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Resumo

Esta tese é um ensaio composto por de três artigos, cada qual representando um

caṕıtulo, sobre macroeconomia quantitativa em um ambiente de mercados incompletos.

Em todos os caṕıtulos a economia dos Estados Unidos é usada como referência para

a calibração dos modelos e as simulações realizadas. No primeiro caṕıtulo o objetivo

é explorar a relação entre compartilhamento de riscos e duração dos instrumentos de

d́ıvida usados pelas famı́lias, em um ambiente no qual os agentes são expostos a um

choque inesperado de crédito semelhante ao que causou a recessão de 2007/8. Como

resultado, obtemos que o aumento no peŕıodo de maturação dos ativos reduz os im-

pactos macroeconômicos do choque de crédito uma vez que a maior oscilação de preços

decorrente do aumento no prazo intensifica o motivo precaucionário e faz com que os

indiv́ıduos se exponham menos à d́ıvida. O segundo caṕıtulo, trata da avaliação dos im-

pactos de diferentes reformas fiscais que eliminam os impostos sobre o rendimento dos

ativos financeiros sobre o bem estar e os agregados macroeconômicos de uma economia

no qual os empréstimos são colateralizados com o uso de bens duráveis. Os resultados

das simulações realizadas neste capitulo mostram que a presença de bens duráveis e

o grau de progressividade do sistema tributário são fatores determinantes para o re-

sultado deste tipo de reforma. No terceiro e último caṕıtulo o objetivo é analisar o

impacto de uma redução inesperada no estoque de d́ıvida do governo sobre os indi-

cadores de bem estar e desigualdade da economia. Os resultados apresentados neste

caṕıtulo indicam que quando a redução da d́ıvida é custeada pelo aumento de impostos

ocorre, no curto prazo, queda do bem estar acompanhada por redução da desigualdade.

Quando a queda da d́ıvida é acompanhada por uma redução no gasto público, ocorre no

curto prazo ganho de bem estar devido ao aĺıvio no orçamento das famı́lias, no entanto,

temos deterioração da distribuição de riqueza devido ao aumento da alavancagem dos

indiv́ıduos.

PALAVRAS CHAVE: Mercados Incompletos. Crise de Crédito. Bens Duráveis.

Bem Estar. Desigualdade.



Abstract

This thesis is an essay composed of three articles, each of them representing a chap-

ter, about quantitative macroeconomics in an environment of incomplete markets. In

all chapters the United States economy is used as a reference for the calibration of

models and simulations performed. In the first chapter the goal is to explore the con-

nection between risk sharing and duration of debt instruments used by households, in

an environment where agents are exposed to an unexpected credit shock similar to that

observed in 2007/8 recession. As a result, we obtain that the increase in the duration

of assets reduces the macroeconomic impacts of a credit shock once the higher price

volatility arising from longer duration intensifies the precautionary motives and causes

individuals to be less debt exposed. The second chapter deals with the evaluation of

the impact on welfare and macroeconomic aggregates of different revenue-neutral tax

reforms that eliminates asset return taxes in an economy where loans are collateralized

by durable goods. The results of the simulations performed in this chapter show that

the presence of durable goods and the degree of progressivity of the tax system are

critical factors on determining the outcome of this type of reform. In the third and

final chapter the objective is to analyze the impact of an unexpected reduction in the

government debt stock on indicators of welfare and inequality. The results presented

in this chapter indicate that when debt reduction is funded by tax increase occurs, in

the short term, a fall of welfare accompanied by a reduction of inequality. When the

drop of debt is followed by a reduction in public spending, in the short term there is

welfare gain due to relief in the budget of families, however, the distribution of wealth

deteriorates due to increase in individual’s leverage.

KEYWORDS: Incomplete Markets. Credit Crisis. Durable Goods. Welfare. Inequal-

ity
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Chapter 1

Debt Maturity and Credit Crisis in a

Liquidity Constrained Economy

This chapter explores the interaction between risk sharing and the maturity of private

debt, focusing on its marginal impacts in an economy with heterogeneous households. We

find that an increase in debt maturity softens the economic slump that follows a credit

shock designed to replicate features of 2007/8 U.S. recession. The increase of asset duration

indirectly reduces the mechanical contractionary pressure faced by indebted households,

because longer maturity amplifies price oscillations which makes them less debt exposed.

Besides, it also reduces the interest-elasticity of consumption, which makes the model’s

response closer to empirical evidence. On the other hand, an increase of debt duration

impairs the improvement of wealth distribution in long run. The main contribution of this

paper paper is show that debt maturity is a key element to understand the magnitude of a

credit driven recession and its welfare consequences.

1.1 Introduction

The credit market plays a key role on smoothing income fluctuations and determining

the degree of risk sharing. Recent literature shows that many factors influences household’s

credit exposure, such as the existence of unemployment insurance, availability of health care

assistance, the taxation code among others. This paper explores the role of debt instrument

maturity on determining the dynamics of an economy affected by a credit shock. Why study

longer debt duration? First, because empirical evidence shows that household’s financial

obligations matures in more than one period, second, long term interest rates are more

relevant on savings and debt decisions and third, because this feature generally is ignored in

standard models.
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After US 2007/8 economic crisis, there were massive efforts to clarify the connection

between financial frictions and macroeconomic aggregates, in addition to its welfare im-

plications. In this paper we investigate how the average bond duration interacts with an

unexpected credit crisis in an incomplete markets environment. More precisely, we study a

Bewley-Hugget-Aiyagari economy where risk averse agents face idiosyncratic income shocks,

chooses non-durable consumption, labor hours and savings. There is no aggregate shocks

neither default is possible. There is, however, a financial friction that limits the individual

risk sharing due to an exogenously defined credit constraint. In order to model long term

debt we use the concept of perpetuity, first introduced by Woodford (2001), which repli-

cates a portfolio of higher than one period securities and also allows for a reasonable and

tractable representation of government debt structure. This paper also investigates how the

interaction between credit constraints and debt duration affects welfare and inequality. The

total welfare variation is decomposed in its distributive and aggregate components, using

the same methodology of Domeij and Heathcoate (2004).

Following Eggertsson and Krugman (2012) and Guerrieri and Lorenzoni (2015), the credit

shock consists in a sudden and exogenous tightening of the borrowing constraint designed

to replicate the main features of the US 2007/8 credit crisis. This abrupt shock forces

households to adjust their balance sheet to the new liquidity conditions, which means that

they need to deleverage. The nature of this exercise also is line with the evidence presented

on Hall (2011), who argues that the unexpected tightening of household borrowing constraint

was one of the main features of the recent US crisis. Besides the steady state analysis of

the macroeconomic aggregates before and after the credit shock, we focus on the transition

dynamics for economies with distinct debt maturity and evaluate the path of the main

variables until the new steady state. To the best of our knowledge, this paper is the first

to quantitatively assess the importance of debt duration in a event of a credit shock, in

a context of incomplete markets. Our results shows that bond’s duration is important to

determine the size and length of a recession caused by the credit crunch.

Quantitative results points that an increase in debt maturity can smooth the path of

macroeconomic aggregates. This happens because a rise of bond duration reduces house-

hold’s debt exposure which weakens the deleveraging mechanical effect unleashed by credit

crisis. Bond’s price becomes more interest rate sensitive as maturity increases, which po-

tentializes the positive wealth effect for bondholders and deepens the negative balance sheet

pressures faced by indebted ones. On net, the general equilibrium effect is positive in a sense

that helps to offset the contractionary pressure, however, it loses strength as bond’s maturity

increases. This is because of heterogeneous household’s response. On the other hand, we

find that an increase in maturity reduces the interest-elasticity of consumption, which makes

2



the model’s response closer to empirical evidence.

We found that the credit shock triggers a recession of nearly 1% when asset has one

quarter of maturity and that output contraction is reduced to 0.6% when debt duration has

three quarters. An increase in debt duration also softens the undershooting experienced by

the real interest rate. When debt has one quarter maturity the real interest rate drops to

almost −2% (from an initial value of 2.5%), while when debt duration has three quarters

the real interest rate only becomes slightly negative, decreasing from 3% to −0.2% in the

fourth period after the beginning of credit shock.

In terms of inequality, we show that, independently of bond duration, after the credit

crunch there is a sizable improvement in wealth distribution. On the other hand, from the

standpoint of a consumption equivalent measure, the process of deleveraging endured by

households results in a strong initial welfare loss due to spending contraction.

Overall, the precautionary motive that affects more intensely poor households is the

main driver of the advances in income and wealth distribution. When bond maturity is

one quarter, the wealth Gini Index falls 14.4%,while when debt duration has three quarters

this inequality indicator decreases 13.5%. The transition between steady states preservers

long term features, that is, larger reduction in inequality for shorter maturities. The lower

the duration of bonds, the more urgent is the deleveraging pressures faced by individuals,

because their debt exposition is higher. Simultaneously, the lower the interest rate is, more

prone are richer individuals in reducing their bond position.

On the other hand, the long run impact of debt maturity on wage distribution increases

with bond duration. When the maturity has one quarter, the wage Gini Index falls 2.2%,

while when the debt duration has three quarters this indicator decreases by 3.9%. In general,

this response is due to the use of working hours as a buffer device against negative income

shocks. Besides, the adjustment in effective working hours of richer individuals becomes

sharper when bond duration is higher, which explains the more relevant gain of income

distribution when maturity increases.

Finally, we propose an extension of the original model designed to evaluate the role of

government transfers in a credit recession. Taking into account that nearly 75% of the fiscal

expansion that took place in the US between 2007 and 2009 was due to increase in social

transfers, as highlighted by Oh and Reis (2012), we evaluate the aggregate macroeconomic

impact of a credit contraction in an environment where there are targeted transfers designed

to replicate features of the program that took place on US Great Recession. We found

that such kind of transfer program can significantly reduce the output slump that occurs in

response of the shock. Furthermore, the transfers provides an alternative liquidity channel

which also softens the deleveraging process for all bond maturities.

3



The remainder of this paper is structured as follows: Section 2.2 presents a brief discussion

of related literature, Section 2.3 presents the economic environment and the model structure,

Section 1.4 deals with calibration issues, Section 1.5 presents a quantitative analysis of credit

shock, debt maturity and targeted transfers, Section 1.6 discusses the welfare implications

and, finally, Section 1.7 concludes the paper with our final remarks.

1.2 Related Literature

This section summarizes the literature on the economic impacts of a credit crisis in an

incomplete markets framework and the role of long term debt in this environment. There is a

vast and growing literature about these two themes separately, but not about the connection

between them in the context of Aiyagari model. This paper helps to close this gap.

First of all, this paper is related to the long literature on the macroeconomic effects

of financial frictions. From a consumer standpoint we have the classical role of borrowing

constraints found in Huggett (1993) and Aiyagari (1994). Other papers that also explore the

role of credit constraints in a similar environment are Hall (2011), Eggertsson and Krugman

(2012), Guerrieri and Lorenzoni (2015) and Huo and Rios Rull (2015).

Financial frictions and wealth accumulation also plays a central role in recent contribu-

tions to the entrepreneurship literature in macroeconomics, such as Quadrini (2000), Angele-

tos and Calvet (2006), Cagetti and De Nardi (2006), Goldberg (2011), Buera et al. (2011),

Jermann and Quadrini (2012), Buera and Shin (2013) and Buera and Shin (2015). These

papers develop entrepreneurship models that shares many features with the class of Bewley-

Hugget-Aiyagari model discussed on the following sections. In line with our analysis, some

of these works are focused on study how financial frictions shape the wealth distribution and

others deals with the aggregate impacts of financial frictions.

Goldberg (2011) also analyzes precautionary saving and the scarcity of liquid assets. One

important difference in relation to this work is that Goldberg (2011) emphasizes shocks to the

borrowing constraints of entrepreneurs, whereas this paper focus on changes in the borrowing

constraints of consumers. In an approach that is complementary to the one presented here,

Jermann and Quadrini (2012) studies how shocks on financial sector affects firm’s liquidity

conditions and its developments in terms of macroeconomic aggregate dynamics.

Recently, we have seen two usual ways of modeling credit shocks. There is an indirect

approach adopted in papers like Del Negro et al. (2013), where the shock consists in abrupt

drop of the resellability of financial assets in secondary markets, or Curdia and Woodford

(2009), which allows for various types of disturbances that directly affect the financial in-

termediaries. In this paper the credit shock is a sudden reduction in the quantity of debt
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the household can borrow, in line with Eggertsson and Krugman (2012) and Guerrieri and

Lorenzoni (2015). Since the onset of US 2007/8 recession, Hall (2011) also has argued that

the tightening of household borrowing constraint is an essential element in the understand-

ing of the crisis. A difference of this paper to Eggertsson and Krugman (2012), is that

we consider that borrowing and lending are motivated by idiosyncratic shocks, rather than

differences in preferences.

This paper emphasizes the role of transition dynamics on assessing the impact of an

economic shock as in Oh and Reis (2012), Buera and Shin (2013), Buera and Shin (2015)

and Guerrieri and Lorenzoni (2015). Finally, empirical evidence presented in Mian and Sufi

(2010) and Mian and Sufi (2011) support the quantitative results found on this paper. In

particular, these papers exploit geographic variation across US counties in the degree of

leverage since 2006. The geographic variation proxies well for the borrower heterogeneity

that is present in the theoretical models. Consistent with the deleveraging intuition, these

studies show that highly levered US counties were the driving force behind sharp drops

in consumption during the downturn. Regarding the persistence of deleveraging process,

Reinhart and Reinhart (2010) find that financial crises are followed by large and long-lasting

declines in the ratio of domestic bank credit-to-GDP ratio. These empirical evidence are

used as reference to the credit crunch modeled in this paper.

As in Challe et al. (2013), here the existence of uninsured idiosyncratic shocks generate

bond exchanges: traders interested in buy bonds for precautionary purposes purchase them

from agents willing to sell in order to smooth consumption and from the government. This

feature of the model is particularly intensified after the credit shock, once indebted house-

holds must repurchase their debt. These authors study how the existence of a portfolio with

assets of different maturities affects the shape of the yield curve and conclude that combining

aggregate risk, idiosyncratic risk and positive net supply of bonds allows for the existence

of a liquidation risk premium over the long end of yield curve. They also find that, under

certain conditions, the increase on average maturity also increases the average interest rates,

a result that also is underlying in our analysis.

Debortoli et al. (2014), in an approach that focus on commitment of fiscal policy, provides

additional motivation in favor of high debt duration. These authors argues that borrowing

long term provides the government with a hedging benefit since the value of outstanding

government liabilities declines when short-term interest rates rise. On their perspective, the

degree of commitment with a given fiscal policy plays a key role on determining the optimal

maturity structure of government debt. The stronger is the commitment, the larger is the

duration of optimal debt.

Faraglia et al. (2014) argues that taking into account bonds with maturity higher than
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one year is essential to introduce in the model an additional dynamics that emerges after

an exogenous shock. According to these authors, the government uses both tax policy and

debt management to soften the impacts of adverse innovations in business cycle. In this

paper fiscal policy is not an active tool for stabilization of the business cycle, however, our

quantitative results supports the assessment that the existence of long term bonds smooths

the economic cycles.

To sum up, the articles mentioned above emphasize that the existence of long-term bonds

is important to the government fiscal balance and to reduce the uncertainty of the tax regime

observed by families. This work performs a complementary approach in a sense that it takes

into account the the importance of long-term bond as a source of liquidity to the indebted

households facing a credit crunch.

1.3 The Economic Environment

The model follows the standard framework proposed by Bewley (1977), Huggett (1993)

and Aiyagari (1994), with the addition of public debt whose maturity is allowed to be higher

than one period.

We consider a discrete time and infinite horizon economy, with idiosyncratic income

shocks and sequential asset trade subject to an exogenous defined borrowing constraint.

The economy is populated by a government and a continuum of measure 1 infinite lived

households, that are indexed by i ∈ I = [0, 1].

1.3.1 Households

There is a continuum of infinitely-lived and ex-ante identical households, which have

additively separable preferences over a sequence of non-durable1 consumption good ci ≡
{ci,t}∞t=0, where ci,t ≥ 0, and from a leisure plan li ≡ {li,t}∞t=0, li,t ≥ 0, where t denotes time.

These individuals maximizes an expected discounted utility of the form:

U (ci, li) = E0

∞∑
t=0

βtu (ci,t, li,t) , (1.1)

where β ∈ (0, 1) is the subjective time discount factor and the operator E0 denotes

the expectation conditional on the information available at date t = 0. The period utility

function u : R2
+ → R is a C 2 function assumed to be strictly increasing, strictly concave

and continuously differentiable, with lim
c→0

u′ (c) = ∞ and lim
c→∞

u′ (c) = 0. Each period, the

1A perishable good that cannot be used as store of value.
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individual is endowed with one unit of time, which is allocated between leisure and work,

represented by hi,t, such that li,t = 1−hi,t. The household also faces an exogenous borrowing

constraint denoted by φ ≥ 0, which means that there is a credit restriction that limits the

ability of individuals on protecting their income from shocks.

We assume that each household face an uninsurable idiosyncratic risk modeled as a

stochastic process that determines their level of zi,t. Equivalently the value of individ-

ual’s labor income is hi,tzi,t. Its assumed that the productivity process is independent

and identically distributed across households and that it follows a finite state Markov

Chain with transition probabilities given by P(z′, z) = Pr{zt+1 = z′|zt = z}, where z and

z′ ∈ Z ≡ {z1, z2, ..., zN−1, zN}. The first productivity state z1 is set to be 0, and denotes

a situation where individual is involuntarily out of labor market. There are no aggregate

shocks.

Each household produces, at every period, the non-durable consumption good using a

linear technology represented by,

yi,t = zi,thi,t, (1.2)

where yi,t denotes the output produced by individual i on period t.

1.3.2 Assets and Market Structure

There is no insurance market for the idiosyncratic risk. Hence, markets are incomplete

and the only source of insurance against future productivity uncertainty is wealth accu-

mulation through the risk-free asset, the use of working hours or borrowing. Households

self-insure to smooth consumption and, as consequence, a precautionary motive for savings

arise. Agents are borrowed constrained and, as already said, φ is a liquidity restriction. This

paper is not intended to model the nature of debt limit. It is assumed that it exists as a fea-

ture of the economic environment, following the classical Bewley-Hugget-Aiyagari approach.

When φ > 0 the household is allowed to become indebted, which can be understood as a

situation where it issues bonds to other households. Individuals can save or borrow at the

same aggregate interest rate, denoted by rt, and there is no possibility of default on their

obligations.

The only saving instrument available in this economy is a risk-free bond with maturity

denoted by M ≥ 1. Through this asset individuals self-ensure against the idiosyncratic risk

and government manages its budgetary needs. In order to overcome the problem of dimen-

sionality of the state space,2 we follow Woodford (2001), Hatchondo and Martinez (2009),

2If we would have assumed that government could issue zero coupon bonds that mature j periods ahead,
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Arellano and Ramanarayanan (2012), Chen et al. (2012), Broner et al. (2013), and Berriel

and Bhattarai (2013) and model long term bonds as perpetuities with decaying coupon

payments where the rates of decayment mimic differences in maturity of these assets.

In this formulation the government issues perpetuities, denoted by bt, with coupon pay-

ments that decay geometrically3 at the constant rate ρ ∈ [0, 1]. A bond with decayment

factor ρ issued in period t pays a coupon ρjbt in the period t + j, with j ≥ 0. Defaulting is

not an option for the government. Defining Bt as the outstanding payments position from

all previous and current bonds issued, we have, at every date t,

Bt =
t∑

j=0

ρjbt−j = bt + ρbt−1 + · · ·+ ρtb0 (1.3)

where b0 is given. As one can see, at every period the set of this general instrument can

be interpreted as a portfolio of infinitely many bonds whose weights are given by ρj−(t+1),

with j > t. Indirectly, the parameter ρ defines the maturity of this portfolio. Is also worth

to note that Bt follows a recursive structure given by,

Bt = ρBt−1 + bt (1.4)

This expression is useful to write the government borrowing constraint in a more concise

manner. Treating this as the outstanding stock of the perpetuity we have a convenient way of

dealing with long maturity bonds which dramatically reduces the state space once it is only

necessary to keep track of the number of bonds currently issued and not the total number

of bonds issued in each period.

Government Budget Constraint The government imposes on all individuals a lump

sum tax, denoted by τt ≥ 0 and provides an assistance for individuals out of labor market

denoted by vt > 0 on date t. Therefore the effective lump sum tax τ̃it is defined as,

τ̃t (zi,t) =

τt, if zi,t > 0

τt − vt, if zi,t = 0
(1.5)

Households can use their net after-tax income to purchase consumption goods or bonds.

The government chooses the aggregate supply of perpetuity that will be issued every period

bt ≥ 0, a lump sum tax denoted by τt ≥ 0 and an unemployment benefit vt ≥ 0. There is no

it would have been necessary to keep track of bonds issued from periods t− 1 to t− j.
3Note that if ρ = 1, the perpetuity bt is a consol and if ρ = 0 we are back to the case of one period bond,

which is a particular case of this more general structure.
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public spending other than the debt service and the unemployment benefit transfer. Let qt

denotes the price of perpetuity, and the government budget constraint will be given by,

qtbt + τt = Bt−1 + vtu

or alternatively, using Equation 1.4, we have,

qtBt + τt = Bt−1 (1 + ρqt) + vtu (1.6)

where u = Prob(zi,t = 0). When studying the transition dynamics we assume that

bond supply and the unemployment benefit will be held constant in its initial steady state

level. On that case, the lump-sum tax will adjust in order to keep the government budget

constraint balanced.

Household Budget Constraint The borrowing constraint of the individual i ∈ I will

be given by,

ci,t + qtbi,t + τt ≤
∞∑
j=1

ρj−1bi,t−j + zi,thi,t + I{zi,t=0}vt (1.7)

Another advantage of assuming that the whole stock of long-term bonds consists of

perpetuities of this type is that the price in period t of a bond issued s periods ago qt(s) is a

function of the coupon and the current price qt (s) = ρsqt. This relation allows us to rewrite

the household budget constraint in a more convenient recursive formulation. One bond of

this type that has been issued s−1 periods ago is equivalent to ρs−1 new bonds. Considering

the individual i ∈ I, the no arbitrage condition at time t − 1 implies that the his portfolio

value is given by,

qt−1Bi,t−1 =
∞∑
s=1

qt−1 (s− 1) bi,t−s

qt−1Bi,t−1 =
∞∑
s=1

ρs−1qt−1bi,t−s

Bi,t−1 =
∞∑
s=1

ρs−1bi,t−s

Therefore, the individual budget constraint can be rewritten as,
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ci,t + qtbi,t + τt ≤ Bi,t−1 + zi,thi,t + I{zi,t=0}vt

Using the relation stated on Equation 1.4, we have that,

ci,t + qtBi,t + τt ≤ (1 + ρqt)Bi,t−1 + zi,thi,t + I{zi,t=0}vt (1.8)

Prices, Yield to Maturity and Duration The price of a new debt issued is the dis-

counted sum of the value of the expected future payments. We define the yield-to-maturity

on each bond as the implicit constant interest rate at which the discounted value of the

bond’s coupons equal its price. Its exactly the concept of internal rate of return of a cash

flow. Denoting the yield-to-maturity by ytm, the perpetuity price qt on date t will be given

by,

qt =
∞∑
j=1

ρj−1

(1 + ytm)j
=

1

ρ

∞∑
j=1

(
ρ

1 + ytm

)j
=

1

1 + ytm− ρ
(1.9)

and conversely,

ytm =
1

qt
+ ρ− 1 (1.10)

Finally, for a given ρ ∈ [0, 1] the duration of debt issued at each date is defined as the

weighted average of the time until each coupon payment,4 with the weights determined by

the fraction of the bond’s value on each payment date, that is,

M =
1

qt

∞∑
j=1

j
ρj−1

(1 + ytm)j

Solving with known results form geometric series results in,

M =
1 + ytm

1 + ytm− ρ
(1.11)

4This is the duration concept was originally presented on Macaulay (1938).
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1.3.3 Equilibrium Definition

In this framework, the aggregate state of the economy is given by the joint distribution of

households, denoted by Ψ, over the idiosyncratic productivity status z and asset holdings b.

Therefore, state variables can be summarized by a vector (z, b; Ψ). Furthermore, individuals

of this economy know that this distribution evolves according to:

Ψ′ = Q (Ψ) ,

where Q represents a transition function from the current aggregate state into the next

period joint distribution. In practice, Q is found by combining the households optimal

decision policies for bond holdings with the exogenous Markov process for productivity.5

Let b̄ be the maximum bond holdings in the economy, assuming that these upper bound

exists. Define the compact set B =
[
−b, b̄

]
. Using the set of productivity states Z, let state

space S be the cartesian product Z × B. Let the σ- algebra ΣS be defined as BB ⊗ P(Z),

where BB is the Borel σ-algebra on B and P(Z) is the power set of Z. The space (S,ΣS) is

a mensurable space and S is a typical subset of ΣS . Given that, we have all elements needed

to state the equilibrium definition.

Definition. Given a Markov Chain (P,Z), an initial bond holdings position b0 ≡ (bi,0)i∈I , a

stationary recursive competitive equilibrium is a set of decision rules denoted by the functions

{V, gb, gc, gh}, with V : S → R as a value function and gb : S → R, gc : S → R+, gh : S →
R+ as saving, consumption and labor policy functions, a government policy {τ, v,B}, a law

of motion Q, a measure of households Ψ∗ and a price q, such that:

1. For each i ∈ I, given the price q, the government policy {τ, v,B}, the initial condition

(b0), the policy functions {gb, gc, gh} and the value function V solve the following household

5The function Q ((z, b) ,Z × B) is defined as the probability that an individual with current state(z, b),
moves to any point in the space S in the next period. Formally this function is stated as Q : S×ΣS → [0, 1],
with,

Q ((z, b) ,Z × B) = I{gb(z,b)∈B}
∑
z′∈Z

p(z′, z), (1.12)

where I{.} is an indicator function, which takes 1 if its argument is true and 0 otherwise, and gb (z, b) is
the optimal saving policy. Then Q is a transition function and the associated next period state distribution
is given by,

Ψ (Z × B) =

∫
Z×B

Q ((z, b) ,Z × B) Ψ (dz, db) (1.13)

The algorithm used to compute the distribution function is presented with further details on Appendix
A1 Section.
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decision problem, in its recursive formulation:

V (z, b) = max
{c,h,b′}

{
u(c, h) + β

∑
z′∈Z

Pzz′V (z′, b′)

}
(1.14)

s.t. : c+ qb′ + τ = (1 + ρq) b+ zh+ I{z=0}v (1.15)

c ≥ 0, h ∈ [0, 1] , b′ ≥ −φ (1.16)

where I {.} is an indicator function that takes 1 if z = 0 and 0 otherwise.

2. Labor supply and asset demand is obtained aggregating over households:

N =

∫
S
zgh (z, b) dΨ∗ and Bd =

∫
S
gb (z, b) dΨ∗

3. The bond price q clears the market, that is, makes
∫
S gb (z, b) dΨ∗ = B;

4. The government budget is balanced: τ = B (1 + q (1− ρ)) + vu;

5. For all (Z × B) ∈ ΣS, the transition function is consistent with agent’s optimal

decisions, in the sense that is generated by the optimal decision rules and by the law of

motion of the shock. The invariant probability measure satisfies, Ψ∗ = Q (Ψ∗).

1.4 Calibration

The model is calibrated in order to be consistent with features of US income distribution

and specific data moments before the credit shock. This section is divided in two parts.

The first presents preferences parameters and the second describes in detail the stochastic

process used to model the productivity shocks.

Preference Parameters The calibration strategy follows the approach commonly used

in incomplete markets literature. A brief summary, with description of parameters, its

targets and/or sources is presented on the Table 1.1. As this paper’s purpose is evaluate

the role of asset maturity in a credit crisis, we seek to make economies under study directly

comparable. For this reason, our approach is focus on the same calibration targets for all

economies, instead of fixing parameters in the level of 1 quarter bond economy. Therefore,

the field “Value” of Table 1.1 is divided in three columns, each of them in representing to

a given maturity. Along the text Mi, with i ∈ {1, 2, 3}, represents the economy where the

bonds has maturity of i periods.
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Time is discrete, measured in quarters. The households has CRRA type preferences,

given by,

u (c, h) =
c1−σ

1− σ
+ γ

(1− h)1−ψ

1− ψ
(1.17)

where σ is the inverse of intertemporal elasticity of substitution, the parameter ψ is the

curvature of utility from leisure, directly related to the Frisch elasticity of labor supply, and

γ is the coefficient of leisure in utility. The coefficient of relative risk aversion parameter

σ is set to be equal 4, a value that is commonly used in this literature. In line with the

evidence found on Chang and Kim (2006), Fuster et al. (2007), Floden (2008) and Kimball

and Shapiro (2008) the parameter ψ was chosen so that the average Frisch elasticity of labor

supply is 1. The parameter γ was chosen so that the average worked hours for employed

workers are 40% of their time endowment, in line with the evidence reported on Nekarda

and Ramey (2013).

Although the duration of US household assets and liabilities is 4.5 years, on average,

according to Doepke and Schneider (2006), our objective is assess the effect of higher asset

maturity when economy experiences a credit crunch. For this reason, we focus in a marginal

approach: it was chosen 2 and 3 quarters as alternative maturities for simulations performed

in Section 1.5. When the bond has 1 quarter of maturity, the target for the intertemporal

discount factor β is the quarterly interest rate of 0.625%. This target represents the average

of the real Fed Funds rate,6 that is the key reference short term rate, over the last 50 years.

In the case of a bond with average maturity of 2 quarters, the discount factor were chosen

to yield a quarterly interest rate of 0.70%, and when the average maturity occurs in three

quarters, the interest target is set on 0.75%. These are the average rates of 2 and 3 quarter

treasury bonds, respectively, in the last 50 years.7

The debt limit parameter, φ, was chosen to replicate the US household’s balance sheet

in 2006, one year before the financial crisis of 2007/8. The target for φ is the debt to GDP

ratio of 18%, which is a good figure of private non-residential household debt observed on

2006, according to Federal Reserve’s Flow of Funds report.8 On the quantitative exercises

that will be performed on Sections 1.5 and 1.6, the credit crunch consists of an exogenous

contraction in φ by 10 percentage points, reducing the debt-to-GDP ratio to 8% in final

6Is important to highlight that the objective is calibrate debt parameters focusing on features of household
liabilities and not targeting features of government debt. However treasury rates were used as proxy.

7Refers to the daily average of each quarter, according to the data of constant yield to maturity price
curve provided by US Treasury Department.

8In fact, the credit limit that makes individuals indifferent on breaking the credit agreement or not can
be thought as an endogenous element, as shown by Abraham and Carceles-Poveda (2010). In their analysis,
this decision fundamentally depends on the individual productivity status and price dynamics.
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Table 1.1: Summary of Parameters and Calibration Targets

Parameter Description
Value

Target/Source
M1 M2 M3

β Discount factor 0.9777 0.9862 0.9886 ytm ∈ {0.625%, 0.70%, 0.75%}

σ Coefficient of relative risk aversion 4.000 4.000 4.000 General literature

ψ Curvature of utility form leisure 1.8816 1.9999 2.0801 FUc = ∂h
∂w

w
h
|Uc = 1

γ Coefficient in leisure on utility 12.487 9.6826 8.6589
∫
gh (z, b)

(
1− I{z=0}

)
dΨ = 0.4

ρz Persistence of productivity shock 0.977 0.977 0.977 Floden and Linde (2001)

σ2
θ Variance of productivity shock 0.0117 0.0117 0.0117 Floden and Linde (2001)

φ1 Credit Constraint 1.7542 2.3901 2.9396 D
Y

= 18%

φ2 Credit constraint (after the shock) 0.9759 1.3488 1.6929 D
Y

= 8%

v Unemployment benefit 0.1685 0.1766 0.1797 40% of labor income

ρ1 Perpetuity parameter 0.00 - - Bond duration: 1 quarters

ρ2 Perpetuity parameter - 0.5035 - Bond duration: 2 quarters

ρ3 Perpetuity parameter - - 0.6716 Bond duration: 3 quarters

Γ Speed of Adjustment of φ 6 6 6 Non-default condition in M1

B Stock of bond supply 2.6963 2.8259 2.8758 Liquid Asset/ GDP =1.6

Notes: This parameters were calibrated for initial steady state, except for debt constraint after credit shock.

steady state. The parameter Γ, that will be discussed in details on Section 1.5, controls the

speed of convergence of credit limit along transition to the new steady state. In transition

the same preference parameters of initial steady state are held constant.

Fiscal Policy Parameters Regarding fiscal policy, we calibrate the unemployment benefit

parameter following the work of Shimer (2005) and Chetty (2008), also used by Guerrieri

and Lorenzoni (2015), and set it as 40% of average labor income. The inclusion of an

unemployment insurance mechanism is supported by the empirical and theoretical literature,

which founds evidence that many job losers cannot smooth consumption due to failures

in credit and insurance markets. The transition between employment and unemployment

was also estimated by Shimer (2005), which used Current Population Survey (CPS) data.

Taking into account that the time is measured in quarters, I chose the same parameters

used by Guerrieri and Lorenzoni (2015), that is, the probability of become unemployed

given that the individual is employed is given by Πeu = Prob(x′ = u|x = e) = 0.057, and

the probability of become employed starting from an unemployment situation is given by

Πue = Prob(x′ = e|x = u) = 0.882. The lump-sum tax is chosen to balance the government

budget constraint.

In the same spirit of the debt parameter, the stock of bond supply B was also chosen

to replicate the US household’s balance sheets on 2006. For the bond supply level, the
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target chosen was the liquid asset-to-GDP ratio,9 according to the data available on Federal

Reserve’s Flow Funds Report. The parameter ρm, with m ∈ {1, 2, 3}, is set according to

the duration of perpetuity. The total supply of liquidity is kept constant throughout the

transition, so that the government budget constraint is balanced only by lump-sum tax.

In Subsection 1.5.3 we perform an additional policy experiment, in which the credit

contraction is offset by a policy of targeted transfers implemented by the government, in

the same spirit of Oh and Reis (2012). The rationale of parameter’s choices, its targets and

other particularities will be discussed in that section.

1.4.1 Income Process

The labor endowment shocks are calibrated to replicate the typical dynamics of individual

earnings in the US economy. The survey on this topic is generally based on PSID10 or SCF11

data, which consists in a panel about individual wage, income, assets and other particular

information. Several papers estimate processes for wages. In this sense, is worth to mention

the work of Floden and Linde (2001), Pijoan-Mas (2006), Krueger and Perri (2006) and

Blundell and Preston (2008). The typical set up followed in these papers considers a wage

distribution net of fixed heterogeneity. The hourly wage rate is given by the following process,

ωi,t = θsi,t + ξi + zi,t + ui,t, with ui,t ∼ N
(
0, σ2

u

)
(1.18)

where ωi,t is the logarithm of wage received by individual i on time t, si,t is a vector of

observable characteristics, ξi reflects an individual i unobserved fixed component, ui,t is an

homocedastic error term normally distributed and zi,t is the logarithm of specific component

to wage formation of individual i on time t. This idiosyncratic component is used in this

literature as an approach to the productivity shock. In general, it is assumed that this

component evolves according to an AR(1) process, as follows,

zi,t = ρzzi,t−1 + θi,t, with θi,t ∼ N
(
0, σ2

θ

)
(1.19)

where the parameter ρz measures the persistence of productivity shock zi,t, in logs, with

Var(z) =
σ2
θ

1−ρ2z
, given that |ρz| < 1. Estimates for ρz varies in a range between 0.9 and 0.99,

in annual terms. This paper follows the results found on Floden and Linde (2001), which

estimates ρz = 0.977 and σ2
θ = 0.012, in quarterly terms, using data from PSID.12 This

9Defined as the sum of all deposits plus securities.
10Panel Study of Income Dynamics
11Survey of Consumer Finances.
12For US economy, Floden and Linde (2001) reports in Table IV ρz = 0.914 and σ2

θ = 0.043 in annual
terms.
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continuous stochastic process for income is discretized using Tauchen (1986) methodology. It

is assumed that that there are 13 different productivity states for individuals, i.e., dim(Z) =

13, including the status z1 = 0, interpreted as an unemployment shock.

Table 1.2 presents a summary of wealth and income distribution generated by the model

in the initial steady state and also the statistics found on data collected by the Survey of

Consumer Finances.13 Income is defined as all kinds of labor revenues before taxes and

wealth as the net worth of households. The model matches reasonably well both wealth as

income distribution, although it tends to underestimate lower and higher quintiles of wealth.

As other important feature from the data, the model captures the fact that wealth is more

unequally distributed than income.14 Under the calibration presented in this section, wealth

Gini index of the initial steady state, when bond duration has one quarter, is 0.79 and

the income Gini index is 0.39. Despite of underestimating the fifth and first quintiles and

overestimate third and fourth, the model seems to be able to generate a good representation

of the American wealth distribution, even in environment of lump-sum taxes. In regard of

income distribution, the model also underestimates the fifth quintile, but performs relatively

well in lower quintiles.

As can be seen in the same table, an increase in bond maturity improves wealth distribu-

tion, although fifth quintile becomes farther from the pattern observed in data. The income

distribution gets worse as maturity increases, however it reduces the gap between data and

model in fifth quintile. The impact of asset duration on wealth and income distribution is

explored in details on Section 1.6.

1.4.2 Solution Method

To solve the model, we use a policy function iteration algorithm improved by endogenous

gridpoint interpolation that is described in Appendix A and B. In order to evaluate the

aggregate dynamics of a credit crisis, we also computed the transition of economy between

the stationary distributions of the pre-credit shock and the post-credit tightening steady

state. The use of perpetuity to model bonds with longer maturity does not add extra

difficulty to this exercise, once it enables us to keep track of only one state variable and not

all the bonds issued in the past that still have to mature. In order to evaluate the welfare

effect of this experiment, we used known measures of wealth and income inequality as well

as consumption equivalent welfare measures that will be described in details on Section 1.6.

13This data refers to the 1998 Survey of Consumer Finances and is provided on Rodriguez et al. (2002).
14To see more on this topic, refer to Rodriguez et al. (2002).

16



Table 1.2: Wealth and Income Distribution in Model and Data

Wealth (%)

Quintile 1st 2nd 3rd 4th 5th Gini
Economy M1 −9.1 −1.3 14.3 34.1 62.1 0.789
Economy M2 −7.5 0.1 9.5 36.8 61.1 0.745
Economy M3 −6.3 0.5 7.6 38.4 59.8 0.719

Data −0.3 1.3 5.0 12.2 81.7 0.803
Data Source: Rodriguez et al. (2002)

Income (%)

Quintile 1st 2nd 3rd 4th 5th Gini
Economy M1 5.6 10.1 15.0 24.7 44.2 0.385
Economy M2 4.1 8.6 14.2 25.7 47.4 0.434
Economy M3 3.6 8.0 13.9 26.2 48.3 0.451

Data 4.6 6.6 8.3 13.9 66.6 0.553
Data Source: Rodriguez et al. (2002)

Note: The data on this table represents shares of each quintile on total wealth and income, respectively. This data refers to
distribution in initial steady state.

1.5 Policy Experiment

The policy experiment we propose evaluates the behavior of the economy in the aftermath

of an adverse credit shock when debt maturity is higher than one quarter. This exercise

assumes that a negative credit shock is defined as an exogenous and unexpected reduction of

the borrowing limit φ that makes credit more restricted. The objective is induce, indirectly,

a deleveraging process that results in a drop of the private debt-to-GDP ratio supported by

empirical evidence presented in Mian and Sufi (2010), Mian and Sufi (2011) and Reinhart

and Reinhart (2010), among others.After the credit shock, individuals realize that are in

a situation of debt overhang and must act immediately to reduce their balance sheet risk.

As in Eggertsson and Krugman (2012), the motivation for this exercise is that admissible

levels for leverage, here represented by the debt limit φ, changes over time. An extended

period of steady economic growth or rising asset prices encourages relaxed attitudes towards

risk-taking and leverage. External forces, however, can induce a change in credit availability,

sometimes abruptly. Therefore we have a transition from an easy credit regime to a tighter

one. Guerrieri and Lorenzoni (2015) performs a similar exercise to replicate the credit shock

observed in US 2007/8 recession.

Specifically, the credit limit is reduced from φ1 in the initial steady state to φ2 in the end

of the credit crunch, where φ1 > φ2, in a process that takes Γ periods to fully develop. We

assume that from the moment in which the credit crunch happens, the whole adjustment
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path of the credit limit is completely known for all individuals.

On each period, starting at t = 1, the borrowing limit φt follows a linear adjustment path

given by,

φt = max {φ2, φ1 − δφt} (1.20)

The parameter Γ represents the speed of adjustment on credit conditions. Given Γ, we

choose δφ so that δφ = (φ1−φ2)
Γ

. When bond has one quarter of duration, the smallest number

of periods needed to reduce the credit limit from φ1 to φ2, such that the set of individuals

forced into involuntary default throughout the process has negligible measure, is 6. We

assume that credit crunch’s speed of adjustment in economies M2 and M3 is exogenously

defined, following the same parameter of economy M1. To make credit crunch equivalent

across economies, we impose that debt-to-GDP ratio drops from 18% to 8% in the same time

length.15 Following, we focus on macroeconomic dynamics that emerges in response to the

credit shock and the role of the bond maturity.

1.5.1 Quantitative Results

Steady State Analysis The main steady state results are presented on Table 1.3. For

each economy, the bond supply remains at the level of original steady state. However, the

tightening of the debt limit implies in the increase of net bond’s demand, which leads to a

rise of bond’s price and in a drop of yield to maturity.

As shown in fifth line of Table 1.3, the drop in interest rate is more intense when the

maturity of saving instrument is lower. However, as can be seen from Equations 1.9 and

1.11, the interest elasticity of bond’s price is an increasing function of maturity. Therefore,

as shown in the last three columns of sixth row, even with a lower drop of interest rate the

bond’s price rises more for higher durations, which results in stronger positive income effects

for savers.

The lump-sum tax drops intensely between steady states, as can be seen in fourth row

of Table 1.3, because the increase in bond’s price has a positive net effect over government

budget. Hence, the lump-sum tax needed to keep the government budget balanced decreases.

When bond has one quarter of duration, the rise in its price increases government revenue,

but does not affect its liabilities. On the other hand, when asset duration is higher than one

period, the perpetuity’s discount factor implies that the increase in bond’s price will also

15If the speed of convergence were different from the one used in M1, we would have factors other than
maturity influencing the response of economic aggregates. Subsection 1.5.1 checks the results of robustness
tests performed for different values of Γ.
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affect the outstanding value of government debt that will mature in the future.16 Therefore,

the positive net effect of the rise in bond’s price over government budget becomes lower as

bond maturity increases. For this reason the fall of lump-sum tax is more intense when the

asset maturity is lower.

Table 1.3: Steady State Results

Steady State 1 Steady State 2 %

M1 M2 M3 M1 M2 M3 M1 M2 M3

Y 0.4213 0.4216 0.4493 0.4206 0.4409 0.4487 −0.17% −0.16% −0.13%

H 0.3707 0.3672 0.3647 0.3734 0.3696 0.3668 0.73% 0.65% 0.58%

B 2.6964 2.8259 2.8758 2.6964 2.8259 2.8758 - - -

τ 0.0270 0.0501 0.0752 0.0201 0.0412 0.0664 −25.56% −17.76% −11.70%

ytm 0.0063 0.0070 0.0075 0.0036 0.0054 0.0065 −42.40% −22.86% −13.33%

Zm 0.9938 1.9861 2.9771 0.9964 1.9924 2.9869 0.26% 0.32% 0.33%

Notes: Columns presents the percentage variation between steady states to a given maturity.

In terms of macroeconomic aggregates, the credit shock results in a small decrease of

output and consumption since the reduction in liquidity provided by credit strengthens the

precautionary behavior of households. The drop in aggregate output is slightly less intense

as the bond maturity gets higher, as shown in the first row of Table 1.3. Since some families

are not able to build up enough precautionary savings in order to face the scarcer liquidity,

households increase their labor supply to smooth eventual low productivity shocks. The

working hours supply rises more when asset’s maturity is lower, as shown in second line of

Table 1.3, which in great extent reflects the higher risk exposure faced by poorer individuals

of this economy, as will be explored with further details on Section 1.5.2. The decrease

in output jointly with an increase in aggregate working hours is due to a misallocation of

resources: less productive poorer households rises their labor supply while richer ones reduce

it.

Transition Dynamics In this subsection we present the transition dynamics between the

initial steady state, where the borrowing constraint is calibrated to keep the private debt-to-

GDP ratio at 18%, and the final steady state, after the credit crunch, where the debt-to-GDP

ratio is reduced to 8%. The main results are reported on Figure 1.1.

The behavior of aggregate macroeconomic variables for economy M1 are the same pre-

sented in Guerrieri and Lorenzoni (2015), both in terms of level and dynamics. However, is

16Alternatively, one may think that the fall in interest rate reduces debt service payments without affecting
the price of bonds sold by the government. When bond duration increases the drop on debt service becomes
lower.
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quite clear that increase bond’s maturity makes the impact of credit tightening less intense,

softening aggregate fluctuation.

Figure 1.1: Aggregate Variables Transition Paths

Note: Output, working hours and bond’s price are expressed in terms of percentage deviation from the initial steady state.
The yield to maturity is in annual terms.

On the Panel A, we see that the output drop is more pronounced in the first period,

immediately after the beginning of credit slump. In economy M1 it results in a GDP con-

traction of about 1% when compared to the initial steady state. The new steady level is

reached around the twentieth period after the shock. In economy M2 the output contracts

nearly 0.8%, but the new steady state level is achieved in the fifteenth period. Finally, for

economy M3, in the trough the output shows a drop of approximately 0.6%, however, the

recovery is even faster, being completed in the tenth period. Therefore, we have three main

facts associated with the output dynamics when asset maturity is higher than one quarter:

first, even if the tightening of credit conditions is gradual the adjustment of output is abrupt

and anticipated to the moment immediately after the announcement of credit crunch, second,

the cumulative impact becomes smaller with duration, and third, the recovery is faster as

bond’s maturity increases. These facts are also observed in other macroeconomic aggregates.

After the initial adjustment, household’s consumption starts a recovery path supported by

the drop in lump-sum tax and by the wealth effect that results from the appreciation of the

assets held by non-indebted individuals.

On Panel B, which shows the evolution of working hours, we see that the increase in
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supply of labor hours is used in order to soften budget pressures faced by families. This

aggregate mirrors the dynamics of consumption, though in a more intense fashion. Here the

reasoning is is analogous to the one seen in previous paragraph: as shorter debt duration is,

the sharper is the initial increase of labor supply. As will be discussed in Subsection 1.5.2,

there is no empirical evidence that working hours increases after a credit crisis, an issue that

can not be addressed by the increase in bond maturity.

The Panel C presents the evolution of yield to maturity. As reported by Hall (2011),

Hamilton and Wu (2012) and Summers (2014) its path illustrates an important feature of the

US 2007/8 Great Recession, that is, the interest rate undergoes an intense undershooting.

The dynamics is similar to the one presented on Eggertsson and Krugman (2012), which

states that a credit shock can push the economy to a zero lower bound for interest rates.

The strong yield decline in the initial periods, that takes place in all economies, is due to

the need of reducing the debt stock, or, alternatively, the need of increasing the net asset

demand. However, once again, it can be noticed that introduction of assets with more than

one quarter of maturity has the effect of softening this process. As will be discussed on

Subsection 1.5.2, the consolidated deleveraging pressure is less intense for economies M2

and M3, which makes the yield to maturity less responsive to the credit shock as bond

duration increases. The trough of interest rate path lies between the third and forth period,

independently of bond maturity and contrary to what happens with output, where the bulk

of adjustment occurs on impact. It means that consumption is easier to adjust than debt.

Finally, Panel D shows the dynamics of bond’s prices for the three economies under

analysis. Its hump-shaped dynamics reflects the yield path and the maturity effect, which

implies that price sensitivity to return increases with bond’s duration. This price sensitivity

helps to explain household debt exposure, according to maturity, and also is the background

for consumption and working hours dynamics.

Speed of Adjustment The speed of adjustment in credit conditions has important im-

plications for household deleveraging process. When the maturity of debt is 1 quarter, the

deleveraging path must be gradual to prevent that individuals close to borrowing constraint

come into involuntary default along transition. However, when bond’s maturity is higher

than 1 period, the deleveraging process can be faster without putting individuals in default

risk. As bond maturity increases, individuals has more flexibility to gradually payback their

debt so that the deleveraging period can be shorter. In fact, even if Γ = 0, which means that

φt = φ2, ∀t ≥ 1, representing an immediate credit crunch, there are no individuals being

forced into default in economies M2 and M3.

In order to assess the impacts of private debt speed of adjustment, we repeat the baseline

21



simulation discussed above for alternative values of Γ. As credit crunch is sensitive to it,

this exercise is important to evaluate the robustness of results. Figure 1.2 shows the main

outcomes.

Figure 1.2: Speed of Adjustment in Credit Conditions and Maturity

Note: Output is expressed in terms of percentage deviation from the initial steady state. The yield to maturity is in annual
terms.

Panels A and D shows output dynamics for economies M2 and M3, respectively. It can be

seen that the reduction in Γ, which means a faster adjustment, deepens the initial impact of

credit crunch on output.17 The aggregate impact, in absolute terms, is an increasing function

of speed of convergence. On the other hand, the convergence to the new steady state happens

earlier. In large extent this is explained by the sharper drop of yield to maturity, as can be

seen in panels B and E, which reproduces yield path for economies M2 and M3, respectively.

As a faster adjustment in credit conditions produces a deeper drop of yield to maturity, what

enhances the general equilibrium channel. As a result, non-indebted individuals experiences

a stronger support to consumption smoothing. In terms of maturity, higher duration makes

individuals less debt exposed and, therefore, higher is the share of population benefited by

the drop of interest rate.

Panels D and F shows that, as expected, even in the case of an immediate credit crunch

(when Γ = 0), that imposes to the families the need to reduce debt levels faster, household

debt has a gradual adjustment pattern for economies M2 and M3.

17With faster adjust in credit conditions the aggregate dynamics remains the same, that is, the reduction
of output is more intense on impact.
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In general, simulations shows that the speed of adjustment affects only the magnitude of

maturity effect, and not its direction. When comparing the dynamics of output and yield

to maturity of economies M2 and M3 we see that the higher maturity helps to moderate the

impact of credit adjustment. Thus, even if in baseline case were assumed that Γ = 0 there

would be no prejudice of basic conclusions and results previously presented, since a faster

deleveraging only enhances the maturity effect, already discussed, but does not change the

conclusion that increase in maturity soften aggregate impact. For this reason the exercises

performed in the next subsection assumes as baseline that, without loss of generality, Γ = 6.

1.5.2 Transmission Channels of a Credit Shock and Debt Maturity

In this subsection the goal is evaluate the transmission mechanisms of a credit crunch

for economies with different bond maturity. We concentrate in four of them: mechanical,

general equilibrium, behavioral and distributive channel. Providing that an increase in asset

maturity softens the recession it should interact with economy through these routes alone

or in combination. The exercises performed next should be seen as partial equilibrium

simulations.

Mechanical Channel First, we evaluate the effect of the exogenous and unexpected re-

duction in credit limit, which will be called mechanical channel. For this reason, we simulate

the response of economies M1, M2 and M3 to the baseline credit tightening, but assuming

that yield to maturity remains constant at level of initial steady state along transition. This

can be seen as a partial equilibrium exercise.

Figure 1.3: Mechanical Effect

Note: Consumption and working hours are expressed in terms of percentage deviation from the initial steady state.
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Some results of this experiment are displayed in Figure 1.3. The credit crunch promotes

the expected effect, that is, a contraction in consumption and a rise in working hours. With-

out the buffering from price dynamics, we observe that the drop in aggregate consumption is

more intense than what was seen in baseline simulation displayed in Figure 1.1. As shown in

Panel A in economy M1, the consumption drop on impact is 4.4%, what is four times higher

than in baseline exercise, in M2 the drop is 3.5%, a little more than four times the original

impact, and for M3 the contraction on impact is 2.6% versus an original impact of 0.6%.

The mechanical effect becomes weaker as bond maturity increases. As will be discussed

with further details next, the increase in maturity reduces the leverage degree of indebted

households, which makes them less vulnerable to the credit crunch.

A reduction in debt limit mechanically shifts household’s consumption policy function

toward lower levels. The assumption of stable yield to maturity means that indebted house-

holds experience a softer price pressure on their deleveraging process, however, once consump-

tion policy function is more concave near to the borrowing constraint poorer individuals are

more affected the credit shock. Simultaneously, saving agents are not benefited by bond’s

appreciation and therefore have no incentives to increase consumption. This combination of

factors results in a strong drop of aggregate consumption. When prices remain constant, the

recovery of consumption (as well as the softening of working hours) is slower. This is also

linked to the fact that stability in bond’s price makes the deleveraging process slower. Differ-

ences in asset distribution is the main reason on explaining the softer drop in consumption

as maturity increases, as will be discussed with further details posteriorly.

As displayed in Panel B working hours grows at a faster pace than the fall in consumption

for all economies. The advance is stronger than what is observed in baseline simulation. A

reasoning analogous to the one presented in previous paragraph also applies to labor supply:

hours worked increase intensely for individuals at the left tail of wealth distribution, who

are closer to the borrowing limit, and changes little for the richer individuals, once yield

to maturity is kept constant. The net result is a strong increase in working hours that is

mitigated in higher maturity. The transitions path, exept for its levels, are simmilar, what

can be seen as an indication that increasing in maturity does not changes the shape of labor

supply policy.18

General Equilibrium Channel Second, the objective is evaluate the response of economies

M1, M2 and M3 to changes in price system. The exercise consists in keeping the credit con-

straint at same level of initial steady state and assume that yield to maturity follows its

18When the labor supply policy is less convex, the working hours of poor households is less sensitive to
the credit tightening.
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equilibrium path. Figure 1.4 summarizes the main results.

Figure 1.4: General Equilibrium Effect

Note: Consumption and working hours are expressed in terms of percentage deviation from the initial steady state.

On Panel A, it can be seen that bond appreciation results in significant growth of ag-

gregate consumption for all economies. For richer individuals the increase in bond’s price

reduces the incentive for savings accumulation, which leads to a rise in consumption. The

poorer ones, in its turn, do not face deleveraging pressure once the credit restriction is fixed

in the more flexible regime along transition. This group see the drop of interest rate as an

opportunity to increase its indebtedness. In short, the general equilibrium channel weakens

the precautionary motive. However, this behavior is stronger in economies with lower debt

maturity.

It may seem controversial that consumption response becomes smaller with the increase

of maturity, because as shown on Panel D of Figure 1.1 the maturity enhances the interest-

elasticity of bond’s price. However, on the other hand, the increase in maturity makes

individuals more cautious and reduces their willingness to become indebted. Therefore,

while richer individuals of economy M3 has a stronger increase in consumption, due to price

effect, poorer experiences a softer increase due to a more cautious position regarding credit

exposure. As a result, consumption becomes less interest responsive as bond’s maturity

increases.19

As discussed in Guerrieri and Lorenzoni (2015), under short term debt the interest-

elasticity of consumption is too high and does not have support in empirical data. For

19This is different from robustness exercises performed in subsection 1.5.1, because on that simulation
households were submitted to a deleveraging pressure. Here, individuals are increasing their debt exposure.
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economy M1 this elasticity is 0.81 at peak. In line with the former exposition, increasing

household debt maturity also reduces interest-elasticity of consumption: at peak it is 0.72 in

economy M2 and 0.66 in M3. In a model with heterogeneous households and nominal supply

side rigidity, Auclert (2015) argues that there are two equivalent ways of interpreting the

more muted response of the economy to interest rate changes under longer asset durations.

First, long durations reduce the endogenous amount of unhedged interest rate exposures,

making individual’s consumption less sensitive to changes in real rates. Second, under longer

asset maturities, a drop in yield to maturity creates more capital gains for asset holders

than additional upward revaluation of liabilities for borrowers. That is, an interest rate

reduction has as net effect capital gains for creditors, which in turn reduces the average

marginal propensity of consumption in economy. In other words, the resulting changes on

price system redistributes resources in economy toward individuals that has lower willingness

to increase consumption. This effect becomes more intense as asset maturity increases. These

considerations are pretty in line with the findings of this subsection, that is, increasing

maturity softens the general equilibrium channel.20

Panel B shows that a reduction in yield to maturity results in a drop of working hours,

which offsets in part the mechanical channel already discussed. This happens because posi-

tive wealth effect unleashed by yield to maturity drop mainly beneficiates individuals least

sensitive to interest dynamics. The absolute impact in labor hours is a decreasing function

of maturity.

General equilibrium channel is stronger for lower maturities. When results presented

here are compared with those from mechanical channel of deleveraging, we conclude that

the former overwhelms the latter. That is, the degree of debt exposure, which determines

the extension of mechanical channel, is the main factor on explaining why the increase in

maturity helps to soften the aggregate response.

Distributive Channel When assets are perpetuities with more than one quarter of ma-

turity, indebted individuals experience a higher price pressure. In the opposite direction,

these households face a less intense mechanical pressure of deleveraging, as they use to be

farther from the credit limit than individuals of the economy where asset maturity is lower.

This fact is illustrated on Panel A of Figure 1.5, where is presented the asset distribution

of individuals who become indebted in economies M1, M2 and M3. In this panel, the hor-

izontal axis is divided in groups that denotes the percentage of credit limit used21 and the

20In robustness exercises discussed earlier, we concluded that a faster convergence of φt enhances the
general equilibrium channel. Here, we are arguing that given the absence of debt limit dynamics the increase
in maturity reduces the strength of general equilibrium channel.

21This representation of debt distribution in the initial steady state were chosen because the credit limit
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Figure 1.5: Debt Distribution and Debt to GDP Ratio

Note: In legend, Mi represents the economy where bond has maturity of i ∈ {1, 2, 3} quarters. This debt distributions refers
to the observed in the initial steady state.

vertical represents the percentage of individuals in each group. In our simulations we found

that in economy M1 around 36% of households has financial obligations, 28% in M2 and

25% in M3. Panel A shows that in economy M1 about 8% of all individuals that becomes

indebted uses between 90% and 100% of the total credit limit available. Looking at economy

M1, the percentage of individuals in each branch decreases as credit utilization is reduced.

On the other hand, in economy M3, we see that less than 2% of individuals uses between

90% and 100% of the credit limit. In its turn, the percentage of individuals who become

exposed to debt increases when credit limit utilization is lower. There is an inverse relation

between maturity and debt usage. This occurs because households know that oscillations in

the price of bonds are more harmful to their budget when asset’s duration is higher.

The Panel B of Figure 1.5 presents the dynamics of debt-to-GDP ratio for each economy

along the 30 first quarters of transition. Debt-to-GDP ratio falls more smoothly as bond’s

maturity increases. The higher exposition to debt makes individuals of economy M1 more

sensitive to changes in borrowing constraint and bond’s price, which results in a faster

deleveraging.

Naturally, a credit crunch implies in important changes in asset distribution. In order

to evaluate the role of asset redistribution channel it was performed a simulation designed

to answer the following question: if policy function and prices were kept the same observed

in the initial steady state and the only source of dynamics were the changing in asset dis-

tribution derived from credit crunch what would be the transition paths for macroeconomic

depends on asset’s duration.
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aggregates?

Figure 1.6: Distributive Channel

Note: Consumption and working hours are expressed in terms of percentage deviation from the initial steady state.

Figure 1.6 presents the transition paths that helps to clarify this question. In Panel

A is shown consumption response for economies M1, M2 and M3. The change in asset

distribution is positive for all three economies, however, as discussed above, the higher debt

usage in economy M1 makes the consumption increase more pronounced. At peak, which

occurs after the end credit adjustment, consumption response in economy is 24% stronger

when compared to economy M2 and 45% higher than what is seen in M3. Working hours

response, displayed on Panel B, reflects the consumption dynamics and the fact that as

distribution shifts toward higher asset levels it reaches a more convex region of labor policy

function, which is assigned to a lower labor supply.

Heterogeneous Household Response Next, the objective is evaluate how different

groups of individuals react to the combination of transmission channels presented in previous

paragraphs. For this purpose, we analyze the household’s decisions in groups of individuals

(cross section) ordered by their bond holdings. Households are divided in 5 different wealth

quantiles, each of them is identified by Qi, with i ∈ {1, 2, 3, 4, 5}. As usual quantiles are

ascending ordered, so that wealthier individuals in terms of assets are represented by higher

quintile levels.22

As credit becomes scarcer there is an increase in bond demand due to debt repayment,

which causes a sharp rise in its prices and a fall in yield to maturity. Depending on house-

22The wealth quantiles are held fixed in the level of initial steady state.
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Figure 1.7: Consumption on Quintiles

Note: On all panels the paths for consumption are reported in terms of deviation from the initial steady state.

hold’s position in wealth distribution there are particular forces driving individual’s behavior.

At lower levels of wealth, Q1 and Q2, where individuals are more leveraged and less sensitive

to the bond’s price, there is a sharp consumption cut, as shown on Panels A and B of Figure

1.7, and simultaneously a strong increase in labor supply, as can be seen in Panels A and B

of Figure 1.8.

As already discussed, although the price channel is stronger for lower maturity, the me-

chanical channel more than offset it. This explains the sharper consumption cut for indebted

households of economies with lower debt maturity. In terms of working hours, the extra in-

come from labor earnings enables poorer individuals to pay for existing debt and/or to raise

their level of precautionary savings. However, this dynamics is not in accordance with cross

sectional evidence observed in the Great Recession: there was a large increase in unemploy-

ment in US, specially among poorer and less productive individuals. The model disability

in match empirical evidence happens because by construction there is no involuntary unem-

ployment. In our model there is no frictions on the supply side, that is, all working hours

available are completely absorbed in production.

The net increase in demand for savings by poorer individuals is matched by a reduction

in bond demand by the richer, a movement that is stronger in higher quantiles, where

individuals are more price sensitive. We highlight the movement that happens on Q4 and

Q5, as shown in Panels D and E of Figure 1.7, where consumption increase just after the credit
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Figure 1.8: Working Hours on Quintiles

Note: On all panels the paths for working hours are reported in terms of percentage deviation from the initial steady state.

shock is more intense for higher bond maturities. This group engages in an asset sell off that

enables the deleveraging of poorer. As interest-elasticity of bond’s price increases with debt

maturity, richer individuals are more willing on reducing bond positions when perpetuity

duration is longer. The distance from the borrowing constraint also helps to explain this

reaction: for this group, the mechanical impulse of deleveraging is negligible, unlike what

occurs on Q1 and Q2 where the balance sheet adjustment pressure is the main driver of

expenditure dynamics. Mirroring the consumption behavior, there is also a reduction in

labor supply of richer individuals, as can be seen on Panels C, D and E of Figure 1.8. This

behavior makes explicit that aggregate output contraction is due to a misallocation effect,

once more productive households reduces their labor supply.

The post-shock dynamics at the level of wealth groups allows us to observe that model

succeeds on explaining the fall in consumption and rise of net savings, however, it cannot

rationalize data features on the labor market dynamics. To sum up, there is a dichotomic

behavior in quantile response that reflects the different forces that drives the economy after

an unexpected tightening in liquidity conditions. The first two wealth quintiles reflects more

clearly the mechanical deleveraging process that arises after the shock, while the superior

quintiles reacts to the general equilibrium effect through the changes on price system. The

asset maturity affects mainly the distributive channel once it is closely related to individual’s

debt exposure, which helps to intensify or soften quantile response.
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1.5.3 The Role of Transfers in a Credit Crisis

In this section, we evaluate the role of a targeted transfer program on softening the

impact of an adverse credit shock. Oh and Reis (2012) argue that the largest part of the

fiscal expansion that took place in the developed world between 2007 and 2009 occurred

due to increase of social transfers. Using annual data from National Income and Product

Accounts (NIPA), they estimate that medical care, retirement and disability, unemployment

assistance and other similar rubrics accounts for about three quarters of the increase in total

expenditures in US.

In this section, we perform some modifications on the model presented above in order to

capture the role of transfers as a buffer of a sudden reduction in credit limit. As a criteria

for the targeted transfers, we follow Oh and Reis (2012) and design a transfer function

which is able to extends the reach of unemployment insurance policy used on the original

model (defined in Equation 1.5). Every household remains paying lump-sum taxes τ > 0,

unemployed ones (those with zi,t = 0) remain enabled to access the unemployment insurance

program, but now some individuals receive transfers that depends on their productivity

status. This is done through the following transfer function, based on Oh and Reis (2012),

T (z) = γz

(
1− z

z̄

)
I (z ≤ z̄ ) (1.21)

where I (z ≤ z̄) is an indicator function that takes 1 if the condition z ≤ z̄ is true and 0

otherwise.

The parameter γz measures the resources transferred to the individual with the worst

productivity status. As in Oh and Reis (2012) the upper threshold for the individual produc-

tivity z̄ is calibrated to replicate the features of U.S. tax and transfer system and also aims

to keep transfers bounded above. For this purpose, we used the Congressional Budged Office

(CBO) data between 2003 and 2007. According to CBO, individuals only became net tax

payers23 in the 5th quintile of income distribution. Considering the features of labor policy

function, we found that the 75th percentile of idiosyncratic shock distribution24 presents a

good match to the empirical evidence and therefore is used as the limit z̄. Finally, the pa-

rameter γz is calibrated to match the total transfers-to-GDP ratio net from unemployment

insurance in the U.S. economy between 2003 and 2007, which is intended to replicate the

pre-crisis profile of transfers.

23This refers to the total amount of taxes paid by each group of individual less government transfers.
24This number is different to the 95th percentile used in Oh and Reis (2012), because on their work there

is also health transfers and the labor supply is indivisible.
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In the transition exercise performed here, there will be simultaneously the credit tighten-

ing originally described by the Equation 1.20 and an exogenous and unexpected increase on

the parameter γz. Meanwhile the debt limit φt is adjusting. The rise of γz is used in order

to replicate the behavior of the government transfers between 2007 and 2009. Along that

period, the social transfers-to-GDP ratio (net from unemployment assistance) increased from

11% to 14%, according to NIPA data. Floden and Linde (2001) estimates that the optimum

level of transfers-to-GDP ratio for US economy is 15%, which means that this experiment

can be seen as a welfare enhancing policy.

On first step, γ1
z was calibrated when the credit limit was in the initial steady state, φ1,

and after we choose γ2
z under the credit constraint of the final stead state, that is, φ2. Next,

I assume that γ1
z converges to γ2

z through the following exogenous, fully known and linear

path given by,

γz (t) = min
{
γ2
z , γ

1
z + δγt

}
(1.22)

were δγ is an adjustment parameter defined as δγ =
(γ1z−γ2z)

Γ
and Γ is the same used in

Section 1.5.

With the adaptations presented above, the government budget constraint becomes,

qtBt + τt = Bt−1 (1 + ρqt) +
∑

z∈{z1...z̄}

T (z)u (z) + vtu (0) (1.23)

where u (z) = Prob(zi,t = z) and u (0) = Prob(zi,t = 0). There is also a little modification

of household’s budget constraint, which is now represented by,

ci,t + qtbi,t + τt ≤ (1 + ρqt) bi,t−1 + wtzi,thi,t + I{zi,t=0}vt + T (zi,t) (1.24)

Results The main results of this exercise are presented in Figure 1.9, where we show the

equilibrium paths for output, labor supply, yield to maturity and debt-to-GDP ratio. The

solid blue line represents the transition paths of the original exercise in economy M1, where

there is only unemployment benefit assistance, the dotted blue line represents the situation

where besides the unemployment benefit the government implements a broad social program

of targeted transfers and issues only one quarter debt and the dashed green line represents

the results for this latter policy but in the economy M3. It is worth noting that, once again,

along transition the total outstanding bond stock remains at the same level observed in

initial steady state.

Under the broader transfer program, budget pressure experienced by poorer individuals
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Figure 1.9: Targeted Transfer Policy and Maturity

Note: Output and working hours are expressed in terms of percentage deviation from the initial steady state. The yield to
maturity is in annual terms.

becomes milder. Simultaneously, the richer individuals, upon which relies the burden of

additional transfers, become more cautious on reducing their bond level when compared to

what is observed in the original exercise. As result, the misallocation effect is reduced once

richer individuals now bear the cost of new transfer payments, which discourage them on

cutting labor hours aggressively. As a consequence, it softens the output drop, as shown

in Panel A. For comparison, when bond has one period of maturity the trough of output

contraction is reduced from 1.0% to 0.7%. When bond maturity is three quarters, the output

drop is reduced from −0.60% to −0.45%.

Concerning to price, shown on Panel C, a comparison of yield to maturity trajectory in

original exercise and the results observed after the transfer program reveals that asset prices

rise more in the first case. On the trough of the original exercise, which occurs in the fourth

period, the real interest rate approaches −1.5%, in annual terms. With the transfer program

applied to economy M1, the trough also occurs around the fourth period, however the real

yield to maturity reaches nearly −1%, and in economy M3, the trajectory is even smoother,

with a trough in the fifth period, when the yield to maturity falls to around 1%. An analysis
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of the policy functions and the individual behavior on wealth quintiles reveals that a more

generous policy of transfers, implemented by the government during the period of credit

decline, provides extra income to the families that are closer to the borrowing constraint,

softening, thus, their deleveraging process. The increase in bond duration reinforces the

initial effect of transfers, smoothing even more the aggregate impact. The panel D shows

that the decline of the debt-to-GDP ratio in economy M1 is less steeped when government

enhances the transfer program. Once again, it becomes smoother in economy M3. A target

transfer policy helps to soften the welfare loss which results from a credit shock.

1.6 Welfare Implications of a Credit Shock

In this section, we present a quantitative analysis of welfare. Results are divided in two

parts. The first, deals with the evaluation of the welfare variation between steady states and

the second presents the welfare behavior along the transition from the initial steady-state,

where the credit restriction is calibrated such that the debt-to-GDP ratio is 18%, to the final

steady state, where it is reduced to 8%.

1.6.1 Welfare Measures

We quantify the welfare gains between steady states and also along the transition path. In

the same tradition of Lucas (1987), Floden and Linde (2001) and Alonso-Ortiz and Rogerson

(2010), we consider an utilitarian evaluation, where the total welfare change, in terms of con-

sumption equivalent, is the constant percentage increase in the consumption in a non-reform

situation needed to equalize the welfare in the post-reform economy. Let the superscript NR

denote an interest variable in a given period when there is no reform25 and R be the notation

for a variable after the reform, that is, when credit gets tighter. Let x = (z, b) ∈ Z × B be

a point in the individual state space of the economy.

Following Domeij and Heathcoate (2004), we decompose total consumption equivalent

variation, denoted by ∆T, into an aggregate component ∆A, and a distributional component

∆D. The total welfare variation is defined as the constant ∆T ∈ R that solves,

∫
Z×B

Et

{
∞∑
j=0

βju
(
cRi,t+j (xi,t+j) , h

NR
i,t+j (xi,t+j)

)}
dΨ (x) =

25Here it refers to the economy where credit-to-GDP ratio remains in the initial steady state level.
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∫
Z×B

Et

{
∞∑
j=0

βju
(
(1 + ∆T) cNRi,t+j (xi,t+j) , h

NR
i,t+j (xi,t+j)

)}
dΨ (x) (1.25)

In the absence of aggregate distortions, the relation between the consumption of a given

individual x ∈ Z × B on period t and the aggregate consumption observed in the economy

at the same period, denoted by Ct, must be the same before and after the reform. In other

words, the following equation holds,

cRi,t (xi,t)

CR
t

=
cNRi,t (xi,t)

CNR
t

(1.26)

The aggregate component of the total welfare variation is measured by the constant

percentage change on consumption of individuals that are in a non-reform situation that

is needed to ensure that the equivalence relation presented on equation 1.26 is respected.

Therefore, the aggregate welfare component is the ∆A ∈ R that solves,

∫
Z×B

Et

{
∞∑
j=0

βju

(
cNRi,t+j (xi,t+j)

CR
t

CNR
t

, hNRi,t+j (xi,t+j)

)}
dΨ (x) =

∫
Z×B

Et

{
∞∑
j=0

βju
(
(1 + ∆A) cNRt+j (xi,t+j) , h

NR
t+j (xi,t+j)

)}
dΨ (x) (1.27)

The distributional welfare component ∆D is calculated as a residual of the following

equation,

(1 + ∆T) = (1 + ∆A) (1 + ∆D) (1.28)

1.6.2 Results

In what follows, we discuss the main results.

Steady State Here, we analyze the long run implications of the credit shock discussed on

this paper. We focus on the comparison of aggregate measures of welfare and income/wealth

distribution between the pre and post-shocksituation for each debt duration. In terms of

inequality, we compute the wage and wealth Gini index, denoted by GiniW and GiniB, re-
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spectively, and also the total welfare variation and its subcomponents, as defined in previous

subsection. The Table 1.4 reports the main results.

Table 1.4: Long Run Effects of a Credit Shock

Steady State 1 Steady State 2 %

M1 M2 M3 M1 M2 M3 M1 M2 M3

GiniB 0.7896 0.7449 0.7188 0.6755 0.6412 0.6213 −14.45% −13.92% −13.55%

GiniW 0.3857 0.4339 0.4507 0.3772 0.4207 0.4332 −2.20% −3.04% −3.88%

∆T - - 1.92% 1.54% 1.22%

∆A - - −0.14% −0.09% −0.07%

∆D - - 2.06% 1.63% 1.29%

Notes: These columns presents the percentage variation between steady states to a given maturity.

In general, the outcomes confirms the dynamics discussed in subsection 1.5.2. In an

environment where credit is scarcer the inequality among individuals is reduced, both in

terms of income as wealth. We can also observe that in first line of table, from eighth column

on, that reduction in inequality becomes less intense as the maturity of asset increases. The

opposite response is observed in the second line, from eighth column on, which presents

the variation of wage Gini between steady states. As discussed in subsection 1.4.1, in initial

steady state wealth is less unevenly distributed when bond’s duration is higher. The opposite

occurs with income distribution.

The improvement in wealth distribution is a result of the deleveraging of poorer individ-

uals combined with the asset sell-off by richer ones. This effect loses intensity as the asset

maturity increases, since in this scenario the household debt exposure is lower, which reduces

the momentum of the deleveraging process, as shown in the end of Subsection 1.5.2. The

same reasoning also can be used to explain the variation of the distributional component of

welfare, presented on the fifth line, from eighth column on. As the aggregate component is

small, the distributional component explains almost all the variation of welfare in terms of

equivalent consumption.

The aggregate component of welfare, recedes in the environment of tighter credit. This

is explained by the drop of aggregate consumption in new steady state. The growth rates of

aggregate consumption and the aggregate component of welfare variation are very close, as

well as decreasing functions of bond’s maturity.

The Gini index for wages drops when the economy goes from the first to the second

steady state because credit market constraints puts pressure on individuals to use working

hours as a precautionary tool to protect them against adverse productivity shocks. Labor

hours falls less as bond’s maturity increases, as can be seen in Table 1.3, what promotes a
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slight reduction in misallocation effect. As poorer individuals relies more on wage earnings

than richer ones, the sharper drop in working hours of this latter group helps to intensify the

overall improvement of income Gini index for higher debt maturity. Furthermore, as higher

maturity makes prices more responsive to yield to maturity changes, poorer individuals are

more cautious, which reduces the dispersion of income distribution.

As will be shown in the following paragraphs, the assessment of the welfare dynamics

along transition keeps the same features of the static welfare comparison between steady

states presented here, that is, a credit tightening results in a significant and permanent

improvement on wage and wealth distribution.

Transition Dynamics Here, we analyze the transitional paths arising from a credit shock

when the debt limit φ follows the path determined by Equation 1.20. Once more, the object

of analysis is the temporal dynamics of wage and wealth Gini index and the variation of the

welfare in terms of consumption equivalent.

Figure 1.10 displays the transitional dynamics of Gini index for economies M1, M2 and

M3. In general, the assessment of Gini index dynamics results in findings similar to those

presented in previous paragraphs, that is, the tightening in credit conditions results in a

significant improvement in distribution of wealth and wages. However, some important

qualifications need to be made.

According to Panel A of Figure 1.10, the wealth Gini index presents a steady declining

trend along transition path for all economies, however, an analysis of Panel B shows that

after a sharp initial drop, the wage Gini index presents a gradual increasing path that leads

it to level that is around 2% below the level of the initial steady state for M1, 3% in M2

and 4% in M3. In the first period after the credit crunch, the wage Gini index drops around

5% when bond has one quarter of maturity, and nearly 6.3% when the bond maturity is 3

quarters. Therefore, a significant portion of the decline in inequality of wages is temporary,

being subsequently reversed, while the fall in inequality of wealth has a continuous and

permanent nature. This behavior illustrates the precautionary nature of working hours in

the most severe stage of credit crunch, which is partially softened along time.

As already discussed, the transition dynamics for the wealth Gini index shown on Panel

A of Figure 1.10 reflects the fact that the deleveraging loses intensity as bond’s maturity

increases. For this reason, in economy M1 the Gini index adjustment is faster.

The Panel B of Figure 1.10 shows that the new equilibrium level of GiniW is reached

around the eighth period, faster than GiniB, which reaches the second steady state level

after the twentieth period. Households reducing their debt level need to increase the supply

of labor with more intensity when bond prices are close to its peak. But as price transition
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Figure 1.10: Gini Index Path

Note: The wealth Gini index on Panel A and the wage Gini Index on Panel B are presented in terms of percentage deviation
from the initial steady state.

is completed around the tenth period, as shown on Panel D of Figure 1.1, individuals also

start to normalize their labor supply faster. In its turn, full deleveraging is a slower process.

Thus, despite the downturn experienced in production, as discussed in subsection 1.5.1,

there is an important improvement in the distribution of wealth and wages among households.

The transition approach enable us to see some subtleties which makes clear that the intensity

of deleveraging process is the main driver of the overall improvement of wealth distribution

and that the speed of price adjustment is a key element for the evaluation of wage inequality

dynamics.

Table 1.5: Short Term Impact on Welfare Components

t = 1

M1 M2 M3

∆T −13.2% −11.9% −10.1%

∆A −12.1% −10.4% −8.2%

∆D −1.1% −1.5% −1.9%

Notes: These columns presents the percentage variation between steady states to a given maturity, just after the credit shock.

The main driver of the sharp decrease of the total welfare variation on impact is the

aggregate component, which recedes approximately 12% in economy M1, 10% in M2 and 8%

in M3 just after the initial contractionary impact on the borrowing limit. This movement

follows the fall of aggregate consumption and the increase on labor supply, as can be seen

in Panels A and B of Figure 1.1. This dynamics becomes less intense as the deleveraging of

households loses momentum, causing the aggregate component of welfare return to something
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near its initial level nearly after the twentieth period.

1.7 Conclusion

This paper investigates the effects of a credit shock in an environment of incomplete

markets where assets can have duration higher than one period. I found that a liquidity

scarcity caused by a sudden reduction of the credit limit leads to sharp short term drop

of output, but the asset duration matters in determining the size and the length of that

recession. Quantitative results points that an increase in debt maturity can smooth the

adjustment path of macroeconomic aggregates. This occurs because the rise of asset duration

eases individual’s deleveraging efforts and indirectly enhances the income effects that works

through the general equilibrium channel, which benefits bondholders and thus gives support

to consumption smoothing. Summarizing, there is a dichotomic behavior in the cross section

response to the change on liquidity conditions: the first two wealth quintiles reflects more

clearly the mechanical deleveraging process that arises after the shock, while the superior

quintiles reacts to an endogenous stimulus related to the general equilibrium forces that

works through the price system. In terms of debt maturity, it can be said that increasing

the duration makes the economy less exposed to the first transmission channel because it

weakens the willingness to become indebted of poorer individuals.

In standpoint of welfare, the simulations performed shows that after a credit contraction

occurs a significant drop on the inequality of wealth and income distribution. Although the

process of deleveraging endured by households results in initial heavy welfare loss, due to

contraction of consumption, there is an important improvement in the economic resources

distribution. Finally, we found that a transfer program designed to match the features of

the 2007 to 2009 fiscal expansion in US can significantly reduce the output drop that occurs

in response of a credit tightening. The transfers reinforces the liquidity channel which also

works with the asset maturity softening the deleveraging process of families for all bond

maturities.
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Appendix

A. Steady State

This appendix presents the structure of algorithm used to compute the steady state

equilibrium of simulated economies. First, was constructed a grid of asset holdings B, with

equidistant points bj ∈ B and values in the interval [−φ, 30]. In this stage is defined the

grid for idiosyncratic productivity level Z, which has 13 points. The continuous stochastic

process for productivity was discretized using Tauchen (1986) methodology. After, for a

given initial interest rate r0 and a government policy {ν, τ,B}, the individual policy functions

gc (z, b), gb (z, b) and gh (z, b) were computed by Euler equation iteration, with endogenous

gridpoints method. The next step, is compute the distribution of assets for households,

which is done through the algorithm presented in details next. With distribution function and

decision rules, the aggregate consumption, asset holdings and effective labor supply are found

aggregating on household’s measure, that is, C =
∫
Z×B gc (z, b) dΨ, Bd =

∫
Z×B gb (z, b) dΨ

andH =
∫
Z×B zgh (z, b) dΨ, respectively. With these aggregates, parameters were adjusted to

match the targets proposed on the Section 1.4 and {τ} were chosen to balance the government

budget constraint. We defined the excess of asset demand function as Φ (r) = Bd − B and

repeated successively the steps described above until find a root for the function Φ (r) for a

given metric, or equivalently, until finding it’s fixed point. For each iteration, the parameter

ρ, which controls bond maturity was properly updated.

Distribution Function

After compute the individual savings policy function gb(z, b), the invariant distribution

function was obtained through the following procedures: (1) Set a grid on the asset space

finer than the one used to compute the optimal decision rules, (2) Initialize the distribution

function with the uniform distribution, (3) Compute the inverse of the policy function gb(z, b),

that is g−1
b (z, b) = b over the grid and (4) Iterate on the equation,

Ψm+1 (z′, b′) =
∑
z′∈Z

P(z′, z)Ψm+1

(
z, g−1

b (z, b′)
)

(1.29)

on gridpoints (z′, b′), with b′ ≥ −φ until convergence of Ψ (.).

Since the agents with low wealth may want to accumulate debt equal or exceeding −φ,

the function gb (z, b) may not be invertible when gb(z, b) = −φ. For this reason, we defined

gb(z,−φ) as the maximum b such that gb(z, b) = −φ. Furthermore, the computation of
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gb(z, b) involves linear interpolation to speed up the process.26

B. Transition Dynamics

This appendix describes the algorithm used to compute the transitional dynamics induced

by the credit shock described in the Section 1.5. The starting point for that is the final steady

state and its associated objects. The method is the backward induction which exploits the

recursivity of Bellman equation. First of all, we chose a time period Υ large enough to ensure

that after the shock the economy is in its final steady state. In exercises reported on sections

1.5 and 1.6 I used Υ = 150. Second, we set a path for interest rate {rt}t, assuming that

rt = rΥ , ∀t ∈ {0, ..., Υ}. After that, we set the consumption policy function on period Υ

to be gΥ,c(z, b) = g∗c (Υ ), and then, using the Euler equation and labor supply decision rule,

calculate the sequence {gt,c(z, b), gt,b(z, b)}Υt=0 going backward from t = 150 to t = 0 using

the method of endogenous gridpoints. The next step is compute the sequence of distribution

functions {Ψt}t, going forward, from t = 0 to t = Υ , starting at Ψ0 = Ψ∗0. After that

we aggregate the asset policy function for each time period to obtain {Bt}Υ
t=0 and update

the interest rate the linear rule r
(m)
t = r

(m−1)
t − ε(Bt − B), where m represents iteration.

Choosing a strictly positive ε small enough, after some iterations the bond market clears for

all t ∈ {0, ..., Υ}. The parameter ρ, which controls the duration of government bond, is kept

constant at the initial steady state level along the transition.

26We use linear interpolation for the computation of gb(z, b) on bj < b < bj+1, as gb(z, b) is obtained for a
grid with larger spacing.
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Chapter 2

Tax Reform and Durable Goods in an

Incomplete Market Economy

This chapter studies the welfare and aggregate effects of different revenue-neutral reforms

that eliminates asset return taxes in a general equilibrium model calibrated to U.S. economy.

The model considers that individuals purchase a perishable consumption good, have pref-

erences on service flows provided by durable goods, face idiosyncratic uninsurable income

risk and are subjected to endogenous borrowing constraints collateralized by durable goods.

The contribution of this paper is to show that the macroeconomic and welfare implications

of such reform depends essentially on the presence of durable goods and on the fiscal adjust-

ment mechanism adopted to balance the government budget. In a progressive income tax

system, such reform always has the political support needed, independently of the presence

of durables. In a proportional tax system, we find that the reform is almost neutral in terms

of social welfare in an economy without durables, while lacks the political support when

durables are considered.

2.1 Introduction

The traditional literature built on the representative agent framework states that reducing

asset return taxes to zero is a Pareto improving policy in long run, even at expenses of higher

labor income taxation.1 Contradicting that proposition, Aiyagari (1995) shows that in an

incomplete market framework the optimal asset taxation is strictly positive. In its turn,

Domeij and Heathcoate (2004) shows that changing the mix between asset and labor taxes

in an economy where individuals faces uninsurable income risks and there is no room for

1For more on this topic refer to Judd (1985), Chamley (1986) and Lucas (1990).
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credit results in heavy welfare losses in transition, but can yield positive outcome in long

run. Advancing on this topic Abraham and Carceles-Poveda (2010), also in an incomplete

market environment, find that household’s credit constraint plays a key role on softening

the welfare loss of eliminating asset income taxes and that depending on the features of tax

code it results in a welfare improvement. This paper widens the discussion taking a step

forward. It studies how the presence of collateral requirement and endogenous credit limits

affects the welfare and aggregate outcomes of such fiscal reform.

The first objective of this work is endogenize the individual borrowing constraint, in

an economic environment where credit is collateralized by durable goods and agents face

uninsurable income shocks. As an application based on that framework, the second objective

is evaluate how the presence of durables affects the welfare outcome of a revenue-neutral

reform that eliminates the tax on bond return. By taking durables into account, this reform

is proposed to be an alternative approach to the analogous exercises performed by Domeij

and Heathcoate (2004) and Abraham and Carceles-Poveda (2010), who studies the effects of a

similar reform in an environment of incomplete markets. In this paper is evaluated whether

introducing consumption portfolio choice (between durables and bonds) and endogenous

borrowing limits results in meaningful changes from the results found in literature.

In a discrete-time economy, an infinitely lived household derives utility from the consump-

tion of a perishable non-durable good and the service flow provided by a perfectly divisible

durable good which is costly to maintain and to sell. They can save in the form of a liquid

non-contingent asset and also can borrow. In addition, it is assumed that the durable good

must be used as collateral for borrowing. Moreover, the market for durable goods is illiquid,

which is characterized by transaction costs that arises in the event of resale.

The use of a collateralized debt constraint is also intended to replicate important features

of empirical data. First, according to the Federal Reserve Board’s 2004 Survey of Consumer

Finances (SCF), collateral borrowing, mainly obtained from housing, automobiles and other

durable spending, is the main type of household credit. On that survey, almost 90% of the

flow of household credit operations was directed to the purchase of durable goods, using

some kind of real collateral. The proliferation of home-equity loans has also been expressive.

On the same database the average of collateralized credit-to-debt stock across households

was 79%. Empirical facts also shows that durables is one of the most important components

of wealth. According to Fernandez-Villaverde and Krueger (2010) households holds 35% of

their assets in real estate and other durables an only 28% in equity. Gruber and Martin

(2003) found that the ratio of housing to total wealth for the median household is around

70%.

The evidence found in related literature, points that durable goods have features that
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potentially affect the pattern of wealth accumulation. Gruber and Martin (2003) highlights

the role of durables on determining the level of precautionary savings and Diaz and Luengo-

Prado (2010) concludes that durable good is a key feature on explaining the U.S. wealth

distribution.

This paper takes into account the endogeneity of credit limits when studying fiscal re-

forms and its welfare outcomes. A similar formulation of the problem, but without durable

adjustment costs, was explored by Chah et al. (1995) and Alessie et al. (1997). However,

their focus is empirical. Carroll and Dunn (1997) present a similar model with adjustment

costs but concentrate in the role of unemployment expectations on consumption spending

decisions. Recently, Abraham and Carceles-Poveda (2010) made important achievements in

a similar model, however, they endogenize the credit constraint by introducing the possibil-

ity of default on financial liabilities. In a standard life-cycle model with durables Cerletti

and Pijoan-Mas (2014) also explore the relevance of endogenous borrowing constraints on

studying the transmission of income shocks to consumption, but they use a flexible hybrid

credit restriction that allows for non-collateralized debt. In this paper, the endogeneity of

credit limits is due to the introduction of collateral requirement for individual’s debt.

In terms of quantitative results, I find that the macroeconomic and welfare implications

of a reform that eliminates the tax on bond’s return depends essentially on the presence of

durables and on the fiscal adjustment mechanism adopted to balance the government budget.

Simulations performed in this paper shows that in the event of such reform, the presence of

durable goods limits individuals who needs to rebalance their asset portfolio. When durable

is used as collateral, I found that in long run the precautionary motive prevents poorer

households on reducing durable consumption, once it determines their ability to access the

credit market. However, in the short run, if the reform results in a negative income shock this

group have to temporarily give up of durable consumption and leisure in order to absorb it.

Indirectly it results in a credit tightening that harms specially poorer individuals. The fiscal

mechanism design, in its turn, determines how the reform cost is distributed throughout

society and then, its desirability.

It was shown that a reform in which the government budget balance is achieved by the

increase of a proportional and linear income tax is almost neutral in terms of social welfare in

an economy without durables, while it lacks political support when durables are considered.

On the other hand, under a progressive tax regime a reform that increases the progressivity of

income tax results in significant welfare gains, even in a model where durable good is present.

This happens because the higher share of reform’s weight is supported by the individuals

who are most favored by the policy change. Finally, in an environment where the tax system

is progressive, but the government fiscal balance is achieved through the increase of the
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average income tax, the reform results in meaningful welfare losses whether or not durables

are present. However, the outcomes are far worse when durables are considered.

In a perspective of the literature findings, in this paper the short run, that is, the period

immediately after the reform, is characterized by the need of reducing the durable good

position in order to soften the negative pressure of income drop, which results in an effective

tightening of credit conditions, specially for poorer ones. This explains the underperform

in terms of welfare, when compared to Domeij and Heathcoate (2004) and Abraham and

Carceles-Poveda (2010). In the long run, the welfare consequences of reform are meaningfully

worse than what is observed in Domeij and Heathcoate (2004), but better than the numbers

reported by Abraham and Carceles-Poveda (2010). Regarding to Domeij and Heathcoate

(2004), the absence of debt possibility implies that capital accumulation is stronger and, as

consequence, the asset income gains derived from it offsets the impact of reduction in after tax

wage. In Abraham and Carceles-Poveda (2010) asset accumulation weakens the incentives for

default, which makes the endogenous constraints looser after the reform and also stimulates

household’s indebtedness. When the economy has borrowing constraints collateralized by

durables, although budget conditions put pressure on individuals to increasing leverage, there

is no loosening in credit restriction which makes the economy relatively less leveraged.

The remainder of the paper is structured as follows: Section 2.2 presents a brief discussion

about related literature, Section 2.3 describes the economic environment and the model

structure, Section 2.4 deals with calibration issues of benchmark model and solution method,

Section 2.5 provides an analysis about the impacts of a revenue-neutral tax reform together

with a discussion of the main results and lastly, Section 2.6 summarizes this work with final

remarks and conclusions.

2.2 Related Literature

This section contains a brief discussion of the literature that incorporates durable goods

in an incomplete market framework. In this research agenda the role of consumer durables

can be divided in four large groups.

First group, deals with the interaction between non-durable consumption choices and

consumer durables in terms of its welfare consequences. In this strand, Diaz-Gimenez et al.

(1992) and Diaz-Gimenez and Puch (1998) introduces durable goods in a general equilibrium

model to study welfare effects of monetary policy on the first and the impact of borrowing

constraints on the welfare in the latter. In a life-cycle model with income uncertainty, Li

and Yao (2007) evaluate the consequences of house price changes on household’s welfare.

They find that when house price rises the net worth of all homeowners increases, but it
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only improves the welfare of old homeowners once young individuals see this event as an

opportunity to upgrade their house services increasing durable stock while old ones increase

non-durable consumption due to their shorter expected life horizon. Although welfare is

not the main focus of Stockey (2009), she also presents the results of exercises designed to

measure the impact of changes in adjustment costs of durables on welfare.

The second group explores the dual feature of durables both as a consumption good and

an asset that composes the household’s portfolio. In this branch, Diaz and Luengo-Prado

(2008) study the differences in the cost of housing services for renters and homeowners. They

find that housing services of an owner-occupied home evaluated using a rental equivalence

approach differs from the result obtained by an user cost approach and that this bias is very

sensitive to the income tax rate and the size of adjustment cost of changing the durable stock.

Starting from the empirical evidence that housing as a fraction of total wealth decreases with

the level of wealth Diaz and Luengo-Prado (2010) concludes that a general equilibrium model

with heterogeneous households, durables and idiosyncratic uncertainty can explain the data

pattern when there is a rental market for durables and the individual’s income process is

sufficiently persistent. Fernandez-Villaverde and Krueger (2010) develop a life-cycle model

with durables and show that it can account for important empirical features found on U.S.

Consumer Expenditure Survey. More recently, Cerletti and Pijoan-Mas (2014) focus on

transmission mechanisms of income shocks into consumption goods show that the existence

of binding borrowing constraints leads to substitution between durables and non-durable

goods, and that the sign of this substitution depends on the persistence of the income shock.

The third group, which can be considered as an extension of the second, is headed by the

seminal work of Grossman and Laroque (1990), who builds a model to explain the optimal

choice of durable consumption and shows that small transaction costs can make consumption

adjustments very infrequent. Cuoco and Liu (2000) examines the optimal consumption and

investment problem in an economy where there is a divisible durable good and show that

individuals keep the ratio of durable good to total wealth inside a non-stochastic range. In

the same context, Martin (2003) finds that transaction costs induces an inaction region in

the durable good policy function which increases the variability of non-durable consumption.

Bertola et al. (2005) in its turn, study the role of uncertainty in characterizing the infrequent

durables stock adjustment and find that lump-sum adjustment costs are the predominant

source of optimal inaction region of household’s choice. Stockey (2009) studies the impact

of adjustment costs on non-durable consumption and portfolio allocations. She finds that

adjustment costs have surprisingly little impact on non-durable consumption, however it

causes large effects on portfolio composition and sizable welfare implications.

The fourth branch of this literature highlights to the role of durable good as collateral
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in consumer financing. In this sense, Hurst and Stafford (2004) explore the use of home-

equity loans as a mechanism by which households smooth their consumption over time and

find that there is essentially two reasons for a household to refinance a mortgage: (i) a

guarantee of low stream of mortgage payments if the market interest is expected to fall

and (ii) smooth consumption profile in case of bad income shocks. In its turn, Luengo-

Prado (2006) studies the role of consumer durables and collateralized borrowing constraint

on explaining the excess of smoothness and sensitivity observed in U.S. aggregate data. The

author argues that the level of required down payment is a key element on explaining the

volatility of consumption of durable and non-durable goods. They also find that lower down

payments decrease average wealth in equilibrium. Through an overlapping generation model

with uninsurable mortality risk and earnings uncertainty, Chambers et al. (2009) study the

effects of mortgage choices over alternative contract structures. These authors show that

the loan structure has important implications for tenure decisions and the size of homes

consumed, arguing that the repayment profile of the loan and the level of down payment

requirement are similar ways to increase participation in owner-occupied housing.

The approach adopted in this paper shares features common to these four great branches

of literature. Methodologically, this work is close to Li and Yao (2007) and Stockey (2009).

However, in this paper the focus is on the welfare dynamics after a revenue-balanced change

in tax system. In what refers to the role of collateralized borrowing limit, my approach is

similar to the adopted on Luengo-Prado (2006) and Cerletti and Pijoan-Mas (2014). In a

standpoint of assessment of taxation mechanisms in an economy that has durable goods, I

adopt a treatment that is close to Gervais (2002), which studies the impact of preferential

tax treatment of housing capital in a life-cycle model with heterogeneous agents.

2.3 The Economic Environment

The model follows the standard framework proposed by Bewley (1977), Huggett (1993)

and Aiyagari (1994), with the addition of public debt whose maturity is allowed to be higher

than one period.

We consider a discrete time and infinite horizon economy, with idiosyncratic income

shocks and sequential asset trade subject to an exogenous defined borrowing constraint.

The economy is populated by a government and a continuum of measure 1 infinite lived

households, that are indexed by i ∈ I = [0, 1].
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2.3.1 Households

The model was built on the foundations of the standard framework developed by Bewley-

Hugget-Aiyagari, following the basic guidelines presented on Bewley (1977), Huggett (1993),

Aiyagari (1994), and expanded with features developed on Luengo-Prado (2006), Stockey

(2009) and Guerrieri and Lorenzoni (2011).

I consider a discrete time and infinite horizon economy, with individual production, id-

iosyncratic income shocks and sequential asset trade subject to a borrowing constraint and

durable good choices. The economy is populated by a government and a continuum of

measure 1 infinite lived households, that are indexed by i ∈ I = [0, 1].

2.3.2 Households

There is a continuum with unit mass of infinitely lived and ex-ante identical households,

which have time additively separable preferences on the sequence of non-durable2 consump-

tion goods ci ≡ {ci,t}∞t=0, where ci,t ≥ 0, from the service flow provided by a sequence of

durable goods ki ≡ {ki,t}∞t=0, ki,t ≥ 0, and from leisure plans li ≡ {li,t}∞t=0, li,t ≥ 0, where t

denotes time. These individuals maximizes an expected discounted utility of the form:

U (ci, ki, li) = E0

∞∑
t=0

βtu (ci,t, ki,t, li,t) , (2.1)

where β ∈ (0, 1) is the subjective time discount factor and the operator E0 denotes

the expectation conditional on the information available at date t = 0. The period utility

function u : R3
+ → R is a C 2 function assumed to be strictly increasing, strictly concave

and continuously differentiable, with lim
c→0

u′ (c) = ∞, lim
k→0

u′ (k) = ∞, lim
c→∞

u′ (c) = 0 and

lim
k→∞

u′ (k) = 0. In each period, the individual receives as endowment one unit of time, which

is allocated between leisure and work, represented by hi,t, such that li,t = 1−hi,t. Households

are subjected to a budget and to a wealth constraint that will be presented later. There is

no rent market for durables.

I assume that each household face an uninsured idiosyncratic risk given by a stochastic

process that determines the level of their productivity zi,t, and equivalently, the value of

effective labor income hi,tzi,t for household i on date t. It is assumed that this process is

independent and identically distributed across households and that it follows a finite state

Markov Chain with transition probabilities given by P(z′, z) = Pr{zt+1 = z′|zt = z}, where

z and z′ ∈ Z ≡ {z1, z2, ..., zN}. The first productivity state z1 is set to be 0, and can

be interpreted as a situation where individual is unemployed or involuntarily out of labor

2A perishable consumption good that cannot be used as store of value.
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market. There is no aggregate shocks.

Each household produces, at every period, the non-durable consumption good using a

linear technology.3 For simplicity, durable and non-durable goods are produced with the

same production function,4 represented by,

yi,t = zi,thi,t. (2.2)

2.3.3 Assets and Financial Market Structure

There is no insurance market for the idiosyncratic shock. In this framework agents must

self-insure to smooth consumption and, as consequence, a precautionary motive for savings

arise. Hence, markets are incomplete in the sense that the only source of insurance against

future productivity risk is wealth accumulation through the risk-free financial asset and the

durable consumption good, which is an alternative store of value. It means that when the

precautionary demand for assets increases, it can be direct to durable goods. Households

also responds to negative income shocks rising working hours, borrowing or changing their

stock of durables.

In this economy, liquid assets are one period claims which pays a riskless interest rate r.

Each period, households can trade or borrow these bonds, where bi,t represents the beginning

of period individual holdings. I assume a competitive closed economy, so the equilibrium

interest rate clears the aggregate asset market. After choosing non-durable consumption and

labor effort level, individuals face a portfolio choice which determines the wealth composition

(bi,t+1, ki,t+1). In particular, a household chooses the next period bond position, bi,t+1, subject

to a collateralized debt constraint,

bi,t+1 + (1− φk) ki,t+1 ≥ 0, (2.3)

where φk ∈ [0, 1]. This constraint implies that an individual borrowing limit is a fraction

(1− φk) of its durable stock, that is the maximum loan-to-value ratio for an equity loan. If

the household can only finance a share (1− φk) of durable purchases, it must observe a down

payment requirement φk. When φk < 1 the household is allowed to become indebted, which

can be understood as a situation were it issues collateralized bonds to other households.

Indebted households have no option to default their obligations.

This formulation for the asset constraint is important in a sense that it summarizes several

3For the sake of model’s computational tractability, the economy does not have a segregated production
sector which hires working hours and rents capital for production. The existence of two endogenous state
variables makes the computational procedures significantly cumbersome.

4Therefore, there is no endogenous price dynamics and the relative price of the durable good is 1.
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commonly observed aspects of credit market, which relies significantly on collateralized debt.

First, when purchasing an amount of durable good, the household usually can finance only a

fraction (1− φk) of the durable value. Second, when a household owns a durable good, the

household can obtain a loan up to a fraction (1− φk) of the durable value. In other words,

there is equity loans available in this economy and household pay no fees to obtain it.

Note that individual’s total wealth, bi,t+ki,t, can be decomposed between required equity

φkkt and a voluntary equity Dt ≡ bi,t + (1− φk) ki,t. A consumer can increase non-durable

consumption by decreasing either the voluntary or required equity. However, changing the

required equity can be costly if there is adjustment costs associated to changes in durable

stock. The borrowing constraint is a credit restriction that limits the ability of individuals

on insure against income shocks, but it can be loosen through durable good accumulation.

Therefore, in an economy with durable goods given a down payment requirement φk, the

debt limit becomes indirectly endogenized, once the borrowing constraint varies with the

durable stock. The idea of an endogenous debt limit still holds, even if all individuals are

subjected to the same down payment requirement.

2.3.4 Adjustment Costs

Changing the stock of durable good is assumed to be a costly decision for the household.

The durable good depreciates at rate δ ∈ (0, 1). In each period, an individual who wants to

increase its durable good stock to ki,t+1 > ki,t needs to spend ki,t+1 − ki,t plus δki,t to cover

the depreciation of the existing stock. On the other hand, an agent who wants instead to

reduce its durable stock to kt+1 < kt faces reselling costs proportional to the durable amount

sold ζ (ki,t − ki,t+1).5 The parameter ζ > 0 determines the illiquidity degree of durable good.

This adjustment cost can be seen as a proportional loss in the selling price of the agent

that decides to change its durable stock. This loss in price can be assigned to any kind of

costs occurred upon sale, such as the payment of taxes, sales commission, or a cost due to

imperfections in the resale market for the durable good. Note that once an individual has

decided to reduce its durable holdings, the adjustment cost is proportional to the incremental

variation desired, ki,t − kt+1. In this formulation, the transaction cost does not depend on

the household durable wealth, but on its variation.6

5This assumption maintains the homogeneity of the problem while allows to study the effects of a fixed
cost. A proportional fixed cost makes this approach more realistic.

6This approach is more reasonable if kt represents a divisible basket of goods, as is the case in this paper.
There are other specifications in the literature, which includes Grossman and Laroque (1990), Gruber and
Martin (2003) and Luengo-Prado (2006). These authors models durable good as an indivisible good, like a
house, for example. Therefore, they assume that when an individual chooses kt 6= kt+1 they have to sell the
existing stock of durable good kt at a price (1− ζ) kt and buy the new durable quantity kt+1 at full price.
Therefore, the durable good choice rule is given by g (ki,t, ki,t+1) = kt+1 + (1− ζ) kt + δkt, if kt 6= kt+1, or
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The assumptions presented above are summarized in the adjustment cost function given

by,

g (ki,t, ki,t+1) =

kt+1 − ki,t + δki,t, if ki,t+1 ≥ ki,t

(1− ζ) (ki,t+1 − ki,t) + δki,t, if ki,t+1 < ki,t
(2.4)

It is also assumed that the inequality 1− ζ > δ holds, so that the household can always

liquidate part of its durable stock to cover for depreciation.

2.3.5 Government and Household Budget Constraint

The government runs every period a balanced budget. In baseline simulations, it collects

linear labor and bond’s income taxes, defined by τw and τr, respectively, in order to finance

an exogenous flow of government consumption Gt and an unemployment benefit program v.

There is no taxation on imputed rent of durable good. Government issues one period bonds

which pays the risk free real interest rate r in maturity and is traded by the price of an unity.

When the tax paid by savers is taken into account, the net bond return becomes r (1− τr).

There is no aggregate uncertainty related to government spending. I assume that gov-

ernment consumption is a wasted resource in the sense that it does not enhance utility of

the households. At every period, the government budget constraint is given by,

Gt + vu+ Bt−1 (1 + rt) = Bt (1 + rtτr) +Ntτw (2.5)

where Bt represents the outstanding government debt on period t, Nt represents the

aggregate effective labor supply and u = Pr (zi,t = 0) is the fraction of unemployed agents

in the population.

Let bi,t denotes the bond holdings of household i in period t. Households can use their net

after-tax income and collateralized debt to purchase non-durable consumption good, govern-

ment bonds or additional units of durable good. Finally, the household budget constraint is

expressed as,

ci,t + bi,t+1 + g (ki,t, ki,t+1) = zi,thi,t (1− τw) + bi,t (1 + rt (1− τr)) + I{z=0}v (2.6)

by g (ki,t, ki,t+1) = δkt, otherwise.
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2.3.6 Equilibrium Definition

In this framework, the aggregate state of the economy is given by the joint distribution

of households on idiosyncratic productivity status z, durable goods position k, and asset

holdings b. This distribution is denoted by Ψ. Furthermore, individuals of this economy

knows that this distribution evolves according to:

Ψ′ = Q (Ψ) ,

where Q represents a transition function that relates the current aggregate state and the

following joint distribution. In practice, Q is found by combining the household’s optimal

decision policies for bond holdings and durable goods with the exogenous Markov Process

for productivity, which results in the transition probability of individual state, and then,

aggregating. The household state includes the individual productivity status, durable good

position and asset holdings. It is summarized by the vector (z, k, b; Ψ). Let k̄ be the max-

imum durable good level and b̄ be the maximum bond holdings in the economy, assuming

that these upper bound exists. Define the compact sets K =
[
−k, k̄

]
and B =

[
−b, b̄

]
. Using

the set of productivity states Z, let state space S be the cartesian product Z ×K× B. Let

the σ- algebra ΣS be defined as BK ⊗ BB ⊗M(Z) , where BK is the Borel σ-algebra on K,

BB refers to the σ-algebra on B and M(Z) is the power set of Z. The space (S,ΣS) is a

mensurable space and S is a typical subset of ΣS . Given that, we have all elements needed

to state the equilibrium definition.

Definition. Given a Markov Chain (P,Z), an initial durable good position k0 ≡ (ki,0)i∈I and

an initial bond holdings position b0 ≡ (bi,0)i∈I , a stationary recursive competitive equilibrium

in this economy is a set of decision rules denoted by the functions {V, gk, gb, gc}, with V :

S → R as a value function and gk : S → R, gb : S → R, gc : S → R+ as durable, saving

and consumption policy functions, respectively, a government policy {B, G, τr, τw, v}, a law

of motion Q, a measure of households Ψ∗ and a price r, such that:

1. For each i ∈ I, given the price r, the government policy {B, G, τr, τw, v}, the pair of

initial conditions (k0, b0) and the policy functions {gk, gb, gc}, the value function V solves the

following household decision problem, in its recursive formulation:

V (z, k, b) = max
{c,k′,b′}

{
u(c, h, k) + β

∑
z′∈Z

Pzz′V (z′, k′, b′)

}
(2.7)
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s.t. : c+ b
′
+ I{k′>k} (k′ − k + δk) +

(
1− I{k′>k}

)
((1− ζ) (k′ − k) + δk)

= zh (1− τw) + b (1 + r (1− τr)) + I{z=0}v
(2.8)

b′ + (1− φk) k ≥ 0

c ≥ 0, h ∈ [0, 1] (2.9)

where I {.} is an indicator function that takes 1 if k′ > k and 0 otherwise;

2. Labor supply, bond demand and durable good is obtained aggregating over households,

N =

∫
S
zh (z, k, b) dΨ∗, Bd =

∫
S
gb (z, k, b) dΨ∗ and K =

∫
S
gk (z, k, b) dΨ∗

3. The rate of return r clears the bond’s market
∫
S gb (z, k, b) dΨ∗ = B;

4. The government budget is balanced: G + vu = Br (τr − 1) + Nτw;

5. For all (Z ×K × B) ∈ ΣS, the transition function is consistent with agent’s optimal

decisions, in the sense that is generated by the optimal decision rules and by the law of

motion of the productivity shock. The invariant probability measure satisfies, Ψ∗ = Q (Ψ∗).

2.4 Calibration and Solution Method

2.4.1 Calibration

The model is calibrated in order to be consistent with long run features of U.S. earnings

distribution and also to match specific targets of the initial steady state, when there is no

change on the tax system. A brief summary of parameters, sources, targets and calibration

outcomes for the baseline economy in the initial steady state is presented on Table 2.1. Time

is discrete, measured in quarters. Following Luengo-Prado (2006), Guerrieri and Lorenzoni

(2011) and Cerletti and Pijoan-Mas (2014), the households preferences are of CRRA type.7

7Other papers that also access the role of durable consumption in a framework similar to the one developed
in this paper, like Stockey (2009), uses a CES utility function.
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In order to characterize the aggregate durable and non-durable consumption, a simple Cobb-

Douglas specification was chosen. Therefore, we have,

u (c, k, h) =
(cαk1−α)

1−σ

1− σ
+ γ

(1− h)1−ψ

1− ψ
, (2.10)

where α represents the ratio of non-durable consumption to total expenditures. The

subsidies for definition of this parameter were obtained combining data from the National

Income and Product Accounts (NIPA) and from the Fixed Assets and Consumer Durable

Goods Accounts (FACD). The durable good stock k is interpreted in a comprehensive manner,

as the sum of residential stock and other consumer durable goods. The non-durable c, is

defined as the sum of non-durable consumption plus services minus housing. Using NIPA

and FACD data and taking into account average data covering the period between 1959 and

2010, the aggregate durable to total consumption expenditure ratio is nearly 30%. Therefore

the parameter α is set as 0.7.

The coefficient of risk aversion, which in large extent determines the precautionary be-

havior of individuals, were set to be σ = 4, a value that is commonly used in literature. The

parameter ψ, which measures the curvature of utility from leisure, were calibrated such that

the average Frisch elasticity of labor supply is 1, which is in the middle of the range of recent

econometric estimates. In line with this assumption for the Frisch elasticity, Chang and Kim

(2006), Fuster et al. (2007), Floden (2008) and Kimball and Shapiro (2008) also estimate

or use a value of 1 as a baseline calibration target. The parameter γ, which represents the

coefficient of leisure on utility were calibrated aiming the average hours worked for employed

individuals of 40% of their time endowment, in line with the evidence reported on Nekarda

and Ramey (2013) and slight above values found in the survey conducted by Blundell and

Macurdy (1999), who suggests 30%. The subjective discount factor β is calibrated to yield

a yearly interest rate of 2.5% (0, 625% in quarterly terms), a value which represents nearly

the average of real Fed Funds rate between 1959 and 2010.

Regarding to durable goods, the depreciation factor δ was chosen to match the durable

investment to durable stock ratio I/K, built using NIPA and FACD data. The durable

investment was calculated as the expenditure in consumer durables plus residential private

investment. Considering the average between 2000 and 2010, following Hall (2011), the

depreciation factor found was δ = 0.013 in quarterly terms. The parameter which determines

the reselling cost of durable good, ζ, was fixed in order to follow the pattern used in the

literature about this topic. Smith et al. (1988) estimate that the monetary cost of selling

a house, which includes legal fees, transfer taxes and other transaction costs, in a range

between 0.08 and 0.10 of its value. In the analysis conducted by Luengo-Prado (2006), the
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Table 2.1: Summary of Parameters, Sources and Targets

Parameter Description Value Target/Source

α Coefficient on non-durables 0.700 NIPA average c
C ratio

β Discount factor 0.989 r = 0.625%

γ Coefficient of leisure in utility 2.216 Avg. hours worked = 0.4

ψ Curvature of utility from leisure 1.982 Avg. Frisch elasticity =1

σ Coefficient of relative risk aversion 4.000 General Literature

δ Durable depreciation rate 0.013 NIPA average I
K ratio

ζ Durable reselling cost 0.100 General Literature

φk Downpayment requirement 0.200 Following Literature

ρ Persistence of productivity shock 0.977 Floden and Linde (2001)

σ2
θ Variance of productivity shock 0.012 Floden and Linde (2001)

τr Tax rate on bond income 0.400 General Literature

τw Tax rate on labor income 0.251 Government budget balance

v Unemployment benefit 0.180 40% of avg. labor income

B Government bond supply 2.021 A
Y = 1.78

G Government spending 0.096 G
Y = 0.21

Note: The results presented in this table represents the parameter’s values used in the baseline model, which has durable
goods and linear proportional income tax rate. When it comes to the simulation where the tax system becomes progressive,
other parameters were calibrated, but keeping the same targets. On Section 2.5.1 will be discussed parameters related to the
progressivity of tax system. Section 2.5.1 details the parameters used on transition between steady states.

adjustment cost parameter is ad-hoc set in 0.05. Stockey (2009) chooses a baseline value of

0.08, but argues that this level represents only a conservative choice, probably covering only

the direct financial costs. In order to consider other potential relevant costs, she performs

simulations with an alternative level ζ = 0.12 and estimates the household welfare losses as

a function of the adjustment cost, when it varies in a range between 0.015 and 0.20. Finally,

Guerrieri and Lorenzoni (2011) fix an ad-hoc value of 0.15. Taking into account the range

of values used on cited papers, the adjustment cost was fixed in 0.10.

A key parameter for the debt behavior is φk, which captures the extent to which a durable

good can be used as collateral for borrowing. As argued above, the parameter φk can also be

interpreted as the down payment condition, and 1−φk as the maximum loan-to-value ratio.

In favor of the model tractability the maximum loan-to-value parameter is the same for all

individuals. Although the durable category represents a broad class of commodities, with

different degrees of liquidity and equity loan availability, an average from 1959 to 2010 using

FACD data shows that nearly 80% of durable holdings was represented by houses. According

to Federal Housing Finance Board,8 in the pool of loans classified as sustainable,9 granted

82013 FHFA Working paper.
9This category does not include loans classified in the segments subprime and Alt-A, since these are

exposed to a high default risk. As the model being built does not consider the possibility of default, it was
taken into consideration only mortgages classified as sustainable.
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by the two American Government Sponsored Enterprises,10 the historical down payment

requirement is approximately 20%. Based on that, the parameter φk is fixed in 0.2. These

figures are close to the values used in theoretical models developed in the literature, among

which is worth to highlight the work of Gervais (2002), Luengo-Prado (2006), Stockey (2009),

Chambers et al. (2009) and Guerrieri and Lorenzoni (2011).

In terms of fiscal policy, the government consumption was calibrated to match the aver-

age of government purchases-to-GDP ratio. According to data collected between 1959 and

2010, provided by the Bureau of Economic Analysis (BEA), this ratio is around 21%. The

unemployment benefit parameter follows Shimer (2005) and Guerrieri and Lorenzoni (2011),

and was set in 40% of average labor income. The transition between employment and unem-

ployment was also estimated by Shimer (2005), which used CPS data. Taking into account

that the time is measured in quarters, I chose the same parameters used on Guerrieri and

Lorenzoni (2011), that is, the probability of become unemployed given that the individual

is employed is Πue = Prob(x′ = u|x = e) = 0.057, and the probability of become employed

starting from an unemployment situation is given by Πeu = Prob(x′ = e|x = u) = 0.882.

For the asset tax rates I choose τb = 0.40, which is very close to value used on Mendoza

et al. (1994), Carey and Rabesona (2002), Domeij and Heathcoate (2004), Abraham and

Carceles-Poveda (2010) and Trabandt and Uhlig (2011). And finally, the labor income tax

was calibrated to balance the government budget constraint, which resulted in τw = 0.25

in the initial steady state of baseline model. Defining liquid assets broadly as the sum of

all deposits plus securities held directly by households, the average liquid asset-to-GDP ra-

tio between 2000 and 2010 is equal to 1.78. The government bond supply, B, was chosen

to match this target, computing household liquid asset as the sum individual’s net asset

position.

Income Process

The labor endowment shocks are calibrated to replicate the typical dynamics of individual

earnings in the U.S. economy. The survey on this topic is generally Panel Study of Income

Dynamics (PSID)11 or Survey of Consumer Finances (SCF) data,12 which consists in a panel

composed by individual wage, income, assets and other particular information. There are

several articles estimating processes for wages. In this sense, is worth to mention the classic

10Fannie Mae and Freddie Mac.
11The Panel Study of Income Dynamics is the longest running longitudinal household survey in the world.

The PSID is directed by faculty at the University of Michigan.
12The Survey of Consumer Finances is a triennial interview survey sponsored by the Board of Governors

of the Federal Reserve System, with cooperation of the U.S. Treasury Department. This survey collects
information about family incomes, net worth, balance sheet components, credit use and other financial
outcomes.
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work of Floden and Linde (2001), Pijoan-Mas (2006), Krueger and Perri (2006) and Blundell

et al. (2008). The typical set up followed in these papers considers a wage distribution net

of fixed heterogeneity. The hourly wage rate is given by the following process,

ωi,t = θsi,t + ξi + zi,t + ui,t, with ui,t ∼ N
(
0, σ2

u

)
(2.11)

where ωi,t is the logarithm of wage received by individual i on time t, si,t is a vector of

observable characteristics, ξi reflects an individual i unobserved fixed component, ui,t is an

homocedastic error term normally distributed and zi,t is the logarithm of specific component

on wage formation of individual i on time t. This idiosyncratic component is used in this

literature as an approach to the productivity shock z. It is assumed that this component

evolves according to an AR(1) process, as follows,

zi,t = ρzi,t−1 + θi,t, with θi,t ∼ N
(
0, σ2

θ

)
(2.12)

where the parameter ρ measures the persistence of the log of the productivity shock zi,t,

with Var(z) =
σ2
θ

1−ρ2 , given that |ρ| < 1. Estimates for ρ varies in a range between 0.9 and 0.99.

This paper follows the results found reported by Floden and Linde (2001), which estimates

ρ = 0.977 and σ2
θ = 0.012, in quarterly terms, using data from PSID.13 This continuous

income stochastic process is discretized using Tauchen (1986) methodology. It is assumed

that there are 7 different productivity states for individuals, i.e., dim(Z) = 7, including the

status z1 = 0, interpreted as an unemployment shock.14

Table 2.2 presents a summary of wealth and income distribution generated by the model

and also the statistics found on data collected by the Survey of Consumer Finances.15 As

this paper does not abstracts from the existence of durable assets and financial liabilities, it

is reasonable to use a broader measure of wealth instead of net financial assets.16 Therefore,

wealth here is the household’s net worth17 and income is defined as all sources of individual’s

earnings before taxes. The model matches reasonably well both wealth as income distribu-

tion, although it tends to overestimate lower quintiles. As other important feature from the

data, the model captures the fact that wealth is more unequally distributed than income.18

13For U.S. economy, Floden and Linde (2001) reports in Table IV ρ = 0.914 and σ2
θ = 0.043 in annual

terms.
14The number of individual’s productivity states was reduced compared to previous papers in favor com-

putational tractability.
15This data refers to the 1998 Survey of Consumer Finances and is provided on Rodriguez et al. (2002).
16The concept of net financial assets excludes the value of residential property, vehicles and direct business

ownership from the assets, and the value of secured debt due to mortgages and vehicle loans from the
liabilities.

17Net worth is defined as the difference between total assets and total liabilities.
18To see more on this topic, refer to Rodriguez et al. (2002).
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Under the calibration presented in this Section, wealth Gini index found in the initial steady

state is 0.73 and the earnings Gini index is 0.46. In despite of underestimate fifth quintile

and overestimate first quintile of wealth distribution, the model seems to be able to generate

a good representation of the American wealth distribution, in an environment of flat propor-

tional taxes. In regard of income distribution, the model underestimate the fifth quintile,

but also generates results relatively close to data.

Table 2.2: Wealth and Income Distribution in Baseline Model and Data

Wealth (%)

Quintile 1st 2nd 3rd 4th 5th Gini
Model 1.1 1.7 11.3 18.4 67.3 0.725
Data −0.3 1.3 5.0 12.2 81.7 0.803

Data Source: Rodriguez et al. (2002)

Income (%)

Quintile 1st 2nd 3rd 4th 5th Gini
Model 6.0 10.4 16.5 26.2 40.7 0.457
Data 4.6 6.6 8.3 13.9 66.6 0.553

Data Source: Rodriguez et al. (2002)

The data on this table represents shares of each quintile of total wealth and income, respectively.

2.5 Quantitative Results

2.5.1 Policy Experiment

In this section is presented the design of economic policy simulations. This exercise

follows the tradition of Gervais (2002), Domeij and Heathcoate (2004), Fuster et al. (2008)

and Abraham and Carceles-Poveda (2010). It refers to a revenue neutral tax reform that

eliminates bond return tax at expense of higher labor income tax. The main objective is

evaluate how the presence of durable goods affects the behavior of households under such

unexpected and permanent policy change. In particular, I study the outcomes of this reform

in two different fiscal frameworks. The first is a linear Flat Tax System (FTS), where the

fiscal adjustment consists in replacing the loss of government revenue by increasing the tax

rate levied on labor income. Under this tax code the reform is potentially more distortive

to the welfare of individuals, since the increase of tax burden also rests on individuals little
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benefited by the policy change.19 The second simulation occurs in a Progressive Tax System

(PTS), in which the loss of government revenue is offset by increasing the progressivity of

income tax. This second approach aims to raise the share of reform’s burden supported

by its major beneficiaries.20 Next, the long run impacts of the tax reform, the equilibrium

transition path for macroeconomic aggregates and its welfare effects will be discussed.

Long Run Results

Flat Tax System Here the discussion is focused in the long term results of reform, in a

fiscal framework where the income tax is proportional and linear. These results consists of

steady state allocations and aggregate welfare levels, pre and post-reform, for a given tax

policy. As already exposed, for notation purposes this experiment is labeled as FTS reform.

Keeping the focus on the assessment of how the presence of durable goods affects individual

choices and aggregate results, besides the baseline model, where durable is used as collateral

for credit operations, it will be also explored a similar economy where durable is only an

alternative consumption good and borrowing constraint is exogenously fixed. Henceforth,

the first economy will be labeled by the acronym WDC and the second by WD. Additionally,

the FTS reform is performed in a second control economy that does not have durables and

where individuals also faces a fixed and exogenously defined credit constraint.21 For notation

purposes, this environment is labeled as WoD economy.

It is assumed that the parameters calibrated for the initial steady state are kept constant

for each economy, so that the only change between the initial state and the final is restricted

to the tax on bond’s yield and the income tax rate. The first set of results is presented on

Table 2.3.

Each pair of rows in this table represents a different economy. In particular, the first

pair represents WoD economy, where the first line is the pre-reform situation. The third

and fourth lines represents the WD economy, while the fifth and sixth refers to the results

of WDC economy, keeping the reasoning in which the second line of each pair represents

the final steady state results. In the columns are displayed tax rates (τr, τw), aggregate

consumption of durable goods (K), the total stock of assets (A), the real interest rate (r) in

annual terms, that is, the borrowing interest rate, the after-tax interest rate rτ = r (1− τr),

that is the lending interest rate, and the aggregate welfare level (W), which is calculated in

19In general, individuals who belong to the lower income quintiles depend more on labor income and have
lower stock of assets.

20Each reform is revenue neutral in a sense that government revenues are managed to remain constant
across fiscal policy arrangements: the loss with bond income tax is exactly offset by the increase on labor
income tax.

21The borrowing constraint was calibrated in order to match the average of liquid debt to GDP ratio of
U.S. economy between 2000 and 2010.
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Table 2.3: Steady State Results: Flat Tax System

τr τw K A B wτ r rτ W

0.40 0.2401 − 3.0968 2.7837 0.760 2.500 1.500 100.00

0.00 0.2435 − 3.1228 2.7837 0.756 1.680 1.680 99.75

0.40 0.2584 7.2368 3.2118 2.4570 0.742 2.500 1.500 100.00

0.00 0.2660 7.2265 3.2122 2.4570 0.734 1.920 1.920 99.58

0.40 0.2513 7.8015 3.2043 2.0209 0.749 2.500 1.500 100.00

0.00 0.2608 7.7955 3.2133 2.0209 0.739 2.200 2.200 99.14

Notes: Each couple of rows refers to a different economy. The first does not have durable goods (WoD), in the second durables
are an asset option (WD) and in third pair durables are used as collateral (WDC). The borrowing interest rate (r), and the
lending interest rate (rτ ) are expressed in annual terms.

terms of consumption equivalent variation.22 For the welfare measure, it was considered the

pre-reform status as a benchmark and for that was assigned the index 100. Thus, the results

presented in each line represents a discount or a gain in relation to that level.

First, is analyzed the reform in economy without durable goods (WoD). As expected, the

change in the tax system stimulates the demand for bonds, which leads to a reduction in

borrowing interest rate (from 2.50% to 1.68%). The after-tax interest rate, in turn, rises from

1.50% to 1.68% reflecting the drop of tax on savings return. This means that the interest

rate that individuals pay to borrow became lower and that the net interest rate that savers

receive when buy government bonds gets higher. The spread between these rates shrinks

from 100 basis points, which is slightly below the empirical evidence found on Mehra et al.

(2011), to 0 basis points.23 The change in prices and tax system stimulates the leverage of

22For welfare evaluation, with or without durable good, I followed Gervais (2002) and defined welfare in
terms of consumption equivalent. Given a fiscal arrangement ξ ∈ Ω and a derived stream of non-durable
consumption, durable consumption and leisure {cs, ks, ls}∞s=t, the measure of welfare is based on the lifetime
utility V, that is,

V (ξ) ≡
∞∑
s=t

βs−tu (cs, ks, ls)

The utilitarian social welfare, W, is defined as,

W (ξ) ≡
∫

EtV ({cs, ks, ls}∞s=t) dΨ

Let NR represent a situation where the reform does not occurs and R represents a situation where it does.
Therefore, the utilitarian welfare gain of policy is defined as the κW ∈ R that solves,∫

EtV
({

cNR
s (1 + κW) , kNR

s , lNR
s

}∞
s=t

)
dΨNR =

∫
EtV

({
cR
s , k

NR
s , lNR

s

}∞
s=t

)
dΨR

The premium κW can be thought as the percent of lifetime consumption that agents in the economy where
there is no reform are willing to give up in order to be indifferent to the policy change (reform).

23Analyzing U.S. economy, Mehra et al. (2011) empirically identifies a interest spread around 200 bps. Is
expected that this model does not generates the same level of spread, because it does not consider factors
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poorer individuals, which explains the increase in the economy’s stock of assets, as can be

seen in the second line of Table 2.3. The increase in labor income tax represents a negative

income shock, specially to poorer households, which reduces consumption due to their wage

earnings dependence. As a consequence, the long run aggregate welfare of WoD economy

experiences a drop of nearly 0.25%. The existence of fixed credit constraints, that does

not respond to changes in taxes, ensures the access to credit market, an important smooth

channel that helps households on softening consumption. The drop of borrowing interest

rate also eases the impact of labor income shock, but is not strong enough to offset it.

In economy WD, where durable good can be chosen as a saving option, the drop on yield

tax also stimulates the increase in bond demand. But here, the impulse is softer, since bonds

are not the only asset on household’s portfolio. As a consequence, the borrowing interest

rate falls from 2.50% to 1.92%, less than what is observed on WoD economy. Conversely, the

lending interest rate rises more, from 1.50% to 1.92%. After the shock, durable goods demand

recedes following the portfolio substitution for bonds and because of income needs of poorer

households, that reduces their position in order to avoid larger impact in consumption. This

process is more costly and less effective than the rise in leverage observed in economy WoD,

because of durables illiquidity due to adjustment costs. This behavior is shown in panels A

and B of Figure 2.1, which shows the changes in household’s portfolio before and after the

reform. Even though the reduction of durables negatively affects individuals, this is one of

the main response channels due to the stimulus provided by the changes on tax system. As

borrowing limits are not affected by the reform, once again, it allows the credit to be used

without impairments in order to soften income fluctuation, as displayed in Panel B. However

it can not compensate the negative income pressure and the WD economy experiences a

welfare loss of 0.42%.

Finally, in WDC economy the increase in bond demand by richer households also occurs,

however, the use of durables as collateral results in meaningful differences on the outcomes,

specially for the poorer ones. As can be seen on fifth and sixth lines of Table 2.3, this

requirement implies that equilibrium level of durables is higher than what is observed in

WD economy and that the bond demand is lower than what is seen in WoD and WD

economies (−27% and −18%, respectively). This behavior is in line with the evidence

found on Fernandez-Villaverde and Krueger (2010), who argues that the interaction between

consumer durables and endogenous borrowing constraints induces durables accumulation

even by the poorer individuals. In this economy the borrowing interest rate falls even less

than in the WD economy, from 2.50% to 2.20%, and the lending interest rate rises more,

as intermediation costs and banking profit margins. Even Abraham and Carceles-Poveda (2010), who are
interested in household’s default decision, does not model the credit spread.
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from 1.50% to 2.20%, which means that the incentives for savings are stronger than in WoD

and WD. The new function of durables restraints the demand for government bonds. As a

consequence, it also sets new challenges to individuals that want to increase the indebtedness

level, because the borrowing constraints depends on their stock of durables. Therefore, in

order to preserve the room for leverage, durable holdings changes less among the poorer,

which means that a more relevant fraction of budget adjustment relies on consumption cut.

Richer households, on their turn, who usually are far from their credit constraint has no

concerns on reducing durables position. In terms of asset accumulation this group increase

bond demand, as also happens in WD economy. These features of household’s behavior are

represented in panels C and D of Figure 2.1. As a result, the aggregate welfare falls by nearly

0.9%, significantly more than what is observed in WoD and WD economies. Here there is

less room to preserve consumption once durables must be used as collateral for credit.

Figure 2.1: Demand for Durables and Bonds Under FTS Reform

Data Source: Author’s calculations. In horizontal axis, Qi represents the ith wealth quantile in terms of liquid assets.

In Domeij and Heathcoate (2004), the same tax reform results in a sizable improvement

in long run welfare. For their benchmark economy,24 welfare increases 3.6% whereas in a

24These results should be considered with caution, because it is based in a model that does not have
endogenous labor supply. Given the nature of reform, a framework with endogenous labor decision should
meaningfully reduce welfare outcomes. Domeij and Heathcoate (2004) make simulations with endogenous
labor supply, but only report results for the evaluation of the reform’s impact in a context of transition
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similar economy without earnings risk it rises 5.5%. In their turn, Abraham and Carceles-

Poveda (2010) finds that when borrowing constraints are fixed, long run welfare between

steady states drops 0.25% and recedes 1.3% under endogenous credit constraints. As already

seen, in this paper the long run welfare outcomes of reform are meaningfully worse than

what is find in Domeij and Heathcoate (2004), but better than the numbers reported by

Abraham and Carceles-Poveda (2010). Regarding to Domeij and Heathcoate (2004), the

absence of debt possibility implies that capital accumulation is stronger, and, as consequence,

income gains derived from it offsets the reduction of after tax wage, which means that

households can increase consumption in long run in spite of the changes in tax code. In the

opposite direction, Abraham and Carceles-Poveda (2010) reports that asset accumulation

weakens the incentives for default, which makes the endogenous constraints looser after

the reform and also stimulates household’s indebtedness. With more debt and less savings

there is also less consumption in long run. In a similar reasoning, when the economy has

borrowing constraints collateralized by durables, the incentives to increasing indebtedness

are also present, since individuals (especially the poorer ones) wants to preserve durable

levels in order to guarantee access to credit market. However, contrary to what is observed

in Abraham and Carceles-Poveda (2010), there is no loosening in credit restriction when

borrowing constraint is collateralized by durables, which makes the economy relatively less

leveraged. In fact, loosening the credit restriction would require strong sacrifice in terms of

non-durable consumption, something that individuals want to avoid. Finally, there is a clear

difference when durable does not affect the credit restriction, since, in this case, its position

is reduced to balance household’s budget, what soften the non-durable consumption fall and

reduces the need of leverage.

Progressive Tax System The previous analysis was based in the fact that different

households face the same change in after-tax wage and after-tax asset return. In an incom-

plete market framework, switching the tax composition also changes the amount of insurance

against idiosyncratic risk and has important distributive consequences. Therefore the fea-

tures of tax schedule is a key element. Here, I examine the effects of a similar reform in an

environment where wage income tax is defined by a Progressive Tax System (PTS).

The literature about progressivity of tax system is relatively large. In this paper, I follow

the traditional approach proposed on Feldstein (1969), applied after on Benabou (2000),

Benabou (2002) and Heathcote et al. (2014), and study progressivity within the class of the

parsimonious income tax function25 defined by,

dynamics.
25Benabou (2000) was the first to introduce this class of functions into dynamic models with heterogeneous

households.
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T (y) = 1− λpy−τp , (2.13)

The function T maps the pre-tax labor income y = hz into the space of tax rates and is

completely characterized by only two parameters.26 The parameter τp determines the degree

of progressivity of the tax system. Note that when τp = 0, the tax function implies an affine

tax (or a flat tax) rate system, T (y) = 1−λp, similar to the one used on previous subsection.

If τp = 1, there is complete redistribution, since the after-tax income, [1− T (y)] y = λp, will

be (λp) for any pre-tax individual income. For an arbitrary value of τp, this functional form

allows to represent the disposable (post-government) income ỹ as a function of the pre-tax

income y, in a convenient way: ỹ = λpy
1−τp . From this, one can see that the elasticity of

post-government income with respect to pre-tax income is (1− τp), which is also known as

the coefficient of residual income progression. Using a definition widely applied in public

economics, a tax system is said to be progressive (regressive) if the marginal tax rate is

higher (lower) than the average tax rate for every level of income, that is, T ′ (y) > T (y)y

for all y. Given that, if τp is strictly positive, the tax system is progressive, otherwise, the

taxation scheme is regressive.27

The parameter λp measures the average level of the taxation scheme. Is worth to note

that 1 − λp is an approximation of the average labor income tax. Changes in 1 − λp shifts

the entire level of taxation profile, while the parameter τp accounts for the curvature of tax

function.28

About the reference values of these parameters, for the baseline calibration I adopt the

estimate reported on Heathcote et al. (2014), that through a parametric model based on

PSID data found the value of 0.151 for τp. For parameter λp, it was calibrated in order to

keep the government budget constraint balanced. The value obtained is 0.871, 0.895 and

0.884 in the initial steady state of economies WoD, WD and WDC, respectively, which is

near to the evidence found in Guner et al. (2014), who estimate values around 0.88. Given

these parameters the average income tax is in between 0.25 and 0.30, which seems to be a

good figure for U.S. economy, according to Congressional Budget Office (CBO) estimates.29

In the long-term exercises it was explored situations that will also be evaluated in the

26Although this function is parsimonious in its parametrization, using data from PSID, Heathcote et al.
(2014) demonstrate that this functional form delivers a very good representation of the actual tax/transfer
scheme in the U.S. economy.

27Another way to evaluate if a tax system is progressive (regressive) is check if T ′ (y) and T (y)y are
increasing (decreasing) functions of pre-tax income.

28In a progressive tax system the government budget constraint in the equilibrium steady state is computed
as G + vu+Br (1− τb) = T̄ , where T̄ =

∫
S zh (z, k, b) T (y (z, k, b)) dΨ∗.

29These estimates are from CBO (2014), considering income distribution, taxpayer behavior and tax rules
observed in 2011.
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Figure 2.2: Labor Income Tax Function

Source: Author’s calculations. Note: This Figure displays the non-linear tax income as a function of parameters τp and λp
used in long run simulations of WDC economy, as presented on Table 2.4.

transition dynamics studies, which are performed in Subsection 2.5.1. I assess the behavior

of macroeconomic aggregates, taking into account different levels of income tax progressivity

and average rate. In the baseline case it was considered that λp was set in the level of the

initial steady state and that the parameter τp is adjusted to keep the government budget

constraint balanced. In the second exercise, given the progressivity of the initial steady

state, the government budget balance is achieved by tuning λp. For illustration purposes,

the Figure 2.2 displays the behavior of the non-linear income tax (eq. 2.13) for values of

parameters τp and λp calibrated in long run simulations presented in this subsection.30 The

same reforms and adjustment mechanisms were simulated for economies WoD, WD and

WDC. The results of these simulations are reported in Table 2.4.

Again, the rows of the table are divided in three groups, each of them representing a

distinct economy. For a given group, each row represents a proposal of tax policy, defined

by the parameters τr, τp and λp. In particular, the first line is the pre-reform situation for

WoD economy, while the following present the results for other tax schemes. The second

group shows the results of the same reform, however, in economy WD. In this case, the

fourth line is the pre-reform situation. Finally, the third group refers to WDC economy,

with seventh line representing the initial steady state. In the columns of this table is shown

bond’s return tax rate and other fiscal parameters, aggregate consumption of durable goods

30Results of Figure 2.2 refers to WDC economy.
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Table 2.4: Steady State Results: Progressive Tax System

τr τp λp τ̄w K A B w̄τ r rτ W

0.40 0.151 0.871 0.298 − 3.135 2.818 0.815 2.500 1.500 100.00

0.00 0.163 0.871 0.276 − 3.166 2.818 0.824 1.721 1.721 101.59

0.00 0.151 0.857 0.303 - 3.168 2.818 0.813 1.684 1.684 99.61

0.40 0.151 0.895 0.248 8.179 3.190 2.566 0.712 2.500 1.500 100.00

0.00 0.162 0.895 0.229 8.012 3.293 2.566 0.771 2.080 2.080 101.09

0.00 0.151 0.864 0.254 8.091 3.194 2.566 0.746 2.218 2.218 99.32

0.40 0.151 0.884 0.281 9.303 3.269 1.857 0.719 2.500 1.500 100.00

0.00 0.165 0.884 0.251 9.185 3.276 1.857 0.749 2.202 2.202 100.72

0.00 0.159 0.857 0.312 9.237 3.250 1.857 0.691 2.315 2.315 98.93

Notes: Each group of three rows refers to a different economy. The first group is represented the economy without durable good
(WoD), in the second the economy where durables are an asset option (WD) and in the last, the economy where durables are
used as collateral (WDC). The borrowing interest rate (rb) and the lending interest rate (rτ ) are expressed in annual terms.

(K), the total asset stock (A), the after tax wage rate31 w̄τ = (1− τ̄w), the borrowing interest

rate (r), the after-tax interest rate rτ = r (1− τr), that represents the lending interest rate,

and the aggregate welfare level (W), which is computed in terms of non-durable consumption

equivalent variation as in previous analysis. For welfare measure, it was considered the pre-

reform status as a benchmark, and for that was assigned the index 100.

When the tax on labor income is progressive, the adjustment mechanisms triggered after

the reform is similar to those observed in the previous subsection. The cut of tax on bond’s

return stimulates its demand, which results in a reduction of the borrowing interest rate

and in a simultaneous increase of the lending interest rate. This occurs in all reforms and

economies analyzed. As can be seen in 9th column of Table 2.4, the borrowing interest

rate falls less when households can buy durable goods. As already discussed, this happens

because durable good is an asset that composes household’s portfolio. After the tax reform,

individuals rebalance their portfolio but still holds government bonds and durables. The

other aggregates performs relatively in line with what was observed in previous subsection.

The novelty of this experiment comes from the distributive issues that arises from the

changes in progressivity level of income tax, what is shown in the second, fifth and eight

lines of Table 2.4. In this case, poor agents, both in terms of assets as in labor income,

are considerably benefited by the lower borrowing interest rate and are not harmed by the

increase on labor taxes, since the change in the tax rate affects significantly only individuals

who belong to higher income levels. There are some remarks about distributive issues of this

reform that are worth of note. First, as a consequences of increasing τp the leverage increases

31Where τ̄w is defined as
∫
T (y (z, k, b)) dΨ∗ or

∫
S T (y (z, b)) dΨ∗ in the case of the economy without

durable good.
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significantly in all economies under study. In particular, poor individuals from WoD and WD

fells comfortable on get closer of borrowing limit, and low wealth household’s from WDC

reduce their durable stock, and consequently, also get near to endogenous credit limit. This

behavior can be seen on panels B and D of Figure 2.3. Contrary to what happens in FTS

exercise, here the reform lead to a simultaneous increase of leverage and consumption for

this group of individuals. In the latter case, there was increase in leverage and reduction in

consumption. In its turn, richer individuals faces an increase in tax burden, which press down

consumption, but on the other hand, experiences the relief of decrease in τr. Their basket of

assets is recalibrated toward more bonds and less durables, as can be seen on panels A and

C of Figure 2.3. Second, contrary to what occurs when the income tax schedule is affine,

here the reform leads to welfare improvements for all economies. Although the wealthier

individuals are harmed by bearing the costs of the reform, the increase in the welfare of

poorer families more than offset such losses, resulting in an increase of the aggregate welfare.

Third, the presence of durables reduces the welfare gains of reform, as can be seen comparing

the results of 11th column, lines 2, 5 and 8 of Table 2.4. This suggests that the management

of durables reduces in some degree the flexibility of households when adjusting to the income

shock.

When government adjusts the parameter λp, as can be seen in the third, sixth and

nineth row of Table 2.4, the average income tax rate increases, which affects significantly all

individuals. This means that all population faces losses in terms of the after tax income,

despite of the drop in borrowing interest rate as a consequence of higher bond demand.

Is worth noting that borrowing interest rate still falls less in the economies with durables.

As can be seen in the panels B and D of Figure 2.3, the level of indebtedness of poor

households, before and after the shock, is relatively larger in economy WDC than in WD.

Moreover, individuals that belongs to the middle wealth branch accumulates less bonds after

the reform in economy WDC, which helps to explain the softer drop of borrowing interest

rate in this economy.

When the reform is based in the increase of average tax, the results, in terms of welfare,

are similar to those found in FTS reform, as can be seen in 11th column of Table 2.4. The

situation is quite different to that in which the government increases the progressivity of

the income tax, because here a group of individuals with low to middle income, that used

to experience a tax relief when progressivity was increased, now has to bear a heavier tax

burden. Once again, the welfare losses are stronger in the presence of durables.

With respect to the literature results, Domeij and Heathcoate (2004) does not evaluate

the effect of such reform in a context of progressive income tax code. In its turn, Abraham

and Carceles-Poveda (2010), performing a similar exercise, find that when progressivity
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Figure 2.3: Demand for Durables and Bonds Under PTS Reform

Data Source: Author’s calculations. In horizontal axis, Qi represents the i− th wealth quantile in terms of liquid assets.

rises the long run welfare increases by 0.29% after the reform. The argument is that in a

progressive framework the reform results in income improvement of poorer individuals, which

more than counterbalance the income losses of richer ones. In WD economy, the net positive

income shock makes the welfare between steady states rises 1.09%, while in WDC individuals

experiences welfare gains of 0.72%. The difference between the outcomes of economies WD

and WDC is that in the latter households becomes more leveraged. However, in a broader

perspective, the higher welfare gain of WDC when compared with the economy analyzed

in Abraham and Carceles-Poveda (2010) suggests that when considering only liquid assets,

the latter is more debt exposed. This may be a consequence of having a credit constraint

endogenized by durables in the first, in contrast with the credit constraint endogenized by

default possibility in the second.32

Previous results highlights the importance of taking into account the presence of durables

goods when assessing the design and outcomes of a neutral tax reform. Disregard the presence

32Abraham and Carceles-Poveda (2010) shows that as a consequence of the lowering in borrowing interest
rate, the endogenous stimulus for default falls significantly, which, in turn, leads to a sizable loosening in the
credit constraint.

73



of durables results in misleading quantitative conclusions for long run aggregates and welfare

behavior.

In spite of clarifying, the results presented in this section represents only an assessment of

the long-term impact of such reforms, which does not guarantee neither positive nor negative

short-term effects. Focusing this issue, the next section will present the analysis of transition

dynamics between steady states.

Transition Dynamics Analysis

Starting from an initial tax schedule, this section analyzes the transition to a new steady

state in which the bond yield tax is eliminated and the lost revenue replaced by the increase of

income tax. Once more, were performed two sets of simulations. The first for the transitional

dynamics in an environment of Flat Tax System (FTS) and the second in a Progressive Tax

System (PTS).

As a driver for both reforms, is assumed that in the beginning of period t = 1 the

government unexpectedly announces that the tax on bond’s return will be immediately

reduced to zero and that it will remain in this new level indefinitely. Additionally, since the

first period is announced that the government will use only income tax to finance the reform.

Therefore, the supply of government bonds will be held constant at level of initial steady

state along the transition. It is also assumed that all households have perfect foresight about

the future path of taxes.

In the FTS reform, the labor income tax rate τw is adjusted to keep government budget

constraint balanced until the new steady state. When it comes to the PTS reform, at period

t = 1 the government establishes bond’s yield tax path (τr,t = 0, ∀t) and simultaneously

announces a path for labor tax progressivity {τp,t}t or a trajectory for the average rate

sequence {λp,t}t, depending on the exercise performed. In the PTS exercise, implications of

two taxation strategies are explored: (i) Increase in Progressivity of Income Tax: τp,t

increases from τp,0, to the level needed to balance the government budget, while λp,t stands

at the initial steady state level (λp,t = λp,0, ∀t) and (ii) Increase in Average Income

Tax: τp,t = τp,0, ∀t and all the tax adjustment lies upon {λt}t. Is worth to note that in all

simulations the tax system is always progressive, providing that τp,t > 0∀t in both cases,

and that all the experiments are neutral in the standpoint of impact in government budget.

In the next paragraphs are presented the results and discussions for FTS and PTS reforms.

Flat Tax System Following the notation used in the previous section, the economy with-

out durable good is labeled as WoD, when there is durables as an asset option it is called

WD and the economy where durable is used as collateral is labeled as WDC. The transitional
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paths for some aggregate variables and welfare, when comparing economies WoD, WD and

WDC are displayed in Figure 2.4.

As previously discussed, the cut in tax on bond’s yield stimulates the increase in its

demand from savers, which results in a consistent drop of interest rate, once bond supply is

held fixed along the transition. However, the presence of durable goods significantly affects

the incentives for accumulation of new assets. As can be seen in Subfigure A, the borrowing

interest rate drops in all economies, however, the movement is stronger in the economy that

does not has durable goods. This is because in economy WoD government bond is the only

saving instrument available. At the same time, the abrupt drop of tax on yield leads to an

overshooting of lending interest rate in first period, as displayed in Subfigure B. Is worth to

note that the rise in lending interest rate is stronger in economies WD and WDC, because

the drop of the borrowing interest in WoD meaningfully offsets the effect of the decrease

in bond’s return tax. Durable holdings has a mild reduction in economy WDC and a more

relevant retraction in WD, as shows Subfigure C. In general, both in WD and WDC it

decreases monotonically, stabilizing at a level lower than what was observed in the initial

steady state. The role of durables in each of these economies is the main reason for this

pattern of behavior, since, as already discussed, when durable is not used as collateral it

can be more easily adjusted to offset negative budget shocks. Due to the adjustment costs,

durables takes more time to reach the new equilibrium level, specially in WD economy, where

its adjustment is deeper.

Finally, the evolution of the welfare in terms of consumption equivalent, shown in Subfig-

ure D, reflects the interaction of forces that works in distinct directions. On the one hand, the

drop of borrowing interest rate, which reduces debt service payments of poorer households,

and the increase of saving interest rate, what improves the budget of richer individuals. On

the other hand, the abrupt increase of income tax reduces directly the wage gains, which

harms specially the poorer and the middle income individuals. In general terms, the welfare

dynamics points that in a FTS reform the second effect is dominant for all economies under

analysis, which is also consistent with the behavior of aggregate consumption. Given this

outlook, there is some additional relevant remarks to be made. First, the presence of durables

accentuates the welfare drop, which becomes even sharper when durables must be used as

collateral. Second, for all economies the welfare dynamics presents higher losses in initial

periods of transition, which means that adaptation to the new tax schedule is more painful in

this timeframe, and then the negative pressures becomes softer. Third, even though welfare

losses becomes smaller along the time, which reflects the increase in leverage and the gradual

rise of saving interest rate, this recovery is not enough to offset the initial loss.

Domeij and Heathcoate (2004) reports the welfare effects of a FTS reform immediately
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Figure 2.4: Transition Path - FTS

Note: Represents the dynamics of prices, durables and welfare of economies WoD, WD, and WDC when the fiscal adjustment
that supports the reform is implemented through the increase of proportional tax over labor income.

after its implementation. On impact, there is a welfare drop of 3.0% in the economy with

endogenous labor supply, while in the same framework, but without earnings risk, they find

a drop of 2.1%. In Abraham and Carceles-Poveda (2010), which also reports transition paths

for welfare, there is an initial drop around 2.8%. In the simulations of this paper, the welfare

reduction on impact is 0.2% in WoD economy, 1.6% in WD and 3.8% in WDC, which is not

far from the findings of the works mentioned above. In addition to the rationale exposed on

previous section, where was shown that long run welfare outcomes depends on the flexibility

of credit constraint, here it also plays an important role on explaining the welfare dynamics

on impact. In the case of WoD economy, despite the fixed credit constraint, the larger

drop of borrowing interest rate reduces the debt service of poorer households, which helps

to explain its outperform in terms of welfare. When it comes to WD, which also has fixed

credit limits, the sizable reduction in durables position causes an important relief in terms

of non-durable consumption adjustment. In WDC economy, however, the need to reduce

the durable good position in order to soften the negative pressure of income drop, results in

an effective tightening of credit conditions, specially for the poorer ones. This is shown in

Panel A of Figure 2.5, which displays the durables changes (in levels) of low productivity

households in WDC economy, immediately after the reform. In large extent it explains the
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underperform in terms of welfare, that is, the reason why the outcome, on impact, is below

the numbers found in Domeij and Heathcoate (2004) and Abraham and Carceles-Poveda

(2010). It is worth to highlight that in Abraham and Carceles-Poveda (2010) the shock is

followed by a loosening in credit conditions, which helps to soften the impact on welfare.

Figure 2.5: Durable Changes of Low Productivity Households in WDC Economy

Note: zi represents i-th productivity level in the ordered set Z ≡ {z1, z2, ..., zN} .

Although endogenous, there is a key difference between the borrowing constraint of WDC

and that present in the economy built by Abraham and Carceles-Poveda (2010). In the first

the degree of access to credit market depends on household’s decision about how much

durables to hold in consumption bundle, while in the second, it depends on the incentives

to commit on trading contracts. The durable holdings and default decision are led by price

system, but not necessarily responds to a given input likewise. Due to this particular nature,

it may occur shocks that leads to a credit tightening in WDC while, on the other hand, loosen

the borrowing restriction of the other.

In quantitative terms, the welfare loss experienced by WD and WDC is significantly

larger when compared to WoD, which suggests that the presence of durables is a meaningful

drawback in design of a fiscal reform with the guidelines proposed in this paper.

Progressive Tax System Here, the objective is evaluate the tax reform in a Progressive

Tax System (PTS). The notation remains the same, but, as already exposed, we have two

sets of results. The first refers to a PTS reform funded by the increase in progressivity of

income tax and the second explores a reform funded by the increase of the average income

tax. Starting from the first, the transitional paths for some aggregate variables and welfare
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are displayed in Figure 2.6.

In general, when government balances its budget by increasing the progressivity of income

tax, the behavior of aggregate variables are close to what was observed when taxation were

flat and linear. For the reasons already exposed, we have persistent fall of the borrowing

interest rate until it reaches the equilibrium level of the new steady state, as can be seen in

Subfigure A, and the increase in lending interest rate, as shown in Subfigure B. Again, the

fiscal reform results in incentives to reduce durable positions in economies WD and WDC, as

can be seen in Subfigure C. This time, durable holdings experiences a relevant drop, even in

WDC economy, which indicates that households are more prone on reducing its stock. In a

PTS the household’s precautionary motives weakens after the reform, which helps to explains

the deeper adjustment in durables when compared to FTS. However, in WDC it still recedes

in a slower and less intense pace than what is observed in WD, suggesting that adjustment

costs is relevant for durables dynamics even in a PTS reform. The most significant difference

from the FTS reform exercise is the evolution of aggregate welfare, presented at Subfigure

D.

Figure 2.6: Transition Path - PTS - Increase in Progressivity

Note: Represents the dynamics of prices, durables and welfare of economies WoD, WD and WDC when the fiscal adjustment
that supports reform is implemented through the increase in progressivity of tax system.

Contrary to what happens in the FTS reform, in this exercise the aggregate welfare of
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economies WoD, WD and WDC increases in a hump-shaped pattern until it reaches a new

equilibrium around 40th period. Regarding to this dynamics, some remarks are worth of

noting.

First, the more intense welfare gains in the first periods coincides with the through of

borrowing interest rate path. It is followed by a modest loss of momentum, which is, how-

ever, insufficient to reverse the initial gains. Second, the main difference from results of FTS

reform is that under a PTS individuals with income level between low and medium are not

affected by the fiscal adjustment, but are benefited by the fall in borrowing interest rate. On

the other hand, a higher tax burden is levied on families who has higher productivity levels,

which usually also have larger stock of durables and bonds. In other words, the cost of the

reform has shifted to its greater beneficiaries. Thus, poorer individuals are asymmetrically

favored by reform and experiences a budget improvement that stimulates the increase of

their consumption. in its turn, wealthier individuals has to deal with downward consump-

tion pressures due to the rise in income tax and, therefore, reduces more intensely their

durable position. The welfare gains for all economies indicates that the first vector offsets

the second. Despite the pressure in consumption, the situation of high income families33

is softened by the increase in lending interest rate, since this group depends more on rev-

enues coming from bond’s earnings than labor income. Third, when the tax was linear, and

therefore affected all individuals equally, poor households of economy WDC were forced to

reduce durable goods holdings just after the reform announcement due to the sudden nega-

tive income shock. However, a PTS reform does not harms the budget of most vulnerable

individuals, which gives them the opportunity of keep, or eventually increase, their durables

stock in short term, since the acquisition of such kind of good ensures, indirectly, a broader

set of debt possibilities. Initially, this group is less sensitive to the incentives to portfolio

reallocation that emerges after the reduction of tax on bond’s yield. Furthermore, low inter-

est levels stimulates leveraging, what reinforces the motivation for increasing durables stock.

In light of this situation, the extra income earned from the reduction of interest payments

can be directed to the consumption of durables and non-durable goods, which in great ex-

tent explains the welfare gains. Fourth, with regard to the difference between the levels of

welfare in simulated economies, much of this can be attributed to the dynamics of demand

for durable goods in economies WD and WDC. The reselling costs of durables prevents a

more relevant reduction in the stock hold by richer households, which affects non-durable

consumption and restricts the evolution of welfare gains.

In Abraham and Carceles-Poveda (2010) a similar PTS reform results in welfare gains

of 1.3% immediately after its implementation. In the economy WoD there is an initial rise

33Which usually belong to the group with high wealth level.
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of 1.1%, in WD occurs a growth around 0.8% and WDC experiences an increase of 0.5%.

Despite some differences in the trajectory displayed on Figure 2.6 and the one reported by

Abraham and Carceles-Poveda (2010), in all economies the welfare outcome is a result of the

positive income shock. Under this PTS, individuals of WDC economy experience a loosen of

credit restriction in the first periods after the reform announcement, as can be seen on Panel

B of Figure 2.5. However, it fades off along transition, since the drop on bond’s return tax

stimulates a reduction of durable holdings and because of the weakening in the individual’s

precautionary motives. Once again, it seems that the stronger loosening in credit restriction

of poorer households of the economy simulated by Abraham and Carceles-Poveda (2010)

helps to explain the higher welfare gains, specially on impact.34

In summary, a PTS reform made through the increase in progressivity is a fiscal adjust-

ment that worsens the situation of a fraction of the population, but that, on the other hand,

benefits a greater number of individuals. The presence of durable goods, in an environment

where the taxation of income becomes more progressive, materially affects the composition

of the aggregate outcomes because it enables new possibilities of leverage, consumption and

savings.

Finally, is analyzed the reform in which the fiscal adjustment occurs through the ad-

justment of parameter λp, keeping the progressivity degree of the tax system unchanged.

The transitional paths for some aggregate variables and welfare, when comparing economies

WoD, WD and WDC are displayed on Figure 2.7.

From the standpoint of general dynamics, the behavior of aggregates is quite similar to

that presented in paragraphs above, that is, the reform induces a drop in borrowing interest

rate, as shown in Subfigure A, increase in lending interest rate, as can be seen in Subfigure

B and a reduction in durables stock of economies WD and WDC, as displayed in Subfigure

C. However, the development of aggregate welfare, which appears in Subfigure D, follows

a very different pattern from the previous PTS exercise and shares similarity in terms of

intensity with the outcomes seen in FTS reform.

As in FTS, the increase in average income tax brings down welfare in all economies.

However in this case the welfare drop is sharper than in FTS reform because the adjustment

in λp results in a relatively more pronounced increase in income tax for low and middle income

individuals. As can be seen in Figure 2.2, the labor income tax function is more concave

for lower levels of wage earnings. Therefore, the increase in average tax rate represents a

negative income shock stronger than that observed in FTS environment, which imposes on

individuals a more severe adjustment in consumption and labor supply. Once again, durable

34In Figure 5 of Abraham and Carceles-Poveda (2010) is shown that borrowing constraint of the two lowest
income groups experiences a sizable loosening.
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Figure 2.7: Transition Path - PTS - Increase in Average Rate

Note: Represents the dynamics of prices, durables and welfare of economies WoD, WD and WDC when the fiscal adjustment
that supports reform is implemented through the increase of the average tax rate, in a context of a progressive tax system.

position reallocation is slow and soft, specially in the case of WDC economy.

Complementing the analysis presented at the end of Subsection 2.5.1, where was shown

that the long-term impacts of this type of reform is negative to the welfare of economies WoD,

WD and WDC, the transitional dynamics. It shows that an environment where taxation of

income occurs progressively is not sufficient condition to ensure aggregate welfare gains for

such kind of reform.

2.6 Conclusion

This paper investigates the impact of a revenue-neutral tax reform in an environment

where households have preferences on the service flow of durable goods. The inclusion

of durable goods in the model had the objective of make the credit restriction faced by

individuals endogenous due to collateral requirements, as suggested by empirical evidence. I

found that the macroeconomic and welfare implications of a reform that eliminates the tax

on bond’s yield depends essentially on the presence of durables and on the fiscal adjustment

mechanism adopted to balance the government budget.
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Long run simulations shows that the existence of durables limits individuals who needs to

rebalance their asset portfolio. When durables are used as collateral, precautionary motive

prevents poorer households on reducing its holdings, once it determines their ability to access

the credit market. However, in short run, if the reform results in a negative income shock

this group have to temporarily give up of durables and leisure in order to absorb it, which

leads to a credit tightening. The fiscal mechanism design, in its turn, determines how the

reform cost is distributed throughout society and then, its desirability.

Short run outcomes points that achieving government budget balance by the increase of

a proportional and linear income tax is almost neutral in a standpoint of social welfare in

an economy without durables, while hardly will have the political support necessary for its

implementation when durables are considered. On the other hand, a reform that increases

the progressivity of the income tax results in significant welfare gains and has the social

support necessary for its enforcement, even with durables. This happens because the higher

share of reform’s weight is supported by the individuals who are most favored by it. Finally,

in an environment where the tax system is progressive, but the government fiscal balance is

achieved through the increase of the average income tax, the reform results in meaningful

social welfare losses whether or not the economy has durables.

With respect to the literature findings, in this paper the long run welfare consequences of

the reform are meaningfully worse than what is observed in Domeij and Heathcoate (2004),

but better than the numbers reported by Abraham and Carceles-Poveda (2010). In short

run, that is, immediately after the reform, the need of reducing the durable good position in

order to soften the negative pressure of income drop, results in an effective tightening of credit

conditions, specially for poorer ones. This explains the underperform in terms of welfare,

when compared to Domeij and Heathcoate (2004) and Abraham and Carceles-Poveda (2010).

This paper’s results highlights the importance of taking into account the presence of

durables when assessing the design and outcomes of a neutral reform that eliminates bond’s

return tax. Disregard the presence of durable goods results in misleading quantitative con-

clusions for short and long run behavior of macroeconomic aggregates and welfare.
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Appendix

A. Steady State

To solve the model, it was used a method that combines endogenous grid points with value

function iteration and bisection root finding. This method was adapted to the case of two

endogenous state variables (bonds and durable goods) and follows the approach presented in

Guerrieri and Lorenzoni (2011). The algorithm to solve the model is divided in eight steps,

as follows,

1. Given a set of parameters (α, β, δ, φk, γ, ψ, σ, ζ, v), make an initial guess for interest

rate r and for the derivative of value function in relation to the state variables (b, k),

that is, Vb (b′, k′, z) ≡ E [Vb (b′, k′, z′) | z] and Vk (b′, k′, z) ≡ E [Vk (b′, k′, z′) | z];

2. Given the durable good and the bond discrete grids, {k0, k1, ....km} and {b0, b1, ....bs},
respectively, we need to find the pairs (b′, k′) that are optimal for some state (b, k, z).

For this purpose, let k and k′ vary independently in {k0, k1, ....km} and z in {z1, ..., zn}.
For each triple (k, k′, z) we have three possibilities: (i) k′ > k, (ii) k′ < k and k′ = k.

For each case the optimal b′ is found and, therefore, we have a set of candidates for

optimal (b′, k′);

3. After that, find the Lagrange multipliers (µ, λ) related to the restrictions of household’s

optimization problem, as stated in Equations 2.7, 2.8 and 2.5. For each triple (k, k′, z)

and the optimal b′ found in step 2, we have the consistent set of (µ, λ). Once again,

there are three possibilities, as in the previous step;

4. The next step consists in derive the control variables (c, h) and the initial state b.

For each vector (k, k′, z, b′, µ, λ) derived in steps 2 and 3, (c, h, b) are found through

the first order conditions of household’s problem, Uc (c, k, h) = λ and Uc (c, k, h) =

−zλ (1− τw), and by using the borrowing constraint,

b = 1
(1+r(1−τr)) [c+ b′ + I{k′>k} (k′ − k + δk) +

(
1− I{k′>k}

)
((1− ζ) (k′ − k) + δk)

−zh (1− τw)− I{z=0}v]

5. Using the information of previous step, we obtain the policy functions gc (�), gh (�),

gb (�) and gk (�);
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6. For each combination of (k, k′, z, b, b′, µ, λ, c, h) derived in the previous step, we find

update values for V
′

b and V
′

k. This is made using the envelope conditions V
′

b (b, k, z) = λ

and V
′

k (b′, k′, z) = Uk (c, k, h)− δλ+ βVk (b, k, z) + φkµ;

7. Check if |V′

b − Vb| < εb and |V′

k − Vk| < εk for a given pair of convergence control

parameters in the strictly positive vector (εb, εk). If it does not holds, repeat the steps

2-6 until convergence;

8. With the Markov Chain transition matrix P and the asset policy functions (gb (�) , gk (�))

is obtained the joint distribution of households Ψ and then the aggregate variables.

Define r′ = f
(
Bd,B

)
and after that check if condition |r′ − r| < εr holds for a cho-

sen strictly positive control parameter εr. If it does not, repeat the steps 2-8 until

convergence is reached.

B. Transition Dynamics

For the transition between steady states, a similar procedure was applied, but now fol-

lowing a backward induction approach. Given a time length for convergence T , a set of value

functions in the final steady state, VT
b (b, k, z) and VT

k (b, k, z), and the transition path for the

tax on yield’s return {τr}Tt=1, we guess an initial path for interest rate {rt}Tt=1, assuming that

rT is the r observed in the final steady state. Starting from period T , calculate the optimal

set of durables and bonds, the Lagrange multipliers, control variables, policy functions and

the derivatives of value functions in T −1, VT−1
b (b, k, z) and VT−1

k (b, k, z), according to steps

2-6 presented in Appendix A. After that, aggregates are obtained following step 8 and the ex-

cess of bond’s demand function is accounted as Et = Bd
t –B. The same procedure is repeated

until t = 1. After that the interest rate series is updated r′t = f(Et), ∀t ∈ {1, . . . , T − 1}
and the previous steps are repeated until ||R′–R|| < ξ, where R ≡ {rt}Tt=1 and R′ ≡ {r′t}

T
t=1,

given a strictly positive control parameter ξ.
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Chapter 3

On the Welfare and Inequality Effects

of Public Sector Deleveraging

This chapter studies the impact of an unexpected government debt reduction on social

welfare and wealth distribution. In an incomplete markets economy where households are

subjected to uninsurable earnings shocks, calibrated to replicate the main features of U.S.

income distribution, I find that the short term effect of a public sector deleveraging depends

fundamentally on the mechanism used to balance government budget immediately after

the policy change. In short term, when government reduces the debt-to-GDP ratio and

simultaneously increases taxes, occurs a welfare drop. However, inequality decreases due

to the strengthening of household’s precaurionary behavior. On the other hand, when debt

reduction is followed by a cut in public discretionary spending, welfare increases. As a side-

effect, in this case, the wealth distribution deteriorates. In the long run, welfare variation and

the wealth Gini index becomes decreasing functions of the debt-to-GDP ratio, regardless of

government budget adjustment mechanism, which means that public deleveraging enhances

welfare but does not improves wealth distribution.

3.1 Introduction

Does a reduction in public debt decreases wealth inequality? What is its impact on

welfare? In economies where individuals must self-ensure against adverse shocks, public

debt is a liquidity source that enables them to face unexpected income volatility without

being trapped in a poverty cycle. On the other hand, government debt is also a wealth

transfer instrument, once it affects market prices. Besides, it is also a transfer mechanism

because all individuals are taxed but only savers are rewarded by holding public liabilities.

It is not clear, at first, which of these effects is dominant or if they reinforces each other.
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In the aftermath of 2007/8 global financial crisis many countries, including U.S., engaged

in large scale fiscal programs. Despite the recent reduction of public deficit, such policy led

to a sharp increase of government debt-to-GDP ratio, as displayed on Panel A of Figure 3.1,

that illustrates the U.S. case. At the same time, wealth inequality indicators experienced

an unparalleled deterioration, as also shown in Panel A, and the share of fixed income bond

stock owned by the top 0.01% wealth group almost doubled in the same period, as displayed

in Panel B. Given this background and the need of pursuing a sustainable path for public

debt, this paper is investigates how the deleveraging of public sector affects household’s

welfare and wealth distribution in a Bewley-Hugget-Aiyagari environment.

Figure 3.1: Public Debt, Wealth Concentration and Wealth Composition

Source: U.S. Treasury Department and Saez and Zucman (2014).

I study the deleveraging of public sector in a general equilibrium model with incom-

plete markets, heterogeneous households, production and government debt. This structure

was chosen for two reasons. First, since Barro (1974), in a frictionless representative agent

framework Ricardian equivalence holds and the level of government debt is neutral to allo-

cations and prices, once any change in government borrowing will be completely offset by

agent’s savings decision. Second, because this is the main economic model used to assess

distributional and welfare issues derived from policy changes.

The goal of this paper is provide a quantitative assessment of the impact of an unexpected

reduction of government debt on social welfare and wealth distribution, focused in its short

run response. As we are interested in the welfare response to different debt reduction policies,

two distinct situations are considered. In the first, the adjustment of government accounts

is made through taxes. Secondly, the balance is achieved by adjusting public spending,

which is assumed to be wasted since it does not enhances the utility of households nor the

productivity of firms. Unlike Aiyagari and McGrattan (1998), who evaluate the effects of
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public debt on welfare in long run, that is, between steady states, in this paper the focus

is the transitional dynamics. This approach was chosen because even a public policy that

has a positive return in the long run may not have the support needed to its enforcement in

short run. For this reason, our welfare and inequality results refer to endogenous reaction to

the policy change immediately after its implementation, in a transition simulation.

The rationale of my results goes as follows: In the short run, if taxes increase, the

reduction in the stock of public debt represents an indirect tightening in credit conditions.

In this case household’s precautionary motives become stronger, which leads to an increase in

savings, especially for those who are closer to the credit restriction. As a result, the inequality

decreases. However, as a side-effect of this policy, occurs a welfare drop that increases

with the extension of public sector deleveraging. On the other hand, when government

cut expenditures there is a small loosening in credit conditions, which, in turn, weakens

precautionary motives, specially of indebted individuals. As a result there is a deterioration

in wealth distribution and an increase in welfare.

In terms of macroeconomic aggregate dynamics, I found that there are relevant general

equilibrium effects operating through price system. This effect is the dominant force when

government budget is adjusted via expenditure cuts. Here, household indebtedness increases

continually until the new steady state is reached. When the balance of public budget is

achieved through rising taxes, the main driver is the wealth effect that works through the

impact on household’s budget. In this case, households goes through a deleveraging process

in first periods after the policy change.

Regarding to welfare and inequality outcomes, on impact, when government reduces

the debt-to-GDP ratio and simultaneously increases the tax, there is a decrease in welfare.

Furthermore, a policy that reduces the debt-to-GDP ratio from 0.75 to 0 results in a welfare

loss of nearly 10%. On the other hand, the same policy results in an improvement of 5%

of wealth Gini Index. When government reduces the debt-to-GDP ratio and simultaneously

cuts its discretionary spending, welfare rises proportionally to the amount of debt reduced. A

policy that decreases debt-to-GDP ratio from 0.75 to 0 results in welfare gains of nearly 7%.

In the opposite direction, the inequality rises by 9%. I also find that the major contribution

for welfare variation in short run comes from behavioral motives represented by changes

on household’s policy functions, while distributive issues plays a secondary role. In long

run, the welfare variation and the wealth Gini index becomes decreasing functions of the

debt-to-GDP ratio, regardless of government budget adjustment mechanism. In this case,

reducing debt-to-GDP ratio from 0.75 to 0 results on welfare gains of 0.4% and 0.7%, for

tax and spending adjustment, respectively. In its turn, the inequality indicator rises 6% and

11%, respectively. On the other hand, an increase in debt-to-GDP ratio from 0.75 to 1.50,
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leads to welfare loss of 0.8% and 0.4%, for tax and spending adjustment, respectively, while

inequality decreases 12% and 8%, respectively. I found that in short run, the tightening in

liquidity conditions is the main driver of welfare and inequality response, while in long run,

the price dynamics is the main determinant.

In an approach based on tax records the survey conducted by Saez and Zucman (2014)

shows that the share of wealth owned by the top 1% families has regularly grown since the

late 1970s and reached 24% in 2012. As shown in Panel A of Figure 3.1, most of this increase

was driven by the top 0.1% group, whose wealth share has grown from 7% of in 1978 to 22%

in 2012. It is important to highlight that a relevant part of this movement occurred since

2006, period where the wealth share of the richest group was around 14%. An important

part of this behavior is explained by the increase in participation of fixed income bonds in

the wealth of top 0.01% group, as can be seen in Panel B of Figure 3.1. Between 2002 to

2012 the bond’s share increased from 1.9% to 5.4%, while equities rose from 3.3% to 4.5%.

As something that can be seen as a consensus among professional researchers, the period

from 2007 on was characterized by a strong credit crunch and its consequences.1 Public

policies that followed in this period can be seen as compensation policies that, arguably,

are intimately linked to the deterioration of wealth distribution as argues Rajan (2010),

Azzimonti et al. (2014) and Kumhof et al. (2015). In short, data pattern and the recent and

growing literature on this topic suggests that there is a positive relation between public debt

and inequality. Although the exercises performed in this paper were not intended to replicate

the fiscal policy implemented by U.S. government in a specific period, I found that when

public deleveraging is followed by increasing taxes, the short run response of the economy

is consistent with the positive relation between debt and inequality conjectured through the

analysis of empirical data. However, in the long run, the model points that wealth inequality

decreases as public debt-to-GDP ratio increases, which contradicts that proposition.

The remainder of this work is structured as follows: Section 3.2 presents a brief discussion

about related literature, Section 3.3 presents the economic environment, model structure and

calibration issues, Section 3.4 deals with the theoretical impact of a public sector delever-

aging, Section 3.5 presents an analysis of the results and finally, Section 3.6 resumes with

conclusions.

1For more on this topic, please refer to Hall (2011), Eggertson and Krugman (2012) and Guerrieri and
Lorenzoni (2015).
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3.2 Related Literature

This section contains a brief revision of the literature that studies public debt as a liq-

uidity source and a discussion of the studies that evaluates the impacts of government debt

on welfare and inequality. Our model relies on the literature which studies fiscal policy in

a production economy. In large extent, it shares common features with the environment

developed in Aiyagari (1995), Aiyagari and McGrattan (1998), Floden (2001), Heathcoate

(2005), Conesa et al. (2009) and Challe and Ragot (2010) who studies economies with hetero-

geneous agents, idiosyncratic shocks, government, borrowing constraints and also performs

policy evaluation studies.

Regarding to the strand of literature that evaluates the role of public debt on relaxing

households borrowing constraints, this paper is close to Woodford (1990), Aiyagari and Mc-

Grattan (1998), Holmstrom and Tirole (1998) and recently by Azzimonti et al. (2014) and

Rohrs and Winter (2015). As in this paper, when individuals faces idiosyncratic risks they

benefit from public debt because it provides an additional instrument to smooth consump-

tion. The role of government debt is to partially complete the asset markets and crowd out

private capital, which is inefficiently high due to precautionary savings.

In this paper, the focus is the uncollateralized household credit, in the same spirit of

Woodford (1990), Aiyagari and McGrattan (1998) and Floden (2001). This formulation was

chosen because, as argues Fernandez-Villaverde and Krueger (2010), households typically use

durables in order to collateralize their loans instead of government bonds. This paper differs

from Aiyagari and McGrattan (1998) since in these authors borrowing is not possible and

debt limit is ad-hoc imposed to be zero. In this paper the borrowing constraint is calibrated

to match features of U.S. households liabilities. On this topic, Rohrs and Winter (2015)

argues that government debt is less effective in providing liquidity if borrowing constraints

reacts endogenously to changes in the debt-to-GDP ratio. In this paper borrowing constraint

is fixed for computational reasons, since our focus is in the transition dynamics that emerges

after public policy change, while Rohrs and Winter (2015) analyzes only the steady state

response. As in this paper, non-Ricardian models cited above has also been used to analyze

the aggregate and welfare effects of public debt.

In terms of the relation between public debt and inequality there is a relatively short,

but growing literature that became more expressive after 2007/8 Great Recession. In this

context, I highlight the work of Rajan (2010), Bordo and Meissner (2012), Bertrand and

Morse (2013), Azzimonti et al. (2014) and Kumhof et al. (2015). In general, Rajan (2010)

and Kumhof et al. (2015) points the income inequality as the long-run determinant of lever-

age and financial fragility which culminated in the Great Recession. From their perspective,
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government debt was the instrument used to provide income transfers that created conditions

to support private leverage increase. They suggest that sizable increases in borrowing were

used by the poor and the middle class individuals to maintain or increase their level of con-

sumption at times when real earnings were stalled. This vision were supported by Bertrand

and Morse (2013), who studying patterns of spending across American states between 1980

and 2008 argues that a rise in the level of consumption of rich households leads to more

spending by the non-rich, which in an environment of stalled earnings can be made only

through the increase of indebtedness. Azzimonti et al. (2014) argues that income inequality

is associated with the perception of increasing uninsurable risks, which in turn increases the

demand for safe assets. These authors argues that in the recent past this demand coincided

with a period of financial globalization that allowed many governments to increase its debt

paying low interest rates.

In the opposite direction, Bordo and Meissner (2012) studied 14 advanced countries from

1920 to 2008 in order to test the hypothesis that inequality causes credit expansion. They find

a strong relationship between credit booms and financial crises, a result well documented by

economic literature, but no consistent link between income concentration and credit booms.

In fact, these authors states that occasionally credit booms seem to drive inequality rather

than the opposite. The approach of this paper is close to the analysis provided by Bordo

and Meissner (2012), in a sense that the behavior of inequality is seen as a consequence of

changing public debt.

3.3 The Economic Environment

The model was built on the standard framework developed by Bewley-Hugget-Aiyagari.2

Consider a discrete time economy where there is a continuum of infinitely-lived unit mass

individuals, that faces idiosyncratic risk and are represented by i ∈ I = [0, 1], a profit

maximizing representative firm, that produces the non-durable consumption good, and a

government that issues bonds and tax households.

Households Individuals have identical additively time separable preferences over sequences

of consumption and leisure plans denoted by,

U (ci, li) = E0

∞∑
t=0

βtu (ci,t, li,t) , (3.1)

2See Heathcote et al. (2009) for a recent survey on this topic.
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where ci ≡ {ci,t}∞t=0, with ci,t ≥ 0 and li ≡ {li,t}∞t=0, with li,t = 1 − hi,t, represents con-

sumption of non-durable good and leisure flows of individual i. The period utility function

u : R2
+ → R is a C 2 function assumed to be strictly increasing, strictly concave and con-

tinuously differentiable, with lim
c→0

u′ (c, ·) = ∞, lim
c→∞

u′ (c, ·) = 0 and lim
l→0

u′ (·, l) = ∞. Each

period, individuals receive one unit of time as endowment, which is allocated between leisure

and working hours, represented by hi,t. Once more, β ∈ (0, 1) is the subjective time discount

factor and the operator E0 denotes the expectation conditional on the information available

at date t = 0.

The inhabitants of this economy are subjected to an uninsurable idiosyncratic risk,

which is represented by a stochastic process that determines their level of productivity zi,t.

It is assumed that this process is independent and identically distributed across house-

holds and that it follows a finite state Markov Chain with transition probabilities given

by P (z′, z) = Prob{zt+1 = z′|zt = z}. The space of productivity levels is represented by

Z ≡ {z1, z2, ..., zN}, where the first productivity state z1 is set to be 0, and denotes a

situation where individual is out of labor market.

There are no insurance markets for the idiosyncratic shock. Hence, markets are incom-

plete in the sense that the only source of insurance against future productivity risk is wealth

accumulation through the risk-free asset, namely, capital and government debt. Households

also responds to shocks rising working hours or increasing debt. In this economy, assets are

claims on physical capital or government bonds which pays a riskless interest rate r. In

particular, a household choose next period asset savings, at+1, subject to a debt limit φ ≥ 0,

i.e., at+1 ≥ −φ. Agents are constrained in their debt and φ is a liquidity restriction. When

φ > 0 the household is allowed to become indebted, which can be understood as a situation

were it issues bonds to other households.3 Its assumed that individuals can not default on

their financial liabilities. In this framework agents must self-insure to smooth consumption.

As a consequence, a precautionary motive for savings arises. I assume a competitive closed

economy, so interest rt and wage rate, denoted by wt, clears the market for assets and labor,

respectively. We abstract from aggregate risk, which implies that claims to physical capital

and government bonds are perfect substitutes and thus yield the same return. Each period,

households can trade or borrow assets, where ai,t represents the beginning of period indi-

vidual holdings. Agents can save or borrow at the same market interest rate, denoted by

rt.

The government charges all individual equally with a lump-sum tax, denoted by τt ≥ 0

and provides an unemployment assistance denoted by vt > 0 on date t. Therefore the

3Borrowing by households can be interpreted as bonds that are issued to other individuals (IOU’s) or to
the government.
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effective lump-sum tax τ̃i,t is defined as,

τ̃i,t (zi,t) =

τt, if zi,t > 0

τt − vt, if zi,t = 0
(3.2)

Households can use their net after-tax income to purchase consumption goods or to buy

additional units of assets. Finally, the household budget constraint is expressed as,

ci,t + ai,t+1 = wtzi,thi,t + (1 + rt) ai,t − τ̃i,t (zi,t) (3.3)

Production Technology On the supply side, there is a continuum of identical firms which

have access to a constant return to scale technology. Firms are assumed to be perfectly

competitive and combines capital and effective labor to produce units of the non-durable

consumption good Yt ∈ R+. In practical terms, the assumptions for the production side

allows firm’s optimization problem to be expressed in terms of a representative firm, without

loss of generality. The production technology is represented by the neoclassical function,

Yt = ΛF (Kt, Ht) (3.4)

where Λ is the total factor productivity parameter, which is assumed to be constant.

The production function F : R2
+ → R+ is assumed to be continuously differentiable, in

the interior of its domain, strictly increasing, strictly concave in Kt , that represents the

aggregate capital stock and homogeneous of degree one in Kt. Ht ∈ (0, 1) is the efficient

labor units employed on the production process. Every period capital depreciates at constant

rate δ ∈ (0, 1). Each period, this firm rents capital and labor in order to maximize its profits.

Without loss of generality the intertemporal problem of the firms can be resumed to a static

economic problem. Therefore, without uncertainty and taking factor prices as given, the

solution of this problem is synthesized by the following first order conditions:

wt = ΛFH (Kt, Ht) (3.5)

rt = ΛFK (Kt, Ht)− δ (3.6)

Government The government runs every period a balanced budget and every fiscal vari-

able is defined in per-capita terms. It collects lump-sum taxes, τt ≥ 0, in order to finance an

exogenous flow of discretionary consumption Gt ≥ 0 and runs an income assistance program,

denoted by vt, which is designed to support individuals out of labor market (zi,t = 0). The
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real government expenditures is a wasted resource in a sense that it does not enhances either

the utility of households nor the productivity of representative firm. There is no aggregate

uncertainty related to government spending. Every period government also issues one period

bonds, which is sold by a unity price and pays the riskless interest rate rt for its holders, the

same return of capital claims issued by firms.4 The aggregate stock of one period bonds, de-

noted by Bt ≥ 0, is also exogenously determined. Finally, the government budget constraint

is given by,

Gt + vtu+ (1 + rt) Bt = τt + Bt+1 (3.7)

where u = Pr (zi,t = 0) is the fraction of population out of labor market.

3.3.1 Equilibrium Definition

The individual’s problem in its recursive formulation given an initial level of assets a0,

can be stated as follows:

V (z, a) = max
{c,h,a′}

{
u(c, 1− h) + β

∑
z′∈Z

Pzz′V (z′, a′)

}
(3.8)

s.t. : c+ a′ + τ = wzh+ (1 + r) a+ I{z=0}v (3.9)

c ≥ 0, h ∈ [0, 1] a′ ≥ −φ (3.10)

where I {.} is an indicator function that takes 1 if z = 0 and 0 otherwise and V (z, a)

is the value function of a household with productivity level z and current asset holdings a.

The model is solved numerically through Euler function iteration and endogenous gridpoint

interpolation following Carroll (2006), as discussed in details in Appendix A. An individual

is denoted by the pair (z, a), which is also called state. Let Ψ be the distribution of agents

over states and ā be the maximum asset holdings in the economy, assuming that this upper

bound exists. Defining the compact set A = [−a, ā] and using the set of productivity states

Z, let state space S be the cartesian product Z × A. Let the σ-algebra ΣS be defined as

BA ⊗M (Z), where BA is the Borel σ-algebra on A and M(Z) is the power set of Z. The

space (S,ΣS) is a mensurable space. Let S = Z ×A be the typical subset of ΣS.

The transition function characterizes how individuals transit across states. The function

Q ((z, a) ,Z ×A) is defined as the probability that an individual with current state(z, a),

4The return equalization between assets emerges as a property of equilibrium. It is not just an assumption
about public debt policy
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moves to any point in the space S on the next period. Formally this function is stated as

Q : S × ΣS → [0, 1], with,

Q ((z, a) ,Z ×A) = I{ga(z,a)∈A}
∑
z′∈Z

p(z′, z), (3.11)

where I{.} is an indicator function, which takes 1 if its argument is true and 0 otherwise,

and ga (z, a) is the optimal saving policy. ThenQ is the transition function and the associated

next period state distribution is given by,

Ψ (Z ×A) =

∫
Z×A
Q ((z, a) ,Z ×A) Ψ (dz, da) (3.12)

Definition. Given a Markov Chain (P,Z), the exogenous credit limit φ and an initial

savings level a0, a stationary recursive competitive equilibrium in this economy is a set of

time invariant decision rules denoted by the functions {V, ga, gc, gh}, with V : S → R as a

value function and ga : S → R, gc : S → R+ and gh : S → [0, 1] as saving, consumption and

labor policy functions, a government policy {G,B, τ, v}, a measure of households Ψ∗ and a

vector of prices {w, r} such that:

1. Given the pair of prices {w, r} and the government policy {G,B, τ, v}, the policy func-

tions {ga, gc, gh} solves the household decision problem, as stated in equations (3.8),

(3.9) and (3.10) such that V is the associated value function;

2. Factor prices satisfy the optimality conditions of the firm’s problem r = ΛFK(K,H)−δ
and w = ΛFH(K,H);

3. Labor supply and asset demand is obtained aggregating over households:
∫
Z×A zgh (z, a) dΨ∗

and
∫
Z×A ga (z, a) dΨ∗;

4. The government budget is balanced: G+ vu+ rB = τ ;

5. Labor market clears, H =
∫
Z×A zgh (z, a) dΨ∗, asset market clears,

∫
Z×A ga (z, a) dΨ∗ =

A = B + K, and, by Walras’ law, good market also clears,
∫
Z×A gc (z, a) dΨ∗ + K ′ +

G = ΛF (K,H) + (1− δ)K. The aggregate resource constraint of the economy is

automatically satisfied;

6. For all (Z ×A) ∈ ΣS, the invariant probability measure satisfies, Ψ∗ (Z ×A) =∫
Z×AQ ((z, a) ,Z ×A) Ψ∗ (dz, da).

98



3.3.2 Calibration

The model is calibrated in order to be consistent with the long run features of U.S. income

distribution and also to match specific targets of the initial steady state. In general, it was

considered standard parameters values used in the literature in order to avoid results biased

by a specific calibration. A brief summary, with description of the parameters, its targets

and/or the sources of calibration is presented on Table 3.1.

Time is discrete, measured in quarters. The households has CRRA type preferences,

given by,

u (c, h) =
c1−σ

1− σ
+ γ

(1− h)1−ψ

1− ψ
(3.13)

where σ is the intertemporal elasticity of substitution, the parameter ψ is the curvature

of utility from leisure, inversely related to the Frisch elasticity of labor supply, and γ is the

coefficient of leisure in utility. The coefficient of relative risk aversion parameter σ is set to

be equal 4, a value that is commonly used in literature. The parameter ψ was calibrated

so that the average Frisch elasticity of labor supply is 1. The parameter γ was calibrated

so that the average worked hours for employed workers are 40% of their time endowment,

according to Nekarda and Ramey (2013) and Guerrieri and Lorenzoni (2015). The target

for the intertemporal discount factor, β, is a yearly interest rate of 2.5%, which roughly

represents the average of real Fed Funds rate over the last 50 years. Providing that the

model does not consider mortgage debt, the initial steady state debt limit, φ, is calibrated

aiming a net debt-to-GDP ratio of 18%, which corresponds to the consumer credit-to-GDP

ratio, excluding housing, reported in the Flow of Funds.5

The labor productivity shocks are calibrated to replicate the typical dynamics of indi-

vidual earnings in U.S. economy. It was considered that the logarithm of labor productivity

shocks, z, is approximated by a stationary AR(1) process as follows,

zi,t = ρzzi,t−1 + θi,t, with θi,t ∼ N
(
0, σ2

θ

)
where the parameter ρz measures the persistence of productivity shock zi,t, with V ar(z) =

σ2
θ

1−ρ2z
, given that |ρz| < 1. Estimates for ρz varies in a range between 0.90 and 0.99, in

annual terms. This paper follows the results found in Floden and Linde (2001), which

estimates ρz = 0.977 and σ2
θ = 0.012, in quarterly terms, using data from PSID.6 This

continuous income stochastic process is discretized using Rouwenhorst (1995) methodology.

5A report compiled and published by the Federal Reserve Bank.
6For U.S. economy, Floden and Linde (2001) reports in Table IV ρz = 0.914 and σ2

θ = 0.043 in annual
terms.
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It is assumed that there are 8 different productivity states for individuals, including the

status z1 = 0.

In the supply side, the production function is Cobb Douglas, F (K,H) = ΛKaH1−α. The

capital share on aggregate income, α, was chosen to match the value observed in NIPA7

and the total productivity factor, Λ, was normalized to 1. The depreciation rate was chosen

using annual data of U.S. capital stock and investment. The implied average depreciation

rate, δ, in the data is about 8% per year, which is also consistent with an investment to

GDP ratio of 25%. In quarterly terms we have 2.1%.

Table 3.1: Summary of Parameters and Calibration Targets

Parameter Description Value Target/Source

β Discount factor 0.981 Historical U.S. data, target r = 0.625%

σ Coefficient of relative risk aversion 4.000 General Literature

ψ Curvature of utility form leisure 1.933 Average Frisch elasticity =1

γ Coefficient in leisure on utility 11.389 Avg. hours worked = 0.4

φ Credit Constraint 11.124 Liquid asset-to-GDP ratio of 0.18

α Capital share 0.36 U.S. data, NIPA

δ Depreciation rate 0.021 U.S. data, NIPA, I
GDP

= 0.25

Λ Total Factor Productivity 1.000 Normalization

ρz Persistence of productivity shock 0.977 Floden and Linde (2001)

σ2
θ Variance of productivity shock 0.012 Floden and Linde (2001)

G Government Spending 0.321 U.S. data, NIPA, G
GDP

= 0.21

B1 Government Debt Stock (before the shock) 4.093 Domestic Debt to GDP ratio of 0.75

B2 Government Debt Stock (after the shock) 2.098 Domestic Debt to GDP ratio of 0.35

v Unemployment Benefit 0.171 40% of labor income

Note: This table presents a summary of parameter values and calibration targets for the baseline exercise. Time is discrete
and measured in quarters.

Regarding fiscal policy, government consumption was calibrated to match the average

of government purchases-to-GDP ratio since 1970, which is around 21% according to NIPA

accounts. The aggregate bond supply B was chosen to replicate the U.S. domestic federal

debt-to-GDP ratio in 2014, that is around 75%.8 In the baseline simulation performed on

Section 3.5, it was considered that federal debt-to-GDP ratio returns to 35%, the average

7U.S. National Income and Product Accounts.
8The total outstanding debt to GDP in 2014 was around 95%. The difference from the calibration target

used in this paper is due to government bonds held abroad. Including it in the model would distorts the
calibration of capital stock. Disregarding them also has a cost, since we are ignoring the interest payments
on these bonds in the government’s budget constraint. As suggested by Gomes et al. (2013), it could
be interpreted as an additional exogenous source of government expenditures. However, providing that it
corresponds to a small share of GDP, it do not represents a substantial impact in calibration strategy and
therefore was ignored.
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between 1970 and 2007. After this period, it was observed a noticeable increase in public

debt as a response to the financial crisis, as can be seen in Figure 3.1. For the unemployment

benefit parameter I follow Shimer (2005) and Guerrieri and Lorenzoni (2015), and set it as

40% of average labor income. The transition between employment and unemployment was

also estimated by Shimer (2005), which used CPS data.9 Taking into account that time is

measured in quarters, I chose the same parameters used in Guerrieri and Lorenzoni (2015),

that is, the probability of become unemployed given that the individual is employed is given

by Πue = Prob(x′ = u|x = e) = 0.057 , and the probability of become employed starting

from an unemployment status is given by Πeu = Prob(x′ = e|x = u) = 0.882 . Along the

transition to the steady state where B1 decreases to B2, the same preference parameters are

used. In each period the government spending (Gt) or the lump-sum tax (τt), depending

on the simulation, as will be discussed later, is adjusted to keep the government budget

constraint balanced.

3.4 The Theoretical Impact

In this section is discussed the theoretical steady state outcomes of deleveraging in public

sector, following classical work of Woodford (1990), Aiyagari and McGrattan (1998) and

Holmstrom and Tirole (1998). In this sense, the use of lump-sum tax plays an important

role, since under this assumption public debt directly affects the liquidity constraint faced

by households. To explore this point, substitute the steady state version of equation (3.7)

in (3.9), for i ∈ I, to obtain,

ci + a
′

i +G+ rB + vu = wzihi + (1 + r) ai + I{z=0}v

Subtracting B from both sides, defining ȧ ≡ a−B and rearranging the previous equation,

we have,

ci + ȧ′i = wzihi + (1 + r) ȧi −G− vu+ I{z=0}v (3.14)

Applying the same transformation to individual borrowing constraint, a′ ≥ −φ, we ob-

tain,

ȧ′i ≥ − (φ+ B) (3.15)

From this equation, it can be seen that changes in government debt stock also affects

9Refers to the Current Population Survey, a survey sponsored by the U.S. Bureau of Labor Statistics and
Census Bureau on employment and labor force participation.
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the individual liquidity constraint.10 Therefore, a policy of public deleveraging corresponds

to an indirect credit tightening, forcing households to deleveraging also. As will be seen in

Section 3.5, this mechanism is the main driver of distributional and welfare outcomes of such

policy, when lump-sum tax is used to balance government budget. Solving the household’s

problem subjected to restrictions imposed by equations (3.14) and (3.15) is obtained the

asset decision rule ȧ′ = ġa (z, ȧ; r,G,B), which after aggregating by the joint distribution of

assets and productivity shocks Ψ, becomes
∫
Z×A ġa (z, ȧ; r,G,B) dΨ = Ȧ (r;G,B), a function

that represents the asset demand net from government bonds. The steady state equilibrium

condition in the asset market is now given by Ȧ (r∗;G,B) = κ (r∗), where κ (·) represents

the asset supply function and r∗ is the equilibrium interest rate.

Figure 3.2: Steady State Impact of a Government Debt Reduction

Note: Comparative static of reducing government debt from B1 to B2.

Besides its impact on liquidity constraint, the level of public debt also determines the

household asset holdings. A reduction in the stock of government debt implies that an

individual has less access to credit markets and therefore needs to hold a larger amount of

assets in order to smooth consumption. Therefore, Ȧ (·) is a negative function of B, which

means that when B decreases asset stock rises and interest rate drops.

The diagram shown in Figure 3.2 illustrates how a policy of government debt reduction

determines steady state equilibrium prices and asset holdings. As in a standard Aiyagari

10The problem that considers the modified household’s budget restriction is equivalent to the original one.
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economy, the aggregate demand for assets is an increasing function of r and it tends to

infinity as the return rate approaches to the time preference rate 1
β
− 1, because the perfect

consumption smoothing is only possible with infinity asset holdings.11 In its turn, the curve

κ (·) is a negative function of r and tends infinity as the return rate approaches to the

negative of depreciation rate δ. Finally, the dashed line labeled as Ȧ′ (r; ·) denotes the asset

demand function after an exogenous decrease in B. The equilibrium asset level and the rate

of return obtained on different combinations of bond supply are represented on points E1

and E2, which denotes the initial and the final steady, respectively.

Everything else constant, a reduction in government debt from B1 to B2 leads to an

important shift on asset demand motivated by a strengthening of the precautionary motive,

once under lump-sum taxes occurs an effective tightening in liquidity conditions. The result

of this exogenous change is straightforward, in a sense that it reduces the return rate and

increases aggregate asset holdings. Underlying, there is a non-trivial change in aggregate

asset composition, once capital stock rises, stimulated by lower interest rate and government

debt decreasing. On the other hand, when government spending is reduced, for a given

level of public debt, occurs an effective improvement in household’s budget conditions, as

can be seen in equation (3.14), which reduces their precautionary motives. At first, the

effect of a simultaneous reduction in government debt and a cut in government spending

is undetermined. In terms of aggregate asset composition, a policy of public expenditure

decrease corresponds to a reduction of crowding out implied by public sector, which leads to

an increase in the private capital share.

3.5 Quantitative Results

3.5.1 Policy Experiment

The policy experiment proposed in this paper is intended to evaluate the behavior of

economy described in the previous sections in face of a deleveraging in public sector, which

is defined as an exogenous and unexpected reduction in debt stock B. In practical terms, as

mentioned in Section 3.3.2, the goal is to analyze the transition that evolves when the public

debt is reduced from B1 in the initial steady state to B2 in the final, where B1 > B2, in a

process that takes Γ periods to be completed.12 Two deleveraging strategies will be explored,

the first financed by increasing lump-sum taxes and the second funded by a reduction in

government discretionary expenditure.

11This is seen through individual’s Euler equation, that is, uc (ci,t, li,t) = βE (uc (ci,t+1, li,t+1) (1 + rt)).
12The time length required to adjust public debt has a important role in determining the size distribution

and welfare outcomes, as will be discussed in Subsection 3.5.1.
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As a driver for both approaches, is assumed that at period t = 0 the economy is in a

steady state with B1. At t = 1 government unexpectedly announces that bond stock will

decrease exponentially to B2 following the path described by the equation,

Bt = ρtbB1 +
(
1− ρtb

)
B2 (3.16)

where ρb ∈ (0, 1) is the geometric decayment rate. For the baseline exercises performed

in this section, was used ρb = 0.65, which means that the bond stock is reduced to the level

B2 after 40 quarters. It is also assumed that all households have perfect foresight about the

future path of bond stock and government budget constraint, which makes the sequence of

lump-sum tax also fully known. Finally, since the first period is announced the strategy that

will be used to balance government budget, that is, if the adjustment will be made through

tax or public expenditure. If government adjusts the lump-sum tax, public consumption is

kept constant along transition and vice-versa.

Macroeconomic Aggregate Dynamics

In this section is explored the aggregate macroeconomic response to the experiment

described above.13 The results are divided in two groups: the first represents an adjustment

funded by tax increase and the second by government spending reduction.14

The reduction in government debt stock triggers two forces: the first is the exogenous

decrease in government bond supply and the second is the endogenous rearrangement driven

by price changes. The asset supply dynamics results in an indirect credit tightening, as

seen in Section 3.4. It also implies in an adjustment of government funding. As will be

discussed, in the first periods of transition the aggregate macroeconomic response depends,

fundamentally, on the adjustment mechanism used by government to balance its budget.

When lump-sum rises, the household’s budget has an expressive adverse income shock, on

impact, which more than offsets the general equilibrium mechanism. On the other hand,

when the government accounts are balanced through spending reduction, households are

benefited by the tax smoothing and, as will be shown, by a positive income shock that

stimulates the increase in indebtedness. In this latter case, the fall of interest rate and rising

of wage becomes the main driver of aggregate response.

Figure 3.3 shows the dynamics of main macroeconomic aggregates. In terms of output,

13The results reported in this section refers to the baseline exercise, where debt-to-GDP ratio is reduced
from 75% to 35%.

14If the Ricardian equivalence proposition holds, as in Barro (1974), government debt would have no effect
on private economic activity. However, binding borrowing constraints in a context of incomplete markets
leads to a break-down of the Ricardian equivalence proposition.
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Figure 3.3: Aggregate Dynamics: Flexible Prices

Note: In Subfigures A, B, C and D results are reported as cumulative percentage variation from the initial steady state.

there is a significant expansion when the tax is adjusted and a strong initial contraction when

public spending is reduced, as shown Subfigure A. In the first case the output grows nearly

1%, at the peak of expansion, and recedes around 3% in the second case, at the trough.

The negative income shock due to tax increasing depresses the consumption and stimulates

the increase in labor supply, as shows Subfigures B and C. The opposite behavior is verified

when government expenditure is reduced.

The dynamics of capital accumulation, displayed in Subfigure D, is non-trivial. In both

scenarios, occurs a meaningful increasing in capital level, however, for distinct reasons. When

lump-sum tax increases, the increment is stronger in the fist periods after the shock, because

its effect on household’s budget results in a strengthening of precautionary motive, which

stimulates indebtedness reduction. In its turn, when public debt reduction is followed by a

cut in government spending the credit constraint is softened. In this case, capital holdings

rises as a result of the reduction in the crowding out effect of public spending over private

investment. When government decreases spending, the household response in terms of capital

accumulation is takes longer to reach its peak, but is more persistent.

The interest rate equilibrium path along transition is shown in Subfigure E, and reflects

the evolution of asset holdings and private leveraging in both cases.15 This result is in line

15The wage rate dynamic follows the behavior of interest rate, however, with an opposite sign.
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with Laubach (2009), who empirically documents that changes in U.S. government debt-to-

GDP ratio has a significant impact on the real interest rate. Finally, the path of exogenous

government debt adjustment is shown in Subfigure F, which also contains the dynamics of

private debt holdings. When government reduces its expense, the household’s debt-to-GDP

ratio increases continually until the new steady state. On the other hand, when government

rises tax there is an initial deleveraging that is reversed along the time, so that, private

indebtedness also increases at the new steady state. In its turn, public debt decreases

gradually, following the path described by equation (3.16).

As a result of this permanent shock, the aggregate the long run growth of output is nearly

0.5% when tax is adjusted and 0.3% under public expenditure cut, consumption rises around

0.3%, in both cases, effective labor supply remains relatively flat and the level of capital rises

between 1.5% and 1.1%, respectively. The interest rate experiences a permanent decrease to

0.58% and 0.60%, respectively.

The results presented above shows that in models of heterogeneous agents and incomplete

markets the short run behavior of equilibrium prices and macroeconomic aggregates, as a

response of a deleveraging on public sector, depends heavily on the mechanism adopted to

balance government budget constraint.

Figure 3.4: Aggregate Dynamics: Fixed Prices

Note: In Subfigures A, B, C and D results are reported as cumulative percentage variation from the initial steady state. In
this simulation interest rate and wage rate are held constant in the level of its initial steady state.
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In fact, the changes in price system are more favorable for working and indebted house-

holds, i.e., the agents who faces lower cost for borrowing and higher income from working.

However, the increase in lump-sum tax is potentially more harmful for low wealth house-

holds, since tax rises after policy change absorbs a disproportionate fraction of their income.

How would be their response if the general equilibrium effect were off? When government

spending is reduced the budgetary impact of decreasing public debt is softened. Nevertheless,

the economy remains under the effect of lower interest rate and higher wage which boosts

the positive income shock. In both cases the price behavior helps to determine the aggregate

dynamics, since it can amplify or offset the intensity of liquidity/income shock.

In order to disentangle the impact of the general equilibrium effect and public debt

reduction, it was performed a simulation were prices are kept fixed at their initial steady

state level along transition.16 Households still have to pay higher lump-sum taxes, but factor

prices are now constant. The result is displayed in Figure 3.4. Some remarks are worth of

noting. First, comparing the evolution of macroeconomic aggregates in both exercises one can

notice that when the adjustment in government budget occurs through tax, the consumption,

labor hours and capital accumulation maintain their initial sign and shows larger effect. On

the other hand, when the adjustment is through public spending, the consumption and labor

hours also keeps the sign, however, shows a smaller reaction when compared to the original

exercise. The exception is the capital accumulation, that is stronger under the assumption

of stable prices in both cases. This happens since the original drop in return rate reduces

the incentives for private deleveraging and, consequently, impairs the increasing in private

investment.

As expected, the general equilibrium channel softens the adjustment burden when lump-

sum tax rise and significantly improves the welfare when public budget is balanced through

the spending cut. Second, on the relevance of price effect for each strategy of government

budgetary rearrangement, one can conclude that it is relatively smaller, when the adjust-

ment is made through taxes, and substantially higher, when it comes from spending. Third,

considering that even without the price effect private consumption still experiences an im-

provement, one can infer that the effect of public spending decrease overcomes the impact

of reduction in public debt in this partial equilibrium exercise. It reinforces that in this case

occurs an effective improvement on individual’s budget conditions, a remark that will be

16This can be thought as a partial equilibrium exercise, that also is performed by Floden and Linde
(2001). It is imposed that labor supply equals labor demand at every date, but household’s assets holdings
can diverge from firm’s capital demand. In fact, there is an excess of asset demand that can not be allocated
in domestic assets. Thinking that interest rate remains constant after the shock can be interpreted as the
behavior of a small open economy. In this case, a public deleveraging shock would cause an expectation of
exchange rate appreciation.
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useful to understand welfare and inequality dynamics in Subsection 3.5.1.

Summing up, the general equilibrium effect is the dominant force when the government

budget adjustment occurs via spending and income effect is the main driver in the case where

the balance of public accounts is achieved through rising lump-sum taxes. The government

bond reduction is an important underlying force that works in both adjustment strategies,

since it motivates the search of alternative assets in order to protect households against

adverse productivity shocks.

Wealth and Inequality Dynamics

Welfare is evaluated in terms of consumption equivalent, a standard approach used in

the literature.17 Given a fiscal arrangement ξ ∈ Ω and a derived stream of non-durable

consumption and leisure {cs, ls}∞s=t, the measure of welfare is based in the lifetime utility V,

that is,

V (ξ) ≡
∞∑
s=t

βs−tu (cs, ls) (3.17)

The utilitarian social welfare, W, is defined as,

W (ξ) ≡
∫

EtV ({cs, ls}∞s=t) dΨ (3.18)

Let NR represent a situation where government debt is not reduced and R represents a

situation where it does. Therefore, the utilitarian welfare gain of policy change is defined as

the κW ∈ R that solves,∫
EtV

({
cNR

s (1 + κW) , lNR
s

}∞
s=t

)
dΨNR =

∫
EtV

({
cR

s , l
NR
s

}∞
s=t

)
dΨR (3.19)

The premium κW can be thought as the percent of lifetime consumption that agents in

the economy where there is no reform are willing to give up in order to avoid the policy

change (reform). For evaluation of the distributional effects of deleveraging on public sector

was used the wealth Gini index.

Adjustment in Debt-to-GDP Ratio Figure 3.5 depicts the welfare gains and distribu-

tion effects when debt-to-GDP ratio is set in different levels, considering that the value of the

initial steady state is 0.75. These results refers to the immediate reaction to policy change

after its announcement, that is, on impact. The solid blue line represents the case where

17For more on this topic, refer to Floden and Linde (2001) and Alonso-Ortiz and Rogerson (2010), who
studies the welfare implications of different tax policies needed to fund lump-sum transfers.
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policy change is funded by the lump-sum tax and dotted red line denotes the simulation

where government spending is adjusted.

Figure 3.5: Short Term Effect: Welfare and Inequality

Note: Welfare and inequality response, on impact, to different debt-to-GDP levels starting from 75%.

As displayed in Subfigure A, when government reduces the debt-to-GDP ratio and simul-

taneously increases the tax, welfare undergoes a drop that is increasing with the extent of

debt reduction. At limit, a policy that reduces the debt-to-GDP ratio from 0.75 to 0 results

in a welfare loss of nearly 10%. The converse is true, that is, a policy of increasing in debt-to-

GDP ratio promotes a welfare enhancement. When debt-to-GDP ratio increases from 0.75

to 1.50, the welfare rises nearly 2.3%. In general, welfare is a concave increasing function

of debt-to-GDP ratio. The wealth Gini index is also an increasing function of debt-to-GDP

ratio, which means that inequality increases with public debt. As displayed in Subfigure B,

a policy of reducing debt-to-GDP ratio from 0.75 to 0 results in a improvement of 5% in

wealth distribution. On the other hand, when debt-to-GDP ratio rises from 0.75 to 1.50 the

wealth distribution worsens nearly 1.5%. This behavior is line with the proposed empirical

connection between government debt and inequality illustrated in Figure 3.1. Thus, when

lump-sum tax is adjusted, the short term response obtained through the model rationalizes

the positive relation between public debt and inequality supposed to be present in data.

Following the behavior of macroeconomic aggregates, when debt is reduced and taxes
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are adjusted, there is a strong impact in household’s budget, specially for the poorer ones.

The greater the reduction in government debt, larger is the impact on the family budget. As

discussed in Section 3.4, the rising in lump-sum tax without spending compensation enhances

the indirect credit tightening, which means that individuals have to reduce consumption and

raise precautionary savings. This explains the fall in welfare and the improvement of wealth

distribution.

When government reduces the debt-to-GDP ratio and simultaneously cuts its discre-

tionary spending, welfare rises proportionally to the amount of debt reduced. A policy that

decreases debt-to-GDP ratio from 0.75 to 0 results in welfare gains of nearly 7%. On the

other hand, as displayed in Subfigure B, this same policy results in an increase in wealth

inequality of 9%. The opposite policy, where debt-to-GDP ratio is raised from 0.75 to 1.50,

drops welfare in 1.1%, however, improves wealth distribution in 1.3%. Using the same rea-

soning of the previous paragraph, when public debt reduction is funded by a reduction of

government consumption, households experiences the benefits of general equilibrium effects

(drop in interest rate and rise of wage) and do not endures an income loss. This combination

of factors stimulates the household’s leveraging, which explains the improvement of welfare

and the worsening in the inequality indicator.

The welfare response to a government deleveraging policy depends on distributional and

behavioral changes that takes place in the economy. The Table 3.2 shows the contributions of

asset distribution and policy functions in the composition of welfare variation exposed above.

There are two sets of results. The first refers to the reaction observed when lump-sum tax

rises and the second to the case where public expenditure is reduced. The columns labeled as

Policy show the change in welfare, on impact, when asset distribution is the same as observed

in the initial steady state and policy functions follows the household’s optimal behavior, for

different levels of debt-to-GDP ratio. In columns named Distribution, the initial steady state

policy function is used to compute welfare variation, on impact, as distribution follows its

transition path.

Two remarks are important. First, as can be seen in the third and in the sixth columns,

the major contribution to welfare arises from changes in household’s policy functions. It

holds both when public budget is balanced by increasing lump-sum tax as well as when the

adjustment comes from spending reduction, which demonstrates that behavioral component

is the main determinant of welfare. Providing that asset distribution is concentrated in

the region where the policy function is more concave, the immediate shift experienced after

a change in debt-to-GDP ratio results in sizable response in terms of consumption and

welfare. When public debt-to-GDP ratio is reduced from 0.75 to 0, the contribution of policy

function is −6.3 pp, in the case where taxes are adjusted, as response to the strengthening
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Table 3.2: Welfare Response: Asset Distribution and Policy Function

Debt-to-GDP
Adjustment in Tax Adjustment in G

Total Policy Distribution Total Policy Distribution

0.00 −8.10% −6.31% −3.49% 7.00% 7.60% −0.60%

0.25 −4.20% −2.74% −1.46% 3.20% 3.30% −0.10%

0.50 −1.50% −1.00% −0.50% 0.80% 0.81% −0.01%

0.75 − − − − − −
1.00 1.20% 0.90% 0.30% −0.50% −0.50% 0.00%

1.25 2.00% 1.54% 0.46% −1.00% −1.01% 0.01%

1.50 2.30% 1.78% 0.52% −1.10% −1.11% 0.01%

Note: The data on this table represents the decomposition of welfare response to different funding mechanisms used by
government.

of precautionary motive. When spending is adjusted, the contribution is 7.6 pp because

household’s precautionary motive weakens due to price dynamics and other factors that

offsets the tightening. The opposite happens when debt-to-GDP ratio is increased.

Second, whatever the government debt level is and regardless of the budget adjustment

mechanism, the contribution of wealth distribution is negative for policies designed to re-

ducing the debt-to-GDP ratio and positive for policies directed to its increasing. If the

debt-to-GDP ratio drops from 0.75 to 0, the contribution of asset distribution to welfare

variation is −3.5 pp, when tax is adjusted, and −0.6 pp is the share when spending is ad-

justed. If debt-to-GDP ratio rises from 0.75 to 1.50, the asset distribution contribution is 0.5

pp, when tax is adjusted, and almost negligible when spending is cut. Given the steady state

policy function, in the moment immediately subsequent to the reduction of the debt-to-GDP

ratio, when the funding is the lump-sum tax the asset distribution departs from a region

closer to the credit restriction and becomes more skewed toward positive asset levels. But

contrary to what happens when policy function is adjusted, here the response of distribution

is gradual, following the reduction of public debt. This explains the softer effect on impact.

An analogous behavior applies when the government spending is adjusted. However, the

table suggests that when lump-sum tax is adjusted its effect on household’s budget makes

the impact on asset distribution stronger. For this reason, greater is the contribution of asset

distribution to welfare when the government budget is balanced through tax.

Finally, we have some considerations about the long-term effect of government delever-

aging. The Figure 3.6 relates the welfare in consumption equivalent terms and wealth Gini

index variation between steady states for different levels of public debt-to-GDP ratio and

budget adjustment policies. The results are very different from those seen in Figure 3.5. In

general, I highlight that now the welfare variation and Gini index are decreasing functions of
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the debt-to-GDP ratio, regardless of government budget adjustment mechanism. Moreover,

one can notice that policies of debt-to-GDP ratio reduction promotes welfare enhancement

while policies of public debt increase results in welfare loss. On the other hand, policies of

government debt-to-GDP ratio reduction results in worsening of wealth distribution in the

long run and the converse is also true. This same pattern of behavior is found in Rohrs and

Winter (2015), which examines only welfare.

This is because after the initial costs, the decreasing of public debt results in a permanent

reduction of interest and increase in wage. Taking account that, as a feature of U.S. economy,

wealth and earnings are unequally distributed, higher is the share of individuals that depends

on labor income than asset income. Thereby, a policy which results in a increasing of interest

rate and a drop of wage results in welfare loss in long run because only a small group of

households benefits from higher asset income. On the other hand, a policy that results in

higher wage and lower interest rate represents a broader income stimulus that results in

higher consumption and indebtedness. In terms of the proposed relation between public

debt and inequality presented in Figure 3.1, the model does replicates the pattern observed

in data.

Figure 3.6: Long Term Effect: Welfare and Inequality

Note: Welfare and inequality response, between steady states, to different debt-to-GDP levels starting from 75%.

The conclusion is that short term welfare and inequality outcomes of changing the level

of public debt depends on the adjustment mechanism used to balance government budget,

although the results are not symmetrical. The welfare loss that takes place when lump-sum

taxes are increased is much larger than the gains resulting from its reduction. The same

can be said about wealth distribution. Similarly, welfare gains that come up when public
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expenditure is reduced are larger than the losses observed when it is elevated, which also

applies to inequality. The welfare outcomes, on impact, are determined mainly by changes

in policy functions. Regardless of the budget adjustment mechanism, the contribution of

wealth distribution is negative for policies designed to reducing the debt-to-GDP ratio and

positive for policies designed to elevate it.

In general, there is a short run trade-off, in a sense that to improve wealth distribution

based on public debt reduction one needs to incur in high welfare loss. On the other hand, a

policy of debt reduction jointly with public spending reduction elevates the social welfare, but

worsens wealth distribution. In the long run, regardless of the funding mechanism adopted,

a policy of public debt reduction results in welfare improvement and in worsening in wealth

distribution, within the framework where simulations were performed. In short run, the

tightening in liquidity conditions is the main driver of welfare and inequality response. In

long run, the price dynamics is the main determinant of welfare and inequality.

Speed of Adjustment In the baseline exercise, the parameter ρb, which determines the

speed of public debt adjustment, was arbitrarily set to make the convergence in 40 quarters.

Figure 3.7 shows the welfare and inequality response when the number of periods needed to

reach to the new steady state varies between 0 and 80 quarters.

Figure 3.7: Adjustment Time Length: Welfare and Inequality

Note: Welfare and inequality response, on impact, when debt-to-GDP ratio decreases from 75% to 35%, for different speed of
convergence levels.

In general, when the lump-sum tax is adjusted, welfare and wealth Gini index are in-

creasing functions of adjustment time length. It means that when the policy change takes

place immediately, that is, the adjustment time length is 0, welfare decreases around 12%,
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while when the new policy is concluded in 80 quarters the welfare drop is nearly 1.6%. The

advantage of a faster adjustment is a stronger decrease in inequality. It recedes around 5%

in case of an immediate policy and only by 0.5% in a slower adjustment.

When the adjustment is made through government spending cut, welfare and wealth

Gini index are decreasing functions of speed of convergence parameter. In this case, an

immediate adjustment results in welfare increase of nearly 6%. A longer transition period

reduces the short run impact. When the new policy is concluded in 80 quarters, the welfare

growth becomes smaller, around 1.5%. The analogous reasoning applies to inequality index,

which upsurges around 15% for an immediate policy and rises something around 1% when

the policy is implemented in 80 quarters.

3.6 Conclusion

This paper investigates the welfare and macroeconomic effects of a deleveraging process

coming from the public sector in an environment of incomplete markets. From an aggregate

perspective, it was shown that when government needs to increase lump-sum tax to bal-

ance government budget, individuals experiences an effective credit tightening that drives

their behavior. On the other hand, when government expenditure is reduced it offsets the

contractionary pressure of liquidity reduction.

It was found that the effect on welfare and wealth distribution of a policy designed to

reduce public debt is not unidirectional. In order to experience an effective improvement

in wealth distribution is necessary to implement a policy that results in a short term so-

cial welfare loss, based on tax increase, which would hardly have political support of the

population. In fact, a policy of debt reduction and government expenditure cut improves

welfare, but increases inequality because it also stimulates the leveraging of households. In

the long run, the welfare variation and wealth Gini index becomes decreasing functions of

the debt-to-GDP ratio, regardless of government budget adjustment mechanism. It means

that a public sector deleveraging improves welfare, however deteriorates wealth distribution.
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Appendix

A. Steady State Equilibrium

In this section is described the algorithm used to numerically solve the model for steady

state, given a set of parameters. This accounts for computing policies and an implied prob-

ability measure that satisfies equilibrium definition. As exposed on Section 3.3.2, the initial

steady state targets an equilibrium interest rate of 2.50%, in yearly terms, and a public

debt-to-GDP ratio of 75%. The algorithm follows three steps.

The first consists in choosing a grid of asset holdings A and idiosyncratic productivity

levels z. For the asset grid was used Na = 2400 points between[−15, 140] with more points

for low values of a ∈ A. For the productivity we used a grid with Nz = 7 points and

constructed the nodes using Rouwenhorst (1995) method. The productivity level set Z
incorporates an additional income shock z1 = 0. The unemployed/employed probabilities

are incorporated to the original transition matrix.

Second, given a set of parameters, we start with a guess for consumption policy func-

tion, at each grid point of the individual state, and household’s problem is solved by the

endogenous gridpoint method. With this procedure, the policy functions ga (z, a), gc (z, a)

and gh (z, a) are obtained, jointly with a stationary measure Ψ (a, z).

Third, with the probability measure obtained on the last step is computed aggregate asset

level of economy A =
∫
Z×A ga (z, a) dΨ∗, the effective labor supply H =

∫
Z×A zga (z, a) dΨ∗.

Given the initial guess for bond-to-GDP ratio, is found the aggregate capital level K and

the government bond supply B. Then, from the firm’s first order condition, is computed

r = −δ + α
(
K
H

)1−α
. If r is close enough to the interest rate target for a given metric, the

problem is solved. Otherwise, update the interest rate and the aggregate bond level and go

back to second step successively, until the convergence is reached.

B. Transition Dynamics

This appendix describes the algorithm used to compute the transitional dynamics in-

duced by the public debt deleveraging described in the Section 3.5. The starting point for

that is the final steady state and its associated objects. The method is the backward in-

duction which exploits the recursivity of Bellman equation. First of all, we chose a time

period T large enough to ensure that after the new debt level is reached the economy is

in its final steady state. In exercises reported on sections 3.5.1 and 3.5.1 I used T = 150.

Second, we set a path for interest rate {rt}t, assuming that rt = rT , ∀t ∈ {0, ..., T}. Af-

ter that, we set the consumption policy function on period T to be gT,c(z, b) = g∗c (T ),
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and then, using the Euler equation and labor supply decision rule, calculate the sequence

{gt,c(z, b), gt,h(z, b), gt,a(z, b)}Tt=0 going backward from t = 150 to t = 0. In this step it was

used the method of endogenous gridpoints. The next step is compute the sequence of distri-

bution functions {Ψt}t, going forward, from t = 0 to t = T , starting at Ψ0 = Ψ∗0. After that

we aggregate the asset policy function for each time period to obtain {At}Tt=0 and update

the interest rate the linear rule r
(m)
t = r

(m−1)
t − ε(Adt −As

t), where m represents iteration and

As
t ≡ Ks

t + Bs
t. Choosing a strictly positive ε small enough, after some iterations the bond

market clears for all t ∈ {0, ..., T} that is |r(m)
t − r(m−1)

t | < ε.
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