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Abstract
This dissertation presents three essays on international macroeconomics.

The first article is a literature review of three separate, and often discon-
nected, strands of the economic literature that has addressed pairs of link-
ages between foreign indebtedness, economic growth, and macroeconomic
volatility during the last three decades. The article surveys the main find-
ings of the theoretical and the empirical literature, with an emphasis on
findings relevant to macroeconomic policymakers. We find that endogene-
ity and nonlinearity are the central econometric issues in estimating each
of the bivariate relationships due primarily to institutionally-related, debt
overhang, and credit rationing problems. Motivated by these findings, we
propose a parsimonious empirical model, called the “debt-growth-volatility
nexus”, which unites these strands of inquiry.

The second article uses a GVAR approach to address the endogeneity
issue in the relations among public debt, economic growth and macroeco-
nomic volatility. Based on a sample of 81 developed and developing coun-
tries over the 1970-2011 period, we find strong evidence supporting bidirec-
tional links between debt and growth, debt and volatility, and growth and
volatility. Our setup of country groups indicates that negative and positive
effects can coexist in the world economy.

The third article addresses the nonlinearity issue using a disequilibrium
approach. We disentangle the credit rationing effect from the nonlinear re-
lation between debt and growth commonly known as debt overhang. Using
a sample of 28 developing countries over the period from 1970 to 2010, we
estimate a switching model with unknown sample separation and a set of
proxies for credit rationing that we next introduce into a growth model.
Our estimates indicate that credit rationing can explain the negative effect
of high debt levels on growth rates.
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Chapter 1

Introduction

Public debt and economic growth returned to the center of macroeconomic
policy debate after the recent financial crises. In some caes increasing pub-
lic debt levels have surpassed the thresholds that Kumar and Woo (2010),
Checherita-Westphal and Rother (2012) and Reinhart, Reinhart, and Rogoff
(2012b) document as harmful to the economic growth in both advanced
and emerging economies. In other cases increasing public debt levels have
nearly reached those thresholds. A nonlinear relation between public debt
and growth in advanced economies suggests that the negative effects of
debt overhang are not exclusive to developing economies. Although em-
pirical studies question the nonlinear relation (Eberhardt and Presbitero,
2015; Égert, 2015b; Égert, 2015a), both streams of research are inconclu-
sive and leave unsolved issues regarding the robustness of nonlinear re-
lation. To contribute to the discussion, this three-essay thesis introduces a
variable ignored in the empirical modeling of public debt-growth relation—
macroeconomic volatility—and implements two novel approaches to mea-
surement of the link.

The first essay, chapter 1, reviews the theoretical and empirical literature
on the bivariate relations among pubic debt, macroeconomic volatility and
economic growth. Those relations are debt and growth, debt and volatility,
and growth and volatility. We find three potential sources of nonlineari-
ties and endogeneity problems that are common to the three bivariate links.
The first source concerns debtor countries’ institutions which underpin the
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2 Chapter 1. Introduction

macroeconomic volatility and growth variables (Acemoglu et al., 2003). In-
stitutional arrangements affect discretionary management of public debt
(Cordella, Ricci, and Ruiz-Arranz, 2010) and the allocation of resources to
productive activities. Consequently, they determine a country’s economic
performance (North, 1990). The second source concerns differences in spe-
cific types of incentives at the country level that arise in debt overhang
episodes and which can affect the growth-volatility link. High debt-to-GDP
ratios can create incentives to generate high implicit taxes (Sachs, 1989), to
undertake critical reforms in developing countries (Krugman, 1988) or to
induce gambling for redemption behavior in politicians faced with the risk
of losing their jobs following a sovereign default (Malone, 2011). The third
source arises from the nonlinear structure of lending in the international
market. Countries with high debt levels experience both low growth and
high volatility that can induce constraints on their access to international
markets as is documented in Catao and Kapur (2006). Consequently, credit
rationing can underlie the nonlinear relation between debt and growth.

A first strategy to address the endogeneity issue is the use of instru-
mental variables. The hard task of finding good instrumental variables and
the high persistence of debt-to-GDP ratio depreciate this approach (Panizza
and Presbitero, 2013). The second essay is presented in chapter 2. Here,
we address the endogeneity issue introducing the macroeconomic volatil-
ity as an endogenous variable in a Global Vector Auto Regression (GVAR)
model. In this approach, early developed by Pesaran, Schuermann, and
Weiner (2004) and theoretically underlay as a global factor model in Dees
et al. (2007a), unobserved factors affecting the endogenous variables can be
proxied by global variables. Based on a sample of 81 developed and de-
veloping countries spanning the period from 1970 to 2010, we show that
positive and negative bivariate links between public debt, macroeconomic
volatility and economic growth can coexist. Specifically, we find that (i) the
negative effect of public debt appears to become permanent when it results
in a reduction of the growth rate by over 70 basis points; (ii) a transient
shock to volatility is associated with higher public debt levels in almost all
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groups, and with mixed effects on growth rates; (iii) a shock to growth rate
has a long-run reducing effect on public debt; and (iv) a shock to volatil-
ity has mixed effects on growth, and (v) there is a more persistent effect of
growth on public debt than the effect of public debt on growth.

The last essay, chapter 3, analyzes the nonlinear relation between pub-
lic debt and growth using a disequilibrium setting to explain the observed
level of public debt. In this set up, we disentangle the debt overhang ef-
fect from the credit rationing effect in a sample of 28 developing countries
spanning the period from 1970 to 2010. We find that high levels of volatil-
ity or of debt stock—two significant variables explaining the demand for
debt—reduce the supply of loans to government. Similarly, a higher growth
rate increases the demand for borrowing. This is compatible with high time
preferences of countries in the sample. Based on a reduced form of a growth
model, we show that (i) a credit rationing event has a significant and nega-
tive effect on the long-run growth rate; (ii) the negative effect of debt over-
hang on growth documented in the empirical literature is statistically sig-
nificant only when it is accompanied by credit rationing episodes.





Chapter 2

Literature review (with Samuel W.
Malone)

2.1 Introduction

External debt, macroeconomic volatility, and economic growth have histor-
ically been issues of primary concern among macroeconomic policymakers
the world over, especially in developing and middle-income countries. Af-
ter the recent global financial crisis, these three variables have returned to
the center of macroeconomic policy debates in developed countries as well,
as debt levels have grown in response to large contingent liabilities in their
banking sectors. Quite rightly, developed-country policymakers fear pos-
sible negative effects on economic growth and on sovereign balance sheets
from higher levels of indebtedness. The 2012 gross debt of the developed
countries was 110.7 percent of their combined GDPs, and the IMF forecasts
that it will reach 113.6 percent of their combined GDPs in 2013 (IMF, 2012,
Table 3, p. 17). While the current debt-to-GDP trend displayed in emerging
economies is less alarming than the trends observed in their developed-
country counterparts, well-known yet unconquered risks remain.

History lessons regarding the relationship between debt and growth
give reason to be concerned. According to recent research by Reinhart, Rein-
hart, and Rogoff (2012a), advanced economies with ratios of public debt-
to-GDP above ninety percent have experienced growth rates that are one
percent lower on average than during periods during which debt-to-GDP

5



6 Chapter 2. Literature review (with Samuel W. Malone)

has been below the ninety percent threshold, while emerging markets with
levels of debt above sixty percent, according to Reinhart and Rogoff (2010),
have undergone annual growth declines by about two percent on average.

Empirical studies that have explored the bivariate relationships between
debt, volatility, and growth have most often employed data from develop-
ing countries, as the frequency and cost of such crises in those countries has
been substantial. Recent studies have turned their attention to the inter-
relationships between debt, growth and volatility in developed countries.
Nevertheless, our general observation, that the focus has been on bivariate
relationships in the debt-volatility-growth nexus rather than on a natural
trivariate relationship that explicitly takes into account known sources of
nonlinearity and endogeneity, remains valid with respect to this newer lit-
erature as well.

As a first step to remedying this lacuna in the literature, we carefully
review the theoretical and empirical literature concerning the nature of the
bivariate relations among the three "nexus" variables. Our primary focus is
on identifying the most important sources of nonlinearity and endogeneity
in theory and in past attempts to estimate each of the three bivariate models.

We find three potential sources of nonlinearities and potential endogene-
ity problems in the three bivariate relationships that comprise the nexus.
The first source concerns debtor countries’ institutions. Strong institutional
arrangements may reduce discretion in debt management (Acemoglu et al.,
2003; Cordella, Ricci, and Ruiz-Arranz, 2010), which reduces the probabil-
ity of default by a country and thus reduces debt’s negative effects on eco-
nomic growth. On the other hand, the degree of efficiency of institutional
arrangements may also affect the allocation of resources to productive ac-
tivities, thus determining a country’s economic performance (North, 1990).
This source of endogeneity problems may be summarized under the head-
ing of "institution-related problems". Institutional factors, which have been
the focus of research particularly in the past decade and a half, also provide
a novel rationale for the existence of nonlinear relationships between debt,
growth and volatility.
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The second source of nonlinearities and endogeneity problems concerns
differences in specific types of incentives at the country level. This source
of nonlinearity may be summarized under the heading of "debt overhang
problems". Increased taxes and changes in investors’ perceptions resulting
from episodes of debt overhang may change the direction of capital flows,
which could affect investment levels, investment quality, and the growth
outlook of a country. High implicit taxes generated by high debt levels re-
duce incentives for undertaking critical reforms in developing countries,
thereby reducing future economic growth; this latter argument has occu-
pied a prominent place in the literature on debt and growth since the classic
contributions of Krugman (1988) and Sachs (1989). New research in this
field links debt overhang episodes and high risk of default to macroeco-
nomic volatility and growth through changes in the behavior of political
leaders. For example, Malone (2011) shows that politicians faced with the
risk of losing their jobs following a sovereign default have incentives to
gamble for redemption by instituting policies that increase the volatility
of output growth, even when these policies risk reducing average growth.
Thus, the growth-volatility link is affected, in a non-linear way, by the amount
of debt held by a country.

A third source of nonlinearity is the structure of lending in the interna-
tional market. Constraints on countries that wish to borrow, a la Catao and
Kapur (2006), limit the ability of countries to issue foreign debt for con-
sumption smoothing purposes. This credit rationing creates a debt trap
from which highly indebted countries can escape only with great difficulty
(Catao, Fostel, and Kapur, 2009). According to this logic, the observation
that countries with high debt levels experience both lower growth and higher
volatility may be an artifact of credit rationing by international lenders,
which prevents the contracting of marginal debt for both productive invest-
ment and consumption smoothing purposes. This source of nonlinearity
may be summarized under the heading of "credit rationing problems".

All three sources of potential endogeneity have implications for the mod-
eling of the nexus. The institution-related problems highlighted in the first
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point imply that appropriate institutional variables should be included in
all three of the bivariate nexus relationships to avoid bias in the estima-
tion of coefficients. The debt-overhang related problems highlighted in the
second point imply that the debt-growth relationship should include some
means of capturing debt-overhang effects of high debt on growth, for ex-
ample via the inclusion of a quadratic term for the debt-to-GDP ratio or
the use of spline regressions, as we discuss in section 2. Finally, the credit
rationing problems highlighted in point three suggest the model should ac-
commodate separate, demand-driven and supply-constrained, regimes for
determining the debt ratio in a given year.

The rest of this paper is organized as follows. Section 2 reviews the lit-
erature on debt and growth, Section 3 reviews the literature linking debt
and macroeconomic volatility, and Section 4 reviews the literature linking
volatility to economic growth. Section 5 specifies the "nexus" model. Section
6 concludes.

2.2 Debt and growth

2.2.1 Theory

Theoretical models of the debt-growth link, which are extracted from neo-
classical models with frictionless markets and perfect information, predict a
positive relation between the level of debt and economic growth. However,
models that include constraints on taxation of national income, market im-
perfections (especially informational asymmetries), and incentive problems
can cause that relation to become negative. Classic early contributions in-
clude those of Sachs (1984), Krugman (1988), and Gertler and Rogoff (1990).

Sachs (1984) considers the "textbook" case of a sovereign borrower that
borrows, consumes, and invests. He then generalizes it to include: (i) con-
straints on taxation; (ii) the possibility of debt repudiation; and (iii) a role
for loan syndication in the supply of credit to sovereign borrowers. In these
generalizations of the "textbook" model considered by Sachs (1984), he finds
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that: (i) governments facing taxation constraints should no longer borrow
to finance all projects with a positive present value at world interest rates,
as this may lower growth; (ii) repudiation risk leads to an upward sloping
supply of funds for borrowing countries and credit rationing at high debt
ratios; and (iii) liquidity crises, in which a fundamentally solvent country
is forced into default due to lack of credit provision by a syndicate of many
small lenders all acting in their best interests, are possible.

For Krugman (1988), the core aspect of the debt repudiation problem
is the fact that more stringent repayment terms induce lower repayment
effort from the debtor country. The negative relationship between the in-
terest rate on sovereign debt and optimal effort on the part of borrowers
poses a dilemma to lenders, who may find themselves on the wrong side
of the "debt Laffer curve" with highly indebted borrowers. In this case, as
Krugman famously showed, lenders can actually induce higher effort (and
output) on the part of borrowers by renegotiating debt contracts at more
favorable rates for sovereign borrowers.

Gertler and Rogoff (1990), unlike Krugman (1988), study an open-economy
model of intertemporal trade under asymmetric information, in which cap-
ital market imperfections are endogenous and depend on a country’s stage
of economic development. In their setting, increased wealth in a country
tends to mitigate agency problems in lending, enhancing capital market ef-
ficiency and thereby facilitating further growth.

Newer theoretical insights into the relationship between debt and growth
often draw upon ideas from political economy. For example, Aguiar, Amador,
and Gopinath (2009) characterize optimal taxation of foreign capital and
optimal sovereign debt policy in a small open economy where the govern-
ment cannot commit to policy, seeks to insure a risk-averse domestic con-
stituency, and is more impatient than the market. In their model, optimal
policy generates long-run cycles in both sovereign debt and foreign direct
investment in an environment in which the first best capital stock is a con-
stant, and a government’s impatience and inability to commit can induce
cycles of sovereign debt and foreign direct investment. The government’s



10 Chapter 2. Literature review (with Samuel W. Malone)

lack of commitment induces a negative correlation between investment and
the stock of government debt, which the authors characterize as a "debt
overhang" effect. They show that, unlike in Krugman (1988), debt relief is
never Pareto improving and cannot affect the long-run level of investment.

In related paper, Aguiar and Amador (2011) analyze the distortion caused
by political parties competing for power in an environment of limited com-
mitment from government, demonstrating that the degree to which political
parties value incumbency affects the speed at which countries accumulate
collateral or reduce debt. Thus, higher levels of political frictions may in-
duce the negative relationship between sovereign debt and growth which
has been documented in the empirical literature.

Koeda (2008) takes a slightly different tack, and focuses on the reasons
behind the strong dependence on concessional lending and low rates of eco-
nomic growth in Less Developed Countries (LDCs). By reformulating Co-
hen and Sachs (1986) model to include concessional lending, Koeda demon-
strates that multilateral concessional lending may result in a debt overhang
problem. Since poor countries need to preserve their eligibility for aid as-
sistance, they are less likely to undertake costly reforms that boost growth.
Consequently, LDCs often find themselves trapped in a low growth steady
state with high debt levels.

2.2.2 Empirical literature

For the most part, mainstream empirical research has limited itself to ex-
plaining three stylized facts in the debt-growth relationship: its nonlinearity
(as in Krugman (1988)), the "crowding out" effect of excess debt on invest-
ment (as in Sachs (1984)), and the relevance of institutional arrangements
and macroeconomic policies (as in Aguiar, Amador, and Gopinath (2009)
and Aguiar and Amador (2011)). Another important theme has been debt-
causality skepticism, in which several authors have argued that growth
slowdowns cause increases in debt ratios, but variations in debt ratios have
little effect on subsequent growth. We examine these issues in turn.
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2.2.2.1 Nonlinearities in the debt-growth relationship

Elbadawi, Ndulu, and Ndung’u (1997) were among the first to empirically
explore the nonlinearity of the debt-growth link. Based on a sample of
99 countries from Sub-Saharan Africa, Latin America, Asia and the Mid-
dle East, their findings support the existence of an inverted U-shape in the
relationship between debt and growth. They employ, in a cross-sectional
dataset, a linear model that includes both level and quadratic terms in the
debt-to-GDP ratio. Their results indicate that debt levels greater than 97
percent of GDP create negative marginal effects on economic growth.

Pattillo, Poirson, and Ricci (2002) and Pattillo, Poirson, and Ricci (2011)
more recently, have considered models that included dummy variables for
each quintile of debt and spline regressions with thresholds estimated from
the data. Pattillo, Poirson, and Ricci (2011) estimates in a panel dataset of 93
developing countries from 1969 to 1998 reveals the average impact of debt
becomes negative at about 35-40 percent of GDP and the marginal impact
of debt becomes negative at about the 18-20 percent of GDP level. They use
system GMM to estimate their models, and after controlling for the possible
endogeneity of debt, conclude that previous studies that fail to control for
this endogeneity tend to overstate the negative impact of debt accumulation
on growth. The authors also find little evidence of debt-service induced
crowding out effects in their study, and indicate that it is primarily through
its effect on the quality, rather than the quantity, of investment that higher
debt levels are likely to affect growth.

Clements, Bhattacharya, and Nguyen (2003) extend the model of Pat-
tillo, Poirson, and Ricci (2002) by considering a sample of exclusively low
income countries and splitting investment into public and private compo-
nents. Using a sample of 55 low-income countries during the period from
1970 to 1999, they found that the threshold level of debt beyond which the
marginal impact of debt on growth becomes negative is approximately 50
percent of GDP for the nominal value of external debt and 20 to 25 per-
cent of GDP for the present value of debt. The likely explanation for the
higher thresholds found by Clements, Bhattacharya, and Nguyen (2003), in
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comparison to the thresholds found by Pattillo, Poirson, and Ricci (2002)
and Pattillo, Poirson, and Ricci (2011), is that the sample used by the lat-
ter authors included emerging market countries in addition to low income
countries. With respect to the splitting of investment into private and pub-
lic components, they find that it is the public component that has a pos-
itive impact on growth, and for each 1 percentage point increase in public
investment-to-GDP, annual per capita growth rises by 0.2 percentage points.
Overall, the results of Clements, Bhattacharya, and Nguyen (2003) support
the existence of a "debt Laffer curve" for low income countries.

Cordella, Ricci, and Ruiz-arranz (2005) and Cordella, Ricci, and Ruiz-
Arranz (2010) add two elements to the discussion: splitting the sample of
countries based on the level of overall indebtedness, and considering the
role of the quality of institutions and policies on the debt-growth relation-
ship. In a sample of 79 developing countries during the period from 1970
to 2002, the authors find that while there is a clear debt overhang effect for
low debt countries, no such effect is present in the high debt countries. Fur-
ther, using a spline specification with two breaks, rather than a quadratic
specification or a spline specification with only one break as in previous lit-
erature, the authors confirm the existence of a debt irrelevance region for
very highly indebted countries: over a very high debt ratio threshold, the
debt ratio does not affect growth at all. In estimating the aforementioned
thresholds, institutions and policies matter: the debt overhang threshold lo-
cated at around 23 percent of GDP (in NPV terms) for countries with good
institutional quality, with a debt irrelevance threshold located at 80 percent
of GDP for these countries, but for countries with poor (below the median)
quality institutions and policies, the debt overhang and irrelevance thresh-
olds are both much lower.

In a recent meta-analysis of the literature on the debt-growth link, Moore
and Thomas (2010) concluded that the inclusion of external debt, fiscal bal-
ance and debt relief in debt-growth models, and the use of samples that
include developing countries, weakens the statistical relationship between
debt and growth. An example of this rule is the paper by Presbitero (2006),
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who revisits the findings of previous authors regarding the existence of a
debt Laffer curve by focusing on methodological issues. By using SysGMM
estimators for a sample of 152 developing countries from 1977 to 2002, he
finds a negative linear, rather than a quadratic, relationship between debt
and growth. As Presbitero (2006) himself notes, however, this finding is
likely due to the fact that roughly 95 percent of his data points for debt-to-
income variables lie to the right of the debt overhang thresholds estimated
in previous studies.

Imbs and Ranciere (2005) propose a non-parametric empirical strategy
to assess the existence of a debt Laffer curve in the debt-growth link. They
used subsamples of country-years ordered according to initial levels of in-
debtedness to estimate a linear model following a nonparametric approach
to avoid forcing specific functional forms such as quadratics or spline re-
gressions. Using OLS, FE, and SysGMM estimators on a sample from 87
developing countries over the period from 1969 to 2002, they conclude that
debt overhang, defined as a negative conditional correlation between initial
debt and subsequent growth, occurs when the face value of debt reaches 57
percent of GDP, or alternatively when the NPV of debt reaches 38 percent
of GDP. These debt overhang thresholds are somewhat greater than those
reported by Cordella, Ricci, and Ruiz-arranz (2005) and Cordella, Ricci, and
Ruiz-Arranz (2010), but corroborate the conclusions of somewhat more re-
cent work by Reinhart and Rogoff (2010) and Reinhart, Reinhart, and Rogoff
(2012b) that use longer series of historical panel data. Imbs and Ranciere
(2005) also find that the conditional thresholds where the debt overhang ef-
fect begins increase as the level of government effectiveness, the strength of
the rule of law, and the level of bureaucratic quality improve. These latter
findings corroborate the results of Cordella, Ricci, and Ruiz-Arranz (2010)
regarding the positive effect of better institutions and policies on estimated
debt overhang thresholds.

In a focus on the role of foreign currency debt in particular, Bordo, Meiss-
ner, and Stuckler (2010) have compared long-run associations of foreign
currency debt with financial crises and economic growth in two periods
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of globalization, 1880-1913 and 1973-2003, and found strong evidence that
both hard currency debts and capital inflows are associated with crises that
lower growth temporarily and permanently reduce output compared to the
long-run trend, after controlling for other drivers of crises and growth. This
negative association between a greater proportion of foreign currency debt
and growth, however, is weaker in countries with higher reserve stocks,
stronger financial sectors, and more credible macroeconomic policies.

2.2.2.2 The effect of debt on growth in developed countries

Recent research which considers instrumental variables and samples from
developed countries, some of them with very high debt-to-GDP ratios, con-
firms earlier findings of a negative relation between high levels of indebt-
edness and growth. For example, Checherita and Rother (2010), based in a
sample of 12 euro area countries from 1970 to 2011, find a debt threshold
at about 90 percent of GDP, indicating that government debt-to-GDP ra-
tios above this turning point should have negative impacts on the economic
growth of the countries analyzed.

Similarly, Kumar and Woo (2010) used a wider panel of 38 advanced
and emerging economies for the 1970-2007 period to show that only levels
of debt above 90 percent of GDP have significant negative effects on growth:
on average, a 10 percentage point increase in the initial debt-to-GDP ratio
is associated with a slowdown in annual real per capital GDP growth of
around 0.2 percentage points when using their full sample, versus 0.15 per-
cent when only the advanced economies in the sample are used.

Cecchetti, Mohanty, and Zampolli (2011a) find similar results by using
18 OECD countries from 1980 to 2010 using flow of fund data. They looked
at the impact of household, non-financial corporate and government debt
separately to show that thresholds in OECD countries are similar to thresh-
olds found for developing countries and that debt levels beyond certain
points are bad for economic growth. These thresholds are 85 percent of
GDP for government debt, 90 percent of GDP for corporate debt, and 85 per-
cent of GDP for household debt. The results of these three studies broadly
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support the debt overhang hypothesis and coincide with the public debt-
to-GDP threshold of 90 percent obtained by Reinhart, Reinhart, and Rogoff
(2012b) for advanced economies.

2.2.2.3 Skeptical views of the debt-growth relationship: selection bias
and reverse causality

The above results notwithstanding, there is a group of researchers who have
questioned the validity of the idea that economic growth is related to in-
debtedness levels at all. Early examples include Warner (1992), who shows
that econometric models without debt-related information can predict the
same declines in investment and growth in 13 heavily indebted countries
in the 1980s debt crisis as models that include debt variables, and Cohen
(1993), who argues for placing less emphasis on the role of the debt stock
and more emphasis on the role of the debt service burden. Although these
important early papers by Warner (1992) and Cohen (1993) downplay the
role of the debt Laffer curve in explaining growth, their results are proba-
bly best regarded as artifacts of the restricted samples used in their respec-
tive studies. This is particularly true for Warner (1992), in light of the new
debt irrelevance paradigm of Cordella, Ricci, and Ruiz-arranz (2005) and
Cordella, Ricci, and Ruiz-Arranz (2010); recent work by Pattillo, Poirson,
and Ricci (2011), moreover, finds little evidence that the crowding out chan-
nel of debt service on investment is of central importance in measuring the
effect of debt on growth.

More recent work by Barro (2000) and Panizza and Presbitero (2012),
however, brings larger datasets and instrumental variable techniques to
bear on the question on whether debt has a causal relation to growth, with
equally skeptical conclusions. Barro (2000) extends his neoclassical growth
model Barro (1991) by using the three stage least squares method on a sam-
ple of roughly 100 countries over the period from 1960 to 1990. Because he
found that the relationship between initial public debt-to-GDP and subse-
quent growth was statistically insignificant, he dropped it from his mod-
els. Similarly, Panizza and Presbitero (2012), who examine a sample of 17
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OECD countries during the period 1980-2005, conclude that although there
is significant observed correlation between debt and growth, the OLS and
IV estimators do not support any causal effects on growth from either low
or high levels of indebtedness in OECD countries. They used an instrumen-
tal variable, which passed extensive robustness tests, to capture valuation
effects brought about by exchange rate movements, and their estimations
seem to provide convincing evidence about the insignificance of the debt
variable.

Using debt and growth statistics from the USA, Irons and Bivens (2010)
present empirical evidence questioning the relationship between debt and
contemporaneous growth presented by Reinhart and Rogoff (2010). In the-
ory, they argue, growth rates below policy makers’ expectations should de-
crease public revenues, increase government expenses, and subsequently
increase debt-to-GDP ratios via the fiscal channel. To support their argu-
ment, Irons and Bivens (2010) run pairwise Granger-causality tests between
GDP growth and debt ratios for the United States. For all lags considered,
they can never reject the null that growth in debt ratios does not Granger-
cause GDP growth, and always reject the null hypothesis that GDP growth
does not Granger-cause a rise in debt ratios at the 1 percent level. The em-
phasis by Irons and Bivens (2010) on the fact that slower growth may cause
an increase in debt ratios, and not the other way around, is consistent with
Easterly (2013) emphasis on the "growth optimism bias" on the part of pol-
icymakers present for HIPCs and for the PIIGS group in the Eurozone, ac-
cording to which policymakers tend to systematically overestimate future
growth and therefore under-adjust fiscal policy in the face of growth slow-
downs.

The debt-growth link is not completely understood, but the literature
suggests the following conjecture: "Debt overhang effects on growth are
most important in middle income countries with good institutions, whereas
the fiscal channel for causal growth effects on debt ratios are probably most
important in very high income countries like the United States and indus-
trialized democracies in Western Europe." Productive exercises for applied
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researchers to tackle include:

i) Does growth Granger-causes changes in debt-ratios in emerging mar-
kets?

ii) Do the Irons and Bivens (2010) and Panizza and Presbitero (2012) re-
sults extend to other developed economies?

iii) Do nonlinear functions of the debt ratio Granger-cause growth?

iv) Do shocks to important omitted variables like volatility help resolve
the disagreement surrounding the nature of the debt-growth link?

We devote the rest of this paper to examining the relationships between
debt and volatility and volatility and growth, respectively, to motivate this
last line of investigation.

2.3 Debt and volatility

To understand the role that volatility plays in the debt-growth link, we
must first understand the relationship between debt and volatility. Debt
issuance helps countries to manage macroeconomic volatility via consump-
tion smoothing, and debt acquisition can be a rational strategy for risk-
averse countries who want to cushion volatile income streams (Eaton and
Gersovitz, 1981). Once countries have issued debt, however, the burden cre-
ated by the need to service and repay that debt may adversely affect their
ability to face macroeconomic shocks in the future (Aguiar and Gopinath,
2006b; Arellano, 2008; Catao, Fostel, and Kapur, 2009). We focus briefly
on the core theoretical contributions underpinning the debt-volatility link
before turning to the empirics.

2.3.1 Theory

The role of volatility in affecting the level of debt, or debt ratios, chosen by
sovereign borrowers was first properly treated in the seminal contributions
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of Eaton and Gersovitz (1981) and Bulow and Rogoff (1989a) and Bulow
and Rogoff (1989b), and more recently clarified by Catao and Kapur (2006)
in their attempt to show that macroeconomic volatility is a key missing link
necessary for understanding phenomenon of debt intolerance described by
Reinhart, Rogoff, and Savastano (2003).

Eaton and Gersovitz (1981) propose a perfect information theoretical
model with an endogenous, market exclusion-based default penalty in which
the debt level is equal to the lesser of the value demanded by the sovereign
or the maximum value of credit lenders are willing to extend it. Their model
implies that higher interest rates will be charged by lenders to borrow-
ers with higher next-period default probabilities, that increases in income
volatility increase the desired borrowing amount, and that increases in the
growth rate of income also increase the desired borrowing amount, while
having an ambiguous effect on the credit ceiling.

Bulow and Rogoff (1989b) argue, using a model of a small country, such
as an LDC, that faces competitive and risk-neutral foreign investors, that
lending to small countries must be backed by creditors’ ability to impose
direct (trade, financial, or political) sanctions. Bulow and Rogoff (1989a)
complement this view by presenting a dynamic model of international lend-
ing in which debtors can sometimes successfully negotiate partial defaults,
given common knowledge that today’s rescheduling agreement may itself
have to be renegotiated in the future.

More recently, Catao and Kapur (2006), building on the model of Obst-
feld and Rogoff (1996, Chapter 6), argue that while volatility increases the
need for international borrowing to help smooth domestic consumption, the
ability to borrow is constrained by the fact that higher volatility also induces
higher default risk and hence worsens borrowing terms for the sovereign.
In the two period model of Catao and Kapur (2006), however, higher levels
of volatility can actually lead to higher default probabilities in equilibrium,
because their model, unlike that of Eaton and Gersovitz (1981), employs an
enforcement technology in the event of default such as that described by
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Sachs (1984) and Cohen and Sachs (1986), rather than the permanent exclu-
sion from capital markets punishment of Eaton and Gersovitz (1981).

Although the aforementioned theoretical models clearly establish the
case for a causal link from macroeconomic volatility to debt, they do not
preclude the possibility that the level of debt may affect output volatility.
Recent work, such as that of Catao, Fostel, and Kapur (2009) and Malone
(2011), focus on the other hand on how high levels of sovereign indebted-
ness may lead to higher levels of macroeconomic volatility.

Catao, Fostel, and Kapur (2009) assume the default premium is the re-
sult of informational asymmetries regarding the distribution of the shocks
to output combined with the assumption that, rather than excluding a de-
faulter after a default, the international market reprices that country’s risk.
The persistence of output shocks and informational asymmetries generate
a path dependency that may lead the country into a "default trap" after a
serious negative external shock. Malone (2011), on the other hand, presents
a formal model showing that developing country politicians, faced with
the specter of losing office following a costly default, may be tempted to
"gamble for redemption" by instituting policies that increase the volatility
of output growth, potentially at the expense of reducing average growth.

2.3.2 Empirical literature

Empirical research on the relationship between debt and volatility is some-
what scarce. In their early paper, Eaton and Gersovitz (1981) estimate a
disequilibrium model over cross-sectional data from a sample of 45 coun-
tries in two years, 1970 and 1974, and find that the volatility of a country’s
export income affects both the demand for debt by borrowers and the debt
ceiling positively. This is consistent with their theoretical model, in which
increased volatility can actually raise debt ceilings when sovereigns have
low discount rates on future consumption, but Eaton and Gersovitz (1981)
do not test directly whether higher volatility actually translates into lower
sovereign default rates or lower sovereign spreads.
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Catao and Kapur (2006), using a longer period of analysis (1970-2001) for
26 developing countries, estimate logit models of default incidence, as well
as a disequilibrium model of observed debt-to-income ratios in the spirit of
Maddala and Nelson (1974). Their estimates indicate, first, that increased
income volatility is indeed significantly associated with higher default fre-
quencies, and second, that higher volatility measures (in particular plausi-
bly exogenous terms-of-trade volatility) are positively associated with de-
mand for credit by sovereigns, but negatively associated with the credit ceil-
ings imposed by lenders in the supply constrained regime. Finally, Catao
and Kapur (2006) finding that the coefficient of lagged economic growth
is negative and significant in both regimes, and affects the estimation of
the coefficient on volatility, supports our argument in this paper that debt,
growth, and volatility must be analyzed jointly.

Other recent papers, by Aguiar and Gopinath (2006b), Arellano (2008)
and Genberg and Sulstarova (2008) analyze the link between debt and volatil-
ity from the perspective of simulations. Aguiar and Gopinath simulate a
quantitative model of debt and default in a small open economy following
the classic framework of Eaton and Gersovitz (1981) in which shocks to the
endowment are the only source of disturbance. When a volatile stochastic
trend, rather than transitory fluctuations around a stable trend, describes
the productive process, the ability of the model to match certain features
of the data improves substantially. A shortcoming of the model, however,
is that it leaves the high interest rate volatility that emerging markets face
unexplained.

Arellano (2008) also simulates a small open economy in an environment
of incomplete markets with endogenous default risk in the vein of Aguiar
and Gopinath (2006b). Persistent output shocks imply higher spreads dur-
ing recessions than during booms because of higher default risks. When
Arellano’s model is applied to the case of Argentina it accounts for the high
volatility of interest rates, the negative correlation of output and consump-
tion with interest rates, the negative correlation between the trade balance
and output, the positive correlation between the trade balance and interest



Chapter 2. Literature review (with Samuel W. Malone) 21

rates, and the higher volatility of consumption relative to observed output.
However, the model leads to a low average spread, which is at odds with
the data.

Genberg and Sulstarova (2008) simulate the effects of stochastic shocks
to the growth rate, the weighted average real interest rate, and the primary
deficit on the distribution of the debt-to-GDP ratio at various time points in
the future. Their results, which show that higher volatility of fundamentals
is associated with more extreme possible values of debt ratios and a higher
risk of experiencing a debt crisis, complements the conclusions of Aguiar
and Gopinath (2006b) and Arellano (2008).

Finally, there is evidence that debt ratios and macroeconomic volatil-
ity affect the spreads lenders demand on developing country bonds issued
in foreign currency, hence affecting the value of that debt in international
markets. In an early study in this vein, Edwards (1984) finds that higher
debt-to-GDP ratios raise, and higher reserves-to-GDP ratios lower, spreads.
In a more recent study, Malone (2009) finds that, after controlling for the
factors studied by Edwards, higher terms-of-trade volatility and higher cur-
rent account leverage significantly raise spreads, and that real devaluations
raise spreads for debt service ratios above a threshold. Malone (2009) find-
ing that higher terms-of-trade volatility significantly raises spreads compli-
ments the findings of Catao and Kapur (2006) on the relationship between
higher terms-of-trade volatility and default probabilities.

2.3.2.1 An important source of nonlinearity: regime switching

As Eaton and Gersovitz (1981) and Catao and Kapur (2006) show, both
growth and volatility may have effects that are opposite in sign on the de-
mand and supply, respectively, of borrowed funds. The switching model
advanced by Maddala and Nelson (1974) provides a viable alternative for
capturing these features. Perhaps the most important choice that applied
econometricians must make when estimating such models is how to iden-
tify the supply-constrained state. Catao and Kapur (2006) assume that debt
in default states must be supply-constrained with probability one; another



22 Chapter 2. Literature review (with Samuel W. Malone)

plausible alternative would be to assume that sovereign spreads above some
threshold indicate a supply-constrained regime is in effect for the country-
year in question.

2.3.2.2 Endogeneity

On one hand, the contributions of Catao and Kapur (2006) and Eaton and
Gersovitz (1981), and the empirical studies of Catao and Kapur (2006), and
Genberg and Sulstarova (2008), all support the existence of a causal link
from volatility to debt. On the other hand, contributions by Catao, Fostel,
and Kapur (2009) and Malone (2011) and the empirical studies of Aguiar
and Gopinath (2006b), Arellano (2008), Catao and Kapur (2006), and Mal-
one (2011) show causality working in the opposite direction, from debt to
volatility. As emphasized by Acemoglu et al. (2003), Panizza, Sturzenegger,
and Zettelmeyer (2009) and Malone (2011), the nature of political institu-
tions and the structure of incentives for acquiring sovereign debt are key
variables underlying the debt-volatility link. Whether higher debt ratios
cause higher macroeconomic volatility likely hinges on the quality of insti-
tutions; more research is needed on this issue.

2.4 Volatility and growth

2.4.1 Theory

As Aghion and Banerjee (2005), one of the best modern theoretical anal-
yses of the volatility-growth relationship, note, there are two distinct per-
spectives from which the volatility-growth link has been studied: the AK
approach and the Schumpeterian model. Together, these quite distinct the-
ories constitute the "new growth theory" that forms the basis of the modern
theory of economic growth. The AK approach builds upon earlier work by
Nelson and Plosser (1982), Kydland and Prescott (1982), Long and Plosser
(1983) in the real business cycle (RBC) tradition, while it was Hall (1991)
who first formalized the Schumpeterian argument, by laying out a model
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in which a constant labor force is allocated between production and the cre-
ation of organization capital (Aghion and Banerjee, 2005). Whereas the AK
model focuses on the role of capital accumulation assuming the aggregate
production function is linear in the capital stock, the Schumpeterian model
emphasizes the role of R&D and productivity-enhancing investments in
driving growth. Both the AK models and the Schumpeterian models pre-
dict a positive relationship between growth and volatility: higher volatility
should lead to higher long run growth in both models, albeit for different
reasons.

In the AK model, where capital accumulation drives growth, the sav-
ings rate is the central intermediate determinant of growth because sav-
ings drives capital accumulation; increased income volatility leads to higher
growth when it increases the savings rate, which happens when the inter-
temporal elasticity of substitution is greater than one (as empirical stud-
ies have shown to be the case). In Schumpeterian models, such as that of
Aghion et al. (2004), on the other hand, higher volatility should translate
into higher average long-run growth because the long run growth curve is
a convex function of long-term investment, due to the fact that the opportu-
nity cost of long-run productivity-enhancing investments in lower during
recessions.

Unfortunately, the prediction that higher volatility should be associated
with higher average growth flies squarely in the face of empirical find-
ings, which we will elaborate on shortly, showing that growth is nega-
tively related to volatility, and that this association is most probably causal.
To address this inconvenient fact, Aghion et al. (2010) have elaborated a
Schumpeterian-style model in which credit constraints are allowed to play
a central role in determining the investment decisions of entrepreneurs,
unlike in the classic Shumpeterian growth literature originating with Hall
(1991), in which capital markets are assumed to be perfect. The higher liq-
uidity risk of long-term investments vs. short-term investments, in the face
of credit constraints, is sufficient to reverse the counter-factual prediction of
classical Schumpeterian models that higher volatility should induce higher
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average long-run growth.
In the second half of their monograph, Aghion and Banerjee (2005) dis-

cuss the possible endogeneity of volatility, following closely the Aghion,
Banerjee, and Piketty (1999) paper on "Dualism and Macroeconomic Volatil-
ity". In Aghion, Banerjee, and Piketty (1999), the core result is that coun-
tries with intermediate levels of financial development (as measured by the
credit multiplier) should experience higher levels of endogenous volatility,
whereas countries with very high or very low levels of financial develop-
ment will not experience such volatility in the form of pronounced boom-
bust cycles. This result comes about through the interaction of Bernanke
and Gertler (1989) style credit constraints and price effects via the endoge-
nous determination of the interest rate in an AK model. In the open econ-
omy version of the same model, the same results still go through, except
with the real exchange rate taking the place of the interest rate, which for an
open economy is determined in the world market.

2.4.2 Empirical literature

Kormendi and Meguire (1985), Grier and Tullock (1989) and Ramey and
Ramey (1995) are among those who made early contributions that empiri-
cally explored the volatility-growth relation. The paper by Kormendi and
Meguire and the paper by Grier and Tullock both argue that higher stan-
dard deviations of output growth rates are associated with higher aver-
age growth rates, as predicted by standard AK and Schumpeterian growth
models with perfect capital markets, as well as Black (1987) hypothesis
about the positive risk-return trade-off in the choice of aggregate technol-
ogy. In contrast, Ramey and Ramey (1995) find that higher levels of volatil-
ity are associated with lower average growth rates even after controlling
for other growth variables specific to each country. By using a sample of 92
countries from 1960 to 1985, they show that there is a significant and nega-
tive relationship between volatility and growth in the full sample as well as
in the sample of non-OECD countries.
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The rest of this section reviews subsequent literature surrounding this
disagreement by considering the role of institutional factors, both as omit-
ted variables and the role they play in interacting with volatility, in influ-
encing the volatility-growth relationship, as well as the robustness of the
relationship between volatility and growth as a function of the dataset used.

2.4.3 The role of institutions in the volatility-growth rela-

tionship

Acemoglu et al. (2003) have argued that societies characterized by "weak"
institutions have less power to restrict the exercise of power by dominant
political groups for their own private benefit, and that such institutional
weaknesses create incentives that feed the struggle for power and produce
political and economic turbulence. As a consequence, volatility, crises, and
low growth rates may be common manifestations of underlying problems
associated with weak institutional arrangements, rather than isolated phe-
nomena. Since better institutions lead to higher average growth, but lower
average volatility, the omission of key institutional variables in the Ramey
and Ramey (1995) model may lead to a downward bias on the coefficient
of volatility, and consequently an overestimation of the magnitude of the
negative effect of volatility on growth.

To see this more formally, consider the linear projection of the institu-
tional measure onto volatility (VOL) given by

INSTITUTIONS = δ0 + δ1V OL+ r (2.1)

As better institutions are associated with lower volatility, we expect to
have δ1 < 0. Suppose we run the OLS regression of per-capita GDP growth
(GROWTH) on its volatility given by

GROWTH = β0 + β1V OL+ u, (2.2)
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whereas in the true model, given by

GROWTH = β0 + β1V OL+ γINSTITUTIONS + ν, (2.3)

per-capita growth is a function of both its volatility and the quality of
institutions, with γ > 0. In the estimated model, in which the error u ≡
γINSTITUTIONS + ν, we can assume without loss of generality that
E(u) = E(INSTITUTIONS) = E(ν) = 0,since the growth equation in-
cludes a constant term. Then, as in Wooldridge (2002, Chapter 4, pp. 61-62),
we will have that β̂1

plim→ β1 + γδ1 < β1, since γδ1 < 0.
Hnatkovska and Loayza (2005) evaluated the growth-volatility model

both in its univariate version and after controlling for three other controls
from the growth literature to evaluate possible channels through which
volatility might affect growth: initial per-capita GDP, the average ratio of
domestic private credit to GDP (to proxy for financial development), and
the average secondary school enrollment ratio (to proxy for human capital
development). They find, however, that " ... the direct link between volatil-
ity and growth is not captured by the standard growth determinants."

The authors then run regressions of the form

GROWTH = β0 + β1V OL+ β2(V OL ∗ STRUCT ) + β3X + u, (2.4)

where STRUCT represents a vector of structural country characteristics:
"economic development (proxied by the level of output per capita), finan-
cial depth (measured by the ratio of private domestic credit to GDP), in-
ternational trade openness (proxied by the ratio of real exports plus im-
ports to GDP), the level of institutional development (measured by a sub-
jective index of investor perceptions —the ICRG index), and the degree of
fiscal policy procyclicality (proxied by the correlation coefficient between
the growth rate of GDP and the growth rate of government consumption
as share to GDP)" (Hnatkovska and Loayza, 2005). The vector X repre-
sents the vector of three growth determinants previously mentioned, which
curiously, does not include a measure of institutional quality. Hnatkovska
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and Loayza (2005) find that volatility and growth are negatively related in
relatively poor, institutionally underdeveloped, and moderately financially
developed countries and in countries that conduct procyclical fiscal policies.

In another work in a similar vein, Kose, Prasad, and Terrones (2006)
show that the higher the level of trade integration, the weaker is the neg-
ative relation between volatility and growth. In addition, they found that
while the link between volatility and growth is significantly positive for in-
dustrialized countries, it is significantly negative among developing coun-
tries. These results and those of Hnatkovska and Loayza (2005) are consis-
tent with the theoretical mechanism developed in Aghion et al. (2010), given
the fact that financial frictions are generally lower in developed countries.

Hnatkovska and Loayza (2005) end their study by running an instru-
mental variables regression in which they instrument volatility with a mea-
sure of real exchange rate misalignment, the frequency of banking crises,
the standard deviation of the inflation rate, and the volatility of terms-of-
trade shocks. They find that the negative coefficient on volatility becomes
larger in magnitude, as well as stronger in statistical significance, than the
corresponding OLS estimate. Since the likely effect of omitted institutional
quality variables would be to make the coefficient of the volatility variable
more strongly negative than its instrumented value in the growth equation,
as we argued above, not less strongly negative, as their study finds, this lat-
ter result of Hnatkovska and Loayza (2005) presents somewhat of a puzzle.
The most obvious extension of the their IV exercise would be to include a
measure of institutional quality (and debt variables) in the vector X of con-
trols in the growth equation, and to verify explicitly that the instruments for
volatility are still uncorrelated with the error term u in this setup, given that
in this case institutional quality should also be included as an instrument in
the first-stage regression for volatility (see Wooldridge, 2002, p. 91).

In a more recent paper, Badinger (2010) explicitly addresses this issue.
He designed an instrumental variable based on spillover effects from ex-
ternal trade of each country that is exogenous to economic policy and di-
rectly correlated with shocks. His estimates, based on a sample of 128
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countries during the period 1960-2003, indicate that the (negative) coeffi-
cient of growth on volatility in a simple OLS regression doubles when he
uses the index of political constraints (POLCON, by Henisz (2000)) and his
"spillover" variable as instruments for volatility.

As a final point, it is worth noting that the aggregation level of the data
also affects estimates of the relation between volatility and growth. As
shown by Imbs (2007), using disaggregated data at the 3-digit-sector level
from 47 countries from 1970 to 1992, a negative relation between growth and
volatility holds across countries, but a positive relationship holds for disag-
gregated data at sector level. This finding is consistent with the Schum-
peterian approach analyzed by Aghion and Banerjee (2005), and it might
help explain the irrelevance of any investment variable in the Ramey and
Ramey (1995) model. This finding suggests the need for further research on
the growth-volatility link at multiple levels of aggregation, an area in which
research is scarce.

2.5 The debt-growth-volatility nexus

Our survey shows two reasons to justify integration of the three streams of
bivariate relations into a single unified set of relations between and among
debt, growth, and volatility. First, while papers such as Cordella, Ricci, and
Ruiz-Arranz (2010) and Pattillo, Poirson, and Ricci (2011) pay attention to
debt overhang effects and the role of institutions, they ignore the potential
role of volatility. Second, while papers such as Hnatkovska and Loayza
(2005) and Catao and Kapur (2006) pay attention to important institutional
effects and credit rationing phenomena, respectively, and include volatility,
they both ignore the debt overhang effect, and the former fails to consider
debt variables, while the latter does not contain a growth equation.
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2.5.1 A nexus model

To remedy these problems, we propose a simultaneous equation model in
the per-capita output growth rate (GROWTHit), its volatility (V OLit), and
the public debt-to-GDP ratio (Dit). In the "nexus" model, growth is de-
termined by volatility, the debt ratio, and a set of institutional variables
and other standard growth determinants X1it. This equation includes a
quadratic term in the debt ratio in order to evaluate the debt overhang hy-
pothesis. In the second equation, the observed debt ratio, Dit, is determined
as the minimum of the (unobserved) credit level desired by the sovereign
(D∗it) and the (unobserved) credit ceiling (D̄it) imposed on the country by
lenders, following the works of Eaton and Gersovitz (1981) and Catao and
Kapur (2006). For simplicity, we include contemporaneous growth as a de-
terminant of the debt ceiling D̄it, but otherwise follow the specification in
column 4 of Table 4 of Catao and Kapur (2006), which attains the highest
maximum likelihood value of the five model variations they consider. The
complete nexus model specification is given by:

GROWTHit = β1Dit + δ1D
2
it + γ1V OLit + λ1X1it + ε1it (2.5)

Dit = Min{D∗it, D̄it} (2.6)

D∗it = α2GROWTHit + γ2V OLit + λ2X2it + ε2it (2.7)

D̄it = α3GROWTHit + γ3V OLit + λ3X3it + ε3it (2.8)

Here εjit are error terms assumed to be jointly normal with mean vector
zero, serially uncorrelated, and with covariance matrix Σ. Table 2.1 shows
how several models from the literature are nested as subcases of the above
nexus model in which particular parameters are set to zero.

The nexus model encompasses various models estimated in the empir-
ical literature, and links two features that, to the best of our knowledge,
have not been addressed jointly in the empirical literature. The first fea-
ture, which is defined in equation 2.5, relates to a debtor country’s growth
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TABLE 2.1: Models from the literature that are nested as sub-
cases of the nexus model

Constraints in the nexus
model Authors

α2 = 0, α3 = 0,
γ1 = 0, γ2 = 0, γ3 = 0

Elbadawi, Ndulu, and Ndung’u (1997),
Pattillo, Poirson, and Ricci (2011),

Clements, Bhattacharya, and Nguyen
(2003), Cordella, Ricci, and Ruiz-Arranz

(2010), Imbs and Ranciere (2005),
Presbitero (2006), Checherita and Rother
(2010), Kumar and Woo (2010), Cecchetti,
Mohanty, and Zampolli (2011a), Panizza

and Presbitero (2014)

β1 = 0, δ1 = 0,
γ1 = 0, λ1 = 0

Eaton and Gersovitz (1981), Catao and
Kapur (2006)

α2 = 0, β1 = 0,
δ1 = 0, γ2 = 0, γ3 = 0

Kormendi and Meguire (1985), Grier and
Tullock (1989), Ramey and Ramey (1995),

Aizenman and Marion (1999), Dawson
et al. (2001), Kose, Prasad, and Terrones

(2003) Kose, Prasad, and Terrones (2006),
Hnatkovska and Loayza (2005), Aghion

and Banerjee (2005), Imbs (2007), Johnson
et al. (2009), Ponomareva and Katayama

(2010), Badinger (2010)

performance. The first equation simultaneously measures both the nonlin-
ear effect of debt on growth Pattillo, Poirson, and Ricci (2002) and Cordella,
Ricci, and Ruiz-Arranz (2010), and the negative effect—or economic costs—
of volatility on growth along the lines of Ramey and Ramey (1995) and
Hnatkovska and Loayza (2005). The second feature, expressed in equations
2.6-2.8, is part of the market structure of international lending. Conditional
upon knowing whether the system is in a supply-constrained or demand-
driven state in equation 2.6, the nexus model becomes linear in the parame-
ters, so that maximum likelihood methods, such as those used in Eaton and
Gersovitz (1981) and Catao and Kapur (2006), can be adapted to estimate
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the model after accommodating the addition of equation 2.5.

2.6 Conclusions

This paper reviews three related strands of theoretical and empirical litera-
ture: those concerning the growth-debt, debt-volatility, and growth-volatility
links. We document that authors who have taken greater care to deal is-
sues of nonlinearity and endogeneity in the context of each bivariate rela-
tionship have produced empirical estimates suggesting that the possible bi-
ases suggested by theory are indeed important in practice. We hypothesize
that an encompassing, debt-volatility-growth nexus model that integrates
the three bivariate links will go further towards ameliorating these issues.
The nexus model is a simultaneous equation model with disequilibrium
(SEMD), where the disequilibrium feature in the choice of the debt ratio
follows previous papers in the debt-volatility literature, such as Eaton and
Gersovitz (1981) and Catao and Kapur (2006), who emphasize the impor-
tance of the fact that the choice of debt by countries may often be supply-
constrained. This feature is integrated with a growth equation, which al-
lows growth to depend nonlinearly on the debt ratio, as in the literature
emphasizing debt overhang effects, as in Cordella, Ricci, and Ruiz-Arranz
(2010) and Pattillo, Poirson, and Ricci (2011), as well as volatility, as in con-
tributions such as Ramey and Ramey (1995) and Hnatkovska and Loayza
(2005).
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Chapter 3

Government debt, macroeconomic
growth and volatility: A Global
VAR approach (with Samuel W.
Malone)

3.1 Introduction

The public debt crisis in some Euro zone countries and the government debt
tap in the United States have made the debate about the negative effects of
high levels of public debt on macroeconomic growth more relevant than
ever. However, the revision of the results of Reinhart and Rogoff (2010) by
Herndon, Ash, and Pollin (2014), and the plentiful evidence both for and
against the public debt-growth link provides more questions than answers
in regard to this debate. New evidence and methodologies (e.g. Panizza
and Presbitero (2014); Eberhardt and Presbitero (2013); Lof and Malinen
(2014)) refine the measures of debt and the quality of the debate, but they
disregard a broader perspective on the public debt-growth link. In this pa-
per, we extend the debate by adding two issues to the discussion. First, we
analyze, by using the impulse-response functions, the causality relation be-
tween debt and growth, an issue where the literature is scarce (Panizza and
Presbitero, 2013). Second, we add macroeconomic volatility to the public
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debt-growth link to propose a more comprehensive analysis of this bivari-
ate link, which, according to Panizza and Presbitero (2013, p. 179), is af-
fected by many cyclical and structural factors We consider volatility to be
one of them.

There is significant evidence in regard to the relevance of macroeco-
nomic volatility in the analysis of the public debt-growth link. Eaton and
Gersovitz (1981), Aguiar and Gopinath (2006b), and Arellano (2008) show
that debt is a natural answer of risk averse agents to volatility, yet high lev-
els of debt reduce the ability of those agents to face that volatility. Ramey
and Ramey (1995), Aghion and Banerjee (2005), and Aghion et al. (2010) an-
alyze and provide empirical evidence in regard to the significance of the
volatility-growth link, which suggests that serious problems of bias and
consistency of the OLS estimators arise when the volatility is missing in the
growth models. Some recent works (Catao and Kapur, 2006; Malone, 2011;
Pescatori, Sandri, and Simon, 2014) show evidence concerning the impor-
tance of volatility in their models of debt or growth, but they do not provide
estimations which consider debt, volatility and growth as simultaneously
endogenous variables. Catao and Kapur (2006, Table 4), for example, esti-
mate five specifications of a regime switching model of sovereign debt on
a sample of 26 developing countries in the period 1970-2001, and they find
that the coefficients of volatility of GDP gap and one-year lagged growth
are significant both in the debt demand regime and in the debt threshold
regime. Malone (2011, Table 4) estimates a reduced form of a per capita
GDP growth model and a reduced form of a per capita GDP growth volatil-
ity model. Based on a sample of 86 developing countries spanning 1960-
2008, he shows that the debt-to-GDP ratio is significant in each model and
robust to the inclusion of control variables and fixed effects. Pescatori, San-
dri, and Simon (2014, p. 14) document higher GDP volatility in advanced
economies with a debt level above the sample mean (56 percent). Although,
Pescatori, Sandri, and Simon (2014) suggest that the debt-volatility link is
weak, we think that this weakness of the link may be explained by their fo-
cus in the long-term analysis. In short, volatility underlies debt and growth,
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and debt underlies volatility and growth. Consequently, OLS estimates of a
growth-debt model omitting growth volatility, which is related to debt, lead
to nonzero covariance between stochastic perturbation and debt. According
to Wooldridge (2002, p 50) a nonzero covariance indicates that the omitted
variable, volatility for our case, is an endogenous variable in the equation
of growth, and estimators disregarding the endogeneity issue lead to incon-
sistent estimates of all of coefficients in the model.

A first strategy to address the endogeneity issue is the use of instrumen-
tal variables. However, to find good instrumental variables may be a hard
task. A frequent decision in the applied research is to use the lagged val-
ues of endogenous variable as instrumental variable. According to Panizza
and Presbitero (2013, footnote 13, p. 184), this strategy does not resolve
the endogeneity problem because public debt tend to be highly persistent.
Given the endogeneity issue may be caused by the simultaneity of the en-
dogenous variable (Wooldridge, 2002, p. 51) a second, and natural strat-
egy, is to use a simultaneous equation modeling approach. In this line,
We propose Global Vector Autoregression (GVAR), a manageable version
of a high-dimensional Panel Vector Autoregressions (PVAR), to address the
endogeneity both of the growth volatility and the public debt in growth
models. Endogeneity issues and the heterogeneity across countries are in-
sufficiently explored areas in the context of the debt-growth link, and they
may explain opposite positions around the sign of the relationship and the
thresholds estimated in the literature Panizza and Presbitero (2013, p. 2).

PVARs take advantage of the dynamic and static interdependence in
the VAR models and the unobserved individual heterogeneity that a panel
model addresses (Canova and Ciccarelli, 2013, WP, p. 8). However, the es-
timation of a PVAR model that takes into account all interactions leads to a
high-dimensional system where the number of parameters easily exceeds
the sample available to us. The GVAR approach, advanced by Pesaran,
Schuermann, and Weiner (2004), manages the potential cross-country de-
pendence by appending an unobservable common factor to the VAR for
each country (Dees et al., 2007a). According to Dees et al. (2007a), this
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unobserved common factor can be proxied by global variables which are
typically computed as the weighted averages of the respective variables of
the rest of countries in the sample. Following Pesaran, Schuermann, and
Weiner (2004), Dees et al. (2007a), and Caporale and Girardi (2013), We use
the flows of bilateral trade among the 81 countries in our sample to compute
those global variables over 1970-2011 period.

Our GVAR endogenous variables are the annual growth rate of GDP
from Feenstra, Inklaar, and Timmer (2013), the log of public debt-to-GDP ra-
tio from Abbas et al. (2010), and a measure of the volatility of GDP growth
rate more closely related to the notion of uncertainty. We computed the
volatility as the 5-year rolling mean squared prediction error (MSPE) of an-
nual GDP growth rate based on country-specific random walk models with
a drift. With this measure of volatility, the forecasting equation avoids re-
liance on future information about GDP, so volatility reflects true ex-ante
perceptions about growth. In addition, our specification of the forecast
model is consistent with a unit root and a stochastic trend in GDP. Last,
following Pesaran, Schuermann, and Weiner (2004), Dees et al. (2007a), and
Caporale and Girardi (2013), we also include the oil price index as a weakly
exogenous global variable to capture global political and economic upheavals.

Starting from the countries and groups analyzed in Pesaran, Schuer-
mann, and Weiner (2004) and Dees et al. (2007a), we increase the number
of countries to 81 and establish eight mutually exclusive groups including
80 of these countries. The groups are Eastern Emerging Economies, West-
ern Emerging Economies, Euro Area Countries, Rest of West Euro Coun-
tries, HIPC/IDA Countries, No Debt Market, Miscellaneous Islands, and
Other Developed Economies. The remaining country—the US—acts as the
numeraire country as in Dees et al. (2007a) and Dees et al. (2007b).

In addition to geographical proximity, which was used by Pesaran, Schuer-
mann, and Weiner (2004) and Dees et al. (2007a) to group countries, we as-
semble the groups according to their levels of development, indebtedness
and macroeconomic volatility level. Euro Area countries, Rest of Western
Euro countries and Other Developed economies are groups assembled in
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Dees et al. (2007b). We add Portugal to the group of Euro Area; Greece
and Denmark to the group of Rest of Western Euro; Ireland and Iceland
to the group of Other Developed economies. We assemble five additional
groups of interest to our study. The Eastern Emerging economies group and
the Western Emerging economies group both contain countries with inter-
mediate levels of institutional development and are considered potential
sources of volatility and financial crises. The No Debt Market group in-
cludes countries with intermediate levels of institutional development but
no participant in the international debt market. The HIPC/IDA group in-
cludes the Heavily Indebted Poor Countries and/or countries supported by
the International Development Association at World Bank. This group has
the lowest level of institutional development. Finally, we set the Miscella-
neous Island’s group that includes small islands excluded in the previous
categories.

We show that the coexistence of positive and negative links between
public debt and macroeconomic growth, public debt and macroeconomic
volatility, and macroeconomic growth and volatility are plausible in the
world economy. In particular, a positive shock to public debt reduces the
growth rate in the Emerging Economies, HIPC/IDA, No Debt Market, the
Euro Area countries group, and the USA. In contrast, this type of shock in-
creases the growth rate of the Other Developed Economies and the Rest of
Western European Countries groups over the long-run. The negative effect
of public debt appears to become permanent when it results in a reduc-
tion of the growth rate by over 70 basis points. Public debt also has mixed
effects on volatility: it reduces volatility in the HIPC/IDA and the Other
Developed Economies groups in the long-run, reduces it only temporarily
in the Rest of Western Euro countries group, increases it in the Euro Area
group, and appears to be unrelated to volatility in the remaining groups.

We also find mixed results from the analysis of the shocks to volatility.
Specifically, we document higher public debt levels from transient positive
shocks on volatility in all groups except the HIPC/IDA group. In this last
group, increasing volatility leads to lower debt levels. A transient shock to
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volatility also leads to lower growth rates in emerging economies, as is doc-
umented in mainstream literature about the volatility-growth link. Never-
theless, the positive and significant link found for the USA and the insignif-
icant link found for the remaining groups suggest a more complex general
relationship between volatility and growth.

Finally, we find that, except the region of Rest of Western Europe, a
shock to growth yields a permanent and robust reducing effect on public
debt in each region. This finding is consistent with those obtained by Irons
and Bivens (2010), Lof and Malinen (2014), and Puente-Ajovín and Sanso-
Navarro (2015) in samples that include developed economies. We show that
this effect can be extended to developing economies. Addressing the simul-
taneity issue suggested by Reinhart, Reinhart, and Rogoff (2012b, p. 70),
Panizza and Presbitero (2013), and Panizza and Presbitero (2014, p. 22), our
GVAR version shows evidence about a more persistent effect from growth
on public debt than the effect in the reverse direction. This finding suggests,
from the point of view of policy makers, that the focus should turn from
control policies of public debt to pro-boosting growth policies. In addition,
we document the coexistence of positive and negative effects on volatil-
ity and debt from transient shocks on growth. A positive shock to growth
leads to a significant and permanent reduction of the volatility of emerg-
ing economies, the Rest of Western Europe, and the Miscellaneous Islands
groups, but it yields an opposite effect in the US and the Other Developed
Economies group. The effect is statistically insignificant in the remaining
groups of countries.

The paper proceeds as follows. Section 3.2 presents the econometric
framework used to estimate the GVAR model, and it presents the proce-
dure used to construct the group-specific models. Section 3.3 describes the
data, the sources, and the weights used to build the Global VAR. In section
3.4, we estimate and discuss the GVAR output and the validity of the as-
sumptions that underlay the analysis of the generalized impulse-response
functions which are presented in Section 3.5. Section 3.6 provides conclud-
ing remarks and some possible avenues for future research.
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3.2 The econometric framework

We use the Global Vector Autoregression (GVAR) methodology advanced
in Pesaran, Schuermann, and Weiner (2004) and theoretically justified as an
unobserved global factor model in Dees et al. (2007a) or as a factor aug-
mented stationary high dimensional VAR in Chudik and Pesaran (2011).
Our version of GVAR, in addition to capture the cross-sectional hetero-
geneity, simultaneously models the static and dynamic interdependences
among the endogenous variables GDP growth rate git, public debt-to-GDP
ratio Dit, and growth volatility ϑ2

it, which are collected in the vector xit =

(git, Dit, ϑ
2
it)
′, over time, t = 1, 2, . . . , T , and across N + 1 countries (i =

0, 1, 2, . . . , N ).
Following Dees et al. (2007a), we assume that the vector xit can be fea-

tured as a general factor model where observed global factors such as oil
prices and unobserved global factors model the interdependencies that might
exist in the world economy. This is an standard approach developed in Dees
et al. (2007a, p. 4), applied in Caporale and Girardi (2013), and surveyed in
Chudik and Pesaran (2014). Specifically, we assume that :

xit = ãi0 + ãi1t+ Γiddt + Γif ft + ξit, for i = 0, 1, 2, . . . , N ; t = 1, 2, . . . , T,

(3.1)
where dt denotes the md × 1 vector of observed global factors and ft

denote the mf × 1 vector of unobserved global factors; Γi = (Γid,Γif ) is the
ki× (md +mf ) matrix of factor loadings; ξit is a ki×1 vector representing the
country-specific effects involving lagged values of xit or country-specific
dummies capturing major institutional and political upheavals; ãi0 and ãi1

are the coefficients of the intercepts and linear trends respectively.
Assuming

∆ht = Λ(L)ηt, ηt ∼ IID(0, Im)

∆ξit = Ψi(L)vit, vit ∼ IID(0, Iki)
(3.2)
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where ht = (d′t, f
′
t)
′, Λ(L) and Ψi(L) are the matrix-polynomial of infinite-

order lag operators, and

var(∆ξit) =
∞∑
`=0

Ψi`Ψ
′
i` ≤ K <∞ (3.3)

where K is a fixed bounded matrix. Dees et al. (2007a) derive from (3.1)
an approximate VAR(pi) model:

Φi(L, pi)(xit − ãi0 − ãi1t− Γiddt − Γif ft) ≈ vit (3.4)

Following Pesaran (2006) and assuming that N is relatively large, Dees
et al. (2007a) demonstrate that the vector of observable variables (1, t,dt,x

∗
t )

can proxy the vector of unobserved common factors ft. In this vector, x∗it

collects the cross-section averages of country-specific variables xit, so in our
GVAR version

x∗t =
N∑
j=0

wjxjt = (g∗it, D
∗
it, ϑ

2∗
it ) (3.5)

where g∗it, D∗it, and ϑ2∗
it are the global growth rate, the global indebted-

ness level, and the global volatility level, respectively; and they are foreign
variables to each economy. In addition, wj are country weights which must
satisfy the atomistic conditions:

(i) : wj = O

(
1

N

)
, (ii) :

N∑
j=0

|wj| < K, (iii) :
N∑
j=0

wj = 1 (3.6)

Following Pesaran, Schuermann, and Weiner (2004), the foreign vari-
ables can be computed as:

g∗it =
N∑
j=0

wijgjt, D∗it =
N∑
j=0

wijDjt, ϑ2∗
it =

N∑
j=0

wijϑ
2
jt, with wii = 0; i, j = 0, 1, 2, . . . , N.

(3.7)
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where the country 0 (USA) plays as the numeraire country for the sam-
ple of N + 1 countries/groups.

Using the GVAR model advanced in Pesaran, Schuermann, and Weiner
(2004), Dees et al. (2007a) write the model (3.4) as an individual country
VARX*(pi, qi) model:

Φi(L, pi)xit = ai0 + ai1t+ Υi(L, qi)dt + Λi(L, qi)x
∗
it + uit (3.8)

where Υi(L, qi) and Λi(L, qi) are unrestricted matrix-polynomial of pi
and qi order respectively, and x∗t is defined as (3.5).

In this paper, we estimate the error-correction form of (3.8), that is:

∆xit = ci0 − αiβ
′
i[ςi,t−1 − γi(t− 1)] +

qi−1∑
`=0

Υi,`∆dt−`+

qi−1∑
r=0

Λi,r∆x∗i,t−r +

pi−1∑
s=1

Φi,s∆xi,t−s + εit

(3.9)

where ςi,t−1 = (x′i,t−1,x
∗
i,t−1′,d′t−1)′, αi is a ki × ri matrix of rank ri and

βi is a (ki + k∗i + md) × ri matrix of rank ri. Dees et al. (2007a, p. 7). Lag
orders pi and qi are dictated to us considering, at the beginning, the Akaike’s
Information criteria, and then based on the satisfactory performance of the
model in terms of stability, that is no eigenvalues lies above the unit circle
in the presence of unit root in variables, zero-convergence of persistence
profiles, and stable impulse responses Smith and Galesi (2011, Chapter 7
p. 77). Following Smith and Galesi (2011) suggestions, we adjust both the
number of cointegrating relations and the lag order of the domestic and
foreign variables of the individual VARX* models. The final choice of the
GVAR model is presented in Section 3.4.

The next step in the GVAR methodology is to construct the GVAR model
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from the country/group-specific VARX* models. Following Pesaran, Schuer-
mann, and Weiner (2004, p. 132) we can define the (ki + k∗i )× 1 vector

zit =

(
xit

x∗it

)
(3.10)

and rewrite (3.8) as

Aizit = ai0 + ai1t+ Υi(L, qi)dt + uit (3.11)

where
Ai(L, pi, qi) = [Φi(L, pi),−Λi(L, qi)] (3.12)

Ai is a full row rank matrix of dimension ki × (ki + k∗i ).
Stacking all country-specific variables in a k×1 global vector xt = (x′0t, x

′
1t, ..., x

′
Nt)
′

where k =
∑N

i=0 ki, we can define a country-specific (ki + k∗i )× k matrix Wi

of country-specific weights wxi
ij , which are the appropriate weights for each

component of xit, such that

zit = Wixt, i = 0, 1, 2, ..., N (3.13)

Replacing (3.13) in (3.11), Pesaran, Schuermann, and Weiner (2004, p. 132)
standardizes the specification of country/group-specific VARX* models

AiWixt = ai0 + ai1t+ Υi(L, qi)dt + uit (3.14)

This specification allows for stacking all country-specific VARX* models to
yield

Gxt = a0 + a1t+ Υ(L, qi)dt + ut (3.15)
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where

a0 =


a00

a10

...
aN0

 , a1 =


a01

a11

...
aN1

 , G =


A0W0

A1W1

...
ANWN

 ,

Υ =


Υ0

Υ1

...
ΥN

 , ut =


u0t

u1t

...
uNt


(3.16)

Given G is, in general, a full rank k × k matrix, the GVAR model in all
endogenous variables can be written as

xt = G−1a0 + G−1a1t+ G−1Υ(L, qi)dt + G−1ut (3.17)

We estimate (3.17) on the vector xt, which corresponds to an 244 × 1

vector of endogenous variables for our sample of 81 countries. 1

3.2.1 Group models

Following Pesaran, Schuermann, and Weiner (2004, Section X), we consider
a given region/group i composed of Ni countries, with vectors of country-
specific domestic and foreign variables xi`t and x∗i`t respectively, where i =

0, 1, 2, ..., R and ` = 1, 2, ..., Ni.
The country-specific model for country ` in the region i is given by:

Φi`(L, pi)xi`t = ai`0 + ai`1t+ Υi`(L, qi)dt + Λi`(L, qi)x
∗
i`t + εi`t (3.18)

Let w0
i` be the weight of country ` in the region i, which proxies the rel-

ative importance of the country in the region. Using these weights, the

181 countries × 3 variables plus the global variable which is endogenous for USA.
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region/group-specific aggregated model is given by

Nj∑
`=1

w0
i`Φi`(L, pi)xi`t = ai0 + ai1t+

Nj∑
`=1

w0
i`Υi`(L, qi)dt

+

Nj∑
`=1

w0
i`Λi`(L, qi)x

∗
i`t + εit

(3.19)

where
∑Ni

`=1w
0
i` = 1. Defining

xit =

Nj∑
`=1

w0
i`xi`t, ai0 =

Nj∑
`=1

w0
i`ai`0, ai1 =

Nj∑
`=1

w0
i`xi`1

Υi(L, qi) =

Nj∑
`=1

w0
i`Υi`(L, qi), εit =

Nj∑
`=1

w0
i`εi`t

(3.20)

and assuming dynamic homogeneity within each group, the i-th group-
specific model

Φi(L, pi)xit = ai0 + ai1t+ Υi(L, qi)dt + Λi(L, qi)x
∗
it + ςit (3.21)

has the same structure of (3.8) where ςit captures the country-specific resid-
uals uit and the aggregation error νit. According to Pesaran, Schuermann,
and Weiner (2004, p. 139), the aggregation error can be minimized by build-
ing regions/groups with similar economies and by a sensible choice of the
weights, w0

i`.

3.3 Data and grouping of countries

3.3.1 Variables and sources

We estimate the GVAR model over a sample of 81 developed and devel-
oping countries spanning the period 1970-2011. The endogenous variables
are the annual growth rate of GDP, git; log of public debt-to-GDP ratio, dit;
a measure of volatility of GDP growth rate, ϑ2

it; and, following Pesaran,
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Schuermann, and Weiner (2004), we include the log of global variable oil
price, poil, to capture global political and economic upheavals. GDP growth
rate is computed as the log difference of real GDP at constant 2005 national
prices (series: rgdpna) which comes from the 8.0 version of Penn World Ta-
bles compiled by Feenstra, Inklaar, and Timmer (2013). Gross government
debt comes from the 2013 version of the dataset of Abbas et al. (2010) which
is annually updated in September by the IMF Fiscal department.2 We use
the log of debt-to-GDP ratio following Chudik et al. (2013). The spot WTI oil
price comes from the web page of the Federal Reserve Bank of St Louis. Our
measure of volatility is the 5-year moving Mean Squared Prediction Error
(MSPE) of the forecast GDP growth rate, which we compute as follows.

First, we model the GDP growth rate for each i country as a random
walk with a drift (RWWD)3:

git = αi + eit (3.22)

Using a five-year rolling window, we compute α̂it = ĝi,t+1|It = 1
5

∑4
j=0 gi,t−j ,

t = 5, . . . , T , where It is the available set of information on t. Then, we com-
pute the forecast error êi,t+1 as

êi,t+1 = gi,t+1 − α̂it (3.23)

and iterate until the last period for each country i. We set five-year windows
for the rolling variance calculations because of the number of available time
periods. Based on the out-of-sample prediction error êi,t+1, we set the rolling

2Missing values are addressed using linear interpolation. See Table 3.9
3 Hess and Iwata (1997) and Campbell (2007) use AR(1) on growth–or ARIMA(1,1,0) on

GDP–to analyze the GDP and growth. Hess and Iwata (1997) show that the ARIMA(1,1,0)
on GDP is the best model to replicate the economic cycles using parsimony arguments.
Campbell (2007) uses a AR(1) with drift to model the growth rate. As noted by Cerra and
Saxena (2010), Clark and West (2007) argue that under the that the additional parameters
in the larger unconstrained model (in our case an AR(1) model for log real GDP growth)
are zero (in which case the AR(1) model reduces to the RWWD model that we estimate),
estimating those additional parameters introduces estimation error that inflates the RMSE
of the AR(1). In the Appendix 3.D, we show that, based on five-year rolling window MSPE,
our RWWD forecast model for log real GDP growth beat the AR(1) model.
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mean squared prediction error (MSPE) as

MSPEi,t = ϑ2
it =

1

5

4∑
j=0

ê2i,t−j +

(
1

5

4∑
j=0

êi,t−j

)2

(3.24)

as a proxy of the volatility of GDP growth rate.The MSPE takes into
account both the variance of the prediction error, as well as the square of
the mean error itself, which is also relevant for evaluating forecast loss.
Using only the variance of out-of-sample forecast error—the first term in
(3.24)—would leave out loss due to lack of forecast accuracy—captured by
the squared mean error term—which we do not want to leave out because
it contributes to forecast loss out-of-sample.

3.3.2 Groups of countries

We extend the number of countries and groups analyzed in Pesaran, Schuer-
mann, and Weiner (2004) and Dees et al. (2007a) 4 to 81 countries where
80 countries are set in eight mutually exclusive groups: Eastern Emerg-
ing Economies, Western Emerging Economies, Euro Area Countries, Rest
of West Euro Countries, HIPC/IDA Countries, No Debt Market countries,
Miscellaneous Islands, and Other Developed Economies. The remaining
country—the US—acts as the numeraire country as in Dees et al. (2007a)
and Dees et al. (2007b). Tabla 3.1 shows the countries and groups used in
this paper.

While Pesaran, Schuermann, and Weiner (2004) and Dees et al. (2007a)
group the countries by geographical regions, we assemble the groups to
distinguish countries according to their developing level, the indebtedness
level, and the macroeconomic volatility level in addition to geographical
proximity. Euro Area countries, Rest of Western Euro countries and Other
Developed economies are groups assembled in Dees et al. (2007b). We add

4Pesaran, Schuermann, and Weiner (2004) used 25 countries where seven countries were
separately modeled and 18 other countries aggregated in four regions; while Dees et al.
(2007a) used 33 countries where 25 countries were separately modeled and eight other
countries were aggregated in a region.
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Portugal to the group of Euro Area; Greece and Denmark to the group of
Rest of Western Euro; Ireland and Iceland to the group of Other Devel-
oped economies. In addition, we assemble five groups of our interest. The
Eastern Emerging economies group and the Western Emerging economies
group, which contain countries with intermediate levels of institutional de-
velopment and are considered potential sources of volatility and financial
crises. The No Debt Market group, which includes countries with interme-
diate levels of institutional development but no participant in the interna-
tional market of debt. The HIPC/IDA group, which includes the Heavily
Indebted Poor Countries and/or countries supported by the International
Development Association at World Bank, shows the lowest level of institu-
tional development. Finally, we set the Miscellaneous Island’s group that
includes small islands excluded in the previous categories.

The group variables are computed from the country-specific variables
by using (3.20) where w0

i` are the weights based on the PPP valuation of
country GDPs as in Dees et al. (2007a, p. 10). We use the output-side real
GDP average at 2005 current PPPs spanning 1970-2011.5 As in Pesaran,
Schuermann, and Weiner (2004), we implicitly assume dynamic homogene-
ity within each group, so every group-specific model estimated using the
procedure described in the section 3.2.1 is a representative model of the
country-specific models included in the group.

3.3.3 The trade weights

To construct the group-specific foreign variables x∗it from the domestic vari-
ables xit by using the equations in (3.7), we follow Pesaran, Schuermann,
and Weiner (2004, p. 140), Dees et al. (2007a, p. 10), and Caporale and Gi-
rardi (2013) who used the value of the flows of bilateral trade among the
countries in the sample. Bilateral trade flows, in addition to be robustly and
positively related to business-cycle co movement (Baxter and Kouparitsas,

5Source: PWT8.0, variable: cgdpo
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2005), they are both theoretically (Grossman and Helpman, 1990; Gross-
man and Helpman, 1991) and empirically relevant channels of transmis-
sion of the spillover effect of growth among countries (Levine and Renelt,
1992; Wacziarg and Welch, 2008; Ho, Wang, and Yu, 2013; Wang, Wong, and
Granato, 2015) 6

From 42 matrices (81× 81) of bilateral trade flows—spanning the period
1970-2011—based on the merchandise exports and imports disaggregated
according to a country’s primary trading from Direction Of Trade Statistics
(DOTS) at IMF, we compute the 9 × 9 matrix of the trade weights for the
nine regions presented in Table 3.2. The values indicate the average share
of group’s exports and imports over the 2005-2011 period, where the trade
between groups is obtained following Smith and Galesi (2011, Section A.3.2,
p. 85).

3.4 Estimation Results

We estimate our GVAR model using the GVAR Toolbox 1.1 created by Smith
and Galesi (2011)

3.4.1 Unit root tests

Following Dees et al. (2007a), we use Augmented Dickey Fuller Dickey
and Fuller (1979, ADF) and Weight-Symmetric Dickey-Fuller type Park and
Fuller (1995, WS) tests to evaluate the null hypothesis of a unit root in
country-specific domestic and foreign variables. The lag length employed

6 Levine and Renelt (1992) shows that trade openness is a robust variable in the reduced-
form of growth regressions. Wacziarg and Welch (2008) state that liberalization of trade
regimes is related to an increase of average annual growth rate of 1.5 percentage points
over the 1950-1998 period. Ho, Wang, and Yu (2013, p. 451) documents, by using spatial
econometrics, positive spillover effect of growth through bilateral trade. Wang, Wong, and
Granato (2015, p. 187) show that economic ties are become stronger during the period of
globalization, and they are robust to different measures of economic volatility. They use
data from 187 country over 1960-2007.
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TABLE 3.2: Trade Weight Matrix (based on fixed weights)

Country East
Emerg-
ing

Euro
Area

HIPC
IDA

Misc
Is-
land

No
Debt
Mk

Other
Devd
Ec

Rest
of
W
Euro

West
Emerg-
ing

US

East Emerging 0 0.14 0.16 0.06 0.20 0.17 0.06 0.09 0.12
Euro Area 0.26 0 0.28 0.28 0.37 0.29 0.63 0.19 0.17
HIPC IDA 0.02 0.02 0 0.01 0.01 0.01 0.004 0.03 0.02
Misc Island 0.01 0.01 0.001 0 0.01 0.002 0.004 0.003 0.01
No Debt Mk 0.04 0.04 0.02 0.05 0 0.01 0.01 0.02 0.01
Other Devd Ec 0.32 0.31 0.09 0.12 0.11 0 0.18 0.12 0.40
Rest of W Euro 0.06 0.23 0.04 0.08 0.04 0.07 0 0.03 0.03
West Emerging 0.08 0.09 0.16 0.09 0.11 0.06 0.03 0 0.23
The United States 0.22 0.16 0.26 0.32 0.15 0.39 0.08 0.52 0

Note: Trade weights are computed as the average share of group’s exports and imports.
Values are displayed in columns by group such a column, but not a row, sums to one.
The complete bilateral trade matrix among countries used as input for this matrix can be
obtained from authors on request. Source: Direction Of Trade Statistics, 2005-2011, IMF.

in both tests was selected by the Akaike information criterion (AIC) assum-
ing two DGPs: the first one including an intercept and a trend, and the
second one including an intercept only. In both tests, we consider up to
three lags as the maximum lag order.

Both tests, at 5 percent, reject the null hypothesis of a unit root process
of growth for eight of nine groups (See Appendix, Table 3.10). In the other
group, HIPC/IDA, the growth rate appears to be stationary after the first
difference is applied to the series. Both tests also suggest that the log of
sovereign debt and the uncertainty of GDP growth rate are integrated pro-
cess of order one, that is I(1). The results of the unit root tests for volatility
are sensible to the sort of test and the underlying DGP process. If so, we
assume those variable as I(1) processes. Group-specific foreign variables
show results similar to their domestic counterparts except for the groups of
Rest of Western Europe and the US where the rejection decision of the null
hypothesis of unit root for the foreign growth rate depends on the type of



Chapter 3. Government debt, macroeconomic growth and volatility: A
Global VAR approach (with Samuel W. Malone) 51

test. In those situations, we assume I(1) processes too.

3.4.2 Group/country specific VARX* models

We implement two specifications of group/country-specific VARX* mod-
els. For the US, the numeraire country, we include debt, growth, volatility
and the price of oil as endogenous variables and foreign growth, foreign
debt, and foreign volatility as weakly exogenous variables. In the remain-
ing groups, the VARX* model includes only debt, growth, and volatility
as endogenous variables, but it adds the foreign oil price to the vector of
weakly exogenous variables used for the US. The treatment of oil price as
an endogenous variable in the numeraire country and as a weakly exoge-
nous variable in the rest of groups follows Dees et al. (2007a) and Pesaran,
Schuermann, and Smith (2009). Specifically, the vector of endogenous vari-
ables for the US and remaining groups are respectively:

xUSA,t =


git

dit

ϑ2
it

poilit

 , xi,t =

 git

dit

ϑ2
it

 i 6= USA (3.25)

Initially we estimate the error-correction form of VARX*(pi, qI) models
selecting the number of lags according to the Akaike information criterion.
However, we then adjust the lag order to the values showed in the Table 3.3
to obtain congruent models with both the null hypothesis of no serial cor-
relation and the sample size. In addition, we restrict the trend in the model
to the cointegrating space; that is the model IV in Pesaran, Shin, and Smith
(2000) as in Dees et al. (2007a) and Pesaran, Schuermann, and Smith (2009).
Thus, VARX*(2, 1) appears to be the satisfactory specification for the groups
of Miscellaneous Islands and Rest of Western Europe, while VARX*(1, 1) for
the remaining groups.

Since an I(d) cointegrated process can include I(d′) components with
d′ < d (Lütkepohl, 2005, p. 246), cointegrating relations in our vectors of
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TABLE 3.3: VARX Order and number of cointegration rela-
tions.

Group of countries pi qi # Cointegration relationships

East Emerging 1 1 1
Euro Area 1 1 1
HIPCIDA 1 1 2
Misc Island 2 1 1
No Debt Mk 1 1 1
Other Devd Ec 1 1 1
Rest of W Euro 2 1 1
United States 1 1 1
West Emerging 1 1 1

Note: Group-specific VARX*(pi, qi) models where pi and qi are
the lag order of domestic and foreign variables. The values of pi,
qi and the number of cointegration relations are adjusted to ob-
tain congruent models with both the null hypothesis of no serial
correlation and zero-convergence of the persistence profiles.

endogenous variables xit are plausible. We then test for cointegration in the
respective country/group-specific correction-error models using both the
trace and the maximum eigenvalue tests. Both tests indicate cointegration
ranks which yield persistence profiles with no zero-convergence, so we re-
strict the rank to the values showed in column three of the Table 3.3 which
yield satisfactory zero-convergence for each group of countries.

3.4.3 Serial correlation tests

To verify the hypothesis of no-serial-correlation in the residuals of the group-
specific VARX* models, we use the F-version of the Lagrange Multiplier
statistic (Godfrey, 1978a; Godfrey, 1978b). The null hypothesis of no se-
rial correlation is rejected to 5 percent of significance level only in the debt
equation of Rest of Western Europe group, but it is not rejected when the
significance level of one percent is considered (F0.01(4, 27) = 4.11). (See Ta-
ble 3.4)
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TABLE 3.4: F Statistics for the Serial Correlation Test of the
VECMX Residuals

Country.group stat Fcrit_0.05 growth debt sigma poil

East Emerging F(4,30) 2.69 0.26 1.00 0.39
Euro Area F(4,30) 2.69 0.40 1.34 0.57
HIPCIDA F(4,29) 2.70 0.90 0.79 0.43
Misc Island F(4,27) 2.73 0.90 1.90 1.07
No Debt Mk F(4,30) 2.69 0.84 1.47 0.48
Other Devd Ec F(4,30) 2.69 0.89 1.78 2.12
Rest of W Euro F(4,27) 2.73 1.95 3.34 0.36
West Emerging F(4,30) 2.69 0.51 0.31 0.34
United States F(4,31) 2.68 1.69 2.45 1.00 1.43
Note: Columns four to seven contain the F-version of the Lagrande
Multiplier statistic. Null hypothesis: No serial correlation of the resid-
uals of ith group-specific VARX* specification.

3.4.4 Weak exogeneity

A key assumption of GVAR that allows us to estimate the individual country/grup-
specific VARX* models is the assumption of weak exogeneity of foreign
variables (Pesaran, Schuermann, and Weiner, 2004). Based on Johansen
(1992) and Harbo et al. (1998) , this assumption can be tested evaluating
the null hypothesis Ho : φijl = 0 in the model

∆x∗il,t = ail +

ri∑
j=1

φijlEC
j
i,t−1 + θil∆xi,t−1 + θ∗il∆x∗i,t−1 + eil,t (3.26)

where x∗il,t is the l-th component of the i-th country/group vector of foreign
variables x∗it, and ECj

i,t−1, j = 1, ..., ri are the error-correction terms corre-
sponding to the j-th cointegrating relation estimated from the i-th VARX*.
The F-stats in Table 3.5 show that the null hypothesis of weak exogeneity
cannot be rejected, so the foreign variables included in our VARX* specifi-
cations can be treated as weakly exogenous.



54
Chapter 3. Government debt, macroeconomic growth and volatility: A

Global VAR approach (with Samuel W. Malone)

TABLE 3.5: Test for Weak Exogeneity.

F-statistics

Country F.test Fcrit_0.05 growths debts sigmas poil

East Emerging F(1,30) 4.17 0.48 0.53 0.39 0.32
Euro Area F(1,27) 4.21 0.96 0.04 1.26 0.99
HIPCIDA F(2,26) 3.37 0.12 0.37 1.58 0.09
Misc Island F(1,27) 4.21 0.73 0.22 0.02 0.01
No Debt Mk F(1,27) 4.21 0.11 0.02 0.20 0.78
Other Devd Ec F(1,27) 4.21 0.57 0.11 0.06 0.33
Rest of W Euro F(1,27) 4.21 3.05 2.84 0.17 0.02
West Emerging F(1,27) 4.21 0.003 0.13 0.31 0.09
United States F(1,26) 4.23 1.19 3.82 0.01

3.4.5 Structural stability

We use the maximal OLS cumulative sum (CUSUM) test proposed by Ploberger
and Krämer (1992) to evaluate the structural stability of the parameters of
VARX* models. The observed PKsup statistic and its significance for each
equation in every VARX* model is shown in Table 3.6. The critical values
for the PKsup statistics are obtained by bootstrap simulation.

TABLE 3.6: Stability structural tests

groups Growth Debt Volatility poil

East Emerging 0.46 0.62 0.49
Euro Area 0.71 0.71 0.8
HIPCIDA 0.91∗∗ 1.15∗∗ 1.16∗∗
Misc Island 0.51 0.7 0.44
No Debt Mk 0.73 0.57 0.83
Other Devd Ec 0.6 0.57 0.35
Rest of W Euro 0.73 0.68 1.02∗∗
West Emerging 1.19∗∗ 1.07∗ 0.94
United States 0.48 1.05 0.83 1.2∗∗

[*]:PK > PK0.90 [**]:PK > PK0.95 [***]:PK > PK0.99
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The PKsup statistic indicates that the VARX* models in the HIPC/IDA
group, the volatility in the Rest of Western Euro, and the growth in Western
Emerging economies appear to be affected by at least a structural break at 95
percent of confidence level. However, the null hypothesis of structural sta-
bility cannot be rejected at 99 percent of confidence level. Because our focus
is the dynamic analysis of a 3-variable vector based on impulse-response
functions estimated from VARX* forecast, and the structural instability pro-
duce marginal changes in the quality of forecast (Stock and Watson, 1996),
we think that this rejection rate of VARX* models, which is under the rate
obtained by Dees et al. (2007a, p. 15), is not a critical issue for our analysis.

3.4.6 Cross-section correlations

While the average of the absolute pairwise cross-section correlations among
the input variables of the nine country/groups is 0.41, the pairwise cross-
section correlations among the residuals of the VARX* models is 0.063 (Table
3.7). This result contrasts with the pairwise cross-section correlation for the
variables of growth of the East Emerging Economies group and the variable
of growth of HIPC/IDA group, which do no show lower average pairwise
cross-section correlations after VARX*’s implementation in respect to input
variables. Since these post-VARX*’s average pairwise cross-section correla-
tions have a similar magnitude order than the cross-section correlation of
remaining groups, which show significant reductions in the cross-section
correlations, we think that our VARX* specifications satisfactorily capture
the cross-section correlation in our panel data sample.

3.4.7 Persistence profiles

Persistence profiles measure the effect of system-wide shocks on long-term
relations or cointegrating vector. This approach early developed by Lee and
Pesaran (1993) and extended in Pesaran and Shin (1996) is used by Caporale
and Girardi (2013, p. 84e8). The Figure 3.1 shows convergence towards zero
around the third or fourth year of the simulation for the groups that we
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TABLE 3.7: Average Pairwise Cross-Section Correlations:
Variables and Residuals

Variable Country group Levels First Diff. VECMX Residuals

growth East Emerging 0.08 0.14 -0.17
growth Euro Area 0.42 0.49 -0.06
growth HIPCIDA 0.04 0.09 0.07
growth Misc Island 0.26 0.38 0.09
growth No Debt Mk 0.04 0.08 -0.01
growth Other Devd Ec 0.39 0.45 -0.02
growth Rest of W Euro 0.44 0.50 0.07
growth West Emerging 0.26 0.33 0.03
growth United States 0.35 0.37 -0.18
debt East Emerging 0.60 0.21 -0.05
debt Euro Area 0.80 0.39 -0.12
debt HIPCIDA 0.62 0.33 0.02
debt Misc Island 0.77 0.26 0.03
debt No Debt Mk 0.45 0.18 0.002
debt Other Devd Ec 0.74 0.39 0.03
debt Rest of W Euro 0.80 0.32 -0.03
debt West Emerging 0.71 0.20 -0.002
debt United States 0.73 0.21 -0.13
sigma East Emerging 0.25 -0.06 -0.16
sigma Euro Area 0.31 0.13 0.03
sigma HIPCIDA 0.30 -0.06 -0.05
sigma Misc Island 0.36 0.08 0.07
sigma No Debt Mk 0.35 0.04 -0.15
sigma Other Devd Ec 0.39 0.14 -0.002
sigma Rest of W Euro 0.36 0.16 0.02
sigma West Emerging -0.08 0.10 0.04
sigma United States 0.38 0.14 -0.07
Note: Levels and First Differences refer to the input variables for
each VECMX*.
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build in this paper. These periods of time for the absorption process for the
deviation from the steady-state are comparatively similar to those obtained
by Caporale and Girardi (2013, p. 84e8) and Garratt et al. (2012, Section
10.2) estimating macroeconometric models with quarterly data.

FIGURE 3.1: Persistence profiles
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3.5 Impulse-response analysis

This section presents the analysis of generalized impulse-response func-
tions7 (GIRFs) of the version of GVAR estimated in this paper. Three consid-
erations are relevant in this analysis. First, our GVAR estimates are based
on the factor-augmented panel VAR approach, where the augmented fac-
tor captures the unobserved factors, which determine the vector of endoge-
nous variables xit. Country/group-specific foreign variables act as proxies
for the augmented factor. Second, the GIRFs are invariant to the order of
variables in xit. Last, the confidence intervals of the GIRFs are computed as
the 5th and the 95th quantile from 2000 bootstrapping simulations based on
the observed covariance matrix of residuals with a shrinkage factor of 0.8.
They are used to evaluate the relevance of the impulse-response function,
but they are omitted for clarity of the figures. As usual, the size of the shock
is 1 standard deviation of the residual of the variable being shocked. 8

7 The infinitive moving average representation of a covariance-stationary model can be

written as xt =
∞∑
i=0

Aiεt−i +
∞∑
i=0

Giwt−i, t = 1, 2, . . . , T . The generalized impulse response

function of xt at horizon n, advanced in Koop, Pesaran, and Potter (1996), is defined by
GIx(n, δ,Ωt−1) = E(xt+n|εt = δ,Ωt−1) − E(xt+n|Ωt−1). Combining both expressions, we
haveGIx(n, δ,Ωt−1) = Anδ, which is independent of Ωt−1, but depends on the composition
of the shocks defined by δ Pesaran and Shin (1998, p. 19). Sims (1980) suggests to use the
Cholesky decomposition of the covariance matrix of error Σ = PP ′, whereP is an lower tri-
angular matrix. The vector of the orthogonalized impulse response function of a unit shock
to the j-th equation on xt+n can be written as ψo

j (n) = AnPej , n = 0, 1, 2, . . . , where ej is
the selection vector with unity as its j-th element and zeros elsewhere. Pesaran and Shin
(1998) show that the alternative approach, shocking only one element of δ and integrating it
out the effects of other shocks using an assumed or the historically observed distribution of
the errors, it is possible to obtainGIx(n, δj ,Ωt−1) = E(xt+n|εjt = δj ,Ωt−1)−E(xt+n|Ωt−1),
so E(εt|εjt = δj) = (σ1j , σ2j , . . . σmj)

′σ−1jj δj = Σejσ
−1
jj δj . Then, the generalized impulse

response function is given by ψg
j (n) = σ

−1/2
jj AnΣej , n = 0, 1, 2, . . . ,. ψg

j (n) = ψo
j (n) iff Σ is

a diagonal matrix. Because the generalized impulse response functions ψg
j (n) are defined

on the observed covariance of error Σ, the impulse responses at time zero can be different
from zero in the GVAR model.

8 Table 3.3 shows that the GVAR nests nine (9) VARX models. Two models are
VARX(2,1) and seven models are VARX(1,1). According to the moving-average representa-
tion of a stationary VAR(1) model—to keep simple the explanation—the coefficients of the
shocks can be expressed as:

yt = εt + φ1εt−1 + φ21εt−2 + φ31εt−3 + ....
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3.5.1 Debt-growth link

Positive and transient shocks to sovereign debt reduce, on impact, the growth
rate in most of our groups of countries. They are Eastern- and Western-
Emerging economies, HIPC/IDA countries, Miscellaneous Islands, No Debt
Market group, Euro Area, and the United States. In these groups, the effect
of the debt shock on impact is to cause the GDP growth rate to decrease
between 0.5 and 1.4 percentage points. We find that groups of countries for
which the initial impact of debt on growth was negative, and exceeded 0.7
percentage points of growth in magnitude, also experience a modest per-
manent reduction in growth (see Figure 3.2a). Groups of countries in this
category were the No debt Market countries, Miscellaneous Island Coun-
tries, HIPCIDA countries, and the Western Emerging Market countries. In
contrast, for Other Developed Economies and the Rest of Western Europe,
the long run effect of a debt shock on growth was significantly positive.
The latter result is consistent with the theories of DeLong et al. (2012) and
Checherita-Westphal, Hughes Hallett, and Rother (2013). DeLong et al.
(2012, p. 235) state that in economies with interest rates constrained by
the zero bound, large output gap, and cyclical high unemployment, fiscal
policy may be self-financing. A ’hysteresis’ effect induced by fiscal crises
and demand-induced recessions—that appear to have impact on potential
output— can turn the effect of public debt from negative towards posi-
tive in the long-run DeLong et al. (2012, p. 235)9. Checherita-Westphal,
Hughes Hallett, and Rother (2013) compute numerical estimates of growth-
maximizing debt levels based on Aschauer (2000)’s model, which assumes
that governments contract new debt to finance only their public invest-
ments10. According to the thresholds estimated by Checherita-Westphal,
Hughes Hallett, and Rother (2013, Table 3, p. 644) most of the countries in

where all eigenvalues of φ1 are less than 1 in absolute value. Thus φi1 → 0 as i→∞. This
implies that the effect of an innovation decreases as i increases. Consequently, the effect of
a shock on impact is to cause the response variable to increase by a large value as most of
the IRFs figures show.

9See Ramey (2012) for a critique.
10See Greiner (2013) for a critique.
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both groups, Other Developed Economies and Rest of Western Euro, have
public debt levels under the optimal levels, so long-run positive effects of
debt on growth are possible.

Figure 3.2a shows large immediate impacts of debt on growth for several
regions. This suggests that a positive shock to debt may trigger fiscal and
monetary policy actions which can lead to large short-run or contempora-
neous destabilizing effects on growth. Pescatori, Sandri, and Simon (2014,
p. 4) suggest a similar explanation for the relation between high levels of
debt with higher output volatility.

Figure 3.2b plots the impulse-response functions of the reverse causality:
growth towards debt. The profiles show that positive shocks to growth re-
duce debt in all regions except the group of Rest of Western Europe, where
the effect is statistically insignificant. In the long-run, the effect of a shock to
the growth equation is to reduce public debt by around five percent below
their baseline values. The most notable effect is undergone by the group of
No Debt Market, where a transient positive shock on growth of one stan-
dard deviation (3.27 percentage points) induces a reduction in its debt-to-
GDP ratio by approximately 22 percent at the fifth year.

3.5.2 Debt-volatility link

Although the impulse-response functions plotted in Figure 3.3a indicate
higher debt levels from transient positive shocks to volatility, the confidence
intervals obtained by bootstrapping indicate that such effects on debt, ex-
cept for the Miscellaneous Islands group, are not statistically significant.
This is an expected result for lending markets dominated by the demand
function for borrowing. In this setup, the credit taps that result from the
negative slope of credit supply function restrain the impact of volatility on
the observed debt level. That is, volatility increases the demand of credit,
but lower credit ceilings limit the effect of volatility on the level of debt.
This results is compatible with the negative sign of the coefficient of volatil-
ity in the supply regime of the version of the switching model estimated on
emerging markets in Catao and Kapur (2006, Table 4, p. 210).



Chapter 3. Government debt, macroeconomic growth and volatility: A
Global VAR approach (with Samuel W. Malone) 61

FIGURE 3.2: Impulse response function of debt-growth link
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FIGURE 3.3: Impulse response function of debt-volatility link
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We note, from Figure 3.3b, that the debt-to-volatility link is significant
in two groups: HIPC/IDA and Euro Area countries. The remaining groups
show mixed results, but the bootstrapping simulations point out the sta-
tistical irrelevance of those estimates. The estimated profile for Euro Area
countries indicates that a transient shock to debt-to-GDP ratio raises, on im-
pact, the volatility growth rate by 0.97, and then falls to a long-run value of
approximately 0.64 above its pre-shock level. The HIPC/IDA group shows
an opposite effect. In this group, transient positive shocks to debt reduce
permanently the volatility by 4.8. We think that the profiles obtained in the
panels a) and b) of Figure 3.3 for the HIPC/IDA group are an expected re-
sult because of the type of lending contracts available to theses countries.
Creditors to the HIPC/IDA countries include international financial insti-
tutions (e.g. World Bank) and foreign governments, which condition the
disbursement of resources based on fiscal targets, "good" policies and other
compromises. Consequently, new credit resources for this group of coun-
tries can induce them to implement policies for macroeconomic stability,
which appears to have a long-run impact.

Eichengreen, Hausmann, and Panizza (2005) and Nishimura et al. (2014)
propose two alternative approaches to explain the sign of the debt-to-volatility
relation. Eichengreen, Hausmann, and Panizza (2005, p. 27) propose the
"original sin" hypothesis to explain the effect of debt composition on the
level of macroeconomic volatility. They argue that foreign-currency debt
likely will lead to a currency mismatch on the national balance sheets, move-
ment in the real exchange rate, and wealth effects that affect the country’s
ability to pay its public debt. This sensitivity of the real exchange rate re-
duces the creditworthiness of a country, and the wealth effects lowers the
effectiveness of monetary policy. Eichengreen, Hausmann, and Panizza
(2005, p. 28, 35, and Table 1.13) Consequently, the ability of countries to
face external shocks and achieve domestic economic stability is diminished.
Finally, using weighted least squares, they compute significant and posi-
tive association coefficients between the "original sin" and the level of out-
put volatility Eichengreen, Hausmann, and Panizza (2005, pp. 35-36, Table
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1.13). Nishimura et al. (2014, p. 2) propose a neoclassical-type model based
on Ramsey (1928) to analyze the effect of public debt on macroeconomic
stability. In their model, endogenous fluctuations arise from considering
heterogeneous agents and externalities from government spending.11 They
theoretically show that fixed debt-to-GDP ratios can have a stabilizing or
destabilizing effect depending on the value of the elasticity of capital-labor
substitution and the size of public spending externalities. Large enough val-
ues of capital-labor substitution elasticity and public spending externalities
yield a stabilizing effect from public debt, while low enough values of both
of them yield a destabilizing effect Nishimura et al. (2014, Propositions 3
and 4, p. 17, 22).

3.5.3 Growth-volatility link

Only the emerging economies groups—East and West—and Miscellaneous
Islands group support the negative volatility-to-growth link earlier docu-
mented by Ramey and Ramey (1995). (See Figure 3.4a). A transient shock
of one standard deviation to volatility yields, on impact, falls in growth rate
by 0.77 percentage points in the East Emerging Economies group, by 1.04
percentage points in the West Emerging Economies group, and by 0.97 per-
centage points in the Miscellaneous Islands group. These measures are con-
sistent with the estimations obtained in samples of developing countries an-
alyzed by Ramey and Ramey (1995), Fatás and Mihov (2003), Kose, Prasad,
and Terrones (2005), Aghion and Banerjee (2005) and Aghion et al. (2010).
Figure 3.4a also shows that shocks to the volatility in the other groups of
countries, except the US, have insignificant effects on growth. These results,
joined to the obtained results for emerging economies, suggest a compli-
cated relation between volatility and growth, which can be explained in the
setup of Aghion et al. (2010). Aghion et al. (2010, Table 6, p. 263 ) show that
the effect from volatility on growth is not linear, and high enough levels of

11 They assume that the utility function of households is non separable between con-
sumption and public spending at each period, but separable over time. (Nishimura et al.,
2014, p. 6)
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financial development can neutralize it or lead to positive effects on growth.
They estimate that the coefficient of interaction term volatility∗privatecredit
in the growth model is positive and around three times the coefficient of
volatility. Consequently, a higher level of financial development can offset
the negative effect of volatility on growth, and in the economies with the
highest level of financial development—i.e. the US— the effect of volatility
can be positive.

Fountas, Karanasos, and Kim (2006) and Fang, Miller, and Lee (2008)
present mixed—positive and negative—results for some advanced economies.
Fountas, Karanasos, and Kim (2006) test Granger-causality between infla-
tion, output growth, and output growth uncertainty for seven advanced
economies. They find a significant and positive effect from output growth
uncertainty to output growth for the US, the United Kingdom, Germany,
France, Italy, Canada, and an insignificant effect for Japan supporting the
Black (1987) hypothesis. (Fountas, Karanasos, and Kim, 2006, Table 6, p.
334). Fang, Miller, and Lee (2008) evaluate the possible misspecification
of the econometric model of Fountas, Karanasos, and Kim (2006) due to
missing structural change caused by the "great moderation". Fang, Miller,
and Lee (2008) estimate country-specific ARCH(1)-M models which include
mean and variance structural breaks along with lagged output growth in
the variance equation for the same sample of countries that Fountas, Karana-
sos, and Kim (2006) used but excluding France. Fang, Miller, and Lee
(2008) find insignificant effects from output growth uncertainty on the out-
put growth. The assumption of structural stability appears to explain the
difference between both studies. Our tests of structural stability indicate
that such an assumption is not a critical issue for the groups that include
advanced economies (see Table 3.6).

Figure 3.4b shows mixed results for the growth-to-volatility link. While
a higher growth rate causes a significant and permanent reduction in the un-
certainty in emerging economies—East and West—Rest of Western Europe,
and Miscellaneous Islands, a higher growth rate can have the opposite effect
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FIGURE 3.4: Impulse response function of growth-volatility
link
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on volatility in the US and Other Developed Economies, and an insignifi-
cant effect in the remaining groups of countries. Fountas, Karanasos, and
Kim (2006) and Fang, Miller, and Lee (2008) also present mixed evidence
about the growth-to-volatility link. Fountas, Karanasos, and Kim (2006)
find evidence of a significant Granger-causality from output growth to out-
put growth uncertainty. Their models for the US and Japan show a nega-
tive causality on uncertainty, but the significance depends on the number
of lags. The estimates for Germany show a positive and significant causal-
ity for four lags; a negative causality for eight lags, and an insignificant
causality for twelve lags. This last is the optimal lag length chosen by AIC.
Otherwise, the estimates for the United Kingdom, France, Italy and Canada
present and insignificant Granger-causality (Fountas, Karanasos, and Kim,
2006, Table 8, p. 336). On the other hand, Fang, Miller, and Lee (2008), in a
model that consider a structural change, find mixed and significant effects
from the output growth rate on the uncertainty. The models estimated for
Canada, the US and Germany show a negative effect on uncertainty, but
only the last one has a statistically significant result. The models for Italy,
Japan, and the United Kingdom present a positive effect on uncertainty, but
only the model for Japan shows a significant link. In short, as Fountas,
Karanasos, and Kim (2006) and Fang, Miller, and Lee (2008) note, both the
growth-to-uncertainty link and the uncertainty-to-growth link are sensitive
to the sample size, the specification of the model, and the period of anal-
ysis. Due to the limited sample size available to us, we acknowledge the
potential sensitivity of our results to theses issues.

3.5.4 Impact coefficients

Table 3.8 shows the GVAR estimates of the contemporaneous change in the
domestic variables due to a change in the foreign counterpart, and their
t-ratio computed using White’s heteroskedasticity-consistent variance esti-
mator. Most of these coefficients are positive and below one implying rela-
tively weak co-movement between the domestic and foreign variables.
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TABLE 3.8: Contemporaneous Effects of Foreign Variables on
Domestic Counterparts

Country group g t(g) d t(d) σ2 t(σ2)

East Emerging 0.25 2.52 0.10 0.32 0.06 0.53
Euro Area 0.42 3.32 0.55 3.16 -0.03 -0.44
HIPCIDA 0.19 0.83 0.79 1.40 0.22 0.48
Misc Island 0.44 1.18 0.27 0.59 -0.04 -0.08
No Debt Mk -0.06 -0.22 -1.21 -0.97 21.01 1.28
Other Devd Ec 1.16 7.33 0.87 5.25 3.09 5.94
Rest of W Euro 0.74 11.51 0.47 1.94 0.55 4.40
West Emerging 0.67 2.94 0.22 0.77 0.04 0.24
United States 1.04 6.82 0.29 1.35 0.27 5.69

Note: The values refer to the coefficient of the contempo-
raneous foreign variable in each VARX* model of its do-
mestic counterpart. g: growth, d: debt, σ2: volatility; t(.):
t-statistics.

We note that the groups that include advanced economies—Euro Area,
Other Developed Economies, and the US—present the most of significant
t-ratios in our focus variables. This is an expected result given their higher
economic weight in the model and the level of trade integration. Inter-
estingly, the estimates of impact elasticities for the group of Other Devel-
oped Economies suggest overreaction of its domestic growth and volatility
to their foreign counterparts.

3.5.5 Sources of variation of the endogenous variables

Table 3.11 in the Appendix reports the generalized forecast error variance
decompositions (GFEVD) for every group, variable and forecast period.
Columns four to seven show the contribution of the domestic variables, and
columns eight to eleven show the contribution of foreign variables. Because
of the presence of contemporaneous correlations among the innovations in
the GVAR model, which yield GFEVD estimates over 100 for each region-
variable, we normalize the GFEVD estimates so that they sum 100 as in



Chapter 3. Government debt, macroeconomic growth and volatility: A
Global VAR approach (with Samuel W. Malone) 69

Boschi and Girardi (2011) and Caporale and Girardi (2013).
From Table 3.11, we note that the domestic variables turn out too be

the most important source of variability, at the beginning of the simulation
horizon, of the endogenous variables in our version of the GVAR model.
Notably, the past of each variable explains an important portion of the vari-
ance of itself. Except for the volatility in the Euro Area and Miscellaneous
Islands groups and the growth in the Rest of Western Economies, the rele-
vance of the past of each variable tends to decrease over the forecasting hori-
zon. While, the fall in debt tends to be offset by an increase over time in the
share of the domestic variables; the fall in growth tends to be compensated
by increases in the foreign variables. Uncertainty presents mixed results. In
the groups HIPC/IDA, No Debt Market, Other Developed Economies, and
the US, the offsetting increase comes from foreign variables, while in the
remaining groups the increase comes from domestic variables.

3.6 Conclusions

We estimate a version of the GVAR model on a sample of 81 countries
sorted into nine exclusive groups spanning 1970-2011. The endogenous
variables in the model are the annual growth rate of GDP, the log of public
debt-to-GDP ratio, and the macroeconomic volatility. We estimate a set of
group/country-specific VARX* models where a collection of group-specific
foreign variables acts the proxy variables to the unobserved factors in an
augmented-factor VAR specification. We estimate the critical values from
2000 bootstrapping simulations addressing possible deviation from the nor-
mality and non-spherical assumptions of residuals.

Our analysis of impulse-response functions shows that there is a per-
manent component in the negative effect on growth from debt, which does
not depend on the debt level but on the size of the growth effect. An
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initial negative impact exceeding 0.7 percentage points of growth in mag-
nitude is associated to a modest permanent reduction in growth. In addi-
tion, we find that a positive effect from public debt on growth is also pos-
sible. The impulse-response functions of both Other Developed Economies
and Rest of Western European Countries groups illustrate that positive ef-
fect and provide empirical support to the theoretical models developed by
DeLong et al. (2012) and Checherita-Westphal, Hughes Hallett, and Rother
(2013). Our estimated version of GVAR as well shows that a positive shock
to growth reduces, in the long-run, the level of debt. This asymmetric rela-
tion between debt and growth, and the permanent effect from growth, indi-
cates that pro-growth policies can be preferred to debt debt-relief strategies
in countries undergoing high debt levels.

The relation between debt and volatility is a prolific field for future re-
search. The theoretical and empirical research since Eaton and Gersovitz
(1981) is scarce. We find mixed results, with peculiar results for HIPC/IDA
countries, which suggest that the link should be related to both the charac-
teristics of debt market and the type of contract underlying the public debt
claims. We think that providers of credit resources to HIPC/IDA should not
be modeled into a market context.

Our mixed results about both the volatility-to-growth link and growth-
to-volatility link gather in a comprehensive way the empirical results founded
in the literature about this relationship. We think that a nonlinear approach
to the relation between growth and volatility, which might rely on the non
linearity discussed in the literature on the debt-volatility link, should be the
next step in the theoretical and empirical research concerning debt, growth
and volatility. We note that bivariate analysis can lead to estimation biases
due to the omission of relevant variables.



Appendix

3.A Values assigned to the missing values

TABLE 3.9: Values assigned to the missing values.

IFS code Country name Year Debt to GDP ratio

213 Argentina 1989 57.75
124 Belgium 1980 65.87
124 Belgium 1981 82.33
124 Belgium 1989 127.10
638 Benin 2007 22.05
223 Brazil 1970 18.25
223 Brazil 1971 20.11
223 Brazil 1972 26.49
223 Brazil 1973 21.07
223 Brazil 1974 21.19
223 Brazil 1975 23.99
223 Brazil 1976 26.09
223 Brazil 1977 28.75
316 Barbados 1974 20.40
316 Barbados 1975 25.00
316 Barbados 1976 29.60
228 Chile 1999 19.20
636 Congo, Dem. Rep. of 2000 241.55
634 Congo, Republic of 1994 180.53
634 Congo, Republic of 1995 196.37
233 Colombia 1970 14.13

71
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233 Colombia 1971 17.47
233 Colombia 1996 26.80
238 Costa Rica 1999 37.10
423 Cyprus 1995 43.75
134 Germany 1976 25.65
128 Denmark 1997 70.80
248 Ecuador 1970 24.75
469 Egypt 2002 88.30
172 Finland 1979 7.10
172 Finland 1980 9.30
132 France 1978 16.90
132 France 1979 18.80
652 Ghana 1990 35.30
648 Gambia, The 1970 7.00
648 Gambia, The 1971 7.50
648 Gambia, The 1972 8.00
174 Greece 1976 23.73
174 Greece 1977 23.35
174 Greece 1978 22.98
258 Guatemala 1999 23.40
534 India 1983 39.93
534 India 1984 37.87
534 India 1991 57.83
534 India 1992 67.37
429 Iran, I.R. of 1978 18.47
429 Iran, I.R. of 1979 27.73
176 Iceland 1970 20.80
176 Iceland 1971 17.80
176 Iceland 1980 22.00
343 Jamaica 1995 71.05
664 Kenya 1977 17.67
664 Kenya 1978 21.53
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542 Korea, Republic of 1970 6.95
674 Madagascar 1970 33.60
674 Madagascar 1973 39.75
674 Madagascar 1990 147.05
273 Mexico 1981 39.50
181 Malta 1979 16.55
684 Mauritius 2000 44.20
676 Malawi 2002 151.90
548 Malaysia 1990 77.35
142 Norway 1981 37.57
142 Norway 1982 38.23
196 New Zealand 2002 29.05
564 Pakistan 1991 78.73
564 Pakistan 1992 78.65
564 Pakistan 1993 78.57
293 Peru 2005 35.50
722 Senegal 2000 74.20
253 El Salvador 1970 21.37
253 El Salvador 1971 16.73
144 Sweden 2003 55.05
463 Syrian Arab Republic 2011 27.40
578 Thailand 2000 47.35
369 Trinidad and Tobago 1977 12.90
369 Trinidad and Tobago 1980 11.45
369 Trinidad and Tobago 1998 51.75
744 Tunisia 1977 36.00
738 Tanzania 2003 60.90
111 United States 1979 38.05
698 Zimbabwe 1978 26.95
698 Zimbabwe 2004 46.75
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3.B Unit root tests

TABLE 3.10: Unit Root Tests for the Domestic and Foreign
Variables at the 5 percent Significance Level

Variable Stat.
Crit.
Val.

East
Emer
ging

Euro
Area

HIPC
IDA

Misc.
Is-
land

No
Debt
Mk.

Other
Devd.
Eco

Rest
of
West
Euro

West
Emer
ging

USA

growth (with trend) ADF -3.45 -4.76 -4.68 -3.07 -3.32 -4.36 -4.58 -4.07 -3.48 -4.85

growth (with trend) WS -3.24 -5.02 -4.76 -1.62 -3.56 -4.30 -3.51 -3.23 -3.58 -4.96

growth (no trend) ADF -2.89 -4.83 -3.19 -1.96 -3.37 -4.37 -2.93 -4.10 -3.48 -4.58

growth (no trend) WS -2.55 -5.08 -1.79 -1.61 -3.59 -4.11 -1.20 -3.05 -3.26 -4.82

Dgrowth ADF -2.89 -7.26 -7.37 -8.25 -3.71 -7.20 -5.14 -4.65 -6.22 -6.21

Dgrowth WS -2.55 -7.21 -7.66 -8.32 -3.63 -3.82 -2.86 -4.50 -6.55 -6.65

DDgrowth ADF -2.89 -6.25 -4.77 -5.97 -7.76 -5.88 -13.52 -6.89 -6.67 -7.10

DDgrowth WS -2.55 -6.40 -4.92 -6.51 -8.03 -3.86 -12.41 -7.13 -7.10 -7.09

debt (with trend) ADF -3.45 -2.50 -2.21 -0.84 -1.13 -1.91 -4.04 -1.32 -1.87 -2.02

debt (with trend) WS -3.24 -2.89 -2.39 -1.17 -1.58 -2.16 -2.85 -1.56 -1.47 -2.34

debt (no trend) ADF -2.89 -1.51 -2.27 -1.65 -1.39 -2.11 -1.58 -2.75 -2.42 -0.49

debt (no trend) WS -2.55 -0.57 -0.41 -1.08 -0.76 -2.17 0.78 -0.54 -0.65 -0.24

Ddebt ADF -2.89 -3.35 -3.44 -1.63 -3.37 -4.81 -3.29 -3.13 -4.16 -3.49

Ddebt WS -2.55 -3.64 -3.54 -2.03 -3.56 -5.09 -3.75 -3.39 -4.35 -3.69

DDdebt ADF -2.89 -5.05 -4.78 -7.04 -6.84 -4.80 -4.84 -4.89 -7.33 -5.11

DDdebt WS -2.55 -5.47 -4.70 -7.52 -7.18 -5.25 -5.15 -5.00 -7.69 -5.54

sigma (with trend) ADF -3.45 -3.22 -1.61 -6.04 -4.05 -4.59 -2.55 -3.37 -2.31 -3.88

sigma (with trend) WS -3.24 -3.03 -2.12 -2.76 -2.73 -2.00 -2.02 -3.21 -2.16 -4.08

sigma (no trend) ADF -2.89 -3.32 -1.99 -3.92 -2.63 -4.72 -3.61 -2.55 -2.30 -1.84

sigma (no trend) WS -2.55 -2.38 -2.20 0.24 -2.88 -0.52 -1.59 -2.77 -2.19 -2.12

Dsigma ADF -2.89 -4.85 -4.43 -4.31 -4.52 -4.56 -3.59 -3.88 -3.78 -4.46

Dsigma WS -2.55 -5.09 -4.72 -2.94 -4.21 -4.77 -2.48 -3.84 -4.06 -4.80

DDsigma ADF -2.89 -3.18 -3.71 -6.17 -4.54 -11.81 -15.29 -5.12 -5.89 -5.03

DDsigma WS -2.55 -3.16 -3.71 -5.93 -4.40 -4.99 -2.12 -3.90 -6.22 -5.25

growths (with trend) ADF -3.45 -4.69 -4.86 -4.48 -4.23 -4.45 -5.03 -4.21 -4.90 -4.45

growths (with trend) WS -3.24 -3.42 -3.66 -3.93 -3.72 -3.63 -5.32 -3.23 -5.19 -2.99

growths (no trend) ADF -2.89 -3.75 -4.16 -3.69 -3.59 -3.63 -3.63 -2.83 -4.36 -3.48

growths (no trend) WS -2.55 -1.70 -2.41 -2.52 -2.51 -2.09 -3.27 -1.36 -4.55 -0.12

Dgrowths ADF -2.89 -4.70 -4.87 -7.44 -5.04 -7.64 -5.27 -7.71 -5.62 -8.39

Continued on next page
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Table 3.10 – Continued from previous page

Variable Stat.
Crit.
Val.

East
Emer
ging

Euro
Area

HIPC
IDA

Misc.
Is-
land

No
Debt
Mk.

Other
Devd.
Eco

Rest
of
West
Euro

West
Emer
ging

USA

Dgrowths WS -2.55 -4.48 -4.43 -7.78 -5.34 -7.88 -5.64 -7.92 -5.92 -8.26

DDgrowth ADF -2.89 -6.97 -6.75 -6.95 -5.99 -7.20 -6.19 -7.35 -6.44 -7.06

DDgrowth WS -2.55 -7.29 -7.02 -7.21 -6.09 -7.66 -6.36 -7.81 -6.71 -7.20

debts (with trend) ADF -3.45 -2.21 -1.97 -1.92 -1.98 -1.91 -1.84 -2.46 -1.98 -2.29

debts (with trend) WS -3.24 -2.05 -1.70 -1.84 -1.99 -1.84 -1.95 -2.43 -2.11 -1.74

debts (no trend) ADF -2.89 -2.24 -2.70 -2.23 -2.12 -2.53 -1.93 -2.29 -1.49 -2.59

debts (no trend) WS -2.55 0.08 0.21 0.17 -0.05 0.16 0.07 -0.14 0.10 0.36

Ddebts ADF -2.89 -2.78 -3.13 -3.10 -2.86 -3.20 -3.20 -2.82 -2.95 -2.89

Ddebts WS -2.55 -2.83 -3.26 -3.15 -2.89 -3.16 -3.14 -2.60 -2.99 -3.15

DDdebt ADF -2.89 -5.07 -5.57 -5.08 -4.95 -5.05 -5.23 -4.76 -5.21 -5.05

DDdebt WS -2.55 -5.19 -5.93 -5.26 -5.14 -5.08 -5.46 -4.55 -5.56 -5.34

sigmas (with trend) ADF -3.45 -2.61 -2.56 -2.12 -2.80 -1.57 -1.78 -1.17 -2.17 -2.57

sigmas (with trend) WS -3.24 -1.58 -1.52 -2.41 -1.65 -2.10 -2.25 -1.49 -1.48 -1.92

sigmas (no trend) ADF -2.89 -3.84 -3.81 -2.29 -3.79 -2.16 -2.03 -2.31 -3.48 -3.62

sigmas (no trend) WS -2.55 -0.72 -0.64 -1.44 -0.57 -1.57 -1.51 -1.23 -0.59 -1.10

Dsigmas ADF -2.89 -4.71 -4.78 -4.45 -4.57 -4.51 -4.17 -4.29 -4.34 -4.76

Dsigmas WS -2.55 -4.79 -4.86 -4.61 -4.73 -4.66 -4.43 -4.35 -4.52 -4.74

DDsigma ADF -2.89 -13.73 -14.37 -7.23 -11.52 -5.50 -5.02 -7.96 -8.79 -11.65

DDsigma WS -2.55 -4.40 -4.25 -4.90 -5.00 -4.85 -4.70 -5.24 -4.21 -4.10

Note: Explanations on the text.

3.C Generalized forecast error variance decompo-

sition

TABLE 3.11: Generalized forecast error variance decomposi-
tion

Region Variable time d g ϑ2 poil d∗ g∗ ϑ2∗ poil∗ Dom. Fgn.

East Emerging debt 0 0.63 0.11 0.002 0 0.12 0.07 0.05 0.02 0.74 0.26

Continued on next page
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Table 3.11 – Continued from previous page
Region Variable time d g ϑ2 poil d∗ g∗ ϑ2∗ poil∗ Dom. Fgn.

East Emerging debt 1 0.58 0.13 0.01 0 0.13 0.08 0.06 0.01 0.72 0.28

East Emerging debt 2 0.56 0.14 0.01 0 0.13 0.08 0.07 0.01 0.71 0.29

East Emerging debt 4 0.55 0.15 0.01 0 0.13 0.08 0.07 0.01 0.71 0.29

East Emerging debt 12 0.54 0.16 0.01 0 0.13 0.08 0.07 0.01 0.71 0.29

East Emerging growth 0 0.08 0.49 0.12 0 0.10 0.08 0.13 0.01 0.69 0.31

East Emerging growth 1 0.07 0.43 0.14 0 0.11 0.11 0.14 0.01 0.64 0.36

East Emerging growth 2 0.07 0.42 0.14 0 0.11 0.12 0.14 0.01 0.62 0.38

East Emerging growth 4 0.06 0.41 0.15 0 0.11 0.12 0.14 0.01 0.62 0.38

East Emerging growth 12 0.06 0.38 0.17 0 0.11 0.14 0.14 0.01 0.61 0.39

East Emerging sigma 0 0.003 0.13 0.59 0 0.06 0.07 0.14 0.02 0.71 0.29

East Emerging sigma 1 0.01 0.15 0.56 0 0.05 0.07 0.14 0.02 0.71 0.29

East Emerging sigma 2 0.01 0.15 0.55 0 0.05 0.07 0.15 0.02 0.71 0.29

East Emerging sigma 4 0.01 0.16 0.54 0 0.05 0.07 0.15 0.02 0.70 0.30

East Emerging sigma 12 0.01 0.16 0.53 0 0.05 0.07 0.16 0.02 0.69 0.31

Euro Area debt 0 0.38 0.14 0.04 0 0.16 0.11 0.17 0.0002 0.56 0.44

Euro Area debt 1 0.31 0.15 0.03 0 0.18 0.13 0.20 0.003 0.49 0.51

Euro Area debt 2 0.27 0.15 0.02 0 0.19 0.16 0.21 0.01 0.44 0.56

Euro Area debt 4 0.22 0.14 0.01 0 0.21 0.19 0.22 0.01 0.37 0.63

Euro Area debt 12 0.18 0.13 0.01 0 0.22 0.23 0.23 0.01 0.32 0.68

Euro Area growth 0 0.15 0.31 0.01 0 0.24 0.14 0.15 0.001 0.48 0.52

Euro Area growth 1 0.11 0.23 0.04 0 0.26 0.17 0.17 0.02 0.38 0.62

Euro Area growth 2 0.11 0.21 0.06 0 0.25 0.16 0.20 0.02 0.38 0.62

Euro Area growth 4 0.10 0.18 0.08 0 0.22 0.16 0.25 0.02 0.36 0.64

Euro Area growth 12 0.06 0.10 0.10 0 0.17 0.18 0.37 0.01 0.26 0.74

Euro Area sigma 0 0.10 0.02 0.48 0 0.07 0.09 0.20 0.04 0.60 0.40

Euro Area sigma 1 0.09 0.02 0.51 0 0.06 0.09 0.20 0.03 0.61 0.39

Euro Area sigma 2 0.08 0.01 0.53 0 0.06 0.09 0.19 0.03 0.62 0.38

Euro Area sigma 4 0.07 0.01 0.56 0 0.05 0.09 0.18 0.03 0.64 0.36

Euro Area sigma 12 0.07 0.003 0.58 0 0.05 0.09 0.17 0.04 0.65 0.35

HIPCIDA debt 0 0.48 0.09 0.11 0 0.09 0.11 0.12 0.01 0.67 0.33

HIPCIDA debt 1 0.36 0.08 0.17 0 0.15 0.12 0.10 0.01 0.61 0.39

HIPCIDA debt 2 0.30 0.08 0.20 0 0.18 0.13 0.10 0.01 0.58 0.42

HIPCIDA debt 4 0.25 0.07 0.22 0 0.20 0.14 0.11 0.01 0.54 0.46

HIPCIDA debt 12 0.20 0.06 0.23 0 0.23 0.15 0.11 0.01 0.50 0.50

HIPCIDA growth 0 0.10 0.51 0.08 0 0.14 0.07 0.10 0.002 0.69 0.31

HIPCIDA growth 1 0.10 0.45 0.09 0 0.14 0.09 0.09 0.04 0.64 0.36

Continued on next page
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Table 3.11 – Continued from previous page
Region Variable time d g ϑ2 poil d∗ g∗ ϑ2∗ poil∗ Dom. Fgn.

HIPCIDA growth 2 0.10 0.41 0.09 0 0.14 0.10 0.10 0.07 0.60 0.40

HIPCIDA growth 4 0.10 0.36 0.09 0 0.14 0.11 0.11 0.09 0.55 0.45

HIPCIDA growth 12 0.10 0.23 0.09 0 0.15 0.15 0.14 0.14 0.43 0.57

HIPCIDA sigma 0 0.11 0.06 0.46 0 0.14 0.10 0.09 0.05 0.62 0.38

HIPCIDA sigma 1 0.13 0.08 0.40 0 0.14 0.10 0.09 0.07 0.60 0.40

HIPCIDA sigma 2 0.15 0.08 0.36 0 0.14 0.09 0.08 0.09 0.59 0.41

HIPCIDA sigma 4 0.17 0.09 0.30 0 0.16 0.10 0.08 0.10 0.56 0.44

HIPCIDA sigma 12 0.19 0.09 0.20 0 0.19 0.14 0.08 0.11 0.48 0.52

Misc Island debt 0 0.38 0.10 0.05 0 0.14 0.12 0.13 0.08 0.52 0.48

Misc Island debt 1 0.33 0.13 0.07 0 0.14 0.14 0.12 0.07 0.53 0.47

Misc Island debt 2 0.31 0.15 0.08 0 0.13 0.15 0.12 0.06 0.54 0.46

Misc Island debt 4 0.30 0.16 0.09 0 0.13 0.15 0.12 0.05 0.55 0.45

Misc Island debt 12 0.29 0.17 0.11 0 0.12 0.15 0.12 0.05 0.56 0.44

Misc Island growth 0 0.08 0.32 0.10 0 0.20 0.19 0.11 0.004 0.49 0.51

Misc Island growth 1 0.11 0.22 0.06 0 0.17 0.14 0.25 0.04 0.39 0.61

Misc Island growth 2 0.09 0.17 0.06 0 0.14 0.14 0.36 0.04 0.32 0.68

Misc Island growth 4 0.07 0.11 0.07 0 0.11 0.15 0.45 0.04 0.25 0.75

Misc Island growth 12 0.05 0.05 0.08 0 0.07 0.16 0.57 0.02 0.17 0.83

Misc Island sigma 0 0.05 0.10 0.38 0 0.07 0.16 0.23 0.01 0.53 0.47

Misc Island sigma 1 0.02 0.10 0.39 0 0.08 0.16 0.24 0.02 0.50 0.50

Misc Island sigma 2 0.01 0.09 0.39 0 0.09 0.15 0.26 0.02 0.48 0.52

Misc Island sigma 4 0.01 0.08 0.38 0 0.10 0.14 0.27 0.03 0.46 0.54

Misc Island sigma 12 0.01 0.06 0.37 0 0.10 0.14 0.28 0.04 0.44 0.56

No Debt Mk debt 0 0.45 0.07 0.01 0 0.12 0.09 0.12 0.14 0.53 0.47

No Debt Mk debt 1 0.36 0.20 0.01 0 0.12 0.08 0.14 0.08 0.57 0.43

No Debt Mk debt 2 0.31 0.25 0.01 0 0.12 0.09 0.17 0.05 0.57 0.43

No Debt Mk debt 4 0.28 0.27 0.01 0 0.12 0.10 0.18 0.03 0.56 0.44

No Debt Mk debt 12 0.25 0.29 0.01 0 0.12 0.11 0.20 0.02 0.55 0.45

No Debt Mk growth 0 0.09 0.64 0.001 0 0.09 0.05 0.13 0.0000 0.73 0.27

No Debt Mk growth 1 0.11 0.57 0.001 0 0.09 0.09 0.14 0.0003 0.67 0.33

No Debt Mk growth 2 0.11 0.53 0.01 0 0.10 0.10 0.14 0.001 0.65 0.35

No Debt Mk growth 4 0.12 0.47 0.01 0 0.12 0.12 0.15 0.002 0.61 0.39

No Debt Mk growth 12 0.13 0.37 0.02 0 0.15 0.16 0.16 0.002 0.53 0.47

No Debt Mk sigma 0 0.01 0.003 0.67 0 0.05 0.08 0.19 0.0001 0.68 0.32

No Debt Mk sigma 1 0.01 0.002 0.62 0 0.04 0.11 0.22 0.004 0.63 0.37

No Debt Mk sigma 2 0.01 0.001 0.58 0 0.04 0.13 0.23 0.01 0.59 0.41

Continued on next page
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Table 3.11 – Continued from previous page
Region Variable time d g ϑ2 poil d∗ g∗ ϑ2∗ poil∗ Dom. Fgn.

No Debt Mk sigma 4 0.01 0.002 0.54 0 0.05 0.16 0.24 0.01 0.55 0.45

No Debt Mk sigma 12 0.004 0.003 0.50 0 0.05 0.19 0.25 0.01 0.50 0.50

Other Devd Ec debt 0 0.55 0.05 0.02 0 0.23 0.05 0.10 0.002 0.62 0.38

Other Devd Ec debt 1 0.47 0.12 0.04 0 0.16 0.09 0.10 0.01 0.63 0.37

Other Devd Ec debt 2 0.45 0.14 0.04 0 0.15 0.10 0.10 0.02 0.63 0.37

Other Devd Ec debt 4 0.44 0.14 0.05 0 0.14 0.11 0.10 0.02 0.63 0.37

Other Devd Ec debt 12 0.44 0.15 0.05 0 0.13 0.11 0.10 0.02 0.63 0.37

Other Devd Ec growth 0 0.08 0.37 0.0001 0 0.12 0.27 0.13 0.02 0.45 0.55

Other Devd Ec growth 1 0.06 0.26 0.003 0 0.14 0.22 0.29 0.02 0.33 0.67

Other Devd Ec growth 2 0.08 0.19 0.02 0 0.13 0.20 0.37 0.02 0.28 0.72

Other Devd Ec growth 4 0.10 0.12 0.04 0 0.13 0.19 0.42 0.02 0.25 0.75

Other Devd Ec growth 12 0.12 0.05 0.05 0 0.12 0.18 0.47 0.01 0.22 0.78

Other Devd Ec sigma 0 0.06 0.01 0.41 0 0.12 0.07 0.33 0.002 0.48 0.52

Other Devd Ec sigma 1 0.03 0.16 0.24 0 0.10 0.06 0.39 0.02 0.43 0.57

Other Devd Ec sigma 2 0.04 0.23 0.16 0 0.09 0.06 0.38 0.04 0.43 0.57

Other Devd Ec sigma 4 0.04 0.28 0.11 0 0.08 0.07 0.36 0.05 0.44 0.56

Other Devd Ec sigma 12 0.05 0.32 0.08 0 0.07 0.07 0.35 0.06 0.44 0.56

Rest of W Euro debt 0 0.57 0.03 0.001 0 0.15 0.14 0.09 0.02 0.60 0.40

Rest of W Euro debt 1 0.59 0.06 0.01 0 0.11 0.14 0.09 0.02 0.65 0.35

Rest of W Euro debt 2 0.58 0.08 0.01 0 0.10 0.14 0.09 0.01 0.66 0.34

Rest of W Euro debt 4 0.54 0.10 0.01 0 0.09 0.15 0.10 0.01 0.65 0.35

Rest of W Euro debt 12 0.47 0.12 0.02 0 0.09 0.18 0.11 0.01 0.61 0.39

Rest of W Euro growth 0 0.001 0.15 0.01 0 0.33 0.35 0.16 0.01 0.15 0.85

Rest of W Euro growth 1 0.003 0.15 0.01 0 0.32 0.33 0.18 0.02 0.16 0.84

Rest of W Euro growth 2 0.05 0.15 0.01 0 0.30 0.30 0.18 0.02 0.20 0.80

Rest of W Euro growth 4 0.17 0.15 0.01 0 0.25 0.25 0.16 0.02 0.33 0.67

Rest of W Euro growth 12 0.37 0.16 0.01 0 0.17 0.17 0.12 0.01 0.53 0.47

Rest of W Euro sigma 0 0.0003 0.02 0.28 0 0.12 0.17 0.40 0.0001 0.31 0.69

Rest of W Euro sigma 1 0.02 0.09 0.20 0 0.11 0.17 0.40 0.002 0.32 0.68

Rest of W Euro sigma 2 0.05 0.14 0.14 0 0.10 0.17 0.40 0.001 0.33 0.67

Rest of W Euro sigma 4 0.08 0.18 0.08 0 0.09 0.20 0.37 0.001 0.34 0.66

Rest of W Euro sigma 12 0.08 0.20 0.03 0 0.09 0.25 0.35 0.001 0.32 0.68

West Emerging debt 0 0.58 0.18 0.01 0 0.04 0.14 0.03 0.01 0.77 0.23

West Emerging debt 1 0.50 0.23 0.02 0 0.05 0.15 0.04 0.01 0.75 0.25

West Emerging debt 2 0.47 0.25 0.02 0 0.06 0.15 0.04 0.01 0.74 0.26

West Emerging debt 4 0.45 0.26 0.03 0 0.06 0.16 0.05 0.01 0.73 0.27

Continued on next page
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Table 3.11 – Continued from previous page
Region Variable time d g ϑ2 poil d∗ g∗ ϑ2∗ poil∗ Dom. Fgn.

West Emerging debt 12 0.43 0.26 0.03 0 0.07 0.16 0.05 0.004 0.72 0.28

West Emerging growth 0 0.19 0.48 0.11 0 0.05 0.10 0.05 0.002 0.79 0.21

West Emerging growth 1 0.21 0.45 0.11 0 0.06 0.10 0.07 0.004 0.77 0.23

West Emerging growth 2 0.22 0.42 0.10 0 0.06 0.11 0.08 0.004 0.74 0.26

West Emerging growth 4 0.22 0.37 0.09 0 0.08 0.13 0.11 0.004 0.68 0.32

West Emerging growth 12 0.23 0.28 0.08 0 0.10 0.16 0.16 0.002 0.58 0.42

West Emerging sigma 0 0.02 0.14 0.51 0 0.10 0.13 0.11 0.001 0.67 0.33

West Emerging sigma 1 0.03 0.17 0.47 0 0.10 0.13 0.11 0.001 0.67 0.33

West Emerging sigma 2 0.03 0.18 0.46 0 0.10 0.13 0.10 0.001 0.66 0.34

West Emerging sigma 4 0.03 0.19 0.44 0 0.09 0.14 0.10 0.0004 0.66 0.34

West Emerging sigma 12 0.03 0.19 0.43 0 0.10 0.15 0.10 0.0002 0.65 0.35

United States debt 0 0.62 0.05 0.07 0.002 0.07 0.09 0.10 0 0.74 0.26

United States debt 1 0.60 0.06 0.08 0.003 0.06 0.09 0.10 0 0.75 0.25

United States debt 2 0.59 0.07 0.09 0.003 0.06 0.09 0.09 0 0.76 0.24

United States debt 4 0.59 0.07 0.10 0.002 0.06 0.09 0.09 0 0.76 0.24

United States debt 12 0.58 0.08 0.10 0.002 0.05 0.10 0.08 0 0.76 0.24

United States growth 0 0.06 0.66 0.02 0.02 0.07 0.08 0.09 0 0.76 0.24

United States growth 1 0.04 0.44 0.12 0.07 0.09 0.10 0.15 0 0.66 0.34

United States growth 2 0.02 0.34 0.16 0.05 0.12 0.14 0.17 0 0.57 0.43

United States growth 4 0.01 0.26 0.18 0.03 0.15 0.19 0.18 0 0.49 0.51

United States growth 12 0.004 0.21 0.19 0.02 0.17 0.22 0.18 0 0.42 0.58

United States sigma 0 0.03 0.03 0.51 0.01 0.15 0.11 0.16 0 0.57 0.43

United States sigma 1 0.02 0.15 0.19 0.01 0.17 0.22 0.25 0 0.36 0.64

United States sigma 2 0.02 0.18 0.12 0.003 0.16 0.25 0.28 0 0.32 0.68

United States sigma 4 0.01 0.19 0.08 0.002 0.16 0.27 0.29 0 0.29 0.71

United States sigma 12 0.01 0.20 0.04 0.001 0.15 0.29 0.30 0 0.26 0.74

Note: Values are the proportion of the n-step ahead forecast error variance of the variable in
column 2 accounted for by the innovations in the variables in columns 4 to 11. Column 12 and 13,
Dom. and Fgn., are the sum of domestic variables and foreign variables proportions respectively.
The ∗ symbol indicates foreign variables.

3.D Robustness analysis

We use three approaches of modeling for forecasting the growth rate of real
GDP: Random walk with drift (RWWD), Autoregressive model (AR1) and
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a mixture of RWWD and AR(1) models depending of development level of
countries. The AR(1) modeling follows Hess and Iwata (1997) and Camp-
bell (2007). The mixture follows the Aguiar and Gopinath (2006a) finding
that "shock to trend growth are the primary source of fluctuations in [emerg-
ing] markets rather than transitory fluctuations around a stable trend." In
the last case, we use the AR(1) model for the developed countries included
in the country groups Euro Area (AUT, BEL, DEU, ESP, FIN, FRA, ITA,
NLD, PRT), Other developed Economies (AUS, CAN, GBR, IRL, ISL, JPN,
NZL), Rest of Western Europe (CHE, DNK, GRC, NOR, SWE) and USA;
and the RWWD model for the rest of countries in the sample. The table
3.12 shows that our RWWD approach beat both the AR(1) and Mixture ap-
proaches.

TABLE 3.12: Mean squared prediction error (MSPE) for three
approaches of modeling for forecasting the growth rate of real

GDP.

group RWWD AR(1) Mixture
East Emerging 17.75 50.83 17.75
Euro Area 5.73 10.20 10.20
HIPCIDA 49.79 204.28 49.79
Misc Island 35.95 46.47 35.95
No Debt Mk 121.11 4269.90 121.11
Other Devd Ec 17.66 55.56 55.56
Rest of W Euro 7.86 20.30 20.30
United States 6.50 9.85 9.85
West Emerging 20.14 61.85 20.14
Note: Mixture refers to the modeling by using the Au-
toregressive AR(1) model with drift for the developed
countries included in the country groups Euro Area
(AUT, BEL, DEU, ESP, FIN, FRA, ITA, NLD, PRT), Other
developed Economies (AUS, CAN, GBR, IRL, ISL, JPN,
NZL), Rest of Western Europe (CHE, DNK, GRC, NOR,
SWE) and USA; and the RWWD model for the rest of
countries in the sample.

The forecast model can affect the GVAR results. The following figures
show the differences from using the three approaches.
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FIGURE 3.5: Comparison of the GIRFs of debt-growth link
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FIGURE 3.6: Comparison of the GIRFs of debt-volatility link
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FIGURE 3.7: Comparison of the GIRFs of growth-volatility
link
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Modeling both Debt and MSPE5g as I(0)

Missing values in the first difference of debt and MSPE5g were imputed
with the mean of full time series for each country.12

12Missing values in ddebt(1970) for BDI, BRB, CAF, CMR, COG, FJI, GAB, GMB, MDG,
MLI, NER, NPL, RWA, SEN, SGP, SYR, TCD, TUN, TZA. Missing values in dMSPE5g(1970)
for TZA.
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FIGURE 3.8: Comparison of the GIRFs of debt-growth link.
I(1) vs I(0).
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FIGURE 3.9: Comparison of the GIRFs of debt-volatility link.
I(1) vs I(0).
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FIGURE 3.10: Comparison of the GIRFs of growth-volatility
link. I(1) vs I(0).





Chapter 4

The nonlinear
debt-growth-volatility nexus and
the sovereign credit rationing
(with Samuel W. Malone)

4.1 Introduction

The historical series compiled and analyzed by Reinhart and Rogoff (2010),
and the empirical research developed by Checherita-Westphal and Rother
(2012), Kumar and Woo (2010), Cecchetti, Mohanty, and Zampolli (2011b),
and Pattillo, Poirson, and Ricci (2011) suggest a non linear relationship be-
tween public debt and economic growth—-with a debt threshold around
90%—over which public debt hampers GDP growth rate both in advanced
and developing countries. The critique to Reinhart and Rogoff (2010) by
Herndon, Ash, and Pollin (2014), and the non significance of the non lin-
ear term in the growth models estimated in Panizza and Presbitero (2014)
question the robustness of the non linear relationship and consequently the
existence of a threshold. Although techniques used to evaluate the non-
linear relationship between both variables, generally address issues as the
endogeneity of public debt, the cross-section heterogeneity in the panels,
and the cross-section dependence in the reduced forms of growth models,

89
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they lack a theoretically compatible econometric setting underpinning the
econometric modeling of public debt variable.

In this paper, we propose a disequilibrium setting as the base model both
to explain the observed level of public debt and to measure the probabil-
ity of credit rationing episodes which can be used to empirically study the
non linear relation between public debt and economic growth. In this set-
ting, a nonlinear relation emerges from the credit rationing1 that the inter-
national debt market imposes to countries characterized by high macroeco-
nomic volatility or high default risk. To the best of our knowledge, growth
models estimated in the empirical literature do not separate the credit ra-
tioning from debt overhang. The works of Eaton and Gersovitz (1981), Hef-
fernan (1985), Rockerbie (1994), Pescatori and Sy (2004), Zoli (2004), Catao
and Kapur (2006), Gelos, Sahay, and Sandleris (2011), and Kjenstad, Su, and
Zhang (2015) provide evidence from multiples approaches to the presence
of supply-constrained sovereigns in the international financial market.2

Two key innovations in this paper in relation to previous regime-switching
models are: (i) our use of the predictive error standard deviation from rolling
mean models for growth as the volatility variable in the model, rather than
the volatility of the terms-of-trade or the volatility of growth itself, as in
Catao and Kapur (2006), and (ii) our modeling of total new loan/debt com-
mitments to the country, as opposed to the debt-to-GDP stock used in Eaton

1 Goldfelfd and Quandt (1975) and Stiglitz and Weiss (1981)
2 Heffernan (1985) models the lender as a portfolio optimizer investor and the borrower

as an lesser developed country featured by a demand function based on a life-cycle hy-
pothesis of development. In this framework, a high interest rate on safe asset available to
the lender, and a high relative risk aversion coefficient of lender lead to credit rationing.
Kjenstad, Su, and Zhang (2015) show through a theoretical model that Jaffee and Russell
(1976)-type and Tirole (2006)-type credit rationing are possible to the same borrower. JR-
type ratioing is more likely in good times or credit booms of a economy, and Tirole-type
rationing is prevalent in recessions when the agency problems are exacerbated. Zoli (2004)
and Pescatori and Sy (2004) estimate ceilings on the spread of issued bonds that suggest
that the supply of funds curve to become vertical beyond the threshold that lead to credit
rationing because of the limited moral hazard effect in international lending. Evaluating
the excess of anticipated domestic investment over anticipated national savings Rockerbie
(1994) questions the prevalence of credit rationing in Latin American countries during the
period 1965-1988.



Chapter 4. The nonlinear debt-growth-volatility nexus and the sovereign
credit rationing (with Samuel W. Malone) 91

and Gersovitz (1981) and Catao and Kapur (2006). We think new commit-
ments exclude claims from past periods included in debt stock variables
and allow us to estimate the switching model on the current and relevant
information to credit rationing phenomenon.

Using MLE on a panel of 28 developing economies spanning the period
1970-2010, we find that (i) higher levels of volatility or debt stocks—the
variables that underlie the demand for public debt—also reduce the sup-
ply of loans to government, and (ii) the debt accumulation in the sample is
compatible with Fisherian reasons, that is, higher growth rates encourages
borrowing because some of the future income is desired now.

We then estimate a debt-overhang specification of a growth model with
credit rationing dummies to disentangle debt overhang effects from credit
rationing effects. The dummy variables are based on the conditional and
unconditional probability of excess demand for borrowing computed from
the switching model. Based on the two-way fixed-effect estimator, we find
that (i) a credit rationing event leads to fall by 0.8 percentage points in the
5-year average of annual growth rate; (ii) a debt overhang episodes may
have a reducing effect on growth rate only when it is accompanied by credit
rationing episodes.

The possible concurrence of debt overhang and credit rationing episodes
pose an interesting question about the econometric consistence of the mea-
surement of debt overhang effect discussed in the empirical literature and
outlined above. The coefficient of squared debt in the growth models cap-
tures the effect from both phenomena overestimating the impact of debt
overhang on growth and ignoring the impact of credit rationing. According
to numerical simulations of Borensztein (1990), the impact on investment
from credit rationing can be stronger than induced by debt overhang, so the
discussion on nonlinear effect of debt should be underpinned by the im-
perfect information paradigm early studied in Stiglitz and Weiss (1981). In
addition, the credit rationing may also appear as an alternative explanation
from supply side to the debt intolerance phenomenon proposed in Reinhart,
Rogoff, and Savastano (2003).
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The rest of paper is structured as follows. The second section presents
the data and sources. Section 3 describes the credit rationing model; it pro-
vides the Maximum Likelihood Estimates (MLE) of the switching model,
and compute the proxy variables of credit rationing. Section 4 presents the
reduced-form growth model that disentangle the credit rationing from debt
overhang and discusses the econometric estimates. Last section concludes.

4.2 Data and sources

We study an unbalanced panel of 28 developing countries in the period
1970-2010. They are mostly middle-income economies and regular borrow-
ers in the official and private international capital markets that can be tem-
porally credit constrained. Data for the key variables such us real GDP
national accounts, population, capital stock, human capital index, share
of merchandise export and imports are obtained primarily from the Penn
World Table version 8.0 (Feenstra, Inklaar, and Timmer, 2013). Interest rates
and debt data including commitments from private and official creditors
are from World Bank’s World Development Indicators (WDI). Gross gov-
ernment debt stock is from Abbas et al. (2010) database, and sovereign do-
mestic and external crises from the database compiled by Reinhart and Ro-
goff (2011). Polity2 is obtained from Polity IV project compiled by Center
for Systemic Peace.3

The summary of statistics in Table 4.1 points a higher prevalence of
sovereign external crises, and countries as Argentina, Dominican Republic,
Ecuador, Peru, and Philippines with frequent episodes of sovereign exter-
nal crises even though they have mean debt-to-GDP ratios under the av-
erage across 1970-2010. Our sample shows moderate levels of public debt-
to-GDP ratios, and higher level of volatility than developed economies as
is also documented in Reinhart, Rogoff, and Savastano (2003), Catao and
Sutton (2002), Catao and Kapur (2006) and Hausmann and Panizza (2011).
Likewise, the last two columns show that although official creditors are the

3 http://www.systemicpeace.org/polityproject.html

http://www.systemicpeace.org/polityproject.html
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main source of borrowing to the countries, the private lending is significant
to economies with high growth rates.

4.3 Measuring credit rationing

Jaffee and Modigliani (1969, p. 850-1) define credit rationing as a situation
in which the demand exceeds the supply of loans at the loan rate quoted by
the lenders. A country can be rationed in the sense that it is unable to obtain
the desired borrowing because the lender set a silent threshold that limits
the lending to it. Thus, the volume of loan actually granted to the country
may be less than the desired. Several challenges are faced when one try to
identify those credit rationing situations. First, proxy variables as levels or
changes in interest rates, indicators frequently linked to monetary policy,
make hard to separate credit rationing episodes from other symptoms of
tight money (Jaffee and Modigliani, 1969, p. 850). Second, an identification
problem due to the observed public debt levels cannot be certainly linked
to a demand or a supply function. The observed debt level is labeled as
supply regime if the supply constrains bind the system, and it is labeled as
demand regime if demand factors predominate. The next section outlines
the disequilibrium model with unknown sample separation (Maddala and
Nelson, 1974) which addresses both challenges.

4.3.1 A switching model approach to credit rationing

Three elements should be considered in the analysis of credit rationing: the
demand for loans, the supply of loans, and the determinants of the commer-
cial loan rate (Jaffee and Modigliani, 1969, p. 851). The disequilibrium base
model early presented in Fair and Jaffee (1972) and Fair and Kelejian (1974)
captures these three elements, and the maximum likelihood methods de-
veloped in Maddala and Nelson (1974) allow its empirical implementation.
Eaton and Gersovitz (1981) and Catao and Kapur (2006) use this approach to
estimate the demand and supply functions and to measure the prevalence
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TABLE 4.1: Countries in the sample. Summary of statistics.

country Sov.
Dom.
Crises

Sov.
Ext.
Crises

Debt-
to-
GDP

rMSPE Growth
rate

Off.
com.

Prvt.
com.

1 Argentina 11 16 46.59 5.96 2.71 2.53 5.80
2 Bolivia 3 17 86.33 3.45 2.76 9.72 3.11
3 Brazil 4 13 58.82 4.07 2.92 2.60 5.27
4 Colombia 0 0 28.63 2.53 3.83 5.97 6.58
5 CostaRica 0 9 49.18 3.50 4.28 7.76 4.27
6 DominicanRepublic 27 14 33.45 4.61 5.35 8.72 4.74
7 Ecuador 1 17 50.16 4.61 4.31 6.29 4.88
8 ElSalvador 16 0 42.36 3.28 2.32 11.70 2.94
9 Ghana 2 3 42.14 3.82 3.22 10.45 2.63

10 Guatemala 0 2 27.08 2.12 3.46 10.04 2.57
11 Honduras 0 30 55.70 3.56 3.67 11.88 1.71
12 India 0 5 56.58 3.33 5.33 7.89 2.78
13 Kenya 0 10 43.51 3.23 3.32 8.60 2.49
14 Malaysia 0 0 53.04 4.28 6.45 5.15 10.78
15 Mauritius 0 0 46.12 4.92 4.93 19.63 5.35
16 Mexico 1 9 41.99 3.83 3.29 2.80 10.31
17 Panama 2 14 65.46 5.34 5.07 4.87 9.87
18 Paraguay 0 9 28.87 3.49 4.29 10.11 3.72
19 Peru 3 17 38.17 5.80 2.97 4.93 4.64
20 Philippines 0 9 44.21 3.01 3.99 5.63 5.39
21 SouthAfrica 0 5 36.78 2.48 2.58
22 SriLanka 1 4 79.69 2.37 4.73 11.91 3.31
23 Thailand 0 0 32.42 5.09 6.44 5.80 3.07
24 Tunisia 0 4 48.36 4.06 5.47 12.58 5.30
25 Turkey 1 4 38.04 4.62 4.14 5.39 5.45
26 Venezuela 1 9 30.60 6.11 2.47 1.59 7.11
27 Zambia 0 12 128.92 4.18 2.10 6.42 3.34
28 Zimbabwe 1 14 48.65 7.42 2.37 5.43 4.58
Notes: Sov. Dom. Crises and Sov. Ext. Crises refer to the number of years in the
period 1970-2010 that the country underwent a sovereign domestic or external debt
crises respectively. Remaining columns refer to the mean value of the variables
across time: Debt-to-GDP ratio, root of Mean Squared Error Prediction of 5-year
rolling mean growth rate rMSPE, yearly GDP growth rate, commitments from
Official creditors(Off. com.)- or Private creditors(Prvt. com.)-commitments as share
of outstanding public debt.
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of credit rationing in their samples. In a similar vein, we use a two-regime
switching model with unknown sample separation to capture the credit ra-
tioning on total commitments signed by the sovereign. The econometric
specification is as follow:

d∗it = α11git +α12Dit +α13rMSPE5git +x1itλ1 +u1it

d̄it = α21git +α22Dit +α23rMSPE5git +x2itλ2 +u2it

dit = Min{d∗it,d̄it}
(4.1)

Where d∗ is a point in the sovereign demand regime before the observed
total commitments d approaches the maximum total commitment threshold
d̄ allowed to sovereign. D is the debt stock of government debt, rMSPE5g

is the squared root of mean square prediction error computed as in Godoy
and Malone (2015), and xj, j = 1, 2 is a set of control variables for each equa-
tion. In this model d∗ and d̄ are unobserved, and the observed new commit-
ments d equals the minimum between d∗ and d̄. It should be noted that
while Eaton and Gersovitz (1981) use the stock of external debt and Catao
and Kapur (2006) use the stock of sovereign debt as dependent variable in
their switching models, we use total commitments signed by the sovereign.
We think the stock of debt includes claims from past periods that are unre-
lated to current features of the sovereign, while total commitments capture
those current features that can affect the probability of credit rationing.

Using the Maximum Likelihood estimators developed by Maddala and
Nelson (1974)4 we estimate Model 4.1 on a panel of 28 emerging economies
spanning the period 1970-2010 which are more susceptible to credit rationing.5

The results are reported in Table 4.2. Consistent with the estimates of Catao
and Kapur (2006, Table 4), higher volatility (rMSPE5g) shifts upward the
debt demand but, at the same time, shifts downward the maximum debt

4 see Maddala (1986) to an insightful survey about disequilibrium, self-section and
switching models.

5 Other economies included in the GVAR paper are excluded in this paper because they
are advanced economies or their information about debt crises are unavailable.
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threshold. rMSPE5g captures the depth of economic cycles and the sever-
ity of agency problems which according to Kjenstad, Su, and Zhang (2015,
p. 21) can shift the loan offer curve downward reducing the loan supply to
a country for any given interest rate.

The positive and significant effect of economic growth on debt demand
is consistent with the Fisherian reasons laid out in Eaton and Gersovitz
(1981, Table 1). They argue that a higher growth rate tends to encourage
borrowing because some of the future income is desired now. The oppo-
site results obtained by Catao and Kapur (2006) can arise from the depen-
dent variable used by them: The stock of external debt. The empirical lit-
erature documents a negative link between economic growth and stock of
sovereign debt. We think new commitments capture in a better way the
Fisherian reasons that underlie the positive coefficient of growth in the bor-
rowing demand function. Eaton and Gersovitz (1981) argue that higher
growth may or may not raise credit ceiling depending on the reducing ef-
fect of growth on the lenders’ capture power. The coefficients of growth
and openness in the supply function do not support that hypothesis nor the
enforcement technology modeled in Catao and Kapur (2006, p. 198). Gelos,
Sahay, and Sandleris (2011, Table 2) also find similar results for growth and
openness when they study the determinants of international credit market
access of governments from developing countries.

The negative coefficient of world interest rate in the demand function
follows the expected sign modeled in the banking textbooks: Higher inter-
est rates discourage higher new commitments. On the other hand, higher
interest rate does not show significant effects on the supply side. This re-
sult is compatible with our hypothesis of existence of credit rationing to
sovereign. That is, some governments demand for credit is turned down
even though they are willing to pay higher interest rates. Consequently
the non significance of the coefficient is the expected result in the supply
function, and other "non price elements" (Baltensperger, 1978) can affect the
credit ceiling function.

We find that the stock of public debt reduces the credit supply to sovereign.
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TABLE 4.2: Determinants of sovereign commitments: Regime
switching model estimates with unknown sample separation.

Model 1 Model 2 Model 3 Model 4

Demand function

DD.lcommitments −2.51∗∗∗ −2.52∗∗∗ −2.54∗∗∗ −2.53∗∗∗

(0.14) (0.14) (0.14) (0.14)
DD.m5g 0.10∗∗∗ 0.10∗∗∗ 0.06∗∗ 0.05∗∗

(0.02) (0.02) (0.02) (0.02)
DD.rMSPE5g 0.12∗∗∗ 0.13∗∗∗ 0.13∗∗∗ 0.12∗∗∗

(0.02) (0.02) (0.02) (0.02)
DD.wRealInt −0.05∗∗∗ −0.05∗∗∗ −0.04∗∗∗ −0.04∗∗∗

(0.01) (0.01) (0.01) (0.01)
DD.crises −0.00 −0.07

(0.10) (0.09)
DD.dlrkna 0.05∗∗∗ 0.06∗∗∗

(0.02) (0.02)
Supply function

DS.lcommitments 0.43 0.11 −0.08 −0.04
(0.56) (0.53) (0.45) (0.47)

DS.m5g 0.07∗∗∗ 0.04∗ 0.04∗ 0.05∗∗

(0.02) (0.02) (0.02) (0.02)
DS.rMSPE5g −0.09∗∗∗ −0.07∗∗∗ −0.07∗∗∗ −0.08∗∗∗

(0.03) (0.02) (0.02) (0.02)
DS.wRealInt 0.01 0.01

(0.03) (0.02)
DS.ldebt_GDP −0.56∗∗∗ −0.44∗∗∗ −0.35∗∗∗ −0.32∗∗∗

(0.11) (0.10) (0.09) (0.10)
DS.crises −0.59∗∗∗ −0.52∗∗∗ −0.52∗∗∗

(0.11) (0.09) (0.10)
DS.openness −0.27∗∗

(0.13)
DS.polity2 −0.05∗∗∗ −0.05∗∗∗

(0.01) (0.01)

-2log L −2430.37 −2394.48 −2350.72 −2345.18
Num. obs. 1104.00 1104.00 1104.00 1104.00
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1

Dependent variable: Log(Total commitments). Prefix DD and DS refers to demand and supply functions respectively.
Independent variables: m5g: rolling-window 5-year overlapping average growth rate, rMSPE5g: root of mean square
prediction error using 5-year rolling windows, wRealInt: US real interest rate, crises: a dummy variable equals 1 if the
country-year undergoes a sovereign domestic or external crises, dlrkna: annual growth rate of capital stock, ldeb_GDP:
log(debt-to-GDP ratio), openness: trade openness, polity2: Revised Combined Polity Score. Range from +10 (strongly
democratic) to -10 (strongly autocratic). Method: Maximum likelihood.
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This result is consistent with the negative effect that this variable has on the
international credit access to sovereign estimated by Gelos, Sahay, and San-
dleris (2011, Table 2) and compatible with the results of Reinhart, Rogoff,
and Savastano (2003, p. 23) who argue it is quite reasonable that higher
debt levels led to a higher probability of default. Their regressions show
a statistically significant relation between external debt stock and country
risk ratings (Reinhart, Rogoff, and Savastano, 2003, Table 6-7, pp. 24-25).
So, our variable of government debt can be read as a proxy of default risk,
and the negative sign that is observed in our regression (see Table 4.2) is
coherent with lower credit ceilings for more indebted countries.

The remainder of Table 4.2 reiterates the robustness of the above results.
Crises episodes exacerbate credit rationing. Surprisingly, our estimates also
show lower credit ceilings in democratic regimes. This result is quite com-
patible with the theoretical approach of Andreasen, Sandleris, and Ghote
(2011) who introduce two novel features in the modeling of debt and de-
fault: heterogeneous households and a requirement that the government
garners some of their support to repay its sovereign debt. They show that
strong disagreement among individual on the funding policy can affect the
government’s repayment capacity. Thus, a democratic country with a deter-
mined level of polarization of political parties can be classified as a higher
risk borrower by lenders because of potential defaults triggered by political
turnover (Cuadra and Sapriza, 2008).

4.3.2 The probabilities of excess demand

According to the definition suggested in Jaffee and Modigliani (1969, Eqs. 8
and 10), credit rationing may be measured by the difference between the
loan demand and supply for rationed customers. Given that credit ra-
tioning is a degree matter, we can take advantage of available information
set in the switching model and use both the unconditional and the condi-
tional probability of excess demand which are monotonous functions of the
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difference between the loan demand and market supply for rationed coun-
tries. That difference contains the kernel of the index proposed in Jaffee and
Modigliani (1969, p. 865, formula 10).

Using the definition of unconditional probability in Maddala and Nel-
son (1974, Eq. 2.2, p. 1014), we can compute the unconditional probability
of excess demand as:

Pr(d∗it > d̄it) = Φ

(
d̂∗it − ˆ̄dit

σ

)
(4.2)

where d̂∗it = α̂11git + α̂12Dit + α̂13rMSPE5git + x1itλ̂1, ˆ̄dit = α̂21git +

α̂22Dit + α̂23rMSPE5git +x2itλ̂2, σ2 = var(û2t− û1t), and the hat means the
estimated values of coefficients showed in Table 4.2. This sort of probability
is used in Sealey (1979) and Portes and Winter (1980).

Kiefer (1980, p. 637) argues that unconditional probability is more ap-
propriate for prediction rather than conditional probability which is appro-
priate for classification. He defines the conditional probability as: Kiefer
(1980, Eq. 5, p. 638)

Pr(d∗it > d̄it|di) =
f(dit|d∗it > d̄it)Pr(d

∗
it > d̄it)

h(dit)
(4.3)

=

∫∞
dit
g(d∗it, dit)dd∗it∫∞

dit
g(dit, d̄it)dd̄it +

∫∞
dit
g(d∗it, Qt)dd∗it

(4.4)

Lee (1984) uses a perspective of discriminant analysis to show that the
classification rule suggested by Kiefer (1980) and Gersovitz (1980) is optimal
in the sense that it minimizes the total probability of misclassification.

Using the estimated coefficients of Model 4 in Table 4.2, we compute
both probabilities of excess demand, these are the conditional and uncondi-
tional probability of credit rationing. Following the classification rule used
in Gersovitz (1980)6, we then define two dummy variables, crU and crC,

6 From Gersovitz (1980), Pr(Dt > St) > 0.5 if and only if E(Dt) > E(St).
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to identify the country-year observations that can be classified as credit ra-
tioning episodes. That is, we classify the probabilities more than 0.5 as ex-
cess demand episodes (crX = 1, X = {U,C}), and values less or equal than
0.5 as episodes featured as demand regime or normal access to international
credit markets (crX = 0, X = {U,C}). Table 4.3 shows that although both
probabilities are based on the same switching model, they provide differ-
ent rates of the prevalence or frequency of credit rationing in our sample. In
general, conditional probabilities differ from unconditional probabilities be-
cause: (i) the first one uses the realization of the actual values of dependent
variable, and (ii) variances in both regimes differ (Gersovitz, 1980).

To compare the proxies, we define a coincidence index in line with the
overall prediction success index proposed by McFadden, Puig, and Kirschner
(1977) to evaluate models with discrete dependent variables. The index is
computed as the proportion of cases that are identically classified—as credit
rationing or as not credit rationing—by each pair of variables. The second
column in Table 4.3 show that crU and crC identically classify 72 percent of
observations.

TABLE 4.3: Coindicence index and frequency of alternative
proxies of the presence of credit rationing

crU crC Frequency
crU 1.00 0.72 0.49
crC 1.00 0.39

The proxies computed by using the estimated switching model iden-
tify as credit rationing episodes 39 percent of country-year observations in
our sample. This frequency is less than the ones obtained by Eaton and
Gersovitz (1981, p. 306) and Catao and Kapur (2006, p. 213) who find that
76.5 and 77 percent of observations respectively belong to the supply con-
strained regime.7

7 Eaton and Gersovitz (1981) compute their switching model on a sample of 45 devel-
oping and poor countries in 1970 and 1974. Catao and Kapur (2006) estimate their model
on 26 emerging economies spanning 1970-2011.
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4.3.3 Features of credit rationing episodes

Table 4.4 shows some key statistics related to credit rationing. One note
increases in debt arrears and frequency of sovereign external crises during
credit rationing episodes as it is expected. The world interest rates are un-
responsive to the presence of credit rationing episodes as expected. Finally,
there is a blurred impact of credit rationing on the growth rate of invest-
ment.8

4.4 Credit rationing and the nonlinear link between

debt and growth

The main contribution of this paper is that it empirically introduces the
credit rationing variable as a determinant of macroeconomic growth. Even
tough the theoretical relevance of this variable is highlighted by Borensztein
(1990) and it is a conditionally expected behavior of international lenders
(Eaton and Gersovitz, 1981; Kletzer, 1984; Heffernan, 1985), to the best of
our knowledge, the credit rationing has not been included in the reduced
forms of growth regressions yet. In this section we separate the credit ra-
tioning effect from debt overhang and provide a simple comparison be-
tween both effects on growth rate of the countries in our sample.

4.4.1 Panel estimates

To estimate the impact of credit rationing and debt overhang on economic
growth, we propose a reduced form of a growth model that includes both

8 We conjecture that credit rationing induces low-quality investments due to the gam-
bling behavior by the sovereign.
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TABLE 4.4: Credit rationing and some country statistics.

ma2d extCri wRealInt dlrkna
creRat creRat creRat creRat

country 0 1 0 1 0 1 0 1
Argentina 0.00 0.12 0.11 0.64 3.9 4.5 3.13 1.8
Bolivia 0.02 0.04 0.43 0.36 4.2 4.8 2.14 2.1
Brazil 0.01 0.03 0.00 0.68 5.3 5.0 4.56 3.0
Colombia 0.00 0.00 0.00 0.00 4.5 3.5 4.34 3.6
CostaRica 0.02 0.05 0.05 0.38 3.1 5.4 6.14 3.7
DominicanRepublic 0.03 0.07 0.28 0.39 4.8 3.9 6.11 6.2
Ecuador 0.01 0.08 0.38 0.46 5.2 3.8 3.60 3.7
ElSalvador 0.00 0.01 0.00 0.00 4.2 5.6 3.75 3.5
Ghana 0.03 0.06 0.06 0.20 4.6 2.3 1.32 −0.4
Guatemala 0.06 0.07 0.03 0.12 4.2 4.7 3.49 2.7
Honduras 0.03 0.05 0.62 1.00 4.2 4.6 4.16 3.8
India 0.00 0.00 0.15 0.12 4.9 3.3 4.57 7.0
Kenya 0.01 0.03 0.17 0.50 4.7 3.9 3.44 3.2
Malaysia 0.00 0.00 0.00 0.00 5.2 4.0 8.97 7.4
Mauritius 0.00 0.00 0.00 0.00 4.2 4.4 4.04 3.3
Mexico 0.00 0.00 0.10 0.67 3.6 6.2 4.28 3.0
Panama 0.00 0.13 0.00 0.52 3.4 4.9 6.01 4.9
Paraguay 0.02 0.04 0.09 0.31 4.2 4.8 6.51 4.2
Peru 0.00 0.19 0.11 0.68 3.4 5.2 4.14 3.4
Philippines 0.00 0.01 0.12 0.55 3.7 5.7 5.60 3.5
SouthAfrica 0.00 0.00 0.00 0.00 5.2 3.7 2.14 4.5
SriLanka 0.01 0.01 0.11 0.00 4.4 4.0 4.70 4.7
Thailand 0.00 0.00 0.00 0.00 5.3 3.9 7.54 6.6
Tunisia 0.00 0.01 0.12 0.00 5.0 1.2 3.95 6.2
Turkey 0.00 0.00 0.14 0.05 4.7 3.9 5.11 5.9
Venezuela 0.00 0.01 0.00 0.45 4.0 4.8 5.50 2.1
Zambia 0.10 0.12 0.41 0.16 4.4 4.2 0.36 2.7
Zimbabwe 0.03 0.16 0.06 0.42 5.9 5.0 0.60 1.1
All 0.02 0.05 0.14 0.33 4.4 4.4 4.08 4.2
Note: Column heads mean: ma2d, mean of total arrears (private + official)-to-
external debt stock ratio; extCri, sovereign external debt crises-to-number of
country-year observations ratio; wRealInt, world real interest rate; dlrkna, log-
difference of real capital stock. Numbers below the variables refer to presence
(1) or absence (0) of credit rationing episodes.
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the quadratic term of government debt stock and the credit rationing prox-
ies defined in the previous section. The basic estimation equation is as fol-
lows:

gi,[t,t−k] = β0 + β1Dit + β2D
2
it + β3CRit + γXit + µi + τt + εit (4.5)

where g is the k-year rolling mean of real per capita GDP growth rate9

Three different measures of growth rate are used in the econometric esti-
mation: annual growth rate gi,t+1, 5-year overlapping average growth rate
gi,t/t+5, and 5-year non-overlapping average growth rate. D is the stock of
gross government debt. D2 is included to capture the possible non-linearity
in the debt-growth relation as in Presbitero (2008) and Checherita-Westphal
and Rother (2012). CR is the credit rationing proxy measured as a dummy
variable or as the degree of excess demand. In the first case, CR equals 1
when a country-year undergoes a credit default episode and 0 otherwise. In
the second one, CR is the conditional or unconditional probability of excess
demand. These variables are computed in Section 4.3.2. X is the vector of
control variables that includes the log of real GDP per capita rgdpnapc, the
log-difference of real capital stock at constant 2005 national prices kna, the
log-difference of population size pop, the government size proxied by the
government consumption-to-GDP ratio, and the openness indicator which
is measured as the sum of exports and imports of goods and services mea-
sured as a share of gross domestic product. Except dummy variables, all
variables are measured at the beginning of k-year window. µi and τt are the
country and time fixed effects respectively, and ε is the error term.

Table 4.5 presents the two-way fixed-effect panel estimates of Equation
4.5 on the same sample used to estimate the switching model of Section

9 Following the specification of Checherita-Westphal and Rother (2012) and the obser-
vation of Reinhart and Rogoff (2010, p. 576) on the potential effects of faster population
growth in developing economies on the measurement of the effect of debt on growth rate,
we use per capita GDP growth instead the GDP growth rate.
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4.3. The baseline model—Columns (1), (4), and (7)—show regression coeffi-
cients that are compatible with a debt Laffer curve as is generally observed
in the empirical literature. These estimates are consistent with the obtained
ones by Presbitero (2008, p. 12, Table 4, Col. 1) using a sample of 378 ob-
servations that include 114 developing countries over the period 1980-2004,
and Pattillo, Poirson, and Ricci (2011, p. 15, Table 4, col. 2, FE Quadratic)
working on a sample of 630 observations spanning 93 developing coun-
tries over the period 1969-98. The coefficients of debt variable, linear and
squared terms, are also similar to the obtained by Checherita-Westphal and
Rother (2012) who analyze a sample of 12 euro area countries over the pe-
riod 1970-2010. Given that in all models in Table 4.5 country and time fixed-
effects are removed, these estimates are free of biases induced by systemic
events, such as generalized financial crises or international shocks.

The remaining columns in Table 4.5 introduce the credit rationing dummy
variables in the panel regression to gauge the average drop in the growth
rate explained by the presence of credit rationing events. While the condi-
tional credit rationing dummy crC is statistically significant in the model
that includes the 5-year overlapping growth rate as the dependent variable,
the unconditional credit rationing dummy crU is significant in all specifica-
tions. Using the crU coefficients, we find that the events of credit rationing
are associated to falls in the growth rate by 0.77 percentage points in short-
run and 0.88 percentage points in long-run.

Similar results are found in the literature on sovereign default. Chuhan
and Sturzenegger (2005) find that default events are associated with a fall in
the economic growth rate that ranges between 0.5 and 2 percentage points.
Borensztein and Panizza (2009) gauge a mean drop in the growth rate by 1.2
percentage points per year which is statistically short-lived. We guess that
both studies set a range that shows that our estimate of the credit rationing
effect on growth is plausible and consistent with higher credit constraints or
more astringent credit conditions on countries with credit histories marked
by default episodes as is documented in Catao and Kapur (2006) and Catao,



C
hapter

4.T
he

nonlinear
debt-grow

th-volatility
nexus

and
the

sovereign
creditrationing

(w
ith

Sam
uelW

.M
alone)

105

TABLE 4.5: Debt overhang and credit rationing in a growth model. FE estimates

Variables Annual growth rate 5-year overlapping growth rate 5-year non-overlapping growth
rate

(1) (2) (3) (4) (5) (6) (7) (8) (9)

debtGdp 2.99∗∗ 3.06∗∗ 3.55∗∗∗ 2.23∗∗∗ 2.07∗∗∗ 2.44∗∗∗ 2.54∗ 2.31 2.73∗∗

(1.26) (1.31) (1.27) (0.62) (0.66) (0.63) (1.35) (1.51) (1.38)
debtGdp2 −1.23∗∗ −1.26∗∗ −1.34∗∗ −0.89∗∗∗ −0.80∗∗∗ −0.79∗∗∗ −1.17∗ −1.01 −1.06∗

(0.60) (0.61) (0.60) (0.29) (0.30) (0.29) (0.63) (0.68) (0.64)
lrgdpnapc −3.46∗∗∗ −3.30∗∗∗ −3.64∗∗∗ −3.22∗∗∗ −3.20∗∗∗ −2.97∗∗∗ −2.17∗∗∗ −2.12∗∗ −1.97∗∗∗

(0.67) (0.70) (0.67) (0.35) (0.38) (0.36) (0.73) (0.81) (0.75)
dlrkna 0.16∗∗∗ 0.16∗∗∗ 0.16∗∗∗ −0.06∗ −0.06∗ −0.07∗∗ −0.03 −0.02 −0.02

(0.06) (0.06) (0.06) (0.03) (0.03) (0.03) (0.07) (0.07) (0.07)
dplop 1.21∗∗∗ 1.23∗∗∗ 1.24∗∗∗ 0.93∗∗∗ 0.72∗∗∗ 0.84∗∗∗ 0.59∗∗ 0.48∗ 0.40

(0.32) (0.33) (0.32) (0.16) (0.17) (0.16) (0.26) (0.27) (0.27)
govSize −3.74 −4.48 −4.62 −3.93∗ −4.32∗ −4.22∗∗ −7.17 −5.44 −7.27

(4.02) (4.43) (4.02) (2.04) (2.21) (2.08) (4.55) (4.99) (4.58)
openness 0.44 0.19 0.56 −1.72∗∗∗ −1.60∗∗∗ −1.68∗∗∗ −2.35∗∗∗ −2.31∗∗ −2.21∗∗

(0.79) (0.80) (0.79) (0.40) (0.42) (0.41) (0.84) (0.89) (0.85)
crC −0.38 −0.38∗∗∗ −0.17

(0.27) (0.13) (0.31)
crU −0.77∗∗∗ −0.77∗∗∗ −0.88∗∗∗

(0.28) (0.14) (0.32)

R2 0.05 0.05 0.06 0.21 0.21 0.23 0.21 0.18 0.21
Adj. R2 0.05 0.05 0.05 0.19 0.19 0.21 0.17 0.14 0.17
Num. obs. 1058 1021 1058 992 909 936 211 199 204
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1

Dependent variable: real GDP per capita growth rate. Explanatory variables: debtGdp and debtGdp2 refers to the linear and quadratic term of debt-to-GDP ratio; lrgdpna
is the log of real GDP from national accounts; dlrkna is the log-difference of real capital stock from national accounts; dlpop refers to the log-difference of population;
govSize is a proxy of government size measured as the government consumption-to-GDP ratio; openness is the trade openness ratio; crC and crU are the dummy of
conditional and unconditional credit rationing respectively computed as is explained in the Section 4.3.2. All explanatory variables are lagged to the last year before the
time window.
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Fostel, and Kapur (2009). We believe those episodic events are strongly re-
lated to the international credit rationing that countries face mainly around
crisis episodes. While the time-effects are unexplained specific effects to
some years across all countries, a credit rationing variable can capture the
country-specific time-effect related to its constrained or "limited" access to
international credit market.

Since the significance of credit rationing dummy can be linked to the
threshold value used to classify each country-year observation as credit ra-
tioning event, we estimate the panel regressions using the value of proba-
bility of excess demand as a measure of the degree of credit rationing. Table
4.6 shows the estimates using both the conditional probability conProb and
the unconditional probability uncProb of excess demand. Models (1) to (6)
indicate that higher values of probability of excess demand are associated
to negative growth rates in the sample supporting the conclusions obtained
from using the dummy variables.

Finally, to evaluate the impact of including the credit rationing variable
on the nonlinear effect of debt-to-GDP on growth, we estimate the Model
4.5 including the interaction terms between the debt variable and the credit
rationing dummies.10 The augmented model is as follows:

gi,[t,t−k] = β0+β1Dit+β2D
2
it+β3CRit+δ1DitCRit+δ2D

2
itCRit+γXit+µi+τt+εit

(4.6)
where (β1+δ1) and (β2+δ2) are, respectively, the coefficients of the linear

and squared terms of debt in presence of credit rationing. Significant values
of δ1 or δ2 indicate changes in the debt-growth nonlinear link associated to
a credit rationing event.

Table 4.7 provides the econometric estimates of Model 4.6 using crC

and crU as proxies of credit rationing CR. Three conclusions can be ex-
tracted from this Table. First, the Laffer-type relation between public debt

10 The problem that many countries might be cut off from credit markets is often over-
looked Gelos, Sahay, and Sandleris (2011, p. 243), and it is frequently coincident one with
the debt overhang episodes. This almost coincidence in time poses an identification issue.
We guess that our methodology addresses that issue of identification.
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TABLE 4.6: Debt overhang and degree of credit rationing in a growth model. FE estimates

Variables Annual growth rate 5-year overlapping growth rate 5-year non-overlapping growth
rate

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

debtGdp 3.37∗∗ 4.38∗∗∗ 2.27∗∗∗ 3.06∗∗∗ 2.72∗ 3.41∗∗

(1.32) (1.31) (0.66) (0.61) (1.52) (1.34)
debtGdp2 −1.34∗∗ −1.66∗∗∗ −0.82∗∗∗ −0.99∗∗∗ −1.12 −1.38∗∗

(0.61) (0.61) (0.30) (0.28) (0.68) (0.62)
lrgdpnapc −3.39∗∗∗ −4.05∗∗∗ −3.17∗∗∗ −3.19∗∗∗ −2.15∗∗∗ −2.47∗∗∗

(0.70) (0.68) (0.38) (0.35) (0.81) (0.73)
dlrkna 0.17∗∗∗ 0.16∗∗∗ −0.06∗ −0.06∗∗ −0.01 −0.01

(0.06) (0.06) (0.03) (0.03) (0.07) (0.06)
dplop 1.18∗∗∗ 1.24∗∗∗ 0.65∗∗∗ 0.77∗∗∗ 0.44 0.37

(0.33) (0.32) (0.17) (0.15) (0.27) (0.25)
govSize −5.08 −4.87 −4.59∗∗ −4.20∗∗ −5.88 −7.78∗

(4.43) (4.01) (2.19) (1.99) (4.96) (4.41)
openness 0.27 0.85 −1.62∗∗∗ −1.57∗∗∗ −2.34∗∗∗ −2.00∗∗

(0.79) (0.79) (0.42) (0.39) (0.88) (0.82)
conProb −1.19∗∗ −1.17∗∗∗ −0.96

(0.50) (0.25) (0.58)
uncProb −3.08∗∗∗ −4.26∗∗∗ −4.19∗∗∗

(0.83) (0.41) (0.92)

R2 0.06 0.06 0.22 0.29 0.19 0.27
Adj. R2 0.05 0.06 0.20 0.27 0.15 0.21
Num. obs. 1021 1058 909 936 199 204
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1

Dependent variable: real GDP per capita growth rate. Explanatory variables: debtGdp and debtGdp2 refers to the linear and quadratic term of debt-to-GDP ratio; lrgdpna
is the log of real GDP from national accounts; dlrkna is the log-difference of real capital stock from national accounts; dlpop refers to the log-difference of population;
govSize is a proxy of government size measured as the government consumption-to-GDP ratio; openness is the trade openness ratio; conProb and uncProb refers to the
conditional and unconditional probability of credit rationing respectively computed as is explained in the Section 4.3.2. All explanatory variables are lagged to the last
year before the time window.
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and growth did not work in demand-driven credit regimes, that is when
crX = 0, X = {C,U}. That means that the negative effect of debt over-
hang on growth, generally identified in the empirical literature, may be a
spurious result caused by a specification bias. Second, the credit rationing
events (mainly the unconditional ones) induce a negative and robust de-
creasing effect on growth rate. The significance of the coefficient in Col-
umn (6) suggests that the effect is long-lived. Third, the nonlinear rela-
tion between debt and growth appears to work in the supply-constrained
regime, but it is short-lived. We think that the irregular significance of debt
variables—linear and squared terms—across models suggests that the key
driver in the negative effect of debt on growth is the credit rationing.
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TABLE 4.7: Debt overhang and credit rationing interactions in a growth model. FE estimates

Variables Annual growth rate 5-year overlapping growth rate 5-year non-overlapping growth
rate

(1) (2) (3) (4) (5) (6)
crC crU crC crU crC crU

debtGdp 2.10 0.95 1.52∗ 1.27 1.75 1.43
(1.66) (1.69) (0.81) (0.85) (1.84) (1.76)

debtGdp2 −1.08 −0.11 −0.55 −0.18 −0.51 −0.37
(0.89) (0.92) (0.40) (0.46) (0.96) (0.88)

cr −1.33∗ −2.41∗∗∗ −0.79∗∗ −1.37∗∗∗ −0.28 −1.63∗∗

(0.77) (0.74) (0.37) (0.34) (0.88) (0.77)
lrgdpna −3.43∗∗∗ −3.90∗∗∗ −3.24∗∗∗ −3.05∗∗∗ −2.12∗∗ −2.11∗∗∗

(0.71) (0.68) (0.38) (0.36) (0.83) (0.77)
dlrkna 0.16∗∗∗ 0.16∗∗∗ −0.06∗ −0.07∗∗ −0.02 −0.02

(0.06) (0.06) (0.03) (0.03) (0.07) (0.07)
dplop 1.18∗∗∗ 1.22∗∗∗ 0.72∗∗∗ 0.83∗∗∗ 0.49∗ 0.38

(0.34) (0.32) (0.17) (0.16) (0.28) (0.27)
govSize −3.61 −3.40 −4.23∗ −3.28 −6.23 −6.27

(4.50) (4.08) (2.23) (2.13) (5.10) (4.67)
openness 0.29 0.61 −1.58∗∗∗ −1.54∗∗∗ −2.41∗∗∗ −1.99∗∗

(0.80) (0.79) (0.42) (0.42) (0.91) (0.87)
debtGdp x cr 2.37 4.93∗∗ 1.17 1.93∗∗ 0.75 2.47

(2.06) (2.06) (0.98) (0.96) (2.36) (2.13)
debtGdp2 x cr −0.73 −2.30∗∗ −0.54 −0.98∗ −0.73 −1.27

(1.08) (1.08) (0.50) (0.50) (1.23) (1.06)

R2 0.06 0.06 0.21 0.23 0.18 0.22
Adj. R2 0.05 0.06 0.19 0.21 0.14 0.17
Num. obs. 1021 1058 909 936 199 204
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1

Dependent variable: real GDP per capita growth rate. Explanatory variables: debtGdp and debtGdp2 refers to the linear and quadratic term of debt-to-GDP ratio; lrgdpna is the
log of real GDP from national accounts; dlrkna is the log-difference of real capital stock from national accounts; dlpop refers to the log-difference of population; govSize is a proxy
of government size measured as the government consumption-to-GDP ratio; openness is the trade openness ratio; crC and crU are the dummy of conditional and unconditional
credit rationing respectively computed as is explained in the Section 4.3.2. debtGdp x cr and debtGdp2 x cr are the interaction terms between debtGdp and debtGdp2 with the
dummy of credit rationing. cr is crC or crU as is indicated in each column head. All explanatory variables are lagged to the last year before the time window.
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To tease out the channel connecting credit rationing to debt overhang,
we compute the Pearson’s correlation coefficients between debt-to-GDP val-
ues and the proxies of credit rationing variables both in the cross section
and time series dimensions. The correlation coefficients showed in Table 4.8
suggest that countries are rationed in the time series as their debt-to-GDP
values become high relative to their previous average level of indebtedness
instead they are rationed in the cross-section dimension. This result con-
firms the importance of country’s credit history to its access to international
financial markets documented by Catao and Kapur (2006).

TABLE 4.8: Pearson correlation coefficients between proxy variables of credit ra-
tioning and debt-to-GDP ratio.

Average of the correlations
computed across:

Variable time countries

Dummy variables:
crC 0.2165 0.0897
crU 0.2374 0.2530

Latent variables:
Conditional probability 0.2910 0.1394
Unconditional probability 0.3486 0.2894

Notes: crC and crU refer to conditional and unconditional credit
rationing dummmy variables computed as in Section 4.3.2.

4.5 Conclusions

We estimate a reduced form of a growth model on a panel of 28 develop-
ing economies spanning the period 1970-2010. The model disentangles the
credit rationing effect from Laffer-type relation between public debt and
growth frequently associated to the debt overhang phenomenon. We iden-
tify country-specific credit rationing events in the sample using the excess
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demand probabilities computed from a switching model with unknown
sample separation.

Our estimates indicate that credit rationing effect is stronger and more
consistent than debt overhang effect supporting the results from numeri-
cal simulations developed by Borensztein (1990). Our work suggests that
the disincentive effect from debt overhang on investment is over-sized, and
the low growth rates observed in developing countries are explained by
constrained borrowing levels that those economies face in the international
financial markets.
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4.A Variables, definitions and sources
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Chapter 4. The nonlinear debt-growth-volatility nexus and the sovereign

credit rationing (with Samuel W. Malone)

4.B Crises episodes

Country Years of sovereign external crisis
Angola 1995-2003
Argentina 1982-1988, 1990-1993, 2001-2005
Bolivia 1980-1984, 1986-1997
Brazil 1983-1994, 2002
CentralAfricanRep 1981, 1983-2010
CostaRica 1981, 1983-1990
DominicanRepublic 1982-1994, 2005
Ecuador 1982-1995, 1999-2000, 2008
Egypt 1984
Ghana 1970, 1974, 1987
Guatemala 1986, 1989
Honduras 1981-2010
Indonesia 1998-2000, 2002
India 1972-1976
Kenya 1994-2003
SriLanka 1979, 1981-1983
Morocco 1983, 1986-1990
Mexico 1982-1990
Nigeria 1982-1992, 2001, 2004-2005
Panama 1983-1996
Peru 1976, 1978, 1980, 1984-1997
Philippines 1981-1989
Paraguay 1986-1992, 2003-2004
Tunisia 1979-1982
Turkey 1978-1979, 1982, 2001
Venezuela 1983-1990, 2004-2005
SouthAfrica 1985-1987, 1989, 1993
Zambia 1983-1994
Zimbabwe 1970-1974, 2000-2003, 2005-2009
Source: Extracted from Reinhart and Rogoff (2011)
database
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