University
of Glasgow

bl

Shafiei, Maryam (2017) Essays on financial frictions and macroeconomic
policy. PhD thesis.

https://theses.gla.ac.uk/8783/

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.gla.ac.uk/
research-enlighten@glasgow.ac.uk



https://theses.gla.ac.uk/8783/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

University

7 of Glasgow

VIA VERITAS VITA

Essays on Financial Frictions and

Macroeconomic Policy

Maryam Shafiei Deh Abad

A Dissertation

Submitting in fulfilment of the requirements of the
Degree of Doctor of Philosophy

Adam Smith Business School
College of Social Sciences
University of Glasgow
September 2017



Abstract

This thesis contains of four chapters. The first chapter presents the introduction and
all other three chapters look at different aspects of monetary policy in an economy with
financial frictions.

The second chapter studies the conditions under which a modest financial shock can
trigger a deep recession with a prolonged period of slow recovery. We suggest that two
factors can generate such a profile. The first is that the economy has accumulated a
moderately high level of private debt by the time the adverse shock occurs. The second
factor is when monetary policy is restricted by the zero lower bound. When present, these
factors can result in a sharp contraction in output followed by a slow recovery. Perhaps
surprisingly, we use a standard DSGE model with financial frictions along the lines of
Jermann and Quadrini (2012) to demonstrate this result and so do not need to rely on
dysfunctional interbank markets.

The third chapter studies international transmission of financial shocks between two
economies under flexible exchange rate regime. We consider different degrees of financial
integration and demonstrate that welfare is maximised for an intermediate value of de-
gree of it. Under perfect risk sharing there is large volatility of output during the period
of adjustment, while the deleveraging is performed faster. With greater restrictions on
international financial flows, the deleveraging is substantially slowed down which leads to
longer periods of adjustment and greater costs. We demonstrate that in such world the
effect of one country’s credit shock has very limited effect on another country. When mon-
etary policymakers cooperate and choose interest rate optimally, the unaffected country
can nearly eliminate all aftereffects of the shock to the other country. To some extent,
limited financial integration prevents the spread of volatility across the border, however,
unconstrained monetary policy is the key to these results.

In the fourth chapter we use two-country model and assume that both countries are
locked into a permanently fixed exchange rate regime within a currency union. We demon-
strate that the centralised monetary policy alone is unable to stabilise the economy. Na-
tional fiscal policies must be activated to counteract asymmetric shocks. We demonstrate,
however, that the effectiveness of fiscal policy is limited. Even if it is chosen optimally,
fiscal policy does not eliminate cyclical patterns in economic adjustment, which is welfare-
reducing volatility of economic variables. This model reveals that shocks hitting one
economy, result in sharp contraction of consumption in both countries.
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Chapter 1

Introduction

Nearly a decade has passed since the beginning of the Great Recession in 2008, but for
a number of economies recovery is slow and remains weak. In fact, some even worry it
has led in a new era of permanently lower trend growth. The Great Recession stands
out for at least two reasons. First, in each country the average recession is not as deep
as the Great Recession. Second, in each country the average recession experiences its
lowest output growth rate at the beginning of the recession (period zero in the figure).
Thereafter, economies generally return to a more normal growth path within one or two
quarters. By way of contrast, following the arrival of the Great Recession growth reached
its minimum some two to four quarters later and growth remains at the lower end of the

typical post-war experience; recovery has been slow by recent historical standards.

The role of ‘financial frictions’ in explaining these observed patterns has been identi-
fied as central by many researchers and policymakers and there is now a large and growing
body of research which seeks to provide quantitative macroeconomic models to explain
how seemingly well-functioning economies might ‘unexpectedly’ end up with financial
crises. For example, Boissay et al. (2015) demonstrate how an ‘innocuous’ positive pro-
ductivity shock can lead to rare but deep financial crises. The role of financial shocks in
generating realistically frequent recessions is discussed in Nolan and Thoenissen (2009),
Jermann and Quadrini (2012), Christiano et al. (2013) and Mumtaz and Zanetti (2016)
to mention only a few. Notably, Jermann and Quadrini (2012) propose a macroeconomic
model with financial frictions which is quite closely aligned with the US data since the
early 1990s. The authors point out, however, that their model cannot replicate the large
reduction in hours worked and output observed during the Great Recession. Moreover,
so far researchers in this literature have generally focussed less on explaining the second

aspect of the Great Recession that we highlighted above: the ‘slow recovery’.!

IThis is despite the two-decades of slow growth affecting Japan since the early 1990s. An interesting
recent exception is a paper by Benigno and Fornaro (2015) emphasising non-linear features in a growth
model to explain ‘stagnation traps’.



The Great Recession affected many countries. The transmission of shocks was quick
and strong. We need a model to study how this was possible. Recently, Perri and
Quadrini (2011) use a two-country model with financial market frictions to demonstrate
how financial shocks may transmit from one country to another. It crucially relies on
financial integration between countries. Domestic and foreign firms are able to borrow at
a global financial market at the same interest rate. They demonstrate how a shock, which
originates in one country, creates a shortage of liquidity in both countries and results in

an international recession.

In this thesis I investigate how a small financial shock can result in large reduction
in output and a prolonged recession. I look at single closed economy setting as well as

two-country model.

In the second chapter we demonstrate how a simple log-linear DSGE model with finan-
cial frictions a la Jermann and Quadrini (2012) and with nominal rigidities a la Rotemberg
(1983) is capable of generating the observed deep recessions, and slow recoveries that we
argue are present in the data. In this model, the recession is triggered by a financial
shock which reduces the proportion of output which banks will be able to recover when
firms default. The implied reduction in bank credit requires substantial deleveraging in
the economy and this leads to a recession. This result is interesting as some have argued
that the onset of the crisis was essentially an adverse credit event (see e.g., Taylor, 2008),
whilst others attribute a large role to adverse selection and moral hazard problems in
the interbank/money markets (Boissay et al., 2015). We suspect both explanations likely
played a role, but our contribution in this chapter is simply to argue that standard models
of financial frictions explain more than perhaps is generally realised. Two assumptions
are helpful in generating a deep recession, consistent with that observed during the recent
financial crisis. The first is the existence of ‘overlending’. An initially high level of debt
as indeed was observed prior to the Great Recession in many developed countries, see e.g.
Schularick and Taylor (2012). Following the shock the reduction in debt presages a fall in
the capital stock. In turn the lower capital stock requires less finance and these two effects
reinforce one another and the sluggish adjustment of both stocks results in a much greater
reduction of capital, output and hours worked. We show that the higher the initial debt
to output ratio, the sharper the subsequent recession. For example, if the stock of lending
is 10 percent above its steady state level, a financial shock nearly doubles the consequent
reduction in output, compared with the case when debt is initially at steady state. The
second assumption is the existence of the zero lower bound (ZLB) on nominal interest
rates. We demonstrate that the ZLB, alone, can generate sharp and deep recessions. The
inability of the interest rate to help ‘spread’ the cost of the required deleveraging over
many periods, results in an immediate and sharp reduction in the capital stock. Once
the capital stock returns to the optimal level, further adjustment is slow. This is why the

ZLB scenario facilitates capturing the second stylised fact: Once the initial large reduc-



tion in output is corrected, the speed of further recovery is substantially slowed down as

compared to the case when monetary policy operates without constraints.

In the third chapter and the fourth chapter, I model interdependent economies to

describe channels of transmission of credit shocks between countries.

In the third chapter, we consider different degrees of financial integration between
countries and investigate their effect. The model is based on the one presented in the
second chapter, but firms can borrow from abroad. When allocating portfolios between
home and foreign corporate bonds, households face intermediation costs, which depend
on the degree of external indebtedness of the home economy. There is a risk premium if
the country is in net borrowing position. We also assume two independent monetary au-
thorities, and therefore, floating exchange rate regime, and the ability of each policymaker
to affect its own interest rate. Our main objective is to investigate how the degree of fi-
nancial integration affects international transmission of credit shocks. We also investigate
if the country size matters for the severity of recessions. Our results demonstrate that
welfare is maximised for an intermediate value of degree of financial integration. If the
intermediation cost is absent, there is large volatility of output during the period of ad-
justment, while the deleveraging is performed faster. With greater costs on international
financial flows, the deleveraging is substantially slowed down which leads to longer peri-
ods of adjustment and greater costs. We demonstrate that in two country model under
flexible exchange rate and independent monetary authorities, the effect of one country’s
credit shock has very limited effect on another country. When monetary policymakers
cooperate and choose interest rates optimally, the unaffected country can nearly elimi-
nate all aftereffects of the shock to the other country. To some extent, limited financial
integration prevents the spread of volatility across the border, however, unconstrained

monetary policy is the key to these results.

In the fourth chapter, we investigate the importance of exchange rate regime for inter-
national transmission of credit shocks. Specifically, we use the same two-country model
as in the previous chapter, but assume that both countries are locked into a permanently
fixed exchange rate regime within a currency union. We therefore ignore any issues of
imperfect credibility of exchange rate pegs and do not discuss exchange rate crises. We,
therefore, also assume that the monetary policymaker has a mandate to stabilise both
countries’ economies. We demonstrate that, unlike under flexible exchange rate regime
studied in the previous chapter, the centralised monetary policy alone is unable to stabilise
the economy. National fiscal policies must be activated to counteract asymmetric shocks.
We demonstrate, however, that the effectiveness of fiscal policy is limited. Even if it is cho-
sen optimally, fiscal policy does not eliminate cyclical patterns in economic adjustment,
which is welfare-reducing volatility of economic variables. This model demonstrates that
shocks hitting one economy, result in sharp contraction of consumption in another coun-

try. Countercyclical fiscal policy is able to avoid major recession, however. In contrast to



results in the previous chapter, the shocks propagation mechanism is much stronger under
fixed exchange rate regime. As before, we assume variable degree of financial integration

and study its importance for the propagation of credit shocks.



Chapter 2

Deep Recessions

2.1 Introduction

Almost a decade has passed since the onset of the Great Recession in 2008, but for a
number of economies recovery is slow and remains fragile. In fact, some even worry it
has ushered in a new era of permanently lower trend growth. The origins of some of
these concerns are reflected in Figure 2.1, which plots all post-war recessions for the UK,
US and Japan.! The Great Recession stands out for at least two reasons. First, in each
country the average recession is not as deep as the Great Recession. Second, in each
country the average recession experiences its lowest output growth rate at the onset of
the recession (period zero in the figure). Thereafter, economies generally return to a more
normal growth path within one or two quarters. By way of contrast, following the onset
of the Great Recession growth reached its minimum some two to four quarters later and
growth remains at the lower end of the typical post-war experience; recovery has been

slow by recent historical standards.

The role of ‘financial frictions’ in explaining these observed patterns has been identi-
fied as central by many researchers and policymakers and there is now a large and growing
body of research which seeks to provide quantitative macroeconomic models to explain
how seemingly well-functioning economies might ‘unexpectedly’ end up with financial
crises. For example, Boissay et al. (2015) demonstrate how an ‘innocuous’ positive pro-
ductivity shock can lead to rare but deep financial crises. The role of financial shocks in
generating realistically frequent recessions is discussed in Nolan and Thoenissen (2009),
Jermann and Quadrini (2012), Christiano et al. (2013) and Mumtaz and Zanetti (2016)
to mention only a few. Notably, Jermann and Quadrini (2012) propose a macroeconomic

model with financial frictions which is quite closely aligned with the US data since the

!Episods in Figure 2.1 can be identified in the available data series in the FRED FRB St. Louis data-
base. The data series are NAEXKP01JPQ657S (Japan 1960Q1-2014Q4), NAEXKP01GBQ652S PCH
(UK 1955Q1-2014Q4) and GDPC1_PCH (US 1947Q1-2015Q1). All series are seasonally adjusted.



early 1990s. The authors point out, however, that their model cannot replicate the large
reduction in hours worked and output observed during the Great Recession. Moreover,
so far researchers in this literature have generally focussed less on explaining the second

aspect of the Great Recession that we highlighted above: the ‘slow recovery’.?

In this chapter we demonstrate how a simple log-linear DSGE model with financial
frictions a la Jermann and Quadrini (2012) and with nominal rigidities a la Rotemberg
(1983) is capable of generating the observed deep recessions, and slow recoveries that we
argue are present in the data. In this model, the recession is triggered by a financial
shock which reduces the proportion of output which banks will be able to recover when
firms default. The implied reduction in bank credit requires substantial deleveraging in
the economy and this leads to a recession. This result is interesting as some have argued
that the onset of the crisis was essentially an adverse credit event (see e.g., Taylor, 2008),
whilst others attribute a large role to adverse selection and moral hazard problems in
the interbank/money markets (Boissay et al., 2015). We suspect both explanations likely
played a role, but our contribution in this chapter is simply to argue that standard models

of financial frictions explain more than perhaps is generally realised.

Two assumptions are helpful in generating a deep recession, consistent with that ob-
served during the recent financial crisis. The first is the existence of ‘overlending’. An
initially high level of debt as indeed was observed prior to the Great Recession in many
developed countries, see e.g. Schularick and Taylor (2012). Following the shock the re-
duction in debt presages a fall in the capital stock. In turn the lower capital stock requires
less finance and these two effects reinforce one another and the sluggish adjustment of
both stocks results in a much greater reduction of capital, output and hours worked. We
show that the higher the initial debt to output ratio, the sharper the subsequent recession.
For example, if the stock of lending is 10 percent above its steady state level, a financial
shock nearly doubles the consequent reduction in output, compared with the case when

debt is initially at steady state.

The second assumption is the existence of the zero lower bound (ZLB) on nominal in-
terest rates. We demonstrate that the ZLB, alone, can generate sharp and deep recessions.
The inability of the interest rate to help ‘spread’ the cost of the required deleveraging over
many periods, results in an immediate and sharp reduction in the capital stock. Once
the capital stock returns to the optimal level, further adjustment is slow. This is why the
Z1B scenario facilitates capturing the second stylised fact: Once the initial large reduc-
tion in output is corrected, the speed of further recovery is substantially slowed down as

compared to the case when monetary policy operates without constraints.

2This is despite the two-decades of slow growth affecting Japan since the early 1990s. An interesting
recent exception is a paper by Benigno and Fornaro (2015) emphasising non-linear features in a growth
model to explain ‘stagnation traps’.
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Figure 2.1: Post-war recessions in the US, Japan and UK. The data series are available
in the FRED FRB St. Louis database. The data series are NAEXKP01JPQ657S (Japan
1960Q1-2014Q4), NAEXKP01GBQ652S-PCH (UK 1955Q1-2014Q4), GDPC1-PCH (US
1947Q1-2015Q1).

The chapter is organized as follows. In the next section we present the model. We
discuss the empirical evidence and the corresponding calibration of the model in section
2.5. In section 2.6 we discuss the sequence of policy experiments, which show how to
generate stylized post-crisis dynamics like those with which we motivated this chapter.

Section 2.7 concludes.

2.2 The Model

We present a simple model with firms’ borrowing constraints a la Jermann and Quadrini
(2012) and with nominal rigidities a la Rotemberg (1983). The economy is populated by
households and firms. Firms use labor and capital to produce differentiated goods. Firms
issue equity and debt and use intra-period loans to finance working capital. Firms face
credit restrictions because financial intermediaries fear they may not repay those loans.

The detailed model of the economy is presented in this section.

2.2.1 Households

There is a continuum of homogeneous infinitely-living households of measure one who
share identical preferences and technology. Households are indexed by j. The typical

household seeks to maximize the following utility function:

Cf it ,bet1,5141

max [ Z BU (C’g, ni)
=0

where [, indicates expectations conditional on information available at time ¢; 0 < 5 < 1

is the discount factor; C; and n; are a consumption aggregate and labor supply in period



t, respectively. The period utility is:

Cil-o ity
t _ otk

1—0 14+

where o is elasticity of relative risk aversion, v is the elasticity of labour supply and

U(Ctj,n{) =

a is a ‘preference’ parameter. The households are assumed to hold equity, shares and
corporate bonds, which are for simplicity assumed to be real bonds. The household’s

budget constraint in nominal term can be written as:
ng + Poby + Qs (D + py) + Po®y = ¢ Pibyy1 + 541D + PtC;Z + P.T, (2.1)

where W, is the nominal wage rate, P, is the price of goods, p; is the market price of
shares, D, is the dividend, s; is equity holdings. P.b; is the market nominal value of
one-period real bonds b; which mature at period ¢ held by the households, ¢, is t-period
price of bonds which mature at t+1, P,®, is nominal profit from the ownership of final

good firms, 7T} is a government transfer and the nominal return on bonds is

d
Finally, €2; is a capital quality shock. The capital quality shock will serve as an exoge-
nous trigger of debt dynamics. The random variable €2, captures some form of economic
obsolescence, as opposed to physical depreciation.* We allow for occasional disasters in
the form of sharp contractions in quality as we describe later. These disaster shocks serve
to initiate financial crises. We assume that the households share the revenues of owning
firms in equal proportion. Following Woodford (2003) we consider a cashless economy.

Therefore the only explicit role played by money is to serve as a unit of account.

We assume that all households have the same level of initial wealth. As they face
the same labour demand and own equal share of all firms, they face identical budget
constraints. They all will have identical consumption paths, so we do not use individual

index.

The standard optimization of utility with respect to Cy, n; , byr1 , and s;.1, subject

to the budget constraint yields the following system of first order conditions:

anf = wC;; (2.2)
@ = Phy El (2.3)
t
il = 5Et0t—}il <dt+1 + @) Qiy1; (2.4)
I C, Py
by = qbi1+ St—i-l% +C+ T, — sy (dt + %) — wyny — Dy (2.5)

4Following the finance literature, e.g. Merton (1973), the capital quality shock is a simple way to
introduce an exogenous source of variation in the value of capital. Our treatment of this shock follows
Gertler et al. (2012).



where we defined All derivations are given in Appendix A.1. These conditions are fa-
miliar, reflecting optimal labour supply decisions, bond purchases, equity purchases and
intertemporal resource allocation. The budget constraint is written in an aggregated form.
Equation (2.3) is the standard Euler equation and determines the consumption smoothing
behavior of the households. (2.2) is the standard labour supply condition. It determines
the quantity of labor supplied as a function of real wage, given the marginal utility of

consumption. Finally equation (2.5) is the aggregate budget constraint.

2.2.2 Firms

There are two types of firms in this economy. There are flexible price intermediate goods

producers and monopolistically competitive retailers. We discuss each in turn.

Intermediate goods producers

We assume that there is a continuum of firms of measure one with a standard production
technology
Yy = F(kt, nt) == Akfng_e (26)

and all firms are equal. A is a constant productivity shifter, n; is the labor input which
can be flexibly changed at time ¢, k; is the capital stock determined at time ¢ — 1 and
predetermined at time ¢ which is consistent with the typical timing convention. 6 is the
capital share. Capital in process for period ¢+ 1 is transformed into capital for production

after the realisation of a multiplicative shock to capital quality, ;.1
kt+1 = ((1 - 5) kft + ]t) Qt+1 (27)

where [; is investment and § is the depreciation rate. The capital quality shock will
serve as an exogenous trigger of debt dynamics. The random variable €);,; captures
some form of economic obsolescence, as opposed to physical depreciation.” We allow
for occasional disasters in the form of sharp contractions in quality as we describe later.
These disaster shocks serve to initiate financial crises. Firms use equity and debt to
finance their operations. They prefer debt, b;, to equity because of debt’s tax advantage,
74 see, Jermann and Quadrini (2012). This is also the assumption made in Hennessy and
Whited (2005).

The budget constraint can be written as:

P, b W, U (D, D,_
_tF(kt»”t)+t—+1=bt+—tnt+]t+M

2.8
By R, B By (28)

Following the finance literature, e.g. Merton (1973), the capital quality shock is a simple way to
introduce an exogenous source of variation in the value of capital. Our treatment of this shock follows
Gertler et al. (2012).



where P,,; is the nominal price of produced intermediate goods, Ry = 1 + ry(1 — ;) is

the after tax return on bonds, and 1 + r; = f{—ﬁ U (Dy, D;_1) is the nominal payout to

shareholders.

We assume that firms raise funds via both intertemporal debt, b;, and an intra-period
loan, L, , to finance working capital. They pay back the interest-free intra-period loan
at the end of the period. Firms start the period with intertemporal debt b; and they
choose labour, investment in capital, the dividend, D; , and new intertemporal debt, b, 1,
before producing. Therefore the payments to workers W;n,, suppliers of investment goods
P, 1, shareholders ¥ (D, D;_1) and bondholders P;b; are made ahead of the realization of

revenues. The intra-period loan contracted by the firm will cover these costs as follows:

best
R,
From here and the budget constraint L; = Py, F'(k;,n;) is repaid at the end of the period

L, =PI+ W+ VU (D, Dy_y) + Piby — P

and is free of interest.

The ability of firms to borrow is bounded because they may choose to default on their
debt. Default arises after the realization of revenues but before repaying the intra-period
loan. The total liabilities of the firm at that time are L;+ P,qb;11, where ¢, is t-period
price of bonds which mature at t+1, as it will need to pay back the loan and buy back
all the bonds. The total liquid resources of the firm are L; = P, F'(ki,n;). These can
be ‘diverted’ by the firm and so cannot be recovered by the lender after a default. Then,
the only asset available to the lender is capital Pk, ;. Following Jermann and Quadrini
(2012), we assume that the liquidation value of capital is unknown at the moment of
contracting the loan. With probability Zeét the full value Pk, will be recovered, but
with probability 1—Z=et the liquidation value is zero. Therefore the enforcement constraint
will be as follows:

Zett (Pikyyr — Piqibisr) > PoiF (kiymy). (2.9)

This constraint is derived based on the renegotiation process between the firm and the
lender in the case of default. The derivation is given in Appendix A.3. By increasing the
level of debt the enforcement constraint becomes tighter. On the other hand, increasing
the stock of capital relaxes the enforcement constraint. Most of the enforcement constraint
used in the literature shared these properties. The probability Zeé is stochastic and
depends on uncertain markets conditions.® We call this variable as "financial shocks",
because it affects the tightness of the enforcement constraint and, therefore, the borrowing
capacity of the firm. Notice that Ze®t is the same for all firms. Hence, there are two sources

of aggregate uncertainty in our model: productivity e* and financial Ze®t but we do not

6The variable Zet could be interpreted as the probability of finding a buyer. Because we assume that
the search for a buyer is required for the sale of the firm’s capital. The probability increases when the
market conditions improve.
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include productivity shocks for in our exposition. Since there are no idiosyncratic shocks,

we will focus on the symmetric equilibrium where all representative firms are the same.

We can slightly modify (2.9), to see clearly how the shock Ze®t affects the economy.
Suppose the case in which 7 = 0 so that R = 1 4 r. Using the budget constraint (2.8)
to substitute for Pk, 1 — P,q;b;11 and remembering that the intra-period loan is equal to
the revenues, Ly = P, F'(k;,n;), the enforcement constraint can be rewritten as

Sebt
1 — Zeé

At the beginning of the period k; and b; are given. The firm have control only over the

(P (1= 8) ky — Pby — Winy — W (Dy, Dy 1)) > PoF(ky,my)

input of labor, n;, and the equity payout, W (D, D;_1). If the firm wishes to keep the
production level unchanged, a negative financial shock (lower Ze®t) requires a reduction
in equity payout ¥ (D;, D;_1) or employment. In other words, the firm is forced to raise
its equity and cut the new intertemporal debt. Thus, the flexibility with which the firm
can change its financial structure, i.e., the composition of debt and equity will determine

if the financial shock affects employment.

The firm’s nominal payout to shareholders is assumed to be subject to a quadratic ad-
justment cost which is a way to formalize the rigidities affecting the substitution between

debt and equity:

D, 2
\Il (Dl‘nthl) = Dt + K D — 1 Dt

t—1

where the nominal equity payout D; is given and x > 0 is a parameter.”

The parameter « is key for the role of financial shocks. Since when x = 0 the economy
is almost frictionless, therefore debt adjustments caused by financial shocks can be quickly
assisted through changes in firm equity. When x > 0, it is costly to substitute debt and
equity and firm’s readjustment becomes slowly. As a result, financial shocks will have a

substantial effect on macroeconomic situation of a country.

Each firm maximizes profit subject to budget constraint (2.8) and enforcement con-

straint (2.9), so the Lagrangian is:

00 D ~ Pm
L = ;mo,t (FZ + Ly (:eft (kir1 — qibiyr) — ?:F(k;t,nt))
P b W,
"‘)\t ((1 — (5) kt + ?;F(kt,nt) -+ %tl — bt — ?jnt

kt—i—l Dt ( Dt )2 Dt
Qt—i—l ( Pt Dt—l F)t

"One way of thinking about the adjustment cost is that it captures the preferences of managers for
dividend smoothing. Lintner (1956) showed that managers are concerned about smoothing dividends
over time, a fact later confirmed by subsequent studies. This could obtain from agency problems.
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where m, ;.1 is the stochastic discount factor, i, and )\, are Lagrange multipliers.
The first order conditions are (2.8), (2.9) and derivatives with respect to ng, ki1,

bt+17 Dt7 :ut7 )\t:

0 = (M — pg) XeFn(ke, i) — Mwy (2.10)
At
0 = pZet —
H Qur
C—O’
+5Et0t—j; (()\t—H - Mt“) Xi1 Fr(kisn, mign) + Aegr (1 — 5)) (2.11)
t
by 1 o
0 = 22— ,=eb — BE,—1 ) 2.12
R, py=e T 5t0t_a t+1 (2.12)
c-2 D D?
0 = 1+B8E—L \.2 1) 2 2.13
+ 3 thHCt_g t+12K D, D2 ( )
D, D, ( D, >2
X142k -1 + kK -1
t ( <Dt_1 > Dy Dy
0 = Ze& (ki1 — @ebigr) — XoF(Ke, ne) (2.14)

b
0 = (1—5)kt+XtF(kt,nt)+%—bt—wtnt

t

k D D *D
B - —t+m< ‘ —1) —L (2.15)
Vi1 B Dy Py
- Pmt o Wt _ t . . . . .
where X; = —, w; = — and II; = is gross inflation, F),, and F}, are derivatives of
P P, Py

F(k¢,ny) respect to n and k. All derivations are given in Appendix A.2.

Equation (2.10), the optimal condition for labor indicates that the marginal produc-

)\twt
(At —p) X

becomes tighter, the effective cost of labor rises and its demand falls. Therefore, financial

tivity of labor is equal to the marginal cost ( ). As the enforcement constraint

shocks could transmit to the real sector of the economy through the demand of labor.

To get further insights, it will be convenient to consider the special case in which the
cost of equity payout is zero, that is, K = 0. In this case \; = 1 (see condition (2.13)) and
condition (2.12) becomes u,Ze’t lf’;t + RtﬁEt%)\tH = 1. This denotes that there is a
negative relation between Zet and the multiplier 4, taking as given the aggregate prices

Ry, r, and my 1. In other words, lower probability of recovering firm’s capital make the
enforcement constraint tighter. Then from equation (2.10) we see that a higher p, implies

a lower demand for labor.
This mechanism is strengthened when x > 0. In this case readjusting the financial

structure becomes costly, and the change in Ze® induces a larger volatility in pu,. Of

course, prices will be affected by the change in the policies of all firms.

12



Retailers

We introduce nominal rigidities a la Rotemberg (1983). Each final good producer i buys
goods at price P,,;, and repackages them, producing the final good, which may also be
costlessly transformed into capital. It sets its optimal price p! and produces quantity

Y (). The firm faces a familiar demand for its good

(i) = (%)Y

Here the elasticity of substitution between any pair of goods is given by ¢ > 1. Firm

chooses price p! which solves the following optimization problem:
e’} pZ P w pZ 2
E Y Ly i (B < S I %
2 m (ayt PR (pzl ) )
o] pl 1—¢ P . pZ —€ w pZ 2
- E Y Vi—-— (&) Vi—-=(=-+-1)Y
tgmt’ (Pt> "B (Pt> b2 (ph ) '

; 2
where % (pip—t - 1) Y; represents the cost of adjusting prices.
t—1

The aggregated first order condition is:

Crs Y,
w (I, — DI = (1 — &) + X, + whB—=L (T, — 1) ==
C; Y,

The derivation is given in Appendix A.2.2.

Finally, the profit ®, in the household budget constraint can be found from the aggre-

gation of firms’ budget constraints:

P = BY, = PuYs — 5 (I = 1) VP, (2.17)
2.2.3 Government

The government collects taxes and pays it as transfers and government spending:

br b
T, = —— —— 2.18

! Rt 1 + Tt ( )
Gt = T;U'U}tnt -+ T?dt + Ttx}/;g (219)
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2.2.4 Private Sector Equilibrium and Market Clearing

Private Sector Equilibrium is determined by the system (2.2)-(2.5), (2.8), (2.9), (2.10)-
(2.13), (2.16). We substitute out equations which determine share prices, and arrive to

the following system

0 = ()\t — ,Ut) XtFn(k)t, nt) — /\twt (220)
_ At — ¢ Cih Yin
0 = — + My =€ t 4 BEt = (>‘t+1 — ILLtJrl) Xt+10 + >‘t+1 (1 — 5) (221)
Qt+1 Ct kt+1
¢ — ¢ iy Ca
0 = = —p,Ze — BB, 2.22
R, MR T, T Pligsa A (2.22)
Ci% A d d 2
0 = 1+42k8B, 2250 (224, —1) ( =21 2.23
+ 23 tCt,U M., \ d, t4+1 4, ( )
dt dt dt ?
“M(1+2x(—1I, —1) —1I —1II, -1
t( i “(dt_l t )dt_l t”(dt_l t )
XY, = Ze& (k1 — b s (2.24)
1+
b k d 2
= htwm A — — (1 =0k d |14k (—tnt— 1> (2.25)
R, Qi di—
- XiYy
_ Cid Yir
W (Ht - 1) Ht = (1 - 8) + €Xt + wﬁEtF (HtJrl - 1) Y, Ht+1 (226)
t t
1144 Cra
= [E,— 2.27
1+ p o (227)
an? = w,C;° (2.28)
where Y, = Akfng’e, Ry =14 r(1—my).
Finally, the resource constraint yields
k d 2w
}/%:Ct+ t+1 _(1_5) k‘t+/{(—tﬂt—1> dt+_(Ht_1)2}/;f (229)
Qi1 di—1 2

and system (2.20)-(2.29) is used to determine equilibrium variables for A, u,, Xy, C, ky,

[Ty, ny, dy, wy, by given the policy instruments i; and 7. The derivation of resource con-

straint is given in Appendix A.4.

2.3 Linearisation

z
For every variable z; with steady state z # 0 we denote z; = log “ . We linearise the
z

system around the steady state to yield:
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R (X >+Xt+6’k:t Oy (2.30)

I —p
~ Y A~ . A A
)\t = 6 (XQE )\t+1 - MNt—l—l) + X‘g 2 ( ,u) <9kt+1 + (1 - 9) N1 — kt+1 + Xt+1)
~ (1= pZ)oCia + (1-9) xm) +1E (fu+&) +B(1-pZ)oCs  (23D)
A “ 1—17) /. A rT
0 = 6 <0'Ct — UCt—‘,—l + >\t+1> — E (At ( ﬁR ) (Zt — Ht-i—l) + ETt) (232)
Eno (. s . »
+1 T (Nt +&— +Ht+1>
j\t = 2I€ﬁ (ﬂt+1 + CZtJrl - Czt) — 2K (ﬂt + th - th,1> (233)
o, = — (k (Fei +8) - b (s =0+ Ta +8) ) = (1= 0) i — X, (239)
XY o1+ !
. - - . b (- 1—7) /. = rT .
Kk = XY (Xt 0k + (1—6) nt> 2 (bm _ | BR ) (Zt - Hm) + E”) (2.35)
—wn (b + i) — bby — ddy + (1 — 6) ki,
o eX - A
Ht — _Xt ﬁEth+1 (236)
A 1 /. ~
Ct = Ct_|_1 - — <@t — Ht+1> (237)
g
’lI)t = 'QZ)'th + O'Ct (238)

The linearisation of equations and steady states are given in Appendix A.6 and A.5.

2.4 Policy

Monetary policy is assumed to behave optimally, minimizing an ad hoc welfare loss, given
by the objective .
L= EO% > s (Hf + 56, V2 + 3, (i — fzt_l)Q) .
t=0
Thus we assume that the policymaker has objectives over inflation and output, Y, =
Hl%ﬁ—(l — 0) ny, as well as over interest rate smoothing. This policy objective has significant

empirical support, one recent discussion can be found in Chen et al. (2014).%°

Note that the interest rate may be constrained by the ZLB. We compute numerically
the implications of such a restriction using the approach developed in Laséen and Svensson
(2011) and extended to the case of discretion in Chen et al. (2014).

8See also estimation of policy objectives in e.g. Dennis (2006), Ilbas (2010) and Givens (2012).

9We can derive microfounded objectives for some other classes of policies using approach developed by
Schmitt-Grohe and Uribe (2004). The comparison of those policies for different specifications of objectives
allows demonstrates great robustness of results to specifications of policy objectives.
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Figure 2.2: Historical data in the US. Data sources: NIPA and FoF tables.

2.5 Calibration

The model is calibrated to a quarterly frequency. We fix § = 0.9825. The capital
depreciation rate is set to 6 = 0.025. The capital ratio in production function is set to
0 = 0.36, and the mean value of A is normalized to 1. The tax wedge which corresponds
to the advantage of debt over equity is determined to be 7 = 0.35, and the dividend

adjustment cost parameter set to k = 0.146 as in Jermann and Quadrini (2012).

We calibrate the steady state debt to output ratio to match the data. The quarterly

ratio of debt to output for the non-financial business sector is 3.25 over the sample period

16



1984:1-2010:11, see the top panel in Figure 2.2. In order to match that, we set the steady

state value of the financial variable, = , to 0.1634.1°

Parameters of the household utility function are determined as follows. The calibration
of the Frisch intertemporal elasticity of substitution in labor supply, v, is assumed to be
equal to 1 and the risk aversion parameter is: ¢ = 1. The relative weight on the disutility

of labour, o = 1.8834, is chosen so as to set steady state hours worked equal to 0.3.

We calibrate the measure of price stickiness, w = 80, in a way that corresponds to a
probability of firms changing prices every 3 quarters (in a corresponding Calvo model).
The elasticity of substitution between any pair of goods ¢ is equal to 11 in steady state

which gives a 10% mark up.

Parameters of the policy objective function are chosen to be sz, = 0.5 and s, = 0.6,
see Chen et al. (2014)."

It remains to calibrate the shock and the initial states to simulate the scenarios of
interest. The second panel in Figure 2.2 plots the historical data of corporate debt to
output ratio (quarterly). The average value of this ratio during 1984-2009 is 3.25. The
peak of 3.87 in 2008 was somewhat above the average value, and the consequent reduction
to 3.55 in 2011 constitutes a reduction of about 10% relative to its peak. We use these

numbers as a guide to our simulations.

Note that the model suggests the following steady state relationship

b ey (2R e
Y 42—&—5(1—5)) 5(2—6%%—5(1_5)) Be

(1] —

so that a reduction in the debt to output ratio can be explained by a reduction in the
recovered share of output, =, as all other parameters are structural. Rough calculations

indicate that a shock of about 10% is not unreasonable.

Based on this evidence, we consider an AR(1) credit shock é’t = pét_l + £; with persis-
tence p = 0.95, and we examine the dynamic implications of a negative 10% innovation

in Et.

0Data sources: NIPA and FoF tables. The calculations follow Jermann and Quadrini (2012).
' The results are very robust to wide range of parameters », and s, between zero and one.
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Figure 2.3: Ten years of positive productivity shock

2.6 Discussion

Jermann and Quadrini (2012) demonstrate the ability of an RBC-type model with finan-
cial frictions to explain the three episodes of recessions. As the authors note, it is evident

that the model fails to account for the depth of the Great Recession.

In this chapter we claim that deep recessions can still be generated by a very similar
model. To support this claim we run two numerical experiments. In the first experiment
we demonstrate how an initial state with ‘excess’ lending results in deeper recessions
following a financial shock. In the second experiment we demonstrate how ZLB on interest

rates may results in a large reduction in output.

2.6.1 The effect of over-lending

We start with the baseline scenario of a negative credit shock, impacting the economy
which is initially at steady state. Such a shock reduces the proportion of output which
banks will be able to recover in the case of default. Banks lend to firms at the beginning
of the period, so that firms are able to pay wages. As the enforcement constraint is always
binding, the difference between bonds and capital is covered by a loan. As the financial
shock reduces the probability of recovery, the amount of bank lending falls. Firms which
are not able to obtain funds up front have to deleverage or reduce production. Firms
reduce their labour demand, produce less output and also pay lower wages, see Figure
2.4. The equilibrium prices of intermediate goods and final goods fall as a result of lower
income and lower demand. Firms reduce the amount of borrowing. Both constraints for

firms are tightened, as the values of the Lagrange multipliers indicate.
In response to lower inflation and output the central bank reduces the nominal interest

rate sufficiently to guarantee a reduction in the real rate. Low real interest rates result in

falling consumption profile over time.
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Lower interest rates also make it easier for firms to pay out the existing stock of
corporate debt, so it helps to reduce the debt stock quickly. In addition, output falls by

less than wages, profits of firms fall and so dividends fall.

The reduction of output doubles if the financial shock requires greater deleveraging.
We can illustrate this in the following scenario. Suppose the economy suffers from an one-
off but permanent ‘capital quality’ shock where agents suddenly realise that the level of
accumulated debt is above the current level of the underlying capital stock. The resulting
deleveraging brings the level of debt down towards the steady state level of new, quality-
adjusted capital. In figure 2.4 we assume that the over-lending is 10 percent, i.e., as a result
of the permanent contraction in capital quality the initial debt to output ratio is exactly
10 percent higher than its steady state level in the economy with quality adjusted capital
stock. Such a degree of over-lending may be plausible, see Section 2.5. Moreover, this
excess can easily be achieved in this model, see Figure 2.3, which demonstrates that the
stock of outstanding corporate debt accumulates more than the required 10 percent above
the steady state level in the course of 10 years.'> This high initial level of debt requires
greater deleveraging than in the default scenario. Following the shock the reduction in
debt reduces the capital stock and the lower capital stock requires less financing. These
two effects reinforce each other and the sluggish adjustment of both stocks results in much
overshooting of debt below the steady state in the course of adjustment. As a result, there
is greater reduction in labour demand and wages, and much lower inflation. The interest
rate falls by more, not only because of inflation, but because it also helps to stabilize debt
— and thus all policy-relevant variables — faster. The reduction in output and labour

doubles, which is consistent with the evidence presented in Figure 2.4.

However, in the process of this adjustment, the optimal interest rate violates the ZLB.

Therefore, next we discuss the implications of the ZLB on the dynamics of the economy.

2.6.2 The effect of ZLB

The effect of ZLB is illustrated in Figure 2.5. We compare two scenarios: the first one is
the default case of ‘unconstrained discretion’, discussed in the section above, where the
interest rate can move below the ZLB, and the second scenario, where such movements
are prohibited. When the optimal interest rate is constrained by the ZLB, the recession is
deeper. Inflation does not fall immediately but adjusts with a delay and converges back
to the steady state, and is higher than in the previous scenario without the ZLB. When

the financial shock occurs both constraints are tightened and the interest is reduced but

12Boissay, Collard, and Smets (2015) discuss that the ‘average’ development before the deep recession
is a period of positive productivity shocks, their model suggest at least 10 years of AR(1) productivity
shocks with p, = 0.9 and standard error of 0.013. We stick to Jermann and Quadrini (2012) calibration of
the model and we hit the economy with positive AR(1) productivity shocks with p, = 0.95 and standard
error of 0.008.
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Figure 2.5: The effect of ZLB and an AR(1) negative credit shock with persistence p =
0.95.

not as much as the policymaker would like. The enforcement constraint is tightened much
more than in the ‘no ZLB’ scenario, see Figure 2.5. As the interest rate on debt remains
‘too high’, greater deleveraging is required. Consumption drastically falls, and so does
output and demand. Both bond and capital stocks fall quickly and by large amounts.
Wages and labor fall instantaneously. The absence of monetary intervention results in a

deep recession.

As capital and labour fall, the production of intermediate goods fall too. The supply
of intermediate goods is greatly reduced, much lower than the demand for final goods.
As a result, the initial-periods price of intermediate goods rises, and so does inflation.
However, expected inflation remains negative. Together with relatively high interest rate
this results in only a small reduction of the real interest rate and so consumption falls

only slow over time. As a result, we observe reduction in consumption and investment
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reflecting the reduction in output in the first few periods following the shock.

Once the initial-periods capital and debt de-accumulation is done, the constraint is
weakened substantially. There is no further need to reduce bonds and capital quickly,
and no need to restrain investment as much. Investment remains negative, but somewhat
higher than in the first several periods. Intermediate goods firms increase output, and
the price of intermediate goods falls to equalize demand and supply. Therefore, inflation
falls as costs fall. Inflation is negative and it is optimal to keep the interest rate below the
steady state level in order to stabilize the economy, but the interest rate does not need to
be below the ZLB. We show that it is optimal to slightly raise the interest rate above the
Z1LB. The higher interest rate increases the real interest rate, but it still remains below
the steady state level. As such, consumption continues falling to match the desired path
for capital and supply. At some point the optimal deleveraging is achieved, the real rate
rises back to the steady state level and above so that expected future consumption is
higher than current consumption. Finally, consumption and demand start rising, prices
and inflation rise and the economy converges back to the steady state. The adjustments
is however slow and the growth rate of the economy, measured by ; — 3;_1, is noticeably

slower than in scenarios with no ZLB.

Note that this model requires convergence to the well-defined steady state. That means
that the economy grows faster when recovering from a negative shock than if it were not
hit by a shock at all. However, we compare the speed of recovery in different scenarios
after a negative financial shock. We have shown that an initial stock of overlending results
in higher output growth rate and the ZLB results in lower growth rate along the most
of recovery path, excluding several initial periods. The effect of the ZLLB dominates, see
Figure 2.6. In the Figure the economy is hit by a financial shock when there is 10%
overlending, and there is a restriction on interest rate movements below the ZLB. This
simple superposition of two scenarios generates a very substantial reduction in output, and

slow recovery. The slow recovery is the ‘cost’ of rapid deleveraging, due to the presence
of ZLB.

2.7 Conclusion

In this chapter we demonstrate how a simple model with borrowing constrained firms
is able to replicate two empirical facts, observed during the recent financial crisis. We
demonstrate that, in response to a moderate financial shock, the economy may gener-
ate a very deep recession. Two assumptions are helpful in generating a deep recession,
consistent with that observed during the recent financial crisis. The first is the existence
of ‘overlending’. We show that the higher the initial debt to output ratio, the sharper

the subsequent recession. For example, if the stock of lending is 10 percent above its
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steady state level, a financial shock nearly doubles the consequent reduction in output,
compared with the case when debt is initially at steady state. The second assumption
is the existence of the zero lower bound (ZLB) on nominal interest rates. We show that
if the interest rate is constrained by the zero lower bound the dynamics of the economy

involve a ‘stagnation’ period, when the recovery is very slow.
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Chapter 3

Two country model with flexible
exchange rate

3.1 Introduction

Financial crisis of 2007 has started as a subprime lending crisis, affecting one sector in
one country. It quickly spread to many other countries. Financial interdependence of

economies must have played a key role in international transmission of shocks.

In this chapter and the next chapter, I model interdependent economies to describe

channels of transmission of credit shocks between countries.

The role of credit shocks for macroeconomic fluctuations has been investigated pri-
marily in closed economy models, see Christiano et al. (2009), Gertler and Karadi (2011),
Goldberg (2010), Guerrieri and Lorenzoni (2010), Khan and Thomas (2010), Jermann and
Quadrini (2012), and Liu et al. (2013). We have studied closed economy in the second
chapter of this thesis.

Recently, Perri and Quadrini (2011) use a two-country model with financial market
frictions to demonstrate how financial shocks may transmit from one country to another.
It crucially relies on financial integration between countries. Domestic and foreign firms
are able to borrow at a global financial market at the same interest rate. They demonstrate
how a shock, which originates in one country, creates a shortage of liquidity in both

countries and results in an international recession.
In this chapter, we present a different model. We do not assume complete financial

integration, but rather consider different degrees of financial integration and investigate

their effect. The model is based on the one presented in the second chapter, but firms
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can borrow from abroad. When allocating portfolios between home and foreign corpo-
rate bonds, households face intermediation costs, which depend on the degree of external
indebtedness of the home economy. There is a risk premium if the country is in net bor-
rowing position. We also assume two independent monetary authorities, and therefore,
floating exchange rate regime, and the ability of each policymaker to affect its own interest
rate. Compared to Perri and Quadrini (2011) we have much less of financial integration
between countries. Our main objective is to investigate how the degree of financial in-
tegration affects international transmission of credit shocks. We also investigate if the

country size matters for the severity of recessions.

Our results demonstrate that welfare is maximised for an intermediate value of degree
of financial integration. If the intermediation cost is absent, there is large volatility of
output during the period of adjustment, while the deleveraging is performed faster. With
greater costs on international financial flows, the deleveraging is substantially slowed down
which leads to longer periods of adjustment and greater costs. We demonstrate that in two
country model under flexible exchange rate and independent monetary authorities, the
effect of one country’s credit shock has very limited effect on another country. When mon-
etary policymakers cooperate and choose interest rates optimally, the unaffected country
can nearly eliminate all aftereffects of the shock to the other country. To some extent,
limited financial integration prevents the spread of volatility across the border, however,

unconstrained monetary policy is the key to these results.

This chapter is organized as follows. In the next section, we outline the model. Section
3.3 covers the linearised version of the system of equations. Section 3.4 describes the
calibration of the model. Section 3.5 describes the social welfare measure. The policy

set-up is given in Section 3.6. Section 3.7 discusses results, section 3.8 concludes.

3.2 The Model

We present a simple two-country model with financial frictions and with incorporated
nominal rigidities a la Rotemberg (1983). The world economy is populated by a continuum
of agents on the interval of [0; 1]. The population on the segment [0; n) belongs to country
H (Home), while the segment [n;1] belongs to country F (Foreign). Each economy is
populated by households and firms. Firms use labor and capital to produce differentiated
goods. Firms issue equity and debt and use intra-period loans to finance working capital.
Firms face credit restrictions due to uncertainty of recovering these loans. Preferences
reflect home bias in consumption. The detailed model of the economy is presented in this

section.
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3.2.1 Law of One Price, The Terms of Trade and Relative Prices

We assume that the law of one price holds, implying pri(2) = Epi,(2), pai(2) = Epl,(2)
for all z € [0,1] where E; = [H]/[F] is the nominal exchange rate, that is the price of
foreign currency in terms of home currency, and pj,(z) is the price of foreign good z
denominated in foreign currency (Of course, the holding of one price does not imply that
PPP holds, unless we assume the absence of home bias). We define the terms of trade is

the relative price of imported goods:!

_ Pr

S, = =
*7 Py

The real exchange rate — the ratio of CPI inflations, expressed in domestic currency —

is defined as
_ EpPy

Q )

3.2.2 Domestic Households

The home economy (H), is populated by a continuum of homogeneous infinitly-living

households who share identical preferences and technology and maximise the expected

lifetime utility Eo > oo, B°U (Cy, ny), with aggregated period utility
Ctl—a ni-ﬁ-?ﬁ

U(C’t,nt) = —

1l-0 a1+¢ (38-1)

where C}; is private home consumption, n; is home labor, 5 is the discount factor, Eq is
the actuarial expectation at time ¢ = 0. Furthermore v > 0 measures the labor supply
elasticity, ¢ > 0 measures the elasticity of consumption, « is a preference parameter. We
assume home bias in consumption. In more detail, a composite consumption index, Cj,
is defined as a Dixit-Stiglitz aggregator of the continuum of goods i € [0, 1] produced in

the foreign country and home?

1 n—1 1 n=1\ n—1
Cy = <(1 =) Cyi +y7Cpf )

Parameter n > 0 is the intratemporal elasticity of substitution between home and foreign
consumption goods. Parameter v € [0,1] is the weight of imported goods in private
home consumption and is inversely related to the degree of home bias in preferences.
Another interpretation for 7 is as a natural index of openness or the import share. The

import share depends on (1 — n) which is the relative size of foreign economy, and on w

'Let a "*" denote foreign variables.
2The same relationship can be written in per capita terms.
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which is the degree of trade openness. It yields v = (1 — n)w. We assume home bias in
consumption:

l—-vy=1-(1-n)w) >v" =nw"

which implies

l—nw">(1-n)w

Similarly, home bias in foreign preferences requires 1 — 4* > + which again implies
l—nw">(1-n)w

Chy: and Cp; are domestic consumption sub-indexes of the continuum of differentiated

goods produced respectively in country H and F given by the CES functions

Cyp = ((%)1/;%@)?(12);1, Cry = ((1in>

where each consumption bundle Cy; and Cr; is composed of imperfectly substitutable

:\
=
o
&l
~
—~~
R
N—
o7
QL
N
\—/
i

varieties of goods z € [0, 1] produced within a given country with elasticity of substitution
e> 1.

The aggregated nominal intertemporal budget constraint at time t for household ¢

belonging to country H is given by

' ( i Aiﬂ B§+1Et
/ Pin(2)Cin(2) + Pr(2) ()= + 221 "
: i (i) (2R

< A+ BEA (1 —1)Wing+ ((1 = 7) Dy + Pst) 8¢ — se41Pse + T} + P ®,

Pyi(2) and Pry(z) are price indices of domestic and foreign (imported from country F)
goods z, where the latter is expressed in domestic currency. A; is the one-period domestic
corporate bond held by domestic households (real bonds, in terms of domestic prices), B;
is the one-period foreign corporate bonds held by domestic households, W/ is the nominal
wage and T} denotes lump-sum taxes/transfers. 7% denotes a country specific tax on
nominal income and E; is the nominal exchange rate, given as the price of one of unit
foreign currency in terms of home currency. Pp;®; is nominal profit from the ownership
of capital-producing firms and retailers (note that ®, = ®¢ + ®F). Here s, is the domestic
share of equity which is wholly owned by domestic households, D; denotes the equity
payout paid to the shareholders, Ps; is the market price of domestic shares, 7¢ denotes
the tax on equity payout. We assume that the households share the revenues of owning
firms in equal proportion. Following Woodford (2003) we consider a cashless economy.

Therefore the only explicit role played by money is to serve as a unit of account.
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We introduce incomplete financial markets as in Benigno (2009).®> Domestic house-
holds hold domestic equity shares s; and noncontingent bonds issued by firms of home and
foreign countries. Households of country H can trade in two nominal one-period, risk-free
bonds. Bonds A; are issued by home firms and are denominated in home currency, bonds
By are issued by foreign firms and are denominated in foreign currency. Households be-
longing to country H have to pay an intermediation cost, if they want to trade in the
foreign bond. These costs are determined by the function ¢(-). Function ¢(-) depends on
the real holdings of the foreign assets in the entire economy, and therefore is taken as given
by the domestic households. If a household belongs to a country which is in a ‘borrowing
position’ (B;11 < 0), it will be charged with a premium on the foreign interest rate and if
the household belongs to a country which is in a ‘lending position’ (B;y1 > 0), it receives
a rate of return lower than the foreign interest rate. Along with Benigno (2009) we need
the following restrictions on ¢(-): ¢(0) =1 and ¢(-) is 1 only if B; = 0. Furthermore ¢(-)

has to be a differentiable, decreasing function in the neighborhood of zero. ¢'(0) = —y.*

The intermediation profits f, are defined analogous to Benigno (2009)

Bg+1Et 1
14 4f Ei{Bii1
1+if) \ ¢ <T+>

t

-1

t:

and shared equally among foreign households. The domestic budget constraint is then
given as

Al Bi . E,
P,Cy + $p4q Pgy + —H 4 L
t“t t+14 St 1+Zt <1+Z>tk>

< A+ BE A+ (1 —1)Winj+ (1= 7¢) Dy + Pst) se + T} + Py @y

+ Fy

The optimal allocation within each variety of goods z yields per capita relationships

c(2) = 1 <th_<Z)> - Cuny eml(2) = 1 (th(Z))_e o

n PHt _l—n PFt

for all z € [0, 1], where

1 1
1 [ T 1 1 T—e
P — - 1—5d P — - l—ed
Ht <n/0 th(Z) Z) y LFt (1_n/n th(Z) 2)

are the price indexes for domestic and imported goods, whereby the latter is expressed
in domestic currency. Note as € rises, the individual goods become closer substitutes and

therefore the individual firms have less market power.

Finally, the optimal condition of expenditures between domestic and imported (for-
eign) bundles of goods is given by®

P -n P -n
Cur=(1-7) (?Htt) Cy and Cpy =y (ﬂ) Ci

3See Benigno (2009) for a generalized asset trading framework, that follows Ghironi et al. (2006).
4We assume it is convex and can be approximated by ¢(z) = 1 — yz + Ya°.
5The same relationship can be written in per capita terms.
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where z denotes the good’s type or variety and py(2), pri(z) are prices of individual

home and foreign produced goods.

where P, = [(1 — )Py, + 7 Pp; "] = , P, is the consumer price index (CPI) in coun-
try H and Ppgy, Pr; are domestic and foreign goods price indices. Note that if the econ-
omy 1is closed, v = 0, the CPI equals domestic prices. Correspondingly we can write
total consumption expenditures by domestic households as P,C; = Py;Cy; + PrCry. The

aggregated budget constraint can therefore be rewritten as

(1 - T;ﬂ) thni + A; + BZEt + ((1 - 7—?) Dt -+ PSt) St + 7—’; -+ Pth)t
Ai—t—l B§+1Et

+ St+1PSt + PtCt (32)

We assume that all households in the same country have the same level of initial
wealth. As they face the same labour demand and own equal share of all firms, they face
identical budget constraints. They all will have identical consumption paths, so we do

not use individual index within each country.

We maximize (3.1) with respect to (3.2) and arrive to the following system

c;y°
=A 3.3
P, t ( )
(0
We o om (3.4)
By Cy7(1—1¢)
1 C.5
0 o (3.5)
1 c.% FE E.B
— = BE, t4+1 _ t+1¢( t t+1> (3.6)
1+ 1 Cr 7 By P,
O—O'
Pg, = B —— ((1 = 7%4) Dis1 + Psit) (3.7)
HHtJrlOt
(L=7)Wine + A+ BB+ (1 — 7)) Dy + Pst) s + T, (3.8)
A By Ey

- —|—S PS +PC
1414, (1—1—2”{)@5(&%“) t+1475¢ tCt

All derivations are given in Appendix B.1. Equation (3.5) is the standard Euler equa-
tion and determines the consumption smoothing behavior of the households. Equation
(3.6) is the Euler equation derived from the optimal choice of the foreign bond. (3.4) is
the standard labour supply condition. It determines the quantity of labor supplied as a
function of real wage, given the marginal utility of consumption. Finally equation (3.8)

is the aggregate budget constraint.
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The incomplete financial market framework generates deviations from the uncovered
interest parity (UIP). Combining (3.5) and (3.6) yields the optimal portfolio choice of the
households of country H

E E,B
(141i) = By (14 i) =g [ 222 (3.9)
E, P,

[0) (%j“) can also be interpreted as a risk premium term on the interest rate. If the
economy is a net debtor, the domestic interest rate is above the foreign interest rate and
if the economy is a net creditor the domestic interest rate is below the foreign interest
rate. Therefore movements in the net foreign asset positions affect the interest differential

between the two countries.

3.2.3 Foreign Households

Similarly the foreign economy is populated by a continuum of homogeneous infinitly-living
households who share identical preferences and technology and maximise the expected

lifetime utility Eo > o, 8'U (Cf,n}), with aggregated period utility
C::lfa n:1+1/1

U(C},n;) = 1_U—a1+w

(3.10)

where Cf is private foreign consumption, n; is foreign labor, 3 is the discount factor, Eq
is the actuarial expectation at time ¢t = 0. Furthermore ¢ > 0 measures the labor supply
elasticity, ¢ > 0 measures the elasticity of consumption, « is a preference parameter. We
assume home bias in consumption. In more detail, a composite consumption index, Cf,
is defined as a Dixit-Stiglitz aggregator of the continuum of goods i € [0, 1] produced in

the foreign country and home®

1 *77—1 *l *B n—1

Parameter n > 0 is the intratemporal elasticity of substitution between home and
foreign consumption goods. Parameter v* € [0, 1] is the weight of foreign imported goods
in private foreign consumption and is inversely related to the degree of foreign bias in
preferences. Another interpretation for v* is as a natural index of foreign openness or the

foreign import share. The foreign import share depends on n which is the relative size of

6The same relationship can be written in per capita terms.
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home economy, and on w* which is the degree of trade openness. It yields v* = nw*. We

assume home bias in consumption:
1—7">y
which implies
l—nw">(1—-n)w
Similarly, home bias in foreign preferences requires 1 — + > v* which again implies
(1-(1-n)w) > nw"
l—nw® > (1-n)w

T, and CF, are foreign consumption sub-indexes of the continuum of differentiated goods

produced respectively in country H and F given by the CES functions

=

* 1 % " * &1 ﬁ * 1 ! * e—1 -
cmz(@ / cm<z>edz> ,thz((l_n) / cpt<z>edz)

Each consumption bundle C};, and Cf, is composed of imperfectly substitutable varieties

of goods z € [0, 1] produced within a given country with elasticity of substitution ¢ > 1.

The aggregated nominal intertemporal budget constraint at time ¢ for household 7 in
foreign currency is given by
*

A
(1 — 72 Wing + fﬁ + B + ((1 = 7) D; + P§,) sy + Pp,®;
t

* *
At+1 Bt+1

E(1+i)e (g5) (T

- /0 [Py (2) Ot (2) + Pry(2)C(2)]dz

* * *
+ s Ps — 1

P}, (z) and Pj,(z) are price indices of domestic (exported to country F) and foreign pro-
duced goods z, where they are expressed in foreign currency. B; is the one-period foreign
corporate bond held by foreign households (real bonds, in terms of domestic prices), A}
is the one-period home corporate bonds held by foreign households, W} is the nominal
foreign wage and T;* denotes lump-sum taxes/transfers. 7&* denotes a country specific
tax on nominal income and FE; is the nominal exchange rate, given as the price of one
of unit foreign currency in terms of home currency. Here Pg,®; is nominal profit from
the ownership of capital-producing firms and retailers (note that ®f = ®¢* + ®F*). Here
sy the foreign share of equity which is wholly owned by foreign households, D} the eg-
uity payout paid to the shareholders, P, is the market price of foreign-owned shares,¢*
denotes the tax on equity payout. We assume that the households share the revenues
of owning firms in equal proportion. Following Woodford (2003) we consider a cashless

economy. Therefore the only explicit role played by money is to serve as a unit of account.

32



We introduce incomplete financial markets as in Benigno (2009). Foreign households
hold foreign equity shares and noncontingent bonds issued by firms of home and foreign
countries. Households of country F' can trade in two nominal one-period, risk-free bonds.
Bonds Bj are issued by foreign firms and are denominated in foreign currency, bonds
A} are issued by domestic firms and are denominated in foreign currency. Households
belonging to country F' have to pay an intermediation cost, if they want to trade in
the domestic bond. These costs are determined by the function ¢*(-). Function ¢*(-)
depends on the real holdings of the home assets in the entire economy, and therefore is
taken as given by the foreign households. If a household belongs to a country which is
in a ‘borrowing position’ (A;,; < 0), it will be charged with a premium on the domestic
interest rate and if the household belongs to a country which is in a ‘lending position’
(A7, > 0), it receives a rate of return lower than the domestic interest rate. Along
with Benigno (2009) we need the following restrictions on ¢*(-): ¢*(0) =1 and ¢*(-) is 1
only if Af = 0. Furthermore ¢*(-) has to be a differentiable, decreasing function in the

neighborhood of zero. ¢*(0) = —x*.7

The intermediation profits f; are defined analogous to Benigno (2009)

F* — A;Lrl 1 -1
OB +i) | 4 (;‘?;1*)

and shared equally among foreign households. The domestic budget constraint is then
given as

*

A
(1 — 1Y) Wing + fi + B + ((1 = 7) D; + P§,) s; + Pp,®;

A;‘/k+1 B;karl
= B (1+d)  (1+3)

+ s Ps =T +Fi + B CY

The optimal allocation within each variety of goods z yields per capita relationships

* _ 1 pf‘it(’z) - * * _ 1 p%‘t('z) - *
Ci(2) = n < P; e Cr(2) = 1—n\ P, Ft

for all z € [0, 1], where

1 1
* 1 " * —€ - * 1 ' * —€ e
Py = <ﬁ/0 Pir(2)! dz) » Ppy = (m/n Pi(2)! dz)

are the price indexes for home and foreign produced goods, where both are expressed

in foreign currency. Note as € rises, the individual goods become closer substitutes and

therefore the individual firms have less market power.

"We assume it is convex and can be approximated by ¢*(z) = 1 — x*x + y*z2.
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Finally, the optimal condition of expenditures between home and foreign produced

goods is given by®

C* (1 *) (P;‘t)_nc* dO* * (Pl)flt)_nc*
=(1—~ . an =7 5
Ft Pt t Ht Pt t

where z denotes the good’s type or variety and p};,(z), pj,(2) are prices of individual home

and foreign produced goods.

where Py = ((1 —~*) Py "+ " Py, ") =] , P} is the consumer price index (CPI) in
country F' and P}, Pj, are domestic and foreign goods price indices. Note that if the
economy is closed, v* = 0, the CPI equals foreign prices. Correspondingly we can write
total consumption expenditures by foreign households as P;Cy = Py, Cr, + Pp,Cry. The
aggregated budget constraint can therefore be rewritten as

L+ Bf 4+ ((1— 1) D} + P&, s + Py ®;

(=7 Wim 4+ 5

A B}
e e +— 4 sipPo — T3 + P CY (3.11)
E(1+i)e () (1T

We assume that all households in the same country have the same level of initial
wealth. As they face the same labour demand and own equal share of all firms, they face
identical budget constraints. They all will have identical consumption paths, so we do

not use individual index within each country.

We maximize (3.10) with respect to (3.11) and arrive to the following system

C* ag
= A* 3.12
b (3.12)
VVt* an:"/’
= 3.13
Ff G- &1
1 Gy
= B — (3.14)
(1+ Zt) tCt HFt+1
L _pp i B g (A:“ ) (3.15)
(1 + it) C;HT H}t+1Et+1 Etpt*
O*_U * *
PSt BEt% ((1 Tt+1) Dt+1 + PSt-H) (3'16)
Ft+1

A*
(1—7;0*)Wt*n:+ﬁ+3;+ (1 —7%) Dy + Pg,) s; + Ty

A¥ B
= = T + <+ i1 Ps + P CY (3.17)
E,(1+i)¢" (ﬁ) (1 +1;)

8The same relationship can be written in per capita terms.

34



All derivations are given in Appendix B.1. Where the budget constraint is written in
an aggregated form. Equation (3.14) is the standard Euler equation and determines the
consumption smoothing behavior of the households. Equation (3.15) is the Euler equation
derived from the optimal choice of the foreign bond. (3.13) is the standard labour supply
condition. It determines the quantity of labor supplied as a function of real wage, given
the marginal utility of consumption. Finally equation (3.17) is the aggregate budget

constraint.

The incomplete financial market framework generates deviations from the uncovered
interest parity (UIP). Combining (3.14) and (3.15) yields the optimal portfolio choice of
the households of country F

| ) ()
14+4)=E, (141 * 3.18
(i) =B+ o (5 (3.18)

¢* ( 2:;;) can also be interpreted as a risk premium term on the interest rate. If the
economy is a net debtor, the foreign interest rate is above the domestic interest rate and if
the economy is a net creditor the foreign interest rate is below the domestic interest rate.
Therefore movements in the net domestic asset positions affect the interest differential

between the two countries.

Combining (3.6, 3.15) with the Euler equation of the foreign country (3.9, 3.18 ) yields

the international risk sharing condition

Hpea O 51 G 7 B \ELEY

Cil B 1 Et+1¢ (EtBt—‘rl) (3.20)

t —g t —
My, Cr " MmnC° E P,

Note that if 25;1* = Etf,:“ = 0 then ¢ (%) = ¢ (%:“) = 1 and equations
t t

(3.19) and (3.20) simplifies to the standard international risk sharing relationship which

is obtained in a complete securities markets setting (see e.g. Gali and Monacelli (2005)).

3.2.4 Domestic Firms

Intermediate goods producers

We assume that there is a continuum of firms j € [0,1] in country (H) with a gross

production function
Y, = F(e*, ky,ny) = ZekIn}~?
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and all firms are equal. Ze* is the stochastic productivity, common to all firms, k; is
the capital input and n; is the labor input. £; is assumed to be chosen at time ¢ — 1 and
predetermined at time ¢ which is consistent with the typical timing convention. On the

contrary, the labor input n; can be flexibly changed at time ¢.

Each period firms buy the investment good I;
]t - kt+1 - (]. - 6) kt (321)

where ¢ is the depreciation rate.

Therefore the payments to workers W;n;, suppliers of investment goods Py,Q;I;, share-
holders W (D;, D;_;) and bondholders A7 are made ahead of the realization of revenues.
The intra-period loan contracted by the firm will cover these costs as follows:

Al

Ly = PpQily + Wing + U (Dy, Dy—4q) + AtT - m
(L =7

Firms use equity and debt to finance their operations. They prefer nominal debt,
AT = A; + A7, to equity in general because of debt’s tax advantage (;). This is also the
assumption made in Hennessy and Whited (2005). Given i, the nominal interest rate, the
effective gross interest rate for the firm is Ry = 1+ i,(1 — 7;), where 74 represents the tax
benefit.

We assume that firms raise funds by the intertemporal nominal debt A] and the intra-
period domestic loan, L; to finance working capital. Working capital is required to cover
the cash flow mismatch between the payments made at the beginning of the period and
the realization of revenues. They pay back the free-interest intra-period loan at the end

of the period.

Firms start the period with intertemporal debt A7 and they choose labour ny, in-
vestment in capital I;, equity payout, D; , and the new intertemporal debt AtT+1 before
producing. Therefore, the aggregated nominal budget constraint of firms can be written
as
Aln

Pt F (™ kyymy) + ———
£ (e, iy me) 1+ (1— 1)

> Al + Wing + PusQuly + U (Dy, Dy ) (3.22)

From the budget constraint L; = P,,,F(e*, ks, n;) is repaid at the end of the period
and is free of interest. Where P,,; is the nominal price of produced intermediate goods,
U (Dy, D;_1) is the nominal payment to shareholders, Py, is the price of investment

goods, and and W, is the nominal wage in home country.

The ability of firms to borrow is bounded because they may choose to default on their

debt. Default arises after the realization of revenues but before repaying the intra-period
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loan. The total liabilities of the firm at that time are L;+ ff“l, as it will need to pay

back the loan and buy back all the bonds. The total liquid resources of the firm are

L, = P, F(e*, ki, ny). These can be ‘diverted’ by the firm, and so can not be recovered by
the lender after a default. Then, the only asset available to the lender is capital Py;Qikiy1.
Following Jermann and Quadrini (2012), we assume that the liquidation value of capital
is unknown at the moment of contracting the loan. With probability Zeft the full value
PrQk1 will be recovered, but with probability 1 — Zet the liquidation value is zero.
Therefore the enforcement constraint will be as follows:

T

A
Zebi (PHttht+1 - 1 _t:l ) > Pth(ezt; Ky, nt) (3-23)

1t

This constraint is derived based on the renegotiation process between the firm and the

lender in the case of default. The derivation is given in Appendix A.3.

By increasing the level of debt the enforcement constraint becomes tighter. On the
other hand, increasing the stock of capital relaxes the enforcement constraint. Most of
the enforcement constraint used in the literature shared these properties. The probability
Zeft is stochastic and depends on uncertain markets conditions.” We call this variable
as "financial shocks", because it affects the tightness of the enforcement constraint and,
therefore, the borrowing capacity of the firm. Notice that Ze‘t is the same for all firms.
Hence, there are two sources of aggregate uncertainty in our model: productivity e* and
financial Zef. Since there are no idiosyncratic shocks, we will focus on the symmetric

equilibrium where all representative firms are the same.

We can slightly modify (3.23), to see clearly how the shock Zebt affects the economy.
Suppose the case in which 7 = 0 so that R = 1+ . Using the budget constraint (3.22) to
substitute for Py;Qikii1 — fi; and remembering that the intra-period loan is equal to
the revenues, L; = P,,;F'(e*, ki, n;), the enforcement constraint can be rewritten as

Sebt

1 =t (PHtQt (1 - 5) ky — A;‘F - Winy — W (Dt7 Dt—l)) > Pth(ezta ki, nt)

At the beginning of the period k; and A” are given. The firm have control only over the
input of labor, n;, and the equity payout, ¥ (D;, D, ;). If the firm wishes to keep the
production level unchanged, a negative financial shock (lower Ze®t) requires a reduction
in equity payout ¥ (D, D; 1) or employment. In other words, the firm is forced to raise
its equity and cut the new intertemporal debt. Thus, the flexibility with which the firm
can change its financial structure, i.e., the composition of debt and equity will determine

if the financial shock affects employment.

9The variable Zef¢ could be interpreted as the probability of finding a buyer. Because we assume that
the search for a buyer is required for the sale of the firm’s capital. The probability increases when the
market conditions improve.
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The firm’s nominal payout to shareholders assumed to be subject to a quadratic ad-
justment cost which is a way to formalize the rigidities affecting the substitution between

debt and equity:

Dyy

where the nominal equity payout D, is given and x > 0 is a parameter.!”

D, 2
\Il (Dl‘nthl) = Dt + K — 1 Dt

The parameter k is key for the role of financial shocks. Since when x = 0 the economy
is almost frictionless, therefore debt adjustments caused by financial shocks can be quickly
assisted through changes in firm equity. When « > 0, it is costly to substitute debt and
equity and firm’s readjustment becomes slowly. As a result, financial shocks will have a

substantial effect on macroeconomic situation of a country.

The first order conditions with respect to n;, k1, AtTH, Dy, 1y, A\¢ can be written as

)\tVVt = Fn(ezt, ]Ct, nt) ()\t — [Lt) Pmt (324)
U
0 = ﬁEtﬂ ((>\t+1 - Mt+1) Pmt+1Fk(€Zt+17 Fiia, nt+1) + )\t+1PHt+1Qt+1 (1 - 5))
HHt+1UCt
- (>\t — pze ) P Q) (3.25)
At —_ UCt+1
0O = —— —u= — A 3.26
L+d,(1 —7y) He c 1+ (2 o tHHtHUCt tH ( )
D, ) D, ( D, )2
1 = M|14+2k -1 + K -1
t ( (DH Dy Dy
1 Dy D},
— BB ——L ), 2 — —1 3.27
TG ( D, ) D} (320
AT
0 = Eegt <PHttht+1 — t+% ) - Pth(eZt, /{:t,nt) (328)
]_ ‘I— 1t
AT = Pth<€Zt kt nt) + L — tht — PHtQtIt - v (Dt Dt—l) (329)
! Y T4 (1—7y) 7

All derivations are given in Appendix B.2. my ;1 = S5 —5— is a nominal stochastic

Ht+1Uc ¢
discount factor and the budget constraint is written in an aggregated form. The stochastic

discount factor m; .41, the wage W, and interest rate ¢, are determined in the general

equilibrium and are taken as given by an individual firm.

Equation (3.24), the optimal condition for labor indicates that the marginal produc-

AW
()\t_ﬂt)Pmt

becomes tighter, the effective cost of labor rises and its demand falls. Therefore, financial

tivity of labor is equal to the marginal cost ( ). As the enforcement constraint

shocks could transmit to the real sector of the economy through the demand of labor.

190ne way of thinking about the adjustment cost is that it captures the preferences of managers for
dividend smoothing. Lintner (1956) showed that managers are concerned about smoothing dividends
over time, a fact later confirmed by subsequent studies. This could obtain from agency problems.
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To get further insights, it will be convenient to consider the special case in which the
cost of equity payout is zero, that is, x = 0. In this case Ay = 1 (see condition (3.27)) and
condition (3.26) becomes p,Zet L 1 RtﬁEtHU‘?¢)\t+1 = 1. This denotes that there

144 Hi+1Uc,t
is a negative relation between Ze®t and the multiplier u, taking as given the aggregate
. : U,
prices Ry, i;, and (3 ﬁ
make the enforcement constraint tighter. Then from equation (3.24) we see that a higher

. In other words, lower probability of recovering firm’s capital
i, implies a lower demand for labor.

This mechanism is strengthened when x > 0. In this case readjusting the financial
structure becomes costly, and the change in Ze® induces a larger volatility in p,. Of

course, prices will be affected by the change in the policies of all firms.

Capital producers

Capital producers belong to households. They make new capital using input of final
output and subject to adjustment costs. They sell new capital to firms at price Py;Q;.

Their nominal profit

I 2
PHt(I)tO = Py Qily — Py (1 + g <]_t _ 1) )
t—1

2
Specifically, they buy I; of the final good, pay Pp:l: <1 + 3 <It[—i1 — 1) as they may
need to adjust contracts if the amount of the investment goods changes. They repackage

the good into investment good (costlessly) and sell it to firms at price Py;Q); and receive
PHtQt-[t'

The first order condition yields

2 2
0 I; I ( I ) Ucts1 (It—H ) (It+1)
=14+=(—-1] +— ——1) - pFE : — =1 —
@ 2 (It_l > L \1, B e 2T, I,

Retailers

Retailers repackage intermediate output. The marginal cost is P,,;. We introduce nominal

rigidities a la Rotemberg.

Cost minimisation yields

i pit[t -
= Y,
Y ( Pus ) t
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where index ¢ is of retailer ¢ and Y; is final output. Retailers costlessly brand interme-

diate output. They have monopolistic power but have adjustment cost.
The firm’s profit is

i 2
i i T i W p
thcI)f =Py (1 —77) — Pty — 9 < th - 1) Y, Puy
Pt

we introduce sales tax 77.

The first order condition yields

U
w (HHt — ].) HHt = (1 — 5) (1 — Tf) + EXt + W6Et 52+1 (HHt+1 — ].) HHt+1 (330)

where X; = P—;’;:. The derivation is given in Appendix B.2.

and the aggregated across firms profit

w
Py ®F = Py Y, (1 = 7%) — PpYi — 5 (e — 1)’ Y, Py,

3.2.5 Foreign Firms

Intermediate Goods Producers

The optimisation problem for foreign firms is symmetric. We assume that there is a

continuum of firms j* € [0, 1] in country (F) with a gross revenue function
Y = F(e¥ ki, n}) = Ze  k}'n1 0

and all firms are equal. e* is the stochastic productivity, common to all firms, &} is the
capital and n; the labor in country F. k; is assumed to be chosen at time ¢ — 1 and
predetermined at time ¢ which is consistent with the typical timing convention. On the

contrary, the labor input n; can be flexibly changed at time ¢.

Each period firms buy the investment good I}
I =kin — (1= 0)k;

where I} is investment and 0™ is the depreciation rate in country F.
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Therefore the payments to workers W;ny, suppliers of investment goods Pj,Q;I;,
shareholders U* (D;*,D;Ll) and bondholders B} are made ahead of the realization of

revenues. The intra-period loan contracted by the firm will cover these costs as follows:

BT
Ly = PrQiIF + Win; + V* (D}, D;_)) + Bf — ———*+——
t FtQt t t t ( t t 1) t 1_,_@;(1 _7_;:)
Firms use equity and debt to finance their operations. They prefer nominal debt,
Bl = B; + By, to equity in general because of debt’s tax advantage (7). This is also the
assumption made in Hennessy and Whited (2005). Given i the nominal interest rate, the

effective gross interest rate for the firm is R} = 1+ (1 — 77), where 7} represents the tax
benefit.

We assume that firms raise funds by the intertemporal nominal debt B! and the intra-
period domestic loan, L, to finance working capital. Working capital is required to cover
the cash flow mismatch between the payments made at the beginning of the period and
the realization of revenues. They pay back the free-interest intra-period loan at the end

of the period.

Firms start the period with intertemporal debt B! and they choose labour n}, in-
vestment in capital I}, equity payout, D; , and the new intertemporal debt Bgrl before

producing. Therefore, the firm’s aggregated nominal budget constraint can be written as

, BT
P F(e¥ K ny) + ————— > Bl + Wyn} + Pp,Qi I +V* (D;, D;_;)  (3.31)
1+ (1 —77)

From the budget constraint L} = P*,F(e* , kf,n}) is repaid at the end of the period
and is free of interest. Where P}, is the nominal price of produced intermediate goods,
U* (D;, D;_,) is the nominal payment to shareholders, Pj,Q; is the price of investment

goods, and W is the nominal wage in foreign country.

The ability of firms to borrow is bounded because they may choose to default on
their debt. Default arises after the realization of revenues but before repaying the intra-
period loan. The total liabilities of the firm at that time are L;+ fﬁj,
pay back the loan and buy back all the bonds. The total liquid resources of the firm are

as it will need to

Ly = Pr F(e* k7, n}). These can be ‘diverted’ by the firm, and so can not be recovered by
the lender after a default. Then, the only asset available to the lender is capital Pr,Q;k;, ;.
Following Jermann and Quadrini (2012), we assume that the liquidation value of capital
is unknown at the moment of contracting the loan. With probability Z*e%t the full value
Pt,Qrky ., will be recovered, but with probability 1 — Z*e% the liquidation value is zero.
Therefore the enforcement constraint will be as follows:

T

—x £F * * 7% B * zF * *
E*et (PFtQt ki — 1 _T_Jrzl*) > P F(e* ki ng) (3.32)
t
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This constraint is derived based on the renegotiation process between the firm and the

lender in the case of default. The derivation is given in Appendix A.3.

By increasing the level of debt the enforcement constraint becomes tighter. On the
other hand, increasing the stock of capital relaxes the enforcement constraint. Most of
the enforcement constraint used in the literature shared these properties. The probability
Z*eSt is stochastic and depends on uncertain markets conditions.'! We call this variable
as "financial shocks", because it affects the tightness of the enforcement constraint and,
therefore, the borrowing capacity of the firm. Notice that Z*e& is the same for all firms.
Hence, there are two sources of aggregate uncertainty in our model: productivity e* and
financial Z*ef. Since there are no idiosyncratic shocks, we will focus on the symmetric

equilibrium where all representative firms are the same.

We can slightly modify (3.32), to see clearly how the shock Z*e% affects the economy.
Suppose the case in which 7* = 0 so that R* = 1 +¢*. Using the budget constraint (3.31)
to substitute for Pr,Qrky, , — fj}j and remembering that the intra-period loan is equal
to the revenues, L; = P, F'(e*, ki, n;), the enforcement constraint can be rewritten as

—=* &7

S (PR (1= 0) Ky = BY = Wing =7 (D}, DPLy)) = PoF™ (e i)

At the beginning of the period k; and B! are given. The firm have control only over the
input of labor, n;, and the equity payout, ¥* (D;‘, D;ﬂl). If the firm wishes to keep the
production level unchanged, a negative financial shock (lower Z*¢%t) requires a reduction
in equity payout U* (D;“, D;‘_l) or employment. In other words, the firm is forced to raise
its equity and cut the new intertemporal debt. Thus, the flexibility with which the firm
can change its financial structure, i.e., the composition of debt and equity will determine

if the financial shock affects employment.

The firm’s nominal payout to shareholders assumed to be subject to a quadratic ad-
justment cost which is a way to formalize the rigidities affecting the substitution between

debt and equity:

D: 2
v (D7, Di) = D (=) D
t—1

where the nominal equity payout D} is given and x* > 0 is a parameter.'?

UThe variable Z*¢& could be interpreted as the probability of finding a buyer. Because we assume
that the search for a buyer is required for the sale of the firm’s capital. The probability increases when
the market conditions improve.

120ne way of thinking about the adjustment cost is that it captures the preferences of managers for

dividend smoothing. Lintner (1956) showed that managers are concerned about smoothing dividends
over time, a fact later confirmed by subsequent studies. This could obtain from agency problems.
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The parameter x* is key for the role of financial shocks. Since when k* = 0 the
economy is almost frictionless, therefore debt adjustments caused by financial shocks can
be quickly assisted through changes in firm equity. When «* > 0, it is costly to substitute
debt and equity and firm’s readjustment becomes slowly. As a result, financial shocks will

have a substantial effect on macroeconomic situation of a country.

The first order conditions with respect to nf, kf,,, Bf,;, D;, uf, A} can be written as

NWE = (A — “’? P F, (e Kk n}) (3.33)
0 = BEt?i—I—t;H ((/\;1 - uZ+1) P;Lt+1Fk(€ k) + A P Qi (1 — 5))

— (N — W Eie®) PRQ; (3.34)

0= — N e L gp Uem . (3.35)

L+if(1—77) 1 c*tH;“t-',—l

+1f
D* D* D* 2
1 = N([1+2:" | =5——-1) = = -1
t( +”(Dz*_l )D;1+“ (DL1

Uct+1 D;fk 1 D;Sk21
—BE 2kt = - 1) (3.36)
s, D; D;?
BT »
o=’“@0nebu tﬂ)—wﬁw%@mn (3.37)
14
BI' = P F(e*, k! n*)+¢—w*n*
t mt ) t t 1+2?<1_7_;;<) t t
—Pp,Q; (kjy — (1= 6" k) — U (Dy, D;_y) (3.38)

All derivations are given in Appendix B.2. my ;11 = 8 T Ve, tf L is an stochastic discount

Ft+1
factor and the budget constraint is written in an aggregated form. The stochastic discount
factor my 41, the wage W} and interest rate i} are determined in the general equilibrium

and are taken as given by an individual firm.

Equation (3.33), the optimal condition for labor indicates that the marginal produc-
tivity of labor is equal to the marginal cost (%) As the enforcement constraint
becomes tighter, the effective cost of labor rises and its demand falls. Therefore, financial

shocks could transmit to the real sector of the economy through the demand of labor.

To get further insights, it will be convenient to consider the special case in which the
cost of equity payout is zero, that is k* = 0. In this case A} = 1 (see condition (3.36)) and
o R} BE, U7 i ”;“ )\;1 = 1. This denotes that there

is a negative relation between Z*eft and the multlpher iy taking as given the aggregate

condition (3.35) becomes = et L

prices R}, i}, and 3 U7, Ve, tj L. In other words, lower probability of recovering firm’s capital
Ft+1
make the enforcement constraint tighter. Then from equation (3.33) we see that a higher

p; implies a lower demand for labor.
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This mechanism is strengthened when x* > 0. In this case readjusting the financial
structure becomes costly, and the change in Z*e® induces a larger volatility in uf. Of

course, prices will be affected by the change in the policies of all firms.

Capital producers

Capital producers belong to households. They make new capital using input of final
output and subject to adjustment costs. They sell new capital to firms at price Py, Q5.

Their nominal profit

2
PFt(I)tC:PFtQtIt — Py |14+ 5 *t -1
2\ 1,
. 2
Specifically, they buy I} of the final good, pay P I} <1 + 2 <]I—i1 — 1) as they may

need to adjust contracts if the amount of the investment goods changes. They repackage

the good into investment good (costlessly) and sell to firms at price Py,Q; and receive
P Q77

The first order condition yields
O =1+ Y ( If 1)2 i If < It 1) 8E Uli (I:H 1> <I:+1>2
= Py x o x - » 0 0 *
! 2\ I, Iy Iy ' ot I b

Retailers

Retailers repackage intermediate output. The marginal cost is P,,. We introduce nominal

rigidities a la Rotemberg.

Cost minimisation yields

*7 —€
*i Pri *
Y = < " ) Y,
P,

where index ¢ is of retailer ¢ and Y;* is final output. Retailers costlessly brand inter-

mediate output. They have monopolistic power but have adjustment cost.

The firm’s profit is

| &

*1 2
thcI)tR = PriY: (1 — Ty ) — Py — ( *Z‘Ft - 1> Y, Pr

Pri
we introduce sales tax 7;*.
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The first order condition yields

U: Y,
w (T — DIy = (1 =) (1 = 717) + eX; + whB—= (Thyyy — 1) 22T, (3.39)

Uct Yy
where X} = I;EW. The derivation is given in Appendix B.2.
Ft
and the aggregated across firms profit

w

P;;t@:R = Pr Y} (1 - sz) — Py — 9

(I = 1)°Y; Pry

3.2.6 Governments

The government in each country collects taxes and pays it as transfers and government

spending;:

AT AT
T — _ t+1 tHl 3.40
! 14+4(l—7) 1+ (340)
PHth = T?WtNt + T?Dt + TtxPHtY;g (341)

BT BT,
Ty = ——— = L (3.42)

1+dy(1—73) 1+474;

PRGI = Ti"WIN{ + D) + T PY, (3.4

We assume that the domestic government buys goods (G), taxes sale (with tax rate 77).

PHth = TfPHth
PGy = T PRY)

3.2.7 Market Clearing and Private Sector Equilibrium

In order to close the system, we write down two market clearing constraints:

d 2 w
YV, = (1—7)Y]C, +~T}S]C; + K (d—tﬂm — 1) de + Gy + 3 (Mg — 1)2 Y,
t—1
2
o( I 1 By Ey
L1+ — -1 _— 1] — 3.44
+ t( +2 ([tl ) > + ¢(Et?t+1> (1+2?)PHt ( )
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T\” dr 2
V== TIC k() G b (T 1) G (T - 1
t t—1
2 *
* o If 1 Al
+IF 1+ = —1 +|—-1| ==
t ( 2 (I:—l ) > ¢* (gtt;i) Et (1 + Zt) P;'t

where Y, = Ze# k!N 0, Yy = Ze5 kN0 T = (L— ) + 7S ") 7,
1
Do=((1=7") +77S70)" 7.
Together with households first order conditions (3.3)-(3.8), (3.12)-(3.17) and firms first

order conditions (3.24)-(3.29), (3.33)-(3.38), (3.30), (3.39), government budget constraints
(3.40)-(3.43) and one net foreign assets equation

_ g My
0 =78, "7C;, — v T)S)C; — Byaf, e 4 af + Bybyyy ——HLS, — b,S
= tbt =7 Lo Uy tat+1(1+it)+at+ ttﬂ(l—i—if) t £t
and the definition of nominal exchange rate
P
St — i
Py

They describe the evolution of the economy and determine twenty five variables: C}, n,
W, )\ta My Xta kt; HHt7 dt; bta Qs Qta C;; n:» wzka )\:7 M:J sza k?a H;‘ta d;fka b;fka a’j,‘ka Q:‘k and St:
Appendix B.3 demonstrates that the system is internally consistent. Policy instruments

are ig; it TV, 7% 74 78 7% 2% 1 7% and it remains to describe policy.

3.3 Linearised system

Let X, = log X, — log X denote the log-deviation of variable X, from its steady state
value X. In line with Benigno (2009) and Paoli (2009) we assume a symmetric steady
state, which implies that the net foreign asset position is zero in the steady state.'> The

log-linear approximations for the equilibrium conditions of our model are given as:

. . 1/ . 1 . R
Ot = Etct+1 - — (Zt — EtHHt+1) + — (EtSt+1 — St) (345)
o g

and

ﬂHt = 5EtﬂHt+1+

(5— 1) (1—727) T - TW o
E T=r) =
+ (1 /j 1) <[Lt B 5\t) +0Cy — 2 — Ok + (0 + 1) 7y + ’Ygt) (3.46)

13 Although non-zero steady state holdings of foreign assets seems to be the empirical case (see eg. Lane
and Milesi-Ferretti (2002)) the simplification doesn’t alter our results.

46



The log-linearized Euler equation and the Phillips curve (PC) of the domestic country (see
non-linear (3.30) and (3.5)) state that current consumption is positively related to future
consumption, future inflation and future terms of trade and negatively related to current
nominal interest rate and current terms of trade. Current inflation is positively related to
future inflation, sales tax, income tax, Lagrange multiplier of the borrowing constraint,
consumption, labor and terms of trade and negatively related to Lagrange multiplier of

the budget constraint, productivity shock and capital.

We linearised the system of FOC’s (3.25)-(3.29) and obtain the following equations

Moo= pE(fy+ &) o (1 D) E (3.47)
Y _ . .
+ (6 (1 — /.L) Xez — (1 — /LZ)) O']Etct+1 + (1 — ILL.:) EtHHt+l

Y . Y A

Y R Y.
+B (1= 1) X0 (6 + ) Befvrsr = 5 (1= 1) X0k

) = 7 _ E+D)A-17)Y.
B = (pE+1) (At ?t)+(uz_<ﬂ ) ))Zt

BR
—/J,E (/lt -+ ét) — Uét —+ O'Etét+1 (348)
j\t = 26/1 <Etdt+l - Czt + EtﬂHt—‘rl) — 2K (Czt - Czt_l + ﬂHt) (349)
ko a 2 X
th—i-l ﬁuyatﬂ + 6_——5 —by1 — B2 EtHHt—H

+
b
N

=
N
:‘;>
|
>

) +oCy + ﬁﬁ” + (14+) iy + 75}) (3.50)

w

n A T ~w N ~
—?kt—‘rl = <w?—X> (O'Ct—i‘mTt —|—(1+¢)nt+75t>
il R ~

a. xb a1+ (1-1) a it
Y Y YR R " YRR
—(1-9) Elz?t + idt - (dt—i-l - l_bt—&-l + EtﬂHt—H) = (3.51)
Y Y ax* YR

(3.47) and (3.49) show that Lagrange multiplier A positively related to credit shock,
Lagrange multiplier p, consumption, future inflation and negatively related to inflation

and future consumption. The log-linearized aggregate demand equation is (see (3.44))

L) X bt+1_ X by C ko G4
Y;_—k:t+1+<x—+1> iaal (X +1)Y Y(Ot+78t> (1= 0) hi+Gr (3.52)
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and states that domestic output is positively related to future domestic capital, domestic
consumption, terms of trade, domestic government spending and future foreign bonds but

negatively to improvements in the foreign bonds and domestic capital.

Due to the cost in trading foreign bonds the uncovered interest rate parity condition

is not valid anymore (see (3.9))
it = i: + ]E‘tf[Ht—i-l — Etﬂ*Ft—i—l —|— Etgt—f—l — St — th+1 (353)

There is a time varying risk-premium that depends on both the net future foreign asset
position of the country b;,; and costs of changing the asset holdings y. This risk premium
could be positive or negative depending on the Home country being a borrower or a lender

in the international assets market.

From the resource constraint we get the following extra equation

* *

0 = 7% (A=ma=m+m8+6) —v*g*y(n(l—v*)gﬂr@")

X bii1 X by
L)t (A qr) 2 54
+(X*+> % <x*+)Y (3.54)

where R =1+1i(1— 7).

For the other country the corresponding equations are

A A 1 A~k T 1 * Q Q
C: = EtC:—i—l — ; (Zt — EtHFt+1> — ;"}/ (Etst+1 — St> (355)
e oty (8_1) (1_T*x) T ~ kT ILL* A% *
Iy, = BEtHFt+1 + w (1 — T*“?) T+ (1 — M*) (Mt - /\t)
+ (4 0) il + oC ui—T)%;w ) 7*5;> (3.56)
No= = (i ft) <1 — =) oC;
+ (s - (=) OB + (1L )T Bl
+8 ( ) X+ 9— +(1— 5)) Bk,
FO (U 1) X0 (64 D) Bty — 7' Bein — b (3.57)
N *—k N T A% ook (/1’*:* + 1) (1 B T*> A%
E = = 1 =
N = 02 o) (V) + (= - e )
e (,1;‘ v E ) —oCr + 0B CY, (3.58)



~

A = 26K (Et A EtnFm) P (d;;‘ & ﬂ*Ft) (3.59)

— k* 7% — b* ek —ik * A* — k* b* A%k
= Wktﬂ - 65 y* (b* bt+1 + bt+1 + EtHFt+1) 6 - = (Y* - ﬁY*) St
+X (ﬂﬁ—u) (,1;; - X[) + () + 1)+ aé; — 7*5;) (3.60)

k* 7% *N* * ~ % Ak THW A*w
b* S bt+1 k . d* 5
_R*Y* <bt+1 b + EtHFt+1) - (1 - 5) v /{? Y*d
RTINS e
+R*Y* R* (2 RY* R Ty

*

. I e 57\, 0" b i

% k* 7% X bt+1 X bt Cr Ak * O
7 o= W/@H—(Fﬂ)ﬁy,ﬁ(x—ﬂ F+ o (G =775,

E* -,  G* 4

—(1—6) —k! + * 62
( )Y G (3.62)
i =4 4+ Byl — Bellgeyy — BeSin + Sp — x*aly, (3.63)

C Q A *O*Y* *\ & Ak

0 = 7?(((1—77)(1—7)+7)St+0t>—’yY*y(n(l—v)sﬂr@)

X bt+1 X bt

A2 (A ) 2 64
+<x*+> Y <X*+>Y (364

where R* = 14 i*(1 — 7*). The linearisation of equations and steady states are given in
Appendix B.5 and B.4.

3.4 Calibration

The model is calibrated to a quarterly frequency.'* We fix 8 = 0.9825. The capital
depreciation rate is set to 0 = 0.025. The capital ratio in production function is set to
0 = 0.36, and the mean value of A is normalized to 1. The tax wedge which corresponds
to the advantage of debt over equity is determined to be 7 = 0.35, and the dividend

adjustment cost parameter set to x = 0.146 as in Jermann and Quadrini (2012).

14Note that both countries are symmetric and we only include calibration of Home country.
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Figure 3.1: Historical data in the US. Data sources: NIPA and FoF tables.
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We calibrate the steady state debt to output ratio to match the data. The quarterly
ratio of debt to output for the non-financial business sector is 3.25 over the sample period
1984:1-2010:11, see the top panel in Figure 3.1. In order to match that, we set the steady

state value of the financial variable, = , to 0.1634.%

Parameters of the household utility function are determined as follows. The calibration
of the Frisch intertemporal elasticity of substitution in labor supply, 1, is assumed to be
equal to 1 and the risk aversion parameter is: ¢ = 1. The relative weight on the disutility

of labour, o = 1.8834, is chosen so as to set steady state hours worked equal to 0.3.

We calibrate the measure of price stickiness, w = 80, in a way that corresponds to
a probability of firms changing prices every 3 quarters in a corresponding Calvo model.
The elasticity of substitution between any pair of goods ¢ is equal to 11 in steady state

which gives a 10% mark up.

Parameters of the policy objective function are chosen to be ¥, = 0.3, and ¥, = 0.1,
see Chen et al. (2014).'6

It remains to calibrate the shock and the initial states to simulate the scenarios of
interest. The second panel in Figure 3.1 plots the historical data of corporate debt to
output ratio (quarterly). The average value of this ratio during 1984-2009 is 3.25. The
peak of 3.87 in 2008 was somewhat above the average value, and the consequent reduction
to 3.55 in 2011 constitutes a reduction of about 10% relative to its peak. We use these

numbers as a guide to our simulations.

Based on this evidence, we consider an AR(1) credit shock &, = p€, | 4 &; with persis-
tence p = 0.95, and we examine the dynamic implications of a negative 10% innovation

in ;.

The intertemporal elasticity of substitution between domestic and foreign goods 7 is
set to 2, which lies in the values assumed in the RBC literature (1 — 2) and the degree of
trade openness w and w* are set to 0.3. The relative size of each country is calibrated
depending on the nature of the analysis. In the main case of interest, labelled base line
case, with ‘large foreign’ and ‘small home’ countries the Home country has size n = 0.3,
as the relative size in terms of population or employment of Greece, Ireland, Italy and
Portugal is about one third of the total population of the EMU countries. However, we also
consider two identical countries with n = 0.5 when we discuss transmission mechanisms.
As in Benigno (2009), Ghironi et al. (2006), we assume that the costs of changing the
asset holdings with respect to the steady state are such that y = yx* = 0.01.7

"Data sources: NIPA and FoF tables. The calculations follow Jermann and Quadrini (2012).

16The results are very robust to wide range of parameters 9, and 9, between zero and one.

I"Kollmann (2003) has used Lane and Milesi-Ferretti (2002) estimates on the relationship between real
interest rate differentials and net foreign asset position. He assumes a value of 0.0019 in a case in which
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3.5 Social Objectives

We assume the following world-wide social welfare function:

U=> 8V (3.65)
t=0
with the flow objective
V, = nll%, +n0,Y2 + (1 — n) T2 + (1 — n) 9,V 4+ 9,52 (3.66)

We, therefore, assume that volatilities of inflation, output and the terms of trade are
costly for the society. We assume this ad hoc objective but we also check robustness of

our results to a change of coefficients.

Objective function in this form was used in Benigno and Benigno (2006) and Clarida
et al. (2002) and Corsetti et al. (2011).

3.6 Policy set-up

In this section we describe the policy set-up. Particularly, we demonstrate how a financial
shock in a country could generate volatility in other country’s macroeconomic variables.
Given the loss function (equation (3.66)) we solve for the linear—quadratic optimal policy
problem. The shock produces a dynamic path of deleveraging which depends endogenously
on policy. We study the effects of cooperative monetary policy intervention. We assume

that policymakers act under commitment.

The sequence of events and actions within a period is as follows. At the beginning
of every period t, the state dt,l;;‘,lgt, /%t, /;’;‘,a?t and cz;f are known and shock it,ét",ét,é:
realizes. Then the two policymakers choose the value of 2, and i} cooperatively. There
is a particular move, when policymakers maximise the world’s objective and there are
two instruments (i, , 2;). After the policymakers have moved, in the next stage the
private sector simultaneously adjusts its choice variables I, f[}t and C,, C’;‘ The optimal
f[Ht, f[*Ft ,ét, C’;“ and policy i, , 7; result in the new level of a,.4, IA)IH, 5t+1, l%tﬂ, l%;rl, thH

and Jj 1 by the beginning of the next period ¢ + 1.

the net foreign asset position is normalized by exports. In our case, since the net foreign asset position
is normalized by quarterly GDP, with an export/GDP ratio of 15%, a value of 0.0019 implies a value for
x equal to 0.012, which is consistent the calibration that we use.
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3.7 Results

3.7.1 Transmission mechanism

In this section, we examine the transmission mechanism of asymmetric credit shocks. We
start with two identical countries (n = 0.5), characterized by the same steady state in-
termediation cost, x = x* = 0.01. Next we discuss the country-size effects. We perform
some robustness analysis along different assumptions on y = x*. Since our welfare ob-
jective function is not micro-founded, we also check the robustness of our results using
different values for output and terms of trade coefficients (¥, and ). We discuss the

welfare consequences of our results as well.

Country size symmetry

In Figure (3.2), we observe the impulse responses of both equal size economies (n = 0.5)
to a negative 10% credit shock in Home country and a positive 10% credit shock in foreign
country. Such negative shock in Home country, reduces the proportion of Home output
which banks will be able to recover in case of default. Banks lend to domestic firms at the
beginning of the period, so that domestic firms are able to pay wages. As the enforcement
constraint is always binding, the difference between bonds and capital is covered by a
loan. As the negative credit shock reduces the probability of recovery in Home country,
the amount of bank lending falls. Domestic firms which are not able to obtain funds up
front have to deleverage or reduce the value of production. Domestic firms reduce labour,
produce less output and also pay lower wages, see Figure (3.2). The equilibrium prices of
Home goods fall as a result of lower income and lower demand. Domestic firms reduce the
amount of borrowing. In response to lower inflation and output the central bank reduces
the nominal interest rate. Initial reduction of consumption is too low to compensate the
large initial reduction in output. Domestic households sell assets to finance consumption.
Besides, Home goods are now cheaper and foreigners want to buy them. As a result of
inflow of funds, Home currency appreciates (see also equation (3.45) and equation (3.53)).
Lower interest rate also makes it easier for banks to pay out the existing debt, so it helps
to reduce the debt quickly. Output falls by less than wages, profits of firms fall and
so dividends fall. Domestic firm’s budget constraint becomes tighter but its enforcement
constraint is looser at the initial moment then it gets tighter too gradually over time, see
equation (3.49) and equation (3.46). The adjustment goes with overshooting as capital

changes only slowly and it continues to fall while the effect of persistent shock disappears.
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Country size asymmetry

In Figure (3.3), we observe the impulse responses of two different size economies (n = 0.3)
to a negative 10% credit shock in Home country and a positive 10% credit shock in foreign
country. In what follows we compare our results with the same scenario assuming two
identical countries (see Figure (3.2)). Figure (3.3) shows that country-size do not have
any particular effect on any macroeconomic variable except on consumption. Domestic
import share (v = (1 —n)w) is higher for smaller n, and because Home inflation, interest
rate and terms of trade are almost unchanged then Home consumption will be higher (see
equation (3.45)). And for the same reason, smaller v* = nw*, foreign consumption is
smaller. There are also small changes on foreign assets and terms of trade that we explain
them as follows: To finance higher level of consumption, domestic households need to
sell assets and foreign assets fall by more. Besides, higher import share, v, indicates that
foreign goods are cheaper (see equation (3.46)). Then as a result of higher import and

outflow of funds, Home currency will appreciate by less.

Home welfare loss is slightly greater than the foreign welfare loss (see Table 3.1).
The small H country maximises the world objective welfare, but there is a large relative
weight to the objectives of the large foreign country. Table 3.1 shows that, welfare relevant
variables at Home display higher volatility. Table 3.1 shows that in different size countries,
smaller country suffers a bigger loss. In contrast, bigger country and the world benefit a

lower level of welfare loss.

Variance n=05 n=03
Y, x 102 0.62 1.17
Y x 102 0.62 0.43
I, x 102 0.13 0.22
1%, x 10 0.13 0.10
S, x 102 0.17 0.16

Loss (W)x10* 0.34 0.34
Loss (H)x102 0.34  0.58
Loss (F)x10%  0.34 0.24

Table 3.1: Volatilities of output, inflation, terms of trade and unconditional welfare loss
due to a credit shock assuming two symmetric (second column) and asymmetric (third
column) size countries

3.7.2 Robustness analysis

How do the results change under different intermediation cost, x? We address this ques-

tion through different assumptions on Y.
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In Figure (3.4), we observe the impulse responses of both equal size economies (n =
0.5) to a negative 10% credit shock in Home country and a positive 10% credit shock in
foreign country using different x’s, and how optimal policy changes for alternative values
of x around the benchmark value of 0.01.1%! Namely we plot impulse responses under
optimal policy for x = x* = 0.001, 0.01 and 0.1. A value of x below 0.01 leads to greater
volatility of home output which is costly, but also helps to deleverage faster. Output falls
by more in the Home country because the terms of trade (Pg;/Pp;) deviates by more.
Instead, for a higher xy = 0.1, the real income is less volatile. As we see in Figure (3.4)
and Table (3.2), bigger x corresponds to smaller deviation of terms of trade, and output.
Deviation of inflation is almost the same for all three alternative value of y. Therefore,

welfare loss falls as y rises.

By assuming two different size countries, (n = 0.3), welfare loss is the highest when
x = 0.001 and it is the lowest when y is the benchmark level 0.01.

To summarise, welfare is maximised for an intermediate value of degree of financial
integration. If the intermediation cost is absent, there is large volatility of output during
the period of adjustment, while the deleveraging is performed faster. With greater costs
on international financial flows, the deleveraging is substantially slowed down which leads

to longer periods of adjustment and greater costs.

Variance (n =0.5) x =0.001 x=0.01 x=0.1

Y; x 102 0.6200 0.6200  0.6000
Y x 102 0.6200 0.6200  0.6000
Iy, x 10 0.1332 0.1322  0.1334
1%, x 102 0.1332 0.1322  0.1334
Sy x 102 0.1900 0.1700  0.1400
Loss (W)x10? 0.3400 0.3400  0.3300
Loss (H)x10? 0.3400 0.3400  0.3300
Loss (F)x10? 0.3400 0.3400  0.3300

Table 3.2: Volatilities of output, inflation, terms of trade and unconditional welfare loss
for different value of intermediation cost due to a credit shock assuming two symmetric
size countries

Figure (3.5) shows how optimal policy changes for alternative values of 1, and
around the benchmark value of ¥, = 0.3 and ¥, = 0.1. We assumed these coefficients
were not microfounded, so it is useful to investigate if they play any important role in our
results. When deviation of output penalised by less (smaller ¥, dash line): comparing
to the benchmark (dash-dot line), labor, capital and output fall by more because the

penalty on output deviation is lower. Consumption is higher and Home firms are more

18Note that Foreign responses are completely asymmetric to Domestic responses, so we skip adding
Foreign responses into this Figure.
9Note that we assume y = x*.
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Variance (n =0.3) x =0.001 x=0.01 x=0.1

Y, x 102 1.1667 1.1667  1.0667
Y x 102 0.4286 0.4286  0.4143
Ty, x 102 0.2177 0.2150  0.2147
113, x 102 0.0973 0.0968  0.0974
S, x 102 0.1800 0.1600  0.1300
Loss (W)x 102 0.3500 0.3400  0.3300
Loss (H)x 102 0.5900 0.5800  0.5500
Loss (F)x 102 0.2400 0.2400  0.2300

Table 3.3: Volatilities of output, inflation, terms of trade and unconditional welfare loss
for different value of intermediation cost due to a credit shock assuming two asymmetric
size (n=0.3) countries

interested in foreign bonds because of their higher rate of interest. Then foreign bonds
rises and as a result of outflow of funds, Home currency depreciated. Then inflation falls
by less (see equation (3.45) and equation (3.53)). When deviation of terms of trade is
penalised by more (higher v, dot line): Since terms of trade’s movement is penalised by
more, it falls by less comparing to the benchmark case. It corresponds to the higher level
of foreign assets and outflow of funds. Output deviation is the same as the benchmark
and consumption is higher. As a result, investment on capital must fall (see equation
(3.52)) and welfare loss has its biggest value. Now when we have both effects together
(smaller ¢, and larger 9, solid line): Again output falls by more, so does capital and
labor. Because of both effects, terms of trade rises to its highest level. Then foreign
bonds rises too. Consumption rises and so does the inflation (see equation (3.45) and
equation (3.53)). Enforcement constraint is tighter, because of buying higher level of
foreign bonds. Budget constraint is tighter because of lower production and employment

level.

To summarise, welfare is minimised for the higher volatility of output but lower volatil-
ity of inflation and terms of trade. If the penalty on output deviation is absent, there is
large volatility of output, while inflation volatility and welfare fall. With greater penalty

on terms of trade volatility, its volatility and welfare fall as well.

3.7.3 Contagion

Finally in a two country model under flexible exchange rate and independent monetary

authorities, we demonstrate the effect of one country’s credit shock on another country.
Figure (3.6) shows that a negative shock in one country regardless of size, has no

particular effect on macroeconomic variables of other country except a small change in

consumption, and foreign bonds. Foreign bonds in home country falls and foreign bonds
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Variance J,=03, J,=01, vJ,=03, 9,=0.1,
(x = 0.01) 9, =01 9,=01 9,=03 o,=0.3
Y, x 102 0.62 1.16 0.72 1.24
Y x 102 0.62 1.16 0.72 1.24
Iy, x 102 0.13 0.04 0.13 0.05
1%, x 102 0.13 0.04 0.13 0.05
S, x 102 0.17 0.098 0.097 0.07
Loss (W)x10% 0.34 0.40 0.35 0.42
Loss (H)x102  0.34 0.40 0.35 0.42
Loss (F)x10?  0.34 0.40 0.35 0.42

Table 3.4: Volatilities of output, inflation, terms of trade and unconditional welfare loss
for different penalties on output and terms of trade deviations due to a credit shock
assuming two symmetric size countries

in foreign country rises, then as a result of inflow of funds domestic currency appreciates

(see equation (3.53)). Therefore foreign consumption falls (see equation (3.55)).

Foreign welfare loss is slightly greater than the Home welfare loss (see Table (3.1)).
The small foreign country maximises the world objective welfare, but there is a large

relative weight to the objectives of the large Home country.

To summarise, simulations demonstrate that in two country model under flexible ex-
change rate and independent monetary authorities, the effect of one country’s credit shock
has very limited effect on another country. When monetary policymakers cooperate and
choose interest rate optimally, the unaffected country can nearly eliminate all aftereffects
of the shock to the other country. To some extent, limited financial integration prevents
the spread of volatility across the border, however, unconstrained monetary policy is the

key to these results, as we shall see in the next chapter of the thesis.

3.8 Conclusion

In this chapter, we try to address several important factors that explain cross-country
differences in the effects of the financial crisis. We analyse transmission of shocks from
one country to another for two different cases: country size symmetry and asymmetry.
Our results demonstrate that welfare is maximised for an intermediate value of degree of
financial integration. If the intermediation cost is absent, there is large volatility of output
during the period of adjustment, while the deleveraging is performed faster. With greater
costs on international financial flows, the deleveraging is substantially slowed down which
leads to longer periods of adjustment and greater costs. We demonstrate that in two
country model under flexible exchange rate and independent monetary authorities, the
effect of one country’s credit shock has very limited effect on another country. When mon-

etary policymakers cooperate and choose interest rate optimally, the unaffected country
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can nearly eliminate all aftereffects of the shock to the other country. To some extent,
limited financial integration prevents the spread of volatility across the border, however,

unconstrained monetary policy is the key to these results.

We also investigate if the country size matters for the severity of recessions. We show
that country-size do not have any particular effect on any macroeconomic variable except
on consumption. Smaller country suffers a bigger loss. One reason is the higher rate of
import share for smaller country. Since the objective function is not microfounded, we
assume variable degree of penalty on output and terms of trade deviations. We find that
welfare is minimised for the higher volatility of output but lower volatility of inflation and
terms of trade. If the penalty on output deviation is absent, there is large volatility of
output, while inflation volatility and welfare fall. With greater penalty on terms of trade

volatility, terms of trade volatility and welfare fall as well.
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Chapter 4

Monetary Union: Fixed Exchange
Rate Regime

4.1 Introduction

Financial crisis of 2007 has started as a subprime lending crisis, affecting one sector in
one country. It quickly spread to many other countries. Arguably, the presence of fixed
or semi-fixed exchange rate targeters, such as Thailand, Indonesia and South Korea,
of countries locked into the European Monetary Union, played an important effect in

amplification and spread of financial shocks.

In this chapter, we investigate the importance of exchange rate regime for international
transmission of credit shocks. Specifically, we use the same two-country model as in
the previous chapter, but assume that both countries are locked into a permanently fixed
exchange rate regime within a currency union. We therefore ignore any issues of imperfect
credibility of exchange rate pegs and do not discuss exchange rate crises. We, therefore,
also assume that the monetary policymaker has a mandate to stabilise both countries’

economies.

We demonstrate that, unlike under flexible exchange rate regime studied in the pre-
vious chapter, the centralised monetary policy alone is unable to stabilise the economy.
National fiscal policies must be activated to counteract asymmetric shocks. We demon-
strate, however, that the effectiveness of fiscal policy is nevertheless is limited. Even
if it is chosen optimally, fiscal policy does not eliminate cyclical patterns in economic

adjustment, which is welfare-reducing volatility of economic variables.
This model demonstrates that shocks hitting one economy, result in sharp contraction

of consumption in another country. Countercyclical fiscal policy is able to avoid major

recession, however. In contrast to results in the previous chapter, the shocks propagation
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mechanism is much stronger under fixed exchange rate regime. As before, we assume
variable degree of financial integration and study its importance for the propagation of

credit shocks.

This chapter is organized as follows. In the next section, we outline the model. Sec-
tion 4.3 covers the linearised version of the system of equations. Section 4.4 describes
calibration of the model. Section 4.5 discusses policy objectives. Section 4.6 discusses the

results and section 4.7 concludes.

4.2 The Model

We present a simple two-country model with financial frictions and with incorporated
nominal rigidities a la Rotemberg (1983). The world economy is populated by a continuum
of agents on the interval of [0; 1]. The population on the segment [0; ) belongs to country
H (Home), while the segment [n;1] belongs to country F (Foreign). Each economy is
populated by households and firms. Firms use labor and capital to produce differentiated
goods. Firms issue equity and debt and use intra-period loans to finance working capital.
Firms face credit restrictions due to uncertainty of recovering these loans. Preferences
reflect home bias in consumption. The detailed model of the economy is presented in this

section.

4.2.1 Law of One Price, The Terms of Trade and Relative Prices

We assume that the law of one price holds, implying pri(2) = Eipi,(2), pai(2) = Eply(2)
for all z € [0,1] where E; = [H|/[F] is the nominal exchange rate, that is the price of
foreign currency in terms of home currency, and pj,(z) is the price of foreign good z
denominated in foreign currency (Of course, the holding of one price does not imply that
PPP holds, unless we assume the absence of home bias).! We define the terms of trade is

the relative price of imported goods:

_ Pr

Sy = —.
*" Py,

The real exchange rate — the ratio of CPI inflations, expressed in domestic currency —

is defined as
B

Q P,

'Let a "*" denote foreign variables.
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4.2.2 Domestic Households

The home economy (H), is populated by a continuum of homogeneous infinitly-living

households who share identical preferences and technology and maximise the expected

lifetime utility Eo > o, 8'U (Ci, ny), with aggregated period utility
Ctl—a ni-ﬁ*ﬁ

UChm) =15~ 745

(4.1)

where C} is private home consumption, n; is home labor, 5 is the discount factor, Eq is
the actuarial expectation at time ¢ = 0. Furthermore v > 0 measures the labor supply
elasticity, ¢ > 0 measures the elasticity of consumption, « is a preference parameter. We
assume home bias in consumption. In more detail, a composite consumption index, C},
is defined as a Dixit-Stiglitz aggregator of the continuum of goods i € [0, 1] produced in

the foreign country and home?
PR = R A
Ci = <<1_7)"CHZ + 1 Cr{ )

Parameter n > 0 is the intratemporal elasticity of substitution between home and foreign
consumption goods. Parameter v € [0,1] is the weight of imported goods in private
home consumption and is inversely related to the degree of home bias in preferences.
Another interpretation for v is as a natural index of openness or the import share. The
import share depends on (1 — n) which is the relative size of foreign economy, and on w
which is the degree of trade openness. It yields v = (1 — n)w. We assume home bias in
consumption:

* *

l—-vy=1-(1-n)w) >7" =nw

which implies

l—nw">(1-n)w

Similarly, home bias in foreign preferences requires 1 — v* > + which again implies
l—nw">(1-n)w

Chy: and Cpy; are domestic consumption sub-indexes of the continuum of differentiated

goods produced respectively in country H and F given by the CES functions

Cyp = ((%)i[cm(z)?da;l, Cry = ((1in>

where each consumption bundle Cy; and C'r; is composed of imperfectly substitutable

:\
2
9}
&)
o~
—~
N
N—
N
IS
N
\—/
i

varieties of goods z € [0, 1] produced within a given country with elasticity of substitution
e> 1.

2The same relationship can be written in per capita terms.
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The aggregated nominal intertemporal budget constraint at time t for household ¢

belonging to country H is given by

! i i Aj Bi . Ey
| P()Ciu) + Prla)Chl2ldz + 11+ i
0 + 2 (1 —i—l}")gb ( tP:Jrl)

< A+ BE A (1 —1)Wing+ ((1 = 7) Dy + Pst) 8¢ — se41Pse + T} + P ®,

Pyy(z) and Pgy(z) are price indices of domestic and foreign (imported from country F)
goods z, where the latter is expressed in domestic currency. A; is the one-period domestic
corporate bond held by domestic households (real bonds, in terms of domestic prices), B;
is the one-period foreign corporate bonds held by domestic households, W/ is the nominal
wage and T} denotes lump-sum taxes/transfers. 7! denotes a country specific tax on
nominal income and F; is the nominal exchange rate, given as the price of one of unit
foreign currency in terms of home currency. Pp;®; is nominal profit from the ownership
of capital-producing firms and retailers (note that ®; = ® + ®F). Here s; is the domestic
share of equity which is wholly owned by domestic households, D, denotes the equity
payout paid to the shareholders, Ps; is the market price of domestic shares, 7¢ denotes
the tax on equity payout. We assume that the households share the revenues of owning
firms in equal proportion. Following Woodford (2003) we consider a cashless economy.

Therefore the only explicit role played by money is to serve as a unit of account.

We introduce incomplete financial markets as in Benigno (2009).> Domestic house-
holds hold domestic equity shares s; and noncontingent bonds issued by firms of home and
foreign countries. Households of country H can trade in two nominal one-period, risk-free
bonds. Bonds A, are issued by home firms and are denominated in home currency, bonds
By are issued by foreign firms and are denominated in foreign currency. Households be-
longing to country H have to pay an intermediation cost, if they want to trade in the
foreign bond. These costs are determined by the function ¢(-). Function ¢(-) depends on
the real holdings of the foreign assets in the entire economy, and therefore is taken as given
by the domestic households. If a household belongs to a country which is in a ‘borrowing
position’ (B;;1 < 0), it will be charged with a premium on the foreign interest rate and if
the household belongs to a country which is in a ‘lending position’ (B;;; > 0), it receives
a rate of return lower than the foreign interest rate. Along with Benigno (2009) we need
the following restrictions on ¢(-): ¢(0) =1 and ¢(+) is 1 only if B; = 0. Furthermore ¢(-)

has to be a differentiable, decreasing function in the neighborhood of zero. ¢'(0) = —y.*

The intermediation profits f; are defined analogous to Benigno (2009)

= BerlEt 1 1
1 ¥ EBy
(1+17) o (T“>

3See Benigno (2009) for a generalized asset trading framework, that follows Ghironi et al. (2006).
4We assume it is convex and can be approximated by ¢(z) = 1 — yz + Ya?.
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and shared equally among foreign households. The domestic budget constraint is then

given as

A, | BB
L e
T+, (14745)

S A;_‘_BzEt‘F (1 _7-3;0) thn;‘i‘ ((1 —7_?) Dt_l_PSt) St—{_ﬂ +PHt(Dt

P,Cy + 5441 Ps; + +Fy

The optimal allocation within each variety of goods z yields per capita relationships

ei(2) = 1 <th(2)>E Char, cul(z) = 1 (th(Z))E Ot

n PHt _1—7’L PFt

for all z € [0, 1], where

1

1
1 n 1—e 1 1 1—¢
P, = = l—eg Pr — [ —— l—¢q
Ht <n/0 th(Z) Z) y LFt (1_n/n th(Z) 2)

are the price indexes for domestic and imported goods, whereby the latter is expressed

in domestic currency. Note as € rises, the individual goods become closer substitutes and

therefore the individual firms have less market power.

Finally, the optimal condition of expenditures between domestic and imported (for-

eign) bundles of goods is given by®

P -n P -n
Cur = (1—7) (%) Cy and Cpy = vy (ﬂ) (@

where z denotes the good’s type or variety and pp:(2), pri(z) are prices of individual
home and foreign produced goods.

where P, = [(1 — 7) Py, + 7P, "] =] , P, is the consumer price index (CPI) in coun-
try H and Py, Pr; are domestic and foreign goods price indices. Note that if the econ-
omy is closed, v = 0, the CPI equals domestic prices. Correspondingly we can write
total consumption expenditures by domestic households as P,C; = PyCpy+ PriCr. The

aggregated budget constraint can therefore be rewritten as
(1= 7Yy Wini + Al + BiE, + ((1 — 1) Dy + Ps;) 8¢ + T} + Pi®,
Al Bj, By
i (14 (B

+ s5i1Psi + BCy (4.2)

We assume that all households in the same country have the same level of initial
wealth. As they face the same labour demand and own equal share of all firms, they face
identical budget constraints. They all will have identical consumption paths, so we do

not use individual index within each country.

5The same relationship can be written in per capita terms.
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We maximize equation (4.1) with respect to equation (4.2) and arrive to the following

system
Uc,
—==A 4.3
P, t ( )
% - _L (4.4)
Pt UC,t (]_ - T;U)
1 Uc,t41
— = [l —"—— 4.5
1+ tHHt—i—lUC,t (45)
1 _ — B, Uc,i+1 Et+1¢ (EtBtJrl) (4.6)
144 HpenUcy By P,
Psy = ﬁEt% ((1 - T?+1) Dy + P5t+1) (4.7)
HHt-i-lCt
(1_7?)tht+At+BtEt+ ((1—7'?) Dt_’_PSt)St—f_E
A By 1 FE
_ A t+1 L0 + 8,01 Ps; + P.C, (4.8)

Prie (i) o (280 )

All derivations are given in Appendix B.1. Equation (4.5) is the standard Euler equa-
tion and determines the consumption smoothing behavior of the households. Equation
(4.6) is the Euler equation derived from the optimal choice of the foreign bond. equation
(4.4) is the standard labour supply condition. It determines the quantity of labor supplied
as a function of real wage, given the marginal utility of consumption. Finally equation

(4.8) is the aggregate budget constraint.

The incomplete financial market framework generates deviations from the uncovered
interest parity (UIP). Combining equation (4.5) and equation (4.6) yields the optimal

portfolio choice of the households of country H

. B E,B
(141i) =B (1+i)) 5%( tptt“) (4.9)

0] (%j“) can also be interpreted as a risk premium term on the interest rate. If the
economy is a net debtor, the domestic interest rate is above the foreign interest rate and
if the economy is a net creditor the domestic interest rate is below the foreign interest
rate. Therefore movements in the net foreign asset positions affect the interest differential

between the two countries.
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4.2.3 Foreign Households

Similarly the foreign economy is populated by a continuum of homogeneous infinitly-living
households who share identical preferences and technology and maximise the expected
lifetime utility Eo > o, 8'U (Cf,n}), with aggregated period utility
Ct*l—a n;uw

(4.10)

where Cf is private foreign consumption, n; is foreign labor, 3 is the discount factor, Eq
is the actuarial expectation at time ¢ = 0. Furthermore 1 > 0 measures the labor supply
elasticity, ¢ > 0 measures the elasticity of consumption, « is a preference parameter. We
assume home bias in consumption. In more detail, a composite consumption index, Cf,
is defined as a Dixit-Stiglitz aggregator of the continuum of goods i € [0, 1] produced in

the foreign country and home®

1 *’fl 1 *l *Lfl n—1
Cf = <<1 — 7)1 Cr" +7Cy)” >

Parameter n > 0 is the intratemporal elasticity of substitution between home and
foreign consumption goods. Parameter v* € [0, 1] is the weight of foreign imported goods
in private foreign consumption and is inversely related to the degree of foreign bias in
preferences. Another interpretation for v* is as a natural index of foreign openness or the
foreign import share. The foreign import share depends on n which is the relative size of
home economy, and on w* which is the degree of trade openness. It yields v* = nw*. We

assume home bias in consumption:
1—7">1y

which implies

l—nw">(1—-n)w
Similarly, home bias in foreign preferences requires 1 — v > ~* which again implies
(1-(1-n)w) > nw"
l—nw* > (1-n)w

T, and CF, are foreign consumption sub-indexes of the continuum of differentiated goods

produced respectively in country H and F given by the CES functions

€ 1 €

. 1 1 n . = e—1 . 1 < 1 . = e—1
Ht=<(5) /Ocm<z>edz> , Ft=<(1_n) [ e dz)

6The same relationship can be written in per capita terms.

o
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Each consumption bundle C};, and Cf, is composed of imperfectly substitutable varieties

of goods z € [0, 1] produced within a given country with elasticity of substitution ¢ > 1.

The aggregated nominal intertemporal budget constraint at time ¢ for household 7 in

foreign currency is given by

A*
(1— 7 Wyny + ﬁ + B+ (1 —7) Df + Pg,) st + Py ®;
A;fk-&-l B:—&-l

B(+i)e (g5) 1T

Ey Py

* * *
+ s Ps — 1T

n / [P(2)Cin(2) + Ply(2)Cit ()2

P}, (2) and Py, (z) are price indices of domestic (exported to country F) and foreign pro-
duced goods z, where they are expressed in foreign currency. B; is the one-period foreign
corporate bond held by foreign households (real bonds, in terms of domestic prices), A}
is the one-period home corporate bonds held by foreign households, W;* is the nominal
foreign wage and T;* denotes lump-sum taxes/transfers. 7&* denotes a country specific
tax on nominal income and FE; is the nominal exchange rate, given as the price of one
of unit foreign currency in terms of home currency. Here Py, ®; is nominal profit from
the ownership of capital-producing firms and retailers (note that ®f = ®* + ®£*). Here
sy the foreign share of equity which is wholly owned by foreign households, D; the eg-
uity payout paid to the shareholders, P¢, is the market price of foreign-owned shares,7¢*
denotes the tax on equity payout. We assume that the households share the revenues
of owning firms in equal proportion. Following Woodford (2003) we consider a cashless

economy. Therefore the only explicit role played by money is to serve as a unit of account.

We introduce incomplete financial markets as in Benigno (2009). Foreign households
hold foreign equity shares and noncontingent bonds issued by firms of home and foreign
countries. Households of country F' can trade in two nominal one-period, risk-free bonds.
Bonds Bj are issued by foreign firms and are denominated in foreign currency, bonds
A} are issued by domestic firms and are denominated in foreign currency. Households
belonging to country F' have to pay an intermediation cost, if they want to trade in
the domestic bond. These costs are determined by the function ¢*(-). Function ¢*(-)
depends on the real holdings of the home assets in the entire economy, and therefore is
taken as given by the foreign households. If a household belongs to a country which is
in a ‘borrowing position’ (A;,; < 0), it will be charged with a premium on the domestic
interest rate and if the household belongs to a country which is in a ‘lending position’
(A7, > 0), it receives a rate of return lower than the domestic interest rate. Along
with Benigno (2009) we need the following restrictions on ¢*(-): ¢*(0) =1 and ¢*(-) is 1
only if Af = 0. Furthermore ¢*(-) has to be a differentiable, decreasing function in the

neighborhood of zero. ¢*(0) = —x*.7

"We assume it is convex and can be approximated by ¢*(z) = 1 — x*z + y*z2.
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The intermediation profits f; are defined analogous to Benigno (2009)

OB (L4 | <_2?1+31>

and shared equally among foreign households. The domestic budget constraint is then
given as

*

A
(L—7)Win; + =L + B + ((1 — 7) D} + Pg,) s; + Pp,®;

Ey
Al Bi,
= B(l+4) (1+i;)+3t+1 St ¢ TFy + 50

The optimal allocation within each variety of goods z yields per capita relationships
. L(pm()\ " . L (p(2)\ "
) =5 (P2) i = 1= (B2) e

for all z € [0, 1], where

1

* ]' " * 1—e i=e * ]' ! * 1—e ﬁ
Py = n . Pi(2)“dz ; Py = 1-n ont(Z) dz

are the price indexes for home and foreign produced goods, where both are expressed
in foreign currency. Note as € rises, the individual goods become closer substitutes and

therefore the individual firms have less market power.

Finally, the optimal condition of expenditures between home and foreign produced
goods is given by®

*

C* (1 *) (PFt)_nCak and C* * <P;It)_ncv*
Ft .Pt t Ht Pt t

where z denotes the good’s type or variety and pj;,(2), pj,(2) are prices of individual home

and foreign produced goods.

where Py = ((1 —~*) Py "+~ Py, ") 1%", Py is the consumer price index (CPI) in
country F' and Pj;,, Pj, are domestic and foreign goods price indices. Note that if the
economy is closed, v* = 0, the CPI equals foreign prices. Correspondingly we can write
total consumption expenditures by foreign households as P;C} = Pj,C}y, + Py Chy. The
aggregated budget constraint can therefore be rewritten as

*

A
(1— 7Y Win; + —Et + B + ((1 = 7) D; + P§,) sy + Pp,®;
t

A B;
> e+ S+ 55 P — T + PG (4.11)
B (1+1i,)¢" (E_;l) (1+1i;)

8The same relationship can be written in per capita terms.
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We assume that all households in the same country have the same level of initial
wealth. As they face the same labour demand and own equal share of all firms, they face
identical budget constraints. They all will have identical consumption paths, so we do

not use individual index within each country.

We maximize equation (4.10) with respect to equation (4.11) and arrive to the following

system

Uc (CF,n})

= A} (4.12
Pt* t )
Py Uc (C¢,ny) (1 —71%) '
1 U C* , *
_ _ 4R, c ( t4+1 nt+1) (4.14)
(1+17) Uc (CF,ny) Wy yy

I SE, Uc (Ciaomiva) Er (A:H) (4.15)

(14 ¢) 5 Uc (CF,ny) B E Py

* UC (611;k 1’7?; 1) * * *
P, = (B, H}MU; ( :Tn;) (1 =77%)) Diy + Phiiy) (4.16)

*

* * %k A * * * * * *
(1—7?)tht+ﬁ+8t—i—((l—Tf)Dt—l—PSt)st—i-Tt

Al
1 +

E(1+i)o () (T

*
Bt+1

+ S:+1PS*t + P CY (4-17)

All derivations are given in Appendix B.1. Equation (4.14) is the standard Euler equation
and determines the consumption smoothing behavior of the households. Equation (4.15)
is the Euler equation derived from the optimal choice of the foreign bond. equation (4.13)
is the standard labour supply condition. It determines the quantity of labor supplied as a
function of real wage, given the marginal utility of consumption. Finally equation (4.17)

is the aggregate budget constraint.

The incomplete financial market framework generates deviations from the uncovered
interest parity (UIP). Combining equation (4.14) and equation (4.15) yields the optimal

portfolio choice of the households of country F

| LB (A
1+4)=E(1 * 4.1
(i) =B+ o (5 (1.18)

EiP;
economy is a net debtor, the foreign interest rate is above the domestic interest rate and if

" (A:“) can also be interpreted as a risk premium term on the interest rate. If the

the economy is a net creditor the foreign interest rate is below the domestic interest rate.
Therefore movements in the net domestic asset positions affect the interest differential

between the two countries.

73



Combining equations (4.6, 4.15) with the Euler equation of the foreign country (4.9,

4.18 ) yields the international risk sharing condition

g Yo g Uo(Ghunin) B <A:“*) (4.19)
UpiaUcy e, Ue (CF.nf) B E P

E, [{;C (C;‘H’nfﬂz _E, Uciy1 Fin (EtBt+1> (4.20)
51 Uc (CF, n) UpiUcy By Py

e Al EBrpn « [ AL EB :
Note that if Ett;tl = P:“ = (0 then ¢ (ﬁ) = ¢ (T:“> = 1 and equations
(4.19) and (4.20) simplifies to the standard international risk sharing relationship which

is obtained in a complete securities markets setting (see e.g. Gali and Monacelli (2005)).

4.2.4 Domestic Firms

Intermediate goods producers

We assume that there is a continuum of firms j € [0,1] in country (H) with a gross
production function
Y, = F(e*, ky,ny) = ZekIn} =0

and all firms are equal. Ze* is the stochastic productivity, common to all firms, k; is
the capital input and n; is the labor input. k; is assumed to be chosen at time ¢ — 1 and
predetermined at time ¢ which is consistent with the typical timing convention. On the

contrary, the labor input n; can be flexibly changed at time ¢.

Each period firms buy the investment good I;
[t - kt-i—l - (]. - 6) kt

where ¢ is the depreciation rate.

Therefore the payments to workers W;n;, suppliers of investment goods Pg;Q;I;, share-
holders ¥ (D;, D;_;) and bondholders A7 are made ahead of the realization of revenues.

The intra-period loan contracted by the firm will cover these costs as follows:

T
At+1

Ly = PpQuly + Wing + ¥ (Dy, Dy_y) + A} — m
t(L — 7y

Firms use equity and debt to finance their operations. They prefer nominal debt,
AT = A; + A7, to equity in general because of debt’s tax advantage (;). This is also the

assumption made in Hennessy and Whited (2005). Given i, the nominal interest rate, the
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effective gross interest rate for the firm is R, = 1+ 4,(1 — 1), where 7, represents the tax
benefit.

We assume that firms raise funds by the intertemporal nominal debt A7 and the intra-
period domestic loan, L; to finance working capital. Working capital is required to cover
the cash flow mismatch between the payments made at the beginning of the period and
the realization of revenues. They pay back the free-interest intra-period loan at the end

of the period.

Firms start the period with intertemporal debt A7 and they choose labour ny, in-
vestment in capital I, equity payout, D; , and the new intertemporal debt A7, ; before
producing. Therefore, the aggregated nominal budget constraint of firms can be written

as

AT
il 2 A? + tht + PHtQtIt + \IJ (Dt7 thl) (421)

Py F(e Ky, my) + ——L
F( ) L+id(1 —7y)

From the budget constraint L, = P, F(e*, ki, n;) is repaid at the end of the period
and is free of interest. Where P,,; is the nominal price of produced intermediate goods,
U (Dy, D;_1) is the nominal payment to shareholders, Py, is the price of investment

goods, and and W, is the nominal wage in home country.

The ability of firms to borrow is bounded because they may choose to default on their

debt. Default arises after the realization of revenues but before repaying the intra-period

loan. The total liabilities of the firm at that time are L;+ ‘?_fgtl, as it will need to pay
back the loan and buy back all the bonds. The total liquid resources of the firm are
Ly = Py F(e*, ki, ng). These can be ‘diverted’ by the firm, and so can not be recovered by
the lender after a default. Then, the only asset available to the lender is capital PyQk; 1.
Following Jermann and Quadrini (2012), we assume that the liquidation value of capital
is unknown at the moment of contracting the loan. With probability Ze®t the full value
PrQ.k; 1 will be recovered, but with probability 1 — Ze®t the liquidation value is zero.

Therefore the enforcement constraint will be as follows:

_ Al
Eebt (PHtthtJrl 1 _t:l ) > P F(e™, ky,my) (4.22)

U

This constraint is derived based on the renegotiation process between the firm and the

lender in the case of default. The derivation is given in Appendix A.3.
By increasing the level of debt the enforcement constraint becomes tighter. On the

other hand, increasing the stock of capital relaxes the enforcement constraint. Most of

the enforcement constraint used in the literature shared these properties. The probability
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Zeft is stochastic and depends on uncertain markets conditions.” We call this variable
as "financial shocks", because it affects the tightness of the enforcement constraint and,
therefore, the borrowing capacity of the firm. Notice that Zeft is the same for all firms.
Hence, there are two sources of aggregate uncertainty in our model: productivity e* and
financial Zef:. Since there are no idiosyncratic shocks, we will focus on the symmetric

equilibrium where all representative firms are the same.

We can slightly modify equation (4.22), to see clearly how the shock Ze®t affects the
economy. Suppose the case in which 7 = 0 so that R = 1+4. Using the budget constraint

equation (4.21) to substitute for Py;Q:kii1 — ﬁti and remembering that the intra-period

loan is equal to the revenues, L; = P, F(e*, k;,n;), the enforcement constraint can be

rewritten as
Eebt

1 — =t (PHtQt (1—=6)k — AtT - Winy — ¥ (D, thl)) > P (€™, Ky, my)

At the beginning of the period k; and AT are given. The firm have control only over the
input of labor, ny, and the equity payout, W (D, D;_1). If the firm wishes to keep the
production level unchanged, a negative financial shock (lower Ze®t) requires a reduction
in equity payout ¥ (D, D, 1) or employment. In other words, the firm is forced to raise
its equity and cut the new intertemporal debt. Thus, the flexibility with which the firm
can change its financial structure, i.e., the composition of debt and equity will determine

if the financial shock affects employment.

The firm’s nominal payout to shareholders assumed to be subject to a quadratic ad-
justment cost which is a way to formalize the rigidities affecting the substitution between

debt and equity:

D, ?
\II(DtyDt—l) = Dt—f—/{/ D —1 Dt

t—1

where the nominal equity payout D, is given and x > 0 is a parameter.'”

The parameter « is key for the role of financial shocks. Since when x = 0 the economy
is almost frictionless, therefore debt adjustments caused by financial shocks can be quickly
assisted through changes in firm equity. When s > 0, it is costly to substitute debt and
equity and firm’s readjustment becomes slowly. As a result, financial shocks will have a

substantial effect on macroeconomic situation of a country.

The first order conditions with respect to ny, k1, Aal, Dy, p,, A\¢ can be written as

9The variable Zet could be interpreted as the probability of finding a buyer. Because we assume that
the search for a buyer is required for the sale of the firm’s capital. The probability increases when the
market conditions improve.

190ne way of thinking about the adjustment cost is that it captures the preferences of managers for
dividend smoothing. Lintner (1956) showed that managers are concerned about smoothing dividends
over time, a fact later confirmed by subsequent studies. This could obtain from agency problems.
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MWy = Fn(ezt, E, nt) ()\t - Mt) Py (4-23)

U
0 = 5Et¢ (()\tJrl - Mt+1) P 1 (€ kyr, ner) + A1 Prern Qe (1 — 5))

U1 Ucy
— (A — 1, Ee™) Py Q (4.24)
At — Uc,i+1
0 = — 2 Zebt — — BBy ———— )\ 4.25
1 —I— Zt(l — Tt) Mt 1 + 1t B tHHH_lUC,t s ( )
D, D, D, ’
1 = A 1—1—2/{( —1) —i—/<a< —1)
t < Dt—l Dt—l Dt—l
Uct+1 Diy1 D}y,
— BN 12k — — 1 4.26
b tHHtJrlUC,t s ( D, D? (4.26)
AT
0 = Eegt <PHttht+l — t+% ) — Pth(ezt, kft, nt) (427)
1+ (23
AT
AtT = PuF(e”, k,n) + — Wing — Py Qely — W (Dy, Dy_q) (4.28)
1 + Zt(l — Tt)
All derivations are given in Appendix B.2. my ;41 = 3 % is an stochastic discount

factor and the budget constraint is written in an aggregated form. The stochastic discount
factor my .41, the wage W; and interest rate i; are determined in the general equilibrium

and are taken as given by an individual firm.

Equation (4.23), the optimal condition for labor indicates that the marginal produc-

MWy
(At—py) Pt

becomes tighter, the effective cost of labor rises and its demand falls. Therefore, financial

tivity of labor is equal to the marginal cost ( ). As the enforcement constraint

shocks could transmit to the real sector of the economy through the demand of labor.

To get further insights, it will be convenient to consider the special case in which the
cost of equity payout is zero, that is, x = 0. In this case \; = 1 (see condition (4.26)) and
.. —_ U, .
condition (4.25) becomes p,=e’t lf’;t + RtﬁEt%AH—l = 1. This denotes that there
is a negative relation between Ze®t and the multiplier u, taking as given the aggregate

. . Uc,t4+1
prices Ry, i, and S -Str—

make the enforcement constraint tighter. Then from equation (4.23) we see that a higher

. In other words, lower probability of recovering firm’s capital
i, implies a lower demand for labor.
This mechanism is strengthened when x > 0. In this case readjusting the financial

structure becomes costly, and the change in Ze® induces a larger volatility in p,. Of

course, prices will be affected by the change in the policies of all firms.

Capital producers

Capital producers belong to households. They make new capital using input of final

output and subject to adjustment costs. They sell new capital to firms at price Pg,Q;.

7



Their nominal profit

T 2
PHt(I)tC = PHtQt-[t - PHt-[t (1 —+ g <I_t _ 1) )
t—1

2
Specifically, they buy I; of the final good, pay Pg.l; (1 +3 <Itl—il — 1> > as they may

need to adjust contracts if the amount of the investment goods changes. They repackage

the good into investment good (costlessly) and sell it to firms at price Py;Q; and receive
P Q1.

The first order condition yields
2 2
o I I ( I ) Uct+1 (ft+1 ) (It—i-l)
=1l+=-|—-1) +—0|——1) - BE— — =1 =
Gl (IH ) I\ 1 T P\, I,

Retailers

Retailers repackage intermediate output. The marginal cost is F,,,;. We introduce nominal

rigidities a la Rotemberg.

Cost minimisation yields

i péqt -
= Y,
yt < PHt ) t

where index 7 is of retailer ¢+ and Y; is final output. Retailers costlessly brand interme-

diate output. They have monopolistic power but have adjustment cost.

The firm’s profit is

i 2
i i r i WP
th(Df = Puyr (1 —77) — Py — 9 <—Z Ho_ 1) Y, Phy
Pri1

we introduce sales tax 77.

The first order condition yields

Uc,i4+1 (

Wy — D)y =1 —¢) (1 —77) +eX; + wiE, Uos Y,

where X; = ﬁ—;’;z. The derivation is given in Appendix B.2.

and the aggregated across firms profit

w
Py ®F = Py Y, (1 = 7%) — PpyYs — 5 (M — 1)*Y; Py,
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4.2.5 Foreign Firms

Intermediate Goods Producers

The optimisation problem for foreign firms is symmetric. We assume that there is a

continuum of firms j* € [0, 1] in country (F) with a gross revenue function
Y = F(e* ki, n}) = Ze7 k}'nt 0

and all firms are equal. e* is the stochastic productivity, common to all firms, &} is the
capital and n; the labor in country F. k; is assumed to be chosen at time ¢ — 1 and
predetermined at time ¢ which is consistent with the typical timing convention. On the

contrary, the labor input n; can be flexibly changed at time ¢.

Each period firms buy the investment good I}
Iy = ki — (1= 0) Ky

where [} is investment and §” is the depreciation rate in country F.

Therefore the payments to workers W;n;, suppliers of investment goods Pr,Q;I;,
shareholders U~ (Df,D;“_l) and bondholders B} are made ahead of the realization of
revenues. The intra-period loan contracted by the firm will cover these costs as follows:

t Ftt't t ' to t—1 t 1_’_7/:(1_7_?)

Firms use equity and debt to finance their operations. They prefer nominal debt,
Bl = By + By, to equity in general because of debt’s tax advantage (7}). This is also the
assumption made in Hennessy and Whited (2005). Given i} the nominal interest rate, the

effective gross interest rate for the firm is Ry = 1+ (1 —7;), where 7} represents the tax
benefit.

We assume that firms raise funds by the intertemporal nominal debt B} and the intra-
period domestic loan, L; to finance working capital. Working capital is required to cover
the cash flow mismatch between the payments made at the beginning of the period and
the realization of revenues. They pay back the free-interest intra-period loan at the end

of the period.

Firms start the period with intertemporal debt B} and they choose labour n}, in-
vestment in capital I}, equity payout, D; , and the new intertemporal debt B;{Ll before

producing. Therefore, the firm’s aggregated nominal budget constraint can be written as

\ BT
PrF (e kfong) + ———— > Bl + Win; + PrQi 1 + " (D, D;_})  (4.30)
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From the budget constraint L} = P*,F(e* , kf,n}) is repaid at the end of the period
and is free of interest. Where P}, is the nominal price of produced intermediate goods,
U* (D, D;_,) is the nominal payment to shareholders, Pj,Q; is the price of investment

goods, and W} is the nominal wage in foreign country.

The ability of firms to borrow is bounded because they may choose to default on
their debt. Default arises after the realization of revenues but before repaying the intra-
period loan. The total liabilities of the firm at that time are L+ ]135%1’
pay back the loan and buy back all the bonds. The total liquid resources of the firm are

as it will need to

L = P3 (e, k¥ n}). These can be ‘diverted’ by the firm, and so can not be recovered by
the lender after a default. Then, the only asset available to the lender is capital Pr,Q;k;, ;.
Following Jermann and Quadrini (2012), we assume that the liquidation value of capital
is unknown at the moment of contracting the loan. With probability Z*e%t the full value
P,Qrk; ., will be recovered, but with probability 1 — Z*e® the liquidation value is zero.
Therefore the enforcement constraint will be as follows:

T

x B .
=t (Pf«it@:k:ﬂ - ) > P F(e’ k', ng) (4.31)

1414
This constraint is derived based on the renegotiation process between the firm and the

lender in the case of default. The derivation is given in Appendix A.3.

By increasing the level of debt the enforcement constraint becomes tighter. On the
other hand, increasing the stock of capital relaxes the enforcement constraint. Most of
the enforcement constraint used in the literature shared these properties. The probability
E*efi is stochastic and depends on uncertain markets conditions.'! We call this variable
as "financial shocks", because it affects the tightness of the enforcement constraint and,
therefore, the borrowing capacity of the firm. Notice that Z*e¢t is the same for all firms.
Hence, there are two sources of aggregate uncertainty in our model: productivity e* and
financial Z*ef. Since there are no idiosyncratic shocks, we will focus on the symmetric

equilibrium where all representative firms are the same.

We can slightly modify equation (4.31), to see clearly how the shock Z*e% affects
the economy. Suppose the case in which 7* = 0 so that R* = 1 4 ¢*. Using the budget
constraint (4.30) to substitute for Pr,Q;kf,  — % and remembering that the intra-period
loan is equal to the revenues, L; = P, F(e*, k;,n;), the enforcement constraint can be

rewritten as

et

1=t (PrQ; (1= 0)kf — Bf = Win; —U* (Df,D;_)) > Py, F*(e** ki, nf)

'The variable Z*e¢é¢ could be interpreted as the probability of finding a buyer. Because we assume
that the search for a buyer is required for the sale of the firm’s capital. The probability increases when
the market conditions improve.
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At the beginning of the period k; and B! are given. The firm have control only over the
input of labor, n;, and the equity payout, ¥* (D;‘, D;il). If the firm wishes to keep the
production level unchanged, a negative financial shock (lower Z*¢e¢) requires a reduction
in equity payout U* (D;‘, D;‘_l) or employment. In other words, the firm is forced to raise
its equity and cut the new intertemporal debt. Thus, the flexibility with which the firm
can change its financial structure, i.e., the composition of debt and equity will determine

if the financial shock affects employment.

The firm’s nominal payout to shareholders assumed to be subject to a quadratic ad-
justment cost which is a way to formalize the rigidities affecting the substitution between

debt and equity:

D: 2
v (01.01) = D; (e 1)
t—1

where the nominal equity payout D} is given and x* > 0 is a parameter.'?

The parameter x* is key for the role of financial shocks. Since when k* = 0 the
economy is almost frictionless, therefore debt adjustments caused by financial shocks can
be quickly assisted through changes in firm equity. When «* > 0, it is costly to substitute
debt and equity and firm’s readjustment becomes slowly. As a result, financial shocks will

have a substantial effect on macroeconomic situation of a country.

The first order conditions with respect to nf, kf,,, Bf,;, D;, uf, A} can be written as

NWE = (A = pf) PryFale®  ky ny) (4.32)
Uc* 1 * * * * *
0 = 5&% ((/\t—',-l _:U’t—',-l) Pmt+1Fk(€ t+l kt+1unt+1)+)‘t+1PFt+1Qt+1<1_5))
Ft+1
— (N = W Efe) PrQ; (4.33)
\ 1
0 = — bt prERS Ut S 4.34
1r1-m M1 ~ OBy — STy, (4.34)
D* D* D* 2
1 = X 1+2/<;*( K —1) K +n*< ! —1)
! ( Dt—l Dt—l Dt 1
U* 1 D* D*2
— BB )\ 2;@*( as —1> as (4.35)
sl D; D;?
0 = = (PRQIk — 1ok ) - P k) (4.30
1
BI' = P F(e¥, k! n*)+¢—w*n*
t mt ) TVt t 1+Zz<<1_7_2<) t t
—PpQ; (ki — (1= 6" ky) — v (D}, Dy ) (4.37)

120ne way of thinking about the adjustment cost is that it captures the preferences of managers for
dividend smoothing. Lintner (1956) showed that managers are concerned about smoothing dividends
over time, a fact later confirmed by subsequent studies. This could obtain from agency problems.
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All derivations are given in Appendix B.2. m;,,, = 3 % is a nominal stochastic

Ft+1
discount factor and the budget constraint is written in an aggregated form. The stochastic
discount factor my,,,, the wage W;" and interest rate i; are determined in the general

equilibrium and are taken as given by an individual firm.

Equation (4.32), the optimal condition for labor indicates that the marginal produc-
tivity of labor is equal to the marginal cost (%) As the enforcement constraint
becomes tighter, the effective cost of labor rises and its demand falls. Therefore, financial

shocks could transmit to the real sector of the economy through the demand of labor.

To get further insights, it will be convenient to consider the special case in which the
cost of equity payout is zero, that is, x* = 0. In this case \} = 1 (see condition (4.35)) and
condition (4.34) becomes pf=*es ﬁt* R} BB, U CHT : )\f .1 = 1. This denotes that there
is a negative relation between = et and the multlpher iy taking as given the aggregate

prices R}, iy, and 3 TR ve, 7o In other words, lower probability of recovering firm’s capital

Ft+1
make the enforcement constraint tighter. Then from equation (4.32) we see that a higher

p; implies a lower demand for labor.
This mechanism is strengthened when x* > 0. In this case readjusting the financial

structure becomes costly, and the change in Z*e¢ induces a larger volatility in uf. Of

course, prices will be affected by the change in the policies of all firms.

Capital producers

Capital producers belong to households. They make new capital using input of final
output and subject to adjustment costs. They sell new capital to firms at price Pp,Q;.

Their nominal profit

2
PFt(I)C PFtQtI PFtIt 1+ Tx -1

Specifically, they buy I} of the final good, pay P, I} <1 + 2 < ]iil

2
) ) as they may
need to adjust contracts if the amount of the investment goods changes. They repackage

the good into investment good (costlessly) and sell to firms at price Py,Q; and receive
P Q717

The first order condition yields

2 * * * 2
* 0 If It* It* U. t+1 ]t+1 ]t+1
Q:1+‘(*——1) +*—9<*——1 =B ——e| 7 — 1) | 7o
! 2\ I, Iy I ' et Th I
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Retailers

Retailers repackage intermediate output. The marginal cost is P,. We introduce nominal

rigidities a la Rotemberg.

Cost minimisation yields

where index ¢ is of retailer ¢ and Y;* is final output. Retailers costlessly brand inter-

mediate output. They have monopolistic power but have adjustment cost.

The firm’s profit is

*1 2
*i [*R *1 kG *T * %] w pF * Tk
PE @ = Py (1_Tt)_Pmtyt _E(H‘t _1> Y, Pr
Ft—1

we introduce sales tax 7;*.

The first order condition yields

U; . Y,
w (H*Ft - 1) H}:_‘t = (1 - 5) (1 - T;tm) + 5X: + WﬁEtﬂ (HFt+1 - 1) ilHFt-H (4-38)

Ucy Yy
where X; = ?}t. The derivation is given in Appendix B.2.
Ft
and the aggregated across firms profit

w

P;tq):R = Pp Y/ (1 —7i") = P Yy — 9

(M — 1) Y] Pry
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4.2.6 Governments

The government in each country collects taxes and pays it as transfers and government

spending;:

AT AT
T o — _ t+1 t+1 4.39
! 1+Zt(1_7—t) 1+Zt ( )
PHth == T;UWtNt + T?Dt + TfPHt}/;J (440)

BI B~
T = —— = (4.41)

1+i(1—75) 1474

PGy = T WINT + TrdD;:k + 70 P Y] (4.42)

We assume that the domestic government buys goods (G), taxes sale (with tax rate 77).

PHth = TifPHtY;‘,
PGy = 1°PRY;

4.2.7 Market Clearing and Private Sector Equilibrium

In order to close the system, we write down two market clearing constraints:

d 2
Y, = (1—9)Y{Ci+ ' TIS/Cr + K (d—tnm - 1) dy + Gy + = (T — 1)*Y,

t—1 2
2

0 It 1 Bt+1Et
dn {1+ o) o 1| 4.43
! < 2 ([tl ) > ¢ <EtBt+1> (1 -+ ’l;k) PHt ( )

P
T \" d: 2
Y = (1= TIC +y (=) € 4w (i, — 1) df+ G+ 2 (1T, — 1) Y
2
. o I 1 Ay
t < 2 [tfl > ¢* <2tz;}> Et (1 + Zt) PFt

_1
where Y, = Ze* k!N Yy = ZeA kN0 0 = (1 —7) + S, ") 77,
Le= (1= +y877)

Together with households first order conditions (3.3)-(3.8), (3.12)-(3.17) and firms first
order conditions (4.23)-(4.28), (4.32)-(4.37), (4.29), (4.38), government budget constraints

(4.39)-(4.42) and one net foreign assets equation

— * * * II * 11}
0= ’YStl T]T?Ct - F?S?Ct — Et(lt+1ﬁ + ay + Etbt—o—lﬁst — tht
t
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and the definition of nominal exchange rate

_ Pr

Sy = —.
*” Py,

They describe the evolution of the economy and determine twenty five variables: Cy, n,
Wt )‘ta His Xt: kta HHt7 dta bt: at, Qta Oik, n:: w:: )‘:7 ,U';ka ngv k:; H}t: d;}ka b;}ka a;tka Q;&k and St:

Appendix B.3 demonstrates that the system is internally consistent. Policy instruments

are ig; 155 TV, TV 74 70 7% 7% 7 7% and it remains to describe policy.

4.2.8 Fixed Exchange Rate Regime and Policy Instruments

We assume that both countries form a currency union, so there is only one central bank
and permanently fixed nominal exchange rate. The definition of nominal exchange rate
E;

Sy — 81 = ﬂ}t T + By — By

collapses to

~ ~ A ~
St — Sp—1 =y, — Il

while equations (3.53) and (3.63) yield:
if = it + th—i-l (444)

=+ Xl (4.45)

These equations imply that in a monetary union with incomplete financial markets house-
holds face different short-term interest rates. With no loss of generality we assume that

the Central Bank controls 7;.

Each of the two independent fiscal authorities in countries H and F controls sale’s tax

rate and spending, {77, G} and {#7*, G}, respectively.
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4.3 Linearised System

Let X, = log X, — log X denote the log-deviation of variable X, from its steady state
value X. In line with Benigno (2009) and Paoli (2009) we assume a symmetric steady
state, which implies that the net foreign asset position is zero in the steady state.'> The

log-linear approximations for the equilibrium conditions of our model are given as:

Cy = EyCiyr + — (EtHHtH — o+ bt+1) + WEt (H*Ft+1 - HHt+1) (4.46)

~

- = ~ Y
- (1 - #:) VE; <HFt+1 - 1_IHtH) + (XQE( 5)) Et)\t-i-l

Y .
+8 (1 - )XQ— ((1/) + 1) Byirg g + (EtHFt—i-l — Ellgiy + St) — k?t+1>

R ; =+1)(1—
(L= +1) (/\t + %—%t) + (ME - e +ﬂg T>> (i? B %th) (4.48)

= p= (ﬂt + %t) +o <ét - Etét+1) — VB (ﬂ;‘t-f-l - ﬂHtJrl) + Etj\t+1 - EtﬂHtJrl
S\t =20k <EtCZt+1 - Czt + EtﬂHt+1> — 2K (Czt - Cth + ﬂHt) (4.49)
_k /- _a [~ . 1 . Aa
=y (ft + k?t+1) — 5:? (ft + Q1 — %abt—&—l + Bl gy — 2 + %bt+1>

w

(1= (1—p)

R . e—11-7* T ™ e
My, = ﬁEtHHt+1+( ) >((

w 1—T””)Tt+(1—7'w)7-t

" ks b by C X k. G .
Y, = —ki+8 (X +1> as (X +1) Lt (ct vSt>—(1—5) vhityGe (452)

% Y\ Y'Y
él%m = (X - w%) ((w +1) 7y + 0Cy + Lw%;“ + 753)
(1 —7v)
+ (am - %ébm Bl — W (i Xbm) + % ) YLR
X £ " (ﬂt - Xt) - % <&t - é%bo +(1-0) é/%t - édt (4.53)

Optimal decisions of the household are described by the Euler equation (4.46) and by a
standard New Keynesian Phillips curve (4.51).

13 Although non-zero steady state holdings of foreign assets seems to be the empirical case (see eg. Lane
and Milesi-Ferretti (2002)) the simplification doesn “t alter our results.
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For the other country the corresponding equations are

A Ak 1 - ~a 1 * A A
Ct* = EtCtJrl + g (EtHFt—H — b = %bml) - E’Y Et (HFt—H - HHtH) (4-54)
o= () + (1 =) ey (4.55)

*

Y — Ay
+1Hy (ﬁ (1—p") X0 b (1-pE )) oCiy

*
A%

(1= )+ (1 5)) A

* Kk Aok A Y
+7 (1= W E) By (HFt—i-l - HHt+1> + BE, (X 0 =

*

Y . . .
+8(1 = ) X 07 (0 + DBy =y (Bl — Billien +$1) = ki, )

~ 3k o % ,L'*T* o o— *:* + 1 1 - 7_* "
B, = (WS +1) ()\t +_*Tt) n (u = (u ) ( )) (Zt +5z)t+1)

R BR* 2
—wE (i + &) + o (Bl - C7)
—7" B (ﬂ*ptﬂ - ﬂHt—l—l) + BT}y, (4.56)
\, = 28k* (Etd;: L — dF BT, +1> — 2K* (ci;* —dr,+ ﬂ}t> (4.57)
— k b 1 X T ~a
= (ft + kt+1) - (ft + bt+1 (g - 5) i1 + Byllpyyy — Zt)
X ((w+1)”‘+ Crp T e g M (& A)) (4.58)
= ny +o T = — | iy — .
R Ty T gy e
R . (8 _ 1) (1 _ T*x) T*:p R Iu* R e
Ft B tiiPt+1 + W (1 . T*x) 7—t + (1 . M*) lut t

Ok k* 7 % X bt-‘rl X b Cr >)< k* 7 % G Ak

k* ,, B i} . . THW o 1
i = X ((¢+1)nt+aq+(1_7*> TE T (i A))

B b g QAT Xy T
+R*Y* (btﬂ T Z_Jr*l + Bl gy — R+ <Zt + Eth) + FT,:
b* bt * k * d 7%
—= (b*+b)+(1—5)y—k Y*d
n* T ~ KW * O
—w'gs (@ DA +oC R g LR (4.61)
o LCOTYT C\ -
(7](1—’}/ )7 Y* Y _((1_77)(1_7)""7)’7?) Sy
C . c*Y™* . X bt+1 X bt
= WOy (S (S v 4.62
’YYCt WY*YCt+<X*+)BY (X*+ v (4.62)



gt - St—l - ﬂ}t - ﬁHt (463)

GG, = TwN (%“’ + by + Nt> +74d (%d + th) + 7Y (%x + Yt> (4.64)
N 0+ . . . . .
Where 7§ = The linearisation of equations and steady states are given in

Appendix B.5 and B.4.

4.4 Calibration

The model is calibrated to a quarterly frequency.!* We fix 8 = 0.9825. The capital
depreciation rate is set to d = 0.025. The capital ratio in production function is set to
6 = 0.36, and the mean value of A is normalized to 1. The tax wedge which corresponds
to the advantage of debt over equity is determined to be 7 = 0.35, and the dividend

adjustment cost parameter set to k = 0.146 as in Jermann and Quadrini (2012).

We calibrate the steady state debt to output ratio to match the data. The quarterly
ratio of debt to output for the non-financial business sector is 3.25 over the sample period
1984:1-2010:11, see the top panel in Figure 4.1. In order to match that, we set the steady

state value of the financial variable, Z , to 0.1634.

Parameters of the household utility function are determined as follows. The calibration
of the Frisch intertemporal elasticity of substitution in labor supply, 1, is assumed to be
equal to 1 and the risk aversion parameter is: ¢ = 1. The relative weight on the disutility

of labour, o = 1.8834, is chosen so as to set steady state hours worked equal to 0.3.

We calibrate the measure of price stickiness, w = 80, in a way that corresponds to
a probability of firms changing prices every 3 quarters in a corresponding Calvo model.
The elasticity of substitution between any pair of goods ¢ is equal to 11 in steady state

which gives a 10% mark up.

Parameters of the policy objective function are chosen to be ¥, = 0.3, ¥, = 0.01 and
¥s = 0.1, see Chen et al. (2014).'6

It remains to calibrate the shock and the initial states to simulate the scenarios of
interest. The second panel in Figure 4.1 plots the historical data of corporate debt to
output ratio (quarterly). The average value of this ratio during 1984-2009 is 3.25. The

peak of 3.87 in 2008 was somewhat above the average value, and the consequent reduction

14Note that both countries are symmetric and we only include calibration of Home country.
5Data sources: NIPA and FoF tables. The calculations follow Jermann and Quadrini (2012).
16The results are very robust to wide range of parameters ¥, and 9, between zero and one.
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Figure 4.1: Historical data in the US. Data sources: NIPA and FoF tables.
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to 3.55 in 2011 constitutes a reduction of about 10% relative to its peak. We use these

numbers as a guide to our simulations.

Based on this evidence, we consider an AR(1) credit shock &, = p€, | 4+ &; with persis-
tence p = 0.95, and we examine the dynamic implications of a negative 10% innovation

in ;.

The intertemporal elasticity of substitution between domestic and foreign goods 7 is
set to 2, which lies in the values assumed in the RBC literature (1 — 2) and the degree
of trade openness w and w™* are set to 0.3. The share of government spending to GDP,
g and % , are set to 0.20 for each country, in line with the EMU data. The relative
size of each country is calibrated depending on the nature of the analysis. In the main
case of interest, labelled base line case, with ‘large foreign’ and ‘small home’ countries the
home country has size n = 0.3, as the relative size in terms of population or employment
of Greece, Ireland, Italy and Portugal is about one third of the total population of the
EMU countries. However, we also consider two identical countries with n = 0.5 when we
discuss transmission mechanisms. As in Benigno (2009), Ghironi et al. (2006), we assume
that the costs of changing the asset holdings with respect to the steady state are such

that y = x* = 0.01.'7

4.5 Policy Objectives

Monetary policy is assumed to behave optimally, minimizing an ad hoc welfare loss, given

by the objective
U=> 8V (4.65)
t=0
with the flow objective
Vi = nll%, + n9,G? + 10, Y2 + (1 — n)IT2 4 (1 — n)9,Gi2 + (1 — n)0, Y, + 0,52 (4.66)

The union-wide monetary policymaker minimises the union-wide inflation, output, terms
of trade and there is also volatility of government expenditures. One reason to include
terms in G is that we have assumed that the private sector values consumption of public
goods, and this is also reflected in policymaker’s objectives. Additionally, we will study
cooperative monetary and fiscal policy, and restricting volatility of fiscal instrument could

be an important stabilising factor. We assume this ad hoc objective but we also check

I"Kollmann (2003) has used Lane and Milesi-Ferretti (2002) estimates on the relationship between real
interest rate differentials and net foreign asset position. He assumes a value of 0.0019 in a case in which
the net foreign asset position is normalized by exports. In our case, since the net foreign asset position
is normalized by quarterly GDP, with an export/GDP ratio of 15%, a value of 0.0019 implies a value for
x equal to 0.012, which is consistent the calibration that we use.
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robustness of our results to a change of government spendings coefficients, 94,7, specifi-

cally.

Given the loss function (equation (4.66)) we solve for the linear—quadratic optimal
policy problem. The shock produces a dynamic path of deleveraging which depends
endogenously on policy. Objective function in this form was used in Benigno and Benigno
(2006) and Clarida et al. (2002) and Corsetti et al. (2011).

We assume that the monetary authority choose the average interest rates (i) and
fiscal policy makers of both countries choose taxes (77 , 77*) cooperatively to minimize
the welfare loss (4.65) subject to the system (4.46)—(4.62).

4.6 Results

4.6.1 Transmission mechanism

In this section, we examine the transmission mechanism of symmetric and asymmetric
credit shocks. We start with two identical countries (e.g. n = 0.5). We compare our
results with closed economy model. Next we discuss the country-size effects. We also
discuss the welfare consequences of our results. Since our welfare objective function is not
micro-founded, we check the robustness of our results using different values for government

spending coefficient (J, = 97).

Country-size symmetry and symmetric credit shock

In Figure (4.2), we observe the impulse responses of both equal size economies (n = 0.5)
to negative 10% credit shocks in home and foreign countries. Such negative shocks have
the same consequences for both home and foreign countries: it reduces the proportion
of output which banks will be able to recover in case of default. Banks lend to firms at
the beginning of the period, so that firms are able to pay wages. As the enforcement
constraint is always binding, the difference between bonds and capital is covered by a
loan. As the negative credit shock reduces the probability of recovery, the amount of
bank lending falls. Firms which are not able to obtain funds up front have to deleverage
or reduce the value of production. Firms reduce labour, produce less output and also pay
lower wages, see Figure (4.2). As a result of a symmetric credit shock, terms of trade
and foreign bonds become zero (see equation (4.63) and equation (4.44)). To fight the
upcoming inflation sales tax (77 , 77*) rises and nominal interest rate falls. Consumption
falls. Both constraints are tighter as the Figure shows. Inflation falls initially following a

shock (see also equation (4.51)). Low interest rates result in falling consumption profile
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over time (see also equation (4.52) and equation (4.46)). Firms reduce the amount of
borrowing. Lower interest rate also makes it easier for banks to pay out the existing debt,
so it helps to reduce the debt quickly. Output falls by less than wages, profits of firms
fall and so dividends fall. The adjustment goes with overshooting as capital changes only
slowly and it continues to fall while the effect of persistent shock disappears. Results are
similar to closed economy model (see the Appendix (B.6)). However, there are several
important differences between this model and the one in the second chapter. Here we
assume that there is optimising fiscal policy, constrained by balanced budget, while in the
second chapter only automatic stabilisers work as spending and taxes are kept at their
steady state levels. Second, we study policy under commitment, while the second chapter
studies policy under discretion. Both these factors change the timing of adjustment,
although the direction remains the same as in closed economy considered in the second

chapter.

Country-size symmetry and asymmetric credit shock

In Figure (4.3), we plot the impulse responses of both equal size economies (n = 0.5) to
negative 10% credit shock in home country and a positive 10% credit shock in foreign
country. We explain the impulse responses of home country to a negative shock, since
foreign responses is exactly asymmetric to home responses and we skip adding that. Such
negative shock reduces the proportion of output which banks will be able to recover in case
of default. Banks lend to firms at the beginning of the period, so that firms are able to
pay wages. As the enforcement constraint is always binding, the difference between bonds
and capital is covered by a loan. As the negative credit shock reduces the probability of
recovery, the amount of bank lending falls. Firms which are not able to obtain funds up
front have to deleverage or reduce the value of production. Firms reduce labour, produce
less output and also pay lower wages, see Figure (4.3). Because of fixed exchange rate,
average interest rate is zero but domestic interest rate falls gradually over time as foreign
bonds rises (see equation (4.44)). Domestic consumption falls initially but the reduction is
not as low as needed to explain the reduction in output. Domestic inflation rises initially
while nominal interest rate is zero (see equation (4.44)). Then terms of trade falls (see
equation (4.63)). To fight inflation, domestic sales tax (77) rises initially. Both constraints
are tighter as the Figure shows. Firms reduce the amount of borrowing. Lower interest
rate also makes it easier for banks to pay out the existing debt, so it helps to reduce the
debt quickly. Taxes play some of interest rate role. Under floating exchange rate regime
interest rate falls to increase inflation and raise consumption, under fixed exchange rate
taxes rise. As government budget is balanced, fiscal policy increases spending, increasing
domestic output. However, the nominal exchange rate cannot adjust and the terms of
trade is only changing because prices change, so the initial appreciation is not as big as
under floating exchange rate regime. As a result, there is no reduction in foreign asset

holdings. Output falls by less than wages, profits of firms fall and so dividends fall. The
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adjustment goes with overshooting as capital changes only slowly and it continues to fall

while the effect of persistent shock disappears.
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Figure 4.4: Impulse responses of asymmetric-size countries (n = 0.7) to asymmetric credit
shocks in a fixed exchange rate regime

In Figure (4.4), we observe the impulse responses of two different size economies (n =
0.7) to negative 10% credit shock in home country and positive 10% credit shock in
foreign country in a fixed exchange rate regime. We compare our results with asymmetric
credit shocks in two identical country model (see Figure (4.3)). The smaller country is
more affected as a result of these shocks as we see in the Figure (4.4): Domestic import

share (7 = (1 — n)w) is smaller, then a negative credit shock reduces the proportion of
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Variances n=07 n=05

Y, x 102 0.69 1.46
Y7 x 102 3.63 1.46
Iy x 102 0.03 0.05
T%, % 102 0.12 0.05
G, x 102 5.94 13.2
G x 102 35.0 13.2
S, x 102 0.27 0.29

Loss (W)x10% 0.70 0.65
Loss (H)x10? 0.33 0.65
Loss (F)x10° 159 0.6

Table 4.1: Volatilities of output, inflation, government spending, terms of trade and
unconditional welfare loss for symmetric (third column) and asymmetric size (second
column) countries due to a credit shock

domestic output by less.!® Banks lend to firms at the beginning of the period, so that firms
are able to pay wages. As the enforcement constraint is always binding, the difference
between bonds and capital is covered by a loan. As the negative credit shock reduces the
probability of recovery, the amount of bank lending also falls by less. Firms which are not
able to obtain funds up front have to deleverage or reduce the value of production. Firms
reduce labour, produce less output and also pay lower wages, see Figure (4.4). Besides,
lower import share, 7, indicates that foreign goods are cheaper (see equation (4.51)).
Then as a result of higher import and outflow of funds, terms of trade falls by less. To
fight inflation domestic tax rises by less, so domestic inflation and domestic consumption
fall by more (see equation (4.51) and equation (4.46) and also Figure (4.3)). Low interest
rates result in falling consumption profile over time (see also equation (4.52) and equation
(4.46)). Low interest rate also makes it easier for banks to pay out the existing debt, so it
helps to reduce the debt quickly. Output falls by less than wages, profits of firms fall and
so dividends fall. The adjustment goes with overshooting as capital changes only slowly

and it continues to fall while the effect of persistent shock disappears.

And for the same reason, foreign import share v* = nw* is higher. Then a positive
credit shock increases the proportion of foreign output by more.!” Banks lend to foreign
firms at the beginning of the period, so that foreign firms are able to pay wages. As
the enforcement constraint is always binding, the difference between bonds and capital
is covered by a loan. As the positive credit shock rises the probability of recovery, the
amount of bank lending also rises by more. Foreign firms which have enough funds up
front, raise their debt or raise the value of production. Foreign firms raise labour, produce
more output and also pay more wages, see Figure (4.4). To fight inflation foreign tax falls
by more, so foreign inflation and foreign consumption fall by more (see equation (4.59) and
equation (4.54) and also Figure (4.3)). Low interest rates result in falling consumption

profile over time (see also equation (4.60) and equation (4.54)). Foreign output rises by

18The proportion of domestic output which banks will be able to recover in case of default.
19The proportion of foreign output which banks will be able to recover in case of default.

96



less than wages, profits of firms rise and so dividends rise. The adjustment goes with
overshooting as capital changes only slowly and it continues to rise while the effect of

persistent shock disappears.

4.6.2 Robustness analysis

Variance vy,=0 v,=001 9,=1
Output, Y; 0.008  0.015 0.027
Inflation, II 0.0002  0.0004 0.0006
Terms of trade, S, 0.0027 0.0029 0.0071
Consumption, C, 0.212  0.041 0.043
Government spending, G 3.068  0.132 0.008
Domestic assets, a 0.578 043 0.389
Capital, k 0.019  0.024 0.029
Foreign assets, b 0.012  0.006 0.018
BC Lagrange multiplier, A 0.011  0.016 0.023
EC Lagrange multiplier, [ 46.00  77.29 186.23
Employment, n 0.012  0.036 0.069
Dividend payout, d 13.949  6.532 4.937
Average interest rate, i x 10> 0.01 0.025 0.029
Loss 0.034  0.007 0.01

Table 4.2: Volatilities of given variables and unconditional welfare loss for different value
of penalty on deviation of government spending due to a credit shock assuming two
symmetric size countries

Variance x=0001 x=001 x=0.1
Y, x 102 1.48 1.46 1.48
Y7 x 102 1.48 1.46 1.48
Iy, x 10 0.04862  0.04856  0.04956
113, x 10° 0.04862  0.04856  0.04956
Gy x 107 13.94 13.2 13.68
G x 102 13.94 13.2 13.68
Sy x 102 0.2900 0.2900  0.300
Loss (W)x102  0.6600 0.6500  0.6600
Loss (H)x10%  0.6600 0.6500  0.6600
Loss (F)x102  0.6600 0.6500  0.6600

Table 4.3: Volatilities of output, inflation, government spending, terms of trade and
unconditional welfare loss for different value of intermediation cost due to a credit shock
assuming two symmetric size countries

How do the results change under different penalty on government spending deviations,
Y, or different intermediation cost, x7 We address this question through different assump-
tions on the value of penalty on government spending deviations, 1, and on intermediation
costs, x (see Figure (4.5)): The true social welfare loss is with ¥, = 0.01. When 9, is 0,
then there is very high volatility of G which is penalised by the social objective. When
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Yy = 1, then G is not flexible enough to stabilise the economy well. Therefore it is not
surprising that ¥, = 0.01 delivers the best result as measured by welfare objective. Table
(4.2) also demonstrates how volatility of different welfare components change with oJ,,.
With greater penalty fiscal policy is more constrained to stabilise the economy, volatility
of most economic variables rises. If the penalty on G is further increased, then at some
threshold value the economic behavior does not change. We know that if GG is not volatile
at all then the economy is unstable, so that a solution which stabilises the economy cannot
be found. However, any finite penalty on G allows G to stabilise the economy, although
at great costs. Table (4.3) and (4.5) show that the results are similar to the one under the

flexible exchange rate. Greater financial integration is more costly under credit shocks.

Variance V=0 ¥,=001 9¥,=1
Y; x 102 0.26 0.69 1.17
Y x 102 2.73  3.63 6.97
I, x 102 0.0l  0.03 0.04
1%, x 102 0.07 0.1 0.17
Gy x 102 023 027 0.69
G x 102 2134 5.94 0.21
S, x 102 640.8  34.97 2.7
Loss (W)x10% 3.77 0.7 1.03
Loss (H)x10? 225  0.33 0.47
Loss (F)x10?  7.31 1.59 2.34

Table 4.4: Volatilities of output, inflation, government spending, terms of trade and un-
conditional welfare loss for different value of penalty on deviation of government spending
due to a credit shock assuming two asymmetric size (n=0.7) countries

Variance x =0.001 y=001 x=0.1
Y, x 102 0.6857 0.6857  0.6857
Y x 102 3.67 3.63 3.7

1y, x 102 0.0344 0.0343  0.0342
1%, x 102 0.116 0.117 0.12

G, x 102 6.143 5.94 6.13

G x 102 38.37 34.97 35.73
S, x 102 0.2700 0.2700  0.2800

Loss (W)x10% 0.7200 0.7000 0.7200
Loss (H)x10? 0.3300 0.3300 0.3300
Loss (F)x10?  1.6300 1.5900 1.6200

Table 4.5: Volatilities of output, inflation, government spending, terms of trade and
unconditional welfare loss for different value of intermediation cost due to a credit shock
assuming two asymmetric size countries, n=0.7

4.6.3 Contagion

In Figure (4.6), we plot the impulse responses of two identical economies (n = 0.5) to only

a negative 10% credit shock in home country in a fixed exchange rate regime. Compared to
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the floating exchange rate regime there is substantial effect for foreign country. Home and
foreign consumption fall at great extent, almost with perfect correlation. Output however
is much less correlated, with reduction in foreign output offset by increase in taxes and
in government expenditures in the medium-run. The reduction in interest rate helps to
stabilise inflation and consumption. Terms of trade appreciates at home, but depreciates
in the other country in the first couple of periods after the shock. As a result, consumption
of home residents switches to foreign-produced goods, keeping output at foreign country

high in first initial periods. Higher output results in higher income abroad.

4.7 Conclusion

We demonstrate that, unlike under flexible exchange rate regime studied in the previous
chapter, the centralised monetary policy alone is unable to stabilise the economy. Na-
tional fiscal policies must be activated to counteract asymmetric shocks. We demonstrate,
however, that the effectiveness of fiscal policy is limited. Even if it is chosen optimally,
fiscal policy does not eliminate cyclical patterns in economic adjustment, which is welfare-

reducing volatility of economic variables.

This model demonstrates that shocks hitting one economy, result in sharp contraction
of consumption in another country. Countercyclical fiscal policy is able to avoid major
recession, however. In contrast to results in the previous chapter, the shocks propagation
mechanism is much stronger under fixed exchange rate regime. As before, we assume
variable degree of financial integration and study its importance for the propagation of
credit shocks. Since the objective function is not microfounded, we assume variable degree
of penalty on government spending deviations. With greater penalty fiscal policy is more
constrained to stabilise the economy, volatility of most economic variables rises. If the
penalty further increased, then at some threshold value the economic behavior does not
change. However, any finite penalty on government spending allows it to stabilise the

economy, although at great costs.
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Appendix A

Deep Recession

A.1 Household’s Optimisation Problem

The Lagrangian can be written as

W 1—7H) D+ p
t - Etzﬁ{ Ctant +At (( _7?)F:nt+bt+8t<( Tt;t ¢ pt)+q)t

b — s — O - T
qt0t+1 — St41 j2) t t>}
And the first-order conditions are taken with respect to Cy, ny , byy1, sipq1 and A,.
Uc (Ct, nt) =N\
Un (Ct7 nt) + At (1 — T;U) Wt = 0

Avis
= pE
q = BBy A,

Dt ((1 - Tf+1) Dy +25t+1)
A= = BEA
tPt 6 ti 41 _Pt+1

W, 1—7) D, +p
(1 ) —nt + bt + St (( t) ! pt) (I)t = qtbt+1 + St+1 + Ct + Tt
P P, P,

FOCs in real term are
Uc (Ct, nt) =N\
anf = (1 — 1) w,C;7
L _ g tthl
1+

p Crd
Pst = t = ﬁEt s
t

(1 - 7—::/”) weny + bt + St ((1 - Tt) dt + ps,g) + q)t = qtth + Ser1Pst + Ct + T

((1 - Tfﬂ) dit1 +p5t+1)

where pg;, = 2 and dy =2 Ft and we normalise the number of shares to be equal to one
(See Jermann and Quadrini (2012)).
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A.2 Firms’Optimisation Problems

A.2.1 Intermediate Goods Producers

The firm’s optimisation problem subject to 2.8 and 2.9 and the Lagrangian can be written

as follows:
o0 D _ Pm )
L = ;mo,t (FZ + Uy (:eft (Qikir1 — qbisr) — #F(e ¢ Ky, nt))
Pm z b W
+A (Qt (1—=0) ke + ?:F@ ' ke me) + %tl — by — Fttnt

kip1 [ Dy < D, )21%
Qt Qt+1 ( Pt Dt—l Pt

And the first-order conditions in the text are taken with respect to ny, ki1, bii1,

Dtu:utu)\t :

oL Pot o . W,
a—nt = (At — 1) ?:Fn(e ke, ) — )\tFtt =0
oL A
_ &t _ ¢
Ee
Gy MO Vg
P, .
+Eimiiq <)\t+1 ( Pttl Fr(e® ™ kyyr, negr) + Quyn (1 — 5))
-
P, B
Tl (_ Ptil Fi(e t+1akt+17nt+1)>)
oL A

- = &4 _ E /\ — 0
=€t (. m ==
9lt 1 Rt t t t t+1N\t+1

oL D, ) D, (Dt >2
— = |1-XN|1+2k —1 + K —1
oD, ( t( (Dhl D;y Di_1

D D? 1
+Emy g1 Ap126 (il - 1) as )

D, th Iy
aL —_— Pm Z
— = Ze (Qtkiy1 — qibiyr) — —tF(e t ke, )
aﬂt I
oL Py by 1 Wi
— = (1-— —F(e* —_— =0 — —=
8)\t ( (5) k’t + Pt (6 s k‘t, nt) + Rt bt Pt N

k: 2
ke &+K<Dt_1>&
Qi1 P Dy Py
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where m, ; is the stochastic discount factor.

s geiles Py

o UC,t Ps
Uc1

Mt = O e,
t+1Y Ct

We substitute m; ;1 and get the following real system

0 = Xt ()\t — ,LLt> (1 — 0) Aeztkfn;g — )\twt

C 7 Y, _
0 = BEtfat—H (()‘t+1 - Mt+1) Xt+19il + A1 Q1 (1 — 5)) — QN + 1,2 Qy
Ct Ht+1 ktJrl
G4 1 Bebt
0 = BB N+ A—e —
6 tct_a]:[t+1 i K Rt He 1 + Tt

7\ d d 2
0 = 14 2k8E, 120 (Ztey 1) (22
+ 2K03 tC;o M., \ 4, t+1 4,

dt dt dt 2
Ml 1+25( —1II, -1 ) —1II —II, -1
t( " “(dtl t )dtl t”(dtl t ))

0 = Ze (Qihrs1 — qrbisr) — XeF (™, ky,my)

b
0 = (1—5) kt—l—XtF(ezt,kt,nt)—l—%l—bt—wtnt
t

ki d, ?
— —|d —I,—-1) d
Qt+1 < e (dt—l ! ) '

A.2.2 Retailers

The firm’s optimisation problem is standard

00 i 2
o - w /P
E i Ct (1 — 77 _PmT i T 1 }/;'PT
t ; my, PrY; ( TT) Y- 9 (]92-1 > )
— E I Sy ) [ Ly pady gt 1 I A I 22
t;mt, PTyT< TT) PT y‘l’ 2 <p3—1 > )
00 pl 1—¢ P pz —€ w pl 2
= K T == }/T 1—77)— MRy }/T__ T — 1 YT PT
t;mt, <PT) ( ™) Pr (PT> 2 <p3'1 ) )

; 2
where % <pf4 — 1) Y, P, represents the cost of adjusting prices. The first order condition
1

r—

0 | Pl 1
- . Emme, | (1 - = Y. —(1—-7%) — T — 1Y, —
opL. o <( ) <PT) Pr ( ) T (pzr—l ) Pra

Por (P 50 1 jo jo
() ) s (1) el

T T
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from where after pi = P, :

0
Opt.

By, (1—¢) Y, (1—77) —w (I, — 1) Y,II,

PmT
+e 2 YT> + Eymy - paw (Il4q — 1) YT+1H72-+1

C*O‘
0=1—-8)Y,(1 -7 —w(l, —1)Y,II, +eX,Y, + wﬁEtCT—_*Jl (Tyy — 1) Y4,

T

A.3 Derivation of the enforcement constraint

Firms may decide to default after the realization of revenues but before returning the
intra-period loan. The total liabilities are L;,+ P;q;b;11, that is, the intra-period loan
plus the new intertemporal debt. At this moment the firm also obtains liquidity L; =
F(e*, ki, ny) from selling its products. In the case of default the lender uses the right to
liquidate the firm’s capital. We assume that at the moment of contracting the loan the
liquidation value of physical capital is unknown. With probability Ze*t the lender will be
able to obtain the whole value P,Q.k;,; but with probability 1 —Ze’t he obtains nothing.’
Both lender and firm are not able to see the liquidation value before the actual default.
Hence, to obtain the result from renegotiation, we have to examine these two cases one
at a time. In doing so, suppose that the firm has all the bargaining power and the lender

gets only the threat value. We have two possible cases:

First, when the liquidation value is P,Q:k:+1: Since the lender can claim the whole
capital, the firm has to pay the amount that leaves the lender indifferent between liqui-
dation and keeping the firm in operation. This needs the firm to pay P.Q:ki11 — Piqibii1
and guarantee to pay P;b;,1 at the beginning of the next period, when the intertemporal

debt is due.? So, the ex-post value of default is as follows

Dy

D PQikir1 + Pigibiyq
t

li + By 141 Z gt

t=s+1
Second, when the liquidation value is zero: In this case, liquidation obviously is not the
best choice for the lender. But the best choice is to wait until the next period when Pb; 4
is due. In the current period the lender receives nothing and the firm keeps the liquidity

l; = F(e*, ky,n;). Therefore, the ex-post value of default is:

Dy

l E t—s—1
¢+ By iq Z B 2

t=s+1

'In the first chapter we do not include "capital producers", so we can ignore Q.
2The required value P;Q:ksy1 — Piqibs11 could be more than the liquidity /;. In this case we assume
that shareholders raise the extra cash without any additional costs.

108



We expect the following liquidation value when the debt contracted:

o0

by + By 144 Z gt

t=s+1

Dy

5 Ze% (PQikiy1 — Pogibes)
t

So the following constraint enforces that the value of not defaulting must not be smaller

than the expected value of defaulting:

o0 [e.9]

e D e
Etmt,t+1 Z ﬁt 1?75 =1 +Etmt,t+1 Z 5t !
t

t=s+1 t=s+1

Dy
By

which can be written as in equation 2.9.

— Bt (PQiktr1 — Pigibisq)

A.4 Market Clearing and Private Sector Equilibrium

We can take the sum of the household’s budget constraint (2.1),
Win + b Ps + s (Dy + pr) + Pi®y = Pigibes + seapy + P.C) + BT,

firm’s budget constraint (2.8),

b
P F (e, ky,ny) + Pt%l = Pby+Wyny + P, + VY (Dy, Dy—4)
t

and government’s budget constraint (2.18)-(2.19),
b b
L p Ve

Rt 1 + Tt
PGy = 1/WiN;+ Ttht + 1 BY,

BT, = D

and obtain the resource constraint

d 2
Yt:Ct+k:t+1—(1—5)kt+n<d_tﬂt—1) dt+%(ﬂt—1)2Yt

t—1

The complete system which determines the private sector equilibrium can be written as:

0 = (>\t — ,ut) (]. — 0) Xt}/;g — )\twtnt

Cr A =k
0 = —fB =N+ 2 -
N o Vit
e Hy=€ B L, (Aer1 = peg1) Xonn Fos + Mg ( )
Crd A (d d ?
0 = 1 2 E t+1 M+1 H—lH 1 t_+lH
+ 2k tc,t_g M \ d, t+1 4,

dt dt dt ?
“Ml1+25| —1II; — 1) —1II —II; -1
t( e (dt—l ' ) di—1 e (dt—l t ) )
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XY, = Ze (k1 — qibigr)

b
0 = (1—0)ki+ X F(e*, kyony) + ;TH — by — wyny
t

—0

C
wI, —D)YIL = (1—&)(1—77) +eX)) Y + wBB 2L (M1 — 1) Yigy

c;e
1 C.°
— E t+1
1+ OB C;°
omf’ = (1=7)wC;°

where V; = Ze*kIN} 0 R, = 1 +4,(1 — 7).

There are 10 equations and 10 unknowns: A, p,, X¢, Cy, ki, di, ng, wy, 11 by for given

policy instruments #;; 7.

A.5 Steady State

The steady state level of the system is as follows:

1 1
ro— =
B
A =1
_ (L )1
= \Br =
v - =na-m)
9
Y 1—p=—3(1-9)
k BXO(1—p)
Y E\° =
)
w = —X(1-p)(l1-0)
b _ (FE_X\1
y \Yy =Z)p
d 1 b n k
C k
— = 1=§5=
Y 5Y
I k
y ~ %
1+r = 1413
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A.6 Reduced form linearised system

For every variable Z; with steady state Z # 0 we denote Zy = log % We linearise the

system around the above steady state to yield:

0 = Xi(A— ) (1—0)Ae™kin % — N,

0 = X (1 + Xt) <)\(1 FA) — (1t ﬂt)> (1—0)A(1+2)K <1 + l%t>9n_9(1 + )"0
A1+ M)w(1 + )

0 = (1-6) %X (A(1+Xt+f(t+2t+el%t—em) —M(1+ﬂt+)2t+2t+el%t—9ﬁt))
“dw(1 4 A + dy)

0 = X(A—M)(l—ﬁ)%—/\w

Yy . . . . .
0 — u—eh?xth&+a+ﬂm—em—um,h&+a+ﬂm—9m»

—w(\ + )

Yin
kt+1

<)\ (1 + 5\t+1> — W (1 + ﬂt+1)> X (1 + Xt—f—l)

Y (14¥i41) {
QHE£;7+A(L—®(1+AHQ

A _
0 = /BIE%L1 ((At—f—l - ,ut+1) Xt+10 + )\t+1 (1 - 5)) - )\t + ,ut:eSt

Cy 7y

)
Il
Hl®

<]_ + O'ét - Uét+1 - ﬂt+1)

—/\(1+;\t>+u(1+ﬂt)3<1+ét>

0 = EOA—MXﬁ%+%1—®)—1+uE

0 = p <9EX <)\t+1 — pflypg + (1= p) (Xt+1 + Y1 — k1 +0C —0Ciyy — Ht+1))

+(1-9) (5\t+1 +0Cy — Uét+1 — ﬂt+1>> — M+ = (/lt + ét)

We assume that in steady state II = 1.

C7 1 Zebt
0 = —fE— N1+ N— —
B thUHtH t+1 th 'utl—i—rt
S Y SO R WSO S S W LT/ 5)
= _f< + 00 — 00 + Aty — t+1>+( + A — t)ﬁ—ﬂum
1 =
0 = — — =
ﬁ—i_R /Ll—l—r
0 = 8(oCs— 00+ hor ) + (5= B) & = (48—
= — — — — — — — 7
oLy — 00U t+1 t+1 t t R 11r Ly t 1+rt
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Co A d d 2
— 14 2kBE, L2 (T 1) (2
+2K[3 tC{U M, \ d t+1 Alan

dt dt dt 2

M| 1+26(—1I, -1 ) —1I —II; — 1
t( i "“(dtl t )dtl t+“(dt1 t ))
2k8A\
II

~ ~ ~ “ ~ ~ 2
(H (1 Ty + gy — dt> - 1) (H (1 Ty + iy — dt))
1 + 2/{/ (ﬂt + Czt — Czt_1> <]_ + f-[t + Czt — Czt_1>
" ~ N 2
+K <Ht + dt - dt—1>

= 1+ (1+Uét_aét+1—ﬁt+1+5\t+1>

A <1 + j\t)

= A
= 2krf3 (ﬂt—H + CZt+1 - Jt) - ;\t — 2K (ﬂt + Czt — CZt—l)

b
= Bt (kyy — — ) — X,Y,
€ (t+1 1+Tt) t¥t

— = (1 + &) (k; (1 + l%m) — 1—Jbrr (1 + byt — 17’fr))

XY (1 + X, +YQ)

147

e b iy .
= .:<]€ (kt+1+§t>_m(bt+l_1_’_tr+€t>)_XY (Xt‘i‘}/t)

b d 2
Xth‘F%l—wtnt—bt—dt <1+/€(d—tﬂt—1) ) — I,

t t—1

b (1 + Z;t+1)

R (1 + Rt)

~d(1+d) 145 (f:jt m(1+1) - 1)2
t—1

1 (1 + E)

b
XY—i—}—%—wn—b—d(l—Hﬁ(H—lf)—[

XY<1+Xt+1?t)+ —wn(1+wt)(1+m)—b(1+l3t)

N N b /- « N A A
Xy (Xt + Yt> + 5 (th - Rt> — wn (@ + ) — bby — ddy — 11,

112



c° Y,
(1—e) (1 —77) + eXy + whBy—=E (M — 1) —H
C; Y,

1=—e)(1—7"(1+7) +eX 1+Xt)—w<n(1+f1t> —1>H(1+ﬂt>

Y (1 + Yt+1)

—W(Ht—1>Ht

4w lE; (1 + aé’t — aé’tH) (H (1 + f[t+1> — 1)
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— E t+1
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1
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Appendix B

Two Open Economies

B.1 Household’s Optimisation Problem

B.1.1 Domestic Households

The Lagrangian can be written as

Ft = EtZﬁt {U(Ct,nt)—l—At ((1—Tw)tht+At+BtEt—|—((1—7'd) Dt+PSt) St

=0
A _ By 1 By

JrTt_1 ; E.B
i e (4)

- 3t+1PSt — P,C,

And the first-order conditions are taken with respect to Cy, ny , A1, Biy1, Sir1 and Ay

Ucs
P,

Wt o Un,t

P Uc(1—7v)
1 B PUc 41

= /A

1+, tP7t+1UC,t

1 — 8E PUc 1 Erya (EtBtJrl)
L+ tPtJrlUC,t E; P

PUc11
P Ucy

Pg; = PE; ((1 = 7%) Dyy1 + Psisa)

(1—71")Winy + Ay + BiEy + ((1 _Td) Dt+PSt) st T

A B, F
= tﬂ + an il + S¢41Ps1 + PCy

PRie (i) o (S5
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FOCs in real term are

Ucy
ZGt A
P, t
O‘n?’rt = wtCt_U (1 — 7'“’)
1 = BE ((1 - ) + ’}/Sl_n)ﬂ Uc 1
. - t
(1 + Zt) ((1 — ) + VStlHn) UCtHHt+1
1 Cc’ S 1 1_7_1_751777 = L
_ _ R, St P2t t T e
1+ g tCt_U Sy H}tJrl 1_,}/4_,}/5;:117 ¢((( 7) IOt ) t0t41 t+1>
1—~) +~Stm = -
pst = BB (( v) + 7S, ) t+1 ((1 — Td) A1 M gyq —|—pSt+1HHt+1)

(1= +vS50) 7 Cy Tl

T,
(1 — Tw) Wit ‘I— Qy + tht ‘I— (1 — Td) dt + _t
PHt
as bey 1511
= At >HHt+1 + ‘ R I;iﬂ 1
(i) 6 (((1=7) +38E ) 77 STl )

(M=) +78") G
where pg; = g—f;t and d;, = PL};t' See also Appendix (G) and (F) for more notations. We

normalise the number of shares to be equal to one (See Jermann and Quadrini (2012)).

B.1.2 Foreign Households

The Lagrangian can be written as

*

A
Iy = EtZBt{ (Cr,n}) + A ((1—7w*)wt*n;‘+§tt+3:+((1—7d*)D;‘+P§t)s:f

A;karl Bt*Jrl * * * Yk *
B . « (A B (1+Z*) _St—l—lPSt_PtCt +T‘t
Et (]. + lt) QZS (TPJ) t
And the first-order conditions in the text are taken with respect to Cf, ny , B/, A},

sy, and Ay, e (CF.m2)
c Ly, 1y

Py t
Wy Ul
Py Uc (Cf,n?)(l—Tw*)
1 _ B, (Ct+17nt+1) by
arm B G By
1 — R, Uc (C:—f—lvnt—f—l) PrE; n (A:H)
(1 + ) Uc (Ct,nf)  PraEra E Py
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Uc (O:—&-l? n;:k+1) P

P, = BE
5t Btlh&%@ﬂﬁl

((1 - Td*) Dy, + PS*t+1)

*

(L Won + 2y By 4 (1= 79 D 4 Pi) i+ T

Aj By
= - gy R PO

*

B (1+i)o () ()

and the FOCs in real term are

Uc (Cfv ”:)

p— A*
Py t
L Uc(Cfong) (1 —1w%)

L _ g Uo(Clmin) (A=) #7807 ™
(1+77) I, Uo (O 1) (1 — %) + 7+8751) ™
L _ g Yo (Gimi) (A=7)+7'8T7) 77 S,

(1 + Zt) UC (Ct*>n;tk) ((1 _ ’Y*) + 7*527;11)ﬁ St+1

1

HHt+l

o ((1=7") S +9") ™ Moy, )

Uo (Cl;k+17n:fk+1) ((1 -7+ V*S’?il)ﬁ (

Pst = OB S (1 =7%) dip 1 Mhesr + D5es1 i)
Uc (Cf,nf) ((1 =) + 7S ) ey

a*
(I —7"")wing + §tt 0+ (1=77) d; + %) 7
T* * * - 1% *
+pi—(ﬂ—7)+75?3 e
Ft
= Et a:—i-lHHtJrl +Etbr+1ﬂ}t+l
— A
(1+1i,) 0" (((1 — ) S r) T Ht“a:“) S e

* *
+ Si41Ps¢

where p§, = % and d; = %. See also Appendix (G) and (F) for more notations. We

normalise the number of shares to be equal to one (See Jermann and Quadrini (2012)).
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B.2 Firms’Optimisation Problems
B.2.1 Domestic Firms
Intermediate Goods Producers

The firm’s optimisation problem subject to equations (3.22) and (3.23) and the Lagrangian

can be written as follows:

Lg = Ko Zmo,t Dy + py [ Zett | PriQiksr — ol - P F (e, ky,my)
=0 1+ 1t
+\ (P F(e%kn)+$—ﬂ—wn
t | Lmt s Bty Tt T+ i (l—70) " Tt

— Py Qt (kiyr — (1= 0) k) — W (Dy, Dy 1))

And the first-order conditions in the text are taken with respect to ny, ki1, Al y, Dy,

Hi At.

MWy = (>\t - Mt) Pthn(€Zt7 K, nt)
0 = Emyin (()\t—i-l — ,ut+1) Poii1 Fi (€7 kpr, mugr) + M1 Pre1 Qe (1 — 5))
— (N — Mtaegt) P Qy
At

0 = — 2 ES
1+Zt(1—7_t) ILLt 1+/lt

D, D, ( D, )2
1 = A (142 ~1 + K —1
t ( (DH ) Diy -\ Diay

—]Etmt7t+1)\t+12/‘€ (

- Etmt,t+1)\t+1

D,

AT

1 jj_;t) - Pth(eZta kta nt)
Al

1 + 'lt(]. — Tt)

0 = Ze (PHttht—f—l -

AT = P F(e® ky,n,) + = Wing — PrQily — V (Dy, Dy1)

where m,; is the stochastic discount factor.

s il P

o UC,t Ps
Uciti1

Mt = O e,
t+1Vct
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We substitute m, ;.1 and get the following real system

Awy = ()\t - Mt) XtFn(€Zt> ktant)

U, T
0 = fE—= (A1 = p41) Xer Fr(€4 kppn, nisa) + A Qe (1= 6))
UC,t Tt-i—l
— (A — Ee™) Q;
A —_ Uc,t+1 T,
0 = —————— — j,Zef+—— — R 7 A
1 + Zt(l — Tt) K 1 + 1t 6 tUC,tHHt—I—l Tt+1 i+

d d d 2
1 = M| 1+2k (—tHHt — 1) My + K (—tHHt — 1)
dt—l dt—l dt—l

U, T d d?
— BBy Cril L2k (t—HHHHl — 1) t_+1H12LIt+1

Uc, T Yo dy d?
ol
0 = Ze | Qikpq — —L_E,II )—XFeZt,k,n
(Qt 1 TE e g +F( ¢, 1)
T 2 atT+1
a; = X F(e*, kyyng) + Edlgerr — wing — Quly — dy

(1 + Zt(]_ — Tt))
d, 2
k| —Ig —1) d
K (dtl Ht ) t

See also Appendix (G) and (F) for more notations.

Capital producers

The objective of a capital producer is to choose I; to maximise nominal profit

oo [7- 2
H}?XE,: ;mtﬂ' (PmTQT]T - PmT (1 + g ([7-—1 - ]-) ) ]7')

And the first-order condition in the text is taken with respect to I;.

If no costs o = 0 then
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Retailers

The firm’s optimisation problem is standard

i 2
. . . w
Et th,’r p}-ITy'Zr (1 - Tf) - Pmqul— Y (?i - 1> }/TPHT
—t 2 \ Pz
— K i HTil_:p_mTi__ .H'r -1 K’PT
t ; mt, PHT yT ( TT) PHT yT 2 <p1[_17__1 ) ) H
(pi >1€Y (1 ) P, Pi 7€Y
o) HTt T mT Hr
Py- T T Py <P_T) T
- Etzmtﬁ " i H? " PHT
T=t _% (sz - 1) YVT
Ppgr—1
; 2
where 7 (pr - 1) Y. Py, represents the cost of adjusting prices. The first order con-
Ht—1
dition is:
o i —€ ) P .
— . By (1—g>(pﬂ) 3@(1—T§)—w(§’i—1)nﬁ
Oply- Pz PHr—1 PHr—1
P i —e-1 ol o
+e—— < HT) Yo | + By rw (# - 1) YT+1L+12PHT+1
PHT PHT Py- (pﬁqT)
from where after pl,, = Py, :
0
, Emi, (1—¢)Y, (1—77) —w (I, —1)Y,II,
Pty
PmT
+e

P YT) + IE’tTnt,7'—i-1('u (HT+1 - 1) Y7—+1H72—+1
Hrt

—  Em, (1—-9) Y, (1 —7%) —w (I, — 1) Y,II,
@P]HT 10, (( €)Yz ( 77) —w( )

c=e .
C;Ul TT+1W (HT+1 - 1) Yol

P,
mTy; E
+€PHT ) + ﬁ t

(Gif g
w (HT — ].) }/THT = (]. — 5) 3/7 (1 - Tﬁ) + é‘XT}/T + CdﬁEt Cj-jal T— (HT+1 — 1) Y7—+1H7—+1
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B.2.2 Foreign Firms

Intermediate goods producers

The Lagrangian can be written as
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And the first-order conditions in the text are taken with respect to n}, k.1, B, D;, u;,
Af.
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where my, ; is the stochastic discount factor.
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Capital producers

The objective of a capital producer is to choose I to maximise nominal profit

o] 2
H}?XEt 2 my . (QTIT - (1 + 5 (E — 1) > IT> PF,T

If no costs o = 0 then

Retailers

The firm’s optimisation problem is standard

i 2
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where % (pzL — 1) Y* represents the cost of adjusting prices. The first order conditions
Fr—1

are:
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B.3 Market Clearing and Private Sector Equilibrium

For each country we can take the sum of the household budget constraint and the gov-

ernment budget constraint and obtain two financial accounts

P d 2 I 2
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which can be used in the final system instead of household budget constraint.

The two market clearing conditions for countries H and F are
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these are balance of goods. We substitute consumption into the market clearing con-
ditions and obtain

GAa Y, =(1-7) ((1=7) +787) 7 Cot v (L= i7" +77) 77

d ? I 2
+K _tHHt—]_ dt+Gt+It 1+g —t—l +E(Ht—1>2n
di1 2\ [ 2

n 1 _q BtJ‘r*lEt
¢<Et13;t+1> <1+Zt)PHt

123



n
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1 A w
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Of course, the sum of two financial constraints is equal to the sum of two market clearing
conditions, so one equation is redundant. To close the system, we use equations GAa and
GADb; and instead of using either FAa or FAb we use FAa-GAa.

The complete system which determines the private sector equilibrium of home country

can be written as:
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where Y, = Ze*kIN} ", Ry = 1+ i,(1 — ), Lo = (1 — ) + 7S5, ") ™.
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Finally the resource constraint yields
d 2 w
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similarly the Private Sector Equilibrium for the foreign country is:
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Appendix G for more notations).

There are 25 equations and 25 unknowns: Cj, ny, wy, A, iy, Xty ke, Uy, dyy by, ar, Qs
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B.4 Steady State

The steady state level of the system is as follows:
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B.5 Reduced form Linearised System

For every variable z; with steady state z # 0 we denote Z; = log . We linearise the

system around the steady state to yield:
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A 1—-n *
708 ) e (e 6

CLtJrl Y (lt Y* bt+1 bt
-5 — —S
Y.y Y Y

—f

Y, = 2 +40k+(1—-0)n,
Y o= F40ki+(1-0)n

* T ——
at+1 - X*bt+1

Proof (for the last equation):

From the following equations
. 1/ ) 1 /. .
Cy=Cia + p (HHt+1 - 2t> + p <Tt+1 - Tt)

N A 1 Ak A 1 (1_7>
Ct = C’tJrl - g (Zt - HFt—H) - ;(1 — v+ 751_77)

A A S
(St+1 - St) + X_bt+1
o
* 1 - Ar A~k
Cr=Cro+ (Ft+1 Ly + gy — Zt)
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Ak
G

we get

so that

~ 1 N
— ¢~ (5 -1 ) 2
1 U(t Ht+1 | +

1

(1—77) St

o ((L=7*) 57 +7%)

A

(St-H - St) +

*

X
ST Ay

=1 — ﬂ}tﬂ + ﬂHtJrl + (gtJrl - St) — Xbi1

it:i:—

o - a R * %
Fe1 T g1 + S — Se +x Ay

X*aZ‘H + Xbi11 =0

B.6 Closed vs open economy model

Credit Shock
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Figure B.1: Impulse responses of a closed economy to a credit shock under commitment
and discretion (with no fiscal policy)
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Appendix C

Welfare Loss Computation

Consider the following linear constraint
Zs+1 =MZ; + B€5+1

Z is predetermined variable

from where, assuming that e, are not correlated with Z,, it follows

!
Zs+1

=Z.M +¢, B
Zs1Zyyy = (MZs + Begyr) (ZQM, + 5;+13/)

ZWSZ5+1Z;+1 = Zws (MZs + Begy) (Z;M, + 5ls+1B/)
s=0 s=0

> wZonZiy =) w (MZZM + Bee ZLM' + MZ,g, B + Be, 1€y, B)
s=0 s=0

o0
E s '
W ZS+1Zs+1

s=0

= > W' | MZZM +B e41Z, M +M(Ze,,,)B + By, B
s=0

0, uncorrelated

ZMSZS+1Z;+1 = Zws (MZ,Z\M' + Begae, B')

s=0 s=0
Y W ZenZiy =M (Z wSZsZ§> M+ B (Z wsss+15’s+1> B
s=0 s=0 s=0
1 . S . S - S 1

1 S S S S S S 1
~ (z;w ZSZ;) =M (Z;w ZSZ;> M + B (z;w 55+15'5+1> B'+ =2
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> w2 =wM <Z wszszg> M'+wB (Z w565+15’5+1) B' + ZyZ}

s=0 s=0 s=0

E0Y w'Z,Z,=wM (50 > wSZSZ;> M' +wB (50 > wsasHa;H) B + 7,7}

s=0 s=0 s=0

Denote V =) w*Z,Z.. For covariance stationary £, with covariance matrix ¥
o0
gov = wMgQVM, 4+ wB (50 Z ws€s+1€;+1) B/ + Z0Z6
s=0

— wME&VM +wB (Z w*& (esﬂggﬂ)) B + ZyZ}

s=0
— WMEVM + %BZB’ + ZoZ!
— W

X = wMXM + ILBZB' + ZoZ,
— W

vec(X) = wvec(MXM') + : d

vec (BEB') + vec (ZyZy)

vec(X) = w(M@M)’USC(X)—F%(B@B)’UGC(E)

+(Zo ® Zy)
vee (X) —w (M @ M)vee(X) = % (B ® B)vec () + (Zo ® Zo)
(I —w (M ® M))vec(X) = %(B@B)vec(Z)—i—(ZO@Zg)

— W

vee(X) = (I—w(M® M)  vee <1LBEB’ + ZOZ(’]>
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Appendix D

ZLB under Discression: application
of the Laséen-Svensson (2011)
approach

Consider the standard LQ RE model. The policy objective is quadratic

1 [ee] 1 o0
Li==) B74Qgs ==Y B (y,Qus + 2y, Pus + u,Ruy) . (D.1)
2 £ 2

s=t

subject to the system of linear constraints

Lt+1 An A Lt By Cy
= D.2
[ X1 :| [ Ayl Ago :| { X, :| + [ By :| [we] + [ C, et (D.2)
where y, = [2/, X]". We assume Ay, is invertible. We consider standard discretionary

policy.

D.1 No binding constraints

This section presents the standard discretionary solution.

Suppose that the reaction of the private sector is given by a linear rule
Xt = —Nl’t. (D?))

Representation (D.3) can be rewritten in an equivalent form in terms of predetermined
variables and controls (as did Oudiz and Sachs, 1985). We one-period lead (D.3) and

substitute for z,,; from the first equation (D.2):
Xip1 = —Nwgyy = —N(Anz + Ap Xy + Biuy).
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Combining this with the second equation in (D.2) we obtain:

X; = —(Agg + NA12) '[(Ags + NA)y: + (B2 + NBy)uy

= —JiCt — K'U/t, (D4)

where
J - (A22 + NA12)71<A21 + NAII); (D5)
K = (Ags + NAp) " Y(By + NBy). (D.6)

The policymaker is maximising its objective function with respect to w;, taking time-
consistent reaction X; as given and recognising dependence of X; on policy u,. We define

Lagrangian with period term

1 .
Hs = 565 t(y; st + 2y;7DU$ + U;RUS) + )\IS_H(AHZL’S + A12X5 + Blus — y5+1)
+ul (X + Jxs + Kuy)

with s and p, are Lagrange multipliers.

First order conditions can be written as

0= (P; = K'Qip) x5 + (Py — K'Qa) X + (R — K'Pa) us + (B — K'Al,) BE, 14,
0=(Q11 — J' Q) x5+ (Qr2 — J' Qo) Xs + (P1 — J'Pa)us — \s + (A}, — J'AL,) BEsi1s
Ns = —Qllgxs — QX — P, — A,12/8€s+1

and equations (D.4) and the first equation of (D.2). Here £, = 8°7')\,, n, = 8° 'u, and

matrices Q, P and R are partitioned conformally with y, = [/, X’]" and .

Substitute out X, and 7,, and relabelling the matrices we arrive to the following linear

system

0= P"z,+ R'us + BB, 1,
0= Q*Is + P*us - /\s + A*/ﬂgﬁ»la
0=A%"y+ B us — r411

which can be written in a matrix form
I 0 Ti11 Wy Uy Tt
~ = -, D.7
{0 @22]{%“} {‘1’21 \1’22}[?%} ( )

where 1, = [u},£}]'and

0 pB* o —R* 0
(1)22:|:0g14*/:|7 \IJZl:|:_Q*:|7 \IJ22:|:_P* I:|7

\1111:14*, \Ijlgz[B* O]
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A solution to system (D.7) will necessarily have a linear form of
~ Ug o —F
= v =] ] 03)

It is straightforward to show that system matrices in (D.8) satisfy the following well-

known Riccati equations describing solution to a discretionary problem

F = (R*+ BBYSB*)™' (P" + BB¥SA¥) (D.10)

Practically, the solution can be found with generalised Schur decomposition of (D.7).

D.2 Binding constraint on instrument

Following Laséen and Svensson (2011) we augment the original system by the vector
of predetermined state variables z' = (z4, 21411 - - - zt+T7t)' in order to account for the
sequence of anticipated policy shocks. Vector 2! denotes a projection in period ¢ of future

realizations of shocks, 2,4, 7 =0,1,...,T. 2, follows a moving average process

T
2t = Mty + § Mt t—s

s=1

where 1,, ., s = 0,1,..T, are zero-mean i.i.d. shocks. For T" =0, z;; = n,,. For T > 0,

the stochastic shocks following a moving average process:

Ztprt+l = Rrrt T Mpgprpyrs T = L..,T

Z4THLt+1 = Thearyi4a-

The above stochastic shocks process can be rewritten in the following matrix form
2 — ALzt 4t

where 0™ = (11 1415 Mryoisr - - -77t+T+1,t+1)/ is a (T4 1) vector of i.i.d.shocks and A, is
(ny +1) X (ng + 1) matrix

Orx1 I
A, =
|: 0 O1x7 :|

We denote the vector of predetermined state variables ¢ = [z, 2}]", where superscript

c stands for ‘constrained’, and vector z; consists of anticipated shocks.

140



Matrices in equation (D.2) can be written as

c | A0 c |0
All_ |: O A11:|7B1_ |:Bl:|
and matrices @, P and R can be redefined to account for additional state variables (we

keep the same notation).

Finally, equation for policy instrument has to be augmented to account for reaction to
shocks z;. This is achieved by replacing the top left square submatrix of new Wy, with R*.
As before, the solution can be found by solving the augmented system (D.7) with Schur

decomposition.
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Appendix E

Commitment: application of the
Laséen-Svensson (2011) approach

Consider the standard LQ RE model. The policy objective is quadratic

1 1«
Lo=5) B7'0Q0 =5 ) 5" (4, Qus + 2 Pus + uRus). (E.1)

s=t s=t

subject to the system of linear constraints
T41 o Ay A Ty B, C

o I b | I R B0 [ORS f CR E
Y1 = Ay + Buy +(,q, and x given, (E.3)
where y; = [2}, X/]'. We assume Ay, is invertible. We consider standard discretionary

Set up the Lagrangian,

‘CO = min EO Z 6t [(y; Qyt + 2y£73ut + U;RUt) + 2)\;+1(Ayt + But -+ Ct+1 — yt+1)j|

{ut}:io t=0

The first order conditions for u; are
—B'EMi1 = P'ys + Ruy
The first order conditions for ¥, are

BA,Et)\t-i-l =N — BQy, — BPu,
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which can be written in the matrix form

I 0 0 Yt+1 A B 0 Yt Coy1
0 0 BA/ Ut+1 = —/BQ —/87) I Ut + 0 <E6)
00 —pB Ei i1 P R 0 At 0

Partition (E.6) as

[Gll (?12 élS él4 615} Uty
B A141
iAoty 1

Ty Ceriq

Xy 0
= [Dn Diy Diz Dy Dls} Uy +

B A

it Aoy

o O O

and reshuffle so z; and Ay, come first (since we have initial values for these)

Li+1
. ~ ~ . ~ K Aor 41
[ Gu G5 G2 Giz Gu } X1
Uty
e A1
Ty Cerya
o o ) B¢ Aot 0
= [ Dy Dis Dz Dz Dy ] Xi + 0
Ut 0
By A1y 0
let
Xi
Tt
kt:{EA } and p, = an
t A2t E )\,
Then
GEt|:kt+1‘|:D |:kt:|
Pi+1 Pt

We define the auxiliary variables

where we will associate the stable roots with 6, and the unstable with 9.

Use the generalized Schur decomposition G = QSZH and D = QT Z", premultiply

with the non-singular matrix Q from the generalized Schur decomposition to get

QHQSZHEt |: kt-i—l :| — QHQTZH |: kt :|
P41 Pt
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then we get

SEt §t+1 — T |: et :|
| Yt+1 |

where S and T are both upper triangular, then

Seo  Sps B [ 0141 ] _ | Too Tps 0,
0 Sss | [ 61 | 0 Tss 0y

The lower right block contains the unstable roots, so a stable solution requires that §; = 0

for all t. The remaining equations are then SgylE;0;,1 = Tpe0; , which we solve
E0i11 = Spq Tpo0s

since Spy is invertible. The reason is that det(Sgy) equals the product of the diagonal ele-
ments since Sy is triangular, and that all diagonal elements are non-zero since |T;;/S;;| < 1
are sorted first so there cannot be any zeros in the diagonal of Syy; det(Syg) is therefore

non-zero and Syy is invertible.

E.1 Matrix Singularity

Instead of (E.2) and (E.3), let the dynamic equations be

T41 o A A Ty By C
{ HE X1 } - l An A } { X, 1 ’ { B, ] ue [ o |error (BT
Hy,w = Ay + Bu, + Cip1, and xg given, where H= [ é 2. 1

where H can be singular (if not, premultiply by H ! to get the system on standard form).

The first order conditions for y;, corresponding to (E.5), are then
BA,EtAt-i-l = ]:-I,)\t — By — fPuy (ES)

so we can write (E.7), (E.8), and (E.4) as , corresponding to (E.6), as

oo 0 Yt+1 A B Q Yt Ct+1
0 0 614/ U1 = —BQ —BP H’ Ut + 0
0O 0 —-B I Ve P’ R 0 At 0

We can then apply the same solution algorithm as for to this system.
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Appendix F

Parameterisation

Ae*kInl=? =Y,
_pit

lea nlJr’l/f

Ulewm) = T3 =074
Uc(ct,nt) = OI;J
U (ciiny) = CF7°
Up (ei,my) = —om;/’
Up- (c}onj) = —an;”

)

)

Y
Ry
1/; *

G Ae* kf‘lntl_e

(1—0) Ae*kfn; % = (1 —0)

Ze kN’

1+l —7y)
Zez;‘ k:QNt*lfG
1+ ZZ‘(l — T;‘)

_ Pr

Sy = —.
*” Py,

((1=7) + S ™
(A=) S7" +9)™

(L=~") S +47)"

(1 =) +yr8r )

Eipry(2), pai(2) = Epp(2)
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(L=7)+~8 ™)™

(L=7") S " +%)!
1+ 5

| |~
3
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Appendix G

Normalisation

We introduce the following notations

Dst

St+1

E3
Wy

147



