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Abstract

Long-run growth in Latin America over the last 50 years has been low and volatile in
the presence of frequent Sudden Stops. We develop a theory that links long-run growth,
financial frictions, and Sudden Stops in Emerging countries. Our theory exploits the
fact that reversals in trade balance during Sudden Stops occur through sharp declines
in imports, particularly of imported investment, rather than increases in exports. Im-
ported investment, in turn, has a permanent impact on economic growth. We find that
trend growth deteriorates during Sudden Stops and, even though trend shocks play a
crucial role, financial frictions and shocks have a significant impact on its dynamics.
We apply our model to the Sudden Stops in Argentina since the 1950s and find that
financial crises have a strong permanent effect on the trend. Hence, to a large extent,

the trend is the cycle.
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1 Introduction

This paper develops a theory of the business cycle of Emerging Countries that exploits the
interaction between endogenous growth and the cycle in the context of recurrent Sudden
Stops with financial frictions. Our hypothesis is that the frequent Sudden Stops combined
with financial frictions generate the excess volatility of the business cycle that, in turn,
translates into the long-run stagnation of Latin American countries. In our framework,
imported investment and its contribution to long-run growth is a key piece of the connection
between the business cycle and the trend.

We design a DSGE model for a small open economy with three main features: (1) endoge-
nous growth together with trend shocks, (2) financial frictions in the corporate sector, (3)
imported investment goods. Financial frictions affect the capability of importing investment
goods. During a financial crisis, imports of investment goods decrease, which drags down
long-run growth at the same time as improving the trade-balance. This mechanism gener-
ates the dynamics of Aguiar and Gopinath (2007) endogenously and captures a relatively
unexplored stylized fact: Sudden Stops are characterized by a drop in imports rather than
an increase in exports, that goes in line with the empirical results from Alessandria et al.
(2015) and Gopinath and Neiman (2014).

We contrast our theory to the data. We estimate our model using data from Argentina
during the period 1951-2015. This sample is rich in terms of macroeconomic dynamics since
it includes large and persistent macroeconomic swings and multiple Sudden Stops. We show
that the model generates a good fit of the data and fits the standard business cycle facts
as well as the financial crisis episodes. As in the data, a fall in imported capital which, in
turn, deteriorates future output growth, plays a key role in the trade balance increase during
Sudden Stops.

We use the model to decompose the role of real and financial shocks as well as financial
frictions during normal times and Sudden Stops. We find that productivity shocks (transitory
and permanent) are important for the business cycle in Argentina, but they are far from
being the only source of variability. Solely these shocks are unable to generate the right

comovement observed in the business cycle of emerging countries when endogenous growth



and financial frictions are taken into account. The financial aspects of the economy are also
relevant transmission channels.

Focusing on Sudden stops, we find that technology shocks and entrepreneurial risk play
a central role in the development of the average crisis. On top of this, financial frictions
explain part of the slow recovery of the trend after a Sudden Stop. The recovery operates
strongly through the endogenous trend. We analyze the dynamics implied by the model
around various Sudden Stops. Our model suggests that the financial crisis have strong and
persistent impact on the trend of the economy.

Our paper contributes to the literature on the business cycle in emerging countries.
Aguiar and Gopinath (2007) shows that the trend in emerging economies is more volatile
than in developed economies and in their stylized real business cycle model, this explains
the excess volatility of the former ones. Garcia-Cicco et al. (2010) challenged these findings
by claiming that emerging economies tend to be subject to higher financial frictions than
developed ones. These papers opened a literature that includes Akinci (2014), Chang and
Fernandez (2013), Miyamoto and Nguyen (2017) and Seoane (2016), among others, that try
to assess the importance of trend shocks and financial frictions for emerging economies. In
most of these papers, with the notable exception of Akinci (2014), the degree of financial
frictions is measured as a reduced form function of the debt, output, or terms of trade.
Moreover, in all these papers the trend growth is fully exogenous. The contribution of our
paper to this branch of the literature is to evaluate the importance of financial factors in
the dynamics of the trend, i.e. in the long-run growth of the economy. In other words, we
consider economies where the trend is not independent of the degree of financial frictions.

Our paper also relates to the literature on medium-term macroeconomics analyzed by
Comin (2004) and Comin and Gertler (2006), among others. This literature, however, has
not focused on the macroeconomics of emerging economies from the viewpoint we draw here.
In particular, studying the impact of financial frictions and imported inputs to the business
cycle and the trend represents our novel contributions to this strand of the literature.

Two recent articles relate closely to our approach. Guerron-Quintana and Jinnai (2019)
studies whether the financial crisis in the US had a permanent impact level of output. Besides

focusing on the US, the model is substantially different from the setting we develop here as



the authors consider a Kiyotaki and Moore (1997) financial constraint in a closed economy
setting. Yet, we share with the authors the interest in addressing the long-term impact
of financial crises. The second related reference is Queralto (2019) who study the impact
of financial crises on output, innovation, and productivity. The objective of the paper is,
however, different to ours. The paper does not focus on the trend, but on how financial
crisis can have a persistent economic impact. It abstracts from the role of permanent shocks
and imported investment and focuses exclusively on the 1997 Korean crisis. Additionally,
we consider the dynamics during normal times as well as during crisis, with a contribution
to the study of the main drivers of business cycle in the context of endogenous growth. We
see the two papers as complements.

Our paper is also related to the literature that studies business cycle dynamics and en-
dogenous growth, both in emerging markets, as in Ates and Saffie (2016), Benguria et al.
(2020), and Matsumoto et al. (2018); and in the US, as in Bianchi et al. (2019) and An-
zoategui et al. (2019). Our contribution to this branch of the literature is that we provide a
quantitative decomposition on the sources of variability of growth and the importance that
financial crisis may have in the long run dynamics of Emerging Economies.

The remainder of the paper goes as follows. In the next section, we review the data to
introduce our working hypotheses. In section 3 we introduce the theoretical model. Section
4 discusses our data and empirical approach. Section 5 presents the main estimation results
and model fit. In section 6 we discuss the main quantitative findings, with focus on the
analysis of the impact of shocks and transmission channels in normal times. Section 7
explores the dynamics during Sudden Stops and disentangle the roles of shocks and friction

in the trend dynamics. In section 8 we conclude.

2 Some facts during Sudden Stops

The typical financial crisis in small open emerging economies is a Sudden Stop. As studied
in Calvo et al. (2006), Mendoza (2010), Kaminsky et al. (2004) and Seoane and Yurdagul
(2019), among others, a Sudden stop of international capital flows tend to occur together

with output falls, asset prices crash and increases in sovereign spreads, and a reversal of trade



balance, from deficit to surplus. A key feature of the adjustment that has not been studied so
far relates to the sources of the trade balance reversal. If the trade balance turns to a surplus
from competitiveness gains the Sudden Stop could represent the start of a new growth cycle.
Instead, if it comes from a fall in imports it could contribute to lower output growth in the
medium and long run. In this section we study Sudden Stops dynamics for different groups

of countries with a focus on the dynamics of the trade balance and its components.!

2.1 Emerging Economies

Table 1 presents some growth statistics for Developed and Emerging Economies.

Table 1: Growth and Sudden Stop statistics (1960-2018)

Mean Growth Number of
growth rate (%) wvolatility (%) sudden stops
Emerging SOE 1.96 4.20 137 (4)
LA countries 1.72 3.70 66 (6)
Developed SOE 221 2.39 23 (2)
US 1.96 1.97 1
UK 1.96 2.03 2
Japan 3.00 3.36 1
China 6.37 6.88 5
India 3.19 3.03 2

Notes: The statistics for Emerging SOE, LA countries and Developed SOE are the cross-
sectional population weighted average among the statistics of each country (for the number
of Sudden Stops, in parenthesis we present the average per country). Developed SOE: Aus-
tralia, Austria, Belgium, Canada, Switzerland, Denmark, Spain, Finland, Iceland, Netherlands,
Norway, New Zealand, Portugal, Sweden. Emerging SOE: Albania, Argentina, Antigua and
Barbuda, Bulgaria, Belize, Bolivia, Brazil, Barbados, Chile, Colombia, Costa Rica, Cuba, Do-
minica, Dominican Republic, Algeria, Ecuador, Egypt, Grenada, Guatemala, Guyana, Hon-
duras, Iran, Jordan, St. Lucia, Morocco, Mexico, Panama, Peru, Paraguay, El Salvador,
Tunisia, Turkey, Uruguay, Venezuela. LA countries: Argentina, Bolivia, Brazil, Chile, Colom-
bia, Ecuador, Mexico, Peru, Paraguay, Uruguay, Venezuela.

During the period 1960-2018, the weighted average annual growth rate in Latin America

(LA) was 1.7%. Instead, developed small open economies have grown 2.2% per year on

!The data is annual and from the World Bank’s World Development Indicators (WDI) dataset. The
sample period starts in 1960; however, the data availability varies across countries. To construct the statistics,
we keep only data from selected countries for which we have at least 30 uninterrupted observations for output,
exports, and imports.



average. Output growth has been almost 80% more volatile in Emerging economies, despite
its worst performance. The table also shows the number of Sudden Stop episodes in the data
for each country and region.

We define a Sudden Stop episode as a year in which the country presents a 2% fall in
the GDP and 2 p.p. increase in net exports to output ratio, following Seoane and Yurdagul
(2019). As we can see in Table 1, emerging countries, and especially Latin American countries
suffered, on average, this type of crisis more often than developed countries. Not surprisingly,
Emerging and Latin American economies have also experienced the lowest average growth
with the highest output volatility over the postwar sample. This last stylized fact suggests
a persistent effect of Sudden Stops on economic development, affecting the output growth

rate for several periods.
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Figure 1: Sudden stops dynamics in Emerging Countries

Note: The period 0 identifies the year of a Sudden Stop episode. The figure presents mean
values of variables, in a sample of 64 Sudden Stops. Output growth is in percentages.

To study the dynamics during these events we construct a database of Sudden Stop
episodes in emerging countries. We identify the year of the Sudden Stop as period ¢ = 0
and keep the values of output growth, net exports to output ratio, exports and imports to
output ratio during the five years before and after the episode. If the five years before and

after were not contained in the sample period, or if another Sudden stop occurred less than



five years before, the event was discarded. With that methodology, we obtained 64 Sudden
Stops. The figures 1 and 2 present the mean of the variables described before across these
episodes.

As seen in Figure 1, both the increase of the net-exports deficit, from -4p.p. to almost
-9p.p. in terms of GDP, before the Sudden Stop and the increase in the trade balance to
output ratio at the Sudden Stop is mainly driven by the dynamics of imports. Exports seem
to drop before and slowly increase after the Sudden Stop, but the changes in this variable
are smaller and smoother than those of imports, as can be seen by the scale in the bottom
pictures of Figure 1. This is more clearly in Figure 2, that reinforces this feature of Sudden
Stops: it presents imports and exports as deviations from a linear trend. As can be seen
in the figure, before the Sudden Stop, imports are 12% above trend and fall to 8% below
trend in 1 year. The evolution of exports is an order of magnitude less volatile. This is not
a surprise, indeed, the trade literature has already highlighted that increasing exports may
not be too easy as becoming an exporter may take time. The key features of Sudden Stops
are driven to a large extent by rapid expansion and sudden contraction of imports, which is,

of course, the real counterpart of the rapid expansion and contraction of capital inflows.
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Figure 2: Detrended exports and imports during a sudden stop in Emerging Countries

Note: The period 0 identifies the year of a Sudden Stop episode. The figure presents mean
values of percentage deviations of imports and exports from a linear trend, in a sample of 64
Sudden Stops.



In figure 3, we plot the behavior of imported investment during Sudden Stops. This
plot shows the average growth rate (in %), from a sample of 25 Sudden Stops in Emerging
Countries, in the period 1976-2018.2 As seen in the plot, imported capital collapses during
Sudden Stops. Its growth starts ameliorating four periods before the crisis, and its growth
rate falls around 30 p.p. at the Sudden Stop. Since this variable represents between 13%
and 27% of total imports in emerging countries during the sample period, we argue it plays

a fundamental role in the reverse of the trade balance during Sudden Stops.

25

s 4 5 2 1 o0 1 2 3 4 s
Figure 3: Sudden stops dynamics in Emerging Countries

Note: The period 0 identifies the year of a Sudden Stop episode. The figure presents mean
values of variables, in a sample of 25 Sudden Stops, in the period 1976-2017. Imported capital
growth rate is in percentage. Details of the data used in this figure is available in the appendix.

2.2 Argentina’s stylized facts

Argentinean data allow us to dig deeper into our working hypothesis. This section uses data
from Instituto Interdisciplinario de Economia Politica de Buenos Aires, IIEP (2018). In
particular, our data measures separately investment in domestic transport and equipment
goods, and investment in imported transport and equipment goods. The sum of both vari-

ables constitutes total imported investment. Figure 4 presents the main dynamics around

2In this figure, imported investment goods is the sum of imports in capital goods (except transport
equipment), and industrial transport equipment, according to Broad Economic Categories (BEC). For this
variable, data is annual and comes from the World Integrated Trade Solution (WITS), from the World Bank.
The sample period is more limited due to data availability, as we explain in the section 10.1 in the appendix.
To construct this figure, we followed the same methodology that for the rest of the variables.



Sudden Stops for the episodes in Argentina for the period 1951-2015. Following the method-
ology previously described, we identified 9 Sudden Stop episodes in Argentina. However,
to isolate the effect one sudden stop may have in the following episode when we identify
two events with less than 5 years of difference, we keep only with the first one. Then, the

statistics are obtained from 5 sudden stops.?
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Figure 4: Sudden Stop dynamics in Argentina

Note: The period 0 identifies the year of a Sudden Stop episode. The figure presents mean
values of variables, in a sample of 5 Sudden Stops in the last 50 years. Output, exports,
imports, and imported investment growth are in percentages. Trade balance to output and
interest payments to output are in percentage points.

The dynamics of a Sudden Stop episode in Argentina share many of the features of the
typical Sudden Stop episode in Emerging Economies, but imports seem to increase more
quickly after the Sudden Stop than in Figure 1. The dynamics of imported investment, that
collapses around 60 p.p. in the crisis, appears to be a main driver of the fall in imports during
the Sudden Stop. An additional feature we observe from Argentinian data relates to interest

payments to output ratio. This variable presents an abrupt increase at the year of the crisis,

3The identified Sudden Stop episodes in Argentina took place in: 1959, 1963, 1976, 1982, 1985, 1988,
1989, 1995, 2002. Plots and statistics come from Sudden Stops in: 1959, 1976, 1982, 1995, 2002.



playing an important role in the reverse of the trade balance. Furthermore, this variable is of
vital importance for two reasons. First, and differently from Calvo et al. (2006), our definition
of a Sudden Stop does not include the behavior of interest rate due to not availability of
interest rate data before the eighties. Thus, the behavior of this variable provides suggestive
evidence that we are identifying the correct events. Second, as we explain in more detail in
the estimation section, this variable is key in our analysis as it gives information regarding

the financial sector in the economy, allowing us to identify financial frictions and shocks.

2.3 Taking stocks

Both international data for Emerging Economies and Argentinean data point to a few stylized
facts. First, in Emerging economies output tend to be more volatile and on average grows less
than in developed economies. Second, Sudden Stops tend to be a more frequent phenomenon
in Emerging countries than in developed countries. Third, a distinctive feature of Sudden
Stops is that the trade-balance dynamics seem to be dominated by the dynamics of imports,
and in particular, imported investment.

In the following section, we develop a theory that is consistent with these facts and use it
to measure the importance of domestic and foreign shocks in a context of financial frictions
and endogenous output growth, as well as the main drivers of Sudden Stops. This theory
allows endogenizing the hypothesis of Aguiar and Gopinath (2007). The cycle is the trend
in emerging countries, but the trend is largely affected by Sudden Stops. In this way, our
theory explains the business cycle as well as the medium run in the terminology of Comin
et al. (2009). The model in this paper makes clear that growth and cycle are interrelated and
affected by Sudden Stops due to its impact on the financing of firms that import investment
goods. In what follows we present the theory and describe the strategy to take it to the
data.

3 The model

The model is a small open economy augmented with financial frictions and endogenous

growth. The economy is populated by households, final good producers, capital goods pro-
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ducers, domestic investment goods producers, entrepreneurs, and the government. We as-
sume two symmetric productive sectors for intermediate input producers and entrepreneurs:
imported and domestic capital sectors. Capital goods producers only sell the intermediate
product to entrepreneurs in the corresponding sector. Entrepreneurs of both sectors rent
the capital to final goods producers. On top of this, the rest of the world is populated by

consumers and financial intermediaries that lend to entrepreneurs.

3.1 Households

Households own the firms in the economy. Every period, they maximize the present dis-
counted value of lifetime utility given by GHH preferences introduced by Greenwood et al.

(1988) augmented with habit formation:

S O R\
Eo Z w3 Ci—aCig — X4 q1—— - Xy 1— 3
=0

wy Wy 1—0
subject to an infinite set of budget constraints, V t,
Cy+ DRy = Wyihay +Wyihgy + Dy + Ay (1)

Households choose consumption Cy, external borrowing D,.; and labor supply hgy, hy:.
They do not internalize habit formation, characterized by parameter . We assume specific
labor supply for domestic investment sector, hg;, and final goods sector, hy;, with their
corresponding wages Wy, and Wy, Parameters wq, and wy characterize the labor supply
elasticity. R; is the domestic interest rate. X;_; is the trend of the economy, that we explain
in detail in the following sections. A; are transfers and profits received by households every

period t:

ANy =iy + Mgy + gy + i + Ty — Si

Here Iy ¢, Igat, 74 denote profits of imported and domestic capital and investment

good producers. T;; and Ty, are net real transfer to new and from old entrepreneurs of

11



imported and domestic capital. S; are lump sum taxes paid to the government. We provide a
detailed description of profits and transfers in the following section. Finally, v is a preference

shock, that follows an AR(1) process:

v =p.Iny+e ;€ ~N(0,00); |p] <l (2)

As discussed by the existing literature, the country interest rate is subject to shocks and
endogenous spread. The exogenous components include risk-free interest rate shocks Ry,
and spreads shocks, p;. The later represents exogenous variations in the interest rate that
the domestic economy has to pay for its debt, and are independent of its fundamentals. The
timing for the debt and spread shocks follows the timing in Justiniano and Preston (2010),
where spread shocks affect contemporaneously the cost of repaying the debt. The interest

rate is Ry = R,; 1e" ™!, with

Roy = R"+exp(Rpy — 1) +¢p
X

Y,
vy [exp (X:_I —:a) -1

We assume the endogenous spread has two parts: the first one depends on deviations of

exp <—Df+1 Ehe (g4 6)) -

: (3)

detrended debt to the average debt level. The parameter that measures this debt elasticity of
interest rate is 1¥)p and it is assumed to be positive since a higher debt level is associated with
higher default risk. The second depends on deviations of detrended output to the average
output in the economy. The parameter )y allows to capture the fact that interest rate may
fall when output is growing. The representative household does not internalize the effect of
her decisions on the country interest rate.

R* is the average interest rate and d, b, § are steady state values. We assume R;; and j

follow zero mean AR(1) process in logs.

thf,H-l = pr thf,t + Gfi_fl; eff ~ N <0’O-%f> ; |pr| < 17 (4)

gy =punp +efy; 6 ~N(0,00); ] <1, (5)
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3.2 Capital goods producers

The capital goods production is divided into two symmetric, perfectly competitive, produc-
tive sectors. A representative firm in the sector I imports installed capital, K;; and adds new
investment /;; to generate new capital stock for next period and sell it to an entrepreneur
in sector I. The price of imported capital at time t is ¢;; and the relative price of imported
capital investment is F;;. The relative price of imported investment to domestic goods has
a clear trend in the data, for this reason, we assume P,;; = p;;=¢_1, where p,; is stationary
and =,_; is a deterministic trend. p;, follows an AR(1) process with mean p.

A producer in the second sector, sector D, buys installed capital K;; and adds investment
I;; to generate a new capital stock for next period, K441, and sell it to entrepreneurs in
sector D. The price of domestic capital at time t is gz, and the price of the investment is
pat- Domestic investment price does not grow, so we have Py, = pg;. All producers take
prices as given and pay capital adjustment costs.

For j = {i,d}, the optimization problem of a representative producer is:

NP
max Eo Z ﬁt)\Tt (ij,t = @K1 — CIj,tKj,t(l - 5kj) - Pj,t[j,t>
t=0

Kjev1.05 0
subject to

K.
Ko = K1 = o) + Lo — @5 (25 ) K (6)
7.t

We follow Garcia-Cicco et al. (2010) and assume quadratic capital adjustment costs. For

domestic sector it takes the following functional form:

o <Kd,t+1) _ ¢d<Kd,t+1 )2
a =5 -3)-

while for the imported investment capital, it is given by the following expression:

(I)'<Ki,t+1> _ @(Ki,tﬂ B 2)2
Ky 2\ K, g=/

Here g is the average growth rate of the economy, and ¢g= is the average growth rate of

the imported investment price. The difference is that the price of domestic investment is
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stationary, while P;; is allowed to grow in the model, to replicate the data. The different
growth rates in investment prices generate different growth rates in investment among sectors

and then, in capitals, as we show in the in the section 10.2 in the appendix.

3.3 Entrepreneurs

There are two types of entrepreneurs, j = {i,d}, the ones who buy imported capital K;;;; to
intermediate input producers in the sector I and the ones who buy domestic capital Kg;41 to
producers in sector D. We assume there is a large number of entrepreneurs of each type, and
both types are symmetric in their behavior. However, in the empirical strategy, we allow
the data to determine the quantitative differences through the estimation of parameters.
Throughout this section, we describe the behavior of an entrepreneur N of type j, following
Christiano et al. (2014) closely.

Every period t, an entrepreneur N; buys capital K J]\i 41 to a capital producer in sector
7, refurbishes it using a stochastic linear technology and sells it to the final producer good.
In order to purchase the capital, entrepreneurs can use their net worth, N;;,; or issue

defaultable debt BJNJ 41, lent by an international financial intermediary. Hence,

qj,tK]]‘Yt_H = N1+ Bj],vt+1> (7)

The effective capital the entrepreneur obtains is w% K J]\; +1, Where wév is an idiosyncratic
shock for each entrepreneur N, type j. This shock is independently drawn across time, type
and entrepreneurs.

We assume the shock w! follows a log-normal distribution F'(w}') with parameters i, ;
and UZ;,t such that Ey(w),,,) =1 for all t, for j = {i,d}. Given the properties of log-normal
distributions:

1.2,
EthNtJrl — pHwjt+1t390 0 — 1

Hence, p1,,, = —%oi’ﬁ = ufm +1- Assume, following Christiano et al. (2014) and Fernandez-

Villaverde (2010) that the dispersion 0'3;7,5 varies stochastically over time and follows:

log(al,,) = (1 — pL)log(1d) + pllog(o?,, 1) + Mieois,  €qis~ N(0,1).
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The shock to the dispersion of wév can be interpreted as a financial shock. A higher
dispersion implies riskier entrepreneurs and then, a higher premium on external financing.

The transformation of raw capital into effective units takes one period. Then, en-
trepreneurs buy K% ;141 at period ¢, but rent the capital services at period ¢ + 1, at rate
rjt+1. At the end of period t + 1, entrepreneurs are left with (1 — dy;) Jt+1K w1 and sell it
to a capital producer in sector j.

The entrepreneur’s return per unit of capital purchased in ¢ is R, tHw 1 and the average

return per unit invested in period t and sector j is:

Tit41 + Qs (1 — Og;j
Rj,t+1 _ Jit+1 ]Jil( k‘]). (8)
j’

The foreign lender is risk neutral. Hence, the optimal contract determines a return that
implies that expected returns equal the cost of funds. Define R;V’l as the return on the
loan, that gives expected zero profits to financial intermediaries. This return takes into
account that entrepreneurs with low enough productivity may default, and those with high
productivity will repay. However, since the idiosyncratic shock is private information of the
entrepreneur, under default the lender pays a monitoring cost to verify the actual state of

business. Then, it takes all remaining assets. The zero-profit condition is

- N
Wi t+1

[1— F(‘IJ;V,Hl)]RNlB i1t (1 _ij)/ | ijdF(wjv>Rj7t+IQJtKg t+1 Rt—‘rlB]]'Xt—l-lv (9)
0

where 1 — py; is the fraction of the return that can be captured by the financial inter-
mediate in case of default after screening, in sector j. On the right-hand side, we have the
cost of raising B +1 funds. This cost comes from the gross interest rate, Ry, that financial
intermediary pays.

Define w ++1 as the productivity threshold below which the entrepreneur N in sector j

defaults:

Nl BN N N
Rg t+1B] 41 = Wy 11120414, tKj,t+1~
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That is, for all realizations below (I}% +1, the returns of having purchased K w1 Will not
be enough to repay the loan. We can rewrite 9 and characterize the debt contract in terms

of @, ; rather than in terms of R;Vt’il.

Jt+
Define I'(w%, Wjti15 0, ) as the share of entrepreneurial earnings that are used to pay financial

intermediaries per unit of investment:

F(@%—f—lvgi,t) = @%H-l (1 - F( Witt1) 0, )) + G( Wit+1) 0, th)7

with

oV

. J,t+1
G@Y,y,00,) = / WNAF(WY o).

Here, T'(@0% 4, Z,t) is the sum of the average return for those entrepreneurs that repay,
plus the conditional mean of productivity of those that default. Moreover, using © for the

CDF of a Normal distribution, we can rewrite G(-) as

1525 _
G(w]]\i‘/+17 )—1_@<2 = j

The zero profit condition is rewritten as

Rjper [ -
RJt—H F(w]]\if—f—lv ) #kgG( 410 0 ) 4, tKg t+1 = B]]\;—f—l (10)
Define the loan to net worth ratio as ¢, = BJ,|/Nj 1. The problem of an entrepreneur

is to pick the ratio gj,t and a cut-off for default to maximize its expected net worth given the

zero-profit condition of the intermediary.

R
max ]Et{RJtH (1-I(& j\aﬂ, )) (1+§ ")

N ~N
RATRATE! t+1

+Njt

R; _
Pz,t+1 {p(wﬁﬂ, +) — i G(@ j\iﬂ, )} (1+g ) gj]\i] } .
t+1

Notice since the idiosyncratic shock wjv is independent of all other shocks and across

time, and it is identical across entrepreneurs in sector j, all entrepreneurs in sector j will
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make the same decisions. Then, we can define the solutions of the entrepreneurs problem as
(6j.t» @;j¢+1) and remove the dependencies of variables on N, working with aggregate variables
B, K;.

From the first order conditions, we get:

R. K ~ . 1—F(a;»t 1,0j )
E G145t 48 5141 1-T ) : j ) A J,t+ w,t ' ‘
' R 1Nj 11 ( (WNH UMt)) t 1-F (a)ji-l-la Ui,t) — @1 Foy ((Dj,t-&-la Ui,t)

(11)

Given such a contract, the law of motion of entrepreneurial net worth is given by

Wit
Nj,t+1 = ﬁ Rj,tQj,tflKj,t - RtBj,t - Mkj/o WdF(W)Rj,tQj,thj,t} + wj"th,l. (12)

where 7€ regulates the survival rate of entrepreneurs. Exiting entrepreneurs transfer their
net worth to households and these fund incoming entrepreneurs by transferring w;. The net
of these operations is reflected in the term 7 ; observed in the households’ budget constraint,

which is given by:

1
,-Tj,t = (1 — - ) ‘/}J - 'lU;Xt_l. (13)

1—e7
Here Vj; is the net worth before the fraction of 4¢ firms leaves the market and is given
by:
Wit
Vie = RjeGji1 K50 — RiBjy — p / wdF(w) )11 K (14)
0
Notice we are imposing the same survival rate for entrepreneurs in the sector of domestic

and imported capital.
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3.4 Domestic investment producer

Domestic investment goods I;; are produced using labor h;; with a decreasing returns to

scale technology:
_~d P
Loy = ag(hay)

with 0 < p <1 and ELf = adant. agq is a constant that determines the average productiv-
ity level, and af is a specific TFP shock that follows and AR(1) in logs, and is correlated with
TFP shock in the final goods’ production function. Notice we assume that the TFP in the
domestic investment sector follows the same growth trend as in the final good production.

The optimization problem of this firm is the following:

d
max Hrar = pasas (hat)” — Whihay
d,t

The firm pays wages equal to its marginal product and profits are distributed to the

households.

3.5 Final good producer

The final good production sector is competitive and operated by a representative firm that
rents labor, imported, and domestic capital to produce the final consumption, and export-

ing /importing goods. The profit function of this firm is:
Hf,t =Y (Ki,ta hf,n Kd,t, Gy, Xt) - T‘d,th,t - Wf,thf,t - Ti,th‘,t

This firm solves an intratemporal problem and pays to each input its marginal cost.

The production function is the following

Yi = ar(Xehyg ) K, 7, (15)
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where K; represents the total capital services. The Armington aggregator for capital is
given by:
1
Kt = (aleﬁ + (1 — CLl) (EtflKi’t)'ul) k1,

The CES specification implies imperfect substitutability between domestic and imported
capital, and it is similar to the one used in Mendoza and Yue (2012) and Park (2017).

As discussed before, =;_; is the deterministic trend in imported investment price P, ;.
The previous expression implies that the aggregate capital K; grows at the trend of the

economy X; 1. X; is given by:

171-7m
~ ~ 1258 H
X, =7 RalK;H(l—al) <Et_1Ki7t> ) ] (16)
and the growth rate of the trend is g,; = % ['; is an exogenous stochastic trend such
that le = ¢, that follows an AR(1),
In(gi+1/9) = peIn(9:/9) +elprs el ~N(0,07) 5 Ipg <1, (17)

while I~(d7t and f(i,t are aggregate (non-internalized) capital inputs, that drive the endoge-
nous component of the trend. In contrast to the literature, the economy in our model grows
at a trend that results from the combination of an exogenous shock, the constant negative
trend of imported investment, and the endogenous component.
The productivity a; is a mean reverting productivity shock and follows an AR(1) process
in logs:
a1 = palna; + paaactly + €l ef ~ N (0,07); |pal < 1. (18)
where e?fld is a shock that affects both the TFP in the production of domestic investment

and the production of consumption goods sector. That is, this shock allow us to account for

a potential correlation between mean reverting component of TFPs.
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3.6 Government

We follow Garcia-Cicco et al. (2010) and model government consumption as a domestic

spending shock s; that follows an AR(1) process:

Sip1 = (1 = ps)5+psse + €/, € ~N (0703) ;o lpsl <1

where s; = Xfil. This government spending is financed from households through lump

sum taxes. We include this shock to be in line with the existing literature and in order to
make our definition of output in line with that of the data. After estimation we find that

this shock plays a minor role in model dynamics.

3.7 Balance of payments

From the definitions for the net-worth of entrepreneurs 12 together with 13 and 14 we get:

Tiy = Vit — Nigsa,

Tt = Var — Nags-

Using these equations, definition 7, the definition of intermediate input producers’ profits,

optimality conditions for final goods producer and the household budget constraint 1 we get:

GDP, = Cy +patlas + Piliy + S + TBy, (19)

where T B, is the trade balance:
TB; = RDy — Dyy1 + Ri(Bit + Bat) — (Bitt+1 + Bags1)-
and GDP,, that is the variable we observe in the data is:
GDP, = Yi+paidar— i G (@i 41, UZ;,t)Ri,tqz',tflKi,tfl—Mde(@d,t+1, Uit)Rd,th,thd,tq (20)

Moreover, we define the net interest rate payments to the rest of the world as follows:
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D, + B,

rby, = (Ry — 1)GTPt

Notice in this setting we have two types of foreign debt, household debt (D;), and cor-
porate debt (B;). Each of them has a different role: the former one is used to smooth
consumption. The latter is used to buy capital to intermediate capital producers, either
imported or domestic.

We present the complete set of equilibrium equations in the appendix.

4 Empirical strategy

We log-linearize the stationarized equilibrium conditions of the model and estimate it with
a Bayesian strategy using annual data for Argentina for the period 1951-2015 from ITEP
(2018). We calibrate some of the parameters to match first-order moments of the data and
to standard values in the existing literature. We estimate the remainder of the parameters
with Metropolis-Hastings and informative priors.

Table 2 presents the value of constrained parameters with their corresponding source or
target. The CRRA coefficient, o, that defines the curvature of the period utility function,
is set to 2 and the depreciation rates (dy;, dxq) to 8%. The discount factor [ is set equal to
0.94 to target an annualized interest rate of 8% in the steady state. We set g = 1.01, the
average gross growth rate of output per-capita, and the one of imported investment price,
gz, t0 0.9756. The average trade balance to output ratio is equal to 1.4%, like in Argentina
in the period under study. v and p, the coefficients of labor in the production function of the
final good and domestic investment, are set equal to 2/3. We set the Armington weight of
domestic capital, aj, to 0.62, in line with Mendoza and Yue (2012)’s calibration for imported

inputs. The preference parameter wy is set equal to 1.2, as in Akinci (2014).4

4We also tried to estimate this parameter, in most of the trials the chain of this parameter approached
1. In order to avoid convergence issues, we decided to fix it to a low value in line with the literature.
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We set the ratio B/N in each sector to the average leverage ratio in industrial investment
for firms in Argentina in the period 2007-2016.° We fix 4¢ to match the average percentage
of survival firms per year, equal to 89% in Argentina during period 2007-2016.

Finally, we set the relative price of imported investment in steady state to the average

value in the data, p = 1.22.

Table 2: Calibrated parameters

Value Definition Source or target
o 2 Risk aversion Standard
v 2/3 Labor coef. in final good Standard
p 2/3 Labor coef. in dom. Investment Standard
6] 0.94 Discount factor 8% average interest rate
Okj 0.08 Depreciation rate j = {i,d} Standard
~°€ 2.068 Survival rate of entrepreneurs 10% year firm exit, Arg. 2007-2016
w§ 0.038 Entrepreneurs transfer (B/N)q = 0.6 Arg. 2007-2016
w§ 7.24e-04 Entrepreneurs transfer (B/N); = 0.6 Arg. 2007-2016
D 1.22  Av. relative price of imp. investment Arg. 1951-2015
J= 0.9756 Av. grow rate of imp. investment price Arg. 1951-2015
g 1.01 Av. growth rate output per capita Arg 1951-2015
a 0.62 Armington weight of domestic capital ~ Mendoza and Yue (2012)
Wy 1.2 Preference parameter Akinci (2014)

We include eight observables: GDP growth (gy), private consumption growth (gc), do-
mestic investment growth (gig), imported investment growth (gi;), trade balance to output
ratio (tby), the relative price of imported capital investment goods to GDP deflator, in
growth rates (gp;), the real risk free rate (Ry) and the net interest rate service on the foreign
net asset position to output ratio (rby). In all the cases we work in per-capita terms and
take natural logs, except for tby and rby. We incorporate the latter variable together with
Ry in order to identify financial frictions and shocks in the estimation.

In the estimation, we added measurement errors to all observables. We plot the described

time series in the appendix. There we can see the variable gp; has a negative mean equal to

To the best of our knowledge, information about this ratio is only available since 2007.

5Due to data availability, our price deflators are Fisher chained indexes. Our original data for the NIPA
accounts are nominal, so we can be consistent with the model and deflate output and consumption by
the GDP deflator, we deflate domestic and imported investment by their own deflator. We provide a full
description of the data treatment in the appendix.
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-0.024 during the period, showing the negative trend in imported capital investment prices,
as in the model.

The estimated parameters and the prior distributions are in Table 7. We consider loose
priors in all the cases because, given the complexity of the likelihood function, the estimation

with flat priors tends to work poorly as many estimates would hit the parameter bounds.

5 Estimation results

Table 7 presents the prior information, the posterior mean and median, and high probability
density intervals (HPDI) of 10% and 90% of each estimated parameter. Posterior distribu-
tions are in similar orders of magnitude as in the existing literature. The HPDI of the debt
elasticity to interest rate, vp, ranges from 0.02 to 0.14, smaller than the posterior mean in
Garcia-Cicco et al. (2010), yet large enough to be quantitatively relevant for the dynamics.
The model includes two features that explain the lower interest rate debt elasticity: first,
the role of 1y (absent in Garcia-Cicco et al. (2010)) and second, the existence of additional
financial frictions. The elasticity of interest rate to output, 1y, has a negative posterior
mean, equal to -1.31, supporting the hypothesis that financial frictions tend to relax dur-
ing the expansive part of the cycle. Our estimates suggest that the imported investment
is subject to higher screening costs, indeed, about 2 times the standard calibration for this
parameter in the case of US,” with a posterior mean of 0.27 for s;. On the other hand, there
seems to be a lower degree of financial frictions in the domestic investment sector, where fiq
takes a posterior mean of 0.03.

A key parameter in our analysis is 7 as it characterizes the importance of the endoge-
nous component in the growth rate of this economy: the lower this parameter is, the more
important is the endogenous component of the trend, and less important is the shock. The
estimation places substantial mass around mild to large values of this parameter, its posterior

mean equals 0.69 and has a high probability density interval of 0.46 and 0.96.

"See Bernanke et al. (1999) and many other that calibrate this parameter to a number around .12.
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Table 3: Priors and estimation results

Prior Posterior

Dist. LB UB Mean s.d.| Mean Median 10% 90%
;Lf, I1G 1.00 1.00 0.25 0.82 0.81 0.66 0.97
/Lf,l 1G 1.00 1.00 0.25 0.89 0.86 0.59 1.18
e IG 0.02 0.03 0.03 0.03 0.02  0.04
o4 1G 0.02 0.03 0.01 0.01 0.01 0.02
O Ad 1G 0.02 0.03 0.01 0.01 0.01 0.02
oy 1G 0.02 0.03 0.07 0.07 0.06 0.08
773 1G 0.60 1.00 1.64 1.49 0.71 2.54
ne IG 0.60 1.00 0.42 0.36 0.16  0.69
ORf IG 0.02 0.03 0.02 0.02 0.01 0.02
o, 1G 0.02 0.03 0.08 0.08 0.05 0.13
op 1G 0.02 0.03 0.21 0.21 0.18 0.24
O IG 0.02 0.03 0.01 0.01 0.01 0.01
e Beta 0.30 0.10 0.41 0.41 0.24 0.58
pPA Beta 0.30 0.10 0.47 0.47 0.34 0.60
pffl Beta 0.30 0.10 0.50 0.50 0.36 0.64
Pu Beta 0.30 0.10 0.30 0.30 0.20 0.40
oL Beta 0.30 0.10 0.54 0.55 0.38  0.70
pgl Beta 0.30 0.10 0.30 0.30 0.14 0.46
PRf Beta 0.30 0.10 0.48 0.48 0.36 0.59
Pu Beta 0.30 0.10 0.34 0.33 0.15 0.52
Pp Beta 0.50 0.10 0.71 0.71 0.62 0.79
Ds Beta 0.20 0.10 0.29 0.28 0.12 0.46
Paaa | Normal 0.20 0.50 0.02 0.02 0.01 0.03
Pad,e | Normal 0.20 0.50 0.04 0.04 0.03 0.06
Qi Gamma 3.00 2.00 6.78 6.67 5.10 8.36
O Gamma 3.00 2.00 5.48 5.43 3.16 7.69
Up Normal 0.0 10.0 1.50 2.00 0.08 0.08 0.02 0.14
Yy Normal -5.0 0.0 -1.00 0.25 -1.31 -1.31 -1.59  -1.04
i Normal 0.0 1.0 0.12 0.10 0.27 0.27 0.13 0.41
Hkd Normal 0.0 1.0 0.12 0.10 0.03 0.03 0.00 0.07
wy Normal 1.0 7.0 2.00 1.00 2.96 2.88 2.03 3.87
1 Normal 0.9 0.50 2.00 0.80 0.80 0.72 0.91
o' Beta 0.25 0.10 0.13 0.13 0.06 0.19
i Beta 0.50 0.25 0.69 0.70 0.46 0.96

Note: Posterior distributions from Random Walk Metropolis Hasting algorithm of 1,000,000

draws, with 500,000 burn-in draws.

24



The Armington curvature parameter u, takes a posterior mean of 0.80, correspondent
to an imperfect, but quite high elasticity of substitution between domestic and imported
capitals, equal to 1/(1—p;) = 5. The fact that imported and domestic inputs are substitutes
goes in line with the results of Mendoza and Yue (2012), Park (2017), among others.

Table 4: Second order moments

Gy Je Giy i, tby rby gp Ry

Standard deviations (in %)

Model 5.3 6.1 12.5 45.9 4.3 2.7 23.0 2.0
Data 5.2 6.8 12.9 41.3 3.2 2.1 21.4 2.3
Correlation with gy

Model 1.00 0.91 0.94 0.23 -0.18 -0.11 0.00 -0.07
Data 1.00 0.91 0.92 0.62 -0.20 -0.35 -0.39 -0.20
Correlation with tby

Model -0.18 -0.26 -0.16 -0.07 1.00 0.71 0.00 0.22
Data -0.20 -0.28 -0.22 -0.22 1.00 0.59 0.19 -0.01
Serial correlations

Model -0.16 -0.09 -0.21 -0.21 0.80 0.76 -0.15 0.48
Data 0.08 -0.04 0.07 0.02 0.69 0.79 -0.05 0.73

Note: Theoretical moments obtained evaluating the parameters at their posterior means, im-
posing measurement errors’ standard deviation equal to zero.

From Table 4 we see the model does a good job reproducing main second-order moments
from the data, in particular, the main stylized fact observed in Emerging economies as
described in Aguiar and Gopinath (2007). The model produces the right order of magnitude
and relative variability for all variables. This is a test for the model given that none of the

numbers in the table are targeted during the estimation. It also generates the right volatility
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of the novel variables, the growth rates of imported investment and its price, the risk free
rate and the interest rate payments to GDP ratio. ®
Given the results in this section, we consider this model is an adequate laboratory to

study the anatomy of the business cycle dynamics and Sudden Stops in Emerging countries.

6 Quantitative results

This section studies the main quantitative features of the model. We start by revisiting the
business cycle drivers in Emerging Markets. Then we focus on the way financial frictions

operate as transmission channels of the shocks.

6.1 Drivers of the business cycle

Table 8 presents the variance decomposition analysis of the observables, classifying shocks
as productive, financial, or other shocks. Our results suggest that exogenous shocks to the
trend, however important, play a secondary role as a driver of consumption, output and
investment but are the main driver of the trade balance and the debt service to output
ratio.” These results are in line with Garcia-Cicco et al. (2010) and Akinci (2014), where the
transitory shock tends to explain the largest part of the output, consumption, and domestic
investment growth. ' Financial shocks (including, spread, risk free rate and risk shocks) as
well as imported investment prices mainly explain the imported investment, and to a lesser
extent the trade balance to output ratio, interest payments to output, and consumption

dynamics but do not affect output. Preference shock plays no role in the decomposition of

8In contrast to standard approach in the literature, for instance those of Aguiar and Gopinath (2007) and
Garcia-Cicco et al. (2010), and even Chang and Fernandez (2013) or Akinci (2014), our framework imposes a
new set of identifying restrictions to the estimation exercise as we include domestic and imported investment
and imported investment price data as observables. Dynamics of these variables over the business cycle and
during Sudden Stops are virulent, and allow us to characterize better the trade balance adjustment during
Sudden Stops. Producing the right moments is, hence, challenging.

9Being a key driver of debt service to output ratio is an important feature of trend shocks because it
suggests that this shock can play a central role in over-borrowing and external default phenomena, both of
which are outside the scope of this paper but are considered in Seoane and Yurdagul (2019) and Aguiar and
Gopinath (2006), respectively.

10Tn this table, the contribution of the transitory productivity shocks to variance decomposition is the
sum of TFP shocks in the final production good (at), the one in domestic investment sector (ad;) and the
covariance between them, that absorbs the greater share of the explained variance. In the appendix we
present the desegregated contribution of each shock.
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output growth, but we find that the shock explains around 10% of consumption growth and
the trade-balance to output ratio, and also helps to generate the observed co-movement and

volatility rank of the observables.

Table 5: Variance decomposition (%)

Shock Gy 9e i i tby rby
Production

Transitory (a;, aqy, €% 80.0 58.1 72.2 3.3 28.6 19.6
Trend (g;) 15.2 10.9 10.5 0.9 398 44.8
Financial

Spread () 2.8 8.1 4.9 2.3 132 315
Risk (o¢, o) 0.6 0.2 0.3 69.5 0.5 0.1
Risk free (Ry;) 1.2 3.9 2.6 0.4 5.9 1.8
Other

Gov. spending (s;) 0.0 0.2 0.0 0.0 3.0 0.4
Preference (14) 0.1 9.8 0.1 0.0 8.9 1.6
Investment price (p; ;) 0.0 0.0 0.0 23.5 0.1 0.1
Measurement error 0.0 8.8 9.4 0.0 0.0 0.2

In our model, the trend has an endogenous component. What is the role of endogenous
growth in our context? We recompute the second-order moments for a counterfactual econ-
omy where the trend does not depend on the stock of capital. Table 6 presents the ratio of
moments for the model without endogenous growth divided by the baseline model.

Endogenous growth does not explain the excess volatility phenomenon. It does, however,
exacerbate the cyclical properties of consumption, output, and investment growth with the
trade balance to output ratio. The second row of the table presents the ratio between the
correlation of the variables with the trade balance to output ratio in the economy without
endogenous growth to the one in the baseline model, i.e. the negative correlation between
output growth and the trade balance to output ratio without endogenous growth is 50%
smaller than in the model with endogenous growth. The negative comovement of these vari-
ables with the trade balance is a feature stressed by recurrent Sudden Stop episodes. Hence,

endogenous trend augments the drop in output, consumption, and domestic investment
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growth in Sudden Stops. This finding implies that the cycle affects the trend, exacerbating
its response during Sudden Stops which, in turn, affects the cyclical feature of the economy.

In other words, feedback effects between cycle and trend matter.

Table 6: Relative second order moments

9y 9e Yia Yi, thy rby
Relative standard deviations

1.004 0.974 0.994 0.997 1.058 1.007
Relative correlations with tby

0.52 0.70 0.58 0.74 - 0.98
Relative correlations with gy

- 0.99 1.00 0.96 0.52 0.64

Note: Theoretical moments in the counterfactual economy relative to the baseline estimation.
For the baseline we use the moments implied by the model evaluated at its posterior mean.
For the counterfactual economy we fix all parameters in their posterior means except n and o,
that we set to 1 and 0.0205, respectively. We choose the value of o, that generates the same
volatility of the trend growth rate (ga:) in both scenarios, baseline and counterfactual.

6.2 The interaction between the trend and financial factors

Do financial factors have persistent effects on the economy through the trend dynamics? This
is one of the key questions we want to address in this paper. Figure 5 plots the response
of the trend growth (g,¢) to a one standard deviation increase in the spread (y), risk free

interest rate (R;;) and productivity dispersion shocks (of, o).
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Figure 5: IRF (in %) for the growth rate of the trend

Note: g, impulse response function as percentage deviations in % from the steady state to a
one standard deviation shock in p;, Ry ¢, o, of.

The blue solid line shows the results under the baseline model. Financial shocks have a
permanent effect since they drive down the growth rate of the economy g,;. All financial
shocks have a similar order of magnitude impact on the trend growth, with idiosyncratic
productivity being slightly smaller.

In this case, the trend growth remains below its steady state value for around 6 years. The
transmission mechanism of this shock is the following. The increase in firms’ productivity
dispersion increases the cost of funding for private firms, with a very negative impact on
imported and domestic investment and then, in output. As the domestic and the foreign
capital decrease, this drags down the spillover effects making the output drop larger than in
a model without these effects.

The figure also presents sensitivity analysis for the trend growth response to the afore-
mentioned shocks under different financial frictions. Notice the trend response to all shocks

is stronger when the debt elastic interest rate coefficient (1p) is set equal to ¥% = 0.041, a
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value 50% smaller than its posterior mean. In that case, all shocks are also more long-lasting.
Here as firms reduce investment, they also reduce their leverage. But the cost of funding
does not fall with low ¥p as much as with the baseline ¢p, leading to more adjustment in
investment.!’ The screening cost in the imported capital sector also matters, if they are
zero the productivity dispersion shock in the corresponding sector has no longer an effect
on the trend. Hence, the risk shock materializes through the corporate debt channel. If
the corporate risk increases, the impact on the cost of funding is increasing in the degree of
financial friction, as it is more costly to screen firms, and this cost is internalized in the cost
of funds. Hence, the larger the risk, the larger is the cost of funds driving down investment
incentives. The output elasticity of the interest rate (¢y) has the opposite effect ¢p has.
A positive ¥y slightly amplifies the effect of financial shocks trough the interest rate, and
then, on the trend.

It is important to stress that, even if in the figure the role of financial transmission channel
looks mild, they can produce large differences in the actual trend of the economy. Figure
6 translates the dynamics of g, into dynamics of (In(X;) — In(Xss+)) x 100 normalizing the

initial value of X to one and defining X, = gs5 X 1.

HThere is yet some heterogeneity in the responses across investment sectors: for instance, risk and spread
shocks with the baseline estimation of uy; have virtually the same impact on imported investment with ¥ p
and w,Lj. For completeness, in the section 10.5 in the appendix we include the impulse responses of several
relevant variables for the dynamics discussed in this section.
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Figure 6: IRF (in %) for the trend

Note: Trend (X;) impulse response function, in logarithms, as percentage deviations in % from
the steady trend growth (Xss: = gss X t) to a one standard deviation shock in pu, Ry, ag, 0,‘51.
The trend is obtained as In(X;) = in(Xi—1) + In(gz:).

The figure plots the impact of each shock, conditional on different assumptions about
the financial frictions, in comparison to the trend that would have happened in the absence
of the shock. This picture makes clearer that there are persistent effects in the economy.
As can be seen, the effect of financial shocks is very persistent, lasting from more than 20
years in most of the cases. The shortest live shock is the one of the risk-free rate while the
technology dispersion and the spread shock have the most persistent effect on the trend.

To complete the characterization of the dynamics of the model we can study the impact
of productivity shocks and how the transmission channels operate. We do this as technology
shocks play a major role. Figure 7 shows the response of the interest rate, debt, and the
endogenous growth rate of the economy to a negative mean-reverting productivity shock
(in the upper block of the figure) and trend shock (in the lower block). Under the baseline

calibration both shocks have negative permanent effects in the economy since the endogenous
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trend growth falls below its steady state value. The interest rate response differs significantly
in both cases and under different financial frictions’ assumptions because of the different

dynamics followed by the accumulation of debt at the household and corporate levels.
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Figure 7: IRF (in %) to negative productivity shocks

Note: g., R:, household debt (d;y1) and corporate debt (by41) impulse response function as
percentage deviations in % from the steady state to a negative one standard deviation shock
in €24t and g;.

Consider first the baseline model. When the productivity shock is mean-reverting, and it
affects TFP in the final good and domestic investment goods production sectors, the interest
rate increases. Output falls because technology worsens, labor does not react to wealth
effects and both capitals are fixed for that period. This induces a negative output growth.
Households borrow more to smooth consumption, but firms borrow less because they plan
to invest less. Overall, the impact is an increase in the interest rate because negative output

growth dominates the interest rate dynamics. After that period, the output starts recovering,
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which pushes interest rates down. In the subsequent periods, households’ debt decreases,
following the return of interest rate to its steady state value.

If we decrease the interest rate debt elasticity financial friction, the behavior of the
interest rate mimics the behavior of the growth rate of output with opposite sign, as seen
by the dotted black line. On the other hand, if we shut down the interest rate elasticity
to output growth, the dashed purple line exhibits the hump-shaped behavior of total debt,
without the initial spike of the interest rate.

When the productivity shock is permanent, the increase in the interest rate is smaller
and from period 1 falls and remains below its steady state value for around 20 periods. The
role of households’ debt is key here as, given that the economy is permanently poorer, the
household does not have incentives to borrow to smooth consumption. Thus, households’
debt decreases. This effect generates a negative pressure on the interest rate, which is
dominated by the fall in detrended output. Thus, the interest rate increases in period 0.
The response of corporate debt is very small on impact. As the growth rate of the trend
returns to its steady state, the interest rate starts falling. Since financing cost goes down,
corporate debt and then total debt increase, generating the hump shape in the interest rate.
Again, if vp is set equal to 5, the behavior of R; mimics the detrended output but with a
positive sign; while if we shut down ¢y, the behavior of R; mimics the total debt.

Figure 8 allows us to study further the investment dynamics after the negative trend
shock. A negative trend shock increases the interest rate and decreases both domestic and
imported investment symmetrically. However, notice the financial friction operates more
strongly in the imported sector than in domestic investment.

In sum, the previous figures suggest that trend dynamics strongly depend on the cost of
financial frictions summarized by the interest rate dynamics. The findings in this section
represent one of the main results of the paper. The dichotomy of trend shocks versus financial
frictions to explain the business cycle in emerging countries represents a strong simplification

given that the behavior of both of them are closely interconnected.
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Figure 8: IRF (in %) to a negative trend shock

Note: Impulse response function as percentage deviations in % from the steady state to a
negative one standard deviation shock in g;.

7 The long run impact of Sudden Stops

Sudden stops are the most common form that a financial crisis takes in Emerging countries.
As discussed in the empirical section, it is a combination of an increase in spreads, capital
flow reversals, and output fall. We study here the impact of Sudden Stops in the long-
run growth of the economy. We do it in two steps, first we show that the model can
replicate the dynamics around Sudden Stops. Second, we study the permanent impact that
the country’s trend suffered around each Sudden Stop identified in the data. This question
becomes relevant in order to understand the long-run implication of short-run macroeconomic

volatility in Emerging countries.

7.1 Anatomy of Sudden Stops

This section studies the model implications for the average simulated Sudden Stop, the
percentils 32 and 68, and compares it to the average in the argentinean data. As with the
data, we define a Sudden Stop episode as a year in which the country presents a 2% fall in
the GDP and 2 p.p. increase in net exports to output ratio. We simulate the economy for
500.000 periods, removed the first half of observations, recover the episodes that fit into our

definition of Sudden Stop and compute the cross-sectional average of all episodes including
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the 5 years before and after. As in the data, we keep only the first event when two episodes
have less than five years of difference. The frequency of Sudden stops in the data and
the model are aligned, being of 6.7% in the model and of 7.8% in the data. Additionally,
the model replicates the main dynamics involved in a sudden stop, both qualitatively and

quantitatively.
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Figure 9: Av. sudden stop in the data, simulated mean, and percentiles 32 and 68.

Note: Average simulated Sudden Stop, percentils 32, and 68 (grey lines), and average Sudden
Stop in the argentinean data (blue line). Simulated events come from 500.000 simulation
periods with half burn-in periods, where we recover the episodes that fit into our definition
of Sudden Stop and compute the cross-sectional average of all episodes including the 5 years
before and after. We keep only the first event when two episodes have less than five years of
difference, both in simulations and in the data.

The Sudden Stop emerges endogenously, mostly as a combination of various technological
and financial shocks that affect the economy in different ways depending on the episode.

Figure 10 presents in each plot the evolution of output for the baseline calibration and
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the counterfactual dynamics shutting down one shock at a time. The larger the difference

between baseline and counterfactual, the more important is the shock that we remove.
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Figure 10: GDP growth around Sudden Stops: observed and counterfactuals dynamics

Note: Observed and counterfactual dynamics around Sudden Stop episodes in Argentina. The
Baseline corresponds to the smoothed value of GDP growth. We define as ¢t = 0 the year of the
Sudden Stop. We simulate counterfactual dynamics from ¢ — 1 to t + 2, taking the observed
value at t — 2 as initial condition, the baseline calibration, and removing one shock at the time.
TFP stands for TFP productivity shock in final goods production (a;), in domestic investment
(ad;) and the covariance among them. Risk shock includes the dispersion shocks in both sectors
(of, of).

As seen in the figure, in all the episodes, trend and mean reverting shocks matter. The
trend tends to matter the most when a policy change was involved in the episode, for instance
2002. For 1976 and 1982, financial factors play a very relevant role. To some extent the
spreads matter also in the 2002 crisis. It can be seen that removing them would have implied
a larger output growth. For the sake of space, in the main text we only include the evolution
of output growth during Sudden Stops but the drivers behind the dynamics of other variables
may be different. For instance, in the case of imported investment, the risk shock tends to
play a crucial role in most Sudden Stops. We leave the study of the main drivers of the rest

of the endogenous variables to the section 10.6 in the appendix.
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7.2 A quantitative view of the long-run impact of Sudden Stops

Having identified the most relevant shock in each episode we want to quantify the long-run
impact of Sudden Stops, i.e. the effect on the trend, for each episode. Figure 11 presents the
dynamics of the logarithm of the trend for each episode decomposing it in productivity versus
financial shocks. Each picture shows the logarithm of the trend in the baseline specification
(blue solid line) and the counterfactual (the left column shutting down technological shocks
and the right one shutting down financial shocks).

As seen in the plots, in the absence of the technology and financial drivers, the trend of
the economy would have been different from the smoothed one. The counterfactual trend
remains above the smoothed one for the 1959, 1976, and 1982 sudden stops. For 1995 and
2002, the trend decelerates in the neighborhood of the crisis but shutting down technology
or financial shocks do not explain it.!?

Financial shocks matter the most for the 1982 crisis. Removing them would have implied
(persistently) a milder drop in the trend.

The 2002 crisis is a very interesting one and deserves comment. The Sudden Stop occurred
at the same time as the abandonment of the convertibility plan, i.e. the currency peg. Trend
shocks, in turn, are meant to capture these events that are not otherwise included in the
model. Then, by removing the trend shock in this context we also remove the impact of the
change in policy which in some way contributed to the recovery after 2003. For this reason,
the counterfactual economy recovers at a slower pace after 2003 than the baseline economy.

The previous figure shows the importance of technology shocks in the Sudden Stops.
This does not imply that the trend around Sudden Stops is determined by trend shocks.
The endogenous component of the trend matters and also respond to trend shocks. We
can disentangle the impact of trend shock to the role of the endogenous trend by studying
the dynamics of the trend around each Sudden Stop for different values of 1. Figure 12
present the baseline dynamic of the trend in the black solid line, the one with n = 1, that
implies a fully exogenous trend, and fully endogenous trend, n = 0. As seen in the figure, as

expected, the baseline trend is an average of both exogenous and endogenous components.

12Tn the appendix we show the historical variance decomposition showing which shocks push the trend
down in those periods.
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When the exogenous component is the determinant of the Sudden Stop, by construction the
endogenous trend is above the smoothed estimate of the trend. This happens in all Sudden
Stops except in 2002. As seen in all these cases, when the trend shock is a main driver of
the Sudden Stop, it falls at the period of the crisis. The persistence of the crisis comes from
the endogenous trend. This is the case in all crises. In the 2002 crisis, trend dynamics are
mainly driven by the endogenous component, and the recovery is pushed by the exogenous
trend after 2003. This is in line with the previous findings of this section. The behavior of
the endogenous component of the trend determines the key link between the business cycle
and the long run. This is our central result; the business cycle translates into persistent

long-run stagnation.
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Figure 11: Observed and counterfactual trend dynamics (in logs)

Note: Smoothed and counterfactual dynamics around Sudden Stop episodes in Argentina. The
plots show the log of the trend (In(X;)) calculated as In(X;) = In(X;—1) +In(gx:), normalizing
X1 = 1. The Baseline corresponds to the smoothed value of the trend growth rate (gz;). In
the counterfactual dynamics, we simulate gx; from ¢t — 1 to t + 5, taking the smoothed value at
t — 2 as initial condition. We remove the correspondent shocks during the simulated periods.
First column sets trend shocks equal to zero, second column sets TFP in final production sector
(at), in domestic investment sector (ad;), and their covariance, equal to zero, and last column
sets spread shocks (p), risk shocks (o) and risk-free interest rate shocks (Ry ) equal to zero.

Last but not least, the same analysis can be carried to disentangle the role of financial
shocks. This is shown in the third column of Figure 13. There, the counterfactual economy
is one without financial shocks, but 7 is fixed in the posterior mean value. The picture com-
pares them with a fully exogenous trend (n = 1) and a fully endogenous trend (n = 0). This
figure highlights the interaction between the endogenous trend and the financial shocks. In

most of the crises, the trend would have been stronger without financial shocks if the trend
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were fully endogenous. This implies that financial shocks affect the trend in a persistent way

due to the endogenous component.
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Figure 12: Smoothed and counterfactual trend dynamics (in logs)

Note: Smoothed and counterfactual dynamics around Sudden Stop episodes in Argentina. The
plots show the log of the trend (In(X,)) calculated as in(X;) = In(X;_1) +In(gx;), normalizing
X1 = 1. The Baseline corresponds to the smoothed value of the trend growth rate (ga:). In
the counterfactual dynamics, we simulate gz; from ¢t — 1 to ¢ + 2, changing the calibrated value
of n and maintaining the rest of parameters at their posterior mean.
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Figure 13: Smoothed and counterfactual trend dynamics

Note: Smoothed and counterfactual dynamics around Sudden Stop episodes in Argentina. The
plots show the log of the trend (In(X;)) calculated as In(X;) = In(X;—1)+In(gx:), normalizing
X1 = 1. The Baseline corresponds to the smoothed value of the trend growth rate (gz;). In
the counterfactual dynamics, we simulate gx; from ¢t — 1 to ¢t + 5, taking the smoothed value at
t — 2 as initial condition. We remove the correspondent shocks during the simulated periods.
First column sets trend shocks equal to zero, second column sets TFP in final production sector
(at), in domestic investment sector (ad:), and their covariance equal to zero, and last column
sets spread shocks (p), risk shocks (o) and risk-free interest rate shocks (Ry ) equal to zero.

8 Concluding remarks

We develop a theory to understand and quantify the interaction between growth, financial
frictions, and Sudden Stops in Emerging economies. We find that the dichotomy of trend
shocks versus financial frictions to explain the business cycle in emerging countries is a

first-order approximation. The behavior of both of them is closely interconnected.
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Our theory identifies the financial constraints and financial shocks as key drivers of many
features of the Emerging markets business cycle. Moreover, they are at the core of Sudden
Stops. In the case of Argentina, we document that financial factors have a persistent impact
on the economy through the endogenous trend. For instance, during the 1982 episode, the
entrepreneurial risk, spreads, and financial constraints shaped the dynamics of the trade
balance, consumption, and imported investment dynamics.

Productivity shocks, both transitory and permanent, are also of first-order importance.
We do not present a theory for permanent productivity shocks. Our interpretation of these
shocks, however, coincides with that of Aguiar and Gopinath (2007). Permanent shocks can
capture the sudden changes in fiscal and monetary policies, changes in the trade or current
account policies, or even changes in the exchange rate policy, such as abandonment of fixed
exchange rate regimes. Such changes are likely to have a strong and long-lasting impact and
are plausible interpretations of the trend shock if they are perceived as permanent.

In a nutshell, a finding to highlight is that the cycle and trend in emerging countries are
interconnected, and crises have persistent effects at business cycles and secular frequencies
due to the existence of financial constraints. Hence, modeling emerging economies without
accounting for financial frictions may entail a significant simplification. Yet, our analysis
highlights only one potential channel for the impact of business cycles on the trend, the
endogenous growth due to capital accumulation. We leave the study of additional channels

for future research.
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10 Online Appendix

10.1 Data
10.1.1 Estimation observables

In the estimation, we include eight observables: GDP growth (g,), private consumption
growth (g.), domestic investment growth (g;,), imported investment growth (g;,), trade bal-
ance to output ratio (tby), interest rate payments over output (rb,), the risk free interest
rate (Ry) and the relative price of imported capital investment goods to GDP deflator, in
demeaned growth rate (g,,). National account data come from IIEP (2018). Due to data

availability, our price deflators are Fisher chained indexes.
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Figure 14: Observable variables and smoothed variables

Time series used in the Bayesian Estimation: output growth (g, ), private consumption growth
(9c), domestic investment growth (g;,), imported investment growth (g;,), trade balance to
output ratio (tby), interest rate payments (Rb,), the relative price of imported capital invest-
ment goods to GDP deflator, in demeaned growth rate (g,,), and risk free interest rate (R/).
Blue line is the data, grey discontinued line is the smoothed variable.

Variables definition in aggregate, nominal terms: output is the annual GDP. Consumption
is private consumption. The total investment is gross fixed capital formation. In the data,
gross fixed capital formation is the sum of constructions and durable production equipment.
The last one is composed of imported and domestic transport material, and imported and
domestic machinery and equipment. We define domestic investment as the sum of 3 variables:
constructions, domestic transport material and domestic machinery and equipment. This

variable is in real terms in the data. Output, consumption and government spending are
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deflated by the GDP deflator. We work with per capita variables, and obtain the growth
rates by log-differences.

To construct the imported investment and the price of imported investment we proceed as
follows. Real imported investment is the sum of real imported transports plus real imported
machinery and equipment. We also have data on nominal imported investment (transports
plus machinery and equipment). To compute the implicit price deflator of imported invest-
ment we divide nominal imported investment by real imported investment. To compute the
relative price of imported investment in terms of domestic goods we divide this price, by the
GDP deflator.

Finally, as an observable we use per-capita imported investment in growth obtained as
follows: g;,, = In(4;;) — In(i;—1).

The trade balance in nominal terms is nominal exports minus nominal imports. Trade
balance to output ratio: it is the ratio of trade balance and output, in levels.

The variable rby are annual net interest rate payments to the rest of the world, divided
by output.

Risk free interest rate: demeaned risk free rate using the short term nominal interest rate
from Jorda et al. (2019) for US in real terms, by removing US CPI current inflation.

Population data comes from World Bank and FRED.

10.1.2 Stylized facts: international data

International data for capital imports come from World integrated Trade Solutions (WITS),
from the World Bank. This variable is the sum of two import categories in Broad Economic
Categories (BEC) classification: Capital goods (except transport equipment), category 41,
and Transport equipment, industrial, category 521. Data is in thousands of dollars, and
imports include the rest of the world as partner. Due to data availability, the period under
consideration is 1976-2018, but differs considerably among countries. In the following table
we present the sample period for each country and the average percentage of imported

investment over total imports, for the correspondent period.
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Country Sample Imported investment /Imports
Argentina 1980-2018 21%
Antigua and Barbuda 2005-2018 12%
Bulgaria 1996-2018 15%
Belize 1992-2018 16%
Bolivia 1977-2015 27%
Brazil 1983-2018 16%
Barbados 1980-2018 13%
Chile 1983-2018 24%
Colombia 1978-2018 24%
Costa Rica 1986-2018 15%
Dominican Republic 2001-2018 14%
Ecuador 1980-2018 23%
Egypt, Arab Rep. 1981-2018 13%
Guatemala, 1986-2018 16%
Guyana 1997-2018 20%
Honduras 1986-2018 (disc.) 17%
iran 1986-2018 (disc.) 23%
Jordan 1981-2018 13%
St. Lucia 1981-2018 13%
Morocco 1976-2018 17%
Mexico 1986-2018 20%
Panama 1986-2018 13%
Peru 1976-2018 21%
Paraguay 1983-2018 24%
El Salvador 1986-2018 14%
Tunisia 1980-2018 16%
Turkey 1985-2018 20%
Uruguay 1983-2018 16%
Venezuela 1983-2018 24%

10.2 Equilibrium conditions

10.2.1 Equilibrium equations

Household’s problem:
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ANy = yig + Mgy + gy + i + T — St

Final goods producer:

Tdt = ai(1 — 7)(Xthf,t)ﬁ/Ktli%malKgyl
Wi = CLtVKtlﬂ(Xthf,ty_lXt

rig = a(1 — ) (Xehy) K777 (1 — an) S0 K
}/;/ = at(Xthﬂt)’thli’y
Ky = (K4 (1= a1) (21 K" )

Imported capital producer:

K;
Gt — Ny [1 + CID}{NH ( 441 )] —

EtﬁA;—fg;f (qi,m(l — &) — Ao {(1 — G) — @(g—j) = (gj j)D
Ny =Py
K1 = Ki(1—0pi) + Liy — ‘1)<Ki’il>Ki,t
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Hiie = Gie I i1 — Kb (1 — 0ns) — Pigliy

Domestic capital producers:

Kati1
/ ) .
o, ()]

A+l g Kgiio Ko
Etﬁ)\—tgm,t (Qd,t—i-l(l — Ora) — Nais1 {(1 — Oa) — ¢<m> — P <Kd,t+1)

Ad,t = Pd,t

K
Ko = Kai(1 — 0paq) + Loy — (b( I?H_l)Kd,t
d,t
Hiar = qaiKai1 — qaifa (1 — Oka) — Paslas

Imported capital entrepreneurs:

Tit+1 + Gizs1(1 — Opi)

Rit1 =
it
R; 3 ) B )
Bj’tﬂ [F(wi,t+17 de,t) — i G (@i 141, O-Z.;,t)‘| (14 Git) = Gig
t+1
R K , 1—F (W ol
E, i1t 4V G141 1—-T (@i’tH’ Ufu t)) —E, _ . ( 1,t+_1> w,t) _ .
Ry 1N ’ 1 — F (@11, 00,4) — pii1 Fo (@441, 0% )

Gi+5itv1 = Nigr1 + Bty
Wit
Ni,t+1 =" |:Ri,tQi,t—lKi,t - RtBi,t - Mkzi/ WdF(UJ)Ri,tC]i,t—lKi,t] + WEi,t
0
Domestic capital entrepreneurs:

Tai+1 + Gag+1(1 — Ora)

Rati1 =
qd.t
R, ~ )
R,t+1 F(wd,t-'rl? O_Zit) - /J“k?dG(wd,t—‘,-]_, O—Z,t):| (1 + gd,t) — §d7t
t+1
R K, 1—-F(w o
Et dé—‘rlq(]:l\,; d,it+1 (1 - F (C‘Dd,t+17 U(il],t)) = Et — y ( d,t-i;l; w,t) _ ;
t+14Vd t+1 1—F (wd,t+1, Uw,t) — fkd@d 41 F (Dd 41, 0w )

qat Kai+1 = Nagr1 + Bag

50



Wd,t
Nati1 =7 |Raqas—1Kar — RiBay — ,uk:d/ wWdF(w)Razqap—1Kar| + WEq,
0

Domestic Investment producer
Lay = af(hay)"

Hld,t = pd,ta;l(hd,t>p - Wh,thd,t

L4
Wi = de,th—’t
dt
Exogenous shock processes:
I (g141/9) = pgIn (9:/9) + €15 e ~ N (0,03) ; lpgl <1
1 _ a,ad a . a 2\ .
N1 = Po N a; + pPaad€ly + €4 e ~ N (0,0‘a) : lpa| < 1.
Inagirr = paalnag: + pad,aegfld + 6?115 G?d ~ N (0, Ogd) ) |pad] < 1

Invg =p,Inv+e4; e ~N(0,00); |p] <1
Inpip1 = ppIn e + 654-13 e ~N (0702) ; lpul <1
InRyy1 = pr, In Ry + effl; eff ~ N <0,0i3f> : PRl <1
In (pie1/P) = ppIn (Pie/P) + €15 e ~ N (07 012)) ; lpp| < 1
nol,, = (1= p}) np, +pynol,  +1me0 € ~N(0,07); ol <1
ol, = (1-pd)Inpug +pilnol,  +njess; ¢ ~N(0,027);  |pi| <1
Se41 = (1 = ps)5 4 psse + €1415 efNN(O,ag) o psl < 1

Definitions:

R, = Ro,t—leut_l
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R, =R"+exp(Rst — 1)+ ¢p| exp (Jm + l~)t+1 —(d+ B)) — 1|+
Yy |exp (e —y) — 1
B, = B, + By
F(@j41,0%,) = © (log (”j”*;.) * %cﬂ,f) for j =i,d
w,t

J
w,t

L1532 oo @
. g og w
G((Dj,tJrla O_ZJ,t) =1-06 (2 = i & J7t+1> for j = ia d

D(@ja41,000) = @jarr (1= F(@j41,00,)) + G(@jag1,02,) for j =i, d

1
Tiy = (1 - 1— 675> ‘/i,t — w4

1
Td,t = (1 - ) Vd,t —wly

1—e7°
Wit
Vz‘,t = Ri,tQi,tflKi,t - RtBi,t - ,uki/ WdF(W>Ri,tQi,t71Ki,t
0

W4t
Vit = Ratqar—1Kar — ReBay — Mkd/ wWdF(w) R 1qat—1K a4
0

1-n

S (e ——

TB, = RD; — Dyy1 + Ri(Bit + Bat) — (Bigt1 + Bay1)
GDP, =Y, + pailar — peiG(@igt1, O-Z'u,t>Ri,tQi,t71Ki,tfl — 11kdG (@41, Uz,t>Rd,th,t71Kd,t71

10.2.2 Stationary equations

There are three sources of growth in the model: the trend in imported investment price (P, ;)
given by =, the trend productivity shock I'; and the trend of the economy X, that depends
on capital accumulation and I';. The correspondent growth rates are g=;, g, characterized

by equation 17, and g, ;.
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In order to solve the model, we need to stationarize the equilibrium equations from section
10.2, dividing each variable by the corresponding trend. In general, we adopt the notation
of working with capital letters for growing variables and lowercase letters for detrended
variables. We make an exception for ¢;; and A;; whose detrended versions are ¢;; and _/~\i,t.

First, from equation 19 we need each component of domestic absorption to grow at the
same rate than output, X,_;. In particular, F; ./, ; has to grow at rate X;_g=;. This happens
only if the trend of imported investment is given by %, and the growth rate of imported

investment is %.

Notice this fact is consistent with the data. In the dataset, we see that output, consump-
tion, domestic investment, and the trade balance have a similar growth rate, close to 1% on
average in the whole period. This is g — 1 in the model. However, the imported investment

grows at an average rate of 3.6% and imported investment price grows at —2.4%. This

means the gross growth rate of imported investment prices is 0.9756 on average, what we

gzt

9=t

call g=. Then we have = 1.034, very close to the empirical gross growth rate of imported
investment.

Since the price of domestic investment does not grow, the trend in domestic investment,
and then, the one of domestic capital, is equal to X;_;.

We follow an analogous approach to find the trend of the rest of the endogenous variables.

The complete set of stationary equilibrium equations is the following.

Household’s problem:

9z,t—1 wy Wq
wyr wq o
Ct—1 hf,t hd,t hwfq A\
9z,t—1 wg Wq
: ) wg\ 77
t—1 fit d,t wg—1
Ve | ¢ — - - hgt ™ = waih
gz,t—1 wg Wq

At = BRi+1957 Bt [Arra]

¢+ diRy = wyihyy + warhar + div19es + /~\t
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Ay = Thig + Thar + Trae + tie +tar — S

Final goods producer:

ri+ grows at rate =,_1. Wy, K; and Y; grows at rate X;_;. rqy; does not grow.
l—p1— -1
Tag = (1 — ) (gaihye) Tk valks,lt

Wyre = atryktl_n/(gx,thf,t)v_lgaz,t
rig = ay(1 = ) (gauhye) ki (1= a) kLG

Yo = ay(guihse) k7

1
]Ct = (alk‘gjf + (]. — al)kff;) H1
Imported capital producer:

Here we have: I;; and K;; grow at rate:

rate X;_1.

2
|

= Dity Gt A;; grow at rate Z;_;. II; grows at

~ X ki, 1 Yz,
it — Ai,t |:1 + Cb;ﬂ’tﬂ ( t+ _t>]

ki,t 9=
Ai+1 9=t (~ ~ K12 9o i1 Kiit2 o1
B (G )~ A [0 ) - a2y gy (Fuasageen)
N 9zt vl ) e | ( ) Kitr1 9241 Fiet1 Kiit1 92041
Ai,t = Dit
Gzt . kz’,tJrl Gu.t
ki1 = kit(1 — Op;) + 454 — (I)<— )ki,t
gzt kit 9=
gx,t

Tkit = Qi,tki,t—i—l —

=t

- gi,tki,t(l - 5kz’) - pz’,tii,t
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Domestic capital producers

Qda.t, Par and Agy do not grow. Ky, I, and Il;, grow at rate X;_;.

Kaiv1
/ ) —
Gar = N [1 * (I)kd’“fl ( Kaz gx’t>] N

Aes1 k K
Etﬁ Ay Gzt (Qd,t—i—l(l — 5kzd) — Ad,t+1 |:(1 - 5kd) - (I)<ng,t+l> - ®;€d t+1 <ng’t+l>:|)
A ka1 i Kdi1

Ad,t = Pdt

: k
kati19e: = kar(1 — Oka) + das — CI>< Z,;H) s
t

Tkdt = Qatkdir1 — Qakar(1 — Oka) — la.tPas

Imported capital entrepreneurs:

R; 11 does not grow. Ny, B;;, WE;; grow at rate X;_;.

Ritr1 Tiger + Gippr(1 — Ors)

9= it

R; _ ; — J
—RZ’tH I'(@w; 141, UL,t) — i G (@i 41,4 UL,t)} (14 <ie) = i
t+1

ks . 1— F (o i
E R'L,tJrl(Jl,tkl,tJrl (1 -Tr (@@t-s—l, O_Zu7t)) _ ]Et (1 — ( (wz,t+17 O'w’t) )

t — B — — B
Ripinip9=y4 Wi t+1, Ufu,t) — fhi@i g1 F (Wi,t+17 Ui;,t)

Gitkitr1 = (i1 + bigg1) g=

G 1 kz Wit
Nitr19zt = V° |:Ri,tq L (1 - Mkz‘/ wdF(w)) - Ri,tbi,t:| + we; ¢
0

g=t—1

Domestic capital entrepreneurs:

Tat+1 + Qag+1(1 — Ora)
qd,t

Ragty1 =

Ry _ _
R’—Hl U(@api1,00,) = pkaG(@air1,00,) | (14 Sae) = saz
t+1
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Rati1qatkai _ d 1-F (@d,t+1a Ug t)
R, e iden () p ~E ’
" Ripinaen ( (@ars1: %) ' (1 — F (@a41,02,) — pra@aiir Fo (Dap41,08 )

qatkatrr = nagr1 + baein

W, ¢
Ndt+19z,t = 7* |:Rd,thl,t1kd,t (1 - ,ukd/ WdF(W)> - Rtlbd,t:| + weq
0

Domestic Investment producers
Gar = Aay,d9zi(hag)”

Trdt = Pd,tldt — wh,thd,t

w op Lt
dit = PPdi7
ha
Exogenous shock processes: see section 10.2.
Definitions:

T;; and Ty grow at rate X, ;.
Ri = Ry 1™t

Roy = R* +exp (Rpy — 1) +p em>Q£H—+&+l—(J+BD«—1 +
Uy | exp (g —y) — 1
by = b + bay
F(d)j,tﬂ,afj,t) =0 (log(w] t:} il 20] 2) for j =i,d
ot

L1532 oo @,
o og w
G(wjt—i-h wt)_]'_@<2 - J ° j7t+1> forj:iad

O-w,t

T(@j441,004) = Wier1 (1= F(@je11,00,4)) + G(@j41,00,) for j =1i,d

1
zt = (1 - 1 _eve) Vit — Wei g
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1
e Vgt — Weq

Jii—1 ki i1k
Vit = Ri,tq’t S Rb it sz/ WdF q’t Sl
0 ga,t—l

Vat = Rdtht 1kdt - Rtbdt - Mkd/ WdF Rdtht 1kdt
0

1-n

Goa = G090 | (ankls + (1= @) (kig)") ™
thy = Rydy — dyy1904 + Ri(big + bay) — (bigt1 + bai41)Gas

qi,tflki,t
g=t—1

9dpy = Y + iaPas — G (Oi 1, Ui,t)Ri,t — pkdG (@a 11, Ug,t)Rd,th,t—lkd,t—l

10.3 Estimation

Table 7: Priors and estimation results: Measurement errors

Prior Posterior

Dist. LB UB Mean s.d. | Mean Median 10% 90%
9y IG 0.001 0.003 0.00 0.00 0.00 0.00
Je IG 0.001 0.003 0.02 0.02 0.01 0.02
9iy IG 0.001 0.003 0.04 0.04 0.03 0.05
i, IG 0.001 0.003 0.00 0.00 0.00 0.00
thy | 1IG 0.001 0.003 0.00 0.00 0.00 0.00
rby | 1G 0.001 0.003 0.00 0.00 0.00 0.00
9p IG 0.001 0.003 0.00 0.00 0.00 0.00
Ry IG 0.001 0.003 0.00 0.00 0.00 0.00

Note: Posterior distributions from Random Walk Metropolis Hasting algorithm of 1,000,000
draws, with 500,000 burn-in draws.

10.4 Quantitative results: variance decomposition

In the following table we present the decomposition of transitory shocks contribution to the

volatility of each observable variable.
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Table 8: Variance decomposition (%)

Shock 9y e iy i, thy rby
ay 16.9 10.0 3.3 0.7 2.1 2.4
ad, 0.1 0.3 2.8 0.0 0.9 0.5
e®ad 63.0 47.8 66.1 2.6 25.6 16.7

Transitory 80.0 58.1 72.2 3.3 28.6 19.6

10.5 The interaction between the trend and financial factors: sup-
plementary figures

In this section we present the IRF of interest rate, investment, and debt, to a one standard

deviation shock in spread (i), risk free (R;,) or risk (o}, of), to complement the analysis

in section 6.2.
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Figure 15: IRF (in %) for interest rate, investment and debt

Baseline = = = - 470 =

Note: Ry, ia.t, tit, det1, and bypq impulse response function as percentage deviations in % from
the steady state to a one standard deviation shock in p;, Ry ¢, of, of.

10.6 Sudden Stops: supplementary figures

In this section we present the shock decomposition for the year of the sudden stop (¢ = 0)

and the year before (t = —1), for each episode and each main endogenous variable, in order

to identify the main driver.
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Figure 16: Sudden stop 1959: main drivers
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Figure 17: Sudden stop 1976: main drivers
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Figure 21: Trend growth (gx) historical decomposition
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Note: Historical decomposition of trend growth (gx) in the five sudden stop episodes identified
in the data.
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