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May 2023

Abstract

Emerging market economies (EMEs) are more vulnerable to suddenly being excluded from financial mar-
kets in events of Sudden Stops. During these situations, access to liquidity for domestic agents is scarcer and
more expensive for different economies in tandem even if the triggering event of the crisis is exogenous to their
fundamentals. This shock in the financial market can have long-lasting effects on the real economy of an EME.
I explore a heterogeneous firm model with ad hoc constraints on their access to external financing and build
a framework on how in the absence of capital inflows from international markets, capital tends to be further
misallocated provoking aggregate long-term losses. I do so building on data fromChile, a robust economy that
suffered a Sudden Stop after the 1998 Russian Default.
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Introduction

Emerging markets economies (EMEs) are subject to more volatile and uncertain business cycles [Aguiar and
Gopinath, 2007, Mendoza, 1991]. They are also in a particular position concerning their access to capital mar-
kets: they tend to have less profound domestic financial markets than their wealthy counterparts [Abiad et al.,
2008]1 and they are more prone to be excluded from international markets. Indeed, not only EMEs are associ-
atedwith higher risk -think for instance of sovereign risk2-, but they are especially vulnerable to dramatic global
capital market corrections in the context of Sudden Stops. These are events where access to foreign liquidity
dramatically dries out, and are characterized by sharp falls of capital inflows below trend, heavy devaluations
of the local currency, interest rates shooting up, and asset prices crumbling resulting in abrupt adjustments
[Calvo and Talvi, 2008, Calvo et al., 2006, Mendoza, 2010]. They are relatively common across EMEs and tend
to affect different parts of the world in tandem as the distress in global capital markets works as a coordinating
factor across them [Eichengreen andGupta, 2016]. These adjustments are often accompanied by recessions and
they can scar these economiesmoving forward as they often result in permanent losses in output and aggregate
productivity [Ates and Saffie, 2021, Mendoza, 2010].

Moreover, the last few decades have been extremely prolific in research about the role of financial frictions and
incomplete markets in the macroeconomy3. In particular, considering how the existence of ad hoc credit con-
straints in stochastic settings can lead to the evaluation of models with uninsurable idiosyncratic risks. These
constraints prevent at least some agents from acquiring a portfolio of assets that mimics Arrow-Debreu securi-
ties to fully hedge against future shockswith cross-sectional and aggregate consequences. Indeed, the existence
of incomplete markets might generate distortions in the allocation of resources [Hsieh and Klenow, 2009, Moll,
2014], of aggregate quantities, and in equilibrium prices that can widely differ from the conclusions of a rep-
resentative agent model [see Ahn et al., 2018, for an overview of these effects when considering heterogeneous
consumers]. All in all, the absence of perfect insurance is at the heart of economieswhere risk becomes an obsta-
cle to efficiency, andwhere even ex-ante identical agents are ex-post distinct between them and thus distributed
over the state space.

This paper aims to use a standard model of heterogeneous firms to grasp how a Sudden Stop in an EME gen-
erates a long-standing dip in production and aggregate productivity. Building on Martin-Baillon [2021], this
model illustrates the effects of the Sudden Stop following the 1998 Russian Default in the Chilean Economy.
Indeed, the volatility that surrounded this default translated into a synchronized shutdown of international
capital markets for other EMEs, in particular in Latin America. Chile, which had robust growth since the sec-
ond half of the 1980s, with average growth surpassing 7% per annum, had a stiff slowdown in 1998 and a small
recession in 1999 (−0.3% growth) [Calvo and Talvi, 2008]. Facing a Sudden Stop, the economy required to
have a rapid adjustment on its current account, which went from running a deficit consistently since 1977 and

1This is a feature widely present in international finance models especially to describe global imbalances e.g Caballero et al. [2008],
Coeurdacier et al. [2015], Mendoza et al. [2009]

2See Das et al. [2012] for a survey on debt restructurings.
3See in particular the seminal work of Kiyotaki and Moore [1997], Woodford [1990] that is mainly interested in the consumer’s

consumption-saving decisions when they face uncertain income and incomplete markets.
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surpassing 10% of the GDP in 1996 and 1997, to rapidly generating a surplus by 1999. This reaction can be ex-
plained by a diminished investment in the economy that allows to ship resources abroad and repay outstanding
debt, which is verified by a slowdown in the gross domestic fixed investment. Finally, as is expected in these
events it had a loss in productivity that can scar the economy well after the financial markets calm down [Men-
doza, 2010]. In fact, Ates and Saffie [2021] estimates that this event provoked a permanent loss of productivity
of 0.6% that will lead the Chilean economy to a new balanced growth path where consumption and output are
0.9% lower with respect to a counterfactual where this crisis did not propagate into its economy.

Using plant-level data for the period 1995-2007, I calibrate a discrete-time model with an exogenous exit risk,
where atomistic producers face firm-specific productivity shocks and where they can only finance their invest-
ments using retained earnings. The economy is vulnerable to aggregate shocks, namely in aggregate TFP and
in the depreciation rate which is common across firms. Producers seek to maximize the expected stream of
dividends paid to a representative household, their sole shareholder. I leverage the transmission of the Rus-
sian Default 1998 crisis to other EMEs as the source of augmented aggregate uncertainty orthogonal to the
fundamentals of the economy, but that reflects in how firms make investment decisions and how the economy
allocates resources generating further capital misallocation and sustained losses in productivity and output.

The main intuition of the mechanism at play goes as follows. The shock on the international financial markets
for emerging economies makes capital more expensive for all producers as it becomes more scarce. It requires
the Chilean economy to devote a sizable part of its output to paying its current account deficit. As these re-
sources are sent abroad they are essentially destroyed for domestic agents which tightens the firms’ liquidity
constraint.This worsens the capital misallocation of the economy and generates the persistent loss in TFP that
is seen in the data. This allows testing this channel that goes from purely financial shocks to long-lasting effects
in the real economy, that in the context of an EME can hurt its development path. This is important because as
mentioned before EMEs tend to have more friction in their financial markets and they are prone to shocks like
Sudden Stops. Further understanding their interaction and transmission is key for policy-makers that need to
handle this sort of crisis not only in the short term to deal with an exacerbation of the business cycle but also in
the long run.

The rest of the paper is organized as follows. Section 1 details the consequences of the 1998 Russian Default
in the Chilean economy, how it reveals the features of a Sudden Stop and provides an overview of the litera-
ture review on the heterogeneous firm literature. Section 2 presents a basic heterogeneous firm model where
producers can only finance their investments through retained earnings and its solution. Section 3 shows how
the model presented in the previous section is calibrated for the steady state taken in 1997 and how we can
model capital being more scarce as a Sudden Stop hits the economy. This worsens investment misallocation.
Finally, section 4 simulates the Sudden Stop shock and displays the new steady state and the impulse response
functions to aggregate shock. The last section concludes and provides hints to further analysis of this event in
a production heterogeneity framework.
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1 Empirical motivation and related literature

1.1 1998 Russian Default and a Latin American downturn

“Until then we were doing fine, but everything changed after Russia”

Guillermo Ortiz, Mexico’s Central Bank governor during 1998’s IMF and
World Bank annual meeting. Quoted by the NYT (1998).

On August 17th, 1998 the Russian Federation defaulted on part of its debt worth about 15 billion dollars, after
months of uncertainty and action from the West and the IMF to try to stabilize their macroeconomic situation
[Bohlen, 1998]. The year was marked by a profound recession, bank failure, high inflation and plunge in the
value of the ruble [Kharas et al., 2001] that resulted in further interventions from international partners until
the end of the decade [Das et al., 2012]. This event -accompanied by other sources of distress on the financial
markets in the second half of 19984- resulted in turmoil that propagate into othermarkets, in particular for EMEs
that also saw their currencies devaluate, an increased perception of risk and sinking value of their financial
assets. Indeed, the higher volatility of asset prices, the reduced liquidity and the flight to safe assets made
exposed other economies to financial instability [BIS, 1999].

Latin America was still recovering from the major hardship of the 1980s and benefited from unprecedented
inflows of relatively inexpensive capital that financed growth [Bértola and Ocampo, 2012]. Unlike other major
financial distress events in the 15 years prior -notably the 1994 Mexican Default that had focalized and tempo-
rary effects on capital inflows, and the 1997 Asian crisis that left largely unaffected the region-, the events of
1998 provoked a major, sudden and persistent shock to the region’s capital accounts. As Calvo and Talvi [2008]
highlight, they profoundly altered the dynamic in capital markets as the region saw striking hikes in interest
rates, doves in capital flows, and yet another slowdown in growth dynamics as the Russian crisis “precipitated
a sudden, synchronized, large and persistent increase in the interest rates” (p.125). In short, the region saw the
materialization of a Sudden Stop, a common feature in emerging markets where there is -a minima- a substan-
tial decline in capital inflows when compared to the previous trend5 needing abrupt adjustments. Across the
region6, the effects of a reversal in access to liquidity manifested in different intensities emphasizing the role
of domestic characteristics [Calvo et al., 2006, Mendoza, 2010] and policy responses [Eichengreen and Gupta,
2016, Valdés, 2007] in the aftermath of the initial shock.

Chile offers an interesting framework to assess the impacts of a Sudden Stop on the real economy. It is a small
open economy, relatively well integrated to trade flows and international capital markets. It had a robust recov-
ery after the 1982-1983 Latin American crisis and outperformed the rest of the region [Bergoeing et al., 2002].

4The 1999 BIS report cited above provides an interesting timeline of the issues on the international financial markets in Autumn 1998.
It highlights the distress of the American financial provider LTCM in July and surveys the reaction by market participants in section two.

5There can be slight differences between in the definition of a Sudden Stop by different authors, in particular, to distinguish the effects
of the capital markets drought. Cavallo et al. [2015] offers an interesting classification of these events to differentiate events according to
their impact.

6An interesting feature of Sudden Stops is that -at least in the 1990s- they tend to impact whole regions at the same time, what Calvo
et al. [2006] describe as ‘temporal bunching’. Eichengreen andGupta [2016] note that more recent episodes tend to impact different regions
in tandem.
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During the second half of the 1980s and the 1990s, the country’s implementation of structural reforms and
eventual democratization led it to a prosperous and stable macroeconomic situation. Chile had steady and un-
precedented growth levels (+7.6% on average for the period 1990-1997, well above the regional performance),
stable and lower inflation, and high growth in productivity and employment [Jadresic and Zahler, 2000]. In
this context of robust fundamentals, Chile was an important beneficiary of the abundant and relatively inex-
pensive capital inflows (despite the existence of capital controls) that came into Latin America which allowed
it to fund investments. As Valdés [2007] describes in 1997, the net capital inflows accounted for more than 8%

of Chile’s GDP on average, excluding the accumulation of reserves by the Central Bank.

The effects of the 1998 crisis in Chile were certainly more subtle than in other countries of the region. Namely,
Brazil received an IMF support package at the end of the year because of its precarious position [BIS, 1999],
and Argentina’s situation kept collapsing until its partial default in 2001 [Calvo and Talvi, 2008]. Nonetheless,
it did translate into a crisis in the country (Figure 1) even if none of its fundamentals were directly impacted
by the Russian collapse.

Following a textbook implication of Sudded Stops, Chile saw its currency heavily and speedily devaluate7,
spreads on its assets to shoot up and capital inflows to freeze. The Central Bank reacted with a stringent mone-
tary policy to defend the peso, retain capital and contract demand. All in all, 1998 was a year of deceleration for
the country as the growth rate went from 7.4% in 1997 to 4.2% in 1998 and culminated in a small recession in
1990 when GDP contracted by 0.3%. Importantly in my setting where I am interested in producers’ decisions,
gross domestic fixed investment dipped by 13.5%8 in absolute value between 1998 and 1999, the equivalent of
5.3 points as a share of GDP.These adjustments also allowed the current account deficit to close rapidly, which
is at the heart of the Sudden Stop literature and generated a surplus by 1999 of about 0.2% of the GDP.

Finally, and perhaps more interesting, this crisis is not without long-term consequences for the Chilean econ-
omy. Ates and Saffie [2021] use the same plant-level dataset as I do and leverage the initial shock of the Sudden
Stop as an exogenous event unexpected for all agents of the economy9 to assess the productivity and output
implications. They find that during the crisis, as capital is more expensive, fewer firms enter the market but
they have a larger likelihood to be highly productive due to selection. However, this event scarred the economy
moving forward as it generates an estimated 0.6% loss of aggregate productivity and a 0.9% dip in aggregate
output and consumption four years after the Russian default as the economy converges to a new steady state.

7Calvo and Talvi [2008], building on Calvo, Izquierdo and Talvi (2003) estimate that following the 1998 Sudden Stop, the Chilean peso
devaluates 48% (in real terms) between June 1998 and December 2002 which allows the elimination of its current account deficit.

8The gross domestic investment -a broader measure- dipped by 15%.
9This build on Calvo et al. [2006] argument that the synchronized nature of the increase in spreads in assets across EMEs reflects a

common triggering event. However, how it translates (if at all) in a major financial crisis and on distress in the real economy depends on
country-specific factors (thus endogenous) in particular regarding the denomination of the country’s liabilities
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(a) Current Account adjustment (b) Interest rate reaction

(c) Peso devaluation (d) Gross domestic Fixed Investment (% of GDP)

(e) Real GDP

Figure 1: 1998 Sudden Stop in Chile
Notes: The blue line corresponds to August 17th, 1998. the official date of the Russian default. (a) Chile’s
quarterly current account balance data comes from the Central Bank and is seasonally adjusted. (b) Daily
average nominal interest rate charged by commercial banks for lending at 90-day maturities. Data is retrieved
from Chile’s Central Bank. (c) Daily exchange rate with respect to the American dollar reported by Chile’s
Central Bank. (d) Share of gross domestic fixed investments on GDP (annual), taken from MOxLAD. (e)
Annual data on Chile’s real GDP (in pesos) form MOxLAD. The dashed line corresponds to the projection
after 1998 of the GDP had the country sustained its average growth rate of the 1990-1997 period (∼ 7.6%)
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1.2 Heterogeneous firms framework

Arather recent strain of literature has focused its attention on how the presence of -binding- financial constraints
for agents facing idiosyncratic risks can generate inefficiencies in the economy. This class of models, sometimes
called Standard Incomplete Models or Heterogeneous Agent Model, first focused on consumer’s saving behavior
when facing uninsurable risks due to the existence of market frictions10. This approach provides powerful
insights because despite agents being ex-ante identical, they are ex-post distributed over a grid on the state
space as they face idiosyncratic risks and their decisions are affected by potentially binding ad hoc constraints.
This endogenous distribution of agents is by itself a description of the heterogeneity of agents in the economy,
a feature that is matched in the data and surpasses the representative agent assumption. At its core imperfect
insurance against risk generates inefficiencies in the real economy that need to be taken into account to describe
salient features of the world, from inequalities to the business cycles.

Heterogeneity among producers is not a new feature in macroeconomic studies. Namely, models in interna-
tional trade leverage differences across firms to understand trade patterns, reallocation of resources and gains
from trade [see Melitz and Redding, 2014, for a survey of this matter]. Among them, in his extremely influ-
ential 2003 paper, Melitz presents an elegant model with monopolistic competition to rationalize that (i) that
exporters firms are larger and more productive and (ii) that by opening up to trade there is a reallocation of
resources towards the most efficient producers which ration the number of firms in the economy. In the case
of Chile specifically and using a dataset equivalent to mine for previous decades11, Pavcnik [2002] shows that
a sizable part of the country’s improvement in productivity following the liberalization of the country between
1974 and 1979 is due to a reallocation of output towards more efficient plants.

More recently the tools of the broader heterogeneous agent literature have been applied to producers. Hopen-
hayn [1992] examine the stationary equilibrium of an economy with endogenous exit and no capital, where
producers’ productivity is idiosyncratic and follows aMarkov process that influences the properties of their life
cycle and of their industries. This is due to resources being reallocated from exiting firms to those that remain
on the market. Cooley and Quadrini [2001] build a model with firms differing in their equity and with stochas-
tic idiosyncratic productivity shocks where investment and default are endogenous and firms fund themselves
with debt and retained earnings. Theymanage to generate prominent empirical observations, in particular, that
smaller firms growmore because their higher marginal profit incentivizes them to invest more which translates
into higher debt, lower dividends distributed and higher default risk.

Regarding the role in efficiency considerations of potential themisallocation of capital Hsieh andKlenow [2009]
examine a monopolistic competition model augmented by ad hoc constraints -mainly institutional- can explain
about half of thewedge in the aggregate TFP between theUS and two big emerging economies, India andChina.
This is due to the distortions that these constraints, more acute in emerging economies (particularly in China),
exert on firms’ investment decisions and on the allocation of resources which hurt. More productive firms are

10The foundational work in this direction is Aiyagari [1994], Deaton [1991], Huggett [1993], Krusell and Smith [1998].
11She uses previous iterations of the ENIA survey (see Section 3.1) for the period 1979-1986. These previous data sets are not publicly

available.
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penalized as they cannot finance their need appropriately because they are constrained. Closer to my ques-
tion, Moll [2014] explores how financial friction can generate distortions in aggregate TFP and cross-country
income per capita disparities due to capital misallocation. He builds a tractable model where heterogeneous
entrepreneurs face productivity shocks and credit constraints on external financing which produces misalloca-
tions. In his case, the possibility of generating funds to self-finance in scenarios where idiosyncratic productiv-
ity shocks are sufficiently persistent this second source of finance can compensate for the credit constraint and
prevent TFP losses.

A more recent strand of literature focuses on how the business cycle interacts with the distortions that arise
in cases of heterogeneous producers facing financing constraints. Khan and Thomas [2013] build a model
where firms face persistent aggregate and individual TFP shocks, and can borrow to finance their investment
in an environment with partial irreversibility of capital, and collateralized borrowing constraint in a DSGE
setting. They find that these financial imperfections can amplify the business cycle generating long-lasting
recessions, which match the effects of the 2008 crisis on the American economy. Martin-Baillon [2021] builds
on to construct a quantitative apparatus to evaluate how to conduct optimal tax policy along business cycles in
an environment where firms face financing constraints. Regarding the triggering of a crisis with heterogeneous
producers, Carvalho and Grassi [2019] emphasize that when an economy is granular, idiosyncratic shocks to
the largest producers alone can cause seizable aggregate fluctuations.

Finally, the class of heterogeneous agent models needs to tackle non-trivial aggregation issues because hav-
ing agents distributed over the steady state means that aggregate variables and prices depend on the (non-
degenerate) distribution itself. Think about a simple case where agents differ only on their capital stock. Be-
cause the market interest rate depends is a function of capital, it will also be a function of the distribution of
agentswhich formally is an infinite-dimensional object. Dealingwith this issue complicates the analysis and can
come with significant computational costs. To solve these problems, a growing literature has developed that
aims to solve these models numerically, reducing the dimensionality of the problem while deriving insights
from the heterogeneity among agents.

Most of it follows the lead of the approximate aggregation procedure developed by Krusell and Smith [1998]
for heterogeneous households but that is also widely used for firms despite being very computationally in-
tensive. It is a method of projection within an approximate state space that relies on the assumption that agents
correctly forecast a sequence of moments of the distribution that are sufficient statistics to make optimal deci-
sions. The other main class of solution techniques is based on perturbation methods and includes Reiter [2009],
Winberry [2018]. These methods solve for the steady state of the model ignoring any aggregate uncertainty to
get a discrete description of the cross-sectional distribution of agents. The stationary equilibrium with rational
expectations is then described as a system of linear equations (function of the grid found before) and allows
for perturbations. Terry [2017] offers a useful survey and comparison of methods suitable to solve incomplete
market models for producers with a discrete investment decision à la Khan and Thomas by discretizing the
state space and includes the three methods mentioned above. Lastly, another approach to reduce the hetero-
geneity of a model is using truncated histories. A textbook description is found in Ragot [2018] and the method
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is refined in Le Grand and Ragot [2022] to allow for truncations of different lengths. Its intuition is that a suffi-
ciently rich distribution of agents can be described considering only the lastN < ∞ consecutive shocks in each
individual’s history so that two agents with the same past shocks will behave in the same way. This property
allows aggregating all agents sharing a realization of the truncated idiosyncratic to recover a distribution de-
fined over a finite state-space that can be simulated using Dynare [Adjemian et al., 2022]. This method is used
inMartin-Baillon [2021] and allows to use of Ramsey problems to incorporate considerations of optimal policy.

1.3 Chilean firm heterogeneity

The implementation of this type of model requires micro-level data for the agents we are interested in so that
we can get a cross-sectional view of the economy. The multiplication of such datasets is actually one of the
drivers in the adoption of heterogeneous agent models in the literature. For this paper, I use plant-level data
from the Chilean economy (1995-2007) to estimate the distribution of firms in a small open economy vulnerable
to Sudden Stops.

Since 1995, the Chilean Statistical Institute (Instituto Nacional de Estadı́sticas - INE) has conducted a yearly survey
on national manufacturing establishments, the ENIA - Encuesta Nacional Industrial Anual. Its results are publicly
available here, in a Microsoft Access format. The ENIA’s unit of observation is industrial plants and it covers
all the manufacturing establishments that:

(i) Have at least 10 employees and have been in activity for at least 6 months in the year of the survey if
among single-plant firms.

(ii) If a plant is attached to a firm with multiple sites and has been operating for at least 6 months in the year
of the survey, it is in the survey regardless of the number of employees.

I use this source to build an unbalanced panel dataset for the period 1995-2007, with 69,311 observations for
11,093 plants. I describe the protocol used to build this dataset in Appendix B. I will assume, as Ates and Saffie
[2021] do, that each unit of observation in the dataset, i.e. each plant, constitutes a firm as it is impossible to
distinguish plants belonging to a larger firm to regroup them. This is also partially supported by Pavcnik [2002]
observation that over 90% of the firms included in previous waves of ENIA are single-plant. Thus, ‘plant’ and
‘firm’ are used as synonyms hereafter.

The following kernel density estimations (Figure 2) allow us to have a first idea about how distinct firms are
in the cross-section (more descriptive statistics are found in Table 8). Note that they are all performed in logs
because the variables are extremely skewed to the left in levels making the distributions hard to read.

For the purposes of this work, wewill note that most Chilean firms are small: in the three years before the crisis,
over 65% of the plants in the survey had on average less than 20 employees (68.43% in 1998 and it surpasses
70% between 1999 and 2004). Importantly for my model where investment is made only via retained earnings,
consistently along the period studied, over 90.5% of firms do not distribute dividends. Moreover, about 45%
of them do not have debts before 1999. This access to external financing is important when considering firms’
investment decisions but it is out of the scope of the model I will present in the following section. Concerning
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KDE on Capital KDE on Investment

KDE on Desinvestment KDE on Dividends

KDE on Employment KDE on TFP

Figure 2: Kernel Distribution Estimation (1997-2000)
Notes: All estimations are performed on the ENIA dataset using Stata 17. I use the reported assets of the plants
as a proxy for capital. Given that the values reported for gross domestic fixed investment take both positive and
negative values, I considered allweakly positive values as investments, and all negative values as disinvestments
before taking logs. Finally, TFP estimation is made using the Olley-Pakes method [Rovigatti andMollisi, 2018].
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the gross domestic fixed investment, a seizable share of plants does not alter their capital stock (36% in 1997)
and around half make positive investments (57.7% on average for 1995-1997, and 53.4% on average after 1999).
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2 A basic model with production heterogeneity

I use an equivalent framework as in Martin-Baillon [2021] for a baseline quantitative model of heterogeneous.
Unlike her, I ignore any policy intervention in order to focus on the assessment of the effects of another aggregate
shock to mimic the effects of a Sudden Stop. Time is discrete, indexed by t = {1, 2, ...}, and the economy is
populated only by atomistic heterogeneous firms and identical infinitely-lived households.

2.1 Description of the economy

Firms There is a unit-measure continuum of firms indexed by j, ex-ante identical that behave as atomistic,
price-taker producers. They are identified by their own productivity level and their stock of capital.

They seek to maximize the expected discounted value of the dividend plan (djt)t≥0 paid to their share-
holders, which is equivalent for them to maximize their inter-temporal value. Thus, their objective func-
tion is ∀j:

E0

[ ∞∑
t=0

Bt
jdjt

]
(1)

Where Bj < 1 is the firm’s discount factor.

At every period, the firms decide their production level yjt, their labor demand ljt, and the investment
level ijt which fixes the capital stock for the following period kjt+1. They also choose the dividends djt -if
any- that are distributed to their shareholders. We shall assume that local households are the sole owners
of every firm in the economy.

Production and capital accumulation All firms produce a homogeneous final good12 using a combina-
tion of labor and capital with a production function of the following form:

yjt = ZtϵjtF (kjt, ljt)

where F : R2
+ 7→ R+, F ′(·) > 0, F ′′(·) < 0 exhibits decreasing returns to scale and decreasing marginal

returns in both inputs. We impose also that it satisfies Inada conditions, in particular, limk→0
∂F
∂k = +∞,

limk→+∞
∂F
∂k = 0, and F (0, ·) = 0. This discourages firms to hit a null capital stock or wanting to invest

ad infimum.

Capital accumulates according to the usual law of motion:

kjt+1 = (1− δt)kjt + ijt

where δt ∈ (0, 1) is the depreciation rate of capital and ijt the investment in capital made at t.

12For simplicity, we consider that this final good can also be used as input, as capital for production in the next period: it can be seen as
a basket with all the goods in the economy.
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Risk structure All producers face potentially four sources of uncertainty in this economy: two TFP
shocks -both idiosyncratic and aggregate-, a death shock i.e. a risk of being forced out of the market, and
changes in the depreciation rate common across producers.

Idiosyncraric risks At every period, all firms face an idiosyncratic productivity shock ϵjt ∀t ≥ 0, which is
assumed to follow an AR(1) process:

ϵjt+1 = ρϵϵjt+ uϵ where ρϵ ∈ (0, 1), uϵ
iid∼ N (0, σ2

ϵ )

For every firm j, the collection of the first t realizations of the idiosyncratic risk, after its appearance on
the market, is its history ϵtj = {ϵj0; ϵj1; ...; ϵjt}.

As usual in the literature, wewill consider that this process for the TFP shock satisfies theMarkovproperty
so that P(ϵjt+1|ϵtj) = P(ϵjt+1|ϵt) = π(ϵ′|ϵ) where ∑

ϵ′ π(ϵ
′|ϵ) = 1, ∀ϵ. This requires that (i) the stochastic

process can be discretized in a gridE = {ϵ1, ...ϵn}, n < ∞ using standardmethods like Tauchen [1986] to
find a finite state space, and that (ii) ∀j, uϵ are independent and identically distributed. We can represent
a well-behaved Markov Chain, meaning in particular that the transition probabilities do not change over
time, with a transition matrix of the following form where all rows sum to one and all entries are non-
negative.

Π(ϵ) =


π(ϵ′1|ϵ1) . . . π(ϵ′n|ϵ1)

... . . . ...
π(ϵ′1|ϵn) . . . π(ϵ′n|ϵn)


Provided that a law of large numbers holds, π(ϵ′|ϵ)will represent the fraction of firms in the economy that
will transition from a given ϵ to an ϵ′. This will also allow the existence of a unique stationary distribution
of agents.

The other idiosyncratic source of risk for producers comes from a life-cycle component to the model
whereby all firms face an exogenous exit probability θ ∈ (0; 1) at every period which augments the uncer-
tainty of the model. To maintain a distribution of firms over the unit interval, at every period θ new firms
enter the market with an initial level of capital k0 > 0, a relatively small share of the mean capital at the
stationary steady state. This follows from the observation that newly created firms tend to be small [see
Benavente and Külzer, 2008, for an empirical assessment of the evolution of firm creation and destruction
in the Chilean economy between 1999 and 2006 using tax records]13. In the spirit of Cooley and Quadrini
[2001] this feature incentivizes patterns where small young firms would like to invest heavily in their
capital stock to attain their optimal size.

Aggregate risk The economy as a whole also faces aggregate productivity uncertainty. As discussed in the
subsequent sections, I will not consider both shocks at the same time but it is easier to write the model

13This is broadly corroborated in my dataset: the capital of new entrants in 1996 is roughly half of the mean capital stock per firm. As
we discuss later, the dataset excludes the smallest firms in the economy, those with less than 10 employees (and that appear on the tax
records used by Benavente and Külzer [2008] if they belong to the formal economy), and therefore this share is very likely overestimated.
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with both sources of uncertainty explicitly.

The aggregate level of productivity Zt is stochastic and its moment over the business cycle the economy
is in. We define Zt = Z0e

zt where zt is a TFP shock that we assume follows an AR(1) process with
persistence ρz .

zt+1 = ρzzt + uz where ρz ∈ [0, 1], uz
iid∼ N (0, σ2

z)

Also, the economy can be subject to changes in the depreciation rate δt tomimic outflows of capital used to
close the current account deficit. For simplicity, I will assume that it follows a isomorph stochastic process
than Zt so that δt = δ0e

δ̂t where δ̂t is an AR(1) process:

δ̂t+1 = ρδ δ̂t + uδ where ρδ ∈ [0, 1], uδ
iid∼ N (0, σ2

δ )

Distortions and misallocation The most important distortion in the model is that firms can finance
their operation and their investment through retained earnings only. This is reflected in the existence of
an ad hoc positivity constraint attached to djt at every period. This constraint forbids producers cannot
extract resources from the households through equity. Note that there is no debt market in the model
which eliminates firms’ ability to access external finance. This is a simplifying yet restrictive restriction
that allows for an easier computational implementation as it avoids the expansion of the state space in
more directions.

This restriction on the firms’ finances can generate misallocations of resources in the economy in the
spirit of Hsieh and Klenow [2009]. Indeed, small productive firms would like to invest a lot to attain their
optimal size and maximize (1). However, they might not have sufficient retained earnings to attain that
size (precisely because of their small capital), and because of the constraint and the absence of capital
markets, they will be obliged to remain at a suboptimal size for at least one more period. In other words,
they cannot insure against their idiosyncratic risk to be able to have the liquidity to invest in case of a
positive productivity shock that would require them to scale their size.

We shall assume that the labor and final good markets work under perfect competition.

Distribution Firms are identified by their current level of capital kjt, and the realization of their idiosyn-
cratic TFP shock ϵjt. We can therefore, summarize their distribution over the state space as a probability
measure14 Λt defined over the Borel σ-algebra generated by the open subsets of the product of the capital
and the idiosyncratic productivity spacesK ⊗ E.

Λt is a time-dependent object with the following law of motion Λt+1 = Γ(Zt, δt,Λt) where Γ(·) is a map-
ping that describes the distribution’s law of motion.

14A probability measure is a mapping P : A 7→ [0; 1] where A ∈ P(Ω) that satisfies: (i) P(∅) = 0, (ii) P(Ω) = 1, and (iii) is σ-additive
i.e. for every sequence (An)n∈N of pairwise disjoint sets of A, P

(⋃+∞
n∈N An

)
=

∑+∞
n∈N P(An)
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Finally, given that we assumed that Π(ϵ) is well-behaved and thus stationary, and that some law of large
numbers applies, Λ describes a share of firms in a given region of the probability space.

Representative household There is a multitude of identical infinitely-lived households. They consume the
firms’ production, supply labor in a perfectly elastic manner, and are the sole owners of all the producers.
Thus, they receive the entirety of dividends distributed which complements their labor income.

Provided that their preferences are homothetic, we can aggregate this side of the economy and solve
their problem as for a representative household with the aggregate variables directly (in upper cases).
It chooses consumption streams (Ct)t≥0 and the labor supply (Lt)t≥0 by maximizing its intertemporal
expected utility that we assume is separable between consumption and labor u(Ct, Lt) = vc(Ct) + vl(Lt).

E0

[ ∞∑
t=0

βtu(Ct, Lt)

]

where u : R+ → R, u(·) ∈ C2, is increasing and concave in consumption with u′(0, ·) = +∞

Setting the consumption good as the numéraire, its budget constraint reads wt(Zt, δt,Λt)Lt +Dt = Ct at
every period.

Note that the ownership structure of the economy implies that we can define the firm’s discount factor in
terms of the household’s utility only. Indeed, Bj will be equivalent to the consumer’s pricing kernel and
thus to the market price of risk and this is for all firms in the economy.

Bj = B = β
∂U(·)/∂C ′

∂U(·)/∂C︸ ︷︷ ︸
mt+1

Timing We will assume that at each period the agents get information and make decisions in the following
order. Since the economy is infinitely-lived, this sequence of events will occur at ∀t ≥ 0.

Beginning t

i. The new θ entrants access the market with the same initial capital endowment k0. They also
are assigned an initial realization of the productivity shock ϵ0 drawn from their ergodic dis-
tribution.

ii. The economy is hit by the aggregate TFP shock z.

iii. All firms participate in the lottery and know if they will exit the market at the end of the
period and the realization of the idiosyncratic TFP shock.

iv. The agents optimally make their decisions following their policy rules. The firms demand
labor, pay their dividends (if any), produce and invest to set their capital stock for the follow-
ing period. In parallel, the representative household supplies labor and consumes the final
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good produced by the firms. All markets must clear.

v. The firms that were chosen to exit the market in (iii) do so.
End t, beginning t+ 1

2.2 Agents’ problems and policy functions

This type of dynamic optimization problem in discrete time can be solved using standard recursive methods
[see Ljungqvist and Sargent, 2012, for a textbook treatment]. The agents’ problems are written in recursive
form using Bellman equations, where the prime notation refers to the next-period variables. Their solution is a
collection of policy functions that characterize the optimal behavior of agents. The detailed analytical solution
is found in Appendix A.

Firms All firms in the economy face the same problem but their solution will depend them being constrained
or not. Note that all firms with the same capital stock k and realization of the idiosyncratic TFP shock
ϵ will take the same decisions conditional on their draw in the exit lottery. We can write their dynamic
problem as follows:

V (k, ϵ, Z, δ,Λ) = max
k′,l,d,i

d+ BEV (k′, ϵ′, Z ′, δ′,Λ′)

s.t. k′ = (1− δ)k + i

i = ZϵF (k, l)− lw(Z, δ,Λ)− d

d ≥ 0

k′ ≥ 0

Λ′ = Γ(Z, δ,Λ)

(2)

We will consider that the last inequality constraint k′ ≥ 0 always slacks for simplicity in the implemen-
tation of the model. Moreover, the first three constraints can be written trivially as one d = ZϵF (k, l) −

lw(·) + (1− δ)k − k′ ≥ 0. The KKT multiplier attached to it is µd. As mentioned in Appendix A the KKT
system is well-behaved.

Given that labor is an adjustment variable and that firms decide their demand for labor after getting to
know the realization of the exit lottery and the TFP shocks, they can all adjust optimally. As shown in
Appendix A regardless of their type, all firms will demand the optimal quantity of labor and their policy
function. Their choice of labor is determined by an efficiency condition where the marginal product of
labor equates to the equilibrium wage and the individual labor demand reads:

g∗
l (k, ϵ,Z, δ,Λ) : l∗ =

(
∂F

∂l

)−1 (
w(Z, δ,Λ)

Zϵ

)
(3)

The choices of future capital and distribution of dividends vary across the situation of each firm. We
distinguish three statuses among the firms: (i) they will leave the market, (ii) they are unconstrained, or
(iii) their retained earnings are not enough to invest in their optimal stock of capital.

19



Exiting firms These firms got a ‘bad’ draw in the exit lottery described in the previous subsection. They
know it’s their last period to produce and thus V (k′, ϵ′, Z ′, δ′,Λ′) = 0. This makes their problem be-
come a one-period, where they want to maximize the last dividend stream distributed to the house-
hold. A very natural terminal condition appears for them k′e = 0which sets up their policy function
for capital:

ge
k(k, ϵ,Z, δ,Λ) : k′e = 0 (4)

Using the law of motion of capital, we find the expression for investment also very intuitive as the
firm liquidates all its capital to satisfy the terminal condition:

ge
i (k, ϵ,Z, δ,Λ) : ie = −(1− δ)k (5)

Finally, the policy function for the dividends distributed is given by the budget constraint:

ge
d(k, ϵ,Z, δ,Λ) : de = ZϵF (k, l∗)− l∗w(Z, δ,Λ) + (1− δ)k (6)

Note that this should be weakly positive by the structure of the problem and thus should satisfy
automatically the inequality constraint on d. Consider the case of a firm j that is chosen to leave
the market at the end of the period. Provided that it has a weakly positive capital stock (it does by
assumption), it would have some assets that it can liquidate to recover some value. If the cost of
production exceeds the proceedings of the sale of current capital stock, the firm can choose simply
redistribute them in dividends and not to produce. Therefore to behave rationally, exiting firms will
pay weakly positive dividends on their last period of operation. This holds if the price of capital is
strictly positive, which is the case in all non-degenerate markets with positive demand.

Unconstrained Firms These firms can finance the investment needed to attain their optimal size with
retained earnings only and thus can act efficiently (denoted with ∗). Using the FOC of the problem
and provided that the derivative of the production function with respect to capital is bijective, we
find the following closed-form expressions for the policy function for the next-period capital.

g∗
k(k, ϵ,Z, δ,Λ) : k′∗ =

(
∂F

∂k

)−1 (
1

BE(1 + µ′
d)Z

′ϵ′
− (1− δ′)

Z ′ϵ′

)
(7)

Note that the presence of the multiplier µ′
d denotes the existence of precautionary saving motifs for

the firm. If a firm expects that the liquidity constraint will bind in the following period, E(1 + µ′
d) >

1, the firms will accumulate excess capital (while distributing dividends). Indeed, because of the
assumption of decreasing returns of scale, (∂F

∂k

)−1 is a decreasing function and thus ∂g∗
k

∂ Eµ′
d
> 0.
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The capital decision pins down the investment decision:

g∗
i (k, ϵ,Z, δ,Λ) : i∗ =

(
∂F

∂k

)−1 (
1

BE(1 + µ′
d)Z

′ϵ′
− (1− δ′)

Z ′ϵ′

)
− (1− δ)k (8)

Finally, the policy function for the dividends these firms are going to pay their shareholders is given
by the budget constraint:

g∗
d(k, ϵ,Z, δ,Λ) : d∗ = (1− δ)k+ZϵF (k, l∗)− l∗w(Z,Λ)−

(
∂F

∂k

)−1 (
1

BE(1 + µ′
d)Z

′ϵ′
− (1− δ′)

Z ′ϵ′

)
(9)

Constrained Firms This last type of firm does notmanage to finance its optimal investment with retained
earnings and therefore cannot distribute dividends to the household.

gc
d(k, ϵ,Z, δ,Λ) : dc = 0 (10)

Similarly, the capital choice is given by the optimality conditions of the firms’ problem and pins down
the policy function of investment -as in the previous case.

gc
k(k, ϵ,Z, δ,Λ) : k′c =

(
∂F

∂k

)−1 (
1 + µd

BE(1 + µ′
d)Z

′ϵ′
− (1− δ′)

Z ′ϵ′

)
(11)

gc
i (k, ϵ,Z, δ,Λ) : ic =

(
∂F

∂k

)−1 (
1

BE(1 + µ′
d)Z

′ϵ′
− (1− δ′)

Z ′ϵ′

)
− (1− δ)k (12)

As in the previous case, the expectation of a future liquidity constraint to bind increases the capital
accumulation of the firm because of precautionary motifs: ∂guk

∂ Eµ′
d
> 0. However, as one expects, the

fact that the current liquidity constraint binds depresses the capital stock of these firms: ∂gk
∂ Eµd

< 0.

Representative Household Because none of the choice variables of the household determine a state, they are
chosen solely on an instantaneous gratification criterion. Indeed, her dynamic program can be written
without loss of generality as a sequence of independent one-period consumption-leisure utilitymaximiza-
tion problems where at all periods she solves:

max
C,L

u(C,L) s.t. w(Z, δ,Λ)L+D = C (13)

Its labor supply and demand of the final good are given respectively by the following policy functions:

gHH
L (Z, δ,Λ) : LHH =

(
∂u

∂L

)−1 (
−w(Z, δ,Λ)

∂u

∂C

)
(14)

gHH
C (Z, δ,Λ) : CHH = w(Z, δ,Λ)LHH +D (15)
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Note that the household receives is the sole shareholder of all the firms, its portfolio is perfectly diversified
with respect to the idiosyncratic shocks.

2.3 Competitive equilibrium characterization

In this economy, the recursive equilibrium is a collection of aggregate quantities {Y (·), C(·),K(·), L(·), D(·)}, of
prices {w(Z,Λ)}, of policy functions {gxk(·), gxi (·), gxl (·), gxd (·), gHH

C (·), gHH
L (·)} for x ∈ {e, ∗, c}, of value functions

{V (k, ϵ, Z,Λ), V HH(Λ)}, and of the probability measure Λ’s law of motion such that all agents’ programs are
solved optimally and all markets clear. That is

- Firms take as given w(Z, δ,Λ), Z ′, δ′ and Λ′ = Γ(Z, δΛ) to solve for their dynamic maximization problem
(2) of their value function V (k, ϵ, Z, δ,Λ) under its constraints. They optimally choose their future capital
stock, investment, labor demand, and distribution of dividends following the corresponding policy func-
tions describes in the previous section {gxk(k, ϵ, Z, δ,Λ), gxi (k, ϵ, Z, δ,Λ), gxl (k, ϵ, Z, δ,Λ), gxd (k, ϵ, Z, δ,Λ)} for
x ∈ {e, ∗, c}, where the superscript denotes respectively the last period behavior for exiting firms, the op-
timal behavior and the constrained behavior.

- Households solve their problem to maximize V HH(Z, δ,Λ) under her budget constraint, to set their con-
sumption and labor supply in concordance with their policy functions gHH

C (Z, δ,Λ), and gHH
L (Z, δ,Λ).

They take as exogenous the market wage rate w(Z, δ,Λ) and the aggregate objects Z, δ and Λ.

- The resource constraint of the economy holds at all dates meaning that total production across firms is
met the consumption level demanded by the households.

CHH(Z, δ,Λ) =

∫ ∫
y(k, ϵ, Z, δ,Λ) + (1− δ)k︸ ︷︷ ︸
Available resources in the economy

− (1− θ) {1c g
c
k(k, ϵ, Z, δ,Λ) + 1∗ g

∗
k(k, ϵ, Z, δ,Λ)}︸ ︷︷ ︸

From investment of firms that will stay on the market

Λ(ϵ, k)dϵdk

=

∫ ∫
ZϵF (k, g∗l (k, ϵ, Z, δ,Λ)) + (1− δ)k

− (1− θ) {1c g
c
k(k, ϵ, Z, δ,Λ) + 1∗ g

∗
k(k, ϵ, Z, δ,Λ)}Λ(ϵ, k)dϵdk

Where 1c is an indicator function for constrained firms and 1∗ is an indicator for unconstrained firms.
Note that 1∗ = 1− 1c.

- The labor market clears for a unique value of the wage determined in equilibrium w(Z, δ,Λ):

LHH(Z, δ,Λ) =

∫ ∫
g∗l (k, ϵ, Z, δ,Λ)Λ(ϵ, k)dϵdk

- The probability measure Λ that describes the firms’ distribution, follows a law of motion Λ′ = Γ(Z, δ,Λ)

which is consistent with firms’ optimal decisions and their life cycle. In particular, we have that the distri-
bution of the firms over the state space is a sum of surviving firms and newcomers that behave according
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to their policy functions and that are either constrained or unconstrained.

Λ′(k′, ϵ′;Z,Λ) = (1− θ)

∫ ∫
{1∗ g

∗
k(k, ϵ, Z, δ,Λ) + 1c g

c
k(k, ϵ, Z, δ,Λ)}π(ϵ′|ϵ)dϵdΛ(k, ϵ)︸ ︷︷ ︸

Incumbents

+ θ

∫ ∫
{1∗ g

∗
k(k0, ϵ0, Z, δ,Λ) + 1c g

c
k(k0, ϵ0, Z, δΛ)}π(ϵ′|ϵ)dϵdΛ(k, ϵ)︸ ︷︷ ︸

New entrants

The interpretation of the indicator functions is the same as above.
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3 Calibration for the steady state and stationary distributions

I calibrate the model for the steady state and stationary equilibrium on a capital grid with 100 nodes using Julia
v.1.8. [Bezanson et al., 2017]. The code is adapted from Martin-Baillon [2021] who very generously shared it
with me for the purposes of this work. It is meant to mimic the cross-sectional distribution of firms over the
capital grid that we can see on the ENIA data set for 1997.

This simulation of the model relies on a uniform truncated histories method to get a reduced-heterogeneity
representation of the economy that can be simulated. Indeed, as previously mentioned, the state space of the
model described in section 2 includes a high-dimensional object, Λ, that needs to be represented in a more
succinct manner in order to calibrate the stationary equilibrium and simulate the economy. In this section, we
consider that the depreciation rate is fixed δ and time-invariant at the steady state in order to get the station-
ary distributions. My goal is to calibrate the model with two different values of δ to check its effects on the
equilibrium and the cross-sectional distribution of producers over the capital grid.

3.1 Reduced heterogeneity representation: truncated histories

To perform a quantitative assessment of the model, it is required to find a way to reduce heterogeneity among
agents so the calibration is computationally feasible. To do so, this code uses uniform truncated histories as a
way to do so [Le Grand and Ragot, 2022, Ragot, 2018].

AN -truncated history ẽN is the collection of the lastN < ∞ idiosyncratic shocks of agent j before the realization
of the current idiosyncratic state e ∈ E is known. Since it iterates backward, it is useful to think about e0 as
today’s beginning-of-period idiosyncratic state. The N -truncated history is going to be ẽNj = {ẽjN−1; ...; ẽj0}.
After today’s shock e0 occurs, the truncated history is going to be eN = {ejN−1; ...; ej0} where the absence of
tildes signifies an end-of-period history. Importantly, wewill consider that all agents sharing the same truncated
history will behave in exactly the same way as -by construction- they will have the same beginning of period
capital. The rationale is that the most recent shocks are those that carry the most information on the current
situation for the agent. Indeed, the shock that hit the firm this year has more weight in how the producers make
decisions today than the one that occurred, say, 100 years ago.

With this notation, we can build a transition matrix for the histories. If an agent can move from ẽN to eN it
means that he had e = ẽ0 and e′ = e0. The transition between histories is thus governed by the Markov matrix
described in Section 2. We say that two histories are compatible if this change can occur and we denote it with
the indicator function 1ẽN≽eN being equal to one. Then the probability matrix across truncated histories offer
given by:

M(X) = 1ẽN≽eN Πe0,ẽ0(X) (16)

Where X = {K,S,L,D,w, Z, δ gok, g
o
l } designs the aggregate state vector, gok, gol design the discretized policy

functions (for both the constrained and unconstrained firms), and Π is defined in Section 2. M(X) is thus a
transition (sparse) matrix implied by decision rules.
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This assumption on behavior allows aggregating agents so that the economy is represented by a finite number
of ‘representative’ agents, each with a different realization of their truncated history. With this simplification
in the aggregation, the steady state of the model can be calibrated with value function iterations and checking
for the market clearing conditions. Indeed, the distribution of producers is discretized in a finite number of
bins or ‘representative’ histories. This number of histories is given in the case of uniform truncations by all the
combinations of shocks that can occur in the N periods we are considering in the truncated history, i.e. by nN

where n is the number of states of the idiosyncratic process. Here I’ll consider truncations of length N = 4

and an idiosyncratic TFP shock with ne = 6 states, thus the cross-sectional distribution considers 64 = 1296

histories. Let SeN represent the number of agents with a given truncated history eN . With the previous notation
ofM , we can easily find a law of motion for this discrete distribution of agents over the idiosyncratic space.

S′
eN = SẽNM(X) (17)

This allows us to find a stationary equilibrium using value function iterations.

Finally, this approach incorporates new parameters ξ > 0 that will allow capturing any residual heterogeneity
within the bin from shocks that occurred before the last period of the truncation. The choice of those ξ can
be made to have a more relevant description of the distributions. In my case with producers, they are defined
as the ratios of the per capita marginal production (in each bin) after the realization of today’s shock and the
per capita marginal production that could have been executed with the beginning-of-period capital. It is also
particularly well suited to incorporate a Ramsey problem and assess optimal policies. In my case, there is no
instrument for policy and I fix an exogenous null tax rate to circumvent it.

3.2 Parametization

To calibrate the model and find a steady state I will make the following choices. I use a Julia v1.8 Bezanson
et al. [2017] taken from Martin-Baillon [2021] whom I thank once again. This subsection aims to calibrate the
quantitative model for the 1996 plant data for Chile, considering it as the steady state before the crisis following
Ates and Saffie [2021]. As usual, these calibrations omit further aggregate shocks.

Production function We will assume firms produce using Cobb-Douglas technology. Their production will
therefore be determined by:

yj,t = Ztϵtk
α
jtl

ν
jt

Where α, ν ∈ (0; 1) represent respectively the capital and labor share in the production process. To satisfy our
assumptions regarding decreasing returns, we will have α+ ν < 1.

Utility function The representative household utility is the isoelastic:

U(Ct, Lt) =
C1−γ

t − 1

1− γ
− 1

χ

L
1+(1/ϕ)
t

1 + 1
ϕ
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Where γ ≥ 0 is the elasticity of substitution for consumption, ϕ > 0 is the Frisch elasticity of labor supply, and
χ > 0 is a scaling parameter. By the properties of the isoelastic utility functions, in the special case where γ = 1,
the first component of U(·) becomes a log utility: U(Ct, Lt) = log(Ct)+

1
χ

L
1/ϕ
t

1/ϕ . The scaling parameter depends
on equilibrium variables and it corresponds to χ = w∂U/∂C(C)

Lψ
where w,C,L are the equilibrium values for the

wage, the consumption level and labor supply.

Parameters I use the following parameters closely following the choices made in Ates and Saffie [2021] and
in Martin-Baillon [2021] to calibrate the model on annual data:

Parameter Description Value

Preferences
β Discount Factor 0.96 Usual value
γ Elasticity of substitution for consumption 0.6 Mendoza [1991]
ϕ Frisch elasticity of labor supply 1.455 Mendoza [1991]
Production
α Capital share 0.25 Author’s choice
ν Labor share 0.55 Guerriero [2019]
δ0 Depreciation rate (baseline) 8% Bergoeing et al. [2002]
Shocks
θ Exit probability 1.34% Benavente and Külzer [2008]
ρz Persistence idiosyncratic TFP shock z 0.8 Martin-Baillon [2021]
σz Variance of z’s innovation uz 29.14% Author’s choice
nz Number of grid points for z 6 Author’s choice
N Lenght truncated histories 4 Author’s choice

Table 1: Baseline parameters description
Notes: Mendoza [1991] is a study on small open economies (Canada). The capital share is set to mantain
decreasing marginal retruns at 80% as in Martin-Baillon [2021]. The exit prbability corresponds to the average
destruction rate of firms with more than 10 employees found in Benavente and Külzer [2008] for 1999-2006
with tax records. The variance of the innovation of the idiosyncratic risk is set so that the second moment of
the stationary distribution on the capital grid corresponds to the data’s for the distribution of plants’ capital in
1997 (= 2.13).

3.3 Stationary equilibrium and shock

The stationary equilibrium satisfies the conditions described in section 2.3. The baseline steady state is found
numerically as described above for 1997. Note that this calibration assumes rational expectations and abstracts
from the aggregate shocks: we want to assess how the cross-section behaves in the presence of uninsurable
idiosyncratic risk.

In my model, I do not model any access to external financing nor an international financial market where the
materialization of a Sudden Stop shock would be straightforward. I did not do so for computational reasons
and because little over 20% of the firms in my data set have any revenue from exports, only 6% had any foreign
equity and 24.1% reported importing intermediate goods in 1997.

Hence, I model the distress in financial markets in a very ad hoc manner, as a shock on the depreciation rate
of installed capital. The rationale goes as follows. With an intertemporal approach, the current account of a
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country is simply defined by the difference between its aggregate savings and its investment CA = S − I .
While the economy described in section 2 does not model explicitly any saving decision -the household has a
fully diversified portfolio and firms are excluded from external financing- capital accumulation works as a sort
of saving vehicle at least for firms.

As noted in section 2.2 the investment policy function for surviving firms has a positive derivative with respect
to Eµ′

d is positive highlighting precautionary motifs in the decision of accumulating (excess) capital. Indeed,
firms that can only finance their investments through retained earnings know that in case of having a positive
realization of ϵ′ they will like to scale their production as their marginal profit will be high.

Since there is no asset to save and insure against their productivity risk, firms have the incentive to accumulate
excess capital to be able to use their retained earnings if needed in the following period. Take a closer look at
their resource constraint:

∀j, t k′ = (1− δ)k + ZϵF (k, l)︸ ︷︷ ︸
Positive effect of k

−lw(·)− d

By possessing more installed capital, the feasibility set for k′ is trivially enlarged. This means that firms’ opti-
mal behavior might imply accumulating extra resources to avoid being constrained in the future making firms
potentially ‘big’. This might not correspond to the efficient allocation that might prefer that those resources
finance the growth of smaller productive firms with high marginal profits. This mechanism is at the heart of
the misallocation of capital that we want to explore.

To mimic capital being more expensive, I assume that the Sudden Stop increases the depreciation rate of capital
δ̃ > δ. By doing so, the economy is destroying more resources at every period. This can be associated with the
effects of financial markets drying out in different manners. (i) The economy is collecting the extra resources as
it needs to ship funds abroad in order to close the current account deficit, which is at the heart of these events.
The wedge (δ̃ − δ)k is in fact the value that is paid to the rest of the world to generate capital outflows. (ii) In
a perspective that emphasizes the importance of asset pricing in the midst of a financial crisis in the spirit of
Fisherian Deflation mechanisms [Bianchi and Mendoza, 2020] this increased depreciation represents in fine a
loss in the valuation of the firms. Since the model excludes trading titles, this mechanism is not present here
but it is widely described in the literature.

I calibrated the stationary equilibrium in the model, first with the baseline specification presented in the pre-
vious subsection taking δ = 0.8 as given. It reproduces the unimodal log distribution of firms’ capital that is
present in the dataset (see Figure 2) but it’s not smooth enough, particularly on the right tail. The second cali-
bration shows the stationary equilibrium if one assumes that the depreciation rate shifts by 1% and remains at
δ̃ = 0.808 forever after while all other parameters stay at their baseline values. It is a static analysis that works
more as a proof of concept of comparative statics on how the cross-sectional distribution behaves. Interestingly,
the distribution does shift to the left as in the data.
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Figure 3: Stationary distribution on the capital grid
Notes: This represents the stationary distribution of firms on the capital grid with two different values for the
depreciation rate δ = 0.8 in the baseline and δ̃ = 0.0808. As with the KDE, the values of the grid and capital
stocks are augmented by one before taking logs.

Concerning capital misallocation, following Martin-Baillon [2021], it can be assessed as the ratio of optimal
investment Î , computed as if all producers manage to attain their optimal size and µd = 0 ∀j, t, and realized
investment level in the economy I . Trivially, the closer to one this ratio, the better the economy is at allocating
capital towards its more efficient use. This measure decreases by 0.018 with the increased depreciation which
is in line with the theory.

Imiss =
Î

I

Table 2 summarizes the aggregate variables at both steady states. Note that most of them increase with higher
depreciation. Indeed, even to replace the installed capital, the economy will have to produce more which
augments the demand for labor and the wage. These last two variations must be at the origin of the higher
consumption level as dividends are diminished. Note that investment and net investment augment while the
misallocation worsens. Combined with lower dividends on aggregate, these are signs that the unconstrained,
bigger firms are the ones investing in capital, likely beyond their efficient level, while smaller firms remain to
have a sub-optimal size given their idiosyncratic productivity.
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Baseline Higher depreciation Difference
δ = 8% δ̃ = 8.08%

Equilibrium wage 1.24 1.27 2.25%
Capital 2.09 2.37 11.84%
Investment 0.17 0.19 12.80%
Net Investment 2.09 2.37 11.85%
Misallocation 0.58 0.57 -1.84%
Dividends 0.16 0.15 -8.25%
Production 0.72 0.75 3.65%
Labor 0.32 0.32 1.44%
Consumption 0.55 0.56 0.53%

Table 2: Stationary equilibrium
Notes: All values are in aggregate levels. Note in particular that to plot the capital distribution before, the
capital grid had to be normalized with respect to the data what explains the small values here. Net Investment
corresponds to the investment net of depreciation andwage is the equilibriumprice that clears the labormarket.

29



4 Simulation and Dynamics

Now I run simulations of the stationary equilibrium found in the previous section. This is done by perturbation
with Dynare for Matlab [Adjemian et al., 2022]. I chose to test the effects of an aggregate shock with each
component independently. Instead of shocking the steady state with both a negative TFP shock and a positive
shock on the depreciation rate at the same time, I assume one is fixed at the time. My rationale is to assess how
a shock in the depreciation rate can impact the aggregate variables through the misallocation, and how this
shock can differ from an aggregate TFP which is more common in the literature.

All the below is made assuming a horizon of 25 years and simulating the economy 10000 times.

4.1 Depreciation Shocks

As mentioned in a previous subsection, I argue that the excess capital destruction from a positive shock in δ

can be seen as a way to model capital being more expensive in cases of Sudden Stops. Similarly, it is a way to
model capital outflows (or the lack of inflows) that characterize these events. Remind that in Section 2 I defined
the depreciation rate as δ = δ0e

δ̂ where δ̂ ∼ AR(1). The parametrization for the rational expectation stationary
equilibrium made before was made as if δ = δ0 = 0.8 (non-stochastic) which corresponds to the data before
the crisis.

I use Dynare to shock that stationary equilibrium with a positive shock in δ̂. I assess the effect of two shocks
with medium and high persistence. I avoid very low values of ρδ , say 0.1 because the Chilean economy never
got similar inflows of capital as in the 1990’s before the crisis. The parameters for the aggregate shock are
summarized in Table 3.

Parameter Description Low persistence High persistence

Z Level aggregate TFP 1 1
δ0 Baseline depreciation rate 0.08 0.08
ρδ Persistence depreciation shock 0.5 0.95
σδ Variance innovation depreciation shock 0.0001 0.00001

Table 3: Parameters aggregate shock to δ

Below, I show the impulse response functions of the economy to the two specifications of the economy
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Figure 4: High Persistence shock on δ, ρδ = 0.95
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Figure 5: Low Persistence shock on δ, ρδ = 0.5

The simulated moments for aggregate values (and equilibrium wage) are summarized in Table 6
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Aggregate variable Mean Std. Dev

Optimal Investment High persistence 1.267 10.896
Low persistece 1.236 3.247

Realized investment High persistence 2.105 3.287
Low persistece 2.096 1.000

Investment misallocation High persistence 0.590 4.274
Low persistece 0.602 1.268

Consumption High persistence 0.561 0.239
Low persistece 0.561 0.071

Dividends High persistence 0.161 0.011
Low persistece 0.161 0.004

Output High persistence 0.728 0.415
Low persistece 0.727 0.125

Capital High persistence 2.107 3.286
Low persistece 2.097 1.000

Labor High persistence 0.318 0.042
Low persistece 0.317 0.013

Wage High persistence 1.261 0.552
Low persistece 1.260 0.166

Table 4: Simulated moments of aggregates and equilibrium price following shock on the depreciation rate δ

In the previous section, we already realized that higher depreciation comes at the cost of increased investment
misallocation. This exercise allows us to see that this misallocation is higher in cases of highly persistent shocks,
which is pretty intuitive.

Importantly, we can see that these shocks, even with moderate persistence have a significant effect on the dy-
namics of the economy in the middle run. While the aggregate variables end up recovering within the horizon
considered for the lower persistent shock, they remain below the mean for almost 10 years. In the case of a
highly persistent shock, they do not in over 25 years. In the case of output in the high persistent shock, it is still
0.91% below trend 5 years after the shock which is pretty consistent with the results in Ates and Saffie [2021].

Finally, in the spirit of Hsieh and Klenow [2009] with these simulated moments of aggregate variables we can
construct a first approximation of a productivity index of these two economies. Consider that the aggregate
economy produces using a Cobb-Douglas technology such that Y = AKαLν where A is ameasure of aggregate
TFP. Then using our parameters and the values found just above for aggregate quantities we can deduce the
“physical productivity” of the economy as:

TFPQ =
Y

Kα(wL)ν
=

Y

K0.25(wL)0.55
(18)

This is not a rigorous depiction of the model as it neglects the aggregation issues at the heart of the hetero-
geneous agent model. Nonetheless, it can provide a first indication of how efficiently the overall economy
produces. Note that since we set exogenously a deterministic Z = 1, one should respect these values to be in
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that neighborhood.

Computing this we find that in the case of low persistent shocks this value is slightly higher than one 1.0003,
while in the high persistent shock, it is slightly lower, 0.9999. Indeed, the difference is small but it gives a hint
of diminished TFP consistent with Ates and Saffie [2021]. It is straightforward that a lower TFP decreases the
economy’s steady state, and this is somewhat confirmed in the next subsection that treats an exogenous negative
shock to the economy’s technology.

4.2 Aggregate TFP shocks

As an experiment, I simulate the economy in an analogous fashion as before but now the aggregate shock relies
on Z holding δ constant and equal to δ0 = 8%. I report their IRFs and simulated moments.

Parameter Description Low persistence High persistence

δ Baseline depreciation rate 0.8 0.8
z0 Baseline depreciation rate 0.08 0.08
ρz Persistence depreciation shock 0.5 0.95
σz Variance innovation depreciation shock 0.0001 0.00001

Table 5: Parameters aggregate shock to Z
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Figure 6: High Persistence shock on Z, ρz = 0.95
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Figure 7: Low Persistence shock on Z, ρz = 0.5

Aggregate variable Mean Std. Dev

Optimal Investment Low persistence 1.248 3.996
High persistece 1.236 2.719

Realized investment Low persistence 2.104 2.428
High persistece 2.096 1.065

Investment misallocation Low persistence 0.593 1.251
High persistece 0.590 1.020

Utility Low persistence 2.106 2.427
High persistece 2.098 1.065

Consumption Low persistence 0.563 0.823
High persistece 0.561 0.291

Dividends Low persistence 0.161 0.047
High persistece 0.161 0.017

Output Low persistence 0.731 1.413
High persistece 0.727 0.502

Labor Low persistence 0.318 0.141
High persistece 0.317 0.051

Wage Low persistence 1.265 1.887
High persistece 1.260 0.670

Table 6: Simulated moments of aggregates and equilibrium price following shock on the aggregate TFP level Z

We should highlight that in this case that aggregate variables tend to ‘jump’ as the shock hits which was not
really the path of the crisis in Chile. Recall that negative growth only hit in 1999. Moreover, the scales are
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smaller than for the shocks on δ suggesting more contained effects for the same persistence.

Once again we have a worse situation in terms of capital misallocation when the shock is persistent. Trivially,
unlike the previous case, here we cannot attribute changes in technology to the misallocation induced by the
constraints as it is purely exogenous while it still has effects on the other aggregates along the way.
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Conclusion

This paper aimed at exploring how distress on financial markets, combined with financial frictions that prevent
full insurance can have long-lasting effects on an EME. Indeed, movements on the financial markets can exac-
erbate the role of binding constraints on resource allocation, harming the economy moving forward as it lags
behind efficiency. In doing so, I develop a model with heterogeneous production that generates capital mis-
allocations that scars the efficiency of the economy. This is an interesting approximation to this issue but the
model, while emphasizing the role of uninsurable risk and inequality, remains too simplistic. A rigorous anal-
ysis requires to explicitly modeling at least access to credit for producers surely under the form of costly access
to external financing. Another assumption worth discussing is the unique good consumed in autarky. Indeed,
a Sudden Stop usually implies heavy devaluation as Chile lived. While this might be a problem for importers
of intermediate goods, it will make exporters more competitive and therefore the effects of the augmented cost
of capital might differ substantially depending on the ability of the domestic firms to export. Finally, incor-
porating policy instruments, in particular monetary policy, might give some light on why neighbors had very
distinct experiences in the aftermath of the Russian Default. In fact, the HANK literature has been very prolific
in showing that the underlying heterogeneity of an economy is key to understanding how monetary policy
affects agents’ decisions.
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Appendix A Analytical solutions

To simplify the notation below, I drop the j index corresponding to an individual firm. They are implicit and
still correspond to those found in equation(2). In another abuse of notation, below I write the wage w as a
parameter. However, it is pinned down in equilibrium and therefore it is a function of the state space. The
correct notation is w(Z,Λ).

A.1 Exiting firms

Their problem boils down to a one-period maximization of the last dividend payment they are going to make
to their shareholders. Because it is their last period in the economy, the terminal condition k′e = 0 is natural for
them and they will simply maximize their instantaneous gratification.

By the law of motion of capital of the firms’ problem (2) and given this terminal condition, we find ie = −(1−

δ)k, meaning that the firm will liquidate all its assets before its closure. It will run its final operation and give
the biggest dividend possible to its shareholders. Their problem boils down to:

max
l,d

d s.t. − (1− δ)k = ZϵF (k, l)− lw − d

Replacing d from the constraint and taking FOC (necessary and sufficient given our assumptions on the pro-
duction function being concave) we find that the condition on labor demand is given by equality between the
marginal and marginal product of labor. It corresponds to an efficiency condition.

w = Zϵ
∂F (·)
∂l

Provided that the derivative of the production function with respect to labor is bijective, we can invert it to
recover the labor demand of these firms.

l∗ =

(
∂F

∂l

)−1 ( w

Zϵ

)

Replacing this value in the constraint we find indeed:

de = ZϵF (k, l)− l∗w + (1− δ)k ≥ 0
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A.2 Surviving firms

The firms that know they will have at least one more period to produce in the economy face the following
problem.

V (k, ϵ, Z,Λ) = max
k′,l,d,i

d+ BEV (k′, ϵ′, Z ′,Λ′)

s.t.k′ = (1− δ)k + i

i = ZϵF (k, l)− lw − d

d ≥ 0

k′ ≥ 0

After the replacement of the constraints into the objective function, we can write the following Karush-Kuhn-
Tucker system to account for the inequality constraints:

V (k, ϵ, Z,Λ) = max
k′,l

(1− δ)k + ZϵF (k, l)− lw − k′ + BEV (k′, ϵ′, Z ′,Λ′)

+ µd [(1− δ)k + ZϵF (k, l)− lw − k′] + µk(k
′)

s.t. d = (1− δ)k + ZϵF (k, l)− lw − k′

− d ≤ 0

− k′ ≤ 0

µd(−d) = 0

µk(−k) = 0

µd, µk ≥ 0

Remark that given that both the equality and inequality constraints are linear on the choice variables, this
KKT system automatically satisfies the required regularity conditions, here because of the Linear Constraint
Qualification (LCQ). Since this it is the strongest constraint qualification condition, we can be sure that the
solutions found below satisfy KKT.
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The optimality conditions of the KKT system are given by:

Capital: ∂V (k, ϵ, Z,Λ)

∂k′
= 0 ⇐⇒ 1 + µd − µk = BE

∂V (k′, ϵ′, Z ′,Λ′)

∂k′
FOC

∂V (k, ϵ, Z,Λ)

∂k
= (1 + µd)

[
(1− δ) + Zϵ

∂F

∂k

]
Envelop condition ∀t

∴ 1 + µd − µk = BE(1 + µ′
d)

[
(1− δ) + Z ′ϵ′

∂F

∂k′

]

Labor: ∂V (k, z, ϑ)

∂l
= 0 ⇐⇒

[
Zϵ

∂F (·)
∂l

− w

]
(1 + µd) = 0 FOC

∴ Zϵ
∂F

∂l
= w

Note that the condition of labor does not depend on any of the multipliers and corresponds to an efficiency
condition MPL = w. Therefore, all firms will demand the optimal amount of labor at every period, which is
consistent with intuition as it is an adjustment variable.

As in the previous section, provided that the derivative of production with respect to labor is invertible, we find
the same explicit expression for labor demand l∗ =

(
∂F
∂l

)−1 ( w
Zϵ

).
In what follows, we will assume that the constraint on capital always slacks so that µk = 0 for all firms so we
focus on the distortions coming from the constraint on access to capital only.

I will segment the surviving firms between constrained and unconstrained producers to find the levels of in-
vestment and dividends distributed to the household.

A.2.1 Unconstrained firms

For them, the KKTmultiplier on dividends is null µd = 0 and thus they are in a position where they can finance
the investment needed to stay at their optimal size with retained earnings only and can distribute the rest of
them. The optimality condition on capital in this case reads:

1

B
= E(1 + µ′

d)

[
(1− δ) + Z ′ϵ′

∂F

∂k′

]

Provided that the derivative of the production function with respect to capital is bijective and thus invisible, we
find an expression for the capital stock at t+ 1.

k′∗ =

(
∂F

∂k

)−1 (
1

BE(1 + µ′
d)Z

′ϵ′
− (1− δ)

Z ′ϵ′

)

This fully pins down the optimal level of investment:

i∗ = k′∗ − (1− δ)k
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Finally, using the budget constraint of the firm, we find that it distributes dividends equal to:

d∗ = (1− δ)k + ZϵF (k, l∗)− l∗w − k′∗ > 0

A.2.2 Constrained firms

These are the firms for which the liquidity constraint binds i.e. µd > 0. By the complementary slackness
conditions, it must be that dc = 0.

We recover the level of capital that these firms will choose for the subsequent period with the optimality con-
dition on capital as for the unconstrained case.

1 + µd

B
= E(1 + µ′

d)

[
(1− δ) + Z ′ϵ′

∂F

∂k′

]
∴ k′c =

(
∂F

∂k

)−1 (
1 + µd

BE(1 + µ′
d)Z

′ϵ′
− (1− δ)

Z ′ϵ′

)

Once again, this fixes the investment choice:

ic = k′c − (1− δ)k

A.3 Representative Household

Her UMP can indeed be written in a recursive form as:

V HH(Z, δ,Λ) =max
C,L

u(C,L) + β EV (Z ′, δ′,Λ′) s.t. wL+D = C

⇐⇒ V HH(Z, δ,Λ) =max
L

u(wL+D,L) + β EV HH(Λ)

However, given that none of her choice variables generate intertemporal stocks, solving for this intertemporal
UMP is perfectly equivalent to solving for the sequence of (independent) one-period labor-leisure problems.

max
C,L

u(C,L) s.t. wL+D = C

⇐⇒max
L

u(wL+D,L)

Taking FOC, necessary and sufficient provided that u′(·) > 0, u′′(·) < 0, which is assumed, we find the usual
efficiency condition.

w
∂u

∂C︸ ︷︷ ︸
Marginal benefit

= − ∂u

∂L︸ ︷︷ ︸
Marginal cost

Assuming that the derivative of utility with respect to labor is bijective and thus can be inverted we find an
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expression for labor supply.

∀t w
∂u

∂C
= − ∂u

∂L
=⇒ LHH =

(
∂u

∂L

)−1 (
−w

∂u

∂C

)
Using the budget constraint, we easily find that:

CHH = wLHH +D
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Appendix B Data sources and management

B.1 Plant-level data: the ENIA dataset

As presented in section ??, the data used to calibrate the model comes from an annual survey on Chilean man-
ufacturing plants from 1995, the ENIA (Encuesta Nacional Industrial Anual) with results publicly available. Im-
portantly, to maintain statistical secret the INE has manipulated the answers of the survey according to inter-
national standards to avoid particular identification of the plants Núñez Hormazábal et al. [2018]. A change
in this manipulation and in the way the plants are identified in 2007 makes it impossible to match the data
from 1997-2007 and from 2008 onwards. I use the first time frame as it covers the 1998 shock and several years
afterward.

This same data set is used by Ates and Saffie [2021] which also studies the effects of the 1998 shock15. I follow a
similar strategy to clean the datasets to avoid the inclusion of observations with obvious measurement errors.
In particular, I eliminated observations that presented any of the following anomalies:

− If the electricity consumption (ELECONS) is strictly negative.

− If the number of worked days (DIATRA) is weakly negative.

− If the gross value of production(VBP) is inferior to the value added (VA).

− If the value added (VA) is strictly negative.

− If the wages paid (REMPAG) is weakly negative.

− If the revenue from exports (INGEXP) is larger than the total revenue (INGTOT).

I summarize the effects of said manipulation on the total dataset in Table 7. As we can see, most of the entries
remain in the dataset and represent minimal changes in the aggregate statistics considered. In particular, I keep
over 97% of the observations and workforce per year.

Table 8 summarizes the descriptive statistics of the main variables of interest for the whole 1995-2007 period.

15Other studies build on previous versions of the ENIA, corresponding to years before 1995 and include Pavcnik [2002] and Liu [1993].
The results for these previous iterations of the survey are not publicly available.

46



Number
observations

Total
employees

Gross Value
of production

Total
Revenue

Value
Added

Total wage
compensation

1995
pre 5512 435483 1.67E+10 1.64E+10 7.31E+09 1.43E+09
post 5491 435062 1.67E+10 1.64E+10 7.31E+09 1.43E+09

99.62% 99.90% 100.00% 100.00% 100.00% 100.00%

1996
pre 5854 440909 1.88E+10 1.84E+10 8.30E+09 1.60E+09
post 5813 439417 1.88E+10 1.84E+10 8.30E+09 1.60E+09

99.30% 99.66% 99.95% 99.95% 99.98% 99.81%

1997
pre 5635 427345 2.02E+10 1.96E+10 8.69E+09 1.73E+09
post 5540 421959 1.96E+10 1.90E+10 8.75E+09 1.71E+09

98.31% 98.74% 97.12% 97.04% 100.71% 98.67%

1998
pre 5440 407266 2.18E+10 2.12E+10 1.03E+10 1.75E+09
post 5372 402275 2.11E+10 2.05E+10 1.03E+10 1.72E+09

98.75% 98.77% 97.01% 96.69% 99.90% 98.17%

1999
pre 5308 370145 2.21E+10 2.21E+10 1.09E+10 1.70E+09
post 5202 364945 2.14E+10 2.14E+10 1.06E+10 1.67E+09

98.00% 98.60% 96.61% 96.74% 97.88% 98.29%

2000
pre 5161 364123 2.60E+10 2.56E+10 1.24E+10 1.77E+09
post 5034 359173 2.49E+10 2.44E+10 1.15E+10 1.74E+09

97.54% 98.64% 95.66% 95.50% 92.89% 98.48%

2001
pre 5088 361581 2.77E+10 2.69E+10 1.12E+10 1.85E+09
post 5027 357385 2.65E+10 2.57E+10 1.14E+10 1.81E+09

98.80% 98.84% 95.78% 95.64% 101.52% 98.11%

2002
pre 5416 379522 3.03E+10 2.96E+10 1.22E+10 2.03E+09
post 5361 375236 2.90E+10 2.83E+10 1.23E+10 1.97E+09

98.98% 98.87% 95.61% 95.47% 101.15% 97.14%

2003
pre 5377 387426 3.39E+10 3.30E+10 1.36E+10 2.49E+09
post 5312 381471 3.22E+10 3.13E+10 1.37E+10 2.43E+09

98.79% 98.46% 94.92% 94.85% 100.74% 97.55%

2004
pre 5600 410793 4.46E+10 4.35E+10 1.99E+10 2.48E+09
post 5530 404415 4.30E+10 4.19E+10 2.00E+10 2.43E+09

98.75% 98.45% 96.32% 96.37% 100.86% 97.91%

2005
pre 5516 443558 5.31E+10 5.19E+10 2.44E+10 2.69E+09
post 5465 436798 5.23E+10 5.11E+10 2.45E+10 2.64E+09

99.08% 98.48% 98.46% 98.50% 100.41% 98.32%

2006
pre 5275 436069 5.85E+10 5.68E+10 2.83E+10 2.74E+09
post 5194 428680 5.81E+10 5.64E+10 2.84E+10 2.71E+09

98.46% 98.31% 99.37% 99.33% 100.21% 98.94%

2007
pre 5037 445074 6.48E+10 6.31E+10 3.23E+10 2.85E+09
post 4970 436028 6.17E+10 6.00E+10 3.25E+10 2.75E+09

98.67% 97.97% 95.14% 95.04% 100.68% 96.45%

Table 7: Comparison of before-after data cleaning for some important statistics
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Capital stock Labor T̂FP Dividends Investment Desinvestment

1995 Mean 9.406807 3.705281 7.419077 1.055841 5.989698 9.378529
Std Deviation 2.121638 .9923017 .8572163 3.335478 5.058197 2.061969

1996 Mean 9.198254 3.659062 7.500331 1.023827 5.973169 9.450922
Std Deviation 2.116544 .9733022 .8604732 3.289957 5.149407 2.343056

1997 Mean 9.279476 3.651884 7.582992 1.002151 6.016817 9.532272
Std Deviation 2.132907 .9866814 .8611793 3.26469 5.135712 2.366188

1998 Mean 9.043665 3.615155 7.61564 .9937935 5.825019 9.551346
Std Deviation 2.19897 .9942857 .8662748 3.249226 5.169454 2.156029

1999 Mean 8.552355 3.522352 7.628845 .9855846 5.330542 9.464169
Std Deviation 2.322675 .9976149 .8965816 3.191563 5.12733 2.115697

2000 Mean 9.002944 3.493016 7.743723 .7536397 5.265149 9.75445
Std Deviation 2.263393 1.014016 .891577 2.86745 5.1747 2.389633

2001 Mean 8.64178 3.413775 7.744264 .836118 5.419206 9.38567
Std Deviation 2.325058 1.049362 .9071409 3.02095 5.137558 2.2001

2002 Mean 8.611305 3.397581 7.80828 .859465 5.353573 9.449868
Std Deviation 2.292814 1.030868 .8994559 3.046159 5.130801 1.987462

2003 Mean 7.78482 3.435655 7.857717 .9551817 5.546761 9.476911
Std Deviation 2.538903 1.032531 .9148917 3.178745 5.186135 2.122955

2004 Mean 8.531292 3.44566 7.945057 .9456924 5.640956 9.707677
Std Deviation 2.266841 1.020684 .9013947 3.181969 5.249903 2.306332

2005 Mean 8.903901 3.498971 7.938524 1.005467 5.848626 9.819942
Std Deviation 2.347464 1.07677 .8854242 3.285479 5.260696 2.173069

2006 Mean 8.542727 3.51034 7.9977 1.022174 6.004605 9.758513
Std Deviation 2.433825 1.084801 .9372467 3.309171 5.261311 2.327273

2007 Mean 9.795246 3.548834 8.095714 1.139918 6.287454 10.13276
Std Deviation 2.358019 1.096898 .9365606 3.492372 5.255746 2.263648

Notes: All the variables are in logs to be able to have an interpretable graphs as the actual distributions are havily skewed to the left. To
avoid that accurate values equal to 0 in levels are dropped because of the log transformation, we increment all the observations above by
one before making the transform. This manipulation only shifts the distribution in logs but maintains the ranks and its shape and therefore
does not modify the results of interest. the TFP estimation is made using Olley-Pakes method for Stata [Rovigatti and Mollisi, 2018]

Table 8: Descriptive Statistics, Full Panel
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B.2 Aggregate data

I use two other main sources of data. Chile’s Central Bank has a wide range of statistics publicly available
online. In particular, I used:

• The time series of the average interest rate that commercial banks charged for 90-day maturity loans for
the 1995 - 2007 period. This data point is reported at a daily frequency.

• The daily observed exchange rate with respect to the American dollar (1995-2007). It is reported as the
number of Chilean pesos needed to buy an American dollar on the foreign exchange market.

• The nominal current account quarterly data (1996 - 2007). I used a moving average technique imple-
mented in Python’s statsmodels package to decompose the series (statsmodels.tsa.seasonal) and seasonally
adjust it. I also used the yearly data without adjustment.

• The nominal GDP series for all quarters in the 1996 - 2007 period. I seasonally adjusted it in the same way
as the current account.

• The series on gross formation of gross domestic fixed investment in levels.

• The inflation series (1995-2007) used by the Central Bank as a deflator.

I also used some series from the MOxLAD (Montevideo-Oxford Latin American Economic History Data Base)
[Bértola and Rey, 2018] that compiles other series from trusted sources in one unique database with homoge-
neous normalization publicly available. While they have data for a much longer time frame, I used data from
the 1980s and 1990s only, namely:

• The annual series for the aggregate value added in the manufacturing sector (in million of constant
Chilean Pesos of 1970). The data is taken from the ECLAC SYLA - Statistical Yearbook for Latin America.

• The annual series of real GDP (inmillions of constant Chilean Pesos of 1970)which is derived fromBértola
and Ocampo [2012].

• The Unit Value of Import Index 1970=100.

• The annual series for the Gross Domestic Fixed Investment (% GDP), taken from the IMF IFS - Interna-
tional Financial Statistics.

• The series of Gross National Savings as a percentage of GDP. The original data comes from the World
Bank.
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