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Abstract

How does news about future economic fundamentals affect within-country and cross-country
credit allocation? How effective is unconventional policy when financial crises are driven by
unfulfilled favorable news? | study these questions by employing a two-sector, two-country
macroeconomic model with a financial sector in which financial crises are associated with
occasionally binding leverage constraints. In response to positive news on the valuation of non-
traded sector capital that turns out to be incorrect at a later date, the model captures the
patterns of financial flows and current account dynamics in Spain between 2000-2010,
including the changes in the sectoral allocation of bank credit and movements in cross-country
borrowing during the boom and the bust. When there are unconventional policies by a
common authority in response to unfulfilled favorable news, liquidity injections perform better
in ameliorating the downturn than direct assets purchases from the non-traded sector.

Topics: Credit and credit aggregates; Economic models; Financial stability; Sectoral balance sheet;
Recent economic and financial developments
JEL codes: E44, F32, F41, G15, G21



1 Introduction

The consensus narrative of the economic crisis in the eurozone in the 2000s is that it was
a “sudden stop” crisis (Baldwin and Giavazzi, 2015). Bank credit expanded massively in the
European periphery with the announcement of the euro, which was fed by foreign borrowing by
financial institutions (see Giavazzi and Spaventa (2010)). A major slice of these loans were toward
the non-traded sectors of the economy (among others, see Ozhan (2020)). The surge in capital flows
ended with the Global Financial Crisis (GFC), which is linked with a loss of confidence. Capital
flows reversed, bank balance sheets shrank, investment and output collapsed, and credit spreads of
non-financial firms rose steeply.!

Economists and policymakers often conjecture that the surge in borrowing and expansion of
output in the aftermath of the inauguration of the euro resulted from expectations of a future
favorable state of the economy related with the entry in the eurozone (Blanchard (2006), Blan-
chard and Giavazzi (2002), and Constancio (2005)).? Indeed, several empirical studies indicate
that an increase in firm valuations started after the European Council’s decision in 1998 with the
announcement of the news about which countries were allowed to enter the final phase of Europe’s
Economic and Monetary Union (EMU) (see Bris, Koskinen, and Nilsson, 2009, 2012), before the
inauguration of the euro. The results are stronger for firms in construction and service industries
than for those in manufacturing. Regarding the divergence of valuations between sectors, Santos
(2014) argues that the close link between politicians and financial institutions led to a belief in
public that non-traded sectors will gain more from the benefits of the single currency as it is easier
for politicians to be reelected by riding short-term prosperity delivered from non-traded sectors.

Against this background, I present an open economy model of financial intermediation in which
I study financial crises associated with occasionally binding leverage constraints. The model follows
the structure of Ozhan (2020). Financial intermediaries extend credit to domestic traded and non-
traded non-financial sectors, and borrow from both domestic and international markets. The ability
of intermediation is limited due to a moral hazard problem that places an endogenous restriction

on bank leverage ratios. The key difference from Ozhan (2020) is the non-linear model solution

!See Gilchrist and Mojon (2014) for the credit risk indicators for the euro area.
*Blanchard and Giavazzi (2002) argue that the countries that experienced the ERM crisis of 1992-93 perceived
adoption of the single currency as elimination of future crises.



that allows for the endogenous leverage constraints to be occasionally binding depending on the
level of net worth of financial intermediaries. I also focus on news about economic fundamentals as
the key source of fluctuations (in contrast with Ozhan (2020)). Specifically, optimistic news on the
valuation of non-traded sector assets triggers the boom part of the cycle, and later unfulfillment of
this optimism induces the bust. Hence, the boom-bust period is expectation-driven.?

A calibrated version of the model reasonably captures the pattern of the changes in the current
account and the asymmetric boom and the bust in bank credit in Spain between 2000-10. Following
a positive news shock on the future value of non-traded sector assets, the model generates a skewed
allocation of bank credit and investment toward non-traded sectors with a persistent and climbing
current account deficit. When expectations are not met, private capital flows suddenly reverse,
aggregate output and bank credit collapse with a jump in borrowing costs of non-financials. A
huge correction in the current account takes place. The disproportionate allocation of foreign
borrowing toward the non-traded sectors makes the external accounts more stringent, because past
foreign liabilities do not match with expected surpluses.

To disentangle the contribution of bank balance sheets and cross-country capital flows, I further
compare the baseline model with two other model versions: the version with perfect intermediation
and the version with international financial autarky.* Comparison of model versions with banks and
lack thereof shows that inclusion of banks does not matter significantly in the boom regime. Bank
net worth is sufficiently high in good times and the financial frictions do not apply in these periods.
However, when expectations turn out to be incorrect, in the version with financial frictions, sudden
reversal of capital flows brings the economy into the financial crisis regime (i.e., banks’ constraints
start to bind). Under binding constraints, bank balance sheets transmit fluctuations across sectors
and spread the recession to the overall economy, although the boom regime was mainly driven by
the non-traded sector. I call this the intra-national spillover channel. When I compare the baseline
model with the version under international financial autarky, I show that the cross-country capital

flows contribute significantly to the dynamics both during the boom and the bust regimes. Bank

3This mechanism is closely related with Keynes’s (1936) notion of animal spirits as it relates to waves of beliefs
about the future states of the economy to main drivers of the fluctuations.
4 It is not possible to disentangle these channels under financial shocks, which are the main drivers of fluctuations

in Ozhan (2020). When leverage constraints are slack, there is no effect of a financial shock on model dynamics.



balance sheets get larger in the case of international integration, and the leverage constraints
are more effective in generating financial amplification and the intra-national spillover. It is also
important to note that the deviation in the uncovered interest parity condition due to financial
imperfections is key to generate data-consistent dynamics in the baseline version.

I study unconventional policy in the form of direct asset purchases from non-financials and/or
liquidity injections to the banking sector. First, the model does a quantitatively better job in
capturing the bust periods when policy is in place, suggesting that the European Central Bank’s
(ECB’s) response to the early phase of the eurozone crisis was effective. Under policy, the correction
in the current account is milder because private outflows are replaced by public inflows. Second,
the model also suggests that liquidity facilities directed toward the banking sector perform better
at ameliorating the downturn than direct asset purchases. The reason that liquidity injections are
more effective is due to the occasionally binding constraints that push the spreads between lending
and borrowing rates up when there is dissappointment in positive news. Positive spreads enable
the government to lend to financial intermediaries at a penalty rate, and the proceedings from
government lending are effectively distributed between the sectors (in contrast to purchasing assets
only from the non-traded sector).

The main contributions of this paper are as follows. The first contribution is providing a
quantitative, model-based analysis of a news-based assessment of the eurozone boom-bust cycle.
In a concurrent work, Siena (2021) studies the role of news shocks in generating current account
deficits abstracting from financial frictions. This paper also studies the regime switching between
the build-up of imbalances and the crisis, instead of studying only the boom regime.’

The second contribution of this paper is disentangling the role of bank balance sheets and inter-
national financial integration in transmission of news shocks under occasionally binding constraints.
Gortz et al. (2021) highlight the amplified effects of news shocks by financial frictions. In this pa-
per, I further study how unmaterialized news can bring the economy into the crisis regime and
show the quantitative contribution of the international capital account in generating this outcome.

The literature on news-driven business cycles also faced major challenges in generating empirically

®The literature focusing on the eurozone crisis also mostly conducts analysis with financial and productivity
shocks and abstracts from a microfounded financial sector. Jaccard and Smets (2020) focus on common shocks in
a parameter-wise asymmetric two-country model to study eurozone current account imbalances. Gopinath et al.
(2017) study the impact of capital flows on firms within the manufacturing sector in Spain. Moreover, Coimbra
(2010), Ferrero (2014), and Reis (2013) introduce models with exogenous finacial frictions.



plausible co-movement of aggregate variables within the economy.® In my model, the problem is
overcome through the inclusion of balance-sheet constrained banks and news about future capital
quality (or valuation), instead of future productivity.

The third contribution is studying unconventional policies in response to unfulfillment of favor-
able news. To the best of my knowledge, there is no paper that studies the effects of unconventional
policies under such a scenario.” I also compare liquidity injections from direct asset purchases. An-
other paper that compares these two unconventional policies is Ozhan (2020). He finds that asset
purchases are more favorable to liquidity injections when crises are associated with tightening of
financial constraints. This paper shows that opposite results may emerge when crises are associated
with occasionally binding constraints.

The rest of the paper is organized as follows. Section 2 presents the model. Section 3 discusses
the outcome of the model without policy, when calibrated to a standard open economy. Section 4

describes the policy authority’s unconventional policy and discusses its results. Section 5 concludes.

2 The Model

The core framework is a two-sector, two-country model with international incomplete markets.
To this end, the core of the model resembles Benigno and Thoenissen (2008) and Corsetti et al.
(2008). Law of one price holds. Home bias in preferences and the existence of non-traded sector
imply deviations from purchasing power parity and therefore real exchange rate fluctuations.

To this setting, I add financial intermediaries that transfer funds between households (savers)
and non-financial firms (borrowers). Financial intermediaries obtain deposits from households in
both countries, and they extend credit to domestic traded and non-traded sectors. Bankers’ ability
of intermediation is limited due to a moral hazard problem, which will be explained in detail in the
following sections.

There are six types of agents in each county: households, financial intermediaries, non-financial

goods producers in traded and non-traded sectors, and producers of sector specific capital. More-

5For the literature on news-driven business cycles, see Beaudry and Portier (2004), Christiano, Ilut, Motto, and
Rostagno (2008), Jaimovich and Rebelo (2009), Kanik and Xiao (2014), Lambertini, Mendicino, and Punzi (2013).
For a comprehensive review, see Beaudry and Portier (2014) and references therein.

"In introducing unconventional policies, I follow the seminal papers of Gertler and Karadi (2011 and 2013) who
study unconventional policies in a closed economy. Dedola, Karadi, and Lombardo (2013) study cooperation of
unconventional policies across the border in a single-good model.



over, there is a policy authority that conducts unconventional policy. For the ease of notation, I
avoid individual specific indexing except in the banking sector.
In what follows, I focus on Home economy and, unless otherwise indicated, Foreign is symmetric.

2.1 Households

There is a continuum of atomistic households that have three types of members. In each country,
a fraction g of households are bankers, and 1— g workers who supply labor to traded and non-traded
sectors. Bankers raise funds from the households that they are not related with only by offering
non-contingent risk-less short-term debt (deposits). There is also perfect consumption insurance
within the household.

Over time, an individual can switch occupation every period with constant probability, 1 — ~.
Therefore, every period, (1 — 7)g bankers exit and a similar number of workers become bankers.
Exiting bankers leave the earnings to the household that they belong to, and the household provides
start-up funds to new bankers.

The whole family jointly maximizes an inter-temporal utility function that derives utility from
the household’s consumption of a basket of goods, C, and disutility from supplying labor to tradable

and non-tradable good production, Ly, and LT, respectively:

00 1— 1+¢1 142
Cci P L L
Eo E gt t @ Lt + NT (1)
pr 1-p 1+¢1 149

with 0 < 8 < 1 and x, 1,92 > 0.

Households enjoy consumption of an Armington aggregate of composite tradable and non-traded

goods. The final consumption aggregate is given by,

& ~(k—1)/K k~(k—1)/K w/(k=1)
G = [al ol 4 (1 — a0 ®

where Cr; is the consumption of the composite traded good, and Cnr,; is the consumption of
non-traded good. The parameter ar denotes the share of tradables in final consumption, and & is
the intra-temporal elasticity of substitution between tradable and non-tradable goods.

The composite tradable good is also an Armington aggregate of Home and Foreign produced



traded goods:

w~(w—1)/w w~(w=1)/w w/(w=1)
O = Jag“Clr 1+ (1= am) el , (3)

where Cp ¢ is the consumption of the traded good produced in Home, and Cp; is the consumption
of the traded good produced in Foreign. The parameter w is the intra-temporal elasticity of
substitution between Home and Foreign goods, and there is home-bias in consumption if ap > %

Households hold one-period deposits from domestic and foreign banks. Deposits pay risk-free
consumption-based real returns. Households enter period ¢ with deposits of Home and Foreign
banks, B; and & B, in units of home consumption, where &; represents the real exchange rate.’
They receive gross income on deposits and labor income, and allocate these resources between
consumption and purchases of deposits to be carried next period. The period budget constraint (in

units of Home consumption) is

Cy + Bi1 + &Bupi1 + 2&(Biiy)?

= (L+7e)Be + & (L +7f)But + wrilry + wnrt LTt + g + vy + Hp e + th* + 13,
(4)

where g{t(B*7t+1)2 is the cost of adjusting holdings of Foreign deposits, th * is the fee rebate, taken
as given by the household, and equal to gft(B*7t+1)2 in the equilibrium, and T} is the lump-sum
transfers. For simplicity, I assume that the scale parameter 7 is identical across costs of adjusting
Home and Foreign deposits. The representative Foreign household faces a similar constraint in units
of foreign consumption. Introducing convex adjustment costs ensures that zero foreign deposit
holding is the unique steady state, and hence economies go back to their initial position after
temporary fluctuations. Ilr;, IIn7;, and Il represent the profits back to household by traded
and non-traded sector workers and bankers, respectively.

Home households maximize (1) subject to (4). The Euler equations for deposit holdings at

Foreign and Home banks are

C’;p [1 —+ UB*,t+1] = ,8(1 + T:+1)Et |:£z:10t+p1:| , (5)

8Similarly, Foreign households hold deposits at Foreign and Home banks, which are denoted as B} and %:, in
terms of Foreign consumption units.




C;P = B(l + rtJrl)Et [C;_pl] . (6)
With 5 > 0, the no-arbitrage condition implies:

L+7r1 Et[%ct_fﬂ

L+rfy (L4 nBa)E[CLA]

Real wages are equal to the marginal rate of substitution between consumption and leisure:

1 P2
WLT,t w WLNT,t (7)
e NT;t — —

p? ’ P
G G

From (2) and (3), I derive the standard demand curves for traded Home goods as follows:

RPy .\ % RPy: \
= 0 d ol 1— ; *
Cure = (o) Cre and Ciro=(1=a) (wpit) Ch ®

where RPy, RPr, and RP; denote the relative prices of Home traded goods, composite traded
goods, and Foreign composite traded goods. The conditions for the Foreign traded goods are
analogous.

Similarly, the generic demand curves for Home non-traded and composite traded goods are as
follows:

CNT,t = (1 — aT) (RPNTJ)_H Ct and CTJ = ar (RPTﬂg)_H Ct. (9)

2.2 Financial intermediaries

Financial intermediaries lend to domestic firms operating in traded and non-traded sectors and
obtain funds from both Home and Foreign households. Moreover, intermediaries can extend lending
by using their own net worth, which is accumulated through their earnings.

The total value of loans supplied to both sectors should be equal to the bank net worth and
total amount of deposits raised from Home and Foreign households. Let St(j) and Sy7.(j) be
the amount of state-contingent claims of bank j from traded and non-traded sectors. @;; is the
relative price of each claim. Byy1(j) and B}, (j) are deposits, which the intermediary obtains from

Home and Foreign households. N;(j) is the net worth of the intermediary at the end of period t.



The intermediary balance sheet takes the following form:

QrST,(7) + QN1 SNT(F) = Bi1(§) + Bi1(5) + Nie(4) (10)
ASS:tS Liabilities Net worth

The earnings of an individual Home bank j in period ¢ is the payoff from total assets funded in

the previous period net of cost of deposits raised from Home and Foreign:

Ni(j) = A +rk7e)Qre—157,0—1(J) + (L +re NTt) @NTi—1SNT =1 () — (L+7¢) (Be(5) + Bf (5)) (11)

The bankers’ objective is to maximize their terminal net worth before they exit:

o

Vi =K, Z(l — )V BAL 4 News ()

s=1

As in Gertler and Karadi (2011), Gertler and Kiyotaki (2010), and earlier in Holmstrém and
Tirole (1997), there exists an agency problem between banks and households. After collecting
deposits, banks can run away with the funds. In this case, it is possible to force the bank into
bankruptcy and recover a fraction of the assets that the intermediary is holding. The fraction that
can be divertable by banks depends on the types of assets that they hold.

Let Vi(N¢(j)) be the maximized value of V;, given banks’ period retained earnings. The following

incentive constraint prevents bankers from diverting their assets:

Vi(Ne(5)) > AMrQ1S74(J) + ANTONTSNT,(F)- (12)

The above condition indicates that households finance bank j through holding its deposits, as
long as the continuation value of the bank is at least equal to the total gain of the bank by diverting
its assets.

At the end of period ¢t — 1, the intermediary’s program becomes

t+1

Vit (Nee1 (1)) = Eor [ B {(L=9) Ni(G) + 7 (Mazsy, sy, (Mazs, .o, Vi(Ni() ) ) }]

subject to (10), (11), and (12).



I make a guess that the banks’ value function is linear in their net worth, i.e., Vi(Ni(j)) =

vy N¢(j). First-order conditions for the intermediary’s problem lead to:

BE: [Ap 4141 Tk 7041 — Te41)] = AT, (14)
BE¢ [At 14141 (T NT 441 — Te41)] = ANT, (15)
with
BE: [Ar 4141 (1 + 7req1)] Ny > }
=maxq1l— . ,05, 16
He { <>\TQT,t5T,t + ANTONT SNT (16)

where p; is the Lagrangian multiplier associated with the banker’s program; 2; is the shadow value
of a unit of net worth to the banker at time ¢, which is given by Q; = (1 — v + y14), averaging the
exiting and continuation states; and v; is the marginal value of net worth.”

When the bankers’ incentive constraint does not bind, u; = 0, they acquire deposits until the
discounted cost of deposits is equal to the gain from lending to non-financial firms. The difference
between non-tradable sector and tradable sector firm financing disappears. When u; > 0, the
spreads between the gains from lending to non-financial firms and the cost of borrowing from
households are positive in equilibrium, and they are scaled by the divertable proportion of assets
in each sector.

The linear value function implies that the incentive constraint can be expressed in the following

form:
Qr,.ST:(j) + )\)J\ViTTQNT,tSNT,t(]') Pz
Ne(5) A

(17)

The above constraint implies that the total amount of lending to non-financial firms is limited
by the intermediary’s net worth. The ease of divertibilty also depends on the asset class and is

captured by the )‘)\% term.

Finally, we learn that the marginal value of an additional bank net worth is as follows:

vy = BE; [At,t+119t+1(1 + Tt+1)]‘ (18)
— Mt

9A detailed solution of the banker’s problem can be found in the online appendix.



2.2.1 Aggregation

Aggregating the leverage constraint in (17), I obtain:

A
QreSri + FEQNTHSNT _
Ny A

(19)

Total net worth in the banking sector is the sum of existing and entering bankers’ net worth:
Nt = Nzt + N, (20)

where NV, ; indicates existing banker net worth, and N, ; is entering banker net worth. Existing
bankers carry out the earnings from the assets they held in the previous period net of the cost of

deposits, with a continuation probability of ~:

Nt =71+ 71670)Qrt—1571—1 + L+ 1 NTt) QNT—15NTi—1(7) — (1 + 1) (Be + Bf)] . (21)

New bankers receive start-up funds from their own household. These start-up funds are a frac-
tion of the assets that the exiting bankers bring back to the household. Without loss of generality,

let of exiting bankers’ assets be transferred to entering bankers within the same household,

-
1=y

and then new banker net worth becomes:
Npi =e[(14+r574) Q115701 + (1 + 76, NT,t) QNT 1 —1SNTt—1(J)] - (22)
Using equation (20), we have:

Ni= (v+e)[(1+re710)Qri—157—1 + (L + 16, nT8) ONT =1 SNT 1—1(J)]
=y (1 +7) (Be + By).

(23)

A change in the valuation of capital in one sector affects bank net worth not only directly, but
also indirectly through its impact on the returns from the other sector. The latter is at work through

equations (14) and (15), causing a stronger accelerator mechanism than in standard models.

10



2.3 Firms

There are two types of goods producers and capital producers in each sector.

2.3.1 Goods Producers

Goods are produced under perfect competition in both sectors. The production technology at

time t is a Cobb-Douglas function that combines capital and labor:
Yip=F (K, Liy) = (e""K;;)*Liy' = i € {T,NT}, (24)

where T denotes the tradable sector variables, and NT denotes non-tradable sector counterparts.
e¥it denotes a capital quality shock in sector 4 that follows a log-normal processes. This shock can
be thought of as capturing some form of increase in valuation or obsolescence, in good and bad
times, respectively.

Firms finance their capital expenditures in each period by issuing equities and selling them to
financial intermediaries. Firms issue S;; amount of state-contingent claims to raise funding for
buying capital that will be used in the next period, K11, at the price of a unit of capital Q;. By
the assumption of no-arbitrage, the value of claims issued should be equal to the value of capital

bought by non-financials:

QitKirt1=QirSiy 1€{T,NT}. (25)

At the beginning of the period t 4+ 1, firms obtain revenues and make payments to shareholders.
Using Euler’s formula, the gross profits per unit of effective capital in each sector can be written

as:

_ RP; Yy —wisLiy
Zit =

, K = RP;i Fr, (K, Lit), (26)
it

where ¢ € {T,NT} and ii € {H,NT}.
The interest paid out to the bank on the loan varies with the marginal product of capital and

with the fluctuations in prices. In each sector, firms also choose labor demand as follows:
wit = RP;i+Fr, (K¢, Lit). (27)

Labor demand conditions state that the marginal product of labor in each sector should be equal

11



to the respective wage rate.

Banks can perfectly monitor and evaluate the non-financial firms, and hence, every financial con-
tract between the non-financials and banks delivers on its promises. Goods producing firms obtain
zero profits state-by-state, and the return on capital is fully paid out to the financial intermediary.

The period t payoffs of capital in tradable and non-tradable sectors are:

Z; +(1-90 eVit+1 i
BE; [At 1 (1 +7ipe41)] = BE |:At,t+1 < re1t Q-) @ ’tHﬂ ; (28)
2,
where Ay 11 = %

2.3.2 Capital Producers

There are two types of capital producers, each of them producing capital for a respective sector.
The law of motion of capital for each capital producer is subject to convex adjustment costs, and
in the aggregate it follows the process:

. I; . )
Kigp1 =1 —0)eVt Ky + Iy — f(ﬁ)ewl’t[(z’,t i€ {T,NT}, (29)
TGy

where f(e) denotes the convex adjustment costs.
Capital producers produce new capital that will be used by goods producers in the subsequent
period. They decide on investment after buying the used capital from goods producers. The price

of capital is equal to the marginal cost of investment goods production:

1

1-— fI(ewi*z’It(T . )e¢'z,t Ki,t

Qi (30)
There is a net profit transfer from capital producers and banks to the parent household. Profit
transfers affect the household’s budget constraint in equilibrium and therefore the determination

of the law of motion of net foreign assets. '’

10Namely, the equilibrium budget constraint of the Home household will be C¢ + Biy1 + & By 41 = (1 + 1r¢) Bt +
&(14rf)Bes+wr i Lr+wnr i Lt + 1 + vt + B¢, and net profits from financial intermediaries and capital
producers will be included in II terms. Foreign household has a similar condition, and the difference between the
aggregate Home budget constraint and the Foreign budget constraint will give the net foreign asset position of the
economy. A detailed derivation is available in Appendix B.

12



2.4 Equilibrium

Market clearing conditions in securities, deposits, goods, and labor markets are required to close
the model.

Market clearing for securities imply that the total supply of firm securities should be equal to
the total amount of capital bought within the respective sectors, as given in (25).

The equilibrium deposit market condition requires that total demand on deposits by Home and

Foreign households should be equal to the aggregate bank assets net of bank net worth:

B+ Bi = QST + QN1 SNT — Ny (31)

And, labor demand equals sectoral labor supply, implying:

L
RP;i (1 —a)(e¥tK;)*Li; ™ = w—2t. (32)

Market clearing in each goods sector requires that Home production equals Home and Foreign

consumption and investment:
YT,t = C[—Lt + C}k{’t + [T7t and YNT,t = CNT,t + INT,t- (33)

Similar conditions hold also in Foreign.

Finally, under international incomplete markets, equilibrium allocation depends on the net
foreign asset position at the beginning of each period. A detailed derivation of the net foreign asset
position is given in the online appendix.

The equations (5, 6, 7, 8, 9, 14, 15, 16, 18, 23, 24, 25, 26, 27, 28, 29, 30, 31, 33) together
with respective price equations, and their Foreign counterparts, in which (24, 25, 26, 27, 28, 29,
30) have analogous components in traded and non-traded sectors, together with the net foreign
asset condition determine the endogenous variables (Y7, Yn71¢, K141, KNnTt41, STts SNT 2, Ch)
Crit, Caes Crey Ontts ITts INT S, L1ty LNT 8y 2700 ZNT 85 Tt41:TkTot> TR NT > @Tots @NTts RPryg,
RPNT+, RPhyt, RPpy, wrye, WNT, &t Vty i, Nt, Big1, Bagy1) and their Foreign counterparts as a

function of the state variables (Its—1, INTt—1, K1ty KNty (1 4+ 7¢) By, (14 1¢) By, e¥Tt e¥NT:t)
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and their Foreign counterparts, together with the exogenous shock processes. A summary of the

equilibrium conditions is available in Table 1.

3 Model Calibration and Simulations

In this section, I illustrate the model dynamics and highlight the role of financial frictions in
explaining the imbalances.

3.1 Calibration

To begin with the conventional parameters, I set the depreciation rate, d, the capital share, «,
and households’ discount factor, 3, to their standard values in the literature. I set them to 0.025,
0.333, and 0.995, respectively. With regards to the convex adjustment costs of foreign deposit
holdings to the household, 7, I use 0.025 as in Ghironi and Melitz (2005). This value implies that
the cost of adjusting deposits has a very small impact on model dynamics, other than pinning
down the deterministic steady state and ensuring mean reversion in the long run when fluctuations
are transitory.'’ Moreover, in line with the RBC literature, I set the inverse of the inter-temporal
elasticity of substitution from consumption, p, to 2, and follow Gertler and Karadi (2011) to set
the inverse of the Frisch elasticities in traded and non-traded sectors, ¢ to 0.276, and 2 to 0.276.

I follow Gertler and Kiyotaki (2010) when setting the relative weight of labor in the utility, and set

w to 5.584. The functional form of the capital adjustment costs is given by % (ewlfz;( — - 5) 2 for
every i € {T, NT}. I use the value in Bernanke, Gertler, and Gilchrist (1999), and set ©* to 5.

I again use the conventional values in the literature regarding the parameters that are important
for international dynamics. I set the elasticity of substitution between Home and Foreign produced
traded goods, w, to 1.2 as in Ghironi (2006) among others, and I follow Obstfeld and Rogoff (2000)
to set the elasticity of substitution between traded and non-traded goods in the assembly of final
consumption good, k, to 1. In line with the eurozone data, I set the share of home-produced
intermediate inputs in the tradable intermediate input, ag, to 0.55, and the share of tradables in

the final consumption, a7, to 0.55.

Regarding the financial sector parameters, the moral hazard parameters, Ay and Ay are sector

1 Although my goal is to minimize such exogenous costs associated with cross-border deposit holdings, it is impor-
tant to highlight that making deposits “sticky” by increasing the adjustment parameter would imply milder reversal
of capital flows in crisis regimes. This, in turn, would imply a less pronounced exchange rate depreciation during the
crises. I thank an anonymous referee for highlighting this point.
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specific, and they capture the heterogeneity between the traded and non-traded sector claims.
Following Ozhan (2020) and Miiller and Verner (2021), I pick these parameters to verify the higher
financial fragility related with lending to non-tradable sectors.'? I pick these parameters to hit the
following targets: a home steady state interest rate spread in the non-tradable sector of 50 bps and
a steady state interest rate spread in the tradable sector of 40 bps.!> The model dynamics are not
crucially dependent on the choice of these parameters.'® I use the steady state leverage ratios that
are in the range of used values in the literature and set them to 4 and 6 for Home and Foreign. I set
a smaller steady state leverage ratio for Home because McKinsey Global Institute (2010) documents
smaller leverage ratios for Spanish institutions vis-a-vis German credit institutions. Finally, my
choices of the proportional transfers to entering bankers, €, and the survival probability of bankers,
7, are in line with the literature. I set £ to 0.0001 and I follow Gertler and Kiyotaki (2010) to set
an average horizon of 10 years for bankers, fixing v to 0.975.
Table 2 summarizes the parametrization of the model.

3.2 Belief-Driven Dynamics

In what follows, I will discuss the performance of the model with respect to its abilities of
capturing the Spanish data, and I will identify the underlying channels at work by comparing
dynamics of several layers of the model.

3.2.1 Specification

A

i,t—n 4 )

The shock specification assumes an anticipated (u ) and an unanticipated component (ui,t

as follows:
Vit = pypit—1+Eiy

. _ A U
Eit = Uiy T Uy

where ¢;; represents a white noise error in forecasting 1); ; that is based on its own past. ulAt_n isa
? B

news shock about 1; ; that is revealed n periods beforehand, and uZUt is the unanticipated component

'20zhan (2020) argues that it is harder for banks to monitor assets in non-traded sectors due to intensive secu-
ritization. Miiller and Verner (2021) empirically show that credit expansions toward the non-tradable sectors are
associated with a higher likelihood of future systemic banking crises, highlighting the severity of financial frictions
related with these sectors.

13Due to limited access to sector specific credit spread data, my choice is suggestive.

14 Qualitative properties of the main results are the same. As will be discussed in more detail in Subsection 3.2.3, the
ratio of A /ANt alters the magnitude of the transmission of fluctuations from non-traded to traded sectors through
the bank balance sheet. The transmission mechanism is at work independent of the set values for Axyr and Ar. See
also Ozhan (2016).
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Figure 1: Model and data
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of the white noise. Sector specificity is again captured by the subscript ¢ € {T, NT'}. ugt and uft
are mean-zero white noise terms that are not correlated over time and not correlated with each
other. If ugt = —uft_n at t = n, then anticipations are (unexpectedly) not realized. In line with
my motivation from the recent boom-bust period in Spain, I set the number of anticipation periods
to 33, indicating the number of quarters between 1999:QIV and 2008:QI. In period 33, ugt hits
as a counteracting shock that leads to a disappointment with unfulfillment of expected favorable
conditions. Hence, the boom-bust period is only expectation-driven.

3.2.2 Model Performance

I compare the model dynamics with the Spanish data.'® I adjust the expected valuation in assets
to match the cumulative changes in each sector’s Tobin’s QQ in the model to the cumulative increase
in price-to-book-ratios of the industrial firms listed in the IBEX35 index between 1999:QIV and
2008:QL.'6 The adjustment implies 14.98 percent and 7.34 percent increase in expected valuations
in non-traded and traded sector assets, respectively.!”>!®

Figure 1A plots Spain’s current account-to-GDP ratio over the period 1999:1V to 2010:I versus

the model outcome, and Figure 1B does the same for the credit extended to tradable and non-

151 solve the model following Guerrieri and Iacoviello (2015) method that links the first-order approximation of

the model around the same steady state under both boom and bust regimes. Online appendices compare the model
solution under occasionally binding constraints vs. under always binding constraints. As can be seen there, the
non-linear model solution is crucial for capturing reasonable boom regime dynamics.

16The tickers for the non-traded sector firms are: ANA, ACS, FCC, FER, SYV, OHL. The tickers for other industrial
firms used in calibration are: GAM, ITX, ACX, ABG. The data show that there was a cumulative increase in the
non-traded and traded IBEX listed firms by 32.5% and 11.3%, between 1999-2007 (only annual data are available).
T used the 2008 shares of these firms in the overall IBEX35 index when calculating cumulative changes.

17Shock persistence is set to 0.999 since accession to the eurozone was seen as an irreversible event.

18The experiments with skewed expectations toward the valuation of non-traded-sector assets can be justified by
several arguments. One possible motivation is by Santos (2014): The non-traded sector in Spain was a target for
politicians due to its ability to deliver short-run prosperity that would help officials get reelected. These incentives
of politicians were known by the public, and this knowledge yielded a belief of higher valuation in non-traded sectors
in the future, especially in the housing sector. Another motivation can be the power of manipulation and deception
toward the non-traded sector assets (Akerlof and Shiller, 2015).
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tradable sectors. Figure 1C compares the share of non-traded sectors in overall gross value added
versus the model counterparts.'® In Figure 1A, I normalize the steady state current account-to-
GDP ratio to the 1995-2014 average. In Figure 1B and 1C, dynamics show the increase in levels
starting from the year 2000 (normalized at 100). The anticipation of an increase in the value of
capital drives country borrowing and generates an expansion in the credit extended to the non-
traded sector. The model reasonably captures the pattern of the current account balance and the
divergence in bank credit to the traded and non-traded sectors during the boom period. After
2008:QI, bank credit in the data declines slower than in the model, reflecting the interventions by
the ECB and other policy issues going on in the Spanish economy. When I introduce policy into
the model in the next section, the model does a better a job in capturing the post-crisis period,
suggesting that one of the missing elements in the bust regime is the policy intervention. The model
is, again, doing well in capturing the relative growth in the non-traded sector until 2008. A collapse
in non-traded sector funding after the unfulfillment of expectations shrinks the non-traded portion
of the economy faster in the model. Again, as is shown in the next section, after introducing policy
interventions, the bust regime dynamics are milder in the model.

3.2.3 Three Model Versions

To identify the channels of shock transmission, I build up the final model through three layers.
The first layer is a standard two-sector, two-country model, in which there is no international
financial asset trade (i.e., version I). This layer is able to demonstrate some principles of belief-
driven fluctuations when international financial markets are incomplete, such as low international
consumption correlations, and the wealth effect driven changes in import demand.?® Then, I
introduce financial intermediaries in the second layer to separate the impact of state-dependent
financial frictions (i.e., version II). Finally, in the last layer, I include the integration of deposit
markets to understand the role played by capital flows (i.e., baseline model).

Figure 2 compares all three versions of the model. Black lines represent the dynamics from

version I, and blue lines indicate dynamics from version II. Purple lines are representative for

¥Dye to the discrepancies in the data, total gross value added does not add up to 200.

29In models with a non-traded good production sector, even under a planner’s solution, relative prices do not
force equality between the marginal rates of substitution for non-tradable goods across countries, since the forward

contracts for non-tradables are traded domestically. Hence, even under no restrictions of international asset trade,
the existence of a non-traded sector implies lower international consumption correlations. For further discussion, see
Obstfeld and Rogoff (1996, Chapter 5).
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Figure 2: Comparison of model versions under international financial autarky and no banking
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the baseline model. Boom regime dynamics from version I and II are similar. Banks’ leverage
constraint does not bind and there are no domestic financial imperfections under model versions 1
and II. There is also balanced international trade in these versions, and the current account is always
zero. There is slightly more pronounced boom in both tradable and non-tradable output until 2008
under version II (with respect to version I). This is because banks lend combining deposits with
their net worth in financing investment, whereas there is no bank net worth under model version I.

Bust regime dynamics from versions I and I show stark differences. When optimistic expecta-
tions are not met, the economy switches into the crisis regime under version II. There is a collapse
in bank net worth and the banks’ contraint starts to bind. This implies a positive bank Lagrangian
multiplier, leading to positive excess returns in each sector. Banks want to extend credit but their
abilities are constrained by their net worth, making credit more expensive. Banks’ asset portfolios
imply a larger balance sheet than that in one-sector models, implying a stronger accelerator effect.
Furthermore, the fall in tradable sector output is more pronounced in version II. The reason is that
the immediate response of the traded sector downturn is combined with a spillover effect that arises

when leverage constraints bind. Rewriting equation (19) in the bust regime (when the incentive
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constraint binds) is helpful in tracking the mechanism:

I/tN
— NV,

A
QT+STt + MQNT,tSNT,t =
AT AT

When the disappointment is bigger in the non-traded sector, banks deleverage their non-traded
sector assets in greater magnitude. The collapse in the non-traded sector asset prices leads to a fall
in bank net worth, and then to a further collapse in traded sector asset prices. An intra-national
spillover effect arises. The above equation also suggests that the spillover across sectors through
bank balance sheets depends on the ratio of moral hazard parameters that apply to assets in each
sector: )‘;\V—TT The smaller the ratio of divertability of non-traded sector assets to divertability of
traded sector assets, the stronger is the intra-national spillover effect (from non-traded to traded
sectors).

When I compare version II with the baseline, it is easily noted that both the boom and the bust
regime dynamics are more pronounced when there is international financial integration through
bank deposits. Expansion in foreign liabilities in response to favorable news translates into a
further expansion of credit toward tradable and non-tradable non-financial sectors. Expansion
in the Home economy decreases domestic price levels, and a persistent appreciation in the real
exchange rate contributes to a persistent and climbing current account deficit. The disappointment
in expectations causes a sudden reversal of capital flows and switches the economy into the crisis
regime. Bank credit to traded and non-traded non-financials collapses in a more pronounced manner
as the borrowing costs jump higher in this case. An international spillover channel arises. Sudden
reversals of capital flows imply a tighter leverage constraint, and the amplification mechanism is
stronger in this case. In addition, a stronger drop in non-traded sector bank assets contribute to
a stronger intra-national spillover channel, indicating a bigger drop in traded sector bank assets.
Investment in both sectors collapses and the Home economy experiences a persistent recession. The

real exchange rate depreciates severely, and the current account sharply corrects itself.

4 Unconventional Policies

A policy authority can increase the demand on non-financial private sector assets or inject

liquidity to the banking sector to overcome the restriction on the size of banks’ portfolio of assets
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over their internal equity.

For the policy intervention to be effective, it has to ex-ante justify its relative advantage in
transferring resources with respect to a no intervention case when banking sector frictions apply.
One way of doing this is by introducing a privileged policy authority in raising funds in bad times
for its policy applications.?! I also assume that the policy authority always honors its debt and can
raise funds by issuing interest bearing short-term claims to private financial intermediaries.?? The
relative efficiency of the policy authority in intermediation during the bust regime makes the
unconventional policy non-neutral.?® There is limitation for Home banks to raise funds from
households to finance the global policy authority’s unconventional policy. This friction does not
apply to banks abroad. In doing so, I would like to capture the risks borne by Home country’s
possibility of an exit from the eurozone and Home banks’ ability to divert ECB assets in such an
occasion. It is a realistic case, as there were policy discussions about the potential exit of Greece
from the eurozone during the crisis.

In what follows, I examine the policy applications in greater detail.

4.1 Asset Purchases

The ECB initiated its private asset purchase program in the aftermath of the crisis to fight the
downturn in periphery countries. Their policies mainly targeted non-traded sector assets.?* Against
this background, the global policy authority in this model has the option of intermediating a fraction
¢r," of total domestic tradable, and a fraction @7, of non-tradable sector funding (i.e., S7, =
@%le Sty or S?VTJ = @%”%7? .SnT,t). The private assets intermediated by the financial intermediaries
are denoted by S%t and Sﬁmt, and hence S%t =(1- cpg{?p)ST,t, and S%T’t =(1- gouNn%th)SNT,t. I
specify the fractions of the assets intermediated by the policy authority as autoregressive processes

with an innovation that occurs at the same time as the realization of unfulfillment of news on the

21The policy authority in this model is always subject to fixed costs when intermediating funds, making its inter-
vention during the boom regime inefficient.

22This is a more realistic design of unconventional policy in the eurozone because deposit liabilities of the Eu-
rosystem from monetary and financial institutions increased significantly after the conduct of ECB’s unconventional
policies.

23The irrelevance result is closely related with the Ricardian equivalence proposition and its extension to open
market operations that is studied in Wallace (1981). Sargent and Wallace (1982) also provide an example that will
make the credit policy special within real-bills regime.

24See Decision ECB/2014/45, November 19, 2014.
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value of capital, at ¢ = 33. That is:

Gt = poumr iyt Uy (34)
where u%np has zero mean and standard deviation of o ump = K“™Pg_u with i € {T, NT}.?
The policy authority finances these purchases by issuing equal amounts of debt to banks in each

region. The policy authority’s balance sheet reads as follows:
QriS%, + QNT S, = BY + &B.Y,

where BY = ftBig.
By holding deposits at the policy authority’s account, banks earn a gross rate of 1 + rg 1.
Banks fund this activity by issuing deposits to households at the risk-free rate.

Under policy, a financial intermediary balance sheet takes the following form:

QreS7,(7) + QnreSir, (4) + B} (j) = Biy1(j) + Bia () + Ne(4) - (35)
-— ~— ~— ——
Private Assets Interest Bearing Claims Liabilities Net Worth

In addition, intermediaries can divert some proportion of interest bearing reserves, and I modify

the incentive constraint as follows:

Vi(Ne(3)) = MrQrST1(5) + ANTQNTeSNT 1 (F) + AEcBB! (5), (36)

where Agop < Ar.
The above setting implies that policy authority intermediation is not efficient, but less inefficient
than the private intermediation. I show in the appendices that the interest rate on reserves satisfies

the following condition:?%

AT
ECB

EiBA 44141 (Th,Tyt11 — Teg1) = 3 E¢BA 141211 (Tg 01 — Te41)- (37)

25Simliar to Ozhan (2020), the parameter value of p,wmr ensures that the policy authority balance sheet is sterilized
in 12 years. Capped variables indicate the deviations from their non-stochastic steady state.
26 A detailed solution of the banks’ problem when there is unconventional policy can be found in the online appen-

dices.
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As limits to arbitrage are weaker for interest bearing reserves, the inefficient spread on reserves

is a fraction, /\}iqch’ of the inefficient spread on non-traded assets. After these modifications, the
restriction on the bank portfolio also depends on the magnitude of the policy authority intervention.
Combination of the above identities leads to the following relationship between the total value of

intermediated private securities and bank net worth:

ANT AECB
(1 =7 ")Qr ST + W(l — ONTHRNTSNT,E + .

BY < 2N, (38)
AT

In this case, the Langrangian multiplier associated with the bankers’ program can be expressed

as follows:

(39)

1y = ma {1 B BE; [Ag 41241 (1 + re01) Vg ) }

ArQreSTy + ANTQNT SN 7, + AECBDBY

If the constraint is not binding, the unconventional policy is inefficient. However, if the con-
straint is binding, the policy intervention can loosen the constraints if the decrease in the proportion
of privately intermediated assets (i.e., )\TQT,tS%t + AnTQ NTﬂfS%T,t) offsets the additional friction
borne from the interest bearing claims (i.e., )\ECBB;? ). The acquisition of non-traded assets will
free up bank capital by a factor of ’\){V—TT vis-a-vis the acquisition of traded sector assets.

Finally, it should be noted that the possible profits obtained by policy authority intervention
are distributed back to households in Home and Foreign, in equal amounts, implying T3 = 717 in

equilibrium.?” Balanced budget of the policy authority implies:

(Thrt —Tgt) QT,t—lST,t—IWg{)Zfl + (P, NT — Tg,t) QNT,t—lSNT,t—lSOK[n;%_l =Y+ Ty + &T7,

where Y;_ 1 = TT¢%T?£1QT7t_1ST7t_1 +TNT@%%’;AQNTJASNTJA, is the expression for total ineffi-
ciency costs per unit of intermediation. Transfers of policy authority profits to domestic and foreign
households do not have a direct effect on net foreign asset position, as they cancel each other out in
the equilibrium. However, the unconventional monetary policy will affect the net foreign position

through the deposit market clearing condition in Home.

2"By the acquisition of underpriced assets in bad times, the policy authority generates positive profits in the
subsequent periods as asset prices arise.
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4.2 Liquidity Facilities

In addition to asset purchases, liquidity facilities were also conducted to ameliorate the economic
downturn in the eurozone.?® To capture this exercise, I introduce the option for the policy authority
to lend funds to intermediaries.

In this case, it is important for the policy authority to distinguish illiquid banks from the
insolvent ones, as otherwise it can lead to excessive forbearance and debt hangover as highlighted
in Bagehot (1873). To overcome this issue, the policy authority provides liquidity facilities at
a penalty rate and against eligible collateral to discourage the inefficient use of policy authority
funding.

Under the policy of liquidity facilities, the policy authority holds non-contingent claims at
intermediaries, M1, at a rate, 1 + 7y, 441, which is known in period ¢. The intermediary balance

sheet takes the following form:

QreS14(j) + QnreSnre(5) + BY (7) = B (4) + Bfy1 (4) + Miy1(j) +N:(5)- (40)
——
Discount Window Lending
Intermediaries cannot divert any non-tradable sector firm assets and interest bearing reserves
that are funded by policy authority liquidity facilities. This assumption is in line with the fact
that intermediaries’ assets from the non-traded sector and the interest bearing reserves are eligible

colllateral to receive policy funding.

Vi(Ne(4)) = ArQrS1,:(j) + ANT(QNTtSNT, () — Miy1(§)) + AeeB(BY (j) — M1 (5)).  (41)

As shown in the appendices, the interest rate on additional liquidity satisfies the following

condition:

A
BEy [A 11 (N1 — 1)) = o BBy [A 1 Q1 (Pt — 7a1)] - (42)
AECB + ANT

After the appropriate aggregation in the banking sector, it can be shown that banks’ assets are

proportional to their net worth, and the amount of policy authority liquidity in the financial sector

28Between April 2008 and October 2011, the ECB conducted twenty LTROs with six-month maturity. ECB’s an-
nouncements can be found in their website: https://www.ecb.europa.eu/mopo/implement/omo/html/index.en.html
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is

A A A
ECBBth 13 N, + ECB T ANT
A ATy AT

A
Qr+ST+ + )\LTTQNT,tSNT,t + My, (43)

while the Langrangian multiplier associated with the bankers’ program is:

B BE: [Ag 1% 1(1 4 7¢41) V]
wr=maxr 41— 5 ,0p0.  (44)
AQriSTt + ANTQNTSNTt + AECBB] — (ABCB + ANT)Mit1

The amount of liquidity facilities are specified by a similar rule as in the case of private asset

purchases:

My = (P%?ZpQTJSTJ + @%T%{)tQNT,tSNT7t7 (45)

where 7" andypiy, are given by (34).
There is no modification in Foreign banking sector conditions as none of the policy related

frictions are applicable to Foreign banks.

4.3 Experiments under unconventional policies

When running simulations, I set ;3" = 0 and " = 7. Hence, I investigate the policy’s
contribution to model performance when it is conducted in response to non-traded sector variables.

Figure 3 exhibits the model’s performance with respect to the Spanish data, when the combina-
tion of the policy authority asset purchase program and liquidity facilities is in place. As discussed
in Section 3.2.2, including policy in the model improves the model’s post-crisis performance. The
collapse in bank credit is less pronounced under unconventional policies. These policies help lever-
age constraints to relax, and banks start to reallocate more capital toward tradable sector firms, as
returns from there are higher. However, the model still exaggerates the crisis regime. This might
be due to the absence of possible frictions, such as information asymmetries between firms and
banks, and sticky deposits.

Global policy authority is channeling funds from Foreign to Home when conducting policy, and
private outflow of capital is replaced by public inflow of capital, yielding a softer correction in the
current account. This is in line with the case observed in the eurozone as documented by Hale

(2013).
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Figure 3: Model and data under unconventional policies
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Figure 4 compares model dynamics under asset purchases and liquidity facilities, separately.
The figure shows that liquidity facilities are more effective at ameliorating the downturn than
direct asset purchases from the non-traded sector. The fall in output and credit, and the rise in
credit spreads are milder under liquidity facilities.

These results are in contrast with Ozhan (2020). The reason is that the policy in this model is
generated in response to a positive deviation of interest rate spreads from their steady state values.
In Ozhan (2020), tightening of financial constraints during the crisis did not push the deviation
of interest rate spread from its steady state to the positive territory. Positive deviations imply
that liquidity facilities are conducted at a penalty rate and do not crowd out private deposits.
Conducting liquidity injections following Bagehot (1873) (i.e., against eligible collateral and at a
penalty rate) implies that banks allocated funds effectively between the sectors and contributed to a
faster amelioration. The assumption of absence of information asymmetry between banks and firms
is also essential in generating this outcome. However, when the policy authority directly purchases

assets from the non-traded sector, it relaxes bank constraints in a smaller amount, because it does
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not replicate the desired portfolio allocation of credit.

5 Conclusions

I examined the implications of positive news about future asset values that are eventually not
materialized in an open economy model with banking. I further studied and compared unconven-
tional policies in the forms of sector specific asset purchases and liquidity injections in response to
reversals of capital flows.

During the boom regime, banks’ net worth is high enough that banks are not constrained in
extending credit. When expectations turn out to be incorrect, capital flows reverse and bank net
worth collapses. The fall in credit contributes to a spike in spreads and fall in asset prices, which
further causes bank net worth to go down. Bank balance sheets transmit fluctuations in the non-
traded sector to the traded sector, pushing the economy into an overall recession. International
borrowing contributes to higher bank leverage ratios and further amplifies the effects of financial
frictions.

A common policy authority, financed by interest bearing reserves from banks operating in each
country, can use the proceedings to help the economy that suffers from capital flow reversals. In
light of this result, I argue that absent the ECB’s unconventional policies, Southern European
countries would have gone into deeper recessions during the crisis of 2008. I further find that
liquidity injections into illiquid banks prove to be more effective than directly purchasing assets
from the non-traded sector.

The results indicate that news about economic fundamentals may play a crucial role in gener-
ating swings in international capital flows through the banking sector. The results are relevant for
the design of unconventional policy.

An extension of this model with government debt in bank balance sheets and an associated
default risk might help to explain the dynamics in the eurozone between 2010-12. I leave this

extension for future work.
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Tables

Table 1: Quantitative Model Summary

Euler equation, domestic deposits Cy P =B+ riq)E [CA]
Euler equation, deposits abroad Cy P14+ nBigy1] = B+ ri1)Ee [%C{fl}
Consumption-labor trade-offs wr = Zﬁi’lﬁ
WNT,t = wé?%’t
Demand functions Cui=an (1;};;’::)_“ Cry

CF,t = (1 — G,H) (§§531)7 CT,t
Cr: =ar (RPr:) " Ct

Cntyi = (1 —ar) (RPn1:)” " Cy

Price indexes Rp%;w — aHRP}I;‘” r- aH)RP};”

1 =arRP;," + (1 —ar)RPy,

Labor Demand RMPT;t = (1 —a)e* Tt (e¥Tt Kp ) * Ly~
WNT,t — (1 _ Oz)eaNTV‘(ewNT*‘ KNT t)&LNT t—a
RPNT ¢ s B

Gross profits per unit of capital Zri = aRPg Tt (YTt Kp ) * 'Ly 17

a a—1 11—«
ZNTt = QRPNT 1€ NTt (e¥NTt Knp ) vy g

Ex-post Return to Capital BE: [At,t+1 (14 7k,1,641)] = BE {At»tﬂ ZTﬁQTJS;jT’Hl(Pﬂ
BE: [Att11 (1478, NT011)] = BE [Atvtﬂ ZNT’ﬁQNT’C;rvl;tNTYHI(1_6)}
Tobin’s Q Qre = 17f,<#>e”’T»tKT.t
ePTt Ky
QnTt = It : YeUNT Kyt

pg
" NT U KN

Resource constraints e Tt (e¥Tt Ky )* L' ™ = Crp + Chyy + Iyt

a @ 11—«
eNTt (e¥NTt K v ) L =CnNrt + INT)t

Laws of motion of capital Kri1=(1—0)eTt Kpy+ Iy — f(zl);fi’};)ewT’tKT,t
e ’ T,t

I
Enrir1= (1= 8)e¥NTt Knpy 4 InTyt — f(ﬁ)ewNT"KNT,t
CARANT

No-arbitrage condition QreKri+1 = QTS

ONTtKNT 41 = QNTtSNT

Excess returns on bank assets BE: [At,t+1Q41 (k71 — Te41)] = AT it
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Table 1: Quantitative Model Summary (Continued)

BE¢ [At i1 Qu41 (T, NT,t41 — Te1)] = ANT e

Shadow marginal value of

net worth

Q=(1—-v+y1n)

Marginal value of banks’

net worth

_ BE:[Ag 141901 (0FTe41)]
Ve = 1—pt

Banks’ Lagrange multiplier

_ o _BEt[ A e41Qe41 (147e41) Ne
Ht = max {1 ()\TQT,tST,t"F)\NTQNT,tSNT,t ;0

Aggregate net worth

Ne=(y+¢e)[(Zrs+ (1 —8)Qry) e¥ Tt St -1

+(Znri+ (1= 8) Qnrt) eVt Snr 1] — v (1 4+ 1) (Be + By)

Deposit market clearing

Qr,tS7,t + QnNT,tSNT,t = Biy1 + Biv1 + Nt

Net foreign asset position

(€¢Bi,t+1 — Biyy) + 5 [(Ce — &CF) — (Nt — &:N})]
= (& (L+ry) Buyt — (L+ 1) BY)
+% (wT,tLT,t +wnTtLnTt — &t (w},tL’?,t + w}k\rT,tL}k\JT,t))
+35 V(A +7)( Qi1 K1t + Qnre—1 KNt — Neo1)]
—3é ['Y*(l +r)QF 1 KTy + Q1 KN — Nt*—l)] - 31— )[Qr ¥ Tt Kpy
+QNT N T Ky — &0 (@ T K, + Qo VT KR )]
-1 []T,t +InTe — &7, + I}‘\;T,t)] +10—v—)(Zr: + (1 —8)Qr,) e¥ Tt Ky,
+(Znre+ (1= 08) Qnr,t) e¥NTt KN 4]
—36(1 =y =925, + (1= 9)Qp, ) T K,

+ (ZJ*VT,t +(1-9) Q}K\]T,t) ei/)I*VT'tK;JT,t]
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Table 2: Parameter Values

Parameter Value Comments

Discount factor I3 0.995  Standard RBC value

Risk aversion coeflicient p 2 Standard RBC value

Relative weight of labor in the utility w 5.584  Gertler and Kiyotaki
(2010)

Inverse Frisch elasticity (T sector) ©1 0.276  Gertler and Karadi
(2011)

Inverse Frisch elasticity (NT sector) V2 0.276  Gertler and Karadi
(2011)

Deposit adjustment n 0.025  Standard RBC value

Inverse elasticity of substitution between Home w 1.2 Standard RBC value

and Foreign goods

Inverse elasticity of substitution between K 1 Obstfeld and Rogoff

traded and non-traded goods (2000)

Investment adjustment oK 5 Bernanke, Gertler, and
Gilchrist (1999)

Depreciation 1) 0.025  Standard RBC value

Home bias ag 0.55 To match data
properties

Share of tradable sector ar 0.55 To match data
properties

Share of capital in production 0.33 Standard RBC value

Exit probability of banks 0% 0.975  Bank survival of 10
years

Fraction of start-up funds € 0.0001 Small effect of banker
entry-exit

Tradable sector asset diversion Ayt 0.3714 To match a

Non-tradable sector asset diversion A 0.2971 steady state excess
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Appendices (For Online Publication Only)

Appendix A: Detailed Solution of the Bankers’ Problem

The program of the bank is as follows:

Vit (Ni1 (7)) = Bi1 814 { (L= 7) No(j) + 7 [Mazsy,, sy Mazs, ., 5:, Vi(Ni(G)| |

t+1

subject to

QT,S7,¢(j) + QNTtSNT .t (J) = Bia1(j) + Bi1(j) + Ne(d),
Ni(j) = L +re1)Qri—1S71-1(J) + L+ riN7t) @NTi—1SNT—1(3) — (L 4+ 1¢) (Be(j) + B (4)) »
Vi(N:(5)) = M QriSti(5) + ANTQNT SN (5)-

Using the constraints, the Lagrangian of the above problem is set up:

L=EBA1[(1 =) {(ree01 — 1e41) QT STt () + (e, NT 441 — Te41) @NT4SNT () + (1 + 7e41) Ne(5) }
+YVig1 (Neg1(9))] + pe [Vi(Ne (7)) = M Q1eS14(5) — ANTQNT ¢ SNT (7))

Necessary and sufficient conditions for an optimum are:

oL oV
950 BB A1 [(1 =) (Tk, 1 — T141) Qe + Y 85:2] — pArQr =0,
oL oV;
95 E:BAtt+1 [(1 =) ("kNT 41 — Te41)@NT + 788;;] — WANT@NTt = 0,

pt (Vi(Ne(7)) — ArQr4ST,t(J) — ANT @NTt SNT 2 (F)) = 0.

I conjecture a solution to the above value function that is linear in bank net worth, i.e., Va(IN¢(4))

= 14 INy(j). Then, it is possible to express the derivative terms in the FOCs as:

Vit
= v (ki1 — ") Q1
0S4
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Vi1
OSNTt

= V1 (Tl NT#41 — Tt41)QNT b

Thus, FOCs with respect to assets become:
BE; [Ag 1 (1 =) +yvig1) (Tr1e01 — Te41) Q] = AT Q7T 85 (46)

BE; [Agi41 (1 =) + i) (P NT 41 — Te41)QNT ] = IANTQNT 1. (47)

Define Q441 =1 — v + 441, substitute the guess into the bank’s program, and use the law of

motion for N;yi(j):

Vi(Ni(j)) = mazs, Syr., {Zie{TWT} BE; [Ap 41041 (Thip+1 — Tt+1)Qi,t5i,t(j)]}
+BE; [Ap 44141 (1 4 re1) Ne(5)]

subject to

Z NiQitSit < eN(j).

ie{T,NT}
Using the above conditions and the complementary slackness condition, the value function can

be rewritten as:

viNi(3) = puviNe(5) + B¢ [Ar 41241 (1 + reg1)Ne(5)] -
Hence, we can express the marginal value of net worth as:

_ BE [Ag 41241 (1 + 7441)]
=

. (48)

Ut

From the complementary slackness condition, one can obtain:

BE: [Atp11Q%41(1 4+ 7¢41) Ny ) }
=maxq1— : ,0p < 1. 49
e { ()\TQT,tST,t + ANTQNT SNT ¢ (49)

It is useful to note that bank leverage is the same across all individual banks, and it is equal to

Q1 ST t+QNT,tSNT ¢
Nt :
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Appendix B: Derivation of the Net Foreign Asset Equation

When there is a market for international deposits, the trade is no longer balanced. In equilibrium,
the markets for deposits is clear, and each country’s net foreign assets entering period ¢ +1 depend
on interest income from deposit holdings at Home and Foreign banks entering period ¢, labor
income and net investment income from traded and non-traded sectors, and the amount of net
worth that is brought by the exiting bankers net of start-up funds provided to new entrants.

Equilibrium requires that the following conditions hold at Home:

T/ = (1/2) [& (Boyi1)?] (50)
Biy1 = QriKri1 + Qnri KNt 41 — N — By (51)
IL ¢ = Qi1 K1 — Qit(1 —6)(e : it)—Liy 1€ {T,NT} (52)

I = (1-v-¢) [(ZtT + (1 -6)Qry) ew?KT,t + (28" + (1 - 6)Qnry) ethTKNT,t}

—(1 = [(L+7) (B + Bf)].

(53)

After imposing these conditions and their Foreign counterparts to Home and Foreign budget

constraints, we can obtain the following identities for Home and Foreign households:

§tBity1 — By +Cr — Ny = §(1477)Biy — (1 + 1) Bf + (1 +74)(Qre— 1K1t + QnTt— 1 KNT 8
—Ni—1) +wr Ly + wnr e Lnre — (1 —9) [QT,tethKT,t + QNT,teinTKNT,t] — (It + INTt)

+(1—=v—¢) [(ZtT +(1-6)Qry) et Ky + (ZNT 4+ (1-6)Qnry) ew’{VTKNT,t]
(54)

By * * 1+r:) B} * * * * * * *
&+ — Begr1 +Cf = Nj = (75«% — (L +7r)Ba + v A+ i) Q1 KTy + @y 1 KNy

T NT=x *
= N7) Wi Ly + Wk Ly — (1= 0) [Q5e Ky + Qi K| = (T + i)

(1= =) (28 + (1= 0@r,) e Ky + (207 + (1= 0)Qir,) " Ko,
(55)

Multiplying the Foreign condition by &;, and subtracting it from (38) yields an expression for

Home net foreign asset accumulation as a function of cross-country differentials of consumption,
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bank net worth, labor income, and profits of capital producers and banks:

(&Bsit1 — Biyy) + 5 [(Cr = &CF) — (Ny — &:N7))]
= (& (L4 7) Buy = (1470 BY) + 5 (wralry + wnrLvre — & (wh Ly + whr Diery))
+3 (YL + 1) (Qri—1 K7t + QN1 KNt — Nic1)]
36 |77 (1 + 1) (@1 Ky + Qs Kz — Niy)|
~3(1=8) [Qree?™ Ky + Qurae?™ Ky — & (Qpue T Ky + Qi 57 Kir, )|
3 [+ Ivry — 6Ty + T
+3(1—v—2) [(Zry + (1= 6) Qry) eVt Ky + (Znry + (1 — 8) Qnry) €8T Ky

2
—36(1 =7 =2 [(Zh+ 0= 9) Q) 1 K7, + (Zivr, + (1= 0) Qs ) €570 Ky

(56)

Thus, the current account of Home economy by definition equals:
CAp =& (Bigr1 — Bey) — (Biyy — BY). (57)

It is useful to note that when log-linearizing zero steady state variables, I evaluate them at the

steady state of consumption levels.

Appendix C: Solution of the Bankers’ Problem Under Central Bank’s Asset

Purchases

The program of the bank is as follows:

Vit (Nia(9)) = B B, { (L= ) NoGi) +y [Mawgy sp spMaw,, 7, Vi) }

NT,t

subject to
QreSt, (1) + QnTeS{r, (7) + BY (7) = Bia(4) + Biya (4) + Ne(d),

Ni(j) = (L+r,1,0) QT a—157 4y (1) +(14750 NT ) @NT 1SR 1 () +(141ge) By ()= (1+7e) (Be(4) + B (7))
Vi(Ne(5)) > )\TQT,tS%t(j) + ANTQNT,tS%m(j) + AecBB{ (j).

37



Using the constraints, the Lagrangian of the above problem is set up:

L =EBA 1[I =) {(reras1 = 7e41)QTaST () + (reNT w41 — Te41) QNT S N7, (7) + (Tge1 — 1e41) BY ()
F(L 4 re ) Ne(G)} + Vet (N1 ()] + e [V%(Nt(j)) = AMrQr1S7,(7) = ANTQNT SN, (5) — AECBB{?(j)}

When the incentive constraint is binding, the FONCs yield

oL oV,
Wgt =K BAs 441 [(1 =) Pk — Te41) QT + Y 85%11 — e ArQr = 0,
oL oV,
9 = E¢BAL 141 [(1 =) (" NT 41 — Te41)@NT + 785’?1 — i ANTQNT: = 0,
NT,t NT,t
oL oV,
o8By =EBA 111 [(1 =) (rg 441 — Te41) + 75);;] — w e =0,
oL , . o .
e Vi(Ne(4)) = ArQr St (7)) — ANTQNT,tSN7,4(J) — ABCBBY (j) = 0.

I conjecture a solution to the above value function that is linear in bank net worth, i.e.,

Vi(Ne(j)) = v+ Ne(j). Then, it is possible to express the derivative terms in the FONCs as:

Vit
9P = v (TkTir1 — ") Q1
Tt

Vi1
957 Vi1 (T, NT 41 — Te41) @NT
NT,t

Thus, FOCs with respect to assets become:

EiBA 141 [(1 =) +yvig1) (Thrp41 — Te41)Rrt) = AT Qs (58)
EiBAt 141 [(1 =) + vig1) (Te NTt41 — Te41)QNT ) = ANTONT 15 (59)
E¢BAt 1 [((1 =) +y441) (g t+1 — Te41)] = eAgcos- (60)
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Define Q441 =1 — v + 441, substitute the guess into the bank’s program, and use the law of

motion for Nyi(j):

Vi(Ne(4)) = maxs, sy, A icqr,nry BB [ A1 Qe (higen — 1e41) Qi Sit (7)]
O [Att41Q%41 (g 01 — 7e41) BY ()]} + BB [Ag 111 Q1 (14 7631) Ne(5)]

subject to

Z AiQitSit(j) + Apcp B (5) < viNi(j).
i€{T,NT}

Using the above conditions, the value function can be rewritten as:

VN (§) = peveNe(5) + BB [Ag 4141 (1 4 76401) Ne(5)] -

Hence, we can express the marginal value of net worth as:

E; [A Q 1
vy = BE [ t,t+11 t+;( +7“t+1)]. (61)
- Mt

From the complementary slackness condition, one can obtain:

BEL [At 14141 (1 + 7e41) Ve
=maxr{q1— . ,0p < 1. 62
e { (ATQTJS%t + ANTQNT SN + ABCE B! (62)

Appendix D: Solution of the Bankers’ Problem Under Central Bank’s Liquidity

Facilities

The program of the bank is as follows:

Vie1(Ni—1(5)) = Ee—184¢-1 {(1 =) Ne(4) + [MaxsT,t,sNT,t,BfMMBM,B:H,MMW(Nt(j))] }

subject to

QrS1(J) + QnreSnTe(d) + BY (7) = Bi1(j) + Bi1(J) + Ne(j) + Mey1(4),

39



Ni(j) = A+ r70)Qri-1571-1(7) + (L + rinrt) QnT—1SNT—1(F) + (L + rge) B, (5)
—(1+7e) (Be(d) + By (4)) — (1 + rimt) M (),

Vi(Ne(4)) = MrQr,eS1.e(5) + ANT(QNTeSNT () — Mis1(5)) + Apcr(BY(5) — Miv1(5)).

Using the constraints, the Lagrangian of the above problem is set up:

L=EfA1[(1 = 3) {(ririe1 — 1e41)QraSTe () + (e NT 441 — T141) @NTSNT(J) + (rge1 — T41) BE (5)
—(Pmp1 = re41) M1 (5) + (14 7o) Ne(G) } + 7 Vi1 (N1 (9))]
1t [Vi(Ne(5)) = ArQreS1+(5) — ANT(QNT e SNT () — Mies1(5)) — AeeB(Bi (5) — Mi1(4))]

When the incentive constraint is binding, the FONCs yield

oL oV,
o = EBAp i1 |(1—7) (rr1i41 — Te41) Q1 + 7y ALl AT QT = 0,
8ST¢ aST,t
oL aV;
= EiBAt 141 {(1 — ) (e, NT 41 — Te41)QNT,E + Y A= ] — mANTQNT = 0,
8SNT¢ 8SNT,t
oL oV,
aB7 ~ EtB A1 [(1 =) (Tg 1 — re41) + Vagg] — mAgeB =0,
oL OVit1 }
=E;8A 1-— —1)(rm - + + (AT + A =0,
M, tBAL 141 [( ) (=1)( Jt+1 t+1) ’YaMtH pe(ANT ECB)
oL . ) . ) . .
E = Vi(Ne(5)) = M QrS1(j) — ANT(QNT e SNT(5) — Mig1(5)) — AecB(BE(j) — My (4)) = 0.

I conjecture a solution to the above value function that is linear in bank net worth, i.e.,

Vi(Ni(7)) = vuIN(j). Then, it is possible to express the derivative terms in the FONCs as

Vi1
= Vi1 Tk t41 — Te41) QT
0S4
Vi1
= Vi1 (Te, NT 41 — Te41) ONT e
OSNTt
Vit Vi1 (r Tt41)
=~V 1 (Tmt+1 — Te41),
OM; 11
Vi1 _ Vi (r Ti41)
= Up1(Tge41 — Te41)-
oB] g
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Thus, FOCs with respect to assets become:

EiBAL i1 [((1 =) + yvig1) (T i1 — Te41) Qe = AT QT 15 (63)
EiBA i1 [(L =) +vvi41) (P NTug1 — Te41) QNT ) = IANTRNT 15 (64)
E¢BAt 41 [((1 =) +9%41) (Pmpt1 — 7e41)] = pe(ANT + ABCB), (65)
E¢BA 1 [(1—7) +vver1) (Tge41 — Te41)] = e AecB- (66)

Define Q411 = 1 — v + 441, substitute the guess into the bank’s program, and use the law of

motion for Ny (j):

Vi(Ne(5)) = maxs, syp . BI My 12 ieqrnTy BB [A i1 Q1 (Thgip1 — 741) Qi Sit (7))
+BE; [Ap 4141 (rge+1 — 1e41)BE(G) — (Pmp1 — o) Mig1) ]} 4 BEe [Ap 1 Qg1 (1 + 7e41) Ne ()]

subject to

Z NiQitSit(7) + AecBBi (7)) — AecB + ANT)Mi41(5) < e N(5).
ie{T,NT}

Using the above conditions, the value function can be rewritten as:

veNi(j) = paviNe(5) + BEy [Ag 1 Q1 (1 + 7641) Ne ()] -

Hence, we can express the marginal value of net worth as:

vy = BE: [Ar 41241 (1 + Tt+1)]‘ (67)

1=

From the complementary slackness condition, one can obtain:

E; [A Q 1 N,
e = mam{l — ( BBt [As 1241 +ng_1) i ) ,0} < 1. (68)
ArQT ST+ + ANTQNT SNTt + AECBBY — (AECB + ANT) M1
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Appendix E: Modifications in the Net Foreign Asset Equation under Central
Bank Asset Purchases

Equilibrium under Central Bank asset purchases requires that the following conditions hold at

Home:
T = (1/2) & (Busi1)?] (69)
_— (re7t = 794) Qra—15T 11971 1 + ("ENTE — Tgt) QNT -1 SNT 1PN Ty — Ti-1 -0
t — 2 ’ ( )
Bipr = (1= o ")QriKrir1 + (1 — oy ) QN KT a1 + B — Ny — B4, (71)
T PQriKri41 + o QNT K NT 141
BY = Pri AT+ T PN t S+ 7 (72)
2
It = Qi K i1 — Qi (1 — 5)(€¢%Ki,t) —1iy 1€{T,NT} (73)

My =(1—v—e)[(ZF + (1 —08)Qry) e’ Kry+ (ZNT + (1 - 0)Qnry) el Kty
—o WP (ZF + (1= 0)Qry) e Ky — i, (ZNT + (1= 6)Qnra) e Knpy  (74)

ump Koo+ ump K
+(1+7’g,t)g0T’t71QT’t 1K1t 4P2NTYt,1QNT,t 1 NT,t] _(1_7) [(1"‘7"75) (Bt—i-B:)]

Conditions that apply to Foreign are as in Appendix B. After imposing these conditions to the

Home budget constraint, one can obtain:

(W%f?pQT,tKT,zH +<P§(;T%f7t QNT,tKNT,t+1)

§tBst1 — By +Cp — Ny — 5

= &1 +77)Bay — (L4 7)) Bf =1 +71)Ne—1 — (U1t + InTy) + wre Ly + wnre LnT + T}
+Qrt1 Krg[y(1+7m) + (L =y —e) A +rery) — (1 - 5)€¢*T%
ety (AR (1 = o)1 i) )]
+ONT -1 ENT[y(L + 1) + (1 =y —e) (L + 1) — (1 — §)et " AL

QNT,t—1

+‘P1]L\]ﬂ71’z,)t71 <(1_7_8)(1+;gt)_7(1+”) - (1 - — 5)(1 + rk,NT,t))].

(75)
Multiplying the Foreign condition with RE Ry, and subtracting it from (75), imposing T} = &7},
and dividing the resulting identity by 2 yields an expression for Home net foreign asset accumulation

as a function of cross-country differentials of consumption, bank net worth, labor income, profits
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of capital producers and banks, and central bank transfers:

(@;T:pQT,tKT,t+1 +S011<77g~{3tQNT,tKNT,t+1 )

(&Bsit1 — Biy) + 5 [(Cr = &CF) — (Ny — &N7)] — 1
= (& (L4 7) Buy = (1470 BY) + 5 (wralry + wnrLvre — & (wh Ly + whr Diery))

+3 (YL + 1) (Qri—1 K7t + QN1 KNt — Nic1)]
36 |77 (1 + 1) (@1 Ky + Qs Kz — Niy)|
~5(1 = 6) [Qrue”™ K + Qurae?™ ™ Knry — & QT K7y + Qi V0 Ky )|

—1 {IT,t + Inrp — & (I, + IRTT,t)}
o Qra 1 Ky ((l_w_e)aﬁgt)_v(lm) - (1—7—s>(1+m,m>>

2

((1—v—a><1+rgt)—v<1+m _ <1fvf€>(1+wm>)
1 2

+onT 1 @NT -1 KN
—i-%(l —v—¢) [(ZT,t +(1—-6)Qr4) ewT,tKT,t + (Znre+ (1 —9)Qn1t) ewNT,tKNT’t]

—360 =7 =) [(Zhe+ (1= 0) Q) 1K, + (Zipy + (1= 0) Q) €504 K |
(76)

Appendix F: Modifications in the Net Foreign Asset Equation under Central
Bank Liquidity Facilities
Under liquidity facilities, similarly,

(rmt = Tgt) Qr—15T 1071 1 + (Tmt = Tgt) QNT1—1SNT—10 N7 41 — Li-1

T, = 5 , (77)
Bit1 = QKrpq1 + QnreKNTp41 + B — Ny — My — B4, (78)
Mg, =0—v=ol(Z2] +(1-06)Qrs) e’ Kry+ (ZNT + (1= 0)Qury) e Knry
ump ump
(1t Tg,t) SOT,t,lQT,tflKT,t+<P2NT,t,1QNT,z71KNT,t]
—(1-7) [(1 +7¢) (B + By) + (1 +7me) (01 Qre—1 K + SDijtfn%{)t_1QNT,t—1KNT,t)]
(79)
with

ump ump
oy QriBT i1 + onr QNTHENT 1

My — B} = 5

(80)
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And the above conditions modify (76) as follows:

(W;{?pQT,t Kt i1+onr QNT, e KNT i1 )

(&Bip+1 — Biq) + 3 [(Cr — &CF) — (Ne — &N7)] — 1
= (& +7) By — (L+7) B) + 3 (wT,tLT,t +twnrg LTy — & <w>7k“,tL;",t + w}k\/T,tLRfT,t>)

+3 [V +1)(Qrp—1K1y + Qnrg—1 Knrg — Nie—1)]
36 [ (L + )@y Ky + Qv Ky, — N7y
—2(1-19) [QT,tWTﬂf K1+ QNrieNTt Kyry — & (Q*T’ted’%wt K, + Q’}VT’teWVTvt K}(,T’tﬂ

—% |:IT,t + INT,t - St(I;’,t + IX/T,t):|
((1—7—a>(1+rgt)—v(1+n> N (1—v><1+’”mxt>)
1 2

ump
+or—1Qri—1 KT

((1—7—6)(1+rgt)—7(1+7"t) _ (1—7)(1+7‘m,t)>
4 2

ump
+onT -1 @NT -1 K NT

+5(1 =y =) [(Zrp+ (1= 6) Qry) eV Kpy + (Znryt + (1 — 0) Q) €V Knpy]

—36( =7 =2 [ (Zh+ 0= 0) Q) T Ky + (Zior + (1= 0) Qv ) ¥4 Ky, |
(51)
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Appendix G: Experiments Under Unanticipated Fundamental Shocks

In this subsection, I conduct experiments with physical shocks to capital quality such as those
studied by Gertler and Kiyotaki (2010) and Gertler and Karadi (2011). As in those papers, my
experiment is with a 5 percent capital quality shock with a persistence level of 0.66. However, I am
looking at the effects of a shock that hits only the non-traded sector, instead of hitting the whole
economy.

Figure 5 shows the model dynamics under version I and version II, when the adverse shock
described above hits the economy. It can be observed that sectoral co-movement of variables is
maintained when the banking sector is in place (version II). The financial accelerator mechanism
works as previously described because the responses of investment and output are stronger under
domestic banking. A decrease in the value of non-traded sector capital stimulates a fall in asset
prices, and the leverage constraint of banks amplifies the effects through a second round effect,
leading to a further shrinkage of the bank balance sheets. Bank net worth collapses, and banks
cut lending to the private sector. Borrowing becomes more costly for these firms as the spreads
between return to assets and the risk-free rate fall.

The effect of the international financial integration is seen in Figure 6. As bank deposits are
carried from Home banks to Foreign banks, balance sheets shrink more than in the domestic banking
case, and bank net worth and credit extended to the private sector fall sharply. We observe a higher
magnitude in the fall of investment, labor, and output, as the shrinkage of the bank balance sheets
is greater. A stronger financial accelerator and bank spillover channel are at work, as before.
Depreciation of the real exchange rate and drops in income are indicative of the drop in imports.

Finally, Figure 7 compares the dynamics under 5 percent positive and negative shocks to the
value of non-traded sector capital. Model dynamics are asymmetric due to the presence of occa-
sionally binding constraints. In the positive shock case, leverage constraints do not bind, whereas
they do bind in the negative shock case. This leads to an asymmetry in the model behavior even

though there are no news-led fluctuations.
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Additional Figures
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