correspondence is:

Φ
(
â, z, Q̂∗,θ

)
= arg max

ŷ∈Γ(â,z,Q̂,θ)
1
ρ̂

[ν (â, ŷ, z,Q∗,θ) +Dâυ (â, z,Q∗,θ) y (â, z,Q∗,θ)

+ Dzυ (â, z,Q∗,θ)µ (z) + 1
2Dzzυ (â, z,Q∗,θ)σ2 (z)]

Note that when the idiosyncratic shock process zt is stationary, g (â, z) in
definition 3 is an invariant distribution for this decision problem1. The following
assumption2 is imposed to ensure the existence of such invariant distributions
and stationary strategies:

Assumption A.2. X is a lattice; the graph of Γ (�, z, Q,θ) is a sublattice
of X×X and given any z, Q̂ and θ, ν (â, ŷ, z,Q∗,θ) is supermodular in (â, ŷ).

Remark A.2. X is a lattice if for any two elements â1, â2 ∈ X, both the
supremum â1 ∨ â2 ∈ X and the infimum â1 ∧ â2 ∈ X. Fixing and supressing
z, Q̂ and θ, the graph of Γ is a sublattice of X × X if for all â1, â2 ∈ X,
ŷ1 ∈ Γ (â1) and ŷ2 ∈ Γ (â2) imply ŷ1∧ŷ2 ∈ Γ (ŷ1 ∧ ŷ2) and ŷ1∨ŷ2 ∈ Γ (ŷ1 ∨ ŷ2).
At last, ν is supermodular in (â, ŷ) if for all â1, â2 ∈ X and ŷ1, ŷ2 ∈ X,
ν (â1 ∨ â2, ŷ1 ∨ ŷ2) + ν (â1 ∧ â2, ŷ1 ∧ ŷ2) ≥ ν (â1, ŷ1) + ν (â2, ŷ2).

The statement X is a lattice holds trivially (X ⊆ R − one-dimensional
action set). The graph of Γ (�, z, Q, θ) is a sublattice of X ×X if and only if Γ
is ascending (or increasing in the strong set order3) in â, which is staightfor-

1See Appendix B in Acemoglu and Jensen (2012) Acemoglu and Jensen (2015) for further
details.

2It is based on assumption 3 in Acemoglu and Jensen (2012) Acemoglu and Jensen (2015).
3That is, for all for all â2 ≥ â1 in X, ŷ1 ∈ Γ

(
â1) and ŷ2 ∈ Γ

(
â2) imply that

ŷ1 ∧ ŷ2 ∈ Γ
(
â1) and ŷ1 ∨ ŷ2 ∈ Γ

(
â2).
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ward to verify in this one-dimensional case and implies Φ will be ascending in
â.4 Hence, we have ŷ1 ∧ ŷ2 ∈ Φ (â1, z,Q∗,θ) and ŷ1 ∨ ŷ2 ∈ Φ (â2, z,Q∗,θ)
for all â2 ≥ â1 in X, ŷ1 ∈ Φ (â1, z,Q∗,θ) and ŷ2 ∈ Φ (â2, z,Q∗,θ) − it
means, for example, higher past savings will increase current savings. Further-
more, note that we have ν

(
â, ŷ, z, Q̂, θ

)
= ν̃ (w (Q) z + (r (Q)− ψd) â− ŷ).

Thus, ν is supermodular in (â, ŷ) if and only if the individual instanta-
neous utility function ν̃ is concave. For the CRRA utility in our model it
is clear, since it is twice-differentiable: D2

â,ŷν = − (r (Q)− ψd) ν̃ ′′ ≥ 0 since
ν̃ ′′ = −ς (ŵ (Q) z + (r (Q)− ψd) â− ŷ) −(1+ς) ≤ 0 for ς > 0.5

In our multi-sector model, each household faces a constant time path
of aggregates, Q∗, and sets the stationary policy correspondence, Φ6, in
the first-stage decision (intertemporal) problem. In the second-stage decision
(intratemporal) problem, each household takes {Q∗, ŷ∗} as given and solves
the static programming problem (3):

χ (â∗) = min
{ĉj}j∈J :u(ĉg ,ĉs)≤ū

∑
j∈J

pj ĉj,

where χ (â∗) =
{
e (p, ūi) ∈ [0, e] : ê = ŵ (Q) z +

(
r
(
Q̂∗
)
− ψd

)
â− ŷ

}
, so that

it is continuous with nonempty and compact values by assumption 1.
This correspondence denotes the value function (total consumption ex-

penditure) of the intratemporal problem, which, in turn, gives rise to the sec-
toral consumption choices characterized by the following correspondence:

Λ (p, ê) = arg min
{ĉj}j∈J :u(ĉg ,ĉs)≤ū

∑
j∈J

pj ĉj,

where Λ (p, ê) = {c (p, ê) ∈ C : ê = p′J · ĉ, } is compact, convex valued and
upper hemicontinuous. Note that the scalar c denotes the consumption com-
posite, which differs from the vector c, which represents the bundle containing
J sectoral consumption demands. In addition, pJ denotes the vector containing
J sectoral prices.

When assumptions 1− 2 in the main text and assumptions A.1−A.2 are
combined, our multi-sector Bewley-Aiyagari economy always has a stationary
dynamic equilibrium and least and greatest equilibrium aggregates in a set
of equilibrium aggregates, E (â), are well defined. Thus, we now can associate
the static equilibrium to the stationary dynamic equilibrium by combining

4As proved in theorem B2 in Appendix B in Acemoglu and Jensen (2015).
5For more details and definitions on lattice, sublattice, ascending correspondence and

supermodularity, see assumption 3 in Acemoglu and Jensen (2012) Acemoglu and Jensen
(2015) and Topkis (1998).

6Φ ∈ Φ
(
Q̂∗
)
, the set of optimal strategies, such that Φ

(
Q̂∗
)
⊆ X.
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assumptions 1 − 2, A.1−A.2; and χ (â∗) , Λ (p, ê) in Bewley-Aiyagari multi-
sector economies.

Now the proof of proposition 1. It is only a sketch since theorem 2 in
Acemoglu and Jensen (2012) Acemoglu and Jensen (2015) already proved
existence by following Kakutani’s fixed-point theorem in a standard one-sector
model, and also that the set of equilibrium aggregates will be compact and a
least and a greatest equilibrium aggregate will always exist. To this respect,
we only add a simple step that refers to a multi-sector environment for any
J ≥ 2 (number of sectors).

From theorem B2 in Appendix B in Acemoglu and Jensen (2012) Ace-
moglu and Jensen (2015), the household’s stationary policy correspondence
Φ : Xh × Zh × {Q} ×Θh → 2Xh is compact and convex valued, continuous
and ascending in âh for every h. Thus, to prove that there exists a static equi-
librium associated to a dynamic stationary equilibrium hinges upon showing
that there exists correspondences χ

((
âh
)∗)

= êh and Λ
(
p, êh

)
=
(
ĉh
)∗

that
are also convex valued, continuous and ascending in âh.

Remark A.3. Ĥ is an upper hemicontinuous and convex-valued cor-
respondence that maps a compact and convex subset of the reals into it-
self: Ĥ (Q,θ) =

{
H̃ (â) ∈ R : â ∈ G (Q,θ) ∀h

}
, where â is a random vari-

able and H̃ maps distributions into the reals. G is the non-empty valued
and upper hemicontinuous joint (for every h) invariant distribution corre-
spondence G =

(
Gh
)
h∈[0,1]

: Q × Θ → 2
∏
h∈[0,1] P(Xh), where Gh (Q,θ) ={

gzh ∈ P
(
Xh

)
: gzh ∈ T ∗Q,a

}
such that T ∗Q,a is the adjoint Markov correspon-

dence induced by the the agents’ stationary policy correspondences Φ. 7

First, consider χh : 2Xh → 2Xh , which associates with every Φ the
total consumption expenditure, êh. Since Φ is compact, convex valued and
continuous and χ is continuous with compact values by assumption 1, then
χ ◦ Φ is compact, convex valued and continuous. Moreover, by fixing zh ∈ Zh

and Q∗ ∈ Q, χ is trivially ascending in â since âh ∈ Xh, Xh ⊆ R, which follows
directly from Topkis’s theorem (Topkis, 1998). Second, consider Λ : P ×Xh →
2Ch , the consumer’s demand correspondence, which associates with every pair(
p, êh

)
∈ P×Xh the non-empty set of demand bundles ĉh

(
p, êh

)
∈ Ch, where

Ch ⊆ RJ is assumed to be compact and convex. Then since utility function, ν̃,
is continuous, increasing, and concave, there exists a demand correspondence
Λ which is convex valued and upper hemicontinuous (See, e.g., Debreu, 1959).
Now, fix p ∈ P . êh = p′J · ĉh is supermodular in ĉh. Hence, Φ is ascending
in êh by Topkis’s theorem and, since χ is ascending in âh, it follows that

7See the proof of theorem 5 in Acemoglu and Jensen (2012) Acemoglu and Jensen (2015)
for further details.
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so is Λ
(
p, χ

((
âh
)∗))

. By considering Λ
(
p, χ

((
âh
)∗))

and given Ĥ (Q∗,θ),
the upper hemicontinuous and convex-valued correspondence that pins down
the stationary equilibrium aggregate (fixed-point), Q∗ ∈ Ĥ (Q∗,θ) , it then
sets

{
chj
(
p, χ

((
âh
)∗))}

∀h, j, for given
{
Q∗,

(
âh
)∗}

in stationary equilibrium.
Q.E.D.

Derivation of assumption 1
From Marshallian demand of services (equation (4)), the solution of each

household problem is interior if parameters and the income distribution are
such that household expenditure of the poorest household exceeds a minimum
nonnegative level. That is, for all h ∈ H = [0, 1], household consumption
expenditure of services is positive. It means in our case that total expenditure
exceeds a minimum level.

ps,tˆ̄cs ≤
ϕsp1−ε

s,t

∑
i=g,s

pεi,tc̄i

ϕi

+
(

ϕsp
1−ε
s,t∑

i=g,s ϕip
1−ε
i,t

)
min
h∈H

êht

min
h∈H

êht ≥ %
(
1− p1−ε

s,t

)
ps,tˆ̄cs −

(
%

%− 1

)
pg,tˆ̄cg

êht ≥ %
(
1− p1−ε

s,t

) [
ps,t max

(
−ˆ̄cs, 0

)]
+
(

%

%− 1

) [
pg,t max

(
−ˆ̄cg, 0

)]
,

for all h ∈ H, where % ≡
[
1 + ϕg

ϕs

(
pg,t
ps,t

)1−ε
]
. We also restrict c̄s = 0 and we have

that c̄g < 0 for all t and for all household h ∈ H . Therefore, total expenditure
of the poorest household must be higher than the value of food subsistence
(multiplied by the factor

(
%
%−1

)
):

min
h∈H

êht ≥
(

%

%− 1

) [
pg,t max

(
−ˆ̄cg, 0

)]
.

Achdou et al. (2017) show that y (â, z, t) = 0. Hence, y (â, z, t) = 0 =
ŵ (Qt) zt +at (r (Qt)− ψd)− e (â, z, t) , such that minh∈H êht ≡ e (â, z, t). Thus:

ŵ (Qt) zt + at (r (Qt)− ψd) ≥
(

%

%− 1

) [
pg,t max

(
−ˆ̄cg, 0

)]
,

which also means in our case that the same lower bound related to the value
of food subsistence applies to the income of the poorest household.

Derivation of Euler equation (31)
It applies Achdou et al. (2017) Achdou et al. (2017) in a multi-sector envi-

ronment and Ornstein-Uhlenbeck process of the idiosyncratic productivity. Dif-
ferentiate the HJB equation (17) with respect to a (envelope condition) and use
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that Dâυ (â, z, t) = ν̃ ′ (e (â, z, t)) and D2
ââυ (â, z, t) = ν̃ ′′ (e (â, z, t))Dâe (â, z, t)

to obtain:

(ρ̂+ ψd − rt) ν̃′ (e (â, z, t)) = ν̃′′ (e (â, z, t))
[
Dâe (â, z, t) ŷ + ė (â, z, t) +Dze (â, z, t)µ (z) +

1
2
Dzze (â, z, t)σ2 (z)

]
+

1
2
ν̃′′′ (e (â, z, t))Dze (â, z, t) ,

where the right-hand side is is simply the expected change of individual
marginal utility of consumption expenditure, Et {dν ′ (e (â, z, t))}dt, which uses
uses the extension of Ito’s formula to Ornstein-Uhlenbeck diffusion processes.
Therefore, the above equation can be written in the standard form of the Euler
equation (31).
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B.3
Data

B.3.1
NIPA-BEA data

It follows Herrendorf et al. (2009) Herrendorf et al. (2013). All data
are in per capita terms and for the US during 1947–2010. We calculate a
per capita quantity by dividing the total quantity by the population size. We
take the population size from NIPA Table 7.1: “Selected Per Capita Product
and Income Series in Current and Chained Dollars.” The construction of final
consumption expenditure data is based on standard NIPA tables from the
BEA. We use data from the following tables: Table 2.4.3: “Real Personal
Consumption Expenditures by Type of Product, Quantity Indexes”; Table
2.4.4. "Price Indexes for Personal Consumption Expenditures by Type of
Product" and Table 2.4.5: “Personal Consumption Expenditures by Type of
Product”.

For the period 1947–2010 and for the available commodities, we obtain
annual data on final consumption expenditure, chain-weighted final consump-
tion quantities, and chain-weighted prices from the BEA. Since quantities cal-
culated with the chain-weighted method are not additive, we use the so called
cyclical expansion procedure to aggregate quantities that are not available from
the BEA (see online Appendix C in Herredorf et al., 2013).

We assign each commodity to one of the two broad sectors goods, and
services. Sectors definition follows Herendorf et a. (2013) closely, except for the
fact we do not considerGovernment Consumption Expenditures and we exclude
the following categories: U.S. government civilian and military personnel
stationed abroad and final consumption expenditures of nonprofit institutions
serving households. We define: Goods sector − durable and nondurable goods
excluding alcoholic beverages purchased for off-premises consumption. Services
sector: services excluding gambling, finance services and social services and
religious activities. Yet one has to keep in mind that fringe benefit payments
made by an employer are accounted in the NIPA-BEA data, but are not
reported in the CE-BLS data.

B.3.2
CE-BLS data

The paper uses the CE-BLS survey data after the introduction of the
“NEW ID” (Identifier of the consumption unity) in 1986. The data of the
years 1986–2010 are obtained from Aguiar and Bils (2015)’s consumption ex-
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penditure database, a pooled cross-section over 25 annual time series aggre-
gated from U.S. quarterly household consumption data covering more than
200 thousand households. Per capita expenditure arises from diving expendi-
ture by the number of people in each consumption unity. In terms of sample
selection the results reported here refer to a sample of urban households whose
head is more than 25 and less than 64 years of age. Moreover, as the authors,
we only include households that have: at least full-year of interview coverage,
complete income reporter, no expenditure outliers and that range between
5-95 percentile of before-tax income to eliminate outliers and mitigate any
time-varying impact of bottom-coding and top-coding. It then implies that
the bottom income group contains the 5-20 percentile groups and the top in-
come group contains the 80-95 percentile groups. This results in a final sample
of more than 50 thousands households.

Sectors are defined in accordance with the first chapter of this thesis
(see subsection 3.1.1 and Table 3 3.3 ), which distributes 22 subsectors among
agriculture, manufacturing and services and the association to each CPI-BLS
subitem. We lump agriculture and manifacturing together in the goods sector
in the present paper. In CE-BLS, the following subsectors define the goods
sector: food at home, all other transportation, vehicle purchasing, appliances,
phones, computers with associated services, men’s and womens’ clothing, alco-
holic beverages, shoes and other apparel, furniture purchasing, tobacco, other
smoking, children’s clothing; and the services sector: housing, utilities, food
away from home, health expenditures including insurance, entertainment fees,
admissions, reading, cash contributions, education, personal care, domestic ser-
vices and childcare, furniture fixtures.

Finally, we split the broad goods sector into durables and nondurables
with data from NIPA-BEA for the Stone-geary parameters estimation to feed
the model calibration of the extended baseline case and to solve it. Then,
for comparison with CE-BLS data, from which we exclude exclude durable
expenditure due to mis-measurement errors related specially to reported
durable expenditures, we also exclude durable expenditures predicted by the
extended baseline model for the calculation of the sectoral expenditure shares
in figure 118

8For CE-BLS data, see Table A.5 in appendix A of the first chapter of this thesis for
the correspondence of sectors, expenditure categories and CPI subitens considerending only
nondurable expenditure and prices.
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B.4
Implementation of the estimation of Stone-Geary preferences parameters

*Baseline model
Now we estimate the parameters of the demand system (5) that repre-

sents the baseline model (1) on annual NIPA-BEA data from 1947-2010 (see
data appendix C for details on data construction). We closely follow previous
studies in the literature in employing the iterated feasible generalized nonlin-
ear least square to estimate the share equations. This is a standard way of
estimating demand systems (Herrendorf et al. (2009) Herrendorf et al., 2013;
Moro et al. 2017).

Consider the expenditure share in each sector in equation (5). Given the
set of predetermined variables,

xt ≡ (pg,t, ps,t, et)

and given the set of parameters

θ ≡ (ε, c̄g, ϕg, ϕs) ,

we impose c̄s = 0 following Matsuyama (2016) Matsuyama (2016) and assume
each household solves the intratemporal problem (3) for two shares,

{
pj,tcj,t
et

}
,

for each sector j = {g, s}. Note we further assume that all households at a point
in time face a common set of prices. We maintain this standard assumption,
but acknowledge the caveat that prices may vary across households due to, for
example, the ability to search.

Since sectoral shares add up to one, the error covariance matrix is
singular. Thus, we drop the demand for goods when we do the estimation
and we are left with one nonlinear equation to be estimated

ss,t ≡
ps,tcs,t
et

= fs (xt;θ) + εs,

where fs is the expenditure shares of services as in equation (5); and εs is the
error term assumed to be uncorrelated with the predetermined variables9.

Note that the estimation results are not affected by which equation we
drop due to the iteration over the parameters of the error covariance matrix.
To deal with the issue that three out of our five (if one take into account c̄s)

9This demand system falls into the nonlinear seemingly unrelated regression framework
and then in general equations are related through the covariance structure of the error
terms. Considering that assumption over the error terms, iterating on the feasible generalized
nonlinear least square estimator produces a sequence of parameter estimates that converges
to the maximum likelihood estimate.
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parameters are constrained (i.e, ε ≥ 0 ϕj ≥ 0 and∑j=g,s ϕj = 1), we transform
the constrained parameters into unconstrained parameters as follows:

ε = exp {b0} , ϕg = 1
1 + exp {b1}

, ϕs = exp {b1}
1 + exp {b1}

,

where b0, b1 ∈ (−∞,+∞).
After estimating the model in terms of the unconstrained parameters,

b0, b1 and c̄g we transform these back to compute point estimates and standard
errors for the original parameters, ε, ϕg, ϕs.

Extended baseline model

We take a two-step procedure following Moro et al. (2017): first, we fix
the value of the elasticity of the substitution parameter between durable and
nondurable goods by using a priori information from the literature; second,
we estimate the rest of the parameter values from the data according to the
estimation above for the baseline model (1).

First step−In this step, we fix the value of the parameter γ , which governs
the intratemporal elasticity of substitution between durables and nondurables
following the literature. We set the value of γequal to 0.18, as estimated by
Pakos (2011).

Second step −To estimate the rest of the parameters, we first derive
equations for the share of each sector in the extended total consumption. Given
the the set of (predetermined) variables that are drawn from on annual NIPA-
BEA data from 1947-2010,

xt ≡ (pgd,t, pgnd,t, ps,t, et)

where indexes {gd, gnd} stand for durable goods and nondurable goods, respec-
tively, and given the set of parameters

θ ≡ (ε, φgd , c̄g, c̄gnd , ϕg, ϕs) ,

remind that we impose c̄s = 0 following Matsuyama (2016) Matsuyama (2016)
and assume each household solves the intratemporal problem (3) for three
shares,

{
pf,tcf,t
et

}
, for each sector f = {gd, gnd, s}.

Again, since sectoral shares add up to one, the error covariance matrix
is singular. Thus, we drop the demand for nondurable goods when we do the
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estimation and we are left with one nonlinear equation to be estimated

ss,t ≡
ps,tcs,t
et

= ls (xt;θ) + εs

sgd,t ≡
pgd,tcgd,t

et
= lgd (xt;θ) + εgd ,

where ls, lgd are the expenditure share of agriculture and the expenditure shares
of services as in equations (33)− (34); and εs, εgd are the error terms assumed
to be uncorrelated with the predetermined variables.

Note once more that the estimation results are not affected by which
equation we drop due to the iteration over the parameters of the error
covariance matrix. To deal with the issue that four out of our seven (if one take
into account c̄s) parameters are constrained (i.e, ε ≥ 0, φgd ≤ 1 ϕj ≥ 0 and∑
j=g,s ϕj = 1), we transform the constrained parameters into unconstrained

parameters as follows:

ε = exp {b0} , ϕg = 1
1 + exp {b1}

, ϕs = exp {b1}
1 + exp {b1}

, φgd = 1
1 + exp {b2}

,

where b0, b1, b2 ∈ (−∞,+∞).
After estimating the model in terms of the unconstrained parameters,

b0, b1, b2, and c̄g and c̄gnd we transform these back to compute point estimates
and standard errors for the original parameters, ε, φgnd , ϕg, ϕs.
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Table B.1: Estimation Results with Final Consumption Expenditure − Base-
line model and Extended Baseline Model

Notes: χ2 (c̄g = 0) is the Wald Test Statistics for the hypothesis that c̄g = 0,
χ2 (c̄g = 0, c̄gnd = 0) is the Wald Test Statistics for the hypothesis that c̄g and c̄gnd are
jointly zero. RMS Ef is the root mean squared error for j-sector’s share equation. Robust
standard errors in parentheses. The calculation of standard errors of the constrained pa-
rameters is based on the delta method. *** Significant at the 1 percent level, ** Significant
at the 5 percent level and * Significant at the 10 percent level. The first column exhibits
the results for the baseline case (1) on final consumption expenditure and price data from
NIPA-BEA. The second column exhibits the resuls for the extended baseline case (1) on
final consumption expenditure and price data from NIPA-BEA, where goods expenditures
and prices are split into durables and nondurables. Data preparation and estimations fol-
lows Herrendorf et al. (2009) Herrendorf et al. (2013)’s partial equilibrium approach and
methodology. Data is subject to smaller consistency issues due to data source differences
with CE-BLS. The estimations results feed the model calibration. See the data appendix for
further details on definitions of expenditure sectors.
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Table B.2: Targeted Moments −Nonhomotheticity Term of Nondurable Goods
Relative To Final Nondurable Consumption Expenditure

Notes: This table reports in the first two columns the ratio of the value of the nondurable
goods subsistence relative to aggregate total nondurable expenditure estimated on data from
NIPA-BEA that follows Herrendorf et al. (2009) Herrendorf et al. (2013)’s partial equilibrium
approach and methodology for 1947 and 2010. Data is subject to smaller consistency issues
due to data source differences with CE-BLS. The last two columns exhibit the same moments
by the calibrated general equilibrium extended baseline model. See the data appendix for
further details on definitions of expenditure sectors.
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C.1
Additional Tables

Table C.1: Propensity Score Matching Logistic Regressions

Notes: This table presents the results of the propensity score matching logistic regression
for group 1−5 in the full database. The dependent variable, treated, is equal to one for
individuals in the treatment cluster in group 1, and zero for those in the control cluster
in group 1. The treatment sample consists of individuals who qualify for the withdrawals
program of the FGTS in 2017, and the control sample consists of all workers that do not
qualify for the program. We also exclude individuals/accounts that were dormant or closed
or that had no consumption or debt information during the sample period. In addition to the
explanatory variables below, we include 27 states categories as fixed effects. T-statistics are
presented in parentheses below the coefficient estimates, and ***, **, * represent statistical
significance at the 1 percent, 5 percent, and 10 percent level, respectively.
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Table C.2: Credit Card Spending, Payroll Debt and Credit Card Debt Dynam-
ics Responses − Restricted Sample
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Table C.2: Credit Card Spending, Payroll Debt and Credit Card Debt
Dynamics Responses − Restricted Sample (Continued)

Notes: This table shows the credit card spending, payroll debt and credit card debt responses
dynamics (equation (3)) in the period from from 2016:05 to 2017:12 using the full sample,
restricted to individual holding at least credit card spending and these two debt modalities.
βgs measures the coefficient estimates of variable $W g

i × 1month s and represents the average
monthly response in month s = {−1, 0, ..., 12}, where s = −1 stands for 2016:11, s = 0
is the announcement month 2016:12,..., and s = 12 is the last month in the withdrawal
period of group g = 5, 2017:12. We define cgpre ≡

∑−1
t=−6 β

g
t and dgpre ≡ 1

6
∑−1
t=−6 β

g
t as

the cumulative consumption response and the average debt modality response, respectively,
within the pre-treatment window for group g, where g = {1, 2, 3, 4, 5}. Withdrawal periods
for each group are in bold. Individual and year-month fixed effects are included, and standard
errors are clustered at the individual level. T-statistics are reported in parentheses under the
coefficient estimates. *** Significant at the 1 percent level. ** Significant at the 5 percent
level. * Significant at the 10 percent level.
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Table C.3: Robustness − Cross Sectional Test in the Matched and Full Samples

Notes: This table presents robustness checks of the results shown in Tables 3−4 and
Tables 7−8. We compute the average monthly consumption and total debt during the six
months before treatment (2016:06-2016:11), and during the months after treatment (2016:12-
2017:08,..., 2016:12-2017:12, respectively, for each of the five groups of treated workers). Then
we compute, as our dependent variables, the difference between the after-treatment average
and before-treatment average for each individual. We then regress the dependent variables
on the withdrawn amount of each group g, $W g, in the cross section tests following Bertrand,
et al. (2004) . In Panels A and B, we report results on consumption in the matched sample
and in the full sample, respetively. Panels C and D similarly show the results on total debt.
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C.2
A simple model of wealthy hand-to-mouth behaviour under an unexpected
liquidity shock to the FGTS illiquid assets

In this Appendix, we provide a two-period consumption model as a simple
framework to think of the liquidity shock to the FGTS asset. We provide
insights on how it affects allocations to both constrained and unconstrained
consumers. Remind that an inactive account of the FGTS represents an
unusual illiquid asset for the specialized literature that introduces an additional
asset (illiquid) to benchmark (liquid and risk-free) one-asset economies. In this
two-asset environment, households may choose to hold (or not to hold) an
illiquid asset that typically yields a higher return, but it can only be accessed
by paying a transaction cost. In the FGTS case, it is compulsory and yields a
lower return.

Households (HHs) live for two periods, t = 1, 2. Preferences over con-
sumption a t = 1, 2 are given by:

υ1 = u (c1) + u (c2) ,

with no discounting and assume u′ > 0 and u′′ < 0.
The FGTS asset is an illiquid endowment a in t = 1 that pays off gross

return Ra in t = 2, but cannot be accessed at time of the consumption decision
in t = 1. We define a1 = αy1, 0 < α < 1, so that it varies proportionally to
individual’s income in t = 1 (that is, αyL or αyH), and a2 = Ra (αy1) in t = 2.

There is a liquid asset m that pays a return Rm = 1 > Ra. For now, we
do not allow the agent to borrow, i.e., a negative position in m.

We set period income y2 = Γ > 1 and allow two possible values for
y1, {yL, yH}, where Γ

(1+α) > yL > 0 and yH ≥ Γ
(1−Raα) . We refer to these two

cases as “low-income” and “high-income” paths.
Characterization of hand-to-mouth (HtM) behavior concerns the asset

position at the time of the t = 1 consumption decision: i. Non hand-to-mouth
(N-HtM): after consuming at t = 1, holds a positive amount of liquid assets,
i.e. m2 > 0 (or, alternatively, m2 is negative and higher than the credit limit
−indebted N-HtM −, when it is allowed) and a > 0 and ii. Wealthy hand-to-
mouth (W-HtM): after consuming at t = 1, does not hold liquid assets, i.e.
m2 = 0 (or, alternatively, m2 equals the credit limit, when it is allowed) and
a > 0. For simplicity, there is no poor hand-to-mouth (P-HtM), m2 = 0 and
a = 0, since every treated HH holds a > 01.

1In our empirical analysis, only HHs in the control cluster can be P–HtM. However, we
do not consider them in this model for simplicity.
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C.2.1
Consumption decision at t = 1: no-borrowing case

υ1 = max
c1,m2

u (c1) + u (m2 + a2 + Γ)

s.t

c1 +m2 = y1

m2 ≥ 0

The solution is m2 = max
{
y1(1−Raα)−Γ

2 , 0
}
. Therefore, there are the

corner and interior solutions. First, suppose y1 = yL. Thus, the solution is
a corner one, m2 = 0, and implies an increasing consumption path, c1 = yL

and c2 = a2 + Γ. Under the low income path, the constraint binds at t = 1 and
the HH is a W-HtM. Second, if y1 = yH , the solution is interior and implies a
perfectly smooth consumption path c1 = c2 = yH(1−Raα)+Γ

2 because there is no
discounting and the interest rate on the liquid asset is 1. The constraint is not
binding and the household is N-HtM with a smooth consumption profile.

C.2.2
Consumption decision at t = 1 with an unexpected liquidity shock:

υs1 = max
cs1,m

s
2
u (cs1) + u (ms

2 + Γ)

s.t

cs1 +ms
2 = y1 + a1

ms
2 ≥ 0,

where the superscript s stands for allocations following the liquidity
shock. In this case, since Ra < 1 this problem equals the case of an unexpected
income transfer τ = a1 = αy1.

The solution is ms
2 = max

{
y1(1+α)−Γ

2 , 0
}
. Now suppose y1 = yL.2 Thus,

the solution is a corner one, ms
2 = 0, and implies an increasing consumption

path, cs1 = yL (1 + α) and cs2 = Γ. Under the low income path, the constraint
binds at t = 1, the HH is a W-HtM and has MPC of 1. If y1 = yH , the solution is

2Note that in our exercise to facilitate interpretation we rule out the case where the
shock is large enough so that the W-HtM becomes N-HtM since we impoe the condition

Γ
(1+α) > yL > 0. If we relax it, one can show that if αyL ≥ Γ − yL, consumption equals
yL+a1+Γ

2a1
and and its MPC out of the a1 drops to −yL+a1+Γ

2a1
which approaches 1/2 as a1

increases.
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interior and implies a perfectly smooth consumption path cs1 = cs2 = yH(1+α)+Γ
2 .

The constraint is not binding, the HH is N-HtM and has MPC of 12.
Therefore, the impact of a positive liquidity shock is the case of the FGTS

is equivalent to a positive income shock since there is an underlying income
effect following the FGTS liquidity shock related to the fact that Ra < 1 = Rm.
Hence, υs1 > υ1 since we have that cs1 + cs2 > c1 + c2 and ms

2 > m2 irrespective
of whether the consumer is W-HtM or N-HtM.

C.2.3
Consumption decision at t = 1 with borrowing constraint

In this case, we allow households to access credit to finance consumption
at t = 1. With a borrowing limit, we substitute the constraint m2 ≥ 0 for
m2 ≥ −φΓ

Rb
, so that m = φΓ

Rb
is the credit limit, where φ ≤ 1 is a fraction of

future income Γ and the interest rate on borrowing is Rb > 1. We additionally
impose that Rb <

Γ
yL(1+α) , which ensures that any HH with the low income path

will always borrow a positive amount. In this sense case B.1 can be interpreted
alternativelly as a model where borrowing is allowed but Rb ≥ Γ

yL(1+α) . That
is, credit is sufficiently expensive, so that no HH uses it. We also impose
logarithmic utility for simplicity.

Here we have two cases of interior solution. The first is a N-HtM HH
under the high income path, yH , and chooses to save some of its high income
into the liquid asset at t = 1. Hence, the solution with borrowing is unchanched
with respect to interior solution in B.1 and m2 > 0.

HHs under the low income path are indebted, m2 ≤ 0, and the consump-
tion decision follows:

υ1 = max
c1,m2

log (c1) + log (Rbm2 + a2 + Γ)

s.t

c1 +m2 = yL

0 ≥ m2 ≥ −
φΓ
Rb

,

which has the solution: m2 = max
{
−Γ−yL(Rb−Raα)

2Rb
,−φΓ

Rb

}
. Since Rb <

Γ
yL(1+α) ,

the HH always borrows a positive amount. Furthermore, if Rb <
Γ(1−2φ)

yL
+Raα,

then the credit limit is binding, m2 = −φΓ
Rb
. The HH is a W-HtM forced to

choose c1 = yL + φΓ
Rb

and c2 = Γ (1− φ) + RaαyL. Instead, if Γ
yL(1+α) > Rb ≥

Γ(1−2φ)
yL

+Raα, the second case of interior solution refers to a indebted N-HtM.
Hence, the solution becomes m2 = yL(Rb−Raα)−Γ

2Rb
. By borrowing, the HH can

perfectly smooth consumption at the level c1 = c2 = yL(Rb−Raα)+Γ
2Rb

.
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C.2.4
Consumption decision at t = 1 with an unexpected liquidity shock:

Again, there are two cases of interior solution. The first is a N-HtM HH
under the high income path, yH , and chooses to save some of its high income
into the liquid asset at t = 1. Hence, the solution with borrowing is unchanched
with respect to interior solution in B.1.1 and m2 > 0.

HHs under the low income path are indebted, m2 ≤ 0, and the consump-
tion decision follows:

υs1 = max
c1,m2

log (cs1) + log (Rbm
s
2 + Γ)

s.t

cs1 +ms
2 = yL + a1

0 ≥ ms
2 ≥ −

φΓ
Rb

,

which has the solution: ms
2 = max

{
−Γ−yLRb(1+α)

2Rb
,−φΓ

Rb

}
. If Rb <

Γ(1−2φ)
yL(1+α) , then

the credit limit is binding, ms
2 = −φΓ

Rb
. Note that it is a stronger condition

relative to B.2, without the liquidity shock. The HH is a W-HtM, has MPC of
1 and then is forced to choose cs1 = yL (1 + α)+ φΓ

Rb
and cs2 = Γ (1− φ). Instead,

if Rb ≥ Γ(1−2φ)
yL(1+α) ,

3 the second case of interior solution refers to a indebted N-
HtM and has MPC of 12. Hence, the solution becomes ms

2 = yLRb(1+α)−Γ
2Rb

. By
borrowing, the HH can perfectly smooth consumption at the level cs1 = cs2 =
yLRb(1+α)+Γ

2Rb
.

In the case we allow for borrowing contraint, we also have that cs1 + cs2 >

c1 + c2 regardless of whether the consumer is W-HtM or N-HtM. Particularly
with respect to the indebted N-HtM HHs, since yLRb (1 + α) > yL (Rb −Raα),
we have that m2 < ms

s < 0, which means that the liquidity shock implies a
deleveraging effect to this type of HHs.

Table B.1 summarizes the allocations of c1 and m2 in all cases we
presented above.

3Alternatively, one can think that if a1 is sufficiently large so that this condition holds.
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Table C.4: Consumption Allocation in t = 1, c1, and Liquid Asset Allocation
in t = 2, m2, in Model Cases in Appendix C
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