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Abstract

During the last financial crises, the main Central Banks in the
world implemented different examples of unconventional monetary
policies in order to soften the tightening in the credit market con-
ditions. In the United States the Federal Reserve (Fed) applied the
“quantitative easing” approach in a very massive way, allowing the
country to avoid a deep recession from the sub-prime crisis to this day.
Similar attempts (even if differently named) were followed during the
same period by the Bank of England and the Bank of Switzerland.
Even in the Euro Area, despite the more severe stance implied by
the influence of the Bundesbank’s heritage, during the current Euro-
zone crisis the European Central Bank (ECB) was involved in massive
shopping of Treasury bonds of the countries under speculative attack
in order to restore the transmission mechanism of its monetary policy.
Moreover, in the attempt to avoid a credit crunch for the real economy
and to mitigate the urgent liquidity needs by the European banking
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system, the ECB also launched last December its unlimited three-years
liquidity-refinancing operations at the 1 percent in order to provide
longer-term lending facilities to the financial institutions. Unconven-
tional monetary policies seem therefore to get an increased importance
during the last few years as alternative instrument of monetary pol-
icy when the traditional target rates are close to zero and when the
credit market conditions worsen with serious risk for the real economy,
justifying a growing interest on this issue. We would like to analyze
how different unconventional interventions by the Central Banks might
mitigate a country-specific crisis in a two country DSGE model with
credit frictions. To this task we use a baseline model we previously
developed, whose framework is mainly based on a work by Gertler and
Kiyotaki (2010). We specifically focus on the effects of coordinated
versus uncoordinated policies.

Key Words: two country DSGE model, incomplete markets, en-
dogenous portfolio choice, unconventional monetary policy
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1 INTRODUCTION

1 Introduction

Nowadays we are unfortunately experiencing a serious financial distress hav-
ing its epicenter in the Eurozone. Differently from the previous crisis of some
years ago, originated in the 2007 US sub-prime mortgage market and then
spread around the world through the deep linkages across financial activi-
ties, the current crisis seems to be less related to the innovations in financial
markets and their deficient regulatory system, although the first seeds of the
Eurozone current turmoil reside exactly in the US-2007 one. It is, instead,
the lack of control of the budget imbalances by some member states dur-
ing the last decades that is responsible for the serious problems that is now
facing the Euro Area as a whole. In a monetary union, balance sheets of
banks and countries are deeply interconnected; the default risk for a spe-
cific country, however small with respect to the rest of the union, can end
up by infecting the whole network of relationships that holds up European
Governments and financial intermediaries. A lacking regulatory system to-
gether with a weak control mechanism completed the work, underestimating
the real risks in banking balance sheets. Paradoxically, even countries with
a "safe” balance assets/liabilities and a restrained debt to GDP ratio can
be seriously involved in the problem. What should a Central Bank do in a
situation such the one we are describing now it is not clear at all. How large
have to be its interventions, when it is clear that the problem was caused by
the national segmented fiscal policies? We all get used in the past with the
idea of a Central Bank totally devoted in supporting and stabilizing domestic
financial conditions in full independence from the political Government. This
is what all we learned at university: there must be total independence be-
tween the Government (that decides taxes and public expenditure and has a
short-term, political horizon) and the Central Bank’s actions. Under normal

times, monetary policy acts by setting a target for the overnight interest rate
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1 INTRODUCTION

and by adjusting the supply of money in order to meet that target (through
open market operations). The framework used by the Central Bank in pro-
viding liquidity to the system is built in a way that minimizes the Central
Bank’s exposure to private sector risk (all the liquidity operations are done
against eligible collateral). In the last few years, however, many structural
changes happened in the financial world that made things act differently.
First of all, if the institutional framework of all the main modern Central
Banks around the world were deeply influenced by the 1980s’ lessons of high
and worrying inflation levels and high interest rates, today’s inflation levels
are much lower, and interest rates are in some cases so low that the Cen-
tral Bank is bound in its usual ability to expand money supply by lowering
the overnight rate. This is what happened in Japan in the 1990’s (when
the country was in liquidity trap). Today the Fed is experiencing a not so
different situation, being the Federal Fund rate very close to zero. The Cen-
tral Bank’s response was, however, very different in the two situations. The
Japanese experience can probably be a first explanation of why the Central
Banks around the world were encouraged to explore other ways to foster real
economy when interest rates are very low. A second explanation is the possi-
bility that disruptions in the transmission mechanism can prevent the use of
the standard monetary policy even if the interest rates are not close to zero.
This happens, for example, when the interbank market suffers malfunctions
by the lack of confidence across the counterparts. The financial engineer-
ing exploded during the last few years highlighted this problem during the
sub-prime mortgage crisis, when extremely complex financial assets were cre-
ated and then traded in highly integrated financial markets. As a result, the
banks’ balance sheets around the world ended up full of assets by hardly
computable riskiness. It was the lack of liquidity originated in a very specific
economic sector (the sub-prime mortgage market) that caused a global crisis,

making clear that the task of ensure liquidity to the interbank market and
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through this financial stability it is not less important than inflation control
as monetary policy task. With the most western economies suffering from
the low growth, the main risk for the real economy is the one related to a
credit crunch. Not surprisingly, therefore, during the sub-prime mortgage
crisis both the Fed and the ECB started to implement same “unconventional
monetary policies”, oriented in expanding central intermediation as opposed
as to the traditional policies which aim is instead to expand money supply.
By implementing these unconventional policies, however, the Central Bank
takes upon itself private sector risk (they all imply, even if in different ways,
to make risky loans to the private sector). For this reason the use of these
policies has to be carefully restrained (for what concerns the Fed’s mandate,
for example, these policies can be implemented only under “unusual and ex-
igent circumstances”) . From the last 2007 crisis until now the Fed never
stopped to implement its “quantitative easing” policies (a recent example
is the so called “twist” operation, oriented to reduce the long term interest
rates related to the mortgage market) in order to foster the US economic
growth exposed to downside risks. During the same period, other main Cen-
tral Banks around the world also implemented similar policies (first of all,
the Bank of England and the Bank of Switzerland). In all that cases the
interest of a country and that of its Central Bank perfectly overlap. Things
are, however, different for the Central Bank of a monetary union such as the
Eurozone, where fiscal policies remain segmented at a national level. The un-
conventional measures implemented by the ECB are necessarily much more
limited by the binding and in same cases divergent interests of some member
states. During the last months the ECB was involved in a growing shopping
of Treasury bonds of the countries under speculative attack. However, the
Central Bank justified its actions with the urgency to restore the transmis-
sion mechanism for its monetary policy, emphasizing that its target it is not

the monetary financing of some member states (prohibited by its mandate).
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Moreover, in the attempt to avoid a credit crunch for the real economy
and to mitigate the urgent liquidity needs by the European banking system,
the ECB also launched last December its unlimited three-years liquidity-
refinancing operations at the 1 percent in order to provide longer-term lend-
ing facilities to the financial institutions.

Nevertheless, many charges are still moved against the ECB’s lack of
action, as if it was contributing to exacerbate the recession faced by the
whole Euro Area. These same voices outline the different approaches adopted
in the same period by the other main Central Banks, and accuse the ECB
of moving wrongly against the trend. At the opposite corner, the German
bankers, strongly fighter against the even limited unconventional policies
adopted until now by the ECB. Being this crisis the result of Governments’
budget imbalances, they question the opportunity of implementing that kinds
of policies. Did not learn all of us that Governments and Central Banks must
be independent? The “vicious” Governments could potentially learn a “bad
lessons”: that the Central Bank will try to avoid their default in all the
possible way.

The debate heats. By facing today the empirical evidence of so differ-
ent guidelines in implementing this kind of monetary policies, it origins the
interest in analyzing them in the context of a theoretical framework. Also
the issue related to the possible benefits from monetary policy coordination
under unusual circumstances deserves study.

We deal here with three different kinds of unconventional monetary poli-
cies by using as reference the framework built by Gertler and Kiyotaki (2010),
that we adapted to our two country model with banking frictions and portfo-
lio integration: lending and liquidity facilities and equity injections. Again,
as we did in the previous section of our PhD Dissertation, we consider differ-
ent versions of the same model: in Model A good markets are fully integrated,

but financial markets are closed. In Model B we instead derive the equilib-
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2 THE BASELINE MODEL

rium portfolio shares endogenously, by applying the method developed by
Devereux and Sutherland (since 2006 onwards).

We organized our analysis in the following sections: 1) the general model
and its equilibrium 2)the description of the unconventional monetary poli-
cies (directly derived by the Gertler and Kiyotaki’s work and applied to our
model) 3)calibration 4)results. We collected all the equations we used for

each model in the final Appendix.

2 The Baseline Model

To address monetary policy issues and to analyze how unconventional mon-
etary policies work to mitigate country specific crises, we use the baseline
model developed in the first part of our PhD Dissertation. We extend a
work by Gertler and Kiyotaky (2010) by analyzing a two country world with
international trade and banking frictions. In order to determine endogenous
portfolio’s shares in an equilibrium with international asset markets we refer
to the approach followed by Devereux and Sutherland (since 2006 onwards).
Tille and Van Wincoop (2007) also developed a similar method to get the
same results. This part is better explained in the first part of the PhD

Dissertation.

2.1 General Hypotheses

We assume a two country model, where each country is specialized in the
production of a single traded good. In each country there is a continuum of
households. Population size is normalized to 1. Every time a fraction 1 — f
of the home (foreign) representative household is done by depositors, while
the remaining f is done by bankers. This turnover between the two groups
is random, keeping the relative proportion of each type fixed. Depositors

supply labour and return the wage to the household. Moreover, they deposit
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2.1 General Hypotheses 2 THE BASELINE MODEL

funds in a bank different from the one they own. Bankers manage a financial
intermediary and transfer earnings back to the household. Within the family,
we assume perfect consumption insurance.

We assume that with probability 6 a banker will be banker also at the
following time. Instead with probability 1 — 6 she will become a depositor.
Therefore, each period (1 — 0)f bankers exit and become depositors, 6 f
bankers remain bankers, (1— f)6 depositors become bankers and (1— f)(1—6)
depositors remain depositors. There is one risk-free asset (deposit) D, for
the home country (D; abroad) called in composite consumption units. Only
household within a country hold the deposit of that country (deposits are
not internationally traded). The Cobb-Douglas consumption index for the

representative home household will be:
=008 0<y<1 (1)

where Cj,; is the domestic consumption of the home good and CY, is the
domestic consumption of the foreign good.
Similarly, for the foreign representative agent we have identical prefer-

€1ces:
Cr=Cre o<y <1 (17)

where + is the ”economic size” of the home economy (i.e. the share of the
home good in the consumption basket, while 1 — v is the economic size of
the foreign country). We assume v = 1 be the same for both home/foreign
agents, meaning that there is no home consumption bias. Consumption-

based price indexes will be:

1—
P = sty Fi P (2)
P = 1 P*’YP*(l_’Y) (2*)
t — '\[Y(l—"/)lf'y f,t h,t
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2.1 General Hypotheses 2 THE BASELINE MODEL

where P, and Py, are the prices of home/foreign goods in domestic
currency, while Py, and Pj, are the prices of home and foreign goods in
foreign currency. P, (or P;) represents the minimum expenditure required
to buy 1 unit of the composite consumption good. We assume the law of one

price for both home and foreign good, that is:
Ph,t = EtP};t (3@)
Pf,t == th;,t (3b)

Moreover, being households’ preferences identical across borders with no
home bias, the consumption baskets will also be identical and then the rel-
ative price of consumption (real exchange rate ReR;) will be equal to one
(Purchase Power Parity holds), that is:

Pt = EtPt* (30)

where we define ¢; as the nominal exchange rate (the price of the foreign
currency in terms of the home one).

Home consumption expenditure will be given by:
P.Cy = PpChy + P Cry

while the lifetime utility of the home household will be:

00 T— Cifp K
B B — 5L (4)
where [ is the discount rate, that can be exogenous or endogenous. We
set p , v and k equal to the same value both home and abroad.
Generic home household chooses consumption, labour supply and de-
posits in order to maximize (4) subject to the following flow of funds con-

straint:
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2.2 The Production Side 2 THE BASELINE MODEL

PtCt + PtDtJrl - PthDt + WtLt "’ Ht (5)
where we define:

Wi (W/): nominal wage rate of the generic household.

R.(R}): real gross return on deposit from period ¢t — 1 to period ¢.

D:(Dy): quantity of risk-less deposit in composite consumption units.
IT,(T1}): net distribution from the ownership of both banks and
non-financial firms (nominal), net the transfers that the household gives to
its members that start a new activity by entering at ¢ in the banking

system.
Symmetrically, for the foreign household we have:
PrCy + P Dy, = BrRyD; + Wi Ly +117 (57)

Consumption based power parity always holds due to the law of one price
plus the assumptions on preferences (from the (3)) . Within/across countries
preferences and constraints are symmetric. Since agents (households and
firms) are equal within countries, in what follows all the variables will be

considered in per capita (aggregate) terms.

2.2 The Production Side
2.2.1 Final Good Firms

Each firm faces an identical Cobb Douglas, therefore in aggregate we can

assume:
Y, = ALKV (6
t t4y ¢ t ( )

or, for the foreign country:

Y= A KT (6)

10 10
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2.2 The Production Side 2 THE BASELINE MODEL

Each home/foreign competitive final good firm produces a single (but
differentiated among countries) output by using an identical CRTS Cobb
Douglas production function with capital and labour as inputs. Labour is

provided by the household of the same country. Now we define:

0: rate of physical depreciation.
W, (U7): shock to the quality of capital.

I,(I}): aggregate home (foreign) investment in unit of consumption good.

Every period the law of motion for aggregate capital (in units of con-

sumption good) will be given by:
K1 = Ve[l + (1= 0) K] (7)

The generic firm’s maximization function (in real terms) at time ¢ will then

be the following:

EiBA; 141 {%Athl_a)L? + Qny B _ th,tQh,t—lg—: — %Lt — Qh,tft} =

Wit

=E A 141 {%Ath(l_a)L? + Qnt (It + (1 —0)Ky) — th,tQh,Hfﬁ—j — %Lt — Qh,tft}

where SA;;q1 is the firms’ stochastic discount factor ( by assumption,
firms belong to the households), Rpx. is the real return on home capital
required by investing banks and @), is the real price of one unit of home
capital. We are assuming here that the replacement price of capital that has
depreciated is equal to 1. Each period the firm issues new state-contingent
securities in order to obtain funds from an intermediary at price Q. and to
buy new capital good at the same price, and then it has to pay back capital

returns on the securities issued at the previous period.
From the FOCs w.r.t. L; and K;:

Wi/ Pry = aYy /Ly (8)

11 11
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2.2 The Production Side 2 THE BASELINE MODEL

_ Prott1 Yega _
(1-a) Pl Kz+1+(1 )Qn,t+1

Rpkar1 = Wi o (9)

where the real gross profit per unit of capital is:

Zy = (1— o)t A(££)"(10)

t

Therefore, each unit of home equity bought at time ¢ will be a state-

contingent claim to the future returns from one unit of investment:
Upi1Zost, (1= O)Wpi1UpioZyes, (1= 0)2 Uy 1 Wy 00,4574

2.2.2 Capital Good Firms

Home competitive capital good firms belong to home households and operate
in a national market. They produce capital good using national output as
input subject to adjustment costs. They choose I; (in unit of the composite

consumption good) in order to solve the following problem:

max B S5, 57 N { | Qne e = (14 1(75)) | 1

where f( Itlil) is the physical adjustment cost (in units of consumption

good) with f(1) = f (1) = 0 and f"(1) > 0. From the FOC:

l / 2
Qne =1+ F(75) + F/(75) 7 — Eehn f (251) 2827 (12)

where the real price of the capital good has to be equal to the marginal
cost of producing the investment good. Profits arise only outside the steady

state, and are lump-sum distributed to the home households.

2.2.3 The Households

The home generic household takes the nominal prices as given in maximizing

the following function:

12 12
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2.2 The Production Side 2 THE BASELINE MODEL

Et{z:;ﬁf—t [— - gL?] + 2% B, (PR, Ds + WLy + 10, — PoCy — PDTH]}
where the FOCs with respect to Cy,D,1,L; are:

C;* =P (12)

E, {Pr].glzz-&-lR } = % (13)
W, ==k (14)

where pu; is the Lagrange multiplier. The Euler Equation is therefore

1= Et{ﬁRt+1 (Cﬁl) p} (15)

while the following is the labour supply equation:

given by:

B =rL,CY (16)

To complete the household’s problem we now need to find the demands for

home and foreign consumption goods. The representative household solves:
min Ph,tCh,t + P;’tEth,t
s.t.
1—
C, =,
in order to get from the FOCs:

Ch,t = ')/Ct% (17)

= (1 — i

Cri=(1- G (18)

while for the foreign household we will have:

o= (L=7)Ci g (177)

t B,

Cs, =0 P: (18*)

13 13
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2.2 The Production Side 2 THE BASELINE MODEL

2.2.4 The Banks

Each home bank borrows d; (in composite consumption units) in the national
deposit market at the real gross deposit rate Ry, and then purchases s,
and sy, units of financial claims on final goods’ producing firms at the real
prices Q)+ and Q4. These are the prices of the banking system’s claim on the
future returns from one unit of present capital of the non-financial firm at the
end of period. Firms are able to offer to the banks perfectly state-contingent
debt. For an individual bank, the flow of funds constraint (where everything
is in units of the composite consumption good) holds (intermediary balance
sheet):

Qnisne + Qruspr =mn +dp (19)

where s;,; and s, are held by an individual national bank (sj , and s},
are held abroad) and where Q¢ = Ci?};?
rate. Home and foreign financial claims rispectly pay the real gross returns
Rpit and Ryy, . On the LHS of the (19) we have the value of the loans funded

within a given period, while and on the RHS there are the equity capital (the

with ¢, as the nominal exchange

net worth of the bank) plus the debt. Net worth evolves according to:
e = RpgtQni—15ni-1 + RppaQri—15p0-1 — Redi—1 (20)
or, given that
Ny = RuktQni—15nt—1+ R 1@ ri-15f.0-1— Re[Qnt—15nt—1+Q f1—15f.1-1 —Nt—1]
we can simplify the net worth as:
e = [Rugt — Re] Qni—15n1—1 + [Rppe — Be] Qri—1550-1 + Reny—q
The end of period objective of the bank will be:

V, = E, ZOO (1 _ 0)97—(t+1)57—(t+1)At77n7

T=t+1

14 14
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2.2 The Production Side 2 THE BASELINE MODEL

where BA; ;41 is the stochastic discount factor, equal to the marginal rate
of substitution of the representative household that owns the bank. In order
to solve its maximization’s problem, the bank will have to take into account
an endogenous constraint. We limit the bank’s ability to obtain funds in the
deposit market in this way. Suppose that after a bank obtains funds, the
banker managing the bank may transfer a fraction { of "divertable” assets
to her household (0 < ¢ < 1). Since creditors recognize this bank’s incentive

to divert funds, a borrowing constraint must arise:

V(Sht,Sgerde) > C(Qnesne + Qrespe)  (21)

where on the LHS we have the maximized value of the bank’s objective
at the end of t. The value of the bank at the end of ¢ — 1 will be then:

V(Sh,tfla Sft—1, dtfl) =
= Et—lAt—l,t [(1 - 9) ny + 0 (maXsh,t,s“,dt V(Sh,m Sfits dt))}

where quantities are all in units of composite consumption good. In order
to solve it, we guess that the value function is linear (we will verify this guess
later):

V(Shit, Sgasdr) = VpiShe + VpaSpe — Uiy
where the parameters are defined as:

Up,e: the value to the bank at the end of ¢ of an additional unit of home asset
vg4: the value to the bank at the end of ¢ of an additional unit of foreign
asset

vy the marginal cost of deposit

Being now \; the Lagrange multiplier for the incentive constraint, we have
that:

15 15
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max V(Sh,ta St dt) = UntSht T VrtSfe — Ut (Qh,tsh,t + Qf,tsf,t - nt) -
- M (C(Qnesne + Qrespe) — VneShe — VpaSpe + Ve (Qnesne + Qrespe — 1)l

We derive the FOCs with respect to s, ,s¢: and A

(22’;1 - ”t) (T+X)=CN (22)
(3}'; B “t) (T+X)=¢\ (23)

Qh,tsh,t [C - (5};’; - Ut)] + Qf,tSf,t [C - (3;1 - Ut)} < vgny (24)

where it must be that

At {Qh,tsh,t [C - (5}21 - Ut)] + Qf,tsf,t [C - <g;tt - Ut)] - Utnt} (25)

Then, from the above equations, as long as the incentive constraint is
binding (A; > 0), the marginal value of asset (in terms of home goods) will

be greater than the marginal cost of deposit. Now, by defining:

Uh,t vf,

Mh,t:th_Ut:,uf,t:Q_t_vt>O

,t

at an equilibrium where both assets (home and foreign) are held and the

incentive constraint is binding, the last ones becomes:
QntSnt [C— png] + Qrespe [C— pupe] = viny  (26)
or, SINCe fip ¢ = flfi = [,

(QniSht + Qpespe) [C — pu] = veny

(Qnesne + Qresre) = 725

where

¢ = [C*tut]

16 16
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2.2 The Production Side 2 THE BASELINE MODEL

is the leverage ratio net of interbank borrowing. Note that the leverage
ratio is increasing in ;. Note also that the constraint is binding as long as
0 < pe < C. If, instead, py > ¢ the constraint is not binding. What we assume
is that at an equilibrium, for reasonable values of parameters, the incentive
constraint always binds. Now, by combining the conjectured value function
with the Bellman equation, and given that, at the equilibrium, FOCs plus

binding incentive constraint imply that:
QntSnt + QrisSre = Geny = ny + dy
we can write:
Vici = B A {(1 = 0) ny + 0V}

Therefore, holding everything else constant, the expected discounted marginal

gain to the banker of expanding asset ), +Sh+ or Qf:5¢+ by one unit will be:

an,‘j;h,t = EifA i1 [Rak ey — Repa] (1= 040 (041 + Grrapugr))

50 = BB [Rprars — B (1= 040 (Vi1 + b pres))

while the expected marginal cost of expanding deposit by one unit will
be:

g_}i/f = —EiBA 11 Rer (1 — 0+ 0 (Vi1 + r1pte41)))

Therefore, if we rewrite the conjectured value function in this way:

V, = (5};,; _ vt> ShiQn + (é%tt — vt> SpaQ ey + vy =
= :uh,tQh,tSh,t + Nf,th,tsf,t =+ veny

we can verify that the value function is linear in (sp4, Spe, di) if fone , pore
(the marginal value of holding home/foreign assets net marginal costs) and

v (the marginal cost of deposit) satisfy:
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2.2 The Production Side 2 THE BASELINE MODEL

8Qh,t5h,t ,Uh,t

=E SN 11 [Rhkas1 — Risa] (1 — 04 0 (v + drgapusa))  (27)

oVy _ _
an,tSf,t - 'uf’t -

=EiBMi 11 [Rppe1 — Ryl (1 — 0 4 0 (Vi1 + drr1pus))  (28)

Wy _ 0V _

ony Ody
= EtﬂAt,tJrlRtJrl (1 —0+0 ((thrl + ¢t+1:ut+1))) (29>

where using the definition of py¢, ps, we can also rewrite the equations

above as:

Vne = BB i1 [Zepn + (1= 0)Qniyr] (1 — 0+ 0 (vig1 + depapier1))) (30)
v = BB 41 [Z,:*H + (1 - 5)Qf,t+1] (1—0+0((vig1 + dra1pes1))) (31)
vy = BN 1 Repr (1= 040 (041 + Grrapierr))) (32)

or, for the foreign country,

U;,t - EtBAZHl [Zt—l-l + (1 - 6)Qh,t+1] (1 -0 + 0 ((U:Jrl + ¢Z‘+1M?+1))) (30*)

* i
Vpe =

= EtﬁA;t—f—l [Zt*+1 +(1- 5)Qf,t+1} (1 —0+40 ((U:H + ¢f+1#§+1>)) (317)
v = BB R (L= 040 (v7y,))  (329)
To conclude, at the equilibrium, if the incentive constraint is binding:

EifAL i1 Rpg1 (1 — 0 40 ((vp1 + drpafies1))) =
=EiBAt i1 Rpe1 (1 — 0+ 0 ((vp1 + Gegafiesr))) >
L EBA 1Ry (1= 04 0 (Vi1 + bey1fier)))

Otherwise, the banks will increase the amount of home and foreign assets

to the point where:

18 18



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

2.2 The Production Side 2 THE BASELINE MODEL

EfA i1 Ry (1 — 0 40 (01 + dugafies1))) =
= EtﬁAt,t+1Rf,t+1 (1 —0+0 ((Ut+1 + ¢t+1,ut+1))) =
= EBN 1 Ripr (1 =0+ 0 (Vg1 + Grrapies)))

We sum up across individual banks in order to obtain the demand for

total bank assets Q5 S+ and Qf.Sy; as a function of total net worth NV, as:

QntSht + Q1 Spr = Cft Ny (33)

it
2.2.5 Evolution of Bank Net Worth

The total net worth for the home banks is given by the sum of the total net

worth of existing bankers (o for old) and of entering bankers (y for young):
N,=N,i+N,, (34)
where
Not = 0 [ Rk Qni—15n1-1 + RpriQri—1S7i-1 — RiDy—1]  (35)
Ny = % [RpktQni—1Sn1—1+ RpetQri-157:-1]  (36)

with 6 being the fraction of bankers that survive from the previous period,
(1 — 0) the fraction of "new” bankers that were workers the previous period,
QETG) is the fraction of total value assets gained by exiting bankers that is
transferred from the family to each new banker, and D; is the aggregate
deposit (in real terms). Therefore, from the whole banking sector’s balance

sheet, deposits will be given by:

Dt = Qh,tSh,t + Qf,tsﬁt - Nt (37)
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2.3 Equilibrium

Since households are symmetric, we can rewrite the previously defined equa-
tions in terms of the following equilibrium conditions.

Optimal intertemporal allocation of consumption will be given by :

1= ﬁEthH (Céjl)_p (15)

* C;1 —r *
1= BERL (G) T 05

Equilibrium in the goods market is described by:
Y, = Chy +Ci, + [1 . (ﬁ—)] L5 (38)

* * I * Py *
Y= Crot Chot |1+ f (75) | 1 (387)
For the labour markets we get the following equilibrium conditions:

atbtYe — kL, (39)

P; . yx
fit e * (YRP *
O{P—t* L: = /{Lt Ct (39 )

The supply for home securities will be given by:
Sne+Sh =L+ (1 —0) Ky} (40)
St Spe =7+ (1—0) Ky]  (40%)

while the demands are obtained by the (33), giving the equilibrium in the
security markets.

Lastly, being the household also the owner of both national banks and
firms, it follows that in the equation (5):

Cy = =Dy + ReDy + %Lt + %t (5)
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2.3 Equilibrium 2 THE BASELINE MODEL

the real dividend will be given by the sum of the following terms:

- real profits from both final and capital good sectors
- the difference in a generic bank’s wealth
- the transfers from the exiting banker to the household net from the

transfer from the household to the new banker

By summing up all these terms, the representative household’s budget

constraint in the home country will be given by:

P,%’tyt + QniShy + RpaQpi15p1-1 — BniQni-15h 1 — QraSre =
=Co+ |14+ f (35) ] )

and, symmetrically, for the foreign country:

P * * *
FYT + QraSpa + RuaQni—1Sh 1 — RpaQpi—15p0-1 — QniSpy =
=i+ 1+ ()| B (@
Lastly, notice that from the equilibrium conditions in the financial mar-

kets, we must have:

Uh,t _ Yt

— UV = v

Qh.t t Qft t
* *

Yt ot = Yt o

Qht t Qf.t t

that can be summarized as:

Ei{Rptt1 — Rpa} =0 (42)

Then, given that A, A}, ¥, and ¥} follow exogenous stochastic processes,

we need to find the real prices:

P ¢
Qh,t7 Rht7 Rt+17 P
Pf!t

Qs By By, 57
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2.3 Equilibrium 2 THE BASELINE MODEL

the quantities:

Yt7 Ct7 Ch,tu Of,tu Lt7 Ita Kt—‘rl? Zty Dt7 Nt7 Sh,ta Sf,t’ Yut
Y;t*a Cgkv C;:,tv C},t? L;fk’ Iz,:k’ Kt*—&-la Z:v
D;fka Nt*a S}t,tv S;;,t? Yu;tk

the shadow prices:

U, Unit, Uf ity >\t, o,

* * * * *
Ugs Upts Vg ts AL, Dy
determined as a function of the state variables:

Kt7 Ct—la -[t—la Ata \I]h Qh,t—h Yut—l
* * * * * *
Kt ’ C(t—17 [t—1> At ’ \I}t ) Qf,tfla Yut_1

by the sequence of the following 44 equations:

(1) = (6) = (7) = (9) — (10) — (11) = (15) — (17)
(17) = (67) = (77) = (97) = (107) — (117) — (15") — (17")

that describe the optimization conditions of households and final good firms

(home and abroad),

(22) — (23) — (24) — (30) — (31) — (32) — (34)
(22%) — (23*) — (24*) — (30%) — (31*) — (32*) — (34%)

that describe the optimization conditions for banks,

(37) — (38) — (39) — (40) — (41)
(37*) — (38") — (39%) — (40*) — (41%)

that describe the market clearing conditions for goods, securities and
labour.
We also include the definitions of ®; and of Yu; :
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3 UNCONVENTIONAL MONETARY POLICIES

_ I
Yut = _]tjl

3 Unconventional Monetary Policies

In what follows we summarize the unconventional monetary policies as they
are described in the Gertler and Kiotaki model (2010). We apply them to

our two country world context.

3.1 Lending Facilities:
Direct Lending

With ‘Lending Facilities’ we mean the direct acquisition of high quality pri-
vate securities by the Central Bank (Gertler and Kyiotaki, 2010). During
a crisis, when the financially constrained banks are unable to obtain addi-
tional funds, the Central Bank can obtain these funds and then lend them
to the markets where excess of returns are abnormally high. By expanding
the supply of funds available in the market the Central Bank will reduce the
equilibrium lending rates.

Following the Gertler and Kyiotaki’s framework, we assume that the Cen-
tral Bank has both an advantage and a disadvantage with respect to the
private financial intermediaries. From the one side, the Central Bank it is
not balance sheet constrained. From the other side, however, it is necessarily
less efficient than the private sector in evaluating and monitoring borrowers
(it is, in a way, too "far away” from the final good market). It then has to
pay an efficiency cost 7 per unit.

The Central Bank issues government bonds (borrowed from the Treasury)
that then sells to the household sector at the rate R;y; (deposits and gov-

ernment bonds are therefore perfect substitutes in the households’ budget
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constraints). The funds collected in its own country by each Central Bank
are therefore used to make loans to domestic borrowers (final good firms) at
the private rate Rpk 11 (Ryk+1 abroad).

Let

QntSht + Qh,tS}t,t

be the total intermediation of type home security, where we assume that

Qn,tSht = QniShpt + QnitShgr (62)

where S, are the total type home securities intermediated by home
private banks, Sp, are the total type home securities intermediated by the
domestic Central Bank, while Sy, are the total home securities intermediated
by foreign banks (when financial markets are opened).

We assume that each country’s Central Bank chooses to intermediate a
fraction ¢; of the total credit in its own country, that means (for the home

market):
Shgt = Ot [Sh,t + S}:,J (63)

and then from the home banks’ problem the demand for assets by home
banks (24) becomes:

Qnt [(1 — @) Spt — SOtS;ﬂg} + Qp1Spe = PN, (64)

3.2 Liquidity Facilities:
Discount Window Lending

The Central Bank uses the discount window to lend funds (at a penalty rate)
to banks that in turn lend them to the real economy.
It should be considered as a way to avoid financial disruptions in the

interbank market (that we did not explicitly model here). In a liquidity
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crisis borrowers only have limited access to credit because of a breakdown of
the market for short term funds. The private sector is available to borrow
even at a penalty rate because of the abnormally high excess of returns. The
existence of a penalty rate, however, limits the inefficient use of the funds by
the private sector.

Again, the Central Banks finance their activities as discount window
lenders by issuing government bonds at the deposit/bond rate R, 1 (bonds
and deposits are, as in the previous case of direct lending, perfect substi-
tutes). These funds are then offered to the banks at the non contingent
interest rate R, 1. In order to allow the liquidity facility to expand the
supply of funds available for the banking sector, we must assume that the
Central Bank has an advantage in providing funds to the borrowers with
respect to the private sector. In this model the advantage consists in the fact
that banks may divert only a fraction ¢ (1 —w,) < ¢ of assets borrowed by
the Central Bank, with 0 < w, < 1.

As Gertler and Kiyotaki (2010) explained in their analysis, the Govern-
ment has many means at its disposal to retrieve funds (legal punishments,
etc). However, they assumed that there exists a sort of capacity constraint
on the Central Bank’s ability to monitoring private banks. After a certain
threshold, this Central Bank’s ability disappears. In this way they are able
to explain why in their model the Central Banks do not simply expand the
discount window lending to drive excess returns to zero. Since a capacity con-
straint limits the Central Bank’s ability in monitoring private banks, during
financial crises it becomes necessary to introduce also other tools (such as,
lending facilities or equity injections) in order to allow the abnormally high
excess of returns to fall.

Now, by considering the banks’ problem, we assume m; to be the discount
window borrowing for a generic bank. Then, the flow of funds (19) of the

generic home bank becomes:
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QhﬂgSpJ + Qf7t8f7t =Ny +my + dt (65)

where m; > 0. Then, the incentive constraint (21) for the generic bank

becomes:

Vi (Shts Spt, desmy) > C(QniSh + QriSpr — WgMy)

In addition to the baseline model’s first order conditions with respect to
spe and sp, (22) — (23), we need now to consider also a first order condition

w.r.t. my:
(/Um,t — 'Ut) (1 ‘I— )\t) Z wgC)\t (66)

where vy, is the marginal cost of an additional unit of discount window

credit. Lastly, equation (24) changes now in:

Qh,tsh,t [C - (5};’; - Ut)] + Qf,tSf,t [C - <g2’;’i - Ut>i| +
+

(Um,t — U — ng) my < vy

that at an equilibrium (where both home and foreign assets are held)
becomes:

Qntsnt + Qraspe = —75 e — (Um’t::i_cwg)mt (67)
e K ey

Qp,t Qh,t

Let us define now i, to be the excess cost for a bank that borrows from
the Central Bank:

Hmt = EtWCZZAt,tHQt-H [Rm,t+1 - Rt+1] (68)

Then, from the FOCs, both private and discount window lending will be

used when:

i =y (g2 ) (69)
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where k = h, f. Borrowers have to be indifferent (at the margin) between
discount window lending and private credit. In order to allow for that the
Central Bank will then set the rate R,,:y1 in order to equal the extra cost
implied by the liquidity facility to the fraction w, of the excess value of
home/foreign assets.

Now, by considering the banking sector as a whole, we end up with the

following demand for assets by domestic banks (instead of equation (24)):
QnitShi + QrSre = PNy +wy M,  (70)

Aslong as w, > 0, the liquidity facility will expand the total level of funds
borrowed by the banking sector.

3.3 Equity Injections

For “Equity Injections” is intended the direct acquisition of ownership po-
sitions by the Central Bank in private intermediaries (in coordination with
the Government). As in Gertler and Kyiotaki (2010), we assume that the
injection of shares happens at the beginning of each period, while direct and
discount window lending happens instead at the end of the same period. In
this way we catch the fact that the equity injections are slower than others
unconventional monetary policies.

There are efficiency costs related to equity injections, that we assume
to be 7. per unit of equity acquired. However, benefits from this credit
policy are greater than costs during financial crises. By assumption, we
divide the securities held by each country’s banking system between privately
owned securities, Sy, (or S}, for the foreign country), and publicly owned

securities, Sge¢. Therefore:
Sh,t = Sge,t + Shp,t<71>
(for the domestic country), while abroad we have:
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bt = Sges T Sty (T1¥)

Notice that we are assuming here that the Central Bank of each country is
only interested in doing equity injections to support its own banking system.
Then, by defining n,; as the market value of government equity,the bal-

ance sheet of a generic home bank becomes:

QniShpt + Qrasre =1y + dy + 1y (72)

where (from the baseline model) sp,; is the investment of the home bank
in domestic final good firms, while s, is the investment of the same bank in
the foreign final good firms.

By assumption, the securities held by the home Central Bank are evalu-

ated at the market price Qp; (Qy, for the foreign country), that means:

Ngt = Qh,tsge,t (73)

Instead, Qpg; is the price paid by the Central Bank in order to acquire
home equities, with Qg > Qns. We assume that @, is chosen by the
Central Bank in order to make the excess return on government equity g,

equal to zero, or:
tgt = BwC I 41111 [Rug ey — Repa] =0 (74)

where Ry 41 is the gross return on a unit of home Central Bank equity:

z 1-5
Rpgie1 = i t+1+(th7th’tH (75)
Then, by considering the net worth of a generic bank, we have that:

ne = Ry 1Qni—15mpt—1 + RfiQpi-15p1-1 — Redyq +
+(Qngt — Qnt) [Sget — (1= 0) i8ger1] (76)
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where the last term is the transfer to the generic bank by the Government
(the “gift”from equity injections).

By assumption, banks can not divert assets financed by equity injections.
Lastly, by aggregating the whole banking sector we end up with the market
demand for assets (in the baseline model, equation (24)), that in our case

becomes:
QnitSnt + Qp1Spe = PNy + Ny (77)

while the evolution of net worth will be:

Ny = (6 + 5) [Rh,tQh,t—IShp,t—l + Rf,th,t—lgf,t_l] —
RiDi-1 + (Qngt = Qne) [Sges — (1= 6) WySges] (78)

3.4 The Policy Maker

We do not distinguish in this work between Central Bank and Government.
We assume instead that they act together, in the attempt to protect the
financial stability of the country which they belong to. We define Govern-

ment’s consumption G; in the home country as:
Gt = G + TeSge,t + 7'59715(79)

where G is the Government’s expenditure under normal times, that we
assume equal to 0 (in our model, the Policy Maker do not exist during normal
times).

The budget constraint for the Policy Maker is then given by:

G+ QniSgt + QngtSger =
=Ty 4+ Ryt Qni—1Sg4—1 + RigtQngt—15ge,t—1 +
+RyiMy—y — My + Dyy — Ry Dy —1(80)

where T; are lump-sum taxes that endogenously adjust to finance the

losses and D, ; is the Government’s bond.
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4 How the Model works

4.1 Calibration

In our model we have four standard preference/technology parameters, that
we get from the traditional literature. These are the inverse of risk aversion
p = 0.99, the utility weight of labour x = 5.584, the capital share o = 0.33
and the depreciation rate 6 = 0.025. Three parameters are instead specific
of the Gertler and Kiyotaki’s model (2010). These are the fraction of assets
that banks may divert ¢ = 0.383, the transfer to entering bankers ¢ = 0.003
and the quarterly survival rate of the bankers # = 0.972. In this case we
maintain the original calibration of Gertler and Kiyotaki where the first two
parameters are chosen to hit an economy-wide leverage ratio of 4.

We suppose that the capital quality and the technology shocks obey to a
first-order autoregressive process, symmetric across countries. Disturbances
are uncorrelated across countries (we have four independent sources of dis-

turbances, therefore markets are incomplete).

Iy
Iy

equation (11). We know that it must be such that f(1) = f(1) = 0 and
f"(1) > 0 and therefore we allow Matlab to find:

2
f (1,5[;) = (Iﬁl) — 2cq <Lﬁ1> g

where we get ¢q¢ = 1.728 from the work by Gertler and Karadi (2009)

that also considers similar investment adjustment cost.

We also need to assign a form to the physical adjustment cost f(

) in

Lastly, for what concerns the parameters that drive the endogenous dis-
count factor, we set 7 = 0.7 while w adjusts in order to maintain the steady
state value of the discount factor 3 = wC " = 0.99 (we follow, here, Schmitt-
Groh and Uribe (2002) in order to avoid the presence of unit root in the
model’s first-order approximation).

Lastly, we set the steady state Government’s expenditure G = 0.
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Following Gertler and Kiyotaki (2010), we try to catch the initiating
feature of a financial crisis through the deterioration of the value of banks’
financial portfolios.

We consider a five percent exogenous decline in the quality of capital with
an autoregressive factor of 0.66. This size of the shock is fixed by Gertler and
Kiyotaki (2010) as the one able to produce a downturn similar to the one
they observed during the US sub-prime mortgages’ crisis (2007). We assume
that capital quality shocks are symmetric and uncorrelated across countries
in order to better understand the transmission mechanism at work across
countries. An additional source of risk in the model is due to the presence also
of home and foreign technology shocks (again, symmetric and uncorrelated).
Our model is, therefore, incomplete: it contains four independent sources
of risk, while each country’s leveraged banks have to limit their investment
opportunities to only two assets, home and foreign equities.

In such an environment we introduce a Policy Maker and its unconven-
tional monetary policy. We start with the simpler Model A (perfectly inte-
grated good markets, closed financial markets) and then we move to Model B,
where both good and financial markets are open and equilibrium portfolio’s
shares are endogenously determined (by following the method developed by
Devereux and Sutherland, since 2006 onwards). As we explained in the pre-
vious chapter of our PhD Dissertation, according to our analysis the banking
sector approximately holds the 70,5 percent of domestic equities. We justify
this “home bias” result with the presence of incomplete markets that prevent
a full risk-sharing across countries.

The three kinds of unconventional monetary measures are not considered
all at the same time, in order to make clearer the impact from different
policies. We separately implement the first two policies (liquidity and lending
facilities) and the third one (equity injection).
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4.2 The Results

Impulse response functions (for the main economic variables) to a 1 percent
technology shock in the home country are collected at the end of this section.
We separately described what happens in Model A (closed financial markets)
and in Model B with endogenous portfolio shares (partial portfolio integra-
tion). Under coordinated monetary system, both countries implement the
same policy in response to the same, symmetric, shocks. Under uncoordi-
nated monetary system, the policies adopted by the two countries have in-
stead different strength. One country (home) chooses to implement stronger
unconventional monetary policies, while abroad softer monetary measures are
adopted. According to our analysis, when the coordinated monetary policies
implemented are strong enough, they have a meaningful positive effect on
the macroeconomic variables (output, consumption and spread) home and
abroad. This is evident in the first graphs, where we analyze the IRFs from a
1 percent shock in the home technology in the context of Model A (with per-
fectly integrated good markets and closed financial markets) under liquidity
and lending facilities. In this case we set the parameter v, = 100 for both
countries in the coordinated case, while in the uncoordinated case the pa-
rameter differs home and abroad (v, = 100 at home, while it is close to zero
in the foreign country). We see, however, that in all the other cases, where
the parameters chosen to determine the strength of the monetary answer are
lower (we set, for example,v, = 0.1 for both countries in the coordinated
case and v, = 0.1 at home but v; = 0 abroad in the case without coordi-
nation), the benefits from unconventional monetary coordination disappear.
If the monetary answer to the shock it is too weak, the cost implied in the

unconventional monetary policy becomes greater than the benefits.

32 32



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C=MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=100)
UN=NO MONETARY POLICY COORDINATION (vg= 100, vgs=0.1). 1=0.3

4

3 x10
x 10 6
4 o A
004 u
4 —ic,
—o—CA NG,
05 cc zj
u
—=—c NG,
o So0essc000000d
-1
-2
-
O
15 4 ’Jﬁxﬁ
6
“ 5 10 15 20 25 30 35 40 8
0 5 10 15 20 25 30 35 40

-0.002

-0.004

-0.006

-0.008

—o—ahA, —o WA,
anc, 0.05 nw G,
—— ghNC, . ——nwNC,
o0
eag@eee
-0.05
15 -0.1
-2 -0.15
25
0.2
-3 o
3 025
0 5 10 15 20 25 30 35 40 () 5 10 15 20 25 30 35 40

33 33



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C=MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=100)
UN=NO MONETARY POLICY COORDINATION (vg= 100, vgs=0.1). 1=0.3

x10

3

000929

—o—csA,

——csC,

—=—CcsNC,

x 10

o isA,

——isc, |

—=—isNC,

18,00
-2 -4
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
10° 10°
x
i 8
o rikrsA
ooss, 7?\ v
05 ©So0s, \ ——rfkrs G,
000000000000, s | e rkers NG, ||
- I e 5 1
e ORI
4 ]
05
3 ]
El 2 ]
—o—YsA, 1 4
00,
15 ——¥sG, MR 00000000,
——ysNC, 0
2 .
0 5 10 15 20 25 30 35 40 ‘o 5 10 15 20 25 30 35 40

—o—dlA,
—dic,

—<—qfNG,

25 30 35 40

20

40

34

34



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=0.1)

UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

3

—o—CA, &
cc,

———c NG,

30 40

oA,

——iC
v

——iNg,

0.01

0.009

0.007
0.006
0.005
0.004
0.003
0.002

0.001

0.008

e nwA,

nw G,

—— nwNG,

30 40

35

35



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

3 4

o isA,

-0.5

-2. Rl . L . . L . .
5o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
&
x10
0.01 1.2
— o rlkrs —o—ys
0.009 A A
| ——rtkrs G,
0.008 q —x— rfkers NG,

0.007
0.006
0.005
0.004
0.003
0.002

0.001

—e—nws A,

nws G,

——— nws NG, ||

30 40

36 36



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

2
x10° x 10

——¢B,

———c¢C,

——c NG,

o ahB,
ghC
—— gh NG,

20 30 40

—o—rfkr B,
—rlkr G,
6l ikt NG,

37 37



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

—o—csB,
——csG,

——csNC,

—e—isg,

isg,

8 —o— rhkrs Bu
rfk-rs
M & 7 thicrs G,

71 rfk-rs G,
——— rfk-rs NG, 6 e rhkers NG,

38 38



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

3
x10

1.2

—o—ysB,

1

39 39



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

3
x 10

x 10

=

40

40



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK

B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

3

x10

of —o—nwB,

nwC,

——nwNC,

—o—ocsB,

[

——esNG,

o isB,

3
x 10

o rfkrs B 8

——rfkrs G,
—— rfk-rs NG,

— = rhkrsB,
rhk-rs G,
——— rhk-rs NG,

41

41



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=0.1)
UN=NO MONETARY POLICY COORDINATION (vg= 0.1, vgs=0). 1=0.001

0

o5 —o— WS B,

——nws C,
-0.05 o

—=—nws NC,

-0.1

02

42 42



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

s
010 x10*

6 —
X — e A
02 e . y
—%—iNC
04 u
06 —e—CA, 2 ——iG,
—x—c NG, o o]
08 cq, 5554
1 2
12 B
14
)
16
-8
-1.8
> . . . . . . . 10
0 5 10 15 20 25 30 35 40 5 10 15 20 25 30 3 40
s 10°
o X10 8k
—orhier A,
219

\ ——— rhk-r NG, i

43 43



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

3

4
x10

12

o isA,

—x—isNC,

——isC,

®

44 44



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

x10° 8

3 o rhkr A,
7
R \ hier NG,
1 eeeaegeeee \ ——rhker NG,
-2
3 —e— VA
-4 y NG,
—G
-5
6
7
0 5 10 15 20 25 30 3 40
0 P
—o—ahA, eeeeeeeeQ
——ah NG, 0.05 1
e nwA
——ahC, v
0.1 —— nwNC,

45 45



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
A=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=10)

UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). =0.001

x10

3

20 25 30

35

40

4

x 10

e rfkrs A,
——— rfk-rs NG,

rfk-rs G,

46

46



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

3
x 10

—o—ahB; ? o rfkr B
1 ——ahNG, 6 \ ke NG,
—« ghe

u

o 5 10 15 20 25 30 3 40
x10°
7 0 e
® — o rhkr B,
sl | —s— rhier NG, |
\ d -0.05 —e—nwB,
——— nwNG,
nw C,
-0.1 4
-0.15
02t/
0.25
10 20 30 40

47 47



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK

B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=10)

UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). =0.001

3
x 10

3
x10

50002222

—e—Cs B\A
——csNG,

—csC,

o 5 10 15 20 25 3 3 40
w0’
X
7 >(10:i
o isB, 2
6 —«—isNC, s—a'B,
——— qf NC,
s ——isC, 1 aclh
s arc,
“ o} 0
-1
2| |
N
|
af |
|
I\
o
-4
-1 ) 5 10 15 20 25 30 35 40
0 10 20 30 40
B .
,x10 %10
] o rfkrs B, 5 o ks,
6| e rfkers NG, 1y 6| —— rhiers NG,
———rfkrs G, e thkrs G,

48

48



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (liquidity and lending facilities, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

0 9
p—
eeeeeeeeee —o—ysB,

= ——ysNC,
—e—nws B, R f"\’e ysC,

—— s NC,,

—— s G, |]

-0.15

49 49



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

4.2 The Results 4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

vy
3 x 10

x10

o iB,

——iNC,

ic,

04 —o—cB,

—x— NG,

——cG, 4

—=—qgnB,

20 90



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK

B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=10)
UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). 1=0.001

-0.1

-0.2

0

-0.2
-04
-06
-08

-1

12
14
-16f |

-18

3
x 10

2% o csB,

—<—csNC,

——¢sC,

—e—aiB,

25

30 35 40

—o—rfkrs B

—x—rfkrs NG, | ]
——rlkrs G, ||

—orhkrsB,

—— rhkrs NG,

e thkrs G,

51

51



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-

cerca e didattici, con citazione della fonte.

4.2 The Results

4 HOW THE MODEL WORKS

1% TECHNOLOGY SHOCK
B=BASELINE MODEL WITHOUT MONETARY POLICY
C= MONETARY POLICY COORDINATION (equity injections, vg=vgs=10)

UN=NO MONETARY POLICY COORDINATION (vg= 10, vgs=0). =0.001

x 10

4

—e—ysB,

——ysNC,

——ysG,

o mws B,

—<—nws NG,

——ms G,

52

52



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

REFERENCES REFERENCES
References
[1] Gertler, M. and Kiyotaki, N.,” Financial Intermediation and Credit Pol-

2]

icy in Business Cycle Analysis”, N.Y.U. and Princeton, March 2010.

Cecioni, M., Ferrero, G. and Secchi, A., ”Unconventional Monetary Pol-
icy in Theory and in Practice”, Banca d’Italia, Occasional Paper No.102,
September 2011.

Meier, A., ”Panacea, Curse or Nonevent? Unconventional Monetary
Policy in the United Kingdom”, International Monetary Fund, Working
Paper No.163, 2009.

Baumeister, C. and Benati, L., ”Unconventional Monetary Policy and
the Great Recession. Estimating the Impact of a Compression in the
Yield Spread at the Zero Lower Bound”, European Central Bank, Work-
ing Paper Series No.1258, October 2010.

Coeurdacier, N., Kollmann, R. and Martin, P., ”International Port-
folios, Capital Accumulation and Foreign Assets Dynamics”, LBC,
CEPR, ECARES, Univ. Libre de Bruxelles, Univ. Paris XII, Science
Po (Paris), June 2009.

Curdia, V. and Woodford, M., ” Conventional and Unconventional Mon-
etary Policy”, Federal Reserve of NY and Columbia Univ., November
2009.

Yellen, J. L., ”Unconventional Monetary Policy and Central Bank Com-
munications”, Board of Governors of the Federal Reserve System for the
U.S. Monetary Policy Forum, NY, February 2011.

93 93



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

REFERENCES REFERENCES

8]

[14]

[15]

Backus, D. K., Kehoe, P.J.,and Kydland, F.E., " International Real Busi-
ness Cycles”, The Journal of Political Economy, Vol.100, No. 4, pp.
745-775, August 1992.

Rebelo, S. |, "Real Business Cycle Models: Past, Present, and Future”,
Northwestern University, NBER, CEPR, March 2005.

Ishise, H. , "The World Has More Than Two Countries: Implications
of Multi-Country International Real Business Cycle Models”, Bank of

Japan, Institute for Monetary and Economic Studies, IMES Discussion
Paper Series 2011-FE-11, May 2011.

Kumar, G. , "New Shocks and International Business Cycles”, UCLA,
2011.

Gertler, M. and Karadi, P.,” A Model of Unconventional Monetary Pol-
icy”, N.Y.U. ,April 2009.

Tille, C. and van Wincoop, E.,”International Capital Flows”, NBER
Working Papers 12856, National Bureau of Fconomic Research, Inc. |
2007.

Corsetti, G. and Pesenti, P.,” International Dimensions of Optimal Mon-
etary Policy”, CEPR Discussion Papers 3349, C.E.P.R. Discussion Pa-
pers , 2002.

Buiter, W. H., Corsetti, G. and Pesenti, P.,” Interpreting the ERM Cri-
sis: Country-Specific and Systemic Issues”, Princeton Studies in Inter-
national Economics 84, International Economics Section, Department

of Economics Princeton University, 1998.

Devereux, M. B, and Sutherland, A.,”Solving for Country Portfolios in
Open Economy Macro Models”, ”International Capital Flows”, CEPR
Discussion Papers 5966, C.E.P.R. Discussion Papers, 2006.

o4 o4



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

REFERENCES REFERENCES

[17]

[18]

[22]

Devereux, M. B, and Sutherland, A.,”Financial globalization and mon-
etary policy”,Journal of Monetary Economics, FElsevier, vol. 55(8),pp.
1363-1375, November 2008.

Devereux, M. B, and Sutherland, A.”Country portfolio dynam-
ics” , Journal of Economic Dynamics and Control, Elsevier, vol. 34(7),
pp. 1325-1342, July 2010.

Devereux, M. B, and Sutherland, A.,” Country Portfolios In Open Econ-
omy Macro-Models”,Journal of the European Economic Association,
John Wiley Sons, Ltd., vol. 9(2), pp. 337-369, 2011.

Devereux, M. B, and Sutherland, A.,”Valuation Effects and the Dy-
namics of Net External Assets”, NBER Working Papers 14794, National

Bureau of Economic Research, Inc, 2009.

Devereux, M. B, and Yetman, A.,” Leverage Constraints and the Interna-
tional Transmission of Shocks”, Journal of Money, Credit and Banking,
Blackwell Publishing, vol. 42(s1) , pp. 71-105,2010.

Schmitt-Grohe, S., and Uribe, A.;” Closing Small Open Economy Mod-
els” Departmental Working Papers 200115, Rutgers University, Depart-

ment of Economics,2002.

Schmitt-Grohe, S., and Uribe, A.,”Solving dynamic general equilib-
rium models using a second-order approximation to the policy func-
tion”, Journal of Economic Dynamics and Control, Elsevier, vol. 28(4),
pp-755-775, January 2004.

95 95



Tesi di dottorato in Economia Politica, XIII Ciclo, di Elena Carniti, discussa presso 1'U-
niversita LUISS Guido Carli, in data 16 Marzo 2012. Soggetta a copyright. Sono comun-
que fatti salvi i diritti dellUniversita LUISS Guido Carli di riproduzione per scopi di ri-
cerca e didattici, con citazione della fonte.

5 APPENDIX A

5 Appendix A

5.1 The model with integrated good
markets but closed financial markets

5.2 The Baseline Model without credit policies

Ay, AU, Uy follows exogenous stochastic process. We need to find the real

prices:

Pyt
Qh,h Rht7 Rt+17 P,

S
Qf,t;th7Rt+17 ]gtt
the quantities

}/;‘,7 Ct7 Ch,t7 Cf,t7 Lt7 It7 Kt+17 Zt7 Dt7 Nta Sh,t; Yut
Y;*v 0:7 CZ,t? C},t? sza ]t*7 K:+1, ngv
Dy, Ni, Sty Yuy

the shadow prices

Ut, Uh,t, )\ta ®t

vy, v?t, A, OF
determined as a function of the state variables

Kt7 Ct—la -[t—17 At7 \Iltv Qh,t—l: Yut—l
* * * * * *
Ktv t—17[t—17Atv\Ijtan,t—laYUt_1

by the sequence of the following 40 equations (we just show the the Home
equations):

From the Household’s problem:
C=CCh™ 0<y<1 (1)
Ch,t = ’}/Ct% (17)
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5.2 The Baseline Model without credit policies 5 APPENDIX A

1= E {wCAjg_lRt <ij1)_p} (15)
From the Final Good Production Firms’ problem:
Y= AK{ VLY (6)
Kiyy =V +(1—-0)Ky (7)

P
(1—a) —t X4 (1-6)Qp,e
Ry = Wy PtQ[;ftfl 9)

Zy = (1 — )2t A,(£)" (10)

t

From the Banks’ problem:

(5’2’2 - vt) (T4+X)=Ch (22)

QntSht [C — (5’;’3 — vt>] —uny =0 (24)
Ut = BrwCy A1 [Zigr + (1= 0)Qnyiga] (1 — 0 4 0Co41)  (30)
vy = BywC A i1 Ry (1= 0+ 0Chi1)  (32)
where the definition of ®, is given by:

— Ut
©r = Vh,t
- Qh,t =t

Niy1 = (0 4+ &) [Ruk4+1Qn,Sht) — ORi 1Dy (34)

Dy = Qh,tSh,t — Ny (37)
Sh,t = [It —|— (1 - (S) Kt] (40)

where the last one is the Supply in the Home financial market.

From the Capital Good Firms’problem:
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5.2 The Baseline Model without credit policies 5 APPENDIX A

Qnt—1 =1+ f(Yue1) + f/(Yut—l)Yut—l —
- Et,lAt,l,tf/(Yut)Yuf (11)

where we define the investment ratio between t,¢ — 1 as:

I,
Yut = Itil

Equilibrium condition in the (integrated) good markets:

Y, =Che+Cr, + [1 +f <Itljl):| [t% (38)

Equilibrium condition in the labour market:

afutYe kL:Cf  (39)

P Ly

Lastly, to complete the model we have to add the home household budget

constraint:

By, = ¢, + [1+f(1fj )][t (41)

1

Notice that in the equations above we consider the discount factor  as
endogenous, or 3; = % = wC’ZZ with initial conditions ¢y = 1 and 0 <
n < p, and where C4 is the aggregate consumption of home households and
therefore it is not internalized in the households’ decision. (0 < wC," < 1).

We set n = 0.7 and w such that 8 = wC " = 0.99 at steady state. We
followed here Sutherland and Devereux, Schmitt-Groh and Uribe in order
to avoid the possible presence of unit root in the first order approximated

model implied by possible incomplete markets.
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5.3 The Model with liquidity

and lending facilities 5 APPENDIX A

5.3 The Model with liquidity
and lending facilities

Ay, Ay, Uy follows exogenous stochastic process. We need to find the real

prices:
Pt
Qh,t7 Rh,t) Rt+17 R’m,t-ﬁ-lu fit
* * Pry
Qf7t7 Rf7t7 Rt+1’ m7t+17 P
the quantities

}/;fa Ct; Ch,t7 Cf,t7 Lt7 -[t7 Kt+17 Zt7 Dta Nt7 Sh,t7 Shp,ta Yut7 Gt) Sg,ta Pt Mt
Y;f*a Ct*7 ;;,t7 },t? L:7 [;7 K:—&-l? Z:’
DIJNt*75;7tJS}k'p7t7Yu:7 H . 90:7Mt*

tr~g,t)

the shadow prices

Uty Unty Um,t, A, Dy

* * * * *
UF VF 4 U A > ©F
determined as a function of the state variables

Ky, Gy, I, Ay, Wy, Qh,t—l; Yui_q
* * * * * *
Ktv t—1> t—lvAtv\I]me,t—l’Yut—l

by the sequence of the following 54 equations (we just show the the Home

equations):
C = CﬂltCﬁﬂ) 0<y<1 (1)

Ch,t = ’}/Ct% (17)

-P
1= E, {wcjg”g_l}zt(cf;) } (15)
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5.3 The Model with liquidity

and lending facilities 5 APPENDIX A

Y, = ALKV Le (6)

Kipr = VoL + (1= 0K (7)

P
(1—a) L e +(1-0)Qn.s

Ry = Wy Qni (9)

Zy = (1— )3 A(4)° (10)

(e —w) (12 =N (22)
QntShpt = PNy +wy My (70)
Unt = BrwCy A1 [Zir + (1= 0)Qnira] (1 = 0+ 0Co41)  (30)
v = EthZzAt,tHRtH (1—=0+60Chi1) (32)

— (%7
(I)t - Vh,t
= Qp,t—vt

Nit1 = (04 &) [Rukt+1QntShpt) — ORi1 Dy — ORy A My (34)

Dt = Qh,tShp,t - Nt - Mt (65>
Shi =Lt + (1 = 0) K¢ (40)

Qnia =1+ fYu1)+ fYu1)Yu g —
- Et,lAt,l,tf/(Yut)Yuf (11)

Y'U/t = Itlil
Yi=Che +Ch, + [1 +f (It[il)] ]tPit,t +
+Gt% (38)

a bl = k1LY (39)
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5.3 The Model with liquidity

and lending facilities 5 APPENDIX A

We need to add now seven equations for the new variables related to the
introduction of the Policy Maker and its unconventional monetary policy.

The definition of Government’s consumption expenditure:
Gt = G + TSg,t(79)

where we set G = 0 during normal times. The distinction between pri-
vately and publicly held securities in the home securities intermediated by

home agents:
Sh,t - Shp,t + S ,t(71)

Then, from the bank’s problem and by modifying equation (68) we find:

)\t = (Um,t — Ut) (1) (66)

wg(

Um,t = EtWCZ’ZAt,t-&-th—l-lRm,t—H(81)

The “rule” used by the Central Bank for implementing the credit policy

under unusual times of crisis:
O = Uy [(th,tﬂ — Riy1) — (R;Lk) — R)} (82)

where Ry, and R are steady state values of home equity and deposit returns
and v, is a parameter. We assume that the Central Bank adjusts the fraction
of private credit/amount of funds it lends to the home banks when the excess

of returns on home assets increases over its steady state value:
Sg.t = p5n+(63)
Mt = SOtDt(83)

Lastly, to complete the model we have to add the home household budget

constraint:

Ph,t}/; —

=C, + [1 + i]ft ﬂ Iy + Gi(41)

1
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5.4 The Model with equity injections 5 APPENDIX A

5.4 The Model with equity injections

Ay, AU, Uy follows exogenous stochastic process. We need to find the real

prices:

Pt

Qh,t7 th,t; Rh,ta Rt+17 Rhg,t; P,
* Pf,t

Qrt, Qrgts Ry Ry Rygu, 5+

the quantities

}/;fa Ct; Ch,t7 Cf,t7 Lt7 -[t7 Kt+17 Zt7 Dta Nt7 Shp,ta Sh,ta Yut) Gt) Sg@,t7 Pt Ng,t
* * * * * * * *
Y; ) C(t » ~Mhity M fit Lt ) [t ) Kt+1> Zt )
* * * * * * * * *
Dt ) Nt y M fptr Mt Yut ) Gt7 Sge,t? (2% Ng,t
the shadow prices
Ut, Uh,t, )\ta (I)t
* * * *
Ui Vg, A, @)
determined as a function of the state variables
K, Cooq, I, A, Uy, Qh,tfla Yueq
* * * * * *
K, CF oy I, AL 9, Qf,t—la Yui 4

by the sequence of the following 54 equations (we just show the the Home

equations):

Ci=ClCi ™ 0<y<1 (1)

Ch,t = ’}/Ot Pit,t (17)

1= B, {wCA”t’lRt (CL_) _p} (15)
Y, = AKSTVLe (6)
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5.4 The Model with equity injections 5 APPENDIX A

Kion = Wenll + (1= 0)K) (7)

;
(1-0) et Y (1-6)Q1 s

Rppp = Wy o (9)

Zy = (1 — )2t A,(£)" (10)

t

(B =) L+ 20) = (22)
QniSnt = ®Ny + N, (77)
On = BwC gy [Zigs + (1= 8)Quina] (1— 04 0Chin)  (30)
v = EwCy g1 Reyt (1— 04 6Copa1) (32)

(I)t — —thh

C_(Qh,tivt)
Nig1 = (04 &) [Ruk+1@Qn.tSpt]) — ORip1 Dy +
(th,t-kl - Qt+1) (Sge,H—l - (1 - 5) Sge,t) (76)

Dy = QniSht — Ny — Ny (72)
St = I+ (1 — §) K] (40)

Qni-1 =1+ f(Yue1) + f/(Yth)Yutq —
- Et_lAt_lif,(YUt)YU?(]_l)

Yi=Che +Ch, + [1 +f (1{1)] ItPit,t T
+Gt%(38)

atbtXe = 1,C7(39)
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5.4 The Model with equity injections 5 APPENDIX A

We now need to add seven equations for the new variables related to the
introduction of the policy maker and its unconventional monetary policy.

The definition of Government’s consumption expenditure:
Gt = G + TeSge,t(79)

where we set G = 0 during normal times. The distinction between pri-
vately and publicly held securities in the home securities intermediated by

home agents:
Shﬂg - Shpﬂf ‘I‘ Sge,t(71)
The market value of Government’s equity:

Ng,t = Cgh,t + Sge,t(73)

The “rule” used by the Central Bank for implementing the credit policy

under unusual times of crisis:

Pt = Vg [(th,tJrl — Ryy1) — (R_hk — R)} (82)

where Ry, and R are steady state values of home equity and deposit returns
and v, is a parameter. We assume that the Central Bank adjusts the amount
of its equity injections to the spread between excess of returns on home assets

and their steady state value:

Sge,t - SDtSh,t<84>

The equations that define the gross return on one unit of Central Bank

equity and Qpg
EwC i1 [Rugpe1 — Repa] (1 — 0 + 0Ch41) = 0(74)

Zip1+(1-6
Rugp = thrp1 =5 (thﬂth’tH (75)
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6 APPENDIX B

Lastly, to complete the model we have to add the home household budget

constraint:

Ph,t}/t —

P

):| [t + CYYt + (th,tJrl - Qt+1) (Sge,t+1 - (1 - 5) Sge,t) (41>

C, + [1+f(1fj

1

6 Appendix B

6.1 The Model with integrated
good and financial markets

In Model B steady state portfolio shares are endogenously determined . As
we described in the previous chapter, by following the method developed by
Devereux and Sutherland (since 2006 onwards) we found S, = S; = 0.705+ K.

6.2 The Baseline Model
(without credit policies)

In our perfectly symmetric world, it follows that:
Sp = 5%

We then set S, = S} equal to an arbitrary constant (endogenously deter-
mined). Then,
Ay, A7, U, Uy follows exogenous stochastic process. We need to find the

real prices:

Py ¢
Qh,t7 Rh,t7 Rt+17 P

* Pf,t
Qf,ﬁRf,t’ t+1) P,

the quantities
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6.2 The Baseline Model

(without credit policies) 6 APPENDIX B

}/ta Ct7 Ch,t; Cf,t; Lta It; Kt+17 Zt7 Dt7 Nt7 YUt
}/;*, Ct*v Z,ﬁ ;:,ﬁ L;tka [t*a Kt*+17 Zt*7
Dy, Nj,Yu;

the shadow prices

U, Uh,t7 Ufﬂfa )\ta q)t

* * * * *
Uty Ut Vgt b @
determined as a function of the state variables

K, Ct—l; Iy, Au Wy, Qhﬂf—l) Yu,_q
* * * * * *
Ktv t—17[t—17Atv\I]tan,t—laYUt_1

by the sequence of the following 40 equations (we just show the the Home
equations):

From the Household’s problem:
C=ClCi™ 0<y<1 (1)

Oh,t = 7@% (17)

—p
1= Et {WCZ’TZ_lRt (C?j1> } (15)
From the Final Good Production Firms’ problem:
Y, = AK LY (6)

Kipr = Ve[l + (1= 0)K] (7)

P,
(1—a) e ZE+(1-8)Qn

Qh,t—1 <9)

Zy = (1 —a) Bt A, (£)"(10)

t

Rpy = Uy

From the Banks’ problem:
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6.2 The Baseline Model

(without credit policies) 6 APPENDIX B

(g;:tt B Ut) (T+ M) =CA (22)

(2;;’; - ”t) (T+X)=¢\ (23)

QniSn + QriSr = 0N, (24)

Ut = ErwC A1 [ + (1= 0)Qnyiga] (1 — 04 0Co41)  (30)
vy = BiwCy N i1 Rea (1= 0+ 0Che1)  (32)
where the definition of ®, is given by:

q)t = —th
C_(Qh,}:ivt)
Nip1 = (04 &) [Rkt+1@QniSh + Rpra+1Q S| — 0Ri1 Dy (34)

Dy = QniSh+ Qp1Sr — N, (37)

From the Capital Good Firms’problem:

Q-1 =1+ f(Yue1)+ f/(Yth)Yutq —
- Et_lAt_Ltfl(Yut)YU% (11)

where we define the investment ratio between ¢,t — 1 as:

_ T
YU,t = Itil

Equilibrium condition in the (integrated) good markets:

V; = Chy+Ci, + [1 + f (Ifjl)] Itpift (38)
Equilibrium condition in the labour market:

afhtYe — kL,CP (39)

Py Ly

Lastly, to complete the model we have to add the home household budget

constraint:

1

-QuiSh — R 1Qri—157 + Rkt Qni—15) + Qr1.Sy(41)

By, = Cot [L4 £ (25)] -
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6.3 The Model with liquidity

and lending facilities 6 APPENDIX B

6.3 The Model with liquidity
and lending facilities

In this case we have to fix in advance how much the home banking system
will invest in home equities S, and how much it will invest in foreign equities
St. Let us set Sy = S equal to an arbitrary constant (again, endogenously
determined), that in this perfectly symmetric two country world also implies
Shp = S},

Then,

Ay, A7, U, Uy follows exogenous stochastic process. We need to find the

real prices:

Pt
Qh,h Rht7 Rm,t+17 Rt+17 P,

* * P
Qf,t7th7Rm,t+17 t+10 P,
the quantities

Y, Cy, Ch,t, Cf,t,LtJt,KtH, Zy, Dy, Ny, Yy, Gy, Sg,tu Sh,t; 01, My
* * * * * * * *
Y; » Mt Mht C’f,t7 Ltﬂ It [ 2 B Zt )
* * * * * * * *
D;, N/, Yuy, t,Sgi,Sf,t,got,Mt
the shadow prices
U, Um,tv Uh,tu Uf,t7 )\ty q)t

* * * * * *
Ut Um,tv Uh,t? Uf,tv )‘t ) q)t
determined as a function of the state variables

Ky, Coq, Iiq, Ay, Wy, Qh,tfla Yu,_y
* * * * * *
Kt )y Mt—1o tflvAm‘Ijt?Qf,tflaYUtfl

by the sequence of the following 54 equations (we just show the the Home

equations):
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6.3 The Model with liquidity

and lending facilities 6 APPENDIX B

C=CCh™ o<y <1 (1)

Ch,t = 7@% (17)

_ -P
1= E, {wcAjg_lRt () } (15)
— (1-a) r o
Y, = AKLe (6)

Kion = Wenll + (1= 0K (7)

N
(1—a) et X4 (1-6)Qp,
Rpgy = ¥y PtQI;tt_l (9)

Zy = (1 — )2t A,(£)" (10)

(22’21 - ”t) (1+X)=CN (22)

(82 —w) L+ 2) = A (23)
QniSni+ Qs 4Sp = ®.Ny +w,M,; (70)
g = BoC3 i1 [Zeer + (1= 0)Qnya] (1 — 0+ 6Co11)  (30)
v = EthZZAt,tHRtH (1—=60+60(his1) (32)

(I)t — —vj
C_(Qh,ifvz)
Nig1 = (04 €) [Ruki+1@QntShp + Rrri1QrSy] —
-0Ri 1Dy — OR i1 My (34)

Dy = QniShp + Qs1Sg — Ny — My (65)

Qnt—1 =1+ f(Yue1) + fl(Yut—l)Yut—l —
- Et,lAt,l,tf/(Yut)Yuf (11)
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6.3 The Model with liquidity

and lending facilities 6 APPENDIX B

_ I
Yut = Itil

Yi=Chu+ Ciy+ [14 1 (725)]| 1 + G (39)

a%%’i = kL, C?(39)

We need, again, to add seven new equations in order to take into account
the presence of the Policy Maker with its credit policy’s variables. From the

first order conditions of banks we now need to add the following equations:

)\t = (Um,t — Ut) (1;);) (66)

Um,t = EtWCZZAmH (1 =04 0Chi11) Rine+1(81)

where the last one comes out by modifying equation (68).

The definition of Government’s consumption expenditure:
Gt = G + ngi(79)

where we set G = 0 during normal times. The distinction between pri-
vately and publicly held securities in the home securities intermediated by

home agents:
Sh,t = Shp + Sg,t(71)

The “rule” used by the Central Bank for implementing the credit policy

under unusual times of crisis:

Pt = Vg [(th,t—f—l — Ritq) — (R_hk — R)} (82)

where Rj;, and R are steady state values of home equity and deposit returns
and v, is a parameter. We assume that the Central Bank adjusts the fraction
of private credit/amount of funds it lends to the home banks when the excess

of returns on home assets increases over its steady state value:
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Sgﬂg = gOtSh,t(63)
Mt = QOtDt(83)

Lastly, to complete the model we have to add the home household budget

constraint:
—Co+ [1+ F (7)) 1o = QnoSi = RyraQpa1Sp + Rua@nar S+ QraSy +
Gi(41)

6.4 The Model with equity injections

We have to fix in advance how much the home banking system will invest in
home equity Sy, and how much it will invest in foreign equity Sy. Let us set
Sy = S} equal to an arbitrary constant (endogenously determined); in this
perfectly symmetric two country world this also implies Sy, = 5%,

Then,

Ay, A7, U, Uy follows exogenous stochastic process. We need to find the

real prices:

Py

Qh,t7 th,ta Rh,ta Rhg,ta Rt+17 Tt
* Pf,t
Qrtr Qrgtr Ry, Rpgas Ry, 35

the quantities

}/;57Cta0h,t70f,t7Lt7]t7Kt—i—laZtaDt7Ntayuth)Sge,t7sh,t790t7Ng,t
}/;*70:7 Z,tv ]t,tvL;tkalzk?Kt’;letﬁ
Dy, N2 Yul, G S Sty N2y

ge,ty

the shadow prices

U, Uity Ut it )\t, o,

* * * * *
Ugs Up gy Vg ts Ar, Dy
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determined as a function of the state variables

K, Gy, Lia, Ay, Wy, Qn—1, Yu—y
* * * * * *
Kta t—lvlt—lvAtv\I]wa,t—l’Yut—l

by the sequence of the following 54 equations (we just show the the Home

equations):
C=ClCi™ 0<y<1 (1)

Ch,t = ’}/Ct% (17)

_ —-p
1= E, {MCAQ_IRt (ijl) } (15)
Y = AKTLe (6)

Kipr = Vo[ + (1= 0K, (7)

Prt v,
(1—a) 5= 5 +(1-0)Qn
Rppy = Wy PtQI:;I (9)

Z, = (1— )2 4, (L) (10)

t

(5’;1 - “t) (T+ M) =Ch (22)

(82 -w) 1+ A) =¢n (23)
QniShi + QpuSy = ®N, + N,y (77)
Vhs = BwC A pi1 [Zor + (1= 6)Quypa] (1 — 0+ 0Chi1)  (30)
v = EwCy o Rt (1= 0+ 0Con) (32)

¢t = —Y%

_ Yh,t
¢ (Qh,t*vt )
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Nip1 = (04 &) [Ruki+1QntShp + Rpri1Qp1Sy] —
-OR 1Dy + (Qngit1 — Qnit1) (Sgesr1 — (1 —9) Sger)  (78)

Dt = Qh,tShp + Qf,tSf - Nt - Ng,t(72)

Qni—1 =1+ f(Yue1) + f (Y)Y g —
- Et,lAt,l,tf/(Yut)Yuf (11)

I
Y’Ut = _Itil

Yi=Chu+ Gl + [14 1 (725)] 1 + G (39)
PheYy P
a—ptt = kLY (39)

P

We need to add seven equations for the new variables related to the
introduction of the policy maker and its unconventional monetary policy.

The definition of Government’s consumption expenditure:
Gt = G + TeSge’t(79)

where we set G = 0 during normal times. The distinction between pri-
vately and publicly held securities in the home securities intermediated by

home agents:
Sh,t = Shp + Sge,t(71)
The market value of Government’s equity:

Ng,t = Qh,t + Sge,t(73)

The “rule” used by the Central Bank for implementing the credit policy

under unusual times of crisis:

Pt = Vg [(th,tJrl — Ritq) — (R_hk — R)} (82)
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where Ry, and R are steady state values of home equity and deposit returns
and v, is a parameter. We assume that the Central Bank adjusts the amount
of equity injections to the spread between excess of returns on home assets

and its steady state value:

Sge,t = SOtSh,t(84)

The equations that define the gross return on one unit of Central Bank

equity and Qpg

EwC A1 [Rgen — Riga] (1= 0+ 0Chii1) = 0(74)

Zip1+(1-6
Rhugp = thrp1 =5 (thﬁth,m (75)

Lastly, to complete the model we have to add the home household budget

constraint:
FYi=
—Co+ [14 F (7)) 1o = QuoSi = RyraQparSp + Rua@nar S+ QraSy +
G, (41)
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