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ABSTRACT

Emerging markets face large and persistent fluctuations in sovereign spreads. To what extent are
these fluctuations driven by local shocks versus financial conditions in advanced economies? To
answer this question, we develop a neoclassical business cycle model of a world economy with an
advanced country, the North, and many emerging market economies, the South. Northern
households invest in domestic stocks, domestic defaultable bonds, and international sovereign debt.
Over the 2008-2016 period, the global cycle phase, the North accounts for 68% of Southern
spreads’ fluctuations. Over the whole 1994-2024 period, however, Northern shocks account for
less than 20% of these fluctuations.

Yan Bai

Department of Economics
University of Rochester
216 Harkness Hall
Rochester, NY 14627

and NBER
yanbaiO6@gmail.com

Patrick J. Kehoe
Department of Economics
Stanford University

579 Jane Stanford Way
Stanford, CA 94305

and NBER

patrickjameskehoe@gmail.com

Pierlauro Lopez

Federal Reserve Bank of Cleveland
Research Department

1455 East Sixth St

Cleveland, OH 44114
pierlaurolopez@gmail.com

Fabrizio Perri

Research Department

Federal Reserve Bank of Minneapolis
90 Hennepin Avenue

Minneapolis MN 55401

and CEPR

fperri@umn.edu



Emerging market economies face large and persistent fluctuations in the interest rate spreads
they pay on the dollar debt they issue on world financial markets. These fluctuations are a first-
order issue for these countries and there is an enormous literature that studies the mechanism
behind them. The traditional view, stemming from the work of Eaton and Gersovitz (1981) and
Arellano (2008), is that the main drivers of these fluctuations are local shocks in these economies.

Recently, this view has been challenged by Longstaff et al. (2011), Rey (2013), and Morelli,
Ottonello, and Perez (2022) and others who put forth a global cycle view. This work documents
that for some periods, sovereign bond spreads are more related to US financial conditions than
they are to measures of economic activity in emerging economies, such as output growth. It
has also documented that there is a large common component in sovereign bond spreads across
countries. These findings underlie the view that there is a common movement in risk premia
across countries that arises from shocks to global investors’ pricing kernels that jointly price
risky assets in the United States and emerging markets. In short, this work has argued that there
is a financial cycle driven by shocks to investors in advanced economies.

Here we develop a simple framework that encompasses both views. Our contribution is to
build a framework that includes, along with the standard model of emerging economies, an
explicit model of stocks and corporate debt in advanced economies. This framework allows us
to use data on financial assets in the United States to identify shocks to global investors. We
also consider comovements between international asset prices over three decades, 1994-2024, a
longer period than that studied in the global cycle literature. We find that, instead of a single
phase in which all of these prices move closely together, the data are best described as consisting
of four phases, described below, that we refer to as the world financial cycle.

Our minimalist neoclassical model has asset pricing preferences, long-run risk, and standard
ways of modeling endogenous default. Our main quantitative result is that this model can
account well for the patterns in the data and that the global cycle view prevails only during
the period 2008-2016. In developing our model, we purposely abstract from popular frictions,
including segmented markets, exogenous collateral constraints, risk-bearing capacity constraints,
net worth constraints, value-at-risk constraints, and noise traders. In models with such frictions,
movements in asset prices are often intimately connected to the risk-bearing capacity of global
intermediaries and how this capacity varies with net worth or holding of various assets. Our
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structures governing how assets are traded, but instead arise from the change in the willingness
of the consumers in the economy to bear different types of risk in response to shocks.

Specifically, we build a real business cycle model with a large advanced economy—the North—
and many small open emerging market economies—the South. To produce sensitivity to risk, we
assume that consumers in all countries have Epstein-Zin preferences. For the North, we extend a
standard asset pricing setup in the spirit of Bansal and Yaron (2004) to a production economy in
which firms choose labor and capital and finance their operations by issuing defaultable debt and
paying dividends. For the South, we extend a standard sovereign default model, along the lines
of Arellano (2008) and Aguiar et al. (2016), to an environment in which southern countries have
Epstein-Zin preferences and stochastic endowments, and issue long-term defaultable bonds.
All the borrowing and lending transactions go through a global intermediary that is owned by
northern households. Since this intermediary has no added-on frictions, the intermediary uses
the stochastic discount factor of northern households to price all assets.

As for shocks, in the North, the growth rate of productivity is the sum of a persistent
component—northern long-run risk—and an i.i.d. component referred to as short-run shocks.
Both components are subject to a persistent northern volatility shock that affects the variances
of their innovations. In the South, the growth rate of output in each country is the sum of
a persistent component that is correlated across southern countries—southern long-run risk—
and an idiosyncratic component. Since in the data, outside of global crisis events, there is
essentially no correlation between North and South output growth, we assume that the primitive
stochastic processes in the North are independent of those in the South. Nonetheless, our model
endogenously generates a correlation between northern and southern asset prices because they
are all priced by the same global intermediaries.

Our model has two mechanisms to generate comovements in spreads. First, the key northern
shocks, long-run risk and volatility, affect spreads through the common lender mechanism: both
shocks impact the stochastic discount factor of the northern households that prices all assets in
the economy. These shocks induce northern firms and southern countries to default more in a
way that is correlated with northern shocks and thus generate changes in the risk premium and
the expected default rates on both types of debt. Hence, they generate an endogenous correlation
between corporate and sovereign spreads. For example, bad times in the North, due to either

high volatility or poor growth prospects arising from worsened long-run risk, make northern



households less willing to invest in risky assets and generate high spreads on both northern and
southern debt.

Second, the key southern shocks—the common component of southern long-run risk shocks—
operate through a common shock mechanism: they directly affect all southern countries” default
choices simultaneously. For example, bad times in the South due to poor growth prospects lead
them to default more both now and in the future. Thus, they generate high spreads on the
southern debt even though they have no effect on risk premia, since the global intermediary’s
pricing kernel is not affected by southern shocks.

We discipline our model’s parameters using data from the US and 12 emerging market
economies. We focus on moments of output growth, corporate spreads, and price-dividend
ratios from the US, as well as output growth and EMBI spreads from emerging market economies.

Our first result is that our neoclassical model reproduces well a wide range of moments that
are usually studied in isolation in three areas of research: international business cycles, sovereign
default, and corporate finance. It reproduces the observed levels of volatility, within-country
correlations, and cross-country correlations for real and financial variables. Also, the model
accounts for several puzzles that have arisen in these fields, such as the sovereign spread puzzle,
the corporate spread puzzle, and the equity premium puzzle.

We then provide intuition for how the mechanisms work in practice by examining the
resulting impulse responses, and use them to help understand our key quantitative results
from the particle filter. In particular, we run the particle filter on the observed growth rates of
output and spreads for the United States and the 12 emerging market economies, along with
the price-dividend ratios for the United States. This filter uses the model’s nonlinear decision
rules to reconstruct the most likely set of historical shocks that account for these observations.
A useful way to summarize our results is to divide our full sample into four different phases,
which are highlighted in four shaded areas in Figure 1.

During 1994-2002, a period we label the emerging market crises phase, the US stock market
booms, and corporate spreads are low (see the blue lines in panels a and b), while at the same
time, emerging market spreads are high and volatile (red lines). The exuberant asset prices in the
North lead the filter to infer that growth prospects are good and volatility is low. Through the
lens of the model, these patterns imply that global intermediaries in the North are eager to lend.

Relying on the realized growth rates in the South and the high spreads on sovereign debt from



this phase, the filter infers that growth prospects in the South are poor and volatile, namely, large
negative southern long-run-risk shocks. Given these shocks, the global intermediary forecasts
that southern bonds are particularly risky and hence charges high spreads on sovereign debt.

During 2002-2007, a period we label the great spread moderation phase, stocks and spreads
in the North are fairly stable, but spreads in the South fall sharply. Through the lens of the model,
the patterns in the North imply that global intermediaries have little change in their willingness
to invest in risky assets. In the South, the high realized growth rates and falling spreads lead the
filter to infer that southern growth prospects have markedly improved. The global intermediary
forecasts that southern bonds have less risk than in the previous phase, and thus charges lower
spreads.

During 2008-2016, the global cycle phase, the huge spikes in southern and northern spreads,
the collapse in the stock market, and poor growth in output imply bad times in the North and
the South. The filter attributes the bulk of the movements in asset prices to a combination of
increased volatility in the North and poor growth prospects there.

Finally, during 2016-2023, a period the IMF calls the geoeconomic fragmentation phase, in
the North there are stable then booming stocks and fairly stable spreads on corporate debt. In
many economies in the South, however, we observe a large increase in spreads. These patterns
lead the filter to attribute the movements in southern spreads to bad long-run risk shocks.

Panels (c) and (d) in Figure 1 plot the spreads for all the emerging markets in our sample,
together with the interquartile range of these spreads. Intuitively, if spreads are driven by the
northern shocks we should see low dispersion of spreads, as they have a common driver. If,
instead, spreads are driven by southern shocks, dispersion should be higher. The panels show
that during the global cycle phase, the dispersion of spreads is indeed low, suggesting a major
role for the northern shocks. During the other phases, the dispersion of spreads is higher, and
that pushes our model to attribute a larger role to Southern-specific shocks.

We summarize our findings with variance decompositions. Overall, the southern shocks
account for over 80% of the fluctuations in the average southern spread. During the global cycle
phase, however, Northern shocks account for the bulk of the fluctuations in the average southern
spread—about two-thirds—and they do so mainly through the common lender effect. In the
North, the fluctuations in stocks are mostly accounted for by movements in long-run risk, and

the fluctuations in corporate spreads are mostly accounted for by fluctuations in volatility.



We then consider two robustness exercises. First, we assume that northern spreads in
the model correspond to spreads on investment-grade bonds in the data. We do so because
the vast majority of US corporate bonds are investment-grade bonds—on the order of 85%
in value. Authors such as Longstaff et al. (2011), however, have documented that spreads
on noninvestment-grade bonds or jurnk bonds are more correlated with southern spreads than
are investment-grade bonds. To see if our results are robust to this evidence, we extend our
model to include junk bond firms as well as investment-grade firms and back out shocks that
simultaneously account for the spreads on both. When we do so, we find that our results are
virtually unchanged.

Second, our benchmark model uses a broad measure of stock prices. In contrast, some of the
work on global financial cycles, such as Morelli, Ottonello, and Perez (2022), uses financial sector
stocks as the measure of the stock market. To see if our results are robust to using this measure,
we run a counterfactual in which we replace our broad measure of the stock market with one
reflecting only financial sector stocks. When we do so, we also find little change in our results.

The key discipline our model uses to identify the underlying forces driving the world financial
cycle is that it must simultaneously account for the movements in northern and southern asset
prices. To highlight the role of this discipline, we ask whether the North shocks alone can account
for the observed movements in southern spreads while ignoring movements in northern asset
prices. We find that, even if the model is restricted to using only northern shocks, it can account
well for the southern spreads but the implied asset prices for the North are wildly counterfactual.

The rest of the paper is organized as follows. Section 1 discusses related literature. Sections 2
and 3 present the model economy and describe how we set parameters. Section 4 presents the

main results. Section 5 presents robustness exercises and Section 6 concludes.

1 Related Literature

We build on work on asset pricing, sovereign default, and global cycles.

In terms of the asset pricing literature, our framework for modeling preferences and shocks
extends a version of the two-country models developed in a series of papers by Colacito and
Croce (2011), Colacito and Croce (2013), and Colacito et al. (2018) to a model with one large

country and many small open economies. In addition, we model endogenous default on



corporate debt in the large country and on sovereign debt in small open economies. We note
that the presence of defaultable debt in the North is essential for our purposes because it allows
us to directly measure variations in the appetite of northern investors for risky debt, and thus
the impact of this variation on southern spreads.

A major success of the Colacito and Croce (2011) model is that it generates a much higher
correlation across countries in asset prices than in output growth, a pattern observed in the data.
It does so through a correlated-long run risk mechanism, which has two parts. First, most of the
correlation in asset prices is driven by the correlation in long-run risk across countries—so if
long-run risk is very correlated across countries, so are asset prices. Second, most of the volatility
in output is driven by short-run growth shocks, which are independent across countries—so
even if long-run risk is very correlated across countries, output is not. For southern countries,
our model delivers the same feature of the data, but through a combination of Colacito and
Croce’s correlated long-run risk mechanism and our common lender mechanism.

Next, nearly all of the sovereign default literature focuses solely on modeling emerging
market defaultable debt and thus shies away from explicitly modeling corporate bonds and
stock prices in the United States. Hence, it is silent about exactly the comovements across
countries we seek to explain. We contribute to this literature by building an equilibrium model
that can reproduce well the patterns of comovements of US spreads and stock prices with the
spreads on emerging market debt. Also, our model reproduces well the volatility of both US
corporate spreads and stock prices. We find this encouraging because our model goes beyond
most of the literature following Bansal and Yaron (2004), which simply treats dividends as
exogenous processes unconnected to underlying firm decisions. In contrast, our endogenous
dividends are governed not only by underlying shocks but also by firms” endogenous financing
choices.

The underlying structure of the southern countries builds on work in the sovereign default
literature, including Eaton and Gersovitz (1981), Aguiar and Gopinath (2006), Arellano (2008),
and Yue (2010), which is a small part of the large literature surveyed by Aguiar et al. (2016)
and Aguiar and Amador (2023). We include long-term debt as in Arellano and Ramanarayanan
(2012), Chatterjee and Eyigungor (2012), and Hatchondo and Martinez (2009). These papers
focus on a single southern country that borrows from a northern lender, often risk neutral,

and on the comovement between this country’s spreads and its local economic conditions. In



contrast, we study the comovement between asset prices across the South and between the South
and the North, and emphasize the changing phases of the world financial cycle.!

Our work is also motivated by a growing literature on global financial cycles. In terms
of empirical work, Longstaff et al. (2011) document a high comovement between southern
spreads and northern asset prices in their sample. They argue that a promising model is one in
which all of these assets are priced by a global investor. Empirical work in this area has been
comprehensively surveyed and extended by Miranda-Agrippino and Rey (2022). In our model,
all assets are also priced by a global investor, but in contrast to the work in this area, we give our
model a neoclassical flavor by not adding extra frictions to the global investor’s problem. Also,
in contrast to this work, we emphasize how a comprehensive model must contend with four
distinct phases of the world financial cycle, of which the global cycle phase is only one, lasting
from 2007-2016. The view that the global cycle phase is simply one of four phases we have
witnessed in the last three decades differs from the view promoted by the global cycle literature.

Our paper is complementary to that of Morelli, Ottonello, and Perez (2022), which assumes
that northern consumers are risk-neutral and that a global intermediary prices southern default-
able loans subject to a collateral constraint and an equity issuance cost. Their work links the fall
in net worth of the global intermediary to increases in spreads in emerging market economies,
with the main episode of interest being the global cycle phase. Both our model and our focus
differ from theirs. In terms of the model, we extend the standard asset pricing model with
Epstein-Zin preferences and Bansal-Yaron-type shocks. We explicitly model the default decision
of northern firms and, hence, have endogenous default rates, corporate spreads, and stock prices.
Also, our analysis focuses on a three-decade-long panel of data, while their main results focus

on the period around the 2008 crisis.

2 The World Economy

The world is composed of a northern country, the North, and a continuum of small southern
countries, the South. All countries have Epstein-Zin preferences. The North is a production econ-
omy with a continuum of firms issuing long-term debt with default risk. Northern households

lend to both northern firms and southern countries with long-term defaultable debt through

1An exception to this work is Arellano, Bai, and Lizarazo (2017), which formulates a model with two advanced
economies bargaining with a common lender.



competitive intermediaries. Each southern country is a pure exchange economy with sovereign
default risk. Southern countries are more impatient than northern ones, so on average, they
borrow from the North. We assume that the South as a whole is small in the world economy. We
are motivated to make this assumption because the stock of emerging country debt that we focus
on held by US investors amounts to only 0.3% of total US household wealth. This framework is
set up to analyze the behavior of spreads in those emerging market economies that perennially
borrow from advanced economies. Therefore, we exclude from the analysis countries such as
China that perennially save and that are large in the world economy.

All countries have shock structures that feature long-run risk shocks, time-varying volatility
shocks, and idiosyncratic shocks. In the North, these shocks are to the productivity of firms,

whereas in the South, these shocks are to each country’s output.

2.1 The Northern Country

The North has a representative household, a continuum of competitive intermediaries, and
a continuum of heterogeneous firms. The setup of the firm financing problem in the North
borrows some ingredients from Miao and Wang (2011), Gomes, Jermann, and Schmid (2016),
Croce, Jahan-Parvar, and Rosen (2022) and Gourio (2013).

Northern Household. Households have Epstein-Zin preferences over aggregate consumption
Cn: with risk aversion v given by Vay = (1 — B) log(Cn¢) + Blog {(EtVI}[;Yl) 1%} 2 In period
t, households purchase a financial asset By;+1 from the intermediaries with a stochastic return
RNt41 in period t + 1. Households inelastically supply labor and earn labor income Wy Ny,
where Wy; is the wage rate, receive aggregate dividends Dy from all firms, and pay lump-sum
taxes Tn; to the northern government. Their budget constraints are Cn; + Bni+1 < Wi NNt +

R¢Bnt + DNt — Tt In the initial period, households have no debt, and they own the capital

2We assume that the elasticity of intertemporal substitution, EIS, is 1. In much of the literature, an EIS> 1 is
required to generate a positive risk premium on a consumption claim with Epstein-Zin preferences. But, as Bansal
and Yaron (2004) showed, an EIS > 1 is not necessary to generate a positive premium for dividends that are a levered
version of consumption, such as the dividends that are endogenously produced by our model. While the EIS also
impacts the level and volatility of the risk-free rate, our model successfully matches both the equity premium and
the average and volatility of the risk-free rate, so we deliberately set the EIS=1 to limit the number of parameters.



stock Kjp in each firm j. Households’ stochastic discount factor is

1—y
Cnt Vet

M1 =B :
’ C 1_')/

(1)

Northern Firms. Firms produce with constant returns to scale production function us-
ing capital and labor given by Yj; = (A Ntht)l""kK;‘t". Capital accumulation follows Kj; ;1 =
(1-9 )K + I;;. The technology shock an; = log Ay is the sum of a serially correlated compo-
nent, xnt+1 = log(Xn¢+1), referred to as long-run risk, and a serially uncorrelated component,
ONtUNt+1, referred to as the short-run shock, where oy is the stochastic volatility of all northern

shocks. Specifically, similarly to Bansal and Yaron (2004), the growth rate of productivity follows

Aaniv1 = UN + XNt + ONtUNEET (2)
XNt+1 = PxNXNt T PxNONtUxNi+1
2 — (1 ) )
ONt+1 — ( PaN)UN + 0oNON; + PoNONtUNE+1

where the shocks [unt, txNt, Ugnt] are independent of each other, i.i.d. over time, and normally
distributed with zero means and variance 1. Note that the mean standard deviation of the
short-run shock is oy and that of the innovation to long-run risk is cprUN.3

A firm j chooses labor to maximize its operating profits

7T]'t = I'IZ'{]aX (ANtht)liakK

jt — Kt Kjp — WNeNj
jt

where Wy is the wage rate and «j; is an i.i.d, normally distributed variable with mean zero and
standard deviation oy with c.d.f. ¥. As in Gomes, Jermann, and Schmid (2016), we interpret
these shocks as direct shocks to firms” operating income and refer to them as idiosyncratic profit
shocks . The shocks are meant to capture the overall firm-specific component of their business
risk and are a crucial driving force of firm default. Letting Yy and Ky denote aggregate output
and capital and maximizing for labor, the firm’s operating profit 7;; = ((kaNt /KNt — K]'t> Kt is
linear in individual capital and the aggregate return on capital is Ry = aYni/ Kyt +1 — 6.

Financial Frictions and Asset Structure. We consider financial frictions that break the

3We depart slightly from the process for volatility in Bansal and Yaron (2004) by scaling innovations to volatility
by the past value of volatility. This change is made to avoid negative values for volatility.



Modligliani-Miller theorem and lead to a determinate capital structure with positive capital and
debt. We do so in a way that extends the setup in Gourio (2013) to include long-term debt.

In period t each firm j issues claims to Bj; 1 units of long-term defaultable bonds. One unit of
such a claim represents a promise to pay the sequence of payments, 1,1 — ¢, (1 — ¢)?, ..., which
begins with one unit at period t + 1 and then decays at a geometric rate. A firm j can default
on its inherited debt Bj;. After a default, the household, in its role as a shareholder in the firm,
receives zero value, whereas in its role as the debt holder of the firm, it receives the residual value
of the firm after a costly restructuring. We assume that the debt holders end up with a fraction
8 of firm value and are entitled to that fraction of the flow of future dividends. The remaining
fraction 1 — 6, which stands in for legal costs in the restructuring process, is distributed in a
lump-sum manner to all northern households. In this sense, the northern households always
receive the dividend flows of the firm.

Firms receive a subsidy on their borrowing from the northern government. In particular, if a
northern firm has outstanding Bj; 1 units of claims to long-term bonds at ¢ with value Q;;Bj11
the northern government gives the firm a subsidy of xQj;Bj;+1 with x > 0, which it finances with
a lump-sum tax on households. We assume that 6(1 + x) < 1, which is necessary for both debt
and equity to be used.* The subsidy captures the tax advantage of debt or, in a reduced-form
way, the advantages that debt has over equity as discussed in the corporate finance literature
(see Gourio (2013) and Tirole (2010)).

Individual Firm’s Problem. Firm j’s state includes its capital Kj;, debt Bj;, idiosyncratic shock
kji, and the aggregate state. The aggregate state in the North at ¢ is (A(K¢, By, &), ant, XNt, ONt)
where A¢(Kj, By, k) is the measure over individual firm’s states and any, XN, Ony are the aggregate
shocks. In terms of timing, at the beginning of the period, the aggregate and idiosyncratic shocks
are realized. The firm then makes its default decision. Next, conditional on not defaulting, the
firm chooses its new capital Kj;;1 and debt promises Bj; 1. A key element of the firm’s problem
is the schedule of bond prices Qt(K]’t+1, B jt+1) that a firm faces for different choices of Kj; 11 and
Bjt11 where the subscript f on this function stands in for the aggregate state.

We begin by setting up the firm’s problem for some given bond price schedule and later show

how this bond price schedule is determined. Suppose firm j enters period t with (Kj, Bj¢) and

“Note that when 8 = 1 and x = 0, the capital structure is indeterminate, and the Modigliani-Miller theorem
holds. When x = 0 debt has no advantage, and firms issue only equity. When 6 = 1, or more generally, when
6(1+ x) > 1, the subsidy to debt outweighs the cost of default, and firms issue only debt.
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the idiosyncratic shock «j; is realized. The firm then chooses to default on the current coupon
payment or to repay it. If the firm defaults, its value is 0, and if it repays, its value is denoted J;+.
Let J; = max {O, ]rt(Kjt, B its K]'t)} be the present value of its dividend stream prior to its default

decision. The value under repayment is J;+(Kj;, Bjt, ks )J=<( Ryt — ¢ ) Kjr — Bjr + Vi(Kjt, Bj) where

Vi(Kjt, Bjt) :B;ﬂ%H Qt(Kjt41,Bje1) [(1+x)Bjtr1 — (1 — 9)Bji] — Kjiya (3)
Bjt+1 Kijt41
—Tw | -— | Kity1 =Tk | —0— | Kjtg1 + EeMigi1 [ Jiv1(Kjey1, Bjrr1,2)d¥ (2),
K]H-l K]t

where T'x (Kjr41/Kjt) Kjry1 and Ty (Bjey1/Kjeq1) Kjegq capture the costs of adjusting capital and
leverage Bjt,1/Kjt11, respectively. In (3), if a firm pays its coupon on outstanding debt Bj; at
and issues Lj; ;1 new units of debt, the outstanding debt at f + 1is Bj;;1 = (1-— q))B]-t + Ljty1-
The total resources from new issues are Qj; [(1 + )()Bth —(1-— go)Bjt] where Qj;xBjt11 is the
subsidy.

From the form of J;, the firm defaults if [,; < 0. From the form of ]rt(Kjt, Bjy, K]-t) the firm
defaults if it receives a sufficiently large shock, xj; > xj, = «; (Kjt, Bjt) where the cutoff satisfies
Jrt (Kit, Bjt,K]’-‘t) = 0. So the cutoff is K;-kt = [RiKjt — Bjt + Vi(Kjt, Bjt)]/Kjr. The repayment
probability is ‘I’(K]ikt). A firm that repays its debt will pay out that period’s dividend given by

Djnt = (Rt — %) Kjt — Bjt + Qe[(1 + x)Bjt11 — (1 — 9) Bjt] — Kjt11 — FwKjro1 — TkKjp1-

2.2 Southern Countries

Southern country i has Epstein-Zin preferences Vj; = (1 — Bs)log(Cj;) + Bslog (E VZ;? ) ﬁ,
where 85 and 1/ are common to southern countries. Southern countries are more impatient
than the North in that Bs < B, and so that, on average, they borrow from the North. In southern
country i the growth rate of output y;; = log Yj; has a serially correlated component, x;;, long-run

risk along with a short-run component e;;. Specifically, this growth rate follows

Ayy = us+ X1+ 0sej, ejp = Ujp + Uslsy, (4)

Xit = PxSXit—1 + Pxs50sexit, Cxit = Uxit + Vygllyst- )

11



The shocks (u;;, ) for all i, the common southern shocks (ug;, i), and the North shocks
(unt, UxNt, UgNt) are mutually independent, jointly normal, mean zero, variance 1, and i.i.d. over
time. The output growth innovations, e;;, have an idiosyncratic part u;; and a common southern
part ug;. Here vg is the loading of each country i on the common southern short-run shock ug;.
The long-run risk shocks, e,;;, have a similar structure: an idiosyncratic part u,; and a common
southern long-run part u,s; with a common loading v,s. Here the standard deviations of the
innovations to short-run shocks and long-run risk are os4/1 + U% and ¢,s054/1 + vis.

We assume the shocks in the South are uncorrelated with those in the North, since they are
essentially so in the data. Moreover, this assumption is useful from a modeling perspective
because it makes clear that all correlations between spreads in the South and the North are
driven by endogenous mechanisms in the model rather than by the correlation of primitive shocks.

We allow the primitive shocks in southern countries to have the modest positive correlation
needed to match the data. Hence, the correlation of endogenous variables across southern
countries results both from the correlation of the primitive shocks across southern countries and
from the equilibrium response of these southern variables to shocks in the North.

Debt and Default. The only asset that is traded across countries is a long-term state-
uncontingent bond upon which countries may default. Southern countries issue debt similar to
that issued by northern firms: one unit of a bond in time ¢ is a promise to pay one unit in period
t+1,1— ¢ in period t + 2, (1 — ¢)? in period t + 3, and so on. At date ¢ the country services the
debt by paying Bj; and issues L;; new units of debt, where L;; = Bj;11 — (1 — ¢)Bj;.

The government can default on its long-term bond. After default, 1 — 6, fraction of debt
is written off and the country goes into financial autarky—the default phase—for a stochastic
number of periods and then returns to the normal phase. In each period in the default phase,
with probability A the defaulting country regains access to the international financial market. In
the period in which it regains access, it owes 85 fraction of the stream of payments it owed in
the period t that started this default phase. That is if a country defaults at t on the debt Bj; and
reenters in period T > f, then on the legacy debt Bj; it owes 0sB;; at T, 65(1 — ¢)Bj; at T+ 1, and
so on. Here, we are not explicitly charging interest on the unpaid stream of payments during the
default phase.

Next, when a country is in the default phase, there are also direct costs that decrease the

effective output of the country. As discussed by Mendoza and Yue (2012), these costs stand in
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for various difficulties that countries have in trading, such as importing specialized inputs for
production. We parameterize the default cost similarly to that in Aguiar et al. (2016), so that
consumption during default is given by C;; = e*ith(x;;)Y;; where «; is normally distributed with
mean 0 and standard deviation of 0y and h(x;;) = 1 — ape™¥it < 1. The term «;; makes the cost of
default fluctuate in each period and immediately implies a cutoff rule for default in x. As Aguiar
et al. (2016) noted, having such a cutoff rule makes computations tractable with long-term debt.

A Southern Country’s Problem. At the beginning of period t, the idiosyncratic shocks of
southern country i and the aggregate shocks in the South and the North are realized. The
state of southern country i is (Bj, kj;, sir) where s;; = (Yj;, xjt). The country then decides to
default by comparing the values of repayment W;,; and default W;y;. The value Vj;(Bj, ki, sit) =
max { Wi, (Bit, sit), Wigr (Bit, it, Sir) } is the maximum over the value of each option.

If the government chooses to repay;, it can use its output and new borrowing to pay for both
its consumption and current debt payment so that the budget constraint under repayment is

L;

Cirt + Bit = Yit + Qit(Bit+1,5it) (Bit+1 — (1 — ¢)Bjy) — I'p (7> , (6)
1

where Lj;11 = Bjty1 — (1 — ¢)Bj; and I'p is an adjustment cost on new debt to output. Here,

conditional on repayment, the government is in the normal phase and it chooses Bj; ;1 to solve

1
1—y

Wiyt (Bit, sit) = max (1 —Bs)log(Cr) + Bslog [EtVitH(BitH,Kit+1,5it+1)1_7 (7)

t+1

subject to (6) with policy function Bj; 1 = B¢(By;, sit). If instead, the country defaults, it enters
the default phase and consumes its output net of the penalties from default. In period ¢ 4 1 with
probability A it reenters the market with reduced debt claims to 8;B;; and with probability 1 — A

it stays in the default phase for another period. The implied value is

Widt = (1 — ,BS) lOg [e"ifh(xit)Yi ]
1
m
+Bs log{ [)\Et [ViH—l(GsBit/Kit+1/5it+1)1_’q +(1- A)/EtwidtJrl(Bit/ K,Sit+1)1_7d‘fs(7<)} }
Notice that the value of default is increasing with «;; since 0W,y;/9x;; = (1 — Bs) > 0. Hence,

the government defaults if x;; is above the cutoff «, = (B, s;;) defined by Wiy (B, «it, Si¢) =

Wit (Bit, sit). The probability of repaying is given by ¥g;(x},) = [ .. d¥s(x).
— it
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2.3 Financial Intermediaries

Lending to northern firms and southern countries is done through competitive global financial
intermediaries owned by northern households. These intermediaries borrow at the risk-free
rate from northern households. Since these intermediaries face no frictions and act on behalf of
northern households, all assets are priced by the northern household stochastic discount factor.
Hence, this environment is equivalent to one in which northern households directly lend to
both northern firms and southern countries. We prefer our setup because it emphasizes that the
only asset decisions that northern households make are how much to deposit with the financial
intermediary in an account that pays the risk-free rate.

Lending to Northern Firms. In period t, the intermediary borrows By;+1 from households
and lends out these funds to firms so that Bys11 = [ Qjt(Kjt41, Bjt+1)Bji+1dj holds. In period
t + 1, the intermediary pays households Ry;+1Bn¢+1 using the claims paid to it from the firms.
Since intermediaries are competitive, the price of the bond equates to the value of resources
the intermediary gives to firm j at , Q;Bj; 11 to the value of payments that firm j makes to
the intermediary where future payments are valued using the northern household’s stochastic

discount factor. For any firm j, this logic implies that the bond price Q (Kjt+1/ B]-t+1) satisfies

QjtBjt+1 = EtMi1¥ (k1) [1+ (1 — @) Qje1] Bjera

K1
+ 0E:Mp1q / ] Ujrt+1(Kjt1, Bjer1,€) + Bjrr + (1= @) Qje1Bjria] d¥(x),  (8)

where the value of the firm [;; 11 + Bjiy1 + (1- (p)thH Bjt11 is the value of equity and bonds.
The first term on the right side of (8) is the value of payments on the long-term bond
conditional on no default at  + 1. The second term is the value of payments received conditional
on a default at t + 1. In this case, the debt holders become the sole owners of the firm and are
entitled to collect the current value of the firm, which, after a costly restructuring, leaves the
holders with a fraction 6 of the firm’s pre-default value. We assume that these restructuring costs
are paid in a lump sum to all consumers so that total resources in the economy are unchanged by
default. It will turn out that this way of modeling default will imply that defaulting firms have
the same leverage as non-defaulting firms. The main difference is that a defaulting firm pays a
cost of 1 — 6 of its total value in restructuring payments and that the incumbent debt holders

become the new owners of all equity and debt claims in the defaulting firms.

14



Using familiar logic, the value function of a firm J;(Kj, Bj;, «j;) is homogeneous of degree 1
in (Kj, Bj;) and the price function Qj(Kjt41, Bjt+1) is homogeneous of degree 0 in (Kji11, Bjt+1)
and independent of j so that J;(Kj, Bjt, kjt) = Ji(wjr, xjt) K and Q¢ (Kjr11, Bjry1) = Qr(wjis1),
where wj; = Bj;/Kj; is the leverage of a firm with debt Bj; and capital Kj;. As we discuss later,
these homogeneity properties of the firm’s problem imply aggregation results for our equilibrium.

Lending to Southern Countries. Northern households invest in southern country debt
through intermediaries. To derive the bond price schedule, the intermediary evaluates the
stochastic stream of repayments it receives from the southern country with its stochastic discount
factor. To do so, consider the payments a northern household expects to receive when it lends
Q:Bij;11 to a southern country i at ¢ that is currently in normal times with shocks s;;.

In terms of t + 1, for states s;;1 in which the southern country does not default, it ex-
pects that the government will repay Bj; ;1 and that the value of the remaining debt will be
Qt+1(Bit+2,8it+1) (1 — @)Bjs+1 where in the pricing function Bj;ip = Biyo(Bjti1,Sir+1) is the
borrowing of the government at t 4 1 in state s;;1 given that it has borrowed Bj; 1 at t.

Next, consider states s;;;1 in which the northern lender expects the southern country to
default in period t + 1. Consider the two branches that follow such a default: one with reentry
and one without reentry. With probability A, the government reenters the normal phase and
owes the recovery amount 6B;;,1. Hence, this value is Q;11(60sBjt11,Sit+1)0sBir+1, which is
equal to the value received from a government that was in the normal phase in period ¢ 41
and borrowed 0sB;;;1. With probability 1 — A, the government remains in the default phase at
t + 1. The value of debt recovery at t + 1 of a claim to Bj; 1 is the expected value over these two

branches, and it can be recursively written as

Q411 (Bit+1,Sit41) = AQi11(05Bir+1,Sit+1)0sBir+1 + (1 — A)EsMN42 Q12 (Biry1, Sit+2). (9)

Now moving back to period ¢, we can define the value of a claim to Bj;; at f for a country
with state (Bj;11,s;). This value is given by the right side of the following equation, and this

value defines the price Qr = Q¢(Bijs+1, i) on the left side of it, namely

QtBitt1 = Et [Mnts1 {¥é 1 [1+ (1 — ¢)Qr1(Bitsa, Sit+1)] Birg1 + [1 — Y411 (Birs1, Sies1) } -
(10)

where Bj;.p = Bii2(Biri1,5i1+1). Notice that the right side of (10) is the value of the stream
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of payments from such a claim valued at the northern discount factor. As noted at the price
Q¢ (Bit+1,Sit)Bit+1 the northern household is indifferent to holding such a claim.

Spread Decomposition. We turn to defining the spreads on northern firms’ long-term bonds
and southern countries” long-term bonds. To do so, we set up a notation that covers both types
of bonds. Both types of bonds are indexed by their initial level, say, D at t, which represents a
promise to pay a stream of deterministically decaying payments, Di1r = (1 — ¢)" D for T > 1.
Let (1 — )" Dy (s"*7) denote the actual (expected across idiosyncratic shocks) payments
in aggregate state s'*7. For both northern firm bonds and southern country bonds the actual
payments differ from the promised payments solely because of default.

Given the kernel M ;4 = [T~

1 Miyj 144 the claim to {(1 — @)™ "Dy (s"7) } has a price

(ee]

QD = Z (1— )" 'E; (My12Diy7) = Z Y covs (M 4 +Dy i) + Er (Mip+2)Er(Dist)],
=1

where the second equality holds by the definition of covariance. Next, we define the risk-neutral
price Qy; of this defaultable bond as the value of the stream of payments that would be charged
by a risk-neutral lender with the cost of funds equal to the risk-free rates derived from the
pricing kernel M;; .. This price equals the second term on the right side of the equation,
QuD =Y (1 — )" 'Ey(Dys17)/R ft.t+7, where we used that the risk-free rate between t and
t+Tisgivenby Reypyr = 1/E(Mpsr)-

Following Arellano, Mateos-Planas, and Rios-Rull (2023), the spread on such long-term bonds
is the difference in the yield to maturity on the defaultable bond and the yield to maturity on a
risk-free bond with the same maturity. Such a risk free long-term bond pays Dy = (1 —¢)" D
for T > 1 and hence has a price of thD = Y2 (1 — @) 'EM;;1.D. Letting Q; stand in
for any of the bond prices Q;, Qut, and Q it we define the associated yield to maturity ¥; by
Q=Y (1 —¢)" 1/ (14 9)" so that 9 = 1/Q; — ¢. Hence, the spread is sp; = 1 — v =
1/Qt — 1/Qy;. Defining 7yt — 7yt as the risk premium and 7y — 7y ¢4 as the default risk, this spread
can be decomposed into sp; = (7t — Yut) + (Ynt — ¥ft), or with some algebra

= Dt4r 1 & (1-¢t Dt i1
s Y eovs (Mygie, 1 — == + E E;|1 — —|.
Pr= Qth Z t< b D ) QrQnt = Rptyr t[ D ]
f =1 (11)

Here Dy ;4 /D is the repayment rate at t + T, s0 1 — Dy 44/ D is the default rate. The first term
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on the right side of (11), the risk premium, measures how the default rate covaries with the
marginal utility of consumption—this premium is high for bonds that tend to default more when
the marginal utility of consumption is high. The second term in this expression, the default risk,
measures the value of the expected default rates discounted by the risk-free rate—default risk
is high on bonds with high expected default rates. In our quantitative section, we apply this

decomposition to northern firm bonds and southern country bonds.

2.4 Aggregation and Equilibrium

The endogenous aggregate states consist of the aggregate capital stock K; and the common
leverage of northern firms @;. This follows because all firms start with the same leverage
wjo = wy, the firm homogeneity properties discussed earlier, and the result that firms that begin
a period with the same leverage, choose the same leverage in both the default and non-default
states.

Even though in equilibrium, all firms choose the same leverage @;, each firm has to evaluate
what happens when it chooses its leverage wj; ;1 different from aggregate leverage @;,1—so
each firm’s problem has the classic big K- little k form. Thus, when solving an individual firm’s
problem, its state is (wy; @, Kt, xnt, 0¢). Then in equilibrium, once we impose symmetry, we
need only record the aggregate state (@, K, xnt, 0¢). Hence, rather than having to record the
entire distribution of (Kj, Bj;) in the aggregate state, we only record @; and K;. Thus, the market

clearing in goods markets can be stated in terms of aggregates rather than the entire distributions

B K _
Cr+Kip1 — (1-0)Ki + Ty ( t“) Ki1 + Tk ( *“) Kip1 = (AneNp) 9K,
Kii1 K}

3 Quantification

We use data on 12 emerging market economies’ output and sovereign spreads along with US
data on output, corporate spreads, and the stock market to discipline our model’s parameters.
We focus on these countries because they meet our criterion for having at least 80% of the
observations for spreads and output during our sample period. We begin by discussing how
we deal with the severe movements in output growth during the Great Recession and Covid.

We then discuss how we set the parameters, how we solve the model, and how well our model
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reproduces the targeted moments.

3.1 Dealing with Disasters in Output Growth

In Figure 2, we plot the output growth in the US and a series constructed by taking the cross-
section mean of output growth in our 12 emerging market economies, all expressed in annualized
quarterly growth rates. Two periods stand out: the trough of the Great Recession, 2008Q4 and
2009Q1, and the Covid period, starting in 2020Q1. As we can see, during these two periods, the
output growth in the US and the emerging markets move closely together, and these movements
are large.

Consider first the Great Recession. We treat the trough of this recession as a world disaster
in which every country has a negative shock to its growth rate at the same time. To handle it,
we amend our stochastic processes for the northern productivity and southern outputs to have
a world disaster in this period in a simple way. Specifically, we add a term —wyn7;+1 to the
productivity process of the North given in (2) and add the term —ws#;+1 to the output process
of each southern country, where 7,1 is an i.i.d process that takes on 1 with probability p and
0 with probability 1 — p. We choose the parameter p to be such that, on average, one disaster
occurs in our sample of 104 quarters, so that p = 1/104, and we choose w;y and wys so that
it accounts for the decline in average output growth in the North over the two-quarters of the
trough of the Great Recession and for the average decline in southern countries” growth over
this same period. This leads us to set w ny = 4.2% and wys = 5.1%.

Next, the Covid period has even more extreme growth rates than the Great Recession. For
example, in 2020Q2, the average growth in emerging markets is —65% while in 2020Q3 it is
47%. Similarly, in 2020Q2, output growth in the US is —33%, and in 2020Q3, it is 30%. The later
periods of Covid also have some extreme behavior. This behavior makes the statistics we use to
quantify the model sensitive to exactly how we handle it. To avoid that sensitivity, we quantify
the model from 1994Q1 to 2019Q4, thus ignoring the Covid period in the calibration. However,
we conduct the particle filter analysis over the entire period, 1994Q1 to 2023Q2.

18



3.2 Parameters

Table 2 presents two sets of parameters. The first set includes assigned parameters such as the
risk aversion parameter vy, mean output growth y, debt maturity parameter ¢, North capital
share ay, North depreciation rate J, the persistence and standard deviation of the North volatility
shock (o, ¢ ), and the parameter A that controls the exclusion periods after the South defaults.
We assume that the capital adjustment cost function is I'x = % (gk — eV)z, the debt adjustment
cost function for the Northis ', = thN (w — @)?, and that for the South is I'g = ’% <L72 - Z) 2,
where gj is the growth rate of capital, w is the leverage of a firm, and L;/Y; is the debt issuance
to GDP.

We follow Bansal and Yaron (2004) and set the risk aversion parameter y to 12. The mean
growth rate of output per capita y is set to 1.6% to match the average output growth rate globally
from 1994Q1-2019Q4. To ensure an average debt duration of 5 years, we set the debt maturity
parameter ¢ to be 1/20. The North capital share «y is set to 0.3, which is consistent with the
capital share in the United States. We choose J such that the annual depreciation rate is 10%.
The volatility shock parameters (p,, ¢ ) are taken from Bansal and Yaron (2004). Following the
literature, we assume that after default, a South country is excluded from international financial
markets for an average of three quarters, which is captured by setting A = 1/3.

The second set includes 13 endogenously chosen parameters. These parameters are chosen
to target the 65 moments reported in Tables 3-5, which includes moments of output growth
and asset prices in the North and the South. We compute each moment in the overall sample
1994Q1-20190Q4 and in the normal times sample, which excludes the two quarters, 2008Q4 and
2009Q1. The moments from the model we use are calculated from 5,000 draws of length 104
quarters in which we designate that a disaster occurs at the trough of the Great Recession.”
When comparing our model to the data, we treat the model-simulated data the same way we
do the actual data. In particular, when we simulate the overall sample, we include these two
quarters, and for the normal-times sample, we exclude these two quarters. Note that this strategy
is similar to that used in Wachter (2013) and Kilic and Wachter (2018).

This set comprises some parameters that have region-specific values, some unique to the

North, and some unique to the South. The first set is those that all countries have but differ in

>Throughout, we assume that each observable variable we use is subject to normally distributed measurement
errors, which are i.i.d., mean zero, and have a variance equal to 1% of the sample variance.
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the North and the South. Suppressing the subscripts N and S, these are the discount factors g,
short-run standard deviations o, the persistence parameters of long-run risk py, the standard
deviations of long-run shocks ¢,0, the standard deviations of idiosyncratic shocks oy, the debt
recovery parameters 6, and the adjustment cost parameters h,,, @, and /, for leverage in the
North and debt issuance in the South. The parameters that are specific to the North are the
borrowing subsidy x and the capital adjustment cost parameter /1. The parameters that are
specific to the South are the default cost parameters ag and a;, the common components in
southern short-run growth, vg, and in southern long-run growth, v,s.

Table 2’s lower panel displays the parameters that are endogenously chosen to jointly target
the moments in Tables 3-5. We choose these moments because they present a comprehensive
summary of moments for the key variables, including output growth, North corporate spreads,
South sovereign spreads, and North stocks. For southern countries, we consider the average of
their time-series moments. That is, for each variable, for each of the 12 countries in the South, we
first compute this moment over our sample periods and then take the mean of these 12 moments.

Our motivating evidence shows that the patterns of comovements in our relatively short
sample vary greatly over the various phases. It is instructive to measure the range of the
moments our model can generate in samples of similar length. In particular, we focus on the 5th
and 95th percentiles of the simulated distribution for southern moments for samples of the same
length as the data and record these percentiles in brackets below the means of the corresponding
moments in the tables. As we elaborate on later, the range of these percentiles is important for
our model’s ability to generate the four phases of the world cycle, which have different patterns.

Although all parameters are essential in determining the moments, certain parameters have
more influence on specific moments. The annualized discount factor of southern countries, 0.92,
is lower than that of the North, 0.96, which makes the southern countries borrow on average and,
hence, help generate the observed sovereign spreads. The short-run volatility of output growth
in the South, 1.15%, is higher than that of the North, 0.74%, which helps account for the South’s
greater output growth volatility. Furthermore, the South’s long-run growth prospects are more
volatile, with a standard deviation of 0.23% compared to the North’s value of 0.15%. This ranking
is consistent with the findings of Aguiar and Gopinath (2007) that the low-frequency fluctuations
in output in emerging market economies are larger than those in advanced economies.

Next, the debt recovery, default cost, and idiosyncratic shock parameters of the North matter
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greatly for the mean and volatility of corporate spreads for northern firms. Likewise, the
corresponding parameters for the South matter greatly for the moments of sovereign spreads. In
the North, the debt recovery parameter is 55%, while in the South, it is 32%, which helps account
for the lower mean spreads in the North.

Finally, the cross-country correlations of output growth and spreads among southern coun-
tries discipline the common components of short- and long-run growth. From Tables 3 and 5, we
see that in the data, output growth is much less correlated across the South than are spreads.
For example, in normal times, these cross-correlations are 13.1% and 47.8%, respectively. The
cross-correlation of southern output growth is low because of the small loading vs of 0.33 on
the common short-run growth shock ug;. Recall that the correlation of southern spreads arises
from two effects: a common shock effect and a common lender effect. The size of the common
shock effect is determined by the loading v,s on the common southern long-run risk shock, u,g;.
The size of the common lender effect is determined by the endogenous transmission of northern
shocks to southern spreads implied by the default model.

We solve the model using a global solution because the model displays important nonlin-
earities that require high-dimensional polynomials. Since the South is small, we can solve the
problem in two steps: first solve the North problem and record the northern pricing kernel, then

solve the problem of southern countries. For details, see the appendix.

3.3 Comparing Model and Data

Tables 3-5 show that the benchmark model captures the crucial aspects of the world financial
fluctuations. First, as Table 3 shows, our model replicates the output growth patterns observed
in the data, including standard deviations, serial correlations, and cross-country correlations in
northern and southern countries. Notably, the model accounts for the feature that individual
southern countries have much greater volatilities of output growth than the North, 2.6% vs. 1.1%
overall in the data and 2.8% vs. 1.3% overall in the model. Next, notice that once the two-period-
long disaster is removed from both the model and the data, the average correlation of output
growth between the North and each southern country is low in the model, averaging about zero,
and ranging from —14.7% to 14.4%, which encompasses the low correlation in the data of 4.3%.
Hence, in normal times output growth in the North and the South is essentially uncorrelated.

Finally, in normal times, both the data and the model exhibit a low average pairwise correlation
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of output growth across southern countries, at 13.1% and 16.6%, respectively.

Consider now moments of default rates and spreads in the North reported in Table 4. Our
model can account for the corporate spread puzzle—that the spread on corporate bonds is higher
than the expected default losses. Specifically, in both the model and the data, the average default
rate on corporate debt is 0.5% but the average spread is double that. The spread is higher than
the default rate in our model because consumers are risk averse, which generates risk premia,
and debt is long-term, so spreads move today not only because of expectations of default in the
next period but also in all periods in the future.

Next, the corporate spread is countercyclical. In the model, in normal times, the average
correlation of northern corporate spreads with northern output growth is —24.6%, and in the
data, it is —34.4%, which comfortably falls within our simulated range of —68.6% to 35.1%. As
Table 4 also shows, our model reproduces well the stock volatility, average return, and equity
premium in the data. Even so, the model and the data share similar dividend growth volatility.
In normal times, the standard deviation of dividend growth is 13.1% in the data and 12.1% in
the model. Moreover, the model’s dividend growth is procyclical and exhibits a negative serial
correlation in normal times, consistent with the data.

These successful dividend dynamics generate a price-to-dividend (P/D) ratio with moments
similar to those in the data. In both the model and the data, a boom in stocks—a high P/D
ratio—is associated with a low spread and high output growth. In particular, in normal times,
the correlation between the P/D ratio and the corporate spread is negative, —65.9% in the model
and —35.9% in the data, whereas the correlation of the P/D ratio with output growth is positive,
33.3% in the model and 25.6% in the data. Our model also produces a sizable equity premium.

Next, Table 4 shows that the model captures well standard business cycle moments: the
volatility of consumption and investment relative to output and their procyclicality—all of these
statistics lie comfortably within our 5% to 95% range.

We turn now to the patterns of sovereign default and spreads presented in Table 5. The model
performs well in generating the key moments of defaults and spreads, including mean default
and spreads, standard deviations of spreads, serial correlations of spreads, the correlation of a
country’s spread with its output growth, the correlation of spreads across southern countries,
and the correlation of southern countries” spreads with the North's spread.

In particular, in both the model and the data, the average default rate in the South, 2%, is four
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times higher than that in the North. Similar to the patterns of corporate spreads in the North,
sovereign spreads in the South are higher than their default rates. Specifically, the difference
between spreads and their default rates is about 1.4% in the model and 1.2% in the data.

A crucial moment for southern spreads is their standard deviations. Our model generates
the observed average volatility of spreads of 1.5%, which is a success for our model. In contrast,
the comprehensive analysis of Aguiar et al. (2016) emphasizes that existing models of sovereign
default have a sovereign debt volatility puzzle in that these models tend to generate significantly
less volatility in spreads than that in the data, particularly for countries like Mexico. This puzzle
holds for existing models with either deterministic trends and stationary shocks or stochastic
trends. Indeed, as Table 9 in Aguiar et al. (2016) shows, their preferred baseline stochastic growth
model has this puzzle in that it generates a standard deviation of spreads of only 0.2% which is
only 1/15th of the corresponding standard deviation of 3% in their data.

A second major result of the model in terms of accounting for EM spreads is that it can
produce spreads that are much more correlated across southern countries than their output
growth. In normal times in the data, the spreads have an average correlation across southern
countries of 47.8%, whereas output growth has an average correlation of only 13.1%. The model
produces a comparable pattern, with spreads having a correlation of about 46.8% and output
growth having a correlation of about 16.6%.

Our model also captures the well-studied negative correlation between a southern country’s
spreads and its output growth: —27.6% and —30.6% in the model in normal times. South and
North spreads are not very correlated in normal times in either the data, 17.6%, or the model,
22.2%. The model also captures the negative correlation between southern spreads and the
risk-free rate as in the data.

An important feature of the model is that it produces a wide dispersion in many of these
statistics across simulations. For example, the model’s dispersion in the correlations of southern
spreads and northern spreads ranges from —19.8% to 67.5%. This large dispersion suggests that
the model can generate both the type of strong positive comovement seen during the global
cycle phase and the weak positive comovement seen during the EM crises phase. Likewise, our
model produces a wide dispersion in the comovement between North stock prices and South
spreads, with correlations that in normal times are about zero with a wide dispersion between

—61.9% and 15.1%. As we show in the particle filter analysis, this intuition is correct: depending
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on the sequence of shocks, the model is consistent with the strong negative correlation in the
data during the global cycle phase as well as the positive correlation in the EM crises phase.
In summary, our model produces a wide range of moments usually studied in isolation in

three areas of research: international business cycles, sovereign default, and corporate finance.

4 The Drivers of the World Financial Cycle

Here we explore the driving forces of the world financial cycle. We begin by building intuition
for the impact of each shock separately by analyzing the impulse responses to the key shocks.
Then, we use particle filter analysis to back out the underlying shocks that drive the key asset
market variables: emerging market spreads, the northern spreads, and the northern stocks. This
analysis allows us to quantify the relative importance of the common shock mechanism and the

common lender mechanism by phase of the cycle.

4.1 Inspecting the Mechanism

We now examine the impulse responses to South long-run risk shocks u,gs, North volatility
shocks 1,5, and North long-run risk shocks u,y. We focus on these shocks rather than the
short-run growth rate shocks, uy, ug, or u; because the short-run shocks have minimal impact
on spreads. To help with the interpretation of how spreads respond to these shocks, we use
the spread decomposition developed earlier for both northern corporate bonds, I = N, and for

southern sovereign bonds, I = S, namely

0 I 0

ot = grgr, B0 oo Mz - 5+ o SR el L
(12)
Figure 3a shows the responses to a one standard deviation negative innovation to the South
long-run risk u,s. This shock worsens the growth prospects of all southern countries and
increases their chance of defaulting on their original level of debt. As Figure 3c shows, this
growth rate shock also gives these countries an incentive to save more by reducing their debt
since the current level of output is higher than it is expected to be in the future. This force tends
to reduce their chance of defaulting. Here, the direct effect from the worsening debt schedule for

any level of debt dominates, so as Figure 3d shows, the spread schedule faced by the country
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shifts out for any level of debt requested. To understand the effect on southern spreads, note that
this shock has no effect on any northern variable (not plotted), including the kernel M; ;. and
the risk-free rate R ;1. Hence, the only effect on southern spreads is that by increasing expected
default rates, E;(1 — D}, . /D), the shock increases the second term in (12). In equilibrium, as
Figure 3b shows, southern spreads increase by 54 basis points and slowly revert back.

Figure 4 graphs the responses to a one standard deviation increase in the volatility shock
uyN- The increased level of uncertainty raises northern households” desire for precautionary
saving. As a result, on impact, the risk-free rates decrease by 8.9 basis points and North price-
dividend ratios decrease by 90 basis points. The higher volatility of productivity increases the risk
premium on Northern bonds, the first term in (12), by driving up the expected marginal utility
of consumption and driving down the expected repayment rate, thus making the covariance
terms, covs (M 41,1 — Dgft o/ DN ), more positive. As Figure 4d shows, the resulting increase
in the risk premium accounts for 88% of the increase in the corporate spread. The remaining
12% of this increase comes from an increase in the default risk, namely, from an increase in the
present value of the expected default rates, E;(1 — Dﬁ /DY), given in the second term in (12).

To understand the responses in the South, note that the spread results both from the expected
probability of default and the positive covariance of this default with the stochastic discount
factor—namely, that southern borrowers tend to default when northern marginal utility is high.
Following a persistent increase in volatility, northern lenders anticipate that their marginal utility
will be persistently higher and that southern countries will default more. The combination of
these anticipations leads to a persistent increase in the covariance between the stochastic discount
factor and the default rate, namely, covs (M 41, 1 — Df’t o/ DS ). This increased covariance causes
northern lenders to shift up the entire schedule of spreads facing southern countries. This shift
in the schedule leads these countries to default more. Here, 55% of the increase in southern
spreads comes from the increase in default risk and the rest from an increase in the risk premia.

Finally, Figure 5 shows the impulse responses to a negative one standard deviation innovation
to the long-run risk in the North’s productivity u,y. In Figure 5a, we see that North’s output
growth falls on impact and then is expected to slowly return to its mean, leaving the level of
output at a permanently lower level in the long run. Given this shock, northern consumers
expect to be poorer in the future than they are now. Hence, to smooth consumption, northern

consumers would like to save and thus move consumption from the present, with its high level
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of output, to the future, with its low level. As a result, as Figure 5b shows, the risk-free rate falls
by about 23 basis points and remains low for a long time. Figure 5c shows that these worsened
prospects for future growth lead the North price-dividend ratio to fall by about 644 basis points
on impact and then slowly recover. Figure 5d shows that these worsened prospects also imply
that corporate spreads rise by about 9.8 basis points. About 60% of this increase comes from
an increase in the risk premium. Specifically, the long-run risk shock simultaneously drives
up the marginal utility of consumption and drives down the repayment rate, thus making the
covariance between these two more positive, which makes corporate bonds more risky. The
remaining 40% of the spread increase comes from an increase in default risk.

The lower panels show the effects of this shock on a southern country. Figure 5e shows that
the southern spread increases by about 12 basis points and that nearly all of this increase comes
from an increase in the default risk, which in turn comes from a combination of an increase in the
probability of default for a given level of borrowing and an increase in default resulting from an
increase in the level of borrowing. Figure 5f shows that the country increases its debt to output
ratio slowly over time so that by 8 quarters after the shock, its debt to output ratio has increased
by about .2 percentage points from 24.5 to 24.7. This increase leads to a very small increase
in defaults in each period, but, as Figure 5g shows, when added up it leads to a nontrivial
increase in the spread schedule for any level of borrowing. Note that the spread schedule for
southern countries is also pretty flat in the level of borrowing on impact for the same reason as
for northern firms: even if the country chooses a lower level of debt today, lenders expect them
to increase it from tomorrow on and default accordingly more in the future.

These impulse response functions provide intuition for how the model uses data on asset
prices to uncover the underlying shocks to North long-run risk, North volatility, and South
long-run risk. In what follows, we over-simplify the mechanics of how the model works to make
the intuition simple. In the next section, we are more formal.

Consider first how the model uses asset prices to determine the relative sizes of the North
volatility shock and the North long-run risk shock. The impulse responses show that for a given
change in northern spreads, the stock market falls a lot less following a North volatility shock
than it does following a North long-run risk shock. Indeed, on impact following a one standard
deviation increase in the volatility shock, the fall in the stock market relative to the increase in

the spread, expressed in basis points, is 91.7/5.2 = 17.6, but following one standard deviation
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fall in growth prospect shock, this ratio is almost four times larger, namely, 644/9.8 = 65.7.

Note that if we ask the model to match only the path of a single series, for example, the
northern corporate spreads, then there are many combinations of northern volatility and long-
run risk shocks that can do so. However, for nearly all of these combinations, the predicted
movements for a second series, say, the stock market, will be far from its observed movements.
Instead, when we ask the model to simultaneously match the movements in northern spreads
and the northern stock market, it can determine the relative sizes of these shocks. In particular,
for a given increase in the northern spread, the larger the fall in the stock market, the greater is
the fraction of the increase in spreads that emanates from the long-run risk shock.

Finally, consider how we can back out the drivers of southern spreads. Both northern long-
run risk shocks and volatility shocks shift the schedule that northern lenders offer to southern
borrowers and, hence, move southern spreads. However, the common lender effect from these
shocks necessarily implies that when these northern shocks drive the bulk of the movements
in southern spreads, the northern asset prices—corporate spreads and stocks—and the South
spreads must be highly correlated. In contrast, since southern shocks are independent of northern
ones, when southern long-run risk shocks drive the bulk of the movements in southern spreads,
northern and southern spreads are not very correlated. Hence, by simultaneously matching the
comovements between the northern asset prices and the southern spread series, the model can
uncover the relative size of southern shocks to northern ones.

Taken all together, when the model has to simultaneously match the comovements of northern
and southern spreads along with the comovements of northern spreads and the northern stock
market, it can uniquely uncover the underlying shocks. In practice, we also include data on the
growth rate of output in the North and that of all southern countries. These growth-rate series

should be thought of as primarily pinning down the short-run shocks.

4.2 Decomposing the Driving Forces

Here we decompose the driving forces underlying the world financial cycle.

Particle Filter Analysis. We run the particle filter on quarterly data over 1994Q1-2023Q2 to
back out the 29 underlying shocks. From the North, we back out 3 shocks, (uxn, usn, Un), and
from the South, we back out 2 common shocks (s, ts) and 24 idiosyncratic shocks {u;, uj}]li 1

We then analyze the role of South and North shocks separately.
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Our model has a block recursive form that we exploit for computational convenience. Since
the South as a whole is assumed to be small in the world and the shocks in the North are
independent of those in the South, the northern series does not depend on the realizations of the
southern ones. Hence, we can solve the North independently of the South. In particular, we can
back out the three northern shocks using three data series: North output growth Ayy;, price-
dividend ratio pdn:, and corporate spreads spn;. The long-run shocks u,n; and the volatility
shocks u,n; are identified using the intuition developed above. The output growth is mainly
driven by the short-run shocks up;. Putting the backed-out long-run shocks and volatility shocks
together, we can construct the path of the North’s stochastic discount factor.

In the second step, given the backed-out northern shocks, we pin down the southern shocks.
To do so, we first plug the northern shocks into the pricing kernel and then use the particle filter
as well as the southern series on growth rates and spreads to recover two series of the reduced-
form i.i.d normally distributed shocks ej; = uj; + vsus; and eyjr = uyj; + Vsityss for each country.
A simple formula then gives the maximum likelihood estimate of the common component,
us; and u,s; for each of the series, namely, ug; = 1+V1—52u§ Z}il ejr and uyg = ﬁ Z}il exit-
Then, given the reduced-form series ¢j; and e,j; for each country and parameters vs and vys, we
construct these common components and then use the reduced-form shocks e;; and e, to back
out the primitive shocks u;; and ;.

In practice, it is important to adapt the particle filter to reconstruct the shocks for a reasonable
number of particles. We use an auxiliary particle filter in which we utilize the cubature Kalman
filter (Arasaratnam and Haykin 2009) to construct the proposal distribution. The resulting
auxiliary particle filter successfully reconstructs the time series for output growth and sovereign
spreads for each individual country by our recursive method with small measurement errors,
with the exception of Brazil in the 2002-2003 period.

Intuition. We first use intuition from the impulse response analysis to analyze these data
informally. Figure 6 shows that in the emerging market crises phase, spreads in emerging
markets are high and volatile. In the North, the high level of the stock market should imply
good growth prospects for the North, and the low corporate spreads should imply low levels
of volatility. These patterns imply that these are good times for northern consumers, and hence

northern lenders should be willing to bear risk. Thus, given these patterns in the North, it is

hard for the common lender channel to play much of a role during this phase. Hence, the only
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way left to explain the observed high and volatile spreads in emerging markets is through the
common shock channel: the growth prospects in the EM were poor and worsened up to about
2003.

In contrast, these same panels show that during the great spread moderation phase from
2003 to 2007, there is a sharp decline in southern spreads. However, northern corporate spreads
have only a modest fall followed by a modest rise, and the stock market is fairly flat. Here again,
it is difficult for the model to blame the sharp decline in southern spreads on the North. Instead,
the most obvious culprit for this decline is that growth prospects in the South are improving.

Next, the global cycle phase begins with the Great Recession in which all three key financial
variables fare poorly: the stock market in the North collapses, and northern and southern spreads
sharply increase. Hence, the impulse response intuition suggests that there are worsening growth
prospects in the North and South and high volatility. So here, both the common lender channel
and the common shock channel are likely to be important. From the end of the Great Recession
to 2016, the stock market in the North is fairly stable, and corporate spreads track sovereign
spreads pretty well. These patterns suggest that throughout this phase, the common lender
channel may be able to account for a significant fraction of the southern spreads.

Finally, the data for the geoeconomic fragmentation phase suggest that several forces are
present. First, as Figure 1d shows, there is a growing dispersion in the trends of emerging market
spreads. This divergence is unlikely to result from the common lender channel—which makes
southern spreads tend to move together. Second, as Figure 6 shows there is a large increase in
the southern spreads in 2020Q2, even though both the US stock market and corporate spreads
are fairly stable. Both of these features make it hard for adverse developments in the North to
account for the spike in southern spreads. These patterns suggest that during this phase, most of
the movements in southern spreads are driven by southern long-run-risk shocks. Interestingly,
the geoeconomic fragmentation phase is reminiscent of the EM crises phase, suggesting that
there was no one-time permanent change to a global cycle around the Great Recession.

Formal Analysis. Now let us turn to the formal analysis. Figure 6 shows the data and model
implications for US corporate spreads, US price-dividend ratios, and the aggregate EM spread.
This figure shows what the model predicts using the shocks backed out from the particle filter.
The model successfully replicates the data. Figure 7 shows the backed-out states for the North’s

growth prospects xy, the volatility shock oy, and the average of southern growth prospects
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Xot = E}il xjt/12. Our model not only captures the large common component of spreads but,
as Figure A2 in the appendix shows, it also captures well the patterns of individual countries’
spread. This success is notable because we make the simplifying assumption of a common
parameterization across EMs.

The backed-out shocks in Figure 7 are consistent with our informal analysis. During the EM
crises phase, the growth prospects of the North are excellent; indeed, they are much higher in
this phase than in any other. The volatility in the North is moderately high but nowhere near
high enough to overwhelm the impact of the growth prospects on corporate spreads. In contrast,
average growth prospects for the South are low and volatile. During the great spread moderation,
the striking pattern is the sharp and prolonged improvement of the growth prospects of the
South. In terms of accounting for the large drop in South spreads, the growth prospects of
the North are going the wrong way—they are worsening throughout the phase. The volatility
shocks in the North are going the right way—they are falling modestly, but the impact of these
shocks on southern spreads is small.

Next, at the beginning of the global cycle phase is the Great Recession, in which all three
shocks are worsening: growth prospects are falling in the North and the South, and volatility
is increasing. For the latter part of this phase, there are modest fluctuations in all three series.
Finally, in the geoeconomic fragmentation phase, northern growth prospects are increasing,
volatility shocks are modestly increasing, and southern growth prospects are deteriorating.
Figure A3 in the appendix shows that, during this phase, the backed-out growth prospect shocks
for each individual country are gradually fanning out.

Comparing Asset Prices and Backed-Out Shocks. To understand how the movements in
asset prices identify the shocks, we graph the backed-out shocks against the asset prices. Figure
8 graphs the EM spreads against the long-run growth prospects in the South and the North, xg
and xy, and the volatility shock ¢%. In Figure 8a, we see that from the beginning of our sample
up through the beginning of the Great Recession, there is an inverse relationship between South
spreads and South growth prospects. Indeed, the large up-and-down swings in spreads from
1994 to 2000 are accompanied by large down-and-up swings in South growth prospects. Also,
the slow and steady decline in spreads during the great spread moderation is accompanied by a
slow and steady rise in South growth prospects. From the Great Recession onward, there is a

tenuous relationship between South spreads and South growth prospects.
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Figure 8b plots South spreads and North growth prospects. Up until 2008, we see little
evidence that good times for North growth prospects are associated with low southern spreads.
Indeed, from 1994 to 2000 there is a large, steady improvement in North growth prospects,
whereas South spreads first rise sharply, then fall sharply, then again rise sharply. Then in the
early 2000s North growth prospects are steadily weakening, but South spreads are smoothly
declining. Starting from the Great Recession, we see more of an inverse relationship.

Next, Figure 8c shows that from 1994-1998, there is little relationship between North volatility
shocks and South spreads: spreads are increasing sharply but volatility shocks are pretty stable.
From the great moderation onward there is much more of a positive relationship.

We now turn to the comovements of asset prices in the North with northern shocks. Figure
8d shows that the price-dividend ratio closely tracks North growth prospects and Figure 8e
shows that corporate spreads track volatility shocks fairly well. These results are consistent with
the intuition developed from the impulse responses.

Decompositions. We turn to using these backed-out shocks to perform some decompositions
to isolate the primitive driving forces behind the movements in asset prices. To set up these
decompositions, consider a generic series, i, produced by the baseline model with all shocks.
Then, given a partition of shocks into groups indexed by i, we define the component of y; due to
shocks in group i, denoted y;, as the prediction of the model for this series given the shocks in
this group backed out from the particle filter, with all other shocks set to their means.

We begin by partitioning the shocks into all the southern shocks, i = S, and all the northern
shocks, i = N, and determining which movements in the average southern spread sp, are due to
each set of shocks. In Figure 9a, we graph the benchmark model’s predictions, 5p,, which match
the data, along with the components 5p¢, and 5p,;, generated by feeding into the model only the
southern shocks and only the northern shocks.

Figure 9a shows that northern shocks contribute little to southern spreads during the emerg-
ing market crises phase. Indeed in this early period, southern shocks account for nearly all of the
movements in the southern spreads whereas northern shocks do little. So, as we intuited, during
this period the common shock channel dominates. During the great spread moderation, the key
force behind the large and steady decline in southern spreads is improving growth prospects in
the south, whereas the northern shocks do little. Throughout the global cycle period, northern

and southern shocks play a sizable role, with both playing about equal roles during the Great
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Recession. From the end of the Great Recession to the end of the global cycle period, spreads
in the South stay low because of the good growth prospects there. Indeed, if there were only
northern shocks, the spreads in the South would have been several hundred basis points higher.
Finally, during the geoeconomic fragmentation phase, the southern country’s growth prospects
play the dominant role in accounting for southern spreads.

In Figure 9b, we investigate which North shocks have the most impact on South spreads. Dur-
ing the Great Recession, long-run risk shocks and volatility shocks are about equally important
but after that volatility shocks play a more important role. In Figures 9c and 9d, we break down
the role of North shocks into growth rate shocks and volatility shocks in accounting for stocks
and spreads in the North. As we intuited, most of the movements in stock prices are accounted
for by movements in North growth prospects and most of the movements in corporate spreads
are accounted for by movements in North volatility. In Figure A4 in the appendix, we perform a
similar analysis of each country’s spread.

Summary Statistics. So far, we have shown graphs of decompositions of series into the
components due to various shocks. Here we use the decompositions to develop some summary
statistics referred to as ¢ statistics, defined by ¢;(y:) = %’m

These statistics capture how well a component, such as the component of average southern
spreads due to northern shocks, tracks the underlying variable, namely, the average southern
country spreads generated by the benchmark model. Note that since the benchmark model
essentially reproduces the data, this ¢ statistic likewise captures how much of the movements
in the series in the data can be accounted for by these shocks. The statistic ¢;(y;) is the inverse
of the mean square error for each group of shocks scaled by their sum.® More generally, these
¢ statistics have the desirable features that each lie in [0, 1], sum to one across the components,
and if a particular component tracks the benchmark series perfectly, in that y; — y; = 0 for all ¢,
then ¢;(y:) reaches its maximum of 1.

Table 6 decomposes the average southern spread into the components explained by Only
North shocks and Only South shocks, overall and across the different phases. The decomposition
over the full sample attributes 18.4% of its fluctuations to northern shocks and 81.6% to southern
shocks. Interestingly, only during the global cycle phase do northern shocks account for the

majority of the fluctuations in southern spreads, namely, 68%. Indeed, for any other phase, they

6See Brinca et al. (2016) for similar use of such statistics.
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account for less than a quarter of the fluctuations. Note that the average southern spread series is
constructed by running the filter on each of the 12 countries separately and then taking averages.
The details of this decomposition for each country are given in Table 7. Here we see a pattern for
the individual countries similar to the one we saw in the aggregate.

The last two columns of Table 6 decompose the fluctuations in southern spreads driven
by northern shocks into the component coming from northern growth rate shocks—the i.i.d
shocks uy and the North growth rate prospect shocks xy— and the component coming from the
volatility shocks, oy. Clearly, during the global cycle phase and the great spread moderation,
the main driver from the North is the volatility shocks, but in the other two phases, the main
driver is the growth rate shocks.

Table 8 decomposes the drivers of northern stocks and corporate spreads. In terms of stocks,
overall and in each phase, the growth rate shocks are by far their largest driver. In terms of
northern spreads, it is more mixed: overall, a bit over half of the movements in spread are driven
by growth rate shocks, 58.5%, and the remainder are driven by the volatility shocks.

Risk Premia and Default Risk. Finally, in Figure 10, we decompose South spreads and
North spreads into default risk and risk premia. Figure 10a shows that in the South, default
risk accounts for the bulk of spreads, whereas Figure 10b shows that in the North, default risk
accounts for only a modest part of the spreads. Interestingly, Figure 10c shows that the risk
premium on North spreads is much larger than that on South spreads.

To understand this result recall that the risk premia on the corporate bonds in the North and
the sovereign bonds in the South measure how the default rate covaries with the marginal utility
of consumption of Northern households. In the North the same shocks, (712\, and xp, that drive
the vast bulk of the movements in the northern marginal utility directly enter the productivity of
northern firms and, hence, directly contribute to their default rates. Thus, it is not surprising
the default rates in the North covary highly with northern shocks. In contrast, these two key
northern shocks affect the default rates in the South only indirectly. That is, these shocks shift
around the schedule of loans offered to southern countries and, through this lending channel,
affect their borrowing and default behavior. This endogenous response of southern countries’

default rates to northern shocks induces endogenously driven risk premia.
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5 Robustness and Counterfactuals

We turn now to a combination of robustness and counterfactual exercises. We first show that our
model gives similar answers when we use junk bond spreads or stock prices from the financial
sector rather than the measures of spreads and stocks that we use in our baseline. We then
perform a counterfactual that highlights the discipline imposed by simultaneously having to
account for the comovement among our three key asset prices.

Robustness to Including Spreads on Junk Bonds. In the baseline model, for our measure of
corporate spreads we used investment-grade spreads, namely, Baa yields minus Aaa yields. We
did so because the vast majority of corporate bonds are investment-grade bonds, on the order
of 85% in terms of value. Interestingly, however, as authors such as Longstaff et al. (2011) have
documented, spreads on noninvestment-grade bonds or junk bonds are more correlated with
southern spreads than are investment-grade bonds in the late 1990s and the early 2000s. Also,
important complementary work by Morelli, Ottonello, and Perez (2022) uses these spreads in
their analysis. This work leads us to ask: if we extend our model to include junk-bond spreads
and use both investment-grade and junk-bond spreads to uncover the underlying shocks, will
we find a larger common lender effect? Hence, will we find that northern shocks account for a
substantially larger fraction of southern spreads than we found in our baseline?

To answer these questions, we extend our model to include a class of junk-bond firms in
addition to our baseline firms. We show two results. First, our extended model can account well
for all three northern asset price series: investment-grade spreads, junk-bond spreads, and stock
prices. Second, in the extended model our main conclusion holds: outside of the global cycle
period, northern shocks account for a modest fraction of southern spreads.

Table 9 shows four key differences between spreads on junk bonds and investment-grade
bonds during normal times. First, the mean spread on junk bonds, 3.4%, is over three times as
large as that on investment-grade bonds. Second, the standard deviation of junk bond spreads,
2%, is five times as large as that on investment-grade bonds. Third, the default rate on these
bonds is five times as large as that on investment-grade bonds. Finally, the correlation of junk
bond spreads with southern spreads, 36.4%, is double that of investment-grade spreads.

We purposely add junk-bond firms to the economy in a way that leads to minimal changes
to our baseline economy. We do so by assuming that there is a mass of measure zero of junk

bond firms that differ from the firms in our baseline only by the parameters governing the
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idiosyncratic shock process « to revenues. Recall that for our baseline firms x;; is i.i.d, normally
distributed, with mean zero and standard deviation 0. For high-yield firms, we assume that the
process kj; has a normal distribution with a positive mean ¢;, and a state-dependent variance
which is the maximum of a fixed number ('T%h and U;%h (1— @+ @ont/ UN)Z. We choose the four
new parameters Gy, Oyp,, 0y, and @ to replicate the four statistics in Table 9.

Junk-bond firms face the same stochastic discount factor M, and aggregate northern state
as do investment-grade firms. Their idiosyncratic state is («y;, wy; ), where wy,; is their leverage.
We then run the particle filter in a two-step procedure as before. The only difference from our
baseline analysis is that when we back out the three northern shocks (u,n, ugsN, un), we use four
observables—North output growth Ayy;, price-dividend ratio pdyy;, investment-grade spreads
spnt, and junk-bond spreads sp;;—rather than the three we used in our baseline.

In Figure 11a, we see that the model reproduces well the patterns in the data for North stocks
and the investment-grade spreads, and in Figure 11b, we see that it reproduces the patterns of
junk-bond spreads and southern spreads. Figure 11c shows that the backed-out shocks from the
extended model are very similar to those in Figure 7 from the baseline. Indeed, the correlation of
North growth rate shocks in the baseline and extended model is 98.1% and the corresponding
correlations for the North volatility shocks and southern growth rate shocks are 83.9% and 99.6%
respectively. The decompositions of the southern spread in the baseline and extended models
are nearly identical—see Figures 9a and 11d —and, as shown in Table 10, the corresponding
correlations are all higher than 98.5%. Finally, comparing the ¢ statistics in Table 11 and Table 6,
we see that the North shocks account for only a bit more of the southern spreads in the extended
model than in the baseline model, 20% overall vs. 18.4% overall and are a bit higher in all the
phases except for the great spread moderation. We conclude that our main result is robust to
using spreads on both investment-grade bonds and junk bonds.

To understand these results, note that as we moved from the baseline model to the extended
model, all we did was add new parameters governing junk bond firms that allowed them to have
higher volatility and to be more responsive to volatility shocks than our investment-grade firms.
We then asked the extended model to fit the junk bond spreads as well as the original series
from the baseline—southern spreads, northern stock prices, and northern investment-grade
spreads—with the same number of shocks as in the baseline model. The filter backed out shocks

for long-run risk and volatility that traded off fitting the original asset prices and the new junk
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bond spreads. It found that it could do a good job of doing so with only minor changes to the
backed-out shocks—mainly visible during the late 1990s and early 2000s. Indeed, given the
discipline of having to fit all the asset prices simultaneously, the filter would never choose shocks
in the extended model that are very different from the baseline shocks, because if it did so the fit
of the model to the original asset prices would have deteriorated markedly. We further explore a
version of this logic in our third experiment below.

Robustness to Using a Stock Market Index for the Financial Sector. In the baseline model,
we used a broad measure of stocks, the MSCI USA Index, for our stock market series. Doing
so is consistent with the view that the global intermediary represents all consumers in the
North. Under this view, using a broad market-wide index of stocks is reasonable. An alternative
approach, motivated by the literature that identifies the global intermediary with the US financial
sector, such as Morelli, Ottonello, and Perez (2022), is to use a measure of stocks that only
represent the financial sector—which has a value of about one-fifth that of the sum of the values
of financial and non-financial stocks. In our second robustness exercise, detailed in the appendix,
we explore the implications of this logic by replacing our measure of the stock market with a
narrower one corresponding to the financial sector.

Comparing Table A4 to Table 6 we see that, overall, using financial stocks leads the fraction
of southern spreads explained by southern shocks to rise from 81.6% to 88.5%, with the bulk of
this increase coming from the EM crises phase and the great spread moderation phase. A similar
pattern holds when comparing Table A6 and Table 7 for individual countries. Hence, our main
result is also robust to using a narrower measure of stocks than in our baseline.

Role of North Asset Prices in Disciplining Backed-Out Shocks. Here we show that the
discipline of forcing shocks to account for the joint behavior of northern and southern asset
prices underlies our conclusion that, outside the global cycle period, northern shocks account
for only a modest fraction of southern spreads.

We make this point by considering an extreme experiment. Here we take our baseline
parameters as fixed and study the shocks the filter identifies if we set southern shocks to zero
and drop northern asset prices from the set of observables, thus dropping the discipline that the
model must explain both northern and southern asset prices. Specifically, we set the 2 common
shocks (uys, us) and 24 idiosyncratic shocks {u,;, u ]}}i ; to zero and restrict the observables in

the filter to southern average spreads and northern output growth. We then use the particle
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filter to back out the three North shocks (uyn, tsnN, tx). Note that even though there are more
shocks than observables, three vs. two, the filter can find the most likely path for the shocks that
are consistent with these observables.

In this experiment without southern shocks, the common lender effect has to explain all of
the movements in the average southern spread. Nonetheless, Figure 12a shows that the model
produces the average southern spread well. How did the filter choose shocks to accomplish
this? Figures 12b and 12c make it clear that it did so by choosing the North growth prospects
xy and volatility shocks 0% to be highly correlated with southern spreads. In particular, the
correlation of x) and southern spreads is —1.5% in the baseline, but in this counterfactual, it is
—79%. Likewise, the correlation of (712\] and southern spreads is 16% in the baseline but is 73%
in this counterfactual. Figures 12d and 12e show that these shocks generate northern spreads
and stock prices that are highly correlated with southern spreads. In particular, the correlation
of southern spreads and northern spreads is 94.9%, and northern stocks are highly negatively
correlated with southern spreads, —69.4%. Finally, as Figures 12f and 12g show, these implied
patterns on northern spreads and stocks are completely at odds with those in the data. Indeed,
the correlation of the northern spread in the data with that implied by the counterfactual is
essentially zero (0.4%) and the correlation of the price-dividend ratio on the data with that in the
model is low (22.4%).

In sum, the model can indeed produce the observed southern spreads solely from northern
shocks, and thus solely from the common lender effect. Critically, however, it can do so only if

the implied asset prices in the North are wildly counterfactual.

6 Conclusion

We have proposed a parsimonious neoclassical international business cycle model in which
a global investor jointly prices northern and southern assets in a way that can generate the
changing patterns of the world financial cycle. When we quantify the model, we find that, except
for a global cycle period, the bulk of the movements in southern country spreads are driven by
local economic conditions in their countries. Importantly, the model can generate the observed
positive comovements across northern and southern spreads even though the correlation of

primitive shocks in the North and the South are zero, as they essentially are in the data. This

37



endogenously generated correlation of spreads is driven by the common lender effect.

We have purposely kept our model simple and yet found it could go a surprisingly long
way in explaining the data. Thus, we view this model as a promising framework that can be
extended to include some of the frictions that we have abstracted from. Such extensions may

enable the model to account for an even broader range of observations.
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Figure 1: World Financial Cycles: Asset Prices
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Figure 3: Impulse Response Functions: Negative Shock to u,g
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Figure 6: Data and Model Implications for Key Financial Data
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Figure 8: Comparing Asset Prices and Backed-Out States
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Figure 9: Decomposition of Northern Financial Variables

(a) Decomposition of aggregate EM spread (b) Decomposition of aggregate EM spread
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Figure 10: Decomposing Spreads: Default Risk and Risk Premia

(a) South spreads & default risk (b) North spreads & default risk
10 ' 4 .
3.5 7
8 = -
N ]
6 1 25 J
2+ North spread q

South spread

North default risk

South default risk

> O O
D" 7 L
& E S

(c) Risk premia

North risk premium

South risk premium

Notes: Panel (a) plots the North spreads and their associated default risk. Panel (b) plots the average South spreads and their associated default risk. Panel (c)
plots the risk premia for North and South.



Figure 11: Robustness: Extension with Junk-Bond Spreads

(a) Northern stock prices and investment-grade spreads (b) South spread and North junk-bond spread
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Figure 12: Role of Northern Asset Prices
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Table 1: Correlation of EM Sovereign Spreads with US Corporate Spread and Stock

Overall EM crises Greatspread Globalcycle Geoeconomic
moderation fragmentation

Correlation of EM spreads with US corporate spread

ARG 28.2 16.0 -15.7 65.7 58.0
BRA -7.8 51.1 67.5 57.1 31.3
CHL 65.1 -23.6 81.6 85.3 65.9
COL 13.2 54.0 50.6 85.6 43.7
HUN 494 -44.2 5.2 38.5 64.3
MAL 234 5.1 69.9 80.1 35.5
MEX -15.7 -33.6 61.2 82.4 70.8
PER 53 35.1 55.0 89.3 48.9
PHL 3.5 20.2 151 87.0 62.0
POL 3.1 -29.0 69.4 69.3 29.0
SAF 33.5 32.8 63.3 71.9 70.3
TUR 15.5 60.7 72.5 87.4 58.9
Mean 18.0 12.1 49.6 75.0 53.2
St. Dev. 234 36.8 30.8 15.3 15.1
Correlation of EM spreads with US P/D

ARG 2.2 -35.1 -8.8 -76.9 39.8
BRA 25.7 -12.0 -1.8 -54.5 6.5

CHL -22.2 2.7 -20.7 -82.0 -5.3
COL 51.0 45.8 16.4 -81.8 454
HUN -54.8 59.6 -58.2 -37.8 -6.0
MAL 14.1 23.5 -3.5 -74.0 -50.2
MEX -5.6 -69.1 3.6 -82.0 29.5
PER 50.0 19.1 12.0 -84.0 32.7
PHL 22.8 19.8 34.3 -80.2 8.5

POL -20.4 -594 -24.5 -64.1 -58.6
SAF 16.0 55.8 8.6 -70.5 24.8
TUR 45.7 37.5 1.4 -81.0 46.8
Mean 10.0 73 -3.4 -724 9.5

St. Dev. 324 43.2 234 14.0 35.0

Notes: This table reports the correlation of each country’s sovereign spread with US corporate spread and stock. US corporate spread is measured
with Baa—Aaa, and US stock is measured with stock price-dividend ratio. Overall covers the period 94Q1-23Q2, EM crises for 94Q1-02Q3, great
spread moderation for 02Q4-07Q3, global cycle for 07Q4-16Q2, geoeconomic fragmentation for 16Q3-23Q2.



Table 2: Parameterization

Assigned parameters North  South
0% North and South risk aversion 12 12
U North and South mean growth rate (annualized) .016 .016
1/¢ average debt duration (quarters) 20 20
ar  North capital share 3 -
6 North depreciation rate (annualized) .10 -
ps  persistence of volatility shock (annualized) 999 -
¢s0  s.d. volatility shock (%) 0.00036 -
1/A average exclusion after default (quarters) - 3
p probability of disaster (%) .96 .96
wy  output growth decline in disaster (%) 42 5.1
Endogenously chosen North South
B discount factor (annualized) .96 92
o s.d. of short run shock (%) 74 1.15
px  persistence of long-run shock .97 .95
¢xo  s.d. long-run shock (%) 15 23
0 recovery rate parameter .55 .32
Ox s.d. of idiosyncratic shock x (%) 9.50 13.0
h,  leverage adjustment cost parameter .80 .20
X borrowing subsidy .01 -
hy capital adjustment cost parameter 8 -
ag default cost mean - .26
ai default cost elasticity - 28
Vg common component in short-run growth - .33
Vys  common component in long-run growth - 1.0

Table 3: Moments: Output Growth, North and South

Data Model
Overall Normal Times | Overall Normal Times
North output growth
Standard deviation, N (% p.a.) 1.1 0.9 1.3 1.1
(0.8, 2.0) (0.6, 1.9)
Serial corr of output growth, N~ 35.2 4.3 20.6 16.4
(-2.9, 47.0) (0.5,54.7)
South output growth
Standard deviation, S (% p.a.) 2.6 2.3 2.8 25
(2.6, 3.0) (2.4, 2.8)
Serial corr of output growth, S 26.8 20.0 16.2 12.7
(8.0,26.5) (10.5, 28.9)
Corr of output growthNand S 23.2 4.3 16.8 0.0
(12,31.1)  (-14.7,14.4)
Corr of output growth acrossS ~ 23.0 13.1 28.9 16.6
(21.7,37.6)  (10.8,28.7)

Notes: The numbers in brackets indicate the 5th and 95th percentiles of the simulated distribution. The moments in the Overall column are calculated for the
entire period 1994Q1-2019Q4, and those in the Normal Times column are calculated for the entire period but 2008Q4 and 2009Q1.



Table 4: Moments: Default, Spreads, and Stock in North

Default and Spreads

Standard deviation, real rate

Mean default rate

Mean spread

Standard deviation, spread

Serial correlation of spreads
Corr(corporate spread, output growth)

Stock Market
Standard deviation, dividend growth

Serial correlation, dividend growth
Corr(dividend growth, output growth)
Mean P/D

Standard deviation, P/D

Serial correlation, P/D

Corr (P/D, corporate spreads)
Corr(P/D, output growth)

Equity premium

Standard business cycle moments
Stdev(consumption)/stdev(output)
Stdev(investment)/stdev(output)
Corr(consumption, output)

Corr(investment, output)

Overall

0.6

0.5

1.0

04

84.5

-60.3

13.6

42.2

4.0

21.0

94.8

-48.1

38.0

3.7

0.79

2.77

794

67.2

Data

Normal Times

0.6

0.5

0.9

0.3

82.3

-34.4

13.1

-10.1

31.8

4.0

16.1

88.2

-35.9

25.6

52

0.71

2.46

51.8

50.0

Overall

0.9
(0.3, 1.8)
0.5
(0.0, 2.1)
1.2
(0.2, 3.5)
0.4
(0.1, 1.2)
94.3
(86.5, 98.7)
283
(-64.2,28.7)

12.3
(7.8,17.6)
-14.7
(-31.0, 2.4)
24.0
(7.3,39.2)
3.0
(2.7, 3.2)
16.7
(8.1,29.3)
89.6
(78.7, 96.6)
-67.3
(-96.2, 29.6)
36.8
(10.1, 63.5)
3.4
(1.1, 7.0)

0.93
(0.73,1.18)
2.20
(1.82,2.82)
83.1
(65.3,95.9)
77.9
(57.6,93.9)

Model
Normal Times

0.7
(0.3, 1.8)
0.5
(0.0, 2.1)
1.2
(0.2, 3.5)
0.3
(0.1, 1.3)
89.6
(86.3, 98.7)
246
(-68.6, 35.1)

12.1
(7.7,17.6)
-15.4
(:31.1, 2.4)
229
(7.1,37.6)
3.0
(2.7, 3.2)
13.7
(8.1,29.4)
83.6
(78.4,96.7)
-65.9
(-96.2, 30.6)
33.3
(14.5, 68.4)
3.5
(12, 7.1)

0.98
(0.75, 1.30)
2.35
(1.87,3.19)
79.1
(58.0, 93.7)
74.0
(51.0,92.4)

Notes: The numbers in brackets indicate the 5th and 95th percentiles of the simulated distribution. The moments in the Overall column are calculated for the
entire period 1994Q1-2019Q4, and those in the Normal Times column are calculated for the entire period except 2008Q4 and 2009Q1.



Table 5: Moments: Default and Spreads in South

Mean default rate

Mean spread

Standard deviation, spread
Serial correlation, spreads
Corr(S spreads, S growth)
Corr of spreads across S
Corr(S spreads, N spreads)
Corr(S spreads, N P/D)

Corr(S spreads, real rate)

Overall
2.0

3.2

1.9

88.2

-32.9

47.7

18.7

10.5

-13.8

Data
Normal Times
2.0
3.2
1.5
86.2
-27.6
47.8
17.6

-1.1

-13.8

Model
Overall Normal Times
2.3 2.3
(0.6, 4.9) (0.6, 4.9)
3.7 3.7
(1.9, 6.2) (1.9, 6.2)
1.8 1.5
(1.2, 2.5) (1.2, 2.5)
87.1 82.1
(81.8, 92.3) (81.5,92.2)
-33.3 -30.6
(-44.3,-22.0)  (-46.3,-23.6)
48.3 46.8
(27.0,70.8) (26.9, 70.8)
26.1 222
(-19.7,67.4)  (-19.8, 67.5)
-25.0 -22.1
(-61.8,147)  (-61.9,15.1)
-29.5 -29.5
(-684,139)  (-68.4,14.1)

Notes: The numbers in brackets indicate the 5th and 95th percentiles of the simulated distribution. The moments in the Overall column are calculated for the
entire period 1994Q1-2019Q4, and those in the Normal Times column are calculated for the entire period except 2008Q4 and 2009Q1. Real interest rate=maturity
matched T-bill real.

Table 6: Decomposition of South Spreads

North vs South Decomposing North
Only North  Only South | Only (un, uyn) Only usn

Overall 18.4 81.6 14.9 3.5
(94q1-23q2)
EM crises 25.7 74.3 20.8 4.9
(94q1-02q3)
Great spread moderation 12.4 87.6 4.5 7.9
(02g4-07q3)
Global cycle 68.0 32.0 26.4 41.6
(07q4-16q2)
Geoeconomic fragmentation 22.5 77.5 18.1 4.4
(16g3-23q2)

]/Var(ybench —Yi,counter )

Notes: Vp,c; are the benchmark series without disaster shock. The variance decomposition uses ¢-statistics ¢; = .
Yil/ Var(ybench ’yi,countcr)

Numbers are in percent.



Table 7: Decomposition of Emerging Market Spreads

Overall EM crises Great spread moderation Global cycle Geoeconomic fragmentation
(94q1-2342) (94q1-0243) (02q4-0743) (07q4-1642) (16q3-2342)
North South North South North South North South North South

ARG 12.1 87.9 406  59.4 12.3 87.7 0.7 99.3 0.1 99.9
BRA 343 657 43.9 56.1 64.3 35.7 387 613 53.8 46.2
CHL 42.1 57.9 585 415 46.0 54.0 746 254 46.6 53.4
COL 126 874 13.1 86.9 7.1 92.9 527 473 13.8 86.2
MAL 13.1 86.9 8.9 91.1 20.6 79.4 716 284 54.0 46.0
MEX 13.6 864 17.5 82.5 14.6 85.4 71.7 283 20.3 79.7
PER 128 872 19.5 80.5 39 96.1 74.9 25.1 36.1 63.9
PHL 11.0  89.0 18.3 81.7 42 95.8 532  46.8 53.1 46.9
POL 257 743 124 876 37.5 62.5 64.1 359 66.6 33.4
SAF 193  80.7 147 853 16.7 83.3 415 58.5 20.6 79.4
TUR 13.7 863 12.3 87.7 7.1 92.9 552 4438 11.5 88.5
Average 19.5 80.5 243 75.7 25.5 74.5 532  46.8 32.9 67.1

l/var(ybench —Yi,counter )

Notes: The variance decomposition uses ¢-statistics ¢; =
P (P ¢L i1/ Var(ybench _yi,counter)

. All numbers are in percent.

Table 8: Decomposition North Stock and Spreads

Only (un, uxn) Only usyn
Owerall (94q1-23q2)

N stocks 97.7 2.3
N spread 58.5 41.5
EM crises (94q1-02g3)

N stocks 98.5 1.5
N spread 57.6 42.4
Great spread moderation (02q4-07g3)

N stocks 79.4 20.6
N spread 15.0 85.0
Global cycle (07q4-1642)

N stocks 88.0 12.0
N spread 38.6 61.4
Geoeconomic fragmentation (1643-23q2)
N stocks 96.1 3.9
N spread 56.9 43.1

1/ var (Ypench ~Yicounter )
Yil/ Var(ybench *]/i,counter)

Notes: yp,,c; are the benchmark series without disaster shock. The variance decomposition uses ¢-statistics ¢; =

Numbers are in percent.

Table 9: Moments of Investment-Grade Bonds and Junk Bonds

US data (%) Mean default Mean spread Std. spread Corr(N spread, S spread)
Investment-grade bonds 0.5 1.0 0.4 17.6
Junk bonds 2.8 3.4 2.0 36.4

Notes: All statistics are calculated for normal times (all periods except 2008Q4 and 2009Q1). However, these numbers change little if we consider
the overall periods.



Table 10: Comparing Shocks and Decomposition: Baseline and Extension

Decomposition of southern spreads

(%) XN ON Xs Overall Only North Only South
corr(baseline, extension) 98.1 839 99.6 100 98.5 99.8

Table 11: Decomposition of South Sovereign Spreads: Extension

North vs South Decomposing North
Only North  Only South | Only (un, uyn) Only un

Overall 20.0 80.0 16.5 3.5
(94q1-23q2)
EM crises 294 70.6 26.7 2.6
(94q1-0293)
Great spread moderation 10.6 89.4 4.6 6.0
(02g4-07q3)
Global cycle 73.4 26.6 17.1 56.3
(07q4-16q2)
Geoeconomic fragmentation 26.7 73.3 22.6 4.1
(1693-23q2)




ONLINE APPENDIX TO “A NEOCLASSICAL MODEL OF THE
WORLD FINANCIAL CYCLE"

BY YAN BAI, PATRICK J. KEHOE, PIERLAURO LOPEZ, AND FABRIZIO PERRI

This appendix is organized as follows.
A. Data
B. North Firm’s Transformed Problem
C. Financial Intermediaries
D. Spread Decomposition
E. Miscellaneous Discussions
F. Solution Method
G. Mechanisms: Common Lender versus Common Shock
H. Individual EM Spreads: Data and Decomposition

I Robustness: Using Financial Stocks

A Data

Here we describe the data that we use and the sources.

¢ “Quarterly GDP”: Real GDP data. Sources: OECD Main Economic Indicators (OECD MEI)
and Haver Analytics, combined for longest series. When Haver reports only unadjusted

series, they are seasonally adjusted as the residual after fitting an MA(4).

¢ “Annual GDP”: Real GDP data. Sources: OECD Main Economic Indicators (OECD MEI)
and Haver Analytics, combined for longest series. When Haver reports only unadjusted

series, they are seasonally adjusted as the residual after fitting an MA(4).



e “GDP growth”: These growth rates show the percentage change over a previous quarter.

Quarterly growth rates are annualized.

¢ “USaaabaags10”: AAA and BAA Moody’s Seasoned Aaa Corporate Bond Yield, annualized
percent, quarterly; and 10-Year Treasury Constant Maturity Rate, annualized percent,
quarterly. Source: FRED. Each quarterly observation is constructed by averaging out the

daily yields.

e “USrfcyi”: Quarterly risk-free rate (3-month T-bill minus expected inflation constructed
by regressing quarterly CPI growth on 4 lags of past CPI growth). Data for real per-capita

consumption and investment growth [not used]. Source: FRED.

e “EMBI SS”: These are the data on the J.P. Morgan Emerging Markets Bond Index Global
(“EMBI Global”). It tracks total returns for traded external debt instruments in emerging
markets. Source: Haver Analytics. Each quarterly observation is constructed by averaging

out the daily spreads.
e “Default”: Default indicator associated with EMBI SS with default.

e “CPI”: Sources:

— All the countries except Argentina and Venezuela: IMF International Financial Statis-

tics (IMF TFS).

- Argentina: http://www.inflacionverdadera.com/Argentina_inflation.csv. The ap-
proach is described in the paper by Alberto Cavallo and Manuel Bertolotto “Filling
the Gap in Argentina’s Inflation Data.” Manipulations occurred over 2007-2016, so

from 2017 onward back to official statistics (INDEC)
— Venezuela: 1993-2015 - Banco Central de Venezuela/Haver Analytics; 2016 — IMF IFS.

o “Inflation”: Constructs inflation from CPI data.

* “Stock Market Index”: This is stock market index net of gross dividend payouts (in national

currency). Source: Bloomberg.

* “Total Stock Market Index”: This is total return stock market index that includes gross

dividends (in national currency). Source: Bloomberg.
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¢ “Dividends”: Constructs dividends implied by index and total return index, deflated by
domestic CPI (namely expressed in 2013Q1 prices).

* “Price-Dividend”: Constructs ratio of price to dividends from stock market index and

dividend data.

e “Real returns”: Constructs stock returns from stock market index and dividend data.

B North Firm’s Transformed Problem

We begin with a formal statement of the default cutoff in Lemma 1. The main result of this

section is Lemma 2, which characterizes the properties of the firm’s problem.

Lemma 1. Given (Kj, Bj¢), there is a default cutoff «},(Kjy, Bj;) such that the firm defaults if and only
if its shock is above the cutoff level, that is, xj; > K. At the cutoff, the value of repaying is equal to the
value of default, which is 0, that is

]rt(Kjt/ BjtrK;'kt) = (Rt — K;'})Kjt — ¢Bji + Vjt(Kjt/ Bjt) =0

or
. RitKjs — ¢Bjy + Vit (Kjt, Bjy)
5 (Kjt, Bjy) = / LRSS Ll 4 (A.1)

K;

Define leverage w of a firm as wj; = Bj;/Kj;. The following lemma shows that the bond price
schedule and default cutoff only depend on the leverage. Hence, the firm will have the same

decision rules when scaled by Kj;.

Lemma 2. The price schedule Qj;(Kji11, Bji11) and the default cutoff k7, (Kj, Bj) are homogeneous of
degree 0 and the value function Vi (Kj, Bj;) is homogeneous of degree 1 and all are independent of j so

that

B.H'l * * B *
Qit(Kjt 41, Bjty1) = Qjt (1, ! ) = qi(wjr+1) , €5 (Kjt, Bjt) = 5 ( 'K_t> = Kt (wjt)
j

Kijt41

Bjt
Vie(Kjt, Bjt) = V; (1, K_jt> Kt = v(wjr)K;
]]'t(Kjt/ B]'t, K) = maXx {0, (Rkt — Kjt) - QOCU]f + Ut(a)]'t)} K]t (AZ)
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SO

jrt(Wjt, xjt) = Jrt(Kit, Bjt, €) / Kjp = (Rip — Kjt) — @i + vi(wit). (A.3)

Proof. We prove by guess and verification. We start with the guess Q¢ (Kjt11, Bjt+1) = gt(wjt+1)
and Vjy11(Kj41, Bje1) = vi(wjer1) K1 and Ji(Kjy, Bjy, ) = {0, (R — Kjt) — @iy + vi(wje) } Ky

Under this guess, we first work on the value V. Recall the original expression for V,

Bjt+1
Vie(Kjt, Bjt) = 5 max Qjt(Kijt11, Bjt41) [xBjt41 — (1 — ¢)Bjt] — Kjpp1 — Ty (K] ) Kit1
it 1841 jt+1

+ EtMi11 /max {0, (Rkt+1 = ©)Kjt1 — @Bjea + Vi1 (Kjer1, Bjry) } d¥ (k).

Given that our guess that V; (K]-t, B]-t) and th are homogeneous of degree 1, it follows that

Bjt 1 Bjti1 Kjty1 Bjt Kiti1 Bit11\ Kt
]f( ]t) Jt 7t B]’t+1,K]’t+1 ]t( Kjt+1) Kjt+1 K]t ( (P) K] K] Kjt—|—1 K]

Kitv1 Bjp1 Kjpr Kjrpr 41 (Kjegt, Bjeg1)
+EM 1/max 0, (Rypsq — 1) 2L + 4% (i
t t+ { ( t+1 ) K] K]t+1 K]t K]t+] K] ( )

Note that under our guess

Vier1(Kje1, Bjev1) — Vier1 (Kjeer, Bjes1) Kjer Op1 (Wjri1)kj
K; T K K

where kji1 = Kji11/Kj; is the gross growth rate in firm j’s capital stock. Rewriting the value

function then gives

vjt(wjr)Kjr = Kj max qi(wjri1) [xwjtrikjn — (1= @)wji] —kjrp1 — Tn (Wjrs1) Kjea
Bjt11/ Kjt11,Kjt1 / Ki

+ EtMiy1 /max {0, (Rit1 — 1)kjr1 — @wjpikjiyr + 01 Wiy )kjpsn b d¥ (i)

so dividing both sides by K; gives

vip(wip) = max  gi(wje1) [XWjrakjr — (1= @)wje] — kjtgr — In (wWjegr) kjprr (A4)
Wjt1.kjr1

+ EtMyy1kjiiq /max {0, (Rks1 = ) = ¢wjry1 + vrp1(wjer) } d¥ ().

Thus, we have verified the value function part of the guess and it is independent of j, vjt(wj;) =
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vt(wjt). Next, we show that «7 (Kj;, Bj) = ;' (wjt). By definition

RuKit — @Bjt + Vi(Kyt, Bjy) Vi (Kjt, Bjt)
= Ry — iy + 2~
K]'t kt (Pw]t + K]t

Kt (Kjt, Bjt) = (A.5)

Using our guess that Vj;(Kj;, Bj;) is homogeneous of degree 1, we can rewrite the right side of
(A.5) as
Ryt — pwj + vi(wijt)

and hence the left side of (A.5) is also only a function of wj;. Hence, we have shown that

K;-kt(Kjt, Bjt) = K;k (w]t) = Ry — pwit + vt(w]'t).

Finally, we show that Qj;(Bji11, Kjt1) = Qji( j’: 1) = gi(wjt+1) where

Qir(Bjt1,Kjts1) = Et { Mes1¥ (k1) [0+ (1~ @) Q] | (A46)

+9Ef{Mt+1 /K> Jris1 +o+(1— )th+1)d‘1’(K)}

2141 Bjt+1

where 15 1 = &G (Bje1, Kjrv1), Qjer1 = Qjesa( Bjt12(Bjt41, Kjr+1), Kjt2(Bjes1, Kjrs1), and
]rt—i—l—]r( ]t+1/B]t+1/ )

In the next step, we use that

Jrt (K11, ]t+1/K) Jrt(Kjt11, Bjts1,€) /Kjrp1 Jr(L, Bjt1 /Kjry1,6) — Jrt(L, wipi1, %)

Bjt 1 Bjt+1/Kjt 41 B Bjt11/Kjt 11 B Wijt41
and that
. ]ri(Kjt/ Bjt/ K)
jre (L wjp, ) = — K

Using the properties of our guess that x, Q are homogeneous of degree 0 and the repayment

value function J, is homogeneous of degree 1 implies that the right side of (A.6) can be written

E; {Mt+1‘P(Kft+1(wjt+1) [¢+ (1= @)gjt+1(Djps2(wWirs1)] } (A7)
. Kjt+1
+0Et ¢ Miiq /> jri+1(@jey1, %) By + ¢+ (1= 9)gjrs1(wjr1) | d¥ (x)
KZKip 1 ]



So we can rewrite (A.6) as

9jt(@jt41) =Ee {Me1¥ (i1 (0ji1) [@ + (1= @)qe41 (Djrsn(wjer1) | } (A-8)
jri41(@Wje 11, %)
+0E; {Mt+1 / [ T L (1 90)07t+1(wjt+1)] d*f(rc)} :
KZK;';H Wijt+1
Hence, the function g is also independent of j. O

Notice that all firms that start with the same leverage face an identical problem, so they all
choose identical leverage and capital growth rates after the default decision is made. As long as
tirms start at date 0 with the same leverage, they will, therefore, always have the same leverage.
Of course, firms can have different initial capital Ky, but they must have correspondingly
different initial By.

We are now looking for a Markov equilibrium in which the firm at time f takes as given
the decision of its successor, and we have a fixed point: taking as given the future default and
leverage rules x;, ; = &}, (w4 1) and wiy2 = wiy2(wiy1), the current and future price schedules
gt(wis1) and g1 (wi42), and the aggregate states, the firm finds it optimal to choose the same
rule as its successor x; = «} (w¢) and w1 = wiyq(wr). Note that the dependence of these
functions on t captures the dependence on aggregate shocks.

We first solve (A.4). The first-order condition for w;, 1 is

d
0= awlz; (Xwistkirr — (1= @)wr] + xqe(wri1)kerr — Ty (wWir1) kg (A.9)
* Jv
+ ki1 ExMpa Y (71 (we41)) {_90 - 0 ~ ] (A.10)
Wii1
ok}
+ ki1 EtMpst [Reen — K — wpen + Ut+1(wt+1)l‘1"(1€f+1)aw:11

=0

where we have used that at the point ¥ = «;, ; (w;41) the value of the integrand is zero.

The first-order condition for capital growth k1 is

K;;Ll(wtﬂ)
1= xqiwi1 —I'n (Wt+1) + EtMiq / [RkH—l — K — QWi + Ut+1] d¥ (x) (A.11)

which is the analog of the standard Tobin’s Q equation in the absence of leverage.



The envelope condition is

Summarize the characterization of the firm’s problem The first-order condition (FOC) for

Wi41:
0
0= awljjr] (xwitikiir — (1 — @)wi] + xqe(wi1)kir1 — Ty (wieg1) ke (A.12)
. v
-+ kt+1EtMt+1‘F(Kt+1 (th)) |:_§0 —+ 3 t+1 :| )
W1

and the FOC for k;1 is

Kt*+1(wt+1)
EtM;q / [Ritr1 — & — i1 +0pq] dY (k) = 1 — xqrwip1 + T (wig1),

with the value function linked to the decision rules by v;(w¢) = — (1 — ¢)giw:. The g schedule

satisfies

qr(wis1)wiy1 = EeMp 1Y (4 (0r1)) [owiir + (1 = @)qr1 (w2 (wii1) )wi 1]

+0EMii1 ([1— ¥ (ki (i) ) [Re1 + 01 (wiin) + (1= @)1 (wer2(wi1) )wii1])

—OE:M,y; / kd'¥ (k)
K;F.t,_l (wt-‘rl)

with the cutoff satisfying x; (w;) = Rg; — ¢wr + v¢(wy).

B.1 Equilibrium and Aggregation: North

The equilibrium is symmetric and firms start at date 0 with the same leverage, so wj; = w for all
firms j.
The state variable for the economy includes (x, o, K, w). The equilibrium consists of (7, Y, C,

K',i, &', q,0q9/9w, x*,v), where Gy = vn; — vey, equations: i; = I; /Ky and I; = Kiy 1 — (1 — 6)K;



so itKy = It/ ANy

N 1 - )@

mnzl_pbgﬂr—mcgp+5élmwﬂ (A.13)
Nt = : i log (Ete(l—’r)(ﬁNt+1+VA5t+1+VA’1t+1)) (A.14)
Y = KJ*N1="% (A.15)

~ - _ 14
Ci =Y — iRy — Ty (wis1) Kig, rNu)zéqx—wf (A.16)
Ky = e dmg(inky,  g(i) =1—6+i; (A.17)
vy = —(1— @)gew; (A.18)
K;F = Ryt — pw; + vy, Ryt =1+ MPK; — 6 (A.19)
1= xqiwi1 + EtMipq (/ xd'¥ (x) +‘F(K?+1)Kf+1> —I'n (wi41) (A.20)

Kt
qrwry1 = EtMiyq (‘I’(KTH) [+ (1= @)qria]wria (A.21)
00— ()] Rep1 + 0041+ (1= @)riicor] =0 [ ¥ (x))
t+1
aqt ( Wi )
0= w1 —1—9)— | + A.22
Sy \NWH ( q))kﬂ-l Xqt (A.22)
. v
— EtMp1 ¥ (x14) (4’ ~3 tH) — Q' (w11)
Wi+1

o1 { . ( 9111 awt+2)
qt t+1 aCUH_l tVit4+1 ( H—l) ¢ ( q))qt+1 ( q)) t1 8wt+2 a(UH_l ( )

*

oK
+ ‘F/(K?Jrl)ﬁwt-&-l [+ (1 - @)qi41]

oK oK/
- QT/(Kfﬂ)ath [Rit+1 + 041 + (1 — @) qrs1wpa] + QT/(K;FH)%@H}
t+1 Wi+1
(A.24)

and it is useful to combine (A.20) and (A.21) to rewrite (A.20) as

1= EtMt+1{T (1) ki +x0 [1=F (k551)] [Rkes1 + 01 + (1 — ¢) Q1w

+(1—x9)/

K

kd¥ (x) + x¥ (Kf+1) [p+(1- (P)Qt+1]wt+1} —I'n (wi41) (A.25)

*
t+1



and to combine (A.22) and (A.24) to rewrite (A.24) as

* 0 ow
0= EtMii1 {(X — Y (k1) <(P +(1=¢)Q1+(1- @)%ﬁwtﬂ)
oK’ 0Qr wi
+x(1—-0)¥ (k1) = Lw +(1- ]—1— L 0 (w
x( ¥’ (741) EY 1 [@ + (1= 9)Qpya] ( (P)awtﬂ kron (wit1)
- _ ki1 _ 90411 0w
= EtMi1q {(X 1)® ( ey > (4’ +(1=9)Q1+(1 €0)awt+2 gy
K 1 ok} 0Qr wi
+x(1-6 f“)— 4w +(1— }—1— — 0 (w
x( =00 () L g (1= 9)Qua] | - (1= gyt - 0 ()
(A.26)

Solution strategy: guess policy functions for (vy, ¢, Q, w') as a function of states (x, o, K, w).
Solve N, Y, i, K'* using static equations. Then construct tomorrow’s state, solve 0Q/dw and then

(vn, & Q,w’) using remaining equations. Iterate to convergence.

C Financial Intermediaries

We assume that lending to northern firms and southern countries is done through competitive
global financial intermediaries owned by northern households. These intermediaries borrow
at the risk-free rate from northern households. Since we assume these intermediaries face
no frictions and act on behalf of northern households, all assets are priced by the northern
household stochastic discount factor. Hence, this environment is equivalent to one in which
northern households directly lend to both northern firms and southern countries. We prefer
our setup because it emphasizes that the only asset decisions that northern households make
are how much to deposit with the financial intermediary in an account that pays the risk-free
rate. In particular, they do not have to manage complicated portfolios across northern stocks,

northern bonds, and the southern bonds of many countries.

C.1 Lending to Northern Firms

Given that the size of the loan to any single firm has zero mass and intermediaries are competitive,
we can consider an intermediary’s pricing one loan at a time. In their maximization problems,

firms contemplate arbitrary sizes of loans and choose the best one. Hence, to set up a firm’s



problem, we need to derive the schedule that a firm faces for all possible loan sizes it might
consider. To do so, suppose that firm j at t with individual state (Kj;, Bj;) asks for a price quote
from an intermediary at f on a new loan of size Lj;1 given that it is investing Kj; 1. Under this

proposal, the total debt of the firm at f + 1 is
Bjty1 = (1—9)Bjt + Ljt11.

The profit in period ¢ for an intermediary that values future payments at the stochastic discount

factor M1 is

EiM 1 {¥ (5541 (Bjrs1, Kje1)) [Ljrsr + Qjra1) (1 — @) Ljria] } (A.27)
_ 8 Lit1
+OE:M 1 / Ujrt+1 + Bjt1 + (1 — 9)Qjer1Bjraa] d¥ (x) p 2
o Bjt 11

—EtM 1 { Rt 441Qj (Bjts1, Kjeg1 ) Ljrs1

where «}, 1 = &7 1 (Bjti1, Kjry1), Qjry1 = Qje1(Bjesa, Kiry2), and Jjre1 = Jirey1(Kjega, Bjega, x).
To compute its expected profits if it charges th(Bth,Kth)I:th, the intermediary reasons
as follows. It expects the firm to default whenever k1 > &}, (Kji11, Bjt11). The first line
is the value of payments when the firm does not default at t +- 1. Here with probability
Y (x; 1 (Bjt1,Kji11)) the firm pays its coupon payment Lj 1. The intermediary then sells
the claim to the remaining coupon payments (1 — ¢)Lj; 11 to some other intermediary at price
Qjt41(Bjr12(s"™1), Kjpy2(s'*1)) where the value of this claim depends on the new debt and new

capital the firm makes at t + 1, as predicted by their decision rules,
Bjt+2 = Bt+2(Bjt+1/ Kjt+1)/ Kjt+2 = Kt+2(Bjt+1/ Kjt+1)-

The second line is the expected recovery the intermediary receives when the firm defaults. For
any «jr41 > k7,1 (Kjiy1, Bjr41), the intermediary receives a fraction Lj;y1/Bj;1 of the value of

the firm after bankruptcy costs, namely,

OEM {141 [Jjrtr1(Kjer1, Bjtr1,%) + Bjer1 + (1 — @) Qjes1(Bjrsr, Kjry1) Bjrya ] }
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Integrating this value of all such ;1,1 gives this second line. The third line is the payments the
intermediary makes to the household for its loan. Using the definition of the safe rate, namely
1/Rt 41 = EtMy 41, this term becomes —Qj(Bji11, Kjr41) Ljr41.

The zero profit condition for the intermediary on this loan, (A.27), implies that the price per

unit of this loan is

Qjt = EtMyp 1% [1+ (1 - 9)Qjer1]

- ~ 1
+ OE:M; 141 / o i+ B+ (1= 9)Qjr1Bjrra] d¥ () p =—.
K11 (Bjtr1 K Bjt11

C.2 Lending to Southern Countries

We can derive the bond price schedule for southern countries in a similar fashion. To do so,
suppose that a southern country i at ¢ with individual state B;; and s;; asks for a price quote from

an intermediary on a new loan of size L;;, 1, which implies the total debt of the country at ¢ + 1 is
Bitt1 = (1—¢)Bit + Lity1-

The profit in period t for an intermediary that values payments at the stochastic discount factor

Mty is

EiMpsi1 {¥ (1 (Birs1,Sit+1)) [Litg1 + Qi1 (Bitgo, sie1) (1 — @) Liga ]} (A28)

/7 L
FOE:M g1 [1 — ¥ (511 (Birg1,8ies1)) ] Qir th+1

it+1
—EtMp 1 {Rei41Qit(Bir+1,sit) Lir1 }

To compute its expected profits if it charges Qj( Bth, sit)I:]-tH, the intermediary reasons as fol-
lows. It expects the southern country to default at t + 1 whenever ;1 > x} +1(Bit+1,$it+1).
The first line is the value of payments when the country does not default: with probabil-
ity ¥(x},1(Bit+1,5ir+1)) the country pays the coupon payment L;; 1 and borrows B, =
Bi12(Bits1,8it41)- The intermediary then sells the claim to the remaining coupon payments
(1 — @)Li;;1 to another intermediary at price Q11 (Bit2(s'™1),si41). This gives the first line.
The second line is the value of payments when the country defaults, which occurs with

probability 1T — ¥ (x; ; (Bity1,8it+1))- During each default state s;; 1, the lender receives a pro-
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portion L;;,1/Bj;, 1 of the expected debt recovery value. Specifically, consider the two branches
that follow the default at f + 1: one in which the country returns to the repayment phase and
one in which it remains in the default phase. With probability A, the government reenters the
repayment phase and owes the recovery amount of 6sB;;1 so that on this branch, the total value
of the debt is Q;1(0sBit11, Sit+1)0sBir 1. With probability 1 — A, the government remains in the
default phase at t + 1. As long as the government stays in this phase, the debt the country owes
stays fixed and when it reenters, it owes 0;Bj; 1. The value of debt recovery Q1(Bis+1,Sit+1) at
t + 1 with shocks s;;.+1 on an original claim to B, is the expected value over these two branches

and can be recursively written as

Q41+1(Bits1,Sit41) = AQp1(05Bits1, Sit+1)0sBirr1 + (1 — A)EtMi442Q¢42(Bir 41, Sit12).  (A29)

The third line is the cost of repaying the loan, which using the definition of the safe rate,
namely, 1/R; ;11 = EtM; 11, becomes —Qj;(Bit11,8it+1)Lit+1. Using shorthand notation, the
zero profit condition for the intermediary arising from (A.28) implies that the price per unit of

this loan is

* * D 1
Qit = EEMyp 1Y [14+ (1 — @) Qir1] + 0E:Mysi1[1 — Vi1 Qir 1 (Birs1, Sie1) B (A.30)
it+

Clearly, the right side of (A.30) recursively defines the value of the stream of payments from
such a claim valued at the northern discount factor. Recursing this equation forward implies

that the value of a claim to Bj; ;1 per unit of amount borrowed is

[e9) (o)

Q=3 (1—=¢) 'Et (Mesx¥p 1) +0(1— ) 3 (1= @) "Et [Miia¥fpir g (1= ¥i o) Qeia] -

- - (A.31)
Here we have suppressed the arguments of the various functions in (A.30) and used ¥7,, ; as
shorthand notation for the product Hle ‘I’;‘Jr]- = ¥} (Bit, 5it) Y[ 1 (Bis1(Bit, Sit), Sit+1)--- up until
t + 7 in which we recursively used the decision rule for debt to express debt in each period
t+1,...,t+ 7 as a function of the initial debt B;; and the sequence of shocks (sjy, .., i) where

the sequence of shocks in the North is left implicit.
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D Spread Decomposition

The spread is given by
1 1

SPr=Yt— Y= — — —.
Pe="r =t Qr  Qpt
Defining vyt — 7yu: as the risk premium and 7y, — 7y £t as the default risk, this spread can be decom-

posed into two parts 7y — ¥, and yur — Y ft- Furthermore

B 1 1 :Qnt_Qt 1 &
Tt S T On T Q0w Q10w Z

D
)™ Leovy <MH+T,1— %”) (A.32)

1 1 th - Qnt 1 ad _ |: EtDt t+~f:|
— Y= A = = 1— )" 'E (M 1-—=
Tt Qrt Qi Qnt QftQnt Tg( ?) t(Moper) D
(A.33)
We can write the spread as
ad Dt T 1 > 1 Dt t+T
s )T Leovs (Mg, 1— —2 + 1— E;|1——21.
P Qth Z t< . D ) Qs Qnt ;( Ripyr t[ D }

E Miscellaneous Discussions

In this appendix, we discuss several choices in our model and quantitative analysis.

About Epstein-Zin Preference. In our model, we assume the intertemporal elasticity of
substitution (EIS) to be 1. In much of the literature, an EIS greater than 1 is required, particularly
when working with Epstein-Zin-Weil preferences, to generate a positive risk premium on a
consumption claim. However, as shown in Bansal and Yaron (2004), an EIS > 1 is not necessary
to generate a positive premium for dividends that are a levered version of consumption, such
as the dividends that are endogenously produced by our model. While the EIS also impacts
the level and volatility of the risk-free rate, our model successfully matches both the equity
premium and the average and volatility of the risk-free rate, so we deliberately set EIS=1 to limit
the number of free parameters.

About the Disaster Shock. In the quantitative analysis, we enrich the output process with a
disaster shock to capture well the dramatic decline in output during the global financial crisis.
When computing the model, we assume the disaster risk happens with the probability 1/104,

and during the disaster event, there is an extra 4.2% decline in output growth in the North and a
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5.05% decline in the South. We pick the disaster probability to be consistent with the observation
that the GFC happens once in our sample periods between 1994Q1 and 2019Q4. The growth
declines of 4.2% and 5.05% are the cumulative drop in output growth between 2008QQ4 and
2009Q1 for the US and average EMs, respectively. To compute the model moments, we assume
one disaster happens in 2008Q4.

Construction of Sovereign and Corporate Spreads. We measure the real risk-free rate by
using Treasury inflation-protected securities (TIPS) as a measure of real US interest rates to
synthesize the price Qs = Y,_1(1 — ¢)" By, where By; is the price of the zero-coupon bond
that pays off 1 n-periods in the future. As discussed by d”’Amico, Kim, and Wei (2018), TIPS
yields were distorted during several well-known periods due to liquidity premia. To correct for
this, they proposed filtering out the TIPS-specific liquidity premium by regressing TIPS yields
on the first three principal components of nominal yields (up to 20-year maturity). Using this
methodology, we backcast TIPS yields to 1994, relying on predictions from the same principal
component regression over the post-1999 period when TIPS were actively traded, as noted by
Giirkaynak, Sack, and Wright (2007). This gives us liquidity-adjusted TIPS yields for the period
1994-1999, during which nominal 20-year bonds were actively traded but TIPS were not. We
then linearly detrend the resulting risk-free rate series (adding back the mean of the original
series) to account for factors not captured by our model, such as demographic trends.

In calculating spreads, we use different risk-free rate measures to appropriately account for
the unique characteristics of the bonds in each market. For US corporate bonds, we subtract the
yield of Moody’s Aaa-rated corporate bonds from the yield of Baa-rated (and later high-yield)
corporate bonds. This approach isolates the risk premium of lower-rated corporate bonds
without introducing the convenience yields associated with US Treasuries. The rationale here
is that corporate bonds are subject to some degree of corporate-specific risk, and using the
difference between these yields ensures that we focus on the relative credit risk within the
corporate sector itself.

For emerging market sovereign bonds, we use the J.P. Morgan Emerging Markets Bond Index
Global (EMBI Global), which subtracts the yield on US Treasury bonds of similar maturity from a
country’s government bond yield. By logic analogous to that for corporate bonds, this approach
isolates the risk premium of lower-rated government bonds.

Backing Shocks. We pin down the structural shocks from the reduced-form shocks by
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maximizing their joint likelihood as

arg max
W (27) S

[y

1 _1 (HZ 4y N 2 ) 1 N
R 2\t j=1"jt) — —_ = 2 2
e arg n}letax 5 | st + ]E . Uit

subject to ej; = uj; + Vsiigy.

Substituting the constraint in the objective,

1
argmax —>

N
2 2 .22
us; + Z (ejt + VU — 2Vs€jtu5t)]

N
2 2 1
s+ ) (e — vstis) ] = argmax —5
=

j=1

1
= argmax —3

N
(1 + VSZN) ug, — 2stigy Y e]-t]
i=1

and hence, as long as vs # 0, the maximum is reached by

N

W Vs
flgg=——-—Y ¢
2 N
N VS
= ler——5=) e

Similar logic holds for il,s; and 7.

About Cubature Kalman Filter. We implement an auxiliary particle filter that employs
the cubature Kalman filter (CKF, Arasaratnam and Haykin 2009) to construct the proposal
distribution. The CKF uses cubature rules based on a sparse set of optimally chosen integration
points to numerically approximate Gaussian-weighted integrals. This allows us to compute the
posterior densities of the latent states conditional on the observations up to time ¢, analogous to
the Kalman filter but without requiring the assumption of model linearity. Unlike the standard
Kalman filter, which is limited to linear models, the CKF offers higher numerical accuracy in

approximating Gaussian integrals, making it well-suited for our nonlinear system.

F Solution Method

The model is solved by a global solution method. The decision rules are projected on a basis of

Chebychev polynomials collocated on a Smolyak sparse grid. The model displays important
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nonlinearities that require polynomials of at least order 8 to achieve small residuals outside the
collocation grid. Expectations over the 7-dimensional shock vector for each country are evaluated
using a monomial rule that integrates polynomials of up to order 9. By the assumption that the
South is small, we can solve the model in two stages. First, we solve the northern economy over
the 6-dimensional space of northern states as we have to record each firm’s individual state of
leverage and capital. Then, we solve the southern economy, given the northern pricing kernel,

over the 6-dimensional space of northern and southern states.

G Mechanisms: Common Lender versus Common Shock

One promising implication of our model is that it can generate the observed high correlation
across southern spreads even though output growth rates are not highly correlated. In our
model, there are two mechanisms that generate this correlation across southern spreads. The
tirst, the common lender effect, arises because every southern country faces the same risk-averse
northern lender represented by the global intermediary. Hence, any shock in the North that
affects this lender can spill over to all of the rates offered to southern borrowers. The second, the
common shock effect, is that the common component of southern shocks to each country’s output
makes these rates naturally move together. Together these two features enable our model to
generate the observed comovement of sovereign spreads as measured by their average pairwise
correlation, which in the data is 47.8%.

To better understand the role of each mechanism, we conduct three counterfactual analyses.
In the first analysis, we shut down the common lender effect by making northern consumers
risk-neutral and thus set the risk aversion, -y, to zero. In the second analysis, we turn off the
common shock effect by setting the loading parameters vs; and vys on the common components
on southern shocks to zero so that southern shocks are independent across countries. The third
analysis shuts down both effects by assuming both risk-neutral lenders and independent shocks.
In each case, we recalibrate the model by adjusting o to match the mean default rates in the
North and the South. Table A1 provides a comparison of relevant moments across these three
models and our baseline.

The second column shows the results with a risk-neutral lender. We see that absent the

common lender effect, our model generates a lower spread than in the baseline, despite the same
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mean default rates: the difference in spreads and default rates falls by more than half from 1.4%
to 0.6%. This is because with risk-neutral lenders, the model does not have a risk premium,
which is an important channel for generating southern spreads. Moreover, the correlation across
southern spreads also decreases from 46.8% in the baseline to 42.4%, demonstrating the impact
of common lenders on the comovement of southern spreads. Furthermore, since the common
lender effect is the only reason that South and North spreads are correlated, once that effect is
turned off, their correlation is theoretically zero (but not quite because of small samples).

The third column shows the results with uncorrelated southern shocks. We see that turning
off the common shocks in the South does not affect northern moments, such as the North spreads.
In terms of southern spreads, the mean spread in the South is only slightly lower than in the
baseline. However, the correlation of spreads across the South has a dramatic decrease from
46.8% to 8.4%. The correlation between the average southern spreads and North spreads barely
moves, from about 22.2% in the baseline to 21.8%. The reason is that in the baseline, the average
southern spread is driven both by the common lender effect and the common shock effect,
whereas the northern spreads are driven by the common lender effect. Once we turn off the
common southern shock, the only force driving both spreads is the common lender effect, so
their correlation changes little.

The last column of Table A1l shows that when we remove both the risk-averse common
lenders and common southern shocks, the model is unable to generate any comovement of

spreads in the South or between the South and the North.

H Individual EM Spreads: Data and Decomposition

Figure A1 plots individual emerging market (EM) countries’ spread together with US corporate
spreads and price-to-dividend. In our particle filter analysis, we used each EM country’s
spreads and output growth. Figure A2 compares the spreads in the model and the data for
each country and shows that our model not only captures a large common component of
spreads but also captures well the cross-sectional dispersion of spreads. The only large deviation
occurs during the 2002 Brazil economic crisis. The model’s match with individual countries is
notable, especially considering that we are making the simplifying assumption of a common

parameterization across emerging economies. Figure A3 shows the backed-out growth prospect
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shocks for each EM country. Furthermore, Figure A4 presents the counterfactual spread for only

the south-shock case and only the north-shock case for each individual country.

I Robustness: Using Financial Stocks

Next, we redo our decompositions when we replace our stock market measure with one that is
made up of financial firms, the Financial Select Sector SPDR fund (XLF).! We first contrast the
correlations between spreads on emerging market debt and the US price-dividend ratio with
those between emerging market spreads and the financial firms’” price-dividend ratios. In Table
A3, we show the resulting correlations for each emerging market country by phase. Comparing
Table A3 to Table 1 we see that, over the whole period, on average financial stocks are more
negatively correlated with EM spreads than are overall stocks, —8.7% vs 10.0. The bulk of the
decrease in correlation comes from the geoeconomic fragmentation phase, —50.6% vs 9.5%.
Turning now to the decompositions, compare Figure A6c with Figure 9a. When we use
financial stocks, the counterfactual Only South series tracks the southern spreads series more
closely than it does when we use our baseline measure of stocks. This pattern is most evident
during the second half of the EM crises phase and the great spread moderation phase, during
which the Only South series essentially lies on top of the baseline series. Comparing Table A4
to Table 6 we see that, overall, using financial stocks leads the fraction of southern spreads
explained by southern shocks to rise from 81.6% to 88.5%, with the bulk of this increase coming
from the EM crises phase and the great spread moderation phase. A similar pattern holds when

comparing Table A6 and Table 7 for individual countries.
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Figure A2: Data and Model Implications for the Spreads of Individual Countries
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Notes: Each panel plots 12 countries” sovereign spreads in the data and highlights one specific country’s spread in the data and the model.



Figure A3: Decomposition of Individual EM States
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Figure A4: Decomposition of Individual EM Spreads
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Figure A5: Decomposing Spreads in Extension: Default Risk and Risk Premia
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Table A1: Role of Risk Sensitivity and of the Common Southern Component

Risk-neutral lender Uncorr. South shocks

Baseline (v = 1/EIS = 0) (Vs = vys = 0) Both
North
North s.d. output growth (% p.a.) 1.1 1.1 1.1 1.1
North mean default rate 0.5 0.6 0.5 0.6
North mean spread 1.2 0.3 1.2 0.3
North s.d. spread 0.3 0.1 0.3 0.1
North equity premium 3.5 0.0 3.5 0.0
Corr(corporate spread, output growth) -34.4 -47.5 -24.6 -47.5
Corr(P/D, corporate spread) -35.9 -94.8 -67.0 -94.8
South
South s.d. output growth (% p.a.) 2.5 2.5 2.5 2.5
South mean default rate 2.3 22 24 2.3
South mean spread 3.7 2.8 3.8 2.8
South s.d. spread 1.5 1.5 1.6 1.5
Corr (S spreads, N spreads) 22.2 0.2 21.8 0.4
Corr of output growth across S 16.6 16.6 0.0 0.0
Corr of spreads across S 46.8 424 8.4 0.3
Corr(S spreads, N P/D) -1.1 0.2 -23.6 -0.1

Notes: Across columns, only the parameters oy of North and South are adjusted to maintain the same average default rate.



Table A2: Data Correlation of EM Sovereign Spreads with US Junk-Bond Spread

Overall EM crises Greatspread Global cycle Geoeconomic
moderation fragmentation

Correlation of EM spreads with US junk bond spread

ARG 26.7 38.1 81.8 62.3 62.3
BRA 29.2 47.4 87.5 58.6 36.4
CHL 76.3 48.5 92.8 84.3 73.1
COL 52.4 79.9 725 89.5 56.2
HUN 27.5 -73.3 -2.3 29.8 774
MAL 43.1 8.0 86.1 794 38.1
MEX 8.6 -31.3 82.3 84.3 68.1
PER 47.8 67.1 759 93.0 60.9
PHL 41.1 58.3 39.1 91.1 66.1
POL 28.9 -19.1 90.3 67.6 39.7
SAF 44.4 47.1 80.4 729 68.7
TUR 48.1 87.9 82.9 88.4 50.7
Mean 39.5 29.9 725 75.1 58.1
St. Dev. 17.0 48.9 27.3 18.3 14.0

Notes: This table reports the correlation of each country’s sovereign spread with US junk-bond spread. Overall covers the period 94Q1-23Q2, EM
crises for 94Q1-02Q3, great spread moderation for 02Q4-07Q3, global cycle for 07Q4-16Q2, geoeconomic fragmentation for 16Q3-23Q2. Note that
these correlations are invariant to any linear scaling of the junk-bond series.

Table A3: Correlation of EM Sovereign Spreads with US Financial Stock P/D

Overall EM crises Greatspread Global cycle Geoeconomic

moderation fragmentation

Correlation of EM spreads with US financial stock P/D

ARG -31.5 -36.4 -71.5 -48.7 -65.3
BRA 2.0 -23.3 47.5 -49.8 -33.0
CHL -33.2 10.3 37.2 -74.3 -65.7
COL -1.9 -16.6 57.0 -70.5 -37.1
HUN -0.6 39.4 -68.2 -5.3 -48.4
MAL 3.6 35.0 50.0 -57.3 -34.2
MEX -16.5 -53.6 50.6 -62.8 -80.4
PER 11.7 5.0 55.5 -68.9 -35.0
PHL -9.3 1.8 49.9 -68.5 -53.5
POL -4.1 -75.5 31.7 -32.0 9.3
SAF -18.4 36.9 55.3 -62.3 -80.6
TUR -6.7 159 51.4 -75.0 -64.7
Average -8.7 -5.1 28.9 -56.3 -50.6
Std 13.8 36.8 46.7 20.3 21.6

Notes: This table reports the correlation of each country’s sovereign spread with US junk-bond spread. Overall covers the period 94Q1-23Q2, EM
crises for 94Q1-02Q3, great spread moderation for 02Q4-07Q3, global cycle for 07Q4-16Q2, geoeconomic fragmentation for 16Q3-23Q2.



Table A4: Decomposition of South Sovereign Spreads: Using Financial Stocks

North vs South Decomposing North
Only North  Only South | Only (un, uyn) Only usn

Overall 11.5 88.5 8.6 2.9
(94q1-23q2)
EM crises 15.2 84.8 11.1 4.1
(94q1-02q3)
Great spread moderation 4.7 95.3 2.5 22
(02q4-0793)
Global cycle 65.1 34.9 49.2 15.9
(07g4-16q2)
Geoeconomic fragmentation 26.1 73.9 21.5 4.6
(1693-23q2)

Table A5: Model Decomposition of Emerging Market Spreads: Extended Model with Junk-Bond

Overall EM crises Great spread moderation Global cycle Geoeconomic fragmentation

(9491-2342) (9491-0293) (02q4-0793) (0794-1642) (1643-2392)

North South North South North South North South North South

ARG 12.1 87.9 400  60.0 12.0 88.0 0.8 99.2 0.0 100.0
BRA 36.5 63.5 459 54.1 56.4 43.6 447 553 62.1 37.9
CHL 478 522 476 524 32.8 67.2 67.0  33.0 50.9 49.1
COL 150  85.0 10.9 89.1 5.8 94.2 58.7 413 17.5 82.5
MAL 16.5 83.5 54 94.6 15.0 85.0 67.1 329 66.9 33.1
MEX 13.5 86.5 13.3 86.7 11.8 88.2 71.5 28.5 22.9 77.1
PER 16.0  84.0 16.0  84.0 4.4 95.6 753 247 419 58.1
PHL 14.5 85.5 20.5 79.5 4.1 95.9 59.6 404 50.8 49.2
POL 19.8  80.2 22.5 77.5 21.9 78.1 66.6  33.4 68.4 31.6
SAF 24.0 76.0 164  83.6 20.2 79.8 419 58.1 24.0 76.0
TUR 16.0  84.0 11.3 88.7 6.2 93.8 583  41.7 12.9 87.1
Average 22.1 77.9 23.4 76.6 21.2 78.8 547 453 37.0 63.0

1/ var (Ybench —Vicounter )
Yil/ Var(}/bcnch —Yi,counter

Notes: The variance decomposition uses ¢-statistics ¢; = . All numbers are in percent.

Table A6: Model Decomposition of Emerging Market Spreads: Using Financial Stocks

Overall EM crises Great spread moderation Global cycle Geoeconomic fragmentation
(94q1-2342) (9441-0243) (0244-07g3) (07q4-1642) (1643-2342)
North South North South North South North South North South

ARG 11.8 88.2 20.5 79.5 0.2 99.8 23.4 76.6 0.7 99.3
BRA 15.0 85.0 23.8 76.2 294 70.6 41.7 58.3 36.5 63.5
CHL 30.8 69.2 45.0 55.0 30.9 69.1 56.2 438 51.8 48.2
COL 7.6 92.4 4.2 95.8 2.0 98.0 58.1 41.9 13.9 86.1
MAL 9.9 90.1 8.2 91.8 13.2 86.8 56.2  43.8 31.7 68.3
MEX 10.1 89.9 11.8 88.2 8.1 91.9 57.2 42.8 26.5 73.5
PER 8.0 92.0 9.1 90.9 14 98.6 68.0 32.0 38.2 61.8
PHL 8.1 91.9 11.6 88.4 2.0 98.0 59.2 40.8 51.7 48.3
POL 16.9 83.1 10.7 89.3 21.1 78.9 38.2 61.8 47.2 52.8
SAF 15.0 85.0 11.2 88.8 9.1 90.9 37.0 63.0 25.6 74.4
TUR 8.6 914 44 95.6 2.0 98.0 65.0 35.0 10.0 90.0
Average 12.7 87.3 15.2 84.8 16.1 83.9 49.4 50.6 30.0 70.0

1/ Var(ybench —Yi,counter )

Notes: The variance decomposition uses ¢-statistics ¢; =
p ¢ 471 i1/ Var(ybench ~Yi,counter

) All numbers are in percent.
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