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is characterized by countercyclical default risk. In this paper we develop a quan-
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key macroeconomic variables in emerging economies.
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1. Introduction

We study theoretically and quantitatively the links and cyclical behavior of fiscal vari-
ables, sovereign interest rate spreads and default risk in emerging market economies.
In most middle and low income economies fiscal policy follows a procyclical behavior.
A procyclical fiscal policy implies higher (lower) public spending and lower (higher)
tax rates in good (bad) times. Developing economies also have more volatile business
cycles and are more crisis prone than developed economies.! In addition, these coun-
tries face countercyclical interest rate spreads in international credit markets: sovereign
bond yields over US Treasuries increase (decrease) in expansions (recessions), making
external credit more (less) expensive in bad (good) times. This behavior of spreads is
closely linked to countercyclical default risk.

In this paper we rationalize these stylized facts on fiscal variables, interest rates and
default risk in emerging market economies. For this purpose we develop a dynamic
stochastic model of a small open economy with incomplete markets, endogenous fiscal
policy and endogenous default risk.

The benchmark model features an economy with domestic households, a domestic
government and foreign lenders. Households value private consumption, public spend-
ing and leisure. Public spending provides direct utility to the private sector, which
prefers a smooth path of public spending over a volatile one. The government collects

consumption taxes from households and borrows abroad to finance public expenditures.

'In the last decades emerging economies have experienced several debt crises, such as the Latin
American debt crisis at the beginning of the ’80s, the Mexican episode of 1994-1995 and later events
such as the Russian crisis in 1998, Ecuador in 1999, Argentina in 2001 and Uruguay in 2003, among
others. Sovereign debt crises usually take place in bad times, when output growth is low or even negative.

See Uribe (2006) for a comparison of business cycle properties of developed and developing economies.



Asset markets are incomplete since the only asset available to the government is a one
period discount bond that pays the same in any state of nature next period provided the
country does not default. Sovereign debt contracts are unenforceable and the govern-
ment has the option to default on the outstanding debt every period. In case of default
the economy experiences an output loss and is temporarily excluded from international
credit markets. Foreign lenders charge a risk premium that accounts for the default
risk they face. Hence, interest rate spreads reflect the sovereign default risk. Since the
repayment of non-contingent loans is more costly in recessions, the incentives to default
are higher in bad times. Thus, in recessions the government faces higher interest rate
spreads due to higher default risk and finds it optimal to rely more heavily on taxation
to finance public expenditures. On the other hand, in expansions the cost of interna-
tional credit is lower so there is an increase in financing through borrowing, while taxes
play a lesser role. Thus, tax rates are procyclical. Additionally, since the one period
non-contingent bond is not a good instrument for consumption smoothing purposes, the
government is not able to smooth public spending, so public expenditures are highly
procyclical. Therefore, the government optimally implements a procyclical fiscal policy.

The private sector’s participation in international credit markets has increased espe-
cially since the 1990s, and it is well documented that in emerging countries private credit
expands during consumption booms.? The empirical literature also documents that the
cost of public debt generally represents a floor for the cost of private borrowing. Durbin
and Ng (2005) and Borensztein, Cowan and Valenzuela (2006) among others find that
the credit rating for government debt constitutes a ceiling for the credit ratings of the

great majority of firms in the private sector. Some studies as early as Arrow and Lind

’IMF Financial Stability Report 2007, Figure 1.17. See also Copelman (2006).



(1970) have argued that the public sector can handle risk better than the private sector
because it can pool risk over a large number of projects and spread risk over a large
number of taxpayers, making the real costs for government borrowing lower than for
private borrowing. This is reflected in government bond rates that are generally lower
than the market rate for private borrowing.

In order to take into account the effects of private foreign borrowing on the bench-
mark results, we develop a two period model where both the public and the private
sector have access to foreign financing and may optimally default. The magnitude of
the economic loss experienced by the country in a default event depends on whether it
is the government, the private sector or both that decide not to fulfill the credit obliga-
tions. We find that fiscal policy is still procyclical and we also generate the procyclicality
of private credit observed in the data.

In this vein, our paper studies the dynamic interaction between endogenous fis-
cal policy and sovereign debt financing, and their impact on the behavior of several
key macroeconomic variables in emerging economies. Additionally, our work provides
insight on the behavior of the private sector’s participation in international financial
markets. The dynamics of taxation, public expenditures, default, interest rate spreads
and net exports in the model are thus derived as an equilibrium result from the inter-
action between the domestic government, the private sector of the small open economy
(which are both competitive agents in the credit market taking as given the bond price
functions), and lenders in international credit markets.

In a quantitative analysis, we calibrate the model to the Mexican economy, a typical
emerging market country. The results show that the calibrated model can mimic several

empirical patterns for the macroeconomic variables previously described for emerging



economies.

The paper proceeds as follows: the link to the literature is provided in Section 2, the
economic environment and the benchmark theoretical model are presented in Section
3, and the equilibrium is defined in Section 4, and the quantitative implications of the
benchmark model are analyzed in Section 5. Section 6 discusses the robustness of the
benchmark results to different assumptions regarding the economic environment. The
impact of the private sector’s access to international credit markets on the behavior of
fiscal variables is studied in Section 7, where we develop and compute a finite horizon
model where both the government and the private sector have access to foreign financing.
The conclusions are presented in Section 8. The algorithms for the benchmark model

and the extensions are described in the Appendix in Section 9.

2. Link to the Literature

The empirical regularities for emerging economies addressed in this paper are well doc-
umented in the literature. Gavin and Perotti (1997) (from now on GP) document that
fiscal policy is procyclical in Latin America. Talvi and Vegh (2000) argue that far from
being a particular feature of Latin American countries, a procyclical fiscal policy appears
to be the norm among developing economies. They are also among the first to docu-
ment that public spending is highly procyclical in the developing world and acyclical
in the G-7 economies. More recently, Kaminsky, Reinhart and Vegh (2004) review the
empirical evidence on the procyclicality of macroeconomic policy analyzing countries
grouped by income level. They report that OECD countries seem to implement either
countercyclical or acyclical fiscal policies while low and middle income countries appear

to apply predominantly procyclical fiscal policies. Ilzetzki and Vegh (2008) analyze a



quarterly dataset for 49 countries covering the period 1960-2006, they subject the data
to several econometric tests and find evidence to support the idea that fiscal policy is
procyclical in developing countries.

Additionally, GP observe that while governments in developed economies rely mostly
on direct taxation for revenues, Latin American countries depend heavily on indirect
taxes (including taxes on international trade), i.e., taxes on goods and services.?

Several episodes provide evidence strongly suggesting that tax rates are procyclical
in developing economies. For instance, Talvi and Vegh (2005) document that during the
economic boom in Argentina in 1991-1994, tax rates were reduced. When the economy
fell into recession in 1995, they implemented a contractionary fiscal policy that involved
tax rate increases. In that same year Mexico also experienced a severe recession and
the value added tax was increased from 10 to 15 percent. In 1996 Argentina resumed a
positive growth path and again adopted tax rate cuts (halved the 21% value-added tax
on consumer and mortgage interest, etc.). Yet again in 2001 in the midst of a severe
recession and increasingly tighter credit market conditions, the government imposed a
“zero deficit” policy, which involved a fiscal package that once more included an increase
in taxes, such as the gas tax. Uruguay’s debt crisis of 2002-2003 provides yet another
example of fiscal procyclicality. As observed by Vicente and Rial (2007), in the middle
of the recession and capital flights, the Uruguayan government dramatically increased
taxes. In 2005, in the middle of an expansionary period, taxes in the country were
reduced. Mailhos and Sosa (2000) show that tax rates for Uruguay have followed a

procyclical pattern.

3Indirect taxes account on average for almost 55% of total tax revenues in the region and show an

upward trend, and international trade taxes account for 16%.



GP argue that inflation has had a close link with fiscal policy in Latin America.
While they acknowledge that inflation may have been in part the endogenous result of
financial crises associated with large fiscal imbalances, they point out that fiscal deficits
in Latin American economies have been associated with subsequent increases in inflation,
suggesting that inflation has acted much more like an instrument of fiscal policy in these
countries compared to developed economies. In this context, they analyze the cyclical
properties of the inflation tax in Latin America and find that it is low (high) in good
(bad) times. In sharp contrast to the evidence for developing economies, Talvi and
Vegh (2000) find that in advanced economies the inflation tax tends to increase during
expansions and fall during recessions. In a study on the welfare effects of inflation,
Erosa and Ventura (2001) find that the modeling of inflation makes it serve effectively
as a regressive consumption tax. This reinforces the idea of the countercyclicality of tax
rates and thus the procyclicality of fiscal policy in developing countries.

The documented procyclicality of fiscal policy in most developing countries contrasts
with the normative fiscal policy prescriptions. Keynesian models imply that fiscal policy
should be countercyclical: the government should reduce (increase) public expenditures
and increase (reduce) tax rates in good (bad) times. In contrast, neoclassical models
of fiscal policy inspired in Barro (1979) imply that fiscal policy should remain basically
neutral over the business cycle. Therefore, if governments followed the Keynesian pre-
scription, fiscal policy would be countercyclical. On the other hand, if they followed the
prescription from tax smoothing models, fiscal policy would be acyclical.

What explains then the procyclicality of fiscal policy in most developing countries?
A number of explanations have been advanced, including weak political institutions,

incomplete markets and borrowing constraints.



Lane and Tornell (1999) argue that in economies without strong legal and political
institutions, a “voracity” effect may take place. In good times a windfall in fiscal
revenues intensifies the struggle for public resources. Every interest group tries to get its
share without completely internalizing the effect on general taxation. As a result, a more
than proportional rise in public spending is observed. Talvi and Vegh (2005) develop
a model that includes a political distortion, which increases the cost of running fiscal
surpluses during economic expansions. In this model, the government cuts tax rates
in good times in order to avoid spending pressures. Alesina, Campante and Tabellini
(2008) explain the procyclicality of fiscal policy with a political agency model. Voters
observe output accurately but not the rents appropriated by corrupt governments. In
good times, voters demand more public goods or lower taxes as they anticipate that,
otherwise, windfall revenues will be wasted by corrupt governments. However, the
explanations based on political economy considerations do not explain the fact that
fiscal policy has also been found to be procyclical through dictatorships or in politically
stable countries like Uruguay (also see for instance Mailhos and Sosa (2000)). Fiscal
adjustments in Uruguay, Mexico and other Latin American countries in the debt crisis
of the early 1980s also suggest this.

Riascos and Vegh (2003) develop a neoclassical model of fiscal policy in which public
consumption provides direct utility to households. The government optimally chooses
both the level of public consumption and the tax rate. With complete markets gov-
ernment consumption is acyclical. They also consider the case of incomplete markets,
where the only asset available to the economy is risk-free debt. With incomplete mar-
kets the government is less able to smooth its consumption and the correlation between

output and public consumption becomes positive. They suggest that the lack of com-



plete markets in developing countries may be an important determinant of the cyclical
properties of government spending in these economies. In their model, however, the
government can commit to pay its debt, so it faces the same interest rate across states.
Since the government always borrows at the international risk free rate, the model is
not able to generate a negative correlation between output and tax rates.

Our model does not require a negligent behavior from the part of the government
to explain the observed empirical regularities. That is, in the setup in this paper the
government is fully rational and aims to maximize the utility of the domestic households.
Also, this paper does not need to resort to political distortions or disagreements between
politicians and households regarding public spending during the cycle that are difficult to
measure, as previous papers that have dealt with this question have done. Additionally,
the model implications are quantitatively assessed using Mexican data for 1980-2007,
thus suggesting the model as a plausible theory not only from a theoretical point but
also from a quantitative perspective. Finally, this model also advances the literature on
sovereign debt and default risk by looking at the implications of fiscal policy on the
behavior of the spreads and flows of public and private debt to emerging economies.

GP stress the role of borrowing constraints in explaining the procyclicality of fiscal
policy in Latin American countries. They argue that these governments face a loss of
access to external credit markets during bad times, which makes it extremely difficult to
implement either a countercyclical or an acyclical fiscal policy, and they present some
evidence that international credit constraints are more severe during recessions. Al-
though these constraints cannot be observed directly, they infer their presence from the
use of IMF emergency credit, which is usually provided when there are no other sources

of financing. They find that the use of this credit is more frequent in bad macroeconomic



times. However, GP only emphasize the importance of borrowing constraints without
developing a model.

Aizenman, Gavin and Hausmann (2000) construct a two period model in which the
government can either tax households or borrow from abroad to finance an exogenous
amount of public goods. The government can default on its debt and a large recession
forces it to its credit ceiling, resulting in a complete loss of market access, in which case
the government is forced to increase taxes to finance its expenditures.

Our study considers a dynamic stochastic small open economy model with incom-
plete markets, endogenous fiscal policy and default risk and is thus related to the recent
literature of quantitative models of sovereign debt. Following the seminal study on in-
ternational lending and sovereign default by Eaton and Gersowitz (1981) and the more
recent quantitative analysis on unsecured consumer default by Chatterjee et al. (2007),
quantitative models on sovereign default by Aguiar and Gopinath (2006), Arellano
(2008), Cuadra and Sapriza (2008), Hatchondo, Martinez and Sapriza (2008), Lizarazo
(2006) and Yue (2007) among others, have analyzed different features of the dynamics of
sovereign debt and default in emerging markets. However, these studies do not consider
any fiscal policy implications.

Therefore, as far as we know our paper presents the first effort to explain the pro-
cyclical behavior of fiscal policy in developing countries within a quantitative model of
endogenous sovereign debt and default in an incomplete markets framework. Addition-
ally, the model helps to explain the procyclicality of fiscal policy based on the tightening
of borrowing constraints in bad times through endogenous credit risk dynamics. One
might interpret the tightening of borrowing constraints as a full cut off from interna-

tional credit markets during recessions. Talvi and Vegh (2005) criticize this explanation
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arguing that developing countries do not always lose access to foreign borrowing during
recessions. In our paper, although defaulting is more tempting in bad times, an ad-
verse shock does not always induce the government to default on its foreign debt. The
government only defaults when the recession is sufficiently large and the government is
already highly indebted. When the default option is exercised, the country is temporar-
ily excluded from international credit markets and public expenditures have to rely on
taxes. When the government faces a negative shock and does not default, it has the
option to borrow from abroad, though at a high interest rate. Since the cost of external
credit increases in recessions, financing public expenditures with foreign debt becomes
a relatively less attractive option. Thus, the probability of default and the associated
risk premium in an incomplete markets setting are the major factors in explaining the
procyclicality of fiscal policy.

Empirical studies have estimated these probabilities, finding that incentives to de-
fault are higher in recessions. The countercyclicality of interest rate spreads in the
model is closely linked to the dynamics of the default probabilities perceived by the
market. This is consistent with the empirical evidence from emerging markets from
Neumeyer and Perri (2005) and Uribe and Yue (2006), who document that the cost of
foreign credit is higher in recessions than in expansions, and with Cantor and Packer
(1996) who find that sovereign credit ratings, which are valuations on the probability

that a borrower will pay back its debts, strongly respond to the GDP growth rate.

1See Peter (2002) for a survey of econometric studies on the probability of sovereign default.
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3. The Benchmark Model

We consider a small open economy model with three agents: households, government
and foreign lenders. Households have preferences over private consumption, public
spending and leisure. They work and consume, taking as given the actions of the gov-
ernment. Goods are produced using labor and the production function has constant
returns to scale and is subject to technology shocks. The government cares about
households and seeks to maximize their utility. It borrows from abroad, taxes house-
holds and finances public expenditures. The only asset traded in international credit
markets is a one period non-contingent bond that is available to the government, which
is the only domestic agent that is able to borrow and lend.” Debt contracts are not
enforceable since the government has the option to default on them. When it defaults,
it is temporarily excluded from credit markets and the economy suffers an output loss.
Foreign lenders charge a premium to account for the probability of not being paid back

by the government.

3.1. Households

There is a representative household with preferences given by the present value of the
sum of instantaneous utility functions:
o0
EyY B'U(Cy, Gi1—1y) (3.1)
t=0
The per period utility is concave, strictly increasing and twice differentiable. The dis-

count factor is € (0, 1) and households derive utility from private consumption, public

®Most external debt in developing countries represents government debt. For example, in 1995
during the Mexican financial crisis, sovereign external debt accounted for almost 70% of the total stock

of foreign debt in Mexico.
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expenditures and leisure. Let C} represents private consumption, G public spending
and [; the amount of time allocated to produce goods. Output is produced using labor

services and the production technology is subject to productivity shocks.
yr = AcF (1)

where A; represents the productivity factor that is assumed to follow a Markov process,
with Q(As+1]A¢) denoting the Markov transition function for A, which has values defined
over the set T. Output can be divided between private and public consumption.

The government taxes private consumption® and has two instruments to finance its
expenditures: the proceeds from taxation and external borrowing. The representative
household takes public expenditures and taxation as given and makes private consump-

tion and labor decisions, subject to the following budget constraint:
(1+Ty) Cr = A F (Ih) (3.2)

where T is the tax rate on private consumption.
From households’ first order conditions we get the following equation, describing

optimal behavior of the private sector.

Ui(C.G1-1) AR ()

U.(C.G,1—1) (1+7)

3.2. Government

The benevolent government maximizes the utility of the households in the economy and

can borrow and lend in international credit markets. Financial markets are incomplete

b As mentioned before, GP observe that Latin American countries depend heavily on non tax revenues

and indirect taxes, i.e., taxes on goods and services.
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since the government can only save and indebt itself by selling and buying a non contin-
gent one period bond. In order to finance its expenditures, the government can borrow
from abroad and tax households through a consumption tax.

Each period, conditional on being in good credit standing the government chooses
between honoring its outstanding foreign debt or defaulting on it. This decision comes
from comparing the net benefits of the two options. Thus, the government compares
the cost of temporary exclusion from credit markets given by the foregone benefits
of consumption smoothing and the output loss in autarky, against the direct costs of
repayment given by the short-run disutility of lowering current consumption to repay
the non contingent loan.

The intertemporal problem of the government can be expressed in a recursive dy-
namic programming form. Conditional on having access to credit markets, the gov-
ernment has to decide whether to default or not; if default is not optimal then it has
to decide how much borrowing or saving to do and it has to make two fiscal policy
decisions, i.e., the amount of public expenditures and the level of the consumption tax.
If default is optimal then the government only has to decide its fiscal policy. All these
decisions are made given the productivity shock and the amount of outstanding foreign
assets it has. Thus, the state variables are the productivity factor A, the level of foreign
assets B and the credit situation of the country, d, where d = 1 if the economy has
access to credit markets and 0 if the country is in financial autarky.

The value function when the government has access to international markets and
begins the period with an amount of assets B and shock A is given by Vy(B, A). The
government has to decide between honoring its debt and defaulting on it, by comparing

the value associated with paying back and remaining in the credit market V¢(B, A),



14

with the value associated with defaulting and going to temporary autarky V?(A). The

problem can be expressed in the following way:
Vo(B, A) = max {VC(B, A), Vd(A)} (3.3)

and the optimal default decision of the government is characterized by

1 if VS(B,A)>V4A
D(B, A) = if Vi(B,A)>Vi(4) (3.4)
0 otherwise

The default policies determine a repayment set I'(B); this is defined as the set of
values of the productivity shock such that repayment is the optimal decision given the

level of foreign assets B,
I(B)={AeY:D(B,A) =1} (3.5)

and a default set [ (B) defined as the set of values of the productivity shock such that

default is optimal given asset holding level B,
F(B)={AeY:D(B,A) =0} (3.6)

If the government does not default, it can issue new debt and finance its expenditures

according to the following restriction:
G=TC+B—q(B,AB (3.7)

where ¢(B’, A) is the price of the bond that pays one unit of consumption goods the
following period if the government does not default on its debt. When the government
borrows, it sells bonds to foreign lenders, so it receives ¢(B’, A) B’ units of consumption
goods from foreign creditors on the current period and promises to pay B’ units next

period conditional on not defaulting.
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In a similar way, when the government lends, it buys bonds from foreign creditors. If
the government purchases a bond of value B’, today it lends ¢(B’, A) B’ units of the good
to foreign creditors and it will receive B’ units the following period. If foreign creditors
borrow from the domestic government it is assumed that they always pay back, only the
domestic government cannot commit to repay its debt. Hence, the bond price reflects
the probability of default, which depends on B’ and A.

When the government has access to credit markets it chooses the tax rate, public
expenditures and foreign assets in order to maximize households’ utility, taking into
account how the private sector will respond to these policies. Formally, the government
maximizes utility subject to the households’ budget constraint and the private sector’s
first order conditions, as well as its own budget constraint.

Thus, the problem of the government when it has access to credit markets is:
‘“(B,A) = G, 11" B, AHQ(A /A 3.8
V(B, A) Tr%a}g,{U(C,G, l)+6;Vo( ,ANQA/ )} (3.8)

s.t.
G = TC*+ B - q(B’,A)B’

AF(I*) = (1+T)C*
AF} (1) U (C*,G,1— 1)

1+7) U.(C*, G, 1—1%)

where C* and [* represent the optimal choice of private consumption and labor effort
made by households, given the government’s policies (i.e., C* and [* solve the house-
holds’ first order conditions and budget constraint, given the policies implemented by
the government: T', G, and B’).

When the government defaults on its debt the country is temporarily excluded from
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international credit markets. In addition, the economy suffers an output loss,” with the
same amount of labor services households produce less goods. The productivity factor

in autarky is represented by h(A). The problem is:

Vi4) = max {U(Cs,ed,l—z;>+ﬁz (160, 4) + (1= V()] Q(a'/ )
-

T4,Gq

s.t. (3.

Gy = T,C;

h(A) F(lg) = (1+Ta)Cq

h(A)F () UG Gl = 1)
(1+1Ty) U. (C,Ga, 1= 13)

(7, and [; represents the optimal consumption and labor decisions when the country is in
autarky. The tax on consumption is the only instrument to finance public expenditures.

The economy is excluded from credit markets in the current period but in the next
one the country may regain access to external markets with an exogenous probability
. When the economy returns to financial markets, it does so with no debt burden,
B = 0. In this case the continuation value will be V5(0, A”). On the other hand, with
a probability 1 — u the country will stay in autarky. In such a case, the continuation

value will be V4 (A').

3.3. Foreign Lenders

There is a large number of identical, infinitely lived foreign creditors. Each lender can
borrow or lend at the risk free rate 7y and participates in a perfectly competitive market

to lend to the small open economy.

"The assumption that default reduces output can be rationalized by the fact that after a default
episode there is a disruption in foreign trade, Rose (2005), which induces an output loss. See also

Arteta and Hale (2006) and Dooley (2000).

—



17

Lenders are risk neutral and maximize expected profits, which are given by the

following equation

AB'A) ), (L= NB4))

d=—qB
¢b+ 1+Tf 147y

The first term of the equation above shows that when creditors lend to the government
in the current period, they buy the discount bond issued by the domestic government at
a price q. Next period the lenders may receive the face value of the bond depending on
whether the government defaults or not. When it defaults, creditors get 0 units of the
consumption good, where \(B’, A) is the endogenous probability that the government
defaults on its sovereign debt. Therefore, with probability 1 — A(B’, A) lenders will be
paid back an amount B’.

Since there is perfect competition in the credit market, a zero profit condition for

the foreign creditor is satisfied. The bond price is then®:

(1-XB",A))

B A) =
q( Y ) 1+7ﬂf

(3.10)

Thus, the equilibrium bond price g(B’, A) reflects the probability of default of the
government, \(B’, A), which results from
ABLA) = > QA/A). (3.11)
A'ef (B)

so that the default probability is zero when F (B’') = @ and it is one when F (B') = T.

8 Alternatively, we could assume that foreign lenders have access to two instruments: a risky bond

and a risk free bond. Since creditors are risk neutral, they are willing to buy the risky asset as long as its

_ (1=x)

expected return equals the return of the risk free asset: (1—\)(14+R) = 14ry, with ¢ = (1T1R) =T
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4. Equilibrium
4.1. Definition

In equilibrium households choose optimal private consumption and labor effort given
government policies and the government determines its optimal default policy and asset
holding policy as well as its optimal fiscal policy subject to the private sector optimizing
and foreign lenders optimizing by satisfying their zero profit condition from the debt

contract.

Definition 4.1. A recursive equilibrium for this small open economy is characterized

by
1. A set of value functions Vp, V¢ and V¢ for the government,

2. A set of policy functions for household’s consumption C*, C7 and household’s

labor supply *, 17,

3. Policy functions for government’s default decision D, optimal asset holdings B’,

optimal government expenditures G, G4 and optimal tax rates T', Ty,

4. A bond price function g,

such that

1. Given the government policies and the bond price function, the household policies

for consumption and labor solve the household’s problem,

2. Given the bond price function ¢ and the optimal policies for households, the
government’s value functions Vp, V¢ and V¢ and its policy functions D, B', G and

T solve (3.3), (3.8) and (3.9):
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3. The equilibrium bond price ¢(B’,s) is such that international lenders get zero

expected profits, (3.10).

4.2. First Order Conditions from Government’s Problem

The first order condition for the tax rate simplifies to:

AF (1)
(1+T7)*

_u, 61— | AEE) | TARE) O

Uc.(C,G,1-1) (1+T)2 (1+T) oT|"

This condition can be interpreted in terms of marginal benefits and marginal costs of
changing the tax rate. In terms of effects on today’s utility, a marginal increase in the

tax rate affects private consumption, public spending and labor effort. The government

AF(I%)
(1+7)*

increases taxes and reduces the consumption of private goods by units, which

reduces today’s welfare. On the other hand, the government increments public spend-

AF(l*) | TAFR(I*) a1
(1+T)2 (I+1) 9T

ing by units, increasing household’s welfare. The first term in this
expression corresponds to the resources reallocated from private consumption to public
consumption. However, if households react working less hours when the government
implements a higher tax rate, then the amount of resources that can be assigned to
public expenditures would be reduced. This effect corresponds to the second term.

The Euler equation for the government is obtained from the first order condition of

its dynamic optimization problem and the envelope theorem:

U, (C,G,1-1) |g+ B =8 > Uy (C,G,1-1")Q(A'/A)

dg TAFR (") 0l }
A’eT(B)

oB’ (1+T) oB
The Euler equation is interpreted in terms of marginal benefits and marginal costs of

additional lending or borrowing. We consider the case where the government is a net

debtor. The marginal benefits and costs can be described as follows:
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In terms of effects on current welfare, for each unit of additional borrowing the

government could increase the level of public spending by g+ B’ 59]‘31, — Téljf(pl)*) % units.

Additional borrowing would affect the amount of resources available to finance public
spending. Since the government is borrowing more it could afford a higher level of public
expenditures: in principle it could increase public consumption in ¢ units, but at the
same time, if the government is already indebted, additional borrowing would increase
the interest rate that it faces in international markets because default probabilities are
increasing in foreign debt. The decreasing bond price implies that the government does
not obtain as many resources from selling bonds as it would under a constant bond

price. The term B’ 88]‘31, reflects that when evaluating the benefits and costs of additional

external borrowing, the government takes into account the fact that issuing more bonds
would decrease the price.

The government’s borrowing can affect the idiosyncratic bond price that it faces: if
the government issues additional bonds, default probabilities will be higher and foreign
creditors will demand a lower price, otherwise they will not buy the bonds. In addition,
extra borrowing affects the labor supply and hence the level of output. If households
responded by supplying less labor, for a given tax rate the proceeds from taxing house-
holds would be lower. Thus, the resources available for financing public consumption
would be reduced. This effect depends on the sign of % and corresponds to the term
TAF,(I*) ol

11y 95" Increasing B’ can only be optimal if it allows the government to increase

G,ie. if g+ B 88]‘31, — Téil:(Fl; ) % > 0. In this case the extra resources are used to raise
public spending, increasing current utility. Next period, the government would have to

repay its debt, which reduces future government consumption. However, it only pays

back when it is optimal, so households only end up enjoying less public goods in those
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states where the government does not default and honors its debt.

5. Quantitative Analysis

The benchmark model is solved numerically and the parameters are based on existing
data. Given the availability of time series of data, Mexico is used as a benchmark and
our period of study is 1980-2007. Many of the business cycles features observed in

Mexico are shared by other emerging market economies.

5.1. Data

The data are seasonally adjusted quarterly real series obtained from Banco de Mexico.
Output, private consumption and public consumption are in logs and the trade balance
is presented as a percentage of GDP. An effective tax rate was computed for the con-
sumption tax using the methodology of Mendoza, Razin and Tesar (1994). The interest
rate spreads corresponds to the EMBI for 1994-2007. All other series are from 1980 to

2007. All series are filtered with the Hodrick-Prescott filter.

5.2. Calibration

The calibration involves choosing the functional forms and the parameter values. The
parameters are chosen based on existing empirical work on emerging markets, if avail-
able. Otherwise they are set to mimic empirical regularities of emerging markets.

The per period utility function of households is specified as:

1+ 1-0o
Gl-o (¢ - )
U(C,G,l—l)—w<1_0>+(1—7r) T . (5.1)

The first term of the function has the GHH (1988) specification, which has the property

that the marginal rate of substitution between private consumption and labor is inde-
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pendent of consumption. Therefore, the labor supply does not depend on the level of
consumption and has elasticity%. In addition, public expenditure G and private sector
variables, i.e., C' and [, are separable.

There is a linear production technology, where labor is the input:
AF (I) = Al.

Given these preferences and technology, and combining the first order condition of house-

hold’s problem and its budget constraint, the optimal labor supply policy of households

g L
14T

The household’s labor supply depends on the productivity factor, the tax rate and the

is

&l

parameter W of the per period utility. A higher tax on consumption reduces the optimal
level of labor, whereas a higher productivity shock increases it.

The productivity shock is assumed to follow an AR(1) process
In(A¢) = pIn(As_1) + &t

with £ (¢) = 0 and E (e?) = o2
There is an output loss in autarky, households produce fewer goods with the same
amount of labor services. Arteta and Hale (2006), Rose (2005) and Dooley (2000) among
others, provide a rationale for the loss of output when countries face debt crises. The
productivity factor in autarky h (A) is specified following Arellano (2008). Thus, it is
assumed that default entails some direct output cost of the following form:
oE (A) if A>¢E(A)

h(A) = :
A if A<oE(A)
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with ¢ € (0,1).

The parameters for the model are shown in Table 1. Some of the parameter values
that are used are standard for business cycles models in emerging markets. The para-
meter o, the coefficient of relative risk aversion, is set equal to 2, a standard value (see
Aguiar and Gopinath 2006). The parameter W is set to 0.455 following Mendoza (1991).
This parameter determines the labor supply elasticity %

The discount factor § is set at 0.97. This value helps to approximately match
the public consumption volatility close to 3% for the Mexican economy during our
sample period. One weakness of quantitative models of sovereign default is that they
require a high level of impatience to generate default in equilibrium. By considering an
asymmetric output penalty we can use a more reasonable value (see Arellano (2008)).

The parameter pu reflects the exogenous probability of reentering international capital
markets after default and is set equal to 0.1. This value implies that a defaulting country
will return to financial markets in about 10 quarters after defaulting on its foreign
debt. This is in line with the exclusion period observed in the data by Gelos, Sahay
and Sandleris (2003), who calculated the average number of years that a country was
excluded from international financial markets to be close to 3 years for countries that
defaulted on their foreign debt during the period 1980 - 1999.

The parameter of the cost of default ¢, is calibrated to match the external debt
service to GDP ratio, 4.5% for Mexico. The risk free interest rate is set equal to 1%,
which corresponds to the US annual interest rate. The parameters of the stochastic
process for the productivity factor are set to match the cyclical properties of GDP in
Mexico: the autocorrelation and standard deviation of the Mexican output. The process

of output is approximated by a discrete first order Markov chain with 25 values using
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the procedure in Tauchen (1986).

Given the values of the parameters and the preferences, which are specified in equa-
tion (5.1), a value of 7 equal to 0.30 allows the model to generate a public spending-
private consumption ratio equal to 16%, which corresponds to the mean value for Mexico

during the period of study.

5.3. Results

This section presents the simulation results and the statistical properties of the bench-
mark model. The second column of Table 2 shows the business cycle moments of several
macroeconomic variables for the simulated small open economy. Business cycles statis-
tics are average values over 1000 simulations of 50 realizations each, drawn from a
stationary distribution. The simulated series are logged and filtered.

The model economy is able to match several stylized facts in emerging markets:
Incentives to default are higher for highly indebted countries, default risk and interest
rates are countercyclical, public and private consumption are positively correlated with
output, tax rates increase (fall) in recessions (expansions), the trade balance is negatively
correlated with output and the volatility of consumption is higher than the volatility of
output. Additionally, in good times the country borrows more at lower interest rates.

Figure 1 plots the discount bond price schedule as a function of assets for two values
of the productivity shock. As the figure shows, given a shock, the bond price is an
increasing function of foreign assets. For small levels of foreign debt, the government
always pays back its debt, so it borrows from international markets at the world risk
free interest rate. In this range of debt, the bond price is simply the inverse of the

gross risk free rate. However, as the foreign debt increases, at a certain level the bond
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price starts to decrease because the incentives to default are stronger for highly indebted
governments. At a sufficiently large debt level the government always defaults regardless
of the output realization. At that point the probability of default is one, so the bond
price is zero.

The bond price schedules also illustrate that for all levels of debt, the bond price is
lower (higher interest rate) when the economy is hit by an adverse output realization.
This result derives from the presence of incomplete asset markets in the model. This
market structure makes defaulting on foreign debt more attractive in bad times when
output is low since the repayment of non- contingent loans is more costly in recessions.
Since productivity shocks are persistent, lending resources to the government in times of
low output involves a higher default risk. Thus, risk neutral lenders are willing to lend
resources to the government by charging a higher interest rate. The simulated sequence
plotted in Figure 2 shows how the interest rate spread increases as output contracts in
the economy.

The consumption tax and output are negatively correlated, implying that in bad
times when the government has limited access to international credit markets it taxes
more heavily on consumption in order to get resources to finance its expenditures. In
good times foreign credit is cheaper, the government finances its expenditures mainly
through external borrowing. Thus, the lack of government commitment to repay its
debt induces a procyclical tax rate. Figure 3 shows the dynamics of GDP and tax rates
from a simulation of the model economy.

A key feature of the model to understand why the government relies more on taxes
in recessions is the asset structure of the model that makes default more tempting in

recessions. Hence, if the government defaults then it is the case that an adverse shock
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has hit the economy. Therefore, in the middle of a recession, a highly indebted govern-
ment loses access to credit markets and it has to finance its expenditures with taxes.
However, if the productivity shock is low but the government is not highly indebted
then it might find optimal to pay back and remain in good standing in international
markets. At the same time, since the productivity shock is persistent a low realization
today implies a higher probability of experiencing a bad shock tomorrow. Therefore, a
lower productivity shock today increases the default risk for a given amount of external
borrowing. Thus, in bad times, even if the government does not default it faces higher
interest rates, making the use of external debt to finance public expenditures a relatively
less attractive option. Under such circumstances, the government finds it optimal to
rely more heavily on taxes financing. Figure 4 presents the tax policy function T'(B, A)
as a function of B for two values of the productivity shock. When the amount of foreign
debt is low and the government always pays back its debt, the country faces the risk
free interest rate and the optimal tax rate increases with A. However, when the foreign
debt is high enough such that it carries a positive risk premium, the optimal tax rate
decreases when a positive productivity shock occurs.

Similarly, public spending is procyclical because it is valued by households and
markets are incomplete. Since default is more attractive in bad times, the bond price
is low (high) in recessions (expansions). Thus, the asset structure in the model and the
countercyclicality of interest rates substantially reduce the ability of the government to
smooth consumption and make both public and private consumption highly positively
correlated with output. These results highlight the importance of the countercyclicality
of the sovereign spreads in driving the procyclicality of tax rates and public expenditures.

Finally, the calibrated economy experiences a countercyclical trade balance and pro-



27

cyclical borrowing. The availability of external credit and the interest rate vary with
the business cycle: foreign lenders respond to an improvement in the domestic macro-
economic conditions by demanding a lower risk premium, which entices the government
to dissave. Additionally, since productivity shocks are persistent, a positive shock today
increases the probability of a good shock next period and the increased likelihood of
a higher future income also induces the government to borrow more. Figure 5 shows
the borrowing policy function B’(B, A) conditional on not defaulting, as a function of
B for two values of the productivity shock. When the country is highly indebted, the
government borrows more in booms than in recessions. When debt is small the coun-
try experiences no default risk and therefore borrows at the international risk free rate
even for low income realizations. Therefore, in this region the economy borrows more
in recessions and less in expansions as in standard insurance models with borrowing
constraints a la Hugget (1993). Finally, the higher volatility of consumption than that
of output is due to the procyclicality of borrowing. In low income states, borrowing
is relatively expensive so the government is constrained and tax rates are raised, thus
consumption decreases similarly to output and the trade balance tends to be positive.
In expansions, the cheap foreign credit stimulates borrowing and low tax rates, which

induce consumption to rise above income and the trade balance to become negative.

6. Discussion

In this section we conduct a robustness check of the benchmark results. In this sense, we
study the implications of different features of the benchmark model on the dynamics of
fiscal and financial variables. We first analyze the role of default in the model. Secondly,

we look at a labor tax instead of a consumption tax and then we consider different
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preference specifications and parameters. Finally, we consider a model with defaultable
public and private foreign debt, where we also analyze the role of commitment on the
dynamics of sovereign debt and fiscal policy.

One of the distinguishing features of the study is the presence of default risk, so we
first consider the model dynamics in the absence of it. Table 3 compares the benchmark
results with and without default. In the model without default, the government faces
a constant interest rate in international markets, which is equal to the risk free interest
rate.” Thus, interest rates do not fluctuate countercyclically anymore. While public
expenditures are still procyclical because they are valued by households and markets
are still incomplete, the tax rate ceases to fluctuate procyclically. Therefore, in bad times
the economy now has stronger incentives to finance both private and public consumption
by increasing its borrowing instead of tax rates. Now, the optimal cyclical pattern for
borrowing and tax rates, imply a slightly positive correlation of these variables with
GDP. However, as discussed earlier, such dynamics are counterfactual.

We also consider a labor tax instead of a consumption tax. Table 3 compares the
benchmark model with a consumption tax and a model with a labor tax. The results are
quite similar. Combining the first order condition of household’s problem and its budget
constraint, we get the optimal labor supply policy when the government implements a
labor tax:

F=[(1-T) AT

The optimal household’s labor decision depends on the productivity factor, the tax

rate and the parameter ¥ of the per period utility. A higher labor tax reduces the

9The model without default has an adjustment cost for debt specified as ¢/2(B’ — B)? to have the
steady state well defined. The values for ¢, B are set to match the debt service and volatility of the
trade balance of the benchmark model (see Uribe and Schmitt-Grohe (2003)).
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optimal level of labor, whereas a higher productivity shock increases it. Thus, the
effects are similar to those of the consumption tax and the optimal fiscal policy remains
procyclical.

Next, we consider a CES aggregation function for preferences in private consumption
and public spending in an endowment setting in order to assess the effect of varying
degrees of complementarity and substitutability between these two choice variables on

the model dynamics:

[6G= +(1-6)C] "~

According to this specification, the value of the preference parameter ¢ can take
values equal or larger than -1, where ¢ = 0 indicates a Cobb Douglas functional form. A
value of ¢ toward -1 corresponds to closer to perfect substitutes and a value of ¢ toward
infinity represents closer to perfect complements. We set § = 0.86 to generate the G/C
ratio of 16% under the Cobb Douglas functional form. We use the above aggregator in
a standard CRRA utility function with ¢ = 2 as in the benchmark model. The results
for the different specifications appear on Table 4. As the numbers in the table show,
the qualitative results stand and overall results do not change significantly. As private
consumption becomes more of a complement with public spending, the ratio G/C tends
to 1. If they are perfect complements, one unit of G is consumed together with one unit
of C. As the goods become more complementary the government tends to implement a
larger tax to redistribute the resources according to the optimal allocation between C
and G. For instance, with a value of ¢ = —0.5 (close substitutes) the government imple-
ments a relatively small tax to transfer a small amount of resources towards G compared
to the complements case. In this sense, as the goods become more complementary, the

G/C ratio increases but there is little change in the magnitude of the macro correlations.
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Thus, the exercise results suggest that the outcome of fiscal procyclicality in the model

is not sensitive to the complementarity between C and G.

7. Private foreign borrowing

The assumption that households cannot borrow directly from credit markets is in conflict
with the increased participation of the private sector’s debt in the overall bond issuance
by emerging markets documented by the IMF (IMF Financial Stability Report (2007),
Copelman (1996)). At the same time, the aggregate figures on private foreign borrowing
conceal a significant cross country heterogeneity: while private foreign borrowing in
countries like Estonia or Thailand is significant relative to public foreign borrowing, for
a large number of developing countries it is almost exclusively the government that has
access to international credit markets. This gives official borrowing a key role in the
consumption smoothing of a large fraction of households in these economies (CEPAL
(2008)). Lahiri, Singh and Vegh (2007) observe that, in general, access to asset markets
is limited to a fraction of the population, and even in the US the degree of segmentation
in asset markets is remarkably high. For example, they point out that as of 1989, almost
60% of US households did not hold any interest bearing assets (defined as money market
accounts, certificates of deposit, bonds, mutual funds, and equities) and 25% did not
even have a checking account. They thus argue that this lack of household access to
asset markets is likely to be much more severe in developing countries, where financial
markets are much less developed. Claessens (2006) also documents that, even in the
US, still by 2001 about 10% of households did not hold any financial account. On the
other hand, he shows that in developing countries the average usage of a bank account

is only 26%. Reinhart, Rogoff and Savastano (2003) document that historically, private
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foreign borrowing accounts for less than 10% of total foreign borrowing in more than
2/3 of developing countries.!” Table 5 summarizes their finding.

Within the model, the lack of private foreign borrowing prevents households from
adjusting their private consumption, thus potentialy overstating the role of public bor-
rowing. To assess the robustness of our results to this assumption and see the mecha-
nisms at play we consider a two-period endowment economy in which the private sector
can also borrow abroad and choose to default. The magnitude of the economic loss
experienced by the country in a default event thus depends on whether it is the gov-
ernment, the private sector or both that decide not to fulfill the credit obligations. The
modeling captures the concept of “sovereign credit ceiling” observed in the data, i.e.,
the interest rate spread at which the government borrows in developing countries tends
to set a lower bound for the spread paid by the private sector. This stylized fact is
analyzed in numerous empirical studies such as Durbin and Ng (2005), Borensztein,

Cowan and Valenzuela (2007) and Peter and Grandes (2005), among others.

7.1. Model

The government does not have commitment to long-run plans and chooses taxes (7),
debt (B) and default (D) before the private sector decides on debt (b), and default (d).
Thus, each period, the private sector maximizes lifetime utility given the government’s
policy. Likewise, the government chooses the fiscal policy to maximize lifetime utility

given the private sector’s reactions to its actions. This type of problem is very suitable to

0Tn order to gauge the importance of private foreign borrowing in these economies they look at
the share of private sector external borrowing out of total external borrowing. They divide developing
countries in two groups: those where private sector debt accounts for at least 10 percent of total external

debt, and those where the share is below 10 percent.
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be solved by backward induction. Therefore, we first present the last period problem.
Notice that income y(y,d, D) depends on the output realization y and the indicator
function that shows whether the private (d) and public (D) sectors defaulted (1) or not
(0).11

Suppose in the second period the government decided to pay back its debt and to

set taxes at 7o. Then, the private sector’s problem is

U2, (by, B = B
(b2, B2, ya, T2) d;él{@}fl}u(CmCﬂz + By)
subject to
Y(y2,d2, Da) = —Ig,—yb2 + ca(1+ 79), (HH’s be).

Likewise, suppose in the second period the government decided to default on its debt

and to set taxes at 7o. Then, the private sector’s problem is

U2 b ; ) = s
i (b2,92,72) dzfélﬁffl}u(cz C2T2)
subject to
g(yQad2>D2) = —I(d2:0)b2+62(1 —|—T2),

Thus, the government’s problem is then to choose taxes and default to maximize lifetime

utility taking the private sector’s reaction to its policy as given; i.e.,

V2(b2732>y2) = max {DQ*Uc%(b2>y277-2)+(1_D2)*U72Ld(627327y277—2)}'
72,D2€{0,1}

Notice that V2(ba, B, y2) is useful because this is the function used in the first period

to compute the effect of borrowing on the utility in the second period. Now we describe

"YWe will look at the problem of one (representative) agent in the private sector. Thus, we assume
that all agents in the economy have the same y and they are allowed to trade only with foreign lenders

(i.e., we rule out interactions among individuals in the private sector).
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the first period problem. Let g,(b2, Ba,y1) and g4(b2, B2,y1) be the price of the pri-
vate sector’s and government’s debt, respectively. These prices are determined by the
(expected) zero profit conditions and depend on the amount borrowed by the private
sector, ba, the government, B, and the first period income, y;. Those prices are taken
as given by the government and the private sector.

If in the first period the government decided to payback its debt, set taxes at 71,

and accumulate Bs for the next period, then the private sector’s problem is

Upa(b1,Br,y1,71,B2) =  max  u(ci,em — I(a,=0)dg(b2, B2, y1) B2 + Bu)
dle{o,l},bz

+,8Ey/ V2 (I(d1:0) bQ, I(d1:O)BQ> yg)
subject to
Y(y1,d1, D1) = Ig,=0) [ap(b2, B2, y1)b2 — b1] + c1 (1 + 71),

and given gy (b2, B2, Y1), g4(b2, B2, y1).

Thus, if the private sector defaults, then it is excluded of credit markets. Additionally,
the term I(dlzo)qg(bg, Ba,y1)Bs indicates that in case of default in the private sector,
the government is also excluded from credit markets.

If the government decided to default on its debt and to set taxes at 71, then, the

private sector’s problem is

Uj(b = E,V2(0,0
a(b1,y1,71) dlrélﬁfl}u(cl,qn)*'ﬁ yV=(0,0,92)
subject to
g(ylvdlaDl) = _bll(d1:0) +Cl(1+’7’1),

Therefore, if the government defaults, credit markets are closed for both the government
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and the private sector. The government problem is then

Vi(by, B1,y1) = max  {Dy * Ug(by,y1,71) + (1 — D) * Upg(br, B1,y1,71, Ba2)}-
71,D1€{0,1},B>

The policy functions used in the simulations below are those that solve the first period
problem. In particular, given the initial state (b1, B1,y1), we have the policy functions
for the government, 7(by, B1,y1), B2(b1, B1,vy1), D(b1, B1,y1), and the private sector,
ba(b1,1 B1,y1),and d(by, By,1).'? Notice that using the private sector’s and the govern-
ment’s budget constraints, we also have C(b1, B1,y1) and G(by, B1,y1). Thus, we are

now equipped to evaluate the model in numerical simulations.

7.2. Results

The value for the common parameters, stochastic processes and functional forms are
taken from the benchmark model. Different values of the parameters determining the

output loss after default must be considered. Income is defined as

Y(y,d, D) = Iy<y[I(p=1)T(a=0)PAg + I(aq=1)9 ) + I(D=0)L(a=0)¥ + [(a=1)PAp)] + T>y¥-

The parameter ¢ has the same meaning and value as that in the benchmark model.
The parameters A\, Ay, and A, represent the punishment if both default, if only the
government defaults, and if only the private sector defaults, respectively. We mantain
Ag = 1 as in the benchmark calibration. To follow the concept of “sovereign credit
ceiling” observed in the data, we set A, slightly higher than )\9.13 Last, if both sectors

default, we assume the punishment is harder, A\, = 0.97.

12Notice that bz(bl,Bl,yl) = bz(bl,Bl,yl,Tl(bl,Bl,yl),Bz(bl,Bl,yl),Dl(bl,Bl,yl)). The same

logic applies for d;.
13This parameter is close enough to 1, such that it does not imply a reward in case of default in the

private sector for any income level in the grid.
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The results are presented in Table 6. The main message is that private foreign
borrowing does not modify the results in this paper. The first two columns present
the correlations computed using directly the policy functions. For instance, p(y, ) is
the correlation between y; and 71(b1, Bl,yl).M Since by and Bj are “free parameters”
here, we present the results for low (first column) and high (second column) values of
b1 = Bj. In the last column, the correlations were computed from time series simulated
using the policy functions defined above. The results differ from the first columns
because now b; and B; evolve over time according to Ba(-) and ba(-). However, in all
the exercises the government borrows more during booms and increases taxes during
recessions. In the presence of a series of adverse shocks, the cost of rolling over debt and
financing public expenditures increases and it becomes optimal to increase consumption
taxes. Since the private sector may borrow somewhat from abroad, it might avoid an
otherwise even more drastic fall in consumption, making it less costly to tax for the
government. At the same time, since the cost of private borrowing also increases in
recessions due to countercyclical credit risk, the private sector also faces procyclical
borrowing and is constrained in bad times, so private debt is not a good instrument to

smooth consumption.

8. Conclusions

In this paper we help rationalize the observed procyclicality of fiscal policy in emerg-
ing economies as the outcome of optimal public policy. Our paper contributes to the

literature on fiscal policy and macroeconomic fluctuations in developing countries by

“In computing those correlations, we weighted each point y by the measure of y in the stationary

distribution of income.
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analyzing the importance of incomplete markets and sovereign default risk premium in
explaining the procyclicality of public expenditures and tax rates in these economies.
The results are also consistent with other key stylized facts present in emerging market
economies such as the countercyclicality of interest rate spreads and the procyclicality
of borrowing.

We develop a dynamic stochastic model of a small open economy with endoge-
nous fiscal policy and optimal sovereign default under incomplete credit markets. Since
non-contingent debt is not a good instrument for consumption smoothing, public ex-
penditures fluctuate. Although default incentives are stronger when output is lower,
recessions do not always trigger such policy: a sovereign default typically occurs in a
sufficiently large recession for a heavily indebted government. In that case the coun-
try is temporarily excluded from external credit markets and public expenditures are
financed by taxation. When the economy faces a fall in output but the government
does not default, it has the option to borrow from abroad but at a high interest rate.
Since the cost of external credit increases in recessions, foreign debt financing of public
expenditures becomes a relatively less attractive option compared to taxation. There-
fore, complementing the previous literature that focused on the loss of market access,
we find that the possibility of sovereign default and the associated risk premium play an

important role in inducing the procyclical fiscal policy observed in emerging economies.

9. Appendix

9.1. Algorithm for benchmark model

From the first order condition of the household’s problem and her budget constraint,

we can get the following expressions for the optimal labor supply:
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&=

e | A
1+ T

This expression is inserted in 3.2 and 3.7, to get the following expressions for private

consumption and public expenditures:

Al
= —
(1+1T)
G = TC*+B—q(B,A)B (9.1)

which are plugged in 5.1:

(l*)lJr‘I’
1+W

Gl—a
l1—0

1—0o
U(Ct, G, — 1) :71'(0 _ ) (-7 9.2)

l-0

Assume an initial function for the price of the bond go(B’, A) as well as initial values
for Vo and V?. To calculate the initial value of the bond, use the inverse of the risk
free rate. For the initial values of the value functions, (Vp)o and (V%), start with 0
matrices, then the following algorithm is used:

1. Use qo to get G from (9.1), then for every point ( A, B, and B’ ) find the value
of the tax rate, Tp, that maximizes (9.2).

2. Use qo and Tj to express the per period utility (9.2) as a function of B, B’, and
A, then use (Vp)g and (V?)y and equations (3.3), (3.8 ) and (3.9) to get (Vp)1, (V9),
the policy function, B'(B, A) and default function D(B, A) as well as the optimal tax
rate associated with A, B and B'(B, A).

3. Given the default function D(B, A), and the repayment and default sets I'(B) and

F (B), compute the probability of default A(B’, A) using (3.11).
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4. Update the price of the bond using the following equation:

(1-X\(B',A))

h = 1+Tf

5. Use the updated price of the bond ¢; and the value functions (V)1 and (V%); to

repeat steps 1, 2, 3 and 4 until the following conditions are satisfied:

max{qg (B',A) -q (B',A)} < €
max{(Vb (B’A))O - (Vb (BvA))l} < €

max {(vd (A))o — (V° (A))l} < e

where € is a small number.



9.2. Tables and Figures

Table 1. Parameter Values

Risk Aversion o 2
Discount Factor 6 0.97
Labor Elasticity % 2.22
Re-entry Probability p o 0.10
Default Penalty ¢ 0.99
G Weight m 0.30
Risk Free Interest Rate 7y  0.01
Output Shock p 0.85
oe 0.006

Table 2.
Mexican Data Benchmark
(1980-2007) Model
o (GDP) 2.37 2.37
o (C) 2.90 2.44
o (Tax) 0.57 0.20
o (T'B/GDP) 2.04 0.22

GDP,QG) 0.55 0.97
GDP,Tax) -0.33 -0.35
GDP, Spread) -0.63 -0.29

(
(
(
(
(GDP,C) 0.92 0.99
(
(
(
(GDP,TB/GDP) -0.72 -0.36

)
p
p
)
p




Table 3. Simulation Results

Benchmark Model Model
Model Without Default With Labor tax

o (GDP) 2.37 2.37 2.37
o (C) 2.44 2.23 2.43
o (Tax) 0.20 0.18 0.18
p(GDP,C) 0.99 0.99 0.99
p(GDP,G) 0.97 0.97 0.97
p(GDP, Tax) -0.35 0.63 -0.34
p(GDP, TB/GDP) -0.36 0.61 -0.35
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Table 4. Complementarity between private and public spending

Substitutes Complements

Complementarity parameter ¢ —0.50 20

o (Tax) 0.10 0.19
& Ratio 0.02 0.91
p(GDP,G) 0.95 0.95
p(GDP, Tax) -0.25 -0.24
p (GDP, Spread) -0.20 -0.20
p(GDP, TB/GDP) -0.23 -0.23

Table 5. Public and private foreign

debt in developing countries

Private sector debt accounting for less than 10 % of total

external debt. Number of cases and share in parentheses.
1980-1985 1988-1993 1996-2001
76 (70.4%) 114 (83.2) 96 (67.1%)

Source: Reinhart, Rogoff and Savastano (2003).



Table 6. The economy with private foreign borrowing

Initial debt Time
Correlations Low  High Series
p(y1,71) -0.238 -0.937 -0.864
p(y1, gpb2) -0.863 -0.823 -0.716
p(y1,94B2) -0.189 -0.927 -0.207
p(y1,Ch) 0.990 0.994 0.971
p(y1, G1) 0.990  0.994 0.971

Note: the correlations in this table are comparable among them but

not with those in Tables 2, 3 and 4, because the data were not filtered.

By construction, filtering does not make sense in columns 2 and 3.
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Bond Price

Figure 1 Bond Price
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Spread (%)

Tax Rate (%)

Figure 2 Dynamics of GDP and Spread
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Tax Rate

Foreign Assets

Figure 4 Tax Rate Policy T(B,A)
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