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Abstract

This paper explores the quantitative role of financial market frictions on
capital flows and the business cycle in emerging markets. A financial sector in
analogy to Gertler and Karadi (2011) is embedded in an otherwise standard
neoclassical model of a small open economy. An agency problem between
international investors and domestic banks gives rise to an endogenously
determined leverage ratio. Along with a traditional productivity shock, in-
ternational investors appetite for emerging market assets is introduced as an
exogenous disturbance. I find that the amount of attractable external funds
that the financial sector can extend to the domestic economy depends on
bank capital and investment behavior of foreigners. Domestic banks amplify
the external funding squeeze to the real economy which leads to higher out-
put volatility in case of financial openness. A calibrated version of the model
fits key Mexican real and financial sector business cycle moments.
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1 Introduction

Financial integration has spurred capital flows to emerging markets at an
increasing scale over the past decade. While the empirical literature on the
overall effect of financial openness is inconclusive, there is sustained evidence
that net capital flows to emerging markets are pro-cyclical and highly volatile,
thereby increasing aggregate output volatility and financial instability. A re-
cent example is the cut-back of foreign external finance for banks in emerging
market regions during the turmoil caused by the global financial crisis. Bank
intermediated capital inflows throughout the expansionary period in the run-
up to the crisis fueled domestic credit expansion and GDP growth. When the
crisis hit, investors in developed markets responded with a flight to quality
which affected confidence in emerging market assets although not necessarily
related to weaker fundamentals. The result was increasing pressures in ex-
ternal financing conditions in emerging economies which led to a contraction
in domestic credit supply and output losses. The boom-bust cycle in foreign
external financing was particularly pronounced in emerging Europe, Brazil,
Chile, Korea and South Africa (Mihaljek, 2010). However, given the scale of
economic vulnerability in emerging market regions, it was surprising that a
systemic banking crisis did not materialize (Berglof et al., 2009). Now, capi-
tal flows are back at pre-crisis levels and policy makers are actively debating
their effect on financial stability and economic growth (Ostry et al., 2011).

This paper expands on the pro-cyclical relationship between capital flows
and emerging market business cycles in regular times and discusses their ef-
fects on financial stability. Specifically, the paper asks two questions. First,
are financial market frictions quantitatively relevant for the propagation of
shocks to a capital importing small open emerging economy? Second, how
does a temporary limited appetite for emerging market assets which is unre-
lated to market fundamentals and can be observed at business cycle frequen-
cies affect the real side of the economy?

To this end, a standard model of a small open economy is augmented by
a financial sector which is modeled in analogy to Gertler and Karadi (2011,
henceforth GK) and adapted to the open economy dimension. In this set-
up, pro-cyclicality of capital flows emerges from an agency problem between
foreign investors and domestic financial intermediaries, which gives rise to a
market determined leverage ratio that fluctuates over the cycle. As a con-
sequence, the amount of attractable external funds that the financial sector
can extend to the domestic economy depends on endogenous bank capital.
In the presence of adverse real shocks, reductions in bank capital induce a
self-enforcing financial accelerator mechanism. Banks sharply reduce their



domestic credit supply in order to restore acceptable bank capital levels,
thereby driving asset prices down further.

Limited access to international financial markets is introduced as an exoge-
nous shock on the agency problem between foreign investors and domestic
financial intermediaries. Following Fostel and Geanakoplos (2008), in an
anzious state of the global economy, investors reign in demand for emerging
market assets in times of global insecurity although emerging market funda-
mentals do not necessarily have worsened. The implicit assumption of this
modeling strategy is that the agency problem between foreign investors is
time variant and uncorrelated to domestic fundamentals. A way to rational-
ize this assumption is to think of an investor who seeks to reduce monitoring
effort in times of global distress due to limited monitoring capacities.

The main findings of the study are threefold. First, a model calibrated
to Mexican data succeeds in reproducing key business cycle moments from
the real and financial side of the economy. Bank leverage and bank net
worth turn out to be more volatile than output and highly persistent. A
main finding of the quantitative excercise is that the inclusion of a financial
sector amplifies endogenous shocks which leads to higher output volatility in
the case of financial openness. Second, reduced demand for emerging market
assets affects the domestic real sector via a bank capital channel. Since banks
need to restore balance sheets, they lower asset demand in the initial period.
This shock is endogenously propagated to the real sector by lower investment
activities. Third, the intuitive conjecture that financial sectors with lower
leverage ratios are better vested to buffer external shocks is confirmed by the
model.

The remainder of this paper is organized as follows. The next section
discusses the related literature. Section 3 documents stylized facts which
elicit the pro-cyclical nature of gross capital flows and presents key Mexican
business cycle moments from the real and financial sector. Section 4 describes
the model and section 5 presents and discusses the main findings. Section 6
concludes.

2 Relation with the literature

The fundamental discourse this paper is related to is the question whether
domestic developments or global factors drive the business cycle of emerg-
ing economies. Calvo et al. (1996), among others, have argued in favour of
external factors as the dominant source of aggregate volatility, alluding to
the experience of volatile international capital flows during the 1990s. While



there is vast empirical literature on sudden stops of capital inflows during sys-
temic crisis episodes (Calvo et al., 2008; Reinhart and Reinhart, 2009, among
many others), there is only limited research on the patterns of capital flows
to emerging markets during regular times. Broner et al. (2010) document the
cyclical behavior of gross capital flows for different country-samples over the
last 40 years. They show that gross capital inflows from foreign investors to
middle- and low-income countries are more pro-cyclical than in high-income
countries. This observation is confirmed by Meller (2011). She finds that the
cyclicality of capital flows depends on threshold values in countries’ financial
risk position. Those countries which are perceived by international investors
as financially more risky exhibit pro-cyclical capital flows, whereas developed
economies with low financial risk benefit from counter-cyclical capital flows.
Meller (2011) concludes that financial openness increases output volatility
for emerging market countries.

By putting the focus on the agency problem between foreign investors and
domestic financial intermediaries, this paper connects several recent strands
of the theoretical literature. First, the paper borrows heavily from the liter-
ature on the financial accelerator as described in Kiyotaki and Moore (1997)
and Bernanke et al. (1999). Caballero and Krishnamurthy (2001) and Gertler
et al. (2007) extend the idea of credit frictions due to limited collateral to the
international dimension in order to analyse emerging market crises. Related
to this approach are quantitative models as developed by Mendoza (2010)
and a policy oriented literature which investigates the question of excessive
borrowing from abroad as in Jeanne and Korinek (2010), Bianchi (2010) and
Benigno et al. (2010). More precisely, this paper uses the results from a
recent branch of the literature which ascribes a prominent role in the trans-
mission of shocks to bank capital. Meh and Moran (2010) find that bank
capital reduces a moral hazard problem between depositors and banks in
the optimal financial contract. This leads to a bank capital channel which
amplifies technology and monetary shocks to the real economy. Gertler and
Kiyotaki (2010) and Gertler and Karadi (2011) also attribute an important
role to bank capital in the propagation of shocks to the real sector. How-
ever, their ultimate interest lies in the analysis of an optimal reaction of the
monetary authority and not on the business cycle implications. The model
described in this paper can be understood as an extension of the financial
accelerator in the banking sector to an open economy setting.

The idea of a stochastic shock within the agency problem between foreign
investors and domestic banks emerges from a strand of literature which inves-
tigates the relationship of global market liquidity and investors’ appetite for
emerging market assets. Fostel and Geanakoplos (2008) show in a model of a



global anzious economy that international investors retrieve asymmetrically
heavily from emerging market assets when bad news on the global economy
are revealed to the public. In a setup with heterogenous agents, this leads to
a temporary flight to collateral which explains the volatile access of emerg-
ing economies to international financial markets at business cycle frequency.
Brunnermeier and Pedersen (2009) relate asset market liquidity to funding
liquidity of banks. In their model, margins are optimally set by investors
in each period. In times of low asset liquidity, investors raise margin re-
quirements since they cannot distinguish between fundamental and liquidity
shocks. This leads to a further dry up of asset markets, hence margins have
a destabilizing role.

The results of the paper are most closely related to a literature which is
concerned with the explanation of a set of stylized emerging market busi-
ness cycle facts. These are (i) higher volatility in output and investment
than in developed small open economies, (ii) excess volatility in consumption
and (iii) a strongly counter-cyclical trade balance-to-output ratio. Broadly,
two leading approaches can be distinguished in this field. To begin with,
Neumeyer and Perri (2005) and Uribe and Yue (2006) focus on the counter-
cyclical relationship between international interest rates and output. They
introduce a working capital requirement on the side of entrepreneurs in com-
bination with negatively correlated technology and interest rate shocks as
central frictions into the neoclassical small open economy framework. This
renders labor input sensitive to the international interest rate which leads
to a counter-cyclical relationship. An alternative approach is the introduc-
tion of a stochastic productivity trend, as shown by Aguiar and Gopinath
(2007) and Boz et al. (2008). If a permanent growth shock occurs, agents
adjust consumption immediately to the expected infinite higher growth path
of the economy which leads to a higher initial reaction in consumption com-
pared to output. Empirical evidence points into the direction of the financial
frictions hypothesis as the main driving forces for emerging market business
cycle data, as was documented by Garcia-Cicco et al. (2010) and Chang and
Fernandez (2010).

However, financial frictions originating in the financial sector as explana-
tion of long-run emerging market business cycles facts have not been con-
sidered in the literature.! The existing literature on the financial sector in
emerging markets relates to the concentration of currency crises during the

1One notable exception is Oviedo (2005), who introduces costly financial intermediation
into the setup with shocks on the international interest rate. However, Oviedo (2005) does
not put the financial sector at the center stage of emerging market business cycles. In
fact, the financial sector with costly intermediation reduces aggregate volatility, whereas
the here presented model with an agency problem enforces the cycle.
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second half of the 1990s, which often have been coupled with banking crises
(Kaminsky and Reinhart, 1999). This phenomen has spurred research in the
form of so-called third generation crisis models which focus on the liability
side of banks. Specifically, Chang and Velasco (2000, 2001) concentrate on
the maturity mismatch problem which can cause bank runs by foreign credi-
tors and domestic depositors alike. Burnside et al. (2001, 2004) elicit the role
of government guarantees in excessive unheged foreign currency borrowing
by banks which can lead to self-fulfilling speculative attacs.

3 Stylized facts

This section documents the cyclical pattern of gross capital inflows. Be-
sides, business cycle statistics from the Mexican real and financial sector are
presented.

3.1 Cyclicality of gross capital inflows

For the extraction of cyclical information of gross capital inflows, I construct
a panel of 33 countries of which there are 21 classified as emerging market
economies and 12 as developed small open economies. I follow Aguiar and
Gopinath (2007) in the classification where applicable and group European
Union new member countries as emerging market economies. The longest
series in the unbalanced panel range from 1980q1 to 2011q1, the shortest from
1997q1 to 2011ql. Comprehensive details on the list of countries included in
the panel and the series length can be obtained in Table 4 in the appendix.

In the construction of gross capital inflows (GCI) I follow Broner et al.
(2010). Capital inflows by foreign investors are defined as the sum of three
positions of the financial accounts: foreign direct investment in the country,
portfolio investment liabilites, and other investment liabilities. Data on fi-
nancial derivatives is left out due to their relatively small amount and their
limited availability across countries. Since flows in reserve assets are oper-
ated via monetary authorities, they are also not considered here. GCI are
reported in US dollars, deflated by the US deflator and detrended using the
HP-filter for quarterly series. The data comes from the IMF’s Balance of
Payments statistics.

Output data is taken either from the IMF’s International Financial Statis-
tics or the OECD’s Quarterly National Accounts when available over the
entire sample length. Output was de-saisonalized and deflated when neces-
sary. I obtain the cyclical component of logged GDP by extracting the trend



with the HP-filter for quarterly series. The data is plotted for each country
in Figure 1.

Figure 2 depicts the lead-lag structure of the cross-correlations of GDP
with gross capital inflows. Gross capital inflows into emerging markets are
pro-cyclical and lead the cycle by one quarter, as shown in panel (a). The
average coefficient of correlation between output and lagged gross capital in-
flows is relatively high with 0.44. This pro-cyclicality is less pronounced in
developed economies. Panel (b) shows a flat curve for developed economies
which translate into lower cross-correlations and peak on average two peri-
ods before the cycle with a correlation coefficient of 0.35. The pro-cyclical
pattern of gross capital inflows gets more distinct if one devides the emerg-
ing market economies in a low risk sample and a high risk sample. For this
purpose, I evaluated over the period 2001ql to 2010g4 the average OECD’s
Historical Country Risk Classification which measures a country’s credit risk
on a scale between 0 (lowest risk) and 7 (highest risk). The resulting high
risk group includes Argentina, Brazil, Bulgaria, Indonesia, Latvia, Peru, Ro-
mania, Russia, South Africa and Turkey and exhibits an average rating of
4.6. The low risk group has an average rating of 2.1 and covers Chile, Czech
Republic, Estonia, Hungary, Israel, Korea, Mexico, Poland, Slovak Republic
and Thailand. This information is summarized in panel (c¢). A country’s
credit risk increases significantly the pro-cyclical pattern of gross capital in-
flows. High risk countries have a coefficient of correlation of 0.54 versus 0.35
for the low risk group. This result corresponds with the empirical findings of
Meller (2011). However, a counter-cyclical correlation cannot be observed.
A final observation on the evolution of the pro-cyclical pattern of gross cap-
ital inflows over time is presented in panel (d). The lead lag strucure for
the longest available series are confronted with the recent period of financial
globalisation, i.e. the years 2000 to 2010. For both emerging and developed
economies, the pro-cyclical pattern has increased over time. The stylized
facts presented in Figure 2 lead me to the hypothesis that pro-cyclical cap-
ital inflows may drive the business cycle in financially more risky emerging
market economies, and that the recent period of financial globalisation may
have assisted this channel. The next section provides an explanation for the
pro-cyclical nature of gross capital inflows in the form of a theoretical model.

3.2 Mexican business cycle statistics

Next, standard business cycle statistics for the Mexican economy are briefly
presented in order to be able to evaluate the model quantitatively. The
novelty here is that the co-movement of financial sector variables is included.



Data on output, private consumption, investment and the trade balance
comes from the IMF International Financial Statistics and ranges from 1981q1
to 2011ql. The quartely levels series is deflated and de-saisonalized by the
Census X12 procedure. The logged data is detrended using the HP-filter.
Balance sheet information for the Mexican financial sector comes from the
national banking and securities commission, CNBV. It provides historical
monthly balance sheet data on all banks belonging to the universal banking
scheme, including foreign owned subsidiaries. These commercial banks con-
trol more than 50 percent of Mexico’s financial system (Banco de México,
2010). From this data I construct quarterly series from 2001q1 to 2010q4 for
bank equity, assets and liabilities. Financial data is logged and detrended by
the appropriate HP-filter. Table 1 summarizes the results.

In the real sector, Mexico exhibits typical emerging market business cycle
facts. These are a relative volatility of consumption over output greater than
one, denoted as excess volatility in consumption, high investment volatility
with a standard deviation of 7.16, and a strongly counter-cyclical current
account. On the financial side, I document bank equity® n; and bank leverage
ratio 1J; as the ratio of intermediated assets over bank capital. Both bank
equity and the leverage ratio are more volatile than output. Besides, the
leverage ratio seems a-cyclical or only mildly counter-cyclical, whereas bank
equity is moderately pro-cyclical. There is strong empirical persistence in
financial sector variables with an autocorrelation coefficient close to 0.7.

4 The Model

The core framework is a neoclassical model of a small-open economy (SOE)
where the net foreign asset position is made stationary through portfolio
adjustment costs, as discussed in Schmitt-Grohé and Uribe (2003). I aug-
ment this model with a financial sector based on GK, which is therefore
adapted to the open economy setting. These changes to the otherwise stan-
dard SOE model are needed to account for a certain type of financial friction
related to emerging market economies (EME). There are four types of agents
in the model economy: households, financial intermediaries®, non-financial
firms, and capital producers. Capital producers are needed to introduce
capital adjustment costs. Financial intermediaries are owned by domestic
households and mainly invest international capital in shares of non-financial

2Bank equity, bank net worth and bank capital are used interchangeably throughout
this paper.

3In the following, I will use ‘financial intermediaries’ and ‘banks’ interchangeably, both
meaning the same, i.e. the financial sector of the model economy.



domestic firms. An agency problem between financial intermediaries and for-
eign lenders produces an endogenous borrowing constraint on the leverage
ratio in the financial sector and induces a financial accelerator mechanism as
in Bernanke et al. (1999). Since the real side of the economy depends through
the issuance of shares on bank finance for the purchase of physical capital,
the international borrowing constraint effectively limits domestic production.
As the discussion of the quantitative results will show, this set-up changes
the transmission channel of different shocks which have been considered in
the literature.

4.1 Households

There is a measure one continuum of identical households in the economy.
Households engage in consumption, borrowing and labor supply. In period
t, the representative household borrows the amount d{il at international fi-
nancial markets for consumption smoothing purposes at the international
non-contingent gross real interest rate R;. This interest rate is a stochastic
country specific rate and represents the actual effective interest rate which
domestic agents face if they intend to borrow at international capital mar-
kets.

In each household, there is a fraction 1 — f of workers and a fraction f
of bankers. Workers supply labor to the non-financial sector and receive
the wage rate w; in return. Bankers own the financial intermediaries and
contribute to the household’s income by transfering any profits from inter-
mediation back to the household. Within each household, there is perfect
consumption insurance. Bankers face a finite horizon in order to prevent
that they can finance their entire activities from equity capital. Specifically,
bankers have a non-contingent probability to exit the financial sector of 1—6,
which entails an average survival time in the financial sector of 1/(1 —#) and
leads to the amount f(1 — @) of bankers leaving their sector each period. In
order to keep a constant ratio of workers and bankers in the model economy,
the same amount of workers switches to the financial sector. Bankers who
exit give their accumulated earnings to the household. New bankers will be
provided with start up funds from the household which will be specified later.

Households have GHH-prefereces (Greenwood et al., 1988) and choose their
level of consumtion (c;), labor supply (I;) and next period’s debt level (df% ;)
to maximize expected utility

. iﬁi |:(Ct w1 | (1)

{ct,lt,d{il} i—0 1- Y




subject to a flow budget constraint
dﬁl +wly + 11 = thf +c+ \I’(dﬁl - CZH)a (2)

with § € (0,1) denoting the subjective discount factor and II; the sum of
profits from financial intermediaries net of start up funds, which are trans-
fered in a lump sum to the household at the end of each period.
International borrowing is subject to frictions in the form of portfolio ad-
justment costs, W(dff, — d"). These costs are convex in deviations from
the steady state net foreign asset position. The household’s corresponding
optimality conditions for labor supply and saving are given by

lfil = Wy, (3)
5Et [At,t-i-l(Rt—i-l)] = 1- ‘I’/(dtIL - CZH)a (4)
— Wl Yy
with At7t+1 = (Ct+1 d t+1)

(c0 = T7)

The first equation sets the marginal rate between consumption and leisure
equal to the wage rate. The second condition is the Euler equation for
consumption adjusted for portfolio adjustment costs.

4.2 Financial Intermediaries

Financial intermediaries are owned by domestic households. Banks’ equity
stock equals the amount of net worth n;, that a bank j holds at the end of
period t. Banks obtain in period ¢ non-contingent debt from international
financial markets ijt 41 and use this for domestic investment activities. To un-
derstand their role in the model economy, one might think of specialists who
provide their informational advantage over domestic non-financial firms to
foreign investors.? Banks extend foreign funds to the real sector of the model
economy by acquiring financial claims, i.e. shares, from non-financial firm j,
denoted by sj;, at the price ¢;. Hence, they effectively own the non-financial
sector. The emerging contract is a state-contingent equity aggreement which
yields in the subsequent period the gross rate Rfﬂ- Thus, bank j's balance
sheet at the end of period t is given by

QSjt = Njt + ijt7 (5)

where bank assets can be found on the left hand-side whereas equity and
liabilities are to be found on the right hand-side of the balance sheet identity.

4According to Diamond (1984), it is optimal to delegate monitoring activities to local
financial intermediaries if they have a comparative advantage of seeking information about
domestic investment projects.



Bank j’s payoffs in the following period determine the law of motion of its
net worth position which yields in combination with the definition of the
bank’s balance sheet (5)

Njt41 = (Rf+1 — Rit1)@sje + Revange. (6)

Growth in net worth beyond the riskless rate can only materialize over in-
creasing quantities of assets, ¢;s;;, or in the interest rate premium, RfH —
R;11. When the bank receives payments on its shares, it repays international
investors. In order to set an incentive for the bank to engage in financial
intermediation, the discounted risk adjusted interest rate premium should
be positive at all times:

EivilB'Mpyiyi (R — Reyiy) >0 Vi>0. (7)

Note that the intermediary uses the household’s discount factor, since it
is owned by the latter. This motivates the banks’ objective to maximize
terminal wealth which can be carried over to the household at the end of
its lifetime. Formally, bankers maximize end of lifetime net worth over the
choice of shareholding:

Vjt = r{na)}< E, 2(1 - Q)Qiﬁi/\t,t+l+injt+l+i (8)
St i=0
with  njie = (Rigg — Reved)@eiSjers + Repvinjers (9)

Given a positive premium, financial intermediaries have an incentive to bor-
row an infinite amount internationally in order to finance asset purchases.
To limit this possibility for arbitrage, I follow GK and adopt a moral hazard
problem between international investors and domestic banks. Accordingly,
each period bankers have the possibility to divert the time-dependent frac-
tion \; of assets and take it home to the household of which the banker is
a member. In this case, the international investor has the imminent threat
to force the financial intermediary into bankruptcy and to recover the share
1 — )\, of the bank’s assets.?

5This is a short-cut to implement the idea of a costly state verification setting due
to asymmetric information as shown by Townsend (1979) in a macro model. Holmstrém
and Tirole (1997) show in a model with uninformed investors, capital constrained finan-
cial intermediaries and firms how bank monitoring helps firms to pledge a higher share
of project returns to potential investors, establishing that monitoring and collateral are
partial substitutes. Since intermediaries themselves have a moral hazard problem due to
costly monitoring on their side, uninformed investors enforce market-determined leverage
ratios. Hence, the amount of uninformed capital that an intermediary can attract depends
on banks’ capital.
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A major departure from GK is to allow for a financial shock on the incen-
tive compatibility constraint. This introduces a new source of risk into the
economy, namely the unexpected need for the financial sector to restructure
its balance sheet. This is ment to be a short cut for the refinancing risk of
banks at international capital markets. Formally,

>\t = S\Qt, (10)

with )\ denoting the steady state value of the incentive constraint. The finan-
cial shock g; is orthogonal to bank net worth and represents an exogenous
disturbance to bank refinancing.® It’s law of motion will be specified be-
low. To motivate the idea of an additional refinancing restriction for EME
at international capital markets, one might think of an anxious international
investor in the sense of FG who looses appetite for emerging market assets
in times of global insecurity.” The opposite case is also conceivable. During
times of capital inflow surges, international investors are over optimistic and
accept higher leverage ratios in the financial sector of a country so that they
can participate in the boom. In both cases, in order to assure that financial
intermediation takes place, the following incentive compatibility constraint
must hold at all times:

V}t > )\tQtSjt (11)

Only if the continuation value for the banker on the left-hand side is higher
than the value to divert funds on the right-hand side, the international lender
can be sure that she is not going to be defrauded and, thus, allows capital to
flow into the country. If the lending premium for the financial intermediary
is positive, it is clear that this equation holds with equality at all times, since
the bank will expand its activities up to the point the incentive compatibility
constraint is binding. Resuming the banks optimization problem, optimal
share holding is fully pinned down by period ¢ net worth.

Proposition 1. The solution to the bank’s mazximization problem can be
expressed as

Vi = u@Sj + mene, (12)

with
vy = Ey [(1 - Q)ﬁ/\t,tﬂ(RfH —Rip) + 5At,t+19Xt,t+1Ut+l} ;o (13)
m = Ey[(1—=0)BA 1 (Ri1) + BN 1024 1mi44] (14)

6Jermann and Quadrini (ming) analyze a similar financial shock to borrowing capacities
of firms in a closed economy.

TA further possible microfoundation could be that an anxious investor perceives a de-
terioration of her monitoring capability in times of global distress and requires in response
higher bank capital levels for monitoring intense activities.
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where X141 and Zy 1 denote bank j's growth rate of asset holding and its
net worth respectively, thus Xi1+1 = Qe41Sjt+1/@Sjt and Zy g1 = N1/t

Proof. See appendix. ||

The variable v; can be interpreted as the expected discounted marginal gain
to the banker of additional shareholding ¢:sj;, by receiving one more unit of
international capital and holding net worth nj; constant. In turn, 7, describes
the expected discounted marginal return of having one additional unit of n;q,
holding sj; constant. The value of v; is related to the positive premium
requirement in (7). While in frictionless competitive capital markets this
premium would vanish, thus v; would equal zero, the here adapted agency
problem limits the volume of financial intermediation such that the premium
stays positive in equilibrium.

It can be shown that shareholding in the financial sector in equilibrium is
determined by banks’ net worth. First, note from equations (11) and (12)
that the incentive compatibility constraint can be rewritten as

VeQeSjt + My > M\eQeSji-

Given that the constraint binds in equilibrium, asset holding by financial
intermediaries can be expressed in terms of the bank’s net worth position:

qiSjt = njtﬁ (15)
This relation balances the banker’s incentives to defraud on international
investors by equating the banker’s expected gains and losses from doing so.
Holding n;; constant and increasing s;; would break this balance and create
an incentive for the banker to divert funds. Substituting in twice the balance
sheet definition into the equation above yields bank j’s leverage ratio as the
relation of intermediated assets over equity:

qtSjt _ Ur (16)

T jt At — Uy

As can be seen from this equation, the leverage ratio on the LHS is defined by
non firm-specific components on the RHS. This allows us to obtain aggregate
demand for assets and the aggregate net worth position of the financial sector
by summing over all individuals

ny = ﬁtnt (17)

gsSt =
At — Uy

with 1J; denoting aggregate leverage ratio in the financial sector in period t.

12



Next, turning to the aggregate law of motion of the financial sector’s net
worth, remember that aggregate net worth n, is a composite of existing
financial intermediaries n{ and newly entering banks n}:

Nyl = Nyyq T Ny (18)

Since the survival probability of existing bankers is known, the aggregate net
worth position of existing bankers ny is given from the transition equation
for net worth (6)

Up
t — Ut

n{ = 0|(Rf,— Ruyi)y + Repr | . (19)
As it was mentioned already in the discussion of the household’s problem,
newly entering bankers obtain startup transfers from the household. Similar
to GK, these transfers amount to the time invariant fraction v/(1 — ) of the
value of assets that exiting bankers had in their final operating period on
their balance sheet

v

TL? = (1 — 9)mqt5t = V({tSt. (20)
Following (18), (19) and (20), the aggregate net worth position of the financial
sector evolves according to:

Nepy =0 (Rfﬂ — Rip) N 72 o + Riy1| ng + vqisy (21)

4.3 Non-Financial Firms

There is a competitive non-financial sector in the model economy. Firms
engage in the production of a single tradable retail good which serves as
numeraire. Production takes place according to a standard Cobb-Douglas
production technology

yr = 2hkihy (22)

where k; denotes the capital stock, h; labor input and z; is an standard
transitory shock on aggregate productivity.

When output is available to the firms at the end of the period, the wage
bill w;h, are paid to the households. Depreciated capital (1 — §)k; is sold to
capital producers at the unitary price of ¢; and the new capital stock k;,q
is purchased for production purposes in the subsequent period. New capital

13



is financed by issuing shares which are bought by financial intermediaries
according to the following pricing equation:

@St = qekira (23)

This condition equates the price of a unit of capital to the price of a financial
claim. The arising equity contract between the bank and the non-financial
firm yields the state-contingent real gross interest rate RF. Thus, firms’ pay-
ments to their shareholders amount to RF(qs;;—1) which implies zero profits
in the non-financial sector. The underlying assumption is that this funding
relationship contains no frictions. Specifically, since the security offered by
non-financial firms is perfectly state-contingent, there are no frictions that
hinder firms to obtain funds from financial intermediaries. However, since
banks suffer from the agency problem on international financial markets,
physical capital purchases are indirectly affected through this constraint.
Firms maximize profits according to

(24)

{kt1144,he14

max ) E; Z ﬁiAt,t—i-i [Zt—i-ik?—&-ihi;ia — Wiy il
i=0
—(Reyi — V)key — By qevisiaiei + (1 — 6)kerirsi]

subject to the pricing equation (23). Note that firms use the household’s
discount factor, as they are indirectly owned by the latter. The firm’s max-
imization problem yields the following first order conditions for factor de-
mand:

(1 —a)zkh, ™ = wy (25)
E; (aztﬂkfﬂ:llhtl;f‘) = Lk (Rfﬂ% — (1 — 5)) (26)

The labor demand equation (25) sets the marginal product of labor equal to
the wage rate. Capital demand equates the marginal product of capital to
the rental rate of capital net of depreciation. From (26) follows the law of
motion for return on capital:

a2t 4 g (1= 9)
Rf—&-l = iy q: (27)

4.4 Capital Producers

The form of capital producers are adopted from Bernanke et al. (1999) in
order to account for sufficient variation in the endogenous price of capital.
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Furthermore, capital adjustment costs are typically needed in small open-
economy models to reduce investment volatility (Mendoza, 1991).

There is a competitive sector of identical capital producing firms which
is owned by households. Capital producers buy at the end of each period
the depreciated capital stock ¢;(1 — )k, from non-financial firms and invest

the amount ¢; which yields the gross newly built capital ® <;€—ft) k;. Only
net investment is subject to quadratic adjustment costs, which are governed
by the function @ (;—i), which satisfy ®(§) = ¢ and ®'(§) = 1. Hence,
adjustment costs are zero in the deterministic steady state. Capital producers
sell the newly produced capital stock k1 at the competitive price ¢; to non-

financial firms. Thus, there are zero profits in the market for capital goods.
The related profit maximization problem takes the form

?,laﬁ E, Z BiAt,t—l-i [tht-',-l - Qt(l - 5)kt - it] , (28)
bt =0

subject to the law of motion of the capital stock

A (1—5)k:t+d>(i—t) ks (29)

with @ (;—i) _ [;—i _ g (;—tt _ 5) 2] | (30)

This maximization problem yields the traditional g-relation for investment

in physical capital:
; -1
o[ 9) oy
t

4.5 Closing the model

Finally, the exogenous processes for [z, 0,],~, and the trade balance need to
be specified.

Total factor productivity z; is a standard independent and identically dis-
tributed shock which is described by the following process:

In(z) = pAn(z—1) + €7, with e ~N(0,02) (32)

The financial shock p; is also modelled as an i.i.d. financial shock to the
investor’s risk perception:

ln(gt) = pgln(gt—l) + Efv with Ef ~ N(07 0—1_2;)
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This approach allows for the analysis of an isolated shock on the capability
of banks to refinance their activities at international financial markets which
is orthogonal to financial sector variables or domestic fundamental changes.

The trade balance-to-output ratio in this model amounts to aggregate pro-
duction, less domestic absobtion and transaction costs due to investment and
portfolio adjustments, divided by output:

c+ig+ V() + ()
Yt

Given the previous model description, the decentralized equilibrium is de-
fined as a stochastic sequence of allocations [ct, ly, dffrl, Sty Mgy My Vg, Uy, dﬁl,
he, ki1, i, yr, thy] =, and prices [qt,wt,rﬂ zo that, given the initial capital
stock ko, the initial debt positions of households and banks, df and d¥, and
the exogenous processes [z, o];,, satisfies 1) the optimality conditions of all
agents in the model and ii) market clearing on all markets.

5 Model analysis

5.1 Calibration

The model’s parameters are listed in Table 2. Baseline parameter values are
chosen to fit Mexican long-run data moments. For better comparability, I
adopt the calibration of Uribe and Yue (2006, henceforth UY) if possible,
who themselves calibrate their model to Mexican data and refer to Mendoza
(1991) for standard values. From the latter I retain the values for the capital
share of output, the coefficient of risk aversion, the wage elasticity of labor
supply and the capital adjustment cost parameter, which are o = 0.32, v = 2,
w = 1.455, and ¢ = 0.028 respectively. The depreciation rate of the capital
stock 6 = 0.058 is chosen to match the empirical ratio of investment to GDP
of 19.5 percent. The steady state level of household debt is calibrated to
yield a ratio of household debt to GDP of 10 percent. I use the estimate
of UY for the adjustment cost coefficient of household debt ¥ = 0.00042
which is very close to the value used by Schmitt-Grohé and Uribe (2003)
and limits the role of debt adjustment costs to render the net foreign asset
position stationary. UY calibrate the gross real interest rate R according to
historical EMBI spreads for a sample of seven emerging market economies.
The resulting average quarterly rate of 2.77 percent is consistent with an
annualized rate of about 11 percent which split up into an average spread of
7 percent and a world interest rate of 4 percent.
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Turning next to the financial sector variables, I proceed according to the
calibration strategy of GK. The steady state divertable fraction of bank assets
A = 0.08 is chosen to yield a long-run leverage ratio of 11.6 which is taken
from Mexican financial sector data. Although the average Mexican leverage
ratio in the financial sector shows a downward trend® (see Figure 3), taking
the mean over the available sample period is a reasonable approximation to
the data. The parameter which governs the fraction of the exiting banks’ net
worth which turns into start-up funds for new bankers v = 0.00016 yields an
average spread of 95 basispoints. This corresponds to the average empirical
spread between the international interest rate R and the domestic lending
rate. The survival probability of bankers # = 0.877 yields an average survival
time of 2 years for bankers.

The shock processes are also empirically disciplined. In the baseline speci-
fication with both shocks, the standard deviation of the shocks and the auto-
correlation parameters are chosen to match the volatility and persistence of
output fluctuations and the leverage ratio. This yields a value of o, = 1.0467
percent and persistence p, = 0.3925, which is quite close to what Mendoza
(2010) finds empirically (0.0134 and 0.537). The financial shock parame-
ters on o take a standard deviation of o, = 0.7944 percent and persistence
po = 0.9367. In the specification with only technology shocks, the moments
of the output variable serve as the only target, which yiels o, = 1.0549 per-
cent and p, = 0.4014. Finally, in the specification with only financial shocks
and only the moments of the leverage ratio serving as calibration targets,
one obtains o, = 2.1523 percent and p, = 0.7669.

5.2 Transmission of shocks

Figure 4 plots the impulse responses for a one standard deviation produc-
tivity shock of the specification with technology shocks only. I contrast the
financial sector model (FSM) with a standard model of a small open econ-
omy with portfolio adjustment costs (SOE) as in Schmitt-Grohé and Uribe
(2003) and the same calibration of preferences and the production side as
reported in Table 2. The severe drop of asset prices in the FSM is due to
the endogenous financial accelerator mechanism. Given the lower produc-
tivity in the initial period, the return on capital R¥ that bankers earn on
shares currently on their balance sheets drops and lowers the spread which

8A stronger capitalization of the Mexican banking sector is due to increased foreign
ownership since liberalizing the financial sector in 1997 (Herndndez-Murillo, 2007) and
enhanced cooperation with the Basel Committee on Banking Supervision in regulatory
issues (Banco de México, 2010).
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constitues the marginal gain of bankers to hold assets. Hence, the purchase
of shares is less attractive for banks and reduced demand lowers asset prices.
Furthermore, the immediate decline of asset prices reduces bank net worth,
thereby limiting the possibility of banks to attract foreign external finance.
This explains a strongly pro-cyclical bank net worth position, as reported
in Table 3, column (III.1). In order to restore their balance sheets and to
fulfill the incentive compatibility constraint inherent to the agency problem,
banks sell assets which puts further downward pressure on prices. Opposite
to that, the leverage ratio increases, indicating a strong counter-cyclical re-
action. This is due to a faster decrease of asset prices relative to bank net
worth.

The implications on the real side of the model economy are highly visible on
the investment side. Capital producers can sell less capital to non-financial
firms, since they are themselves indirectly credit constrained through their
issuance of shares to domestic banks. Hence, capital producers curtail invest-
ment. This reaction is by far more severe in the FSM and has implications on
aggregate output which returns more slowly to its steady state. The strongly
counter-cyclical reaction of the trade balance-to-output ratio is primarily due
to the heavy reaction of investment, which declines relatively more than out-
put. Finally, bank borrowing abroad declines, which is a direct consequence
of the interantional bank lending channel. The external funding squeeze
corresponds to pro-cyclical gross capital inflows.

Turning to the shock on g;, Figure 5 plots the impulse resonses for a fi-
nancial shock as in specification (IV) of Tabel 3. Remember that a shock
on the ability of bankers to divert a fraction of bank assets is a disturbance
which originates in the agency problem between foreign investors and do-
mestic banks. It constitutes therefore a stylized way to model limitations of
domestic financial intermediaries to obtain foreign external funding due to
the anxiousness of international investors to buy emerging market assets.

The impulse responses show that there is modest endogenous propagation
of the shock. All variables have returned after fifteen quarters to their steady
state values. If the ability of a banker to divert a fraction of bank assets
increases, the international investor forces the financial intermediary to sell
assets in the initial period in order to restore the incentive compatibility con-
straint. The effect is an initial drop in asset demand, which puts downward
pressure on asste prices and induces a direct stall in investment, since banks
stop purchasing shares of non-financial firms. Output declines and banks cut
back foreign borrowing, leading to pro-cyclical capital inflows. However, cap-
ital is still highly productive so that return on capital increases. Asset prices
recover fast and exhibit a strong overshooting effect in the first quarter after
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the shock occured. Banks’ net worth is lifted over steady state and, in turn,
banks’ leverage ratio drops. As asset prices return to their steady state value
over time, the leverage ratio increases while bank net worth decreases. The
normalization to steady state values renders the leverage ratio pro-cyclical
whereas net worth is counter-cyclical, see Table 3, column (IV).

5.3 Quantitative results

Next, I compare the empirical business cycle statistics in column (I) of Table 3
to the theoretical moments of the model generated in its baseline specification
as reported in column (II), using a standard first-order approximation of
the log-linearized model. Given that only four moments serve as calibration
targets for the shock processes, the overall performance of the financial sector
model in the baseline specification is quite satisfying.

Starting with the relative volatility, all variables in the model except con-
sumption are more volatile than output. Therefore, excess volatility of con-
sumption is not a feature detected in the baseline specification. Investment
and bank equity are more volatile in the model whereas consumption and
the trade balance-to-output ratio are less volatile compared to the data.

Turning to the cyclical pattern of the series shows that all model signs
correspond to the signs in the data. In particular, the trade balance-to-
output is strongly countercyclical and with a value of -.34 very close to the
data. Also consumption and investment are both highly pro-cyclical. On the
financial side of the model, the leverage ratio is highly counter-cyclical and
bank equity pro-cyclical. However, correlations in the data are much weaker
than in the model.

Finally, the serial correlations of model variables come very close to those
in the data. All empirical moments exhibit high persistence, which can be re-
produced by the model in its baseline calibration. Only the serial correlation
of investment is with .10 substantially lower in the model.

5.4 Sensitivity analyis

What are the implications of a substantially lower or higher leverage ratio?
To answer this question, I calibrate the model to a steady state leverage ratio
of ¥ = 6 and ¥ = 15, respectively, and evaluate the two stochastic shocks in
their baseline specification.

Beginning with a transitory adverse shock on productivity, Figure 6 shows
that a higher leverage ratio leads to a stronger decline in asset prices. As
discussed before, lower capital productivity lowers return on capital and de-
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creases demand for assets. Since net worth drops slower than asset prices,
highly leveraged banks have to shorten their balance sheets more severely
than banks with a lower leverage ratio. This leads to a more pronounced
financial accelerator in the model economy with higher aggregate leverage
ratio. On the real side of the economy mostly investment is affected; impli-
cations for output and consumption are very limited. The second moments of
real sector variables increase only slightly, as shown in columns V.1 and V.2
of Table 3°. A lower leverage ratio reduces the counter-cyclical pattern of the
trade balance-to-output ratio due to a less significant reaction of investment.

Also a shock on g, is amplified in a model economy with a higher leverage
ratio, as can be seen in Figure 7. An adjustment of the banker’s ability to
divert a fraction of bank assets leads to a stronger fire sale of assets in the
case of higher leverage ratios, since by construction there are more assets on
the balance sheet to divert compared to the bank with a lower leverage ratio.
Therefore, the initial decline in asset prices is much more distinct, leading to
stronger reactions in the subsequent periods.

6 Conclusion

This paper presents a model of a small open economy with a capital importing
financial sector modeled in close analogy to GK. I calibrate the model to
Mexican data from the real and financial sector.

The main contribution of the model is that it moves the source of financial
frictions for the explanation of stylized emerging market business cycle facts
from the corporate to the financial sector of the economy. This allows for
the analysis of aggregate financial sector behavior in response to a external
funding squeeze at international financial markets, a global shock which can
be observed at business cycle frequency for emerging market economies. In
particular, the model is based on the strongly pro-cyclical relationship of
gross capital inflows. These are assumed to be channeled through domestic
financial intermediaries and having an expansionary effect on credit growth
and output. If domestic banks have difficulties in accessing international fi-
nancial markets to fund domestic credit growth, domestic non-financial firms
are indirectly credit constrained which reduces aggregate production. This
approach is consistent with episodes of sudden stops of capital inflows (Calvo
et al., 2008), but also with less devastating episodes of a global anzious econ-
omy (Fostel and Geanakoplos, 2008).

9Calibration of shocks in the quantitative evaluation of different leverage ratios as in
the baseline specification.
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The model succeeds relatively well in reproducing key business cycle mo-
ments from the real and financial side of the Mexican economy. Bank leverage
and bank net worth are more volatile than output and highly persistent. One
shortcoming of the setup is that the pro-cyclical behavior of bank net worth
and the a-cyclical or mildly counter-cyclical evolution of bank leverage are
exaggerated by the model. A main finding of the quantitative excercise is
that the inclusion of a financial sector amplifies exogenous shocks which leads
to higher output volatility in the case of financial openness. Second, reduced
demand for emerging market assets affects the domestic real sector via an in-
ternational bank capital channel. Since banks need to restore balance sheets,
they lower asset demand in the initial period. This shock is endogenously
propagated to the real sector by lower investment activities. Third, the in-
tuitive conjecture that financial sectors with lower leverage ratios are better
vested to buffer external shocks is confirmed by the model.

Given that capital inflows surges and sudden reversals pose a major chal-
lenge to policy makers in emerging market economies, the role of the financial
sector in the intermediation of capital flows is still relatively unexplored. The
here presented model is a first step to understand the role of a capital im-
porting financial sector for the explanation of domestic aggregate volatility
and financial stability in a quantitative framework. Other important ques-
tions are left for future research. For example, the inclusion of a domestically
funded banking system might help to explain the substitution effects in case
of adverse global financial shocks. For the analysis of exchange rate behaviour
and the response of a monetary authority in response to changes in inter-
national gross capital flows it will be necessary to analyse the international
bank capital channel in a New Keynesian environment.
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A Tables and Figures

Table 1: Mexican empirical business cycle moments

std. deviation  relative volatility — cross-correlation autocorrelation

oly) 264 o(c)/oly) 134 pley) 80 plyeye—r) 66
o(c) 3.55  o(i)/o(y) 271 p(i,y) 76 plet,ci—1) .64
o(4) 716  o(th)/o(y) 3.36  p(tby,y) -.31  p(it,it—1) 7
o () 421  o(¥)/o(y) 159  p(d,y) -05  p(V4,04—1) .67
o(n) 3.07 o(n)/o(y) 116 p(n,y) 29 p(ng,ng—y) .68

Source: Mexican national accounts data from IMF IFS, data for the financial sector from national
sources (CNBV). See data appendix for details.

Table 2: Baseline calibration

Parameter Value

Preferences and production

Capital share of output o 0.32
Depreciation rate of capital ) 0.058
Risk aversion 0 2
Wage elasticity of labor supply w 1.455
Household’s discount factor 1) 0.973
Interest rate R 1.0277
Steady state level of household debt to GDP d" /g 0.1
Capital adjustment cost coefficient 10) 0.028
Portfolio adjustment cost coefficient P 0.00042
Financial sector
Survival probability of bankers 0 0.877
Divertable fraction of bank assets in steady state A 0.08
Start-up capital of banks v 0.00016

Notes: The model is calibrated for quarterly data.
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Table 3: Quantitative evaluation of the model

(M (I1) (IT1.1)  (II1.2) (Iv) (V.1) (V.2)
Data  Baseline TFP Shock Financial Shock Sensitivity
Mex FSM SOE FSM ¥9=6 v=15
Standard deviations
o(y) 264  2.64%  264% 228 0.95 256  2.66
al(c) 3.55 2.11 2.12 1.71 0.63 2.05 2.12
o(i) 7.16 14.74 13.85 3.91 18.60 11.85 15.95
o(9) 4.21 4.21* 3.45 - 4.21%* 3.00 5.07
o(n) 3.07 5.44 5.16 - 3.99 3.79 6.41
Relative volatility
o(e)/o(y) 1.34 0.80 0.80 0.75 0.66 0.80 0.80
o(i)/o(y) 2.71 5.58 5.25 1.71 19.58 4.63 6.00
o(th)/o(y)  3.36 2.35 2.10 0.63 3.76 1.88 2.59
o(9)/o(y) 1.59 1.59% 1.31 - 4.43 1.17 1.91
an)/o(y) 1.16 2.06 1.95 - 4.20 1.48 2.41
Cross-correlation
plc,y) .80 .92 91 .92 1.00 .92 .92
o(i,y) .76 .63 .70 .89 -.28 .62 .62
p(tby, y) -.31 -.34 -41 .45 .38 -.23 =75
p(9, ) -.05 -.69 -.98 - .89 -.39 -.35
p(n,y) .29 .85 .99 - -.66 .70 .88
Serial correlation
o(Yt, Ye—1) .66 .66* .66* .49 .75 .62 .67
p(ce,ci—1) .64 .75 .75 .65 .76 .73 .75
(e, it—1) 7 .10 A1 .24 -.01 15 .08
p(0¢,0¢—1) .67 67* .54 - .67* 91 .54
p(ng, ni_1) .68 .67 .66 - .39 .86 .57

Notes: Data marked with an asterisk denote calibration targets. Calibration of shocks: Baseline specification (II):oc, =
0.010467, p, = 0.3925,0, = 0.007944, p, = 0.9367. Specification (IIL.):o, = 0.010549, p(z) = 0.4014, and o, = p, = O.
Specification (IV.):0, = 0.021523, p, = 0.7669, and o, = p, = 0. Specification(V.): as in baseline.

Source: Mexican national accounts data from IMF IFS, data for the financial sector from national sources (CNBV). See data
appendix for details.
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Table 4: Country sample

Country Period Classification  Source
Argentina 1993q1 - 2010g4 Emerging IMF
Australia 1980ql - 2011q1 Developed IMF, OECD
Austria 1988q1 - 2011ql  Developed IMF

Brazil 1995q1 - 2011ql  Emerging IMF
Bulgaria 1994q4 - 2011ql  Emerging IMF
Canada 1980q1 - 2011ql Developed IMF, OECD
Chile 1996q1 - 2011q1  Emerging IMF

Czech Republic  1994q1 - 2011q1  Emerging IMF
Denmark 1981ql - 2011q1 Developed IMF
Estonia 1993q1l - 2010q1  Emerging IMF
Finland 1980q2 - 2011ql  Developed IMF
Hungary 1995q1 - 2011ql  Emerging IMF, OECD
Indonesia 1997q1 - 2011q1  Emerging IMF

Ireland 1997q1 - 2011q1  Developed IMF

Israel 19803 - 2011q1  Emerging IMF

Korea 1980q1 - 2011ql Emerging IMF, OECD
Latvia 199691 - 2011q1  Emerging IMF

Mexico 1981ql - 2011ql  Emerging IMF
Netherlands 1980q1 - 2011q1  Developed IMF

New Zealand 1987q2 - 2010g4 Developed IMF, OECD
Norway 1994q1 - 2011q1  Developed IMF, OECD
Peru 1991ql - 2010g4 Emerging IMF
Philippines 1981q1l - 2010g4 Emerging IMF

Poland 2000q1 - 2011q1  Emerging IMF, OECD
Portugal 1980ql - 2011q1 Developed IMF
Romania 1998q1l - 2011q1 Emerging IMF

Russia 1994q1 - 2011ql  Emerging IMF

Slovac Republic  1997q1 - 2010q4 Emerging IMF

South Africa 1985q1 - 2011q1l  Emerging IMF

Spain 1980ql - 2011q1 Developed IMF
Sweden 1980ql - 2011q1l Developed IMF
Thailand 1993ql - 2011q1l  Emerging IMF

Turkey 1989q1 - 2011q1  Emerging IMF

Notes: Data comes from IMF’s International Financial Statistics and OECD’s Quarterly
National Accounts. Classification of countries evolves according to Aguiar and Gopinath
(2007) where applicable. European New Member States are grouped as emerging countries.
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Figure 1: Correlations of gross capital inflows with the business cycle.

(a) Emerging market economies
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Figure 1: [continued]

(a) Emerging market economies (ii)

2,000

-4.000

2,000

-4.000

-6.000

2,000

-4,000

Philippines

6,000
4,000
2,000

2,000
-4,000
6,000

Poland

03 04 05 06 07 08 09 10

12,000
8,000

4,000

8,000

4,000

-4,000

-8,000

20,000

Russia South Africa
0
-20.000
-40.000
15
10 -60,000
05
00
-05
-02
-10
-15 T DAy e
00 01 02 03 04 05 06 07 08 09 10 0 01 02 03 04 05 08 07 08 03 10
Thailand Turkey
8,000
4,000
0
-4,000
- -8,000

-10,000

-20,000

-0 T T T T T

30



Australia

40,000

-20,000

—— log GDP (left scale)
GCl (right scale)

-20,000
010
40,000
005
- -60,000
-.005
-010
- 60,000
- 40,000
-20,000
04 o
-20,000
02
--40000
-80,000
o2
-04 T
00 01 02 03 04 05 08 07 08 09 10
Netherlands
-100,000
50,000
04
02 200,000
00
o2
-04 T T T T T T T
00 01 02 03 04 05 08 07 08 09 10
Austria
- 80,000
60,000
40,000
~ 20,00
6 20,000

20,000

-40,000

Figure 1: [continued]

(b) Developed economies

Notes: GDP in percentage deviations from HP-trend, GCI are in deviations from HP-

trend.

Source: See data appendix.
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Figure 2: Lead-lag structure of cross-correlations.

(a) Emerging market economies (b) Developed economies
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Quarters (i)

Quarters (i)

——EME, recent sample —— EME, max. sample length

Average highrisk EME | DE, recent sample  --+--DE, max. sample length

—— Average low risk EME
------ Average developed economies

Notes: GDP in percentage deviations from HP-trend, GCI are in deviations from HP-trend.

Panel (a) and (b): Cross-correlations for the period 2000q1-2010qg4.

Panel (c): ’High risk’ sub-sample: Argentina, Brazil, Bulgaria, Indonesia, Latvia, Peru, Romania, Russia, South
Africa, Turkey. ’Low risk’ sub-sample: Chile, Czech Republic, Estonia, Hungary, Israel, Korea, Mexico, Poland,
Slovak Republic, Thailand. Sample 2000q1l - 2010q4

Panels (d): The ’recent sample’ covers 2000ql - 2010g4. The 'maximum sample length’ varies across countries due
to data availability, see Table 4 for details.

Country codes: AG=Argentina, AU=Australia, OE=Austria, BR=Brazil, BL=Bulgaria, CN=Canada, CL=Chile,
CZ=Czech Republic, DK= Denmark, ET=Estonia, FN=Finland, HN=Hungary, ID=Indonesia, IR=Ireland,
IS=Israel, KO=Korea, LV=Latvia, MX=Mexico, NL=Netherlands, NZ=New Zealand, NW=Norway, PE=Peru,
PH=Philippines, PO=Poland, PT=Portugal, RM=Romania, RS=Russia, SX=Slovak Republic, SA=South Africa,
ES=Spain, SD=Sweden, TH=Thailand, TK=Turkey.

Source: Risk classification according to OECD’s Historical Country Risk Classification. See data appendix.

32



percentage deviation from trend

Figure 3: Mexican leverage ratio, 2001ql - 2010q4
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Notes: Mean of leverage ratio ¥ = 11.6. Standard deviation of cyclical
component, o(¥) = 0.0421, serial correlation, corr(d¢, 9:_1) = 0.67.
Source: Comision Nacional Bancaria y de Valores, www.cnbv.gob.mx.
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Productivity Shock
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Figure 4: IRFs to a productivity shock
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Notes: Impulse responses in percentage deviations from steady state.

Shock calibrated

as in specification (III) of Table 3, i.e. o, = 0.010549, p, = 0.4014.
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Figure 5: IRFs to a financial shock
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Notes: Impulse responses in percentage deviations from steady state. Shock calibrated
as in specification (IV) of Table 3, i.e. o, = 0.021523, p, = 0.7669.




Figure 6: Sensitivity 1: IRFs to a productivity shock with different leverage

ratios.
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Figure 7: Sensitivity 2: IRFs to a financial shock with different leverage
ratios.
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B Model Appendix

B.1 Baseline model with capital importing banks

B.1.1 Households

max FE, iﬁt [(Ct —w )Tl (B.1)
{entndili} 455 1=7
s.t.
diy = (L+r)df +c —wl,+V(d2,) -1, (B.2)
with — U(dl,) = %(dﬂl —d")? (B.3)
FOCs:
¢ (¢ —wthe)™ =N\ :
I : (cr — w R (=171 = Ny (B.5)
dr BE X2 (14 ru0)|  =1-w(dl, —d") (B

B.1.2 Financial Intermediaries
Balance sheet (at the end of period t)
GeSje = Ny + dﬁ (B.7)

Law of motion for bank j’s net worth position at the beginning of period
t + 1, shortly before exit and entry into financial sector takes place and new
lending activities start:

Njty1 = C]tSthfH _Rt—i-ldﬁ
using (B.7) yields

Njty1 = Rf-s—ﬂtsjt — Ry [thjt — njt]
= (Rfﬂ - Rt+1)Qt8jt + Rypangy (B.8)

Positive premium requirement

ErviB'Arpi1vi(Rresrsi — Reyid) >0 Vi>0 (B.9)
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Banks’ profit maximization

Vi = H;QX E; Z(l—e)giﬁi/\t,wlﬂ' { [(Rf+1+i - Rt+1+i)Qt+i3jt+i] + Rt+1+injt+i}
7t =0
(B.10)
s.t.
V}t > )\tQtSjt (B-ll)
The FIs’ problem yields the following FOCs:
Sjt . (1 — 9>At,t+1 (Rf+1 — Rt—i—l)Qt — ,ut)\Qt = O <B12)
e Vit — Aqsjt =0 (B.13)

with p; denoting the Lagrange multiplier on the incentive compatibility con-
straint from the agency problem, and \; being a parameter in the latter.

Proof of Proposition 1. The proof follows an expansion around the defi-
nition of Vj; in (B.10) and a straight forward notation in recursive form. It
is devided in two steps, for each auxiliary variable v; and 7, separatly, and
leaves out expectation signs to simplify the notation:

Step 1:
’thtsjt = Z(l — e)eiﬁiAt,t+1+i(Rf+1+i - Rt+1+i)qt+i8jt+i
i=0
v = Z(l — 0)0'B' N1 RE 1 — Revrvd) Xeeri (B.14)
i=0
- <1 - e)ﬁAt,tH(R?H - RtH) + Z(l - e)eiﬁiAt,t+l+i(Rkt+1+i - Rt+i>Xt,t+i
i=1
= (1=0)8Aen (R — Resa) + A1 0x1 Z(l — )9t
i=1
At+1,t+i(Rf+1+i — Ri14i) Xet1,04i (B.15)

Now, scrolling equation (B.14) one period ahead yields:

Vg1 = Z(l - e)eiﬁiilAt+l,t+i(Rf—&-l+i — Rij14a)Xe 104

1=0

= Z(l — 0)0" B N1 (RE s — Regria)Xerveri

=1

(B.17)
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Combine (B.15) and (B.16) to get

v = I [(1 - 9)5At,t+1(Rf+1 - Rt+1) + ﬁAt,t+19Xt,t+1Ut+1} . (B-18)

Step 2:

nnge = Z(l — 0)0° 3 Ny py14iRerpinjess
i=0
=N = Z(l — G)QiﬁiAt7t+1+iRt+1+iZt,t+i (B.19)
i=0
= (1 — e)ﬁAt’t+1+iRt+1 + Z(l - 0)eiﬂiAt,t+1+iRt+1+iZt,t+i
i=1
= (1—=0)BAiy14iRi1 + BA 111071141 Z(l - 9)ei_lﬁi_lAHLtHRﬂ(@'E’fgm

i=1

Scrolling equation (B.19) one period ahead

N+1 = Z(l - 9)eiﬁiAt—H,t-&-iRt—H—l—iZt+1,t+i
i=0
= Z(l — )0 B Nt i Re 146 2141 (B.21)

=1

Combine (B.20) and (B.21) in order to obtain
e = Ey [(1 = 0)BA 1R + BA10 201 17m41] (B.22)

In order to arrive at the law of motion of the leverage ratio of the bank,
replace Vj; in the incentive compativility constraint (B.11) through proposi-
tion 1. Note that if the positive premium requirement (B.9) holds, then the
incentive constraint (B.11) holds with equality in equilibrium, hence

VeqeSje + Mije = ANeQiSi

< @Sjt = njt—)\ mv (B.23)
t — Ut

Using the banks’ balance sheet (B.7) twice,

Ui
ny +ds = nj———o0
gt jt Jt)\t — v
o Mo (B.24)
it A — (%
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On the left hand-side of the above equation, there is the leverage ratio defined
as intermediated assets over bank equity. Therefore, define the law of motion
for the aggregate leverage ratio, or capital-asset ratio, as

qiSt e
—_— = =9 B.25
Uz At — Uy ! ( )

Law of motion of the aggregate net worth position
Using (B.23) to rewrite (B.8) one obtains

Ul

n
At — Uy

jo = | (R — Res) + Riy1 | nje (B.26)
Note from the derivation of the law of motion of the aggregate bank leverage
that banks have identical leverage ratios. Hence, the subscript indicating
individual financial institutions can be erased and (B.23) rewritten in the
form:

U
= B.27
qtSt Ny N — 0 ( )

The aggregate net worth:
Ny = Mgy + Ny (B.28)

with n} denoting period ¢ newly entering FIs and nj remaining FIs from
previous periods. Then, it follows from (B.26) in conjunction with (B.28)
and survival probability 6:

ng = 0 (Rf+1_Rt+1)>\ "t Re |y (B.29)

t — Ut

v

ny = (1-— Q)W%St = Vq;S; (B.30)
with v denoting a parameter which governs the fraction of the total final
periods bank assets transferred to each newly entering banker according to
v/(1 — 0). Combining the last two equations (B.29) and (B.30) yields the
aggregate law of motion of FIs’ net worth:

Ny = 0 (Rllngrl — Rt+1) /\t 72 s + Rt+1 N + V(qiSt (B?)l)
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B.1.3 Non-Financial Firms

Y, = zkXh @ (B.32)
@St = ik (B.33)
max F, gy B.34
A Zﬁ : (B.34)

with

I =y, — wihe — REqusji—1 + @(1 — 0)ke — qikur + @usie
Substituting in (B.32) to (?7?) yields

I = 2 kohl = — (R, — 1) (wihy) — REqk 4 qi(1 — 6)ky (B.35)

define
(1+m) = R, (B.36)
(1+7F) = Rf (B.37)

FOCs:
hy 2(1 —a)kfh,® = wy (B.38)
ki : kit = Riga — aa(1-0) (B.39)

Rewrite (B.39) to obtain the law of motion for the return on capital:

ayt+1 _|_q 1(1_5)
Riy =~ - (B.40)

B.1.4 Capital Producer

I%a}X qtktJrl — qt(l — (5>kt — 'it (B41)
s.t.
t
i i ¢ [ 2
ith &(-—+) = L—-=(-2L-— B.4
w () Ese) e
FOC:

G = {1 —¢ (;—i - 5)] h (B.44)



B.1.5 Aggregate Resource Constraint and Flow Variables

Summing over all agents’” flow budget constraints:
0 = y — Rf(lt—lst—l — wihy — (Rt - 1)wtht + Qt(l - 5)k’t + qiSt — tht+1
+<]. — Q)qtst_l — V(@S + wtht — Ct — d Rt -+ dt+1 \I/()
+d£+1 +vgse — (1 — 0)qsi-1 + Riqr 1501 — qrs¢ — Red]

2
+C]tkt+1 — qt(l — 5)kt — 1 — —? (k_ — 6) <B45)
t

This yields the aggregate resource constraint as:
= i+ U ¢ 5 R —d | + RdP —d | (B4
Yo =C+ o+ ()+—— k_t_ ‘|’ t t+1 T Iu t+1< 46)

Definition The trade balance is the net amount of output the economy
transfers to foreigners each period, hence

thy = y—cp—ip— V() —D() (B.47)
and, accordingly, the trade-balance-to-GDP-ratio:
e +ig+ V() + ()
Yt

B.1.6 Decentralized Equilibrium

Given the previous model description, the decentralized equilibrium is defined
as a stochastic sequence of allocations [Ct, l;,d2 15 Sty Mg, M, Uy, Uy, dB s e
ki1, ie, Y, thys o, and prices [qt, wy, rt} that, given the initial capital stock
ko, the initial debt positions of households and banks, df and d¥, and the
EXOZENOUs Processes [z, 0¢),—,, satisfies 1) the optimality conditions of all
agents in the model and ii) market clearing on all markets.

B.1.7 Steady state of the model

This subsection describes the long-run steady state of the model which is
the state around a log-linear approximation to the solution of the non-linear
system of dynamic equations will be based on. To start with, note that in
theministic detesteady state all shocks are turned off, hence z = p = 1 and
R; = R. Besides, § = Ay4; = 1. Then, combining labor supply (B.4), (B.5)
and labor demand (B.38) yields

i=fu-a (8] .9
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From firms first order condition for the capital stock (B.39) follows the capital
to labor ratio

(B.50)

_ _ 1
k RF—1+40]7!
h « '
Combining both equations yields the steady state labor equation

h— [(1 —a) [M} _] - . (B.51)

«

Next, we need to find a steady state expression of the endogenous variable R¥
in order to solve for the steady state value of labor. I begin with substituting
gs in the law of motion for aggregate net worth of banks (B.31) with (B.28)
and obtain

nz@[(Rk—R)<-ﬁ)+R}n+l/;\ivn. (B.52)

A—1D

Note that v; (B.18) and 7; (B.22) can be rewritten in steady state as

o = z(R*—R), (B.53)
n = zR, (B.54)
with parameter  x© = % (B.55)

I arrive at the steady state expression for R¥ by plugging the steady state
expressions v and 77 into the steady state expression for banks aggregate net
worth (B.52). Rearranging terms yields:

- _Rx—l—)\—RQ/\—RxV

Rk (B.56)

T

Plugging the steady state definition of R* from (B.56) into the steady state
labor equation (B.51) completes the derivation of steady state labor input.
Multiplying the capital-to-labot ratio (B.50) by the labor input reveals the
steady state capital input. All other steady state variables evolve subse-
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quently according to the following set of equations:

y = k°h'™° (B.57)
w = ht (B.58)
i = ok (B.59)
5 = k (B.60)
v = (RF—R)x (B.61)
n = Rz (B.62)
PR (B.63)
_ _ 1
d® = k+hwr—n (B.64)
b= —1 1 (B.65)
A—D
¢ = g—i—(R-1)d" —(R—1)d" (B.66)
thy = 1- " (B.67)

B.1.8 Stochastic solution to the model

On the characterization of the stochastic solution to the baseline model econ-
omy I follow closely the notation of Schmitt-Grohé and Uribe (2004). Given
the laws of motion for the exogenous processes and the dynamic equilibrium
equations, the corresponding system of non-linear equations can be written
in the form:

Etf(y;—la ?/;:ka Ti41, l"t) =0 (B~68)

The vector of control variables y; is in the baseline model of dimension 13 x 1
and comprises the variables yi = (cg; 15 863145 Ai; 13 Vs O AP s g yes thy)
The 5 x 1 vector of state variables z; = (z};2?)" contains the two en-
dogenous states z; = (kip1;diL,), as well as the three exogenous states
x? = (z; Ri; 04)'. T conjecture that there exist two functions g and h such
that a general solution to the model in (B.68) can be characterized as

Ye = g(:vt,a),
Top1 = h(x,0) +1n0€4q.

In the next step, the two unknown policy functions g and h are approximated
using a first-order Taylor series expansion at the deterministic steady state
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of the model, where a upper bar denotes steady state values. Since in steady
state (x¢,0) = (Z,0), this yields

g(xy,0) = g(Z,0) + g.(Z,0)(xy — Z) + g,(Z,0)0,
h(z,0) = h(z,0) + h,(Z,0)(z; — Z) + hy(Z,0)0.

Schmitt-Grohé and Uribe (2004) show that for the existence of a unique
solution it must hold that

go = hs = 0.
I obtain the coefficients of matrices g, and h, by using the perturbation algo-

rithm of a first-order approximation at the steady state which is implemented
in the software package Dynare.

B.2 The benchmark model without banks

As a natural benchmark to the model with capital importing bank devel-
oped above, the here described model is a neoclassical small open economy
model with capital adjustment costs and portfolio adjustment costs as in
Schmitt-Grohé and Uribe (2003), model 3. Besides, it nests a working cap-
ital requirement as in NP or UY which can be switched off by setting the
parameter 7 equal to zero.

B.2.1 Households

The infinitely lived household chooses consumption, labor supply, its level
of debt and the physical capital stock subject to a budget constraint and a
no-Ponzi game condition.

> o —ljo\1—y
L max EtZﬁt{{(ct wlﬁ’)y 1}
t=0

{et e, diy1,ke41}

AN | dir F wily + ik + @y — ¢ — iy — Rydy — %(dt+1 - d)Q} } (B.69)
with 4y = [keyr — k(1= 0)] + %(m1 — k;)? (B.70)

FOCs:
[ [c: —w U] = N\ (B.71)
i : [c; —w )7 1 = Ny (B.72)
dyyr : A [1 = ¢(der — d)] = BE( M1 Retn) (B.73)

kivr: A1+ @k — k)] = BE; {)\t+1 [””fﬂ +1 =6+ ¢(kigo — kt+1>]}

(B.74)
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B.2.2 Firms

Profit maximizing firms rent labor and physical capital from households for
production purpose in each period:

{thatfl} At,tJrlEt ; Ztk?htlia — wtht — Tfkt (B75)
FOCs:
h,t . (1 — @)Ztk?h;a = Wt (B76)
kt+1 . Tf = @Ztkg_lhtl_a (B??)
g-relation for investment
g=1+ (i — 6k) (B.78)
B.2.3 Closing the model
Aggregate resource constraint
0= dt+1 + wtlt + Tfk’t + \I]t — Ct — (1 + 7})dt — %(dt+1 — CZ)2

—kip1 + k(1= 9) — g(kt—&-l — kyy)?
—|—Ztk’?h%_a — wtht — Tfkt — \Ilt
= Y + dt+1 = ¢+ Z.t + (1 + Tt>dt + %(dt+1 — (i)Z + g(kt-i-l — k't)Z (B?g)

2

Trade balance

% ks — ki)

thy, = 1 — (Ct +i + %(durl — CZ)2 + %(kt+1 _ kt)Q)
Yt

TBy =y — ¢ — i — %(dtﬂ - J)2 -

(B.80)

B.2.4 Steady state of the benchmark model

From the household’s first order condition for physical capital obtain:

1 =p["+1-94]
with % =R
= 7 =R-1+4
& ™ =7+46 (B.81)



From the firm’s first-order condition for physical capital get:

7N\ a—1
()

h
ko (7 =
h \a
k Fo)aT

From the firm’s first-order condition for labor input:
AN
(1—-a) (:) =W (B.83)
h
and using household’s labor supply condition and (B.82), after rearranging

= [(1—a) <T;‘5)] (B.84)

Multiplying the capital to labor ratio (B.82) with the steady state value for
labor (B.84) yields the steady state capital stock k. All other steady state
values evolve according to:

g = FeRi-e (B.85)
w = he7! (B.86)
[ = h (B.87)
P— ok (B.88)
TB — rd (B.89)
thy — 1—(6;_”> (B.90)
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C Data Appendix

C.1 Gross capital flows

Gross capital flows for the panel of 33 countries are constructed as the sum
over three positions of the IMF Balance of Payment (BOP) database, namely
foreign direct investment in the country, portfolio investment liabilities, and
other investment liabilities. All data is obtained via datastream (codes
%%IT8BEDA , %%I7T8BGDA, and %%I78BIDA). Gross capital flows are in
quarterly frequency and reported in millions of US dollars. Hence, I deflate
all series with the US deflator.

I obtain output data and relevant GDP deflators for the country panel
mainly from the IMF International Financial Statistics database. Data for
output was deflated and de-saisonalized if necessary. If the series was not
available for the sample length of gross capital inflows, I took output data
in real terms from the OECD Quarterly National Accounts (see Table 4 for
details).

I extract the cyclical component of gross capital inflows and from the logs
of output by applying the HP-filter with smoothing parameter A = 1600.

The OECD’s Risk Classification are reported on quarterly basis and avail-
able online!®. For the sample of 33 countries, I construct an average coun-
try specific risk classification as a simple average over the period 2001ql to
2010q4.

C.2 DMexican business cycle statistics

Data for output, consumption, investment and the trade balance are all
from the IMF International Financial Statistics and obtained via datastream.
Consumption is "private consumption” and investment ”gross fixed capital
formation”. The trade balance is constructed as ”exports” net of ”imports of
goods and services”. All data is deflated and saisonally adjusted if necessary.

I obtain data for the Mexican financial system from the website of the
Mexican banking and securities commission (CNBV).! Data is chosen from
the universal banking category. Bank capital is taken directly from the bal-
ance sheet (capital contable). Assets are the sum of all assets under the
chosen banking category. It is therefore a measure for the overall size of the
banking sector. Liabilities are constructed as the difference between assets

DOhttp: //www.oecd.org/document/49/0,3746,en_2649_34169_1901105_1_1_1_1,00.html
Uhttp://sidif.cnbv.gob.mx/Documentacion/BM_Series_Historicas/BM_Series_Hist %C3
%B3ricas.xlsm
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minus bank capital. All series are converted to quarterly series by taking
averages, and deflated using the deflator for the Mexican Peso from the IMF
International Financial Statistics. Finally, leverage is defined as total assets
over bank equity.

The cyclical component of real and financial variables are extracted by
using the HP-filter with A = 1600.
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