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Abstract

In response to the financial crises of the 2000s, central banks implemented uncon-
ventional monetary policies (UMP) to restore liquidity and promote credit creation.
This thesis investigates the effects of these policies, which involved using the com-
position and size of central bank balance sheets as instruments of policy. Specifi-
cally, this thesis examines the theoretical foundations and quantitative transmission
mechanisms of UMP in scenarios where interest-rate-based monetary policy is con-
strained by the lower bound of the nominal policy rate.

The first two papers of this thesis present theoretical models of a three-period
economy, where households, firms, and a consolidated government interact. In
the context of a liquidity trap scenario and the presence of nominal rigidities, the
first paper shows that UMP in the form of outright purchases of illiquid assets by
the central bank have no real effects in a perfect risk-sharing environment but can
provide partial insurance against idiosyncratic unemployment risk under imperfect
risk-sharing. The second paper examines the effects of UMP when an uncertainty
shock generates the liquidity trap scenario and shows that, in this context, UMP can
improve welfare.

The third paper of the thesis provides a quantitative assessment of the effects
of UMP. Using a dynamic model of a small open economy member of a monetary
union, I show that UMP in the context of a negative shock to the price of sovereign
bonds, has positive effects on output and unemployment. By combining theoret-
ical and quantitative analyses, this thesis sheds light on the complex mechanisms
through which central bank balance sheet policies affect the economy in different

scenarios and provides insights for policymakers and researchers alike.
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Introduction

This thesis concerns the effects of what has been called by the literature and policy
actors as unconventional monetary policy. In the heat of the great financial crisis of
2007-2008 and the sovereign debt crisis of the European economies in 2011-2012,
the central banks of most of the advanced economies exhausted the available room
for monetary policy based on interest rate management and had to resort to the use
of the composition and size of their balance sheet as unconventional instruments of
policy to: i) restore liquidity in highly impaired asset markets and, ii) give a needed
boost to credit creation which was severely hit by the liquidity drought of financial
markets.

The portfolio of policies implemented by central banks like the Fed in the US,
the Bank of England in the UK, and the European Central Bank (ECB), included,
for instance, the increase of the intensity of traditional short-term REPO financial
operations, the increase of the term associated with these open market operations!,
and a significant expansion of the set of assets allowed to be used as collateral by
the different actors dealing with the central banks. In the most critical times of these
particular episodes, the composition and size of the balance sheets of these central
banks were massively adjusted via outright purchases of different sorts of short and
long-term assets, including sovereign bonds.

After this radical change in the implementation of monetary policy, the litera-
ture began to determine not only the effects of the practical implementation of this
kind of policy but also its possible theoretical foundations. Until now, no clear con-

sensus has been reached on any of the two fronts, but big steps have been taken

IThis was the case of the long-term refinancing operations (LTRO) implemented by the ECB
after 2011



Introduction Introduction

to better understand the nature of the transmission mechanism of these policies.
The basic reference in the theoretical side is the neutrality of open market opera-
tions result brought by Wallace (1981), which was later renewed by Eggertsson and
Woodford (2003) in the context of the New Keynesian model of business cycle anal-
ysis. Using these works as a reference and starting point, the analysis provided by
the more modern literature has tended to conclude that for unconventional monetary
policy to have real effects, the theoretical foundations must rely on the presence of

financial frictions.

This is where this thesis pretends to make a significant contribution. I present
three papers in which the effects of unconventional monetary policies in the form of
REPO or outright purchase operations are assessed from a theoretical and a quan-
titative point of view. Each chapter highlights a different and important aspect of
the transmission mechanism of these policies, but what they share in common is
the particular general context in which the assessment is carried out. In particular,
I consider a context in which the interest-rate-based conventional monetary policy
has no more room to exploit, because of the existence of a natural limit or lower
bound on the policy nominal rate and the presence of nominal rigidities, which ex-
tend such bound to the real interest rate. This type of scenario has been called a

liquidity trap by the literature (e.g. Korinek and Simsek, 2016; Krugman, 1998).

In this sense, the assessment provided by each of the chapters cannot be taken
outside the described context. In other words, I consider the effects of unconven-
tional monetary policy in a particular crisis scenario, which leaves absent any other
sort of assessment regarding, for instance, the consequences of the continued ex-
pansion of the balance sheets of the central banks on inflation, the credibility of
the monetary authority, or the effects of fiscal dominance on conventional monetary

policy once the economy is off the lower bound.

The contribution of the first two chapters of this thesis is purely on the theoret-
ical side of the analysis of the transmission mechanism of unconventional monetary
policy. Both chapters share the same basic framework which is a tractable model of

a three-period economy composed of households, firms and a consolidated govern-
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Introduction Introduction

ment in charge of both monetary and fiscal policy. > At the beginning of their lives,
households are endowed with a fixed supply of a Lucas-tree asset which is perfectly
illiquid and the unique source of consumption in the final period.

In the first chapter the liquidity trap scenario is generated by an unexpected
level shock on the value of the future dividend of the illiquid asset, which affects the
equilibrium prices and allocation once the zero-lower-bound of the policy interest
rate is reached. The bound on the nominal rate imposes a bound on the real interest
rate because of the existence of a nominal rigidity, and a positive unemployment rate
emerges to characterise the new equilibrium path. In the baseline scenario of the
chapter, potential workers supplying inelastically a unit of indivisible work, gather
into households to secure themselves either via savings o intertemporal transfers be-
tween household members. This is what I consider a perfect risk-sharing scenario.
Unconventional monetary policy in the form of outright purchases of the illiquid
asset by the central bank is completely neutral.

Once we abandon the perfect risk assumption, things turn quite interesting.
Members of the households are no longer allowed to transfer income in the inter-
period and the main mechanism of self-insurance is severed. Unconventional mon-
etary policy then has room to offer partial insurance against idiosyncratic unem-
ployment risk, and its implementation is welfare improving via the reduction in the
equilibrium unemployment rate. This characterisation of the transmission mech-
anism via insurance in an imperfect risk-sharing environment has not been made
openly explicit by the literature and in that sense the contribution is important.

In the second chapter, the nature of the shock that generates the liquidity trap
scenario is rather different from the one in the first chapter. In this case the dividend
of the Lucas-tree asset is intrinsically random but characterised by a known two-
state distribution. The shock consists of an increase in the known probability of
the lowest-dividend state which increases the perception of uncertainty. Without

leaving the perfect risk-sharing scenario, two types of unconventional monetary

2A warning must be included here for the reader. To be presented as independent papers with a
potential purpose of future publication, these two chapters might often repeat themselves, especially
in the sections describing the model and its equilibrium. Nonetheless, the key contributions are
importantly different.

13



Introduction Introduction

policy are assessed here. The first one is a REPO operation based on the households’
holdings of the illiquid asset, whereas the second is an outright purchase like the one
modeled in the first chapter. Because of its pure Ricardian nature, the REPO policy
is completely neutral but, even under perfect risk sharing, the outright purchase
policy is welfare-improving. In this case, the central bank fully insures households
from uncertainty via the purchase of the increasingly risky asset, by assuming the
aggregate consequences of risk and giving back a certain source of income in the
form of a fiscal transfer. In this case, the fiscal side of the unconventional policy is
key 1n its transmission to the economy. This is a novel analysis of the transmission
mechanism of unconventional monetary policy which has been barely studied by
the literature, although it has been an important part of the practical discussions of

policy.

Chapter 3 takes a rather different approach. It concentrates specifically on
the assessment of unconventional monetary policy in the context of a sovereign
debt crisis. The framework of the analysis is a model of a periphery small open
economy member of a monetary union that takes monetary policy as an exogenous
object established by an external central bank, which has already fixed the short-
term policy interest rate. The model highlights the role of an exchange rate peg and
the credit channel of unconventional monetary policy. Specifically, I model banks
for which credit activity may be restricted by a lending constraint determined by
its net worth, mainly composed by local random maturity sovereign debt subject to
price shocks. In this context, the analysis numerically solves the dynamic model
taking as reference the optimal debt problem of the sovereign in the presence of a
set of correlated shocks which affects the lending constraint of the banks and its

intermediation role.

The external central bank implements a policy similar to an outright purchase
of sovereign bonds in the baseline scenario. By performing multiple simulations
of the model under the presence of unconventional monetary policy I select those
that can be identified as a sovereign debt crisis. The effects of the implementation of

policy are indirectly measured by a counterfactual scenario in which unconventional

14
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monetary policy is switched-off. Qualitatively, unconventional monetary policy has
real effects via the credit channel, but once the model is calibrated to the economy

of Spain the effects seem to be quantitatively small.

15



Chapter 1

Risk sharing and the effects of
unconventional monetary policy in a

liquidity trap

1.1 Introduction

During the great financial crisis of 2007-2008 and the European sovereign crisis
of 2011-2012, advanced economies went through a crisis scenario characterised by
a significantly weakened aggregate demand accompanied by increasing unemploy-
ment rates. As a response, both the Fed and the ECB systematically decreased their
nominal interest policy rates to the point they reached their lowest bound but, once
there, the negative effects of the crisis were far from disappearing. As an alternative
response, central banks used their balance sheets as an instrument of systematic pol-
icy to restore credit activity and liquidity in heavily distorted markets (Lenza et al.,
2010; Reichlin, 2014a). Not only the terms of standard REPO refinancing opera-
tions were increased, but direct interventions in the form of outright purchases of
different sorts of illiquid and toxic assets made part of the unconventional monetary
policy toolkit of these institutions.

There has not been a great deal of consensus on the effects of this set of uncon-

ventional policies, though. The empirical literature has found significative effects of
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the real effects of unconventional monetary policy (e.g. Hachula et al., 2020), which
clashed with the classical theoretical neutrality results regarding the effects of open
market operations (Eggertsson and Woodford, 2003; Wallace, 1981). Nonetheless,
recent theoretical approaches have introduced financial frictions into the standard
models and have found a space for unconventional monetary policy to have real ef-
fects. Part of this line of research has focused its attention on the role of collateral
or liquidity constraints as the base to understand the transmission of this kind of
policies (Aradjo et al., 2015; Del Negro et al., 2017b), whereas another has high-
lighted the role of financial frictions as the key to understand its transmission chan-
nel via financial intermediation (e.g Cui and Sterk, 2021; Cudrdia and Woodford,

2011; Gertler and Karadi, 2011)

The purpose of this paper is to add to the theoretical discussion on the effects
of unconventional monetary policy by focusing the attention on a novel risk-sharing
transmission channel of policy. The approach in this paper consists on the compar-
ison of two extreme scenarios. First, in an economy with perfect risk sharing, a
neutrality result on the effects of unconventional monetary policy is established out
of the Ricardian nature of policy in this risk-sharing scenario. Then, an imperfect
risk sharing scenario is considered. In this particular context, a particular form of
unconventional monetary policy which consists on an outright purchase of illiquid
assets, backed up by a fiscal transfer to households, has real and welfare-improving

effects by being a means of idiosyncratic unemployment risk insurance.

The results come from the analysis of a stylised and tractable three-period hori-
zon model in which, by following the approaches in Shi (2015) and Heathcote and
Perri (2018), workers gather into households to fully or partially insure the con-
sequences of unemployment idiosyncratic risk. In the initial period of their finite
horizon of life, households are endowed with a fixed supply of a perfectly illiquid
asset which yields a real return only in the final period of the economy. On their
part, household members are potential workers that inelastically supply an indivis-
ible unit of time to the labour market in the first two periods of their lives. In the

second period of this economy, because of the existence of a nominal rigidity and

17
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a real low bound on the real interest rate, labour supply might be rationed, and
households provide insurance via their intertemporal decision on consumption and

savings into a perfectly liquid asset.

In the model, the central bank determines the value of the nominal interest rate
on the liquid asset via the implementation of an interest-rate-based conventional
monetary policy rule, which is constrained by the existence of a zero lower bound.
The liquidity trap scenario in which the effects of conventional monetary policy are
analysed, is generated by an unexpected shock on the future value of the dividend
of the illiquid asset in hands of the households. Once the ZLB bounds because of
the response of conventional monetary policy to the shock, the equilibrium of the
stylised economy is characterised by a positive probability of unemployment risk
regardless of the risk-sharing within households assumption. It is in this context
that the central bank opens its toolkit and implements an outright purchase market

operation based on the household’s holdings of the illiquid asset.

Including this introduction, the paper is divided into five sections. The base-
line model under perfect risk-sharing within households is presented in Section 1.2.
Section 1.3 characterises conventional and unconventional monetary policy under
the perfect risk-sharing assumption, whereas Section 1.4 introduces imperfect risk-
sharing into the model and reassesses the role of the unconventional monetary pol-

icy implemented by the central bank. The final section concludes.

1.2 The model

The closed economy is set in a finite horizon of three periods = {0,1,2}. There is
a perishable consumption good in the economy which is produced in periods 0 and
1 by a competitive firm using a continuum of intermediate varieties, each produced
by a monopolistically competitive firm using only labour. In the final period, the
consumption good is the yield of a Lucas-tree asset in the hands of households.
The economy is inhabited by a continuum of households and a consolidated central

government in charge of monetary and fiscal policy. The domestic currency is the

18
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numeraire of all nominal prices, whilst the perishable consumption good plays the

same role for all relative (real) prices.

1.2.1 Production sector

Production of the perishable consumption good. In periods t = {0, 1}, a compet-
itive representative firm produces an amount Y; of the perishable final good using a

set of intermediate varieties j € [0, 1], with technology:

n

1 n=t n—1
Y, = UO ¥ dj] (1.1)

With elasticity of substitution of varieties n > 1.

Given the money price pj, of each intermediate variety, and the nominal wage
W; paid to one unit of labour, the static problem of the competitive representative
firm in each period is to minimise costs fol pjiyjirdj subject to equation (1.1). The
solution to this minimisation program determines a demand function for each inter-
mediate variety j such that:

-n
Dt
Vit = (#) Y;, (1.2)

where the money-price of an additional unit of the produced perishable good is

given by

! 1-n 4. =n
p,:(/o Pl d]) . (1.3)

In period ¢ = 2, production of the perishable final good depends only on the real
dividends D > 0 of a fixed-supply & = 1 of a Lucas-tree asset in hands of the house-

holds. Hence, the total supply of the perishable consumption good is:
=D (1.4)

Production of the intermediate varieties and aggregate outcomes. In every pe-

19
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riod ¢t = {0, 1}, a size-one continuum of monopolistic competitive firms, each one
indexed by j € [0, 1], is in charge of the production of the intermediate varieties. An
amount yj,; of the intermediate variety j is produced using only specialised labour

Nj; via the linear technology:

yjt = Nj (1.5)

At the beginning of period 0, each intermediate-producer firm’s objective is to max-
imise its discounted flow of profits along the first two periods of the economy. As
in Korinek and Simsek (2016), I assume that all intermediate-producer firms op-
timally determine their price in + = 0 and decide to fix it for all the production
horizon. Given the nominal price rigidity assumption, if the interest rate policy of
the monetary authority is constrained by a zero-lower-bound (ZLB), the equilibrium
allocation of the economy might be one in which both final production and labour
are purely determined by demand. Labour might be rationed in the labour market
in the sense of Bénassy (1993), namely Nfl = fol Nj1dj < 1. As a consequence,
at the beginning of period O intermediate firms maximise their intertemporal flow
of profits such that there is full employment in period 0 and that possible rationing
of labour implies their labour demand to be determined as 1 —u, where u is the

proportion of specialised workers let go as a consequence of rationing.

LetI'j; = pjiyjs — W;Nj; be the period flow of nominal profits of the producer
of an intermediate variety. Subject to the nominal price rigidity, the demand for its
production given by equation (1.2), and its technology of production summarised
by equation (1.5), the problem of the monopolistic competitive firm at the beginning

Pjo

of period 0 is to choose its fixed relative price B in order to maximise the expected

discounted sum of profits

-n
Pjo rio W rio Wi
il 2R ) Yo+ Ao [ 22— v
(PO) KPO PO) o O’I(Po P0> 1}

where Ag | is the discount factor of firms. From the first order condition of this

20
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problem, the optimal relative price set in periods 0 and 1 is:

; 1 W %%
pjo_ M _ (_) <—O+ﬁ—1) (1.6)
PR n-1\14B/\P "R
which implies that aggregate real profits in periods 0 and 1 are given by:
I Lip o W .
— = —— — — | N;dj. 1.7
o ( ) N (1.7)

1.2.2 Households

There is a mass 1 continuum of three-period lived ex-ante identical households,
each one indexed by i € [0, 1]. Households derive utility from the consumption of

the perishable consumption good. Their utility function is:
Eo [ln (c,-o)—l—ﬁln (Cil) —|—ﬁ2hl (C,‘z)] (1.8)

where Ey is the conditional expectations operator as of period 0, and f € (0, 1]
is a subjective time-discount factor. Each household is composed of a size-one
continuum of potential workers, each indexed by j € [0, 1], and endowed withn; = 1
units of specialised indivisible labour in periods 0 and 1, which they inelastically
supply in the labour market. In the final period of the economy, household members
do not work.

At the beginning of period 0, all households are endowed with # = 1 units of
a Lucas-tree asset, each yielding a random real dividend D measured in units of the
perishable consumption good at the beginning of period 2. The Lucas-tree asset is
totally illiquid in the sense that no household can trade it in a spot market, nor can
borrow against its future realised dividend.

Because of an unexpected wealth shock described further below, the members
of any household might face unemployment idiosyncratic risk in period 1, since they
can be forced into unemployment given the indivisibility of their individual fixed
supply of labour. Let Nf’ be the aggregate demand for labour and u = 1 — N{’ the

aggregate unemployment rate. Because of the law of large numbers, any potential

21
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worker faces the idiosyncratic labour supply shock

0  with probability u
Ej1 = .
1 with probability 1 —u

In other words, a potential worker might be randomly assigned to unemployment
and his effective supply of labour in period 1 is equal to n1 €;y.

Members of the household do not individually participate in the credit market.
Nevertheless, we assume there is perfect risk sharing in the sense that we allow for
inter-period transfers of income among household members and that the household
unit can save into non-negative deposits directly into the Central Bank in periods

t ={0,1}. As a counterpart, the monetary authority creates an equivalent amount

Py
2

of reserves m;,;1 > 0 which yield a one-period gross nominal return R, | 3+, where
R+ 1 denotes the real interest rate. Compared to the Lucas-tree asset, deposits are
perfectly liquid in the sense that reserves that back them up are convertible to cur-
rency immediately and at no cost. Households are also the owners of all firms and
receive an equal share of the total nominal profits I'; in periods 0 and 1. To finance

the interest payments on reserves, the government levies a nominal lump-sum tax

T; 11 on all households.

Under the perfect risk-sharing assumption, it is possible to focus on a repre-

sentative household that faces the flow budget constraints:

Poco+my =Wy +T1) (1.9)
Py
Picy +my+ T :Wl(l—u)+F1+R117m1 (1.10)
0
P
PzCz—l—TZIRz[—)mz—l—PzD (1.11)
1

Solution to the household’s problem. At the beginning of period 0, the repre-
sentative household maximises its flow of discounted utility in (1.8) subject to the
flow budget constraints (1.9) — (1.11) and the sequence of non-negativity constraints

{mpy1 > O}tl:o. Given the recursivity of the problem and its finite-horizon setting,

22



Chapter 1. Risk sharing and the effects of UMP ... 1.2. The model

it is possible to solve it backwards.

Period 2. Given {P»,R;,T,}, the value of the real dividend D, and the value of
the state variable m;, which summarises the past representative household’s saving
decision, the representative household follows its flow budget constraint (1.11) and

chooses consumption according to the policy function:

Cz(mz):RQP——i—D——. (1.12)

The optimal value of the problem of the households is simply V, = In(c3).

Period 1. At the beginning of period 1, idiosyncratic unemployment risk is
realised and, because of the law of large numbers, a proportion u of potential work-
ers, members of the representative household, are forced into unemployment. By
substituting equation (1.10) into the logarithmic instantaneous utility function, and
taking as given the value of the savings state m; and the values of {I"},P;,W;,T;},
as of period 1 the problem of this household can be represented by the Bellman

equation:

Wi
Viimy))=maxIn{ — (1 —u) + —
1) =ma <P1< )+ 5 P PP

s.t. mp >0

The first order and envelope conditions of this problem with respect to the deposits

decision of the representative household, lead to the Euler equation:

1
c1(my) =BR, (m)ﬂ%(ml) (1.13)

where, from the flow budget equation (1.10), ¢;(m) is determined by the policy

function:

Wi I my  my(mp) T
A W I Y S B DA 1.14
c1(my) P, (1 —u)+ P + "B P P (1.14)

and A;(m) is the optimal value of the Lagrange multiplier associated with the non-
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negativity constraint on the deposits decision. Equations (1.13) and (1.14) com-
pletely characterise the optimal savings and consumption decisions of households

in this period.

Period 0. In period O the representative household makes consumption and
savings decisions. By substituting the flow budget equation (1.9) in the logarith-
mic instantaneous utility function of period 0, and taking as given the values of
{To, Py, Wy}, the problem of the representative household in period 0 can be repre-

sented by the Bellman equation:

Wo To my
Vo=maxln( -2+ —"2L) 4 BE,[V,
0 n%‘}"“(PojLPO Po)+ﬁ oVi(m)]
s.t.m; >0

In a similar way to the solution of the two-period problem as of period 1, the implicit
policy function derived from the first order and envelope conditions of this problem

with respect to the nominal deposits choice leads to the Euler equation:

LRt | L]+ 20 (115)

€0

where A represents the Lagrange multiplier associated with the non-negativity con-

straint on the deposits decision of the household.

1.2.3 Conventional monetary policy

Both monetary and fiscal policy are determined by a consolidated Government-
Central Bank, which in periods 0 and 1 determines the value of the nominal gross
interest rates paid on reserves in periods 1 and 2, the corresponding lump-sum taxes
to finance such payments, and the value of the money price of the consumption

good in the final period of the economy.
The monetary authority side of the consolidated government sets the nominal
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gross interest rates {R; P’g 111, and P, by following the rules:
Pt { « P }
R =max< 1,R , — (1.16)
t+ B‘ t+1 P[
Pst 22 (1.17)
s.t. —==1. :
28L

As most of the literature on the role of monetary policy in a liquidity trap scenario
(e.g. Korinek and Simsek, 2016; Krugman, 1998; Werning, 2012), the rule in (1.16)
makes explicit the constraint imposed by the Zero-Lower-Bound (ZLB). Because
of the extreme nominal price rigidity assumption in periods O and 1, the ZLB does
not only affects the determination of the value of the nominal rate, but also the
value of the gross real interest rate and, therefore, the ability of the central bank
to manipulate aggregate demand. The rule is such that, whilst not constrained by
the ZLB, the central bank sets the gross nominal (and real) interest rate such that
its value is equal to the flexible price perfect foresight full-employment equilibrium

—natural—real interest rate of the economy, R;‘ Y1

On the other hand, the monetary authority also sets the value of the money price
of the perishable consumption good in the final period, since there is no production
and its total output is given exogenously by equation (1.4). In the same spirit of the
interest rule in equation (1.16), the objective is to set the value of the price of the
consumption good, such that the inflation rate in period 2 is equal to the equilibrium
inflation rate in the flexible price perfect foresight full-employment equilibrium of

the economy.

The consolidated government assumption implies that any monetary policy
implemented following rules (1.16) and (1.17) has to be backed up by fiscal policy
in the form of lump sum taxes to finance the payment of interests on the reserves
in the households’ accounts at the Central Bank. Let {th}}:O represent the total
amount of reserves that the Central Bank creates to back up the total amount of

deposits of all households. Therefore, the consolidation of policies is summarised
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by the budget equations:

t

P
Ty = (Rz+1 tP+ —1)mz+1; t=10,1} (1.18)

Notice that because of the nominal rigidity assumption and the price determination
policy in (1.17), we are ruling out a role for seigniorage in financing the consoli-

dated government.

1.2.4 Equilibrium

The focus is on the perfect foresight symmetric equilibrium of this economy, in
which all agents as of period 0, share the same information set containing all present
and future values of prices, wages, interest rates and tax rates, as well as the values
of the unemployment rate, and the real dividend D. The perfect foresight equi-
librium is symmetric because all producers of intermediate varieties face the same
demand function when maximising profits at date 0, which implies that all mo-

Pjo _ po

nopolistic firms: i) set and fix the same relative price =~

B~ Rl ) demand the same

amount of specific labour Nj; = N, iii) produce the same amount of the intermediate
variety output y;; = y, and, iv) gain the same amount of nominal profits I';; = I;.

In equilibrium, the perishable good market must clear in all periods, i.e.

¢ =Y, fort={0,1} (1.19)
¢y =Y, =D. (1.20)

To pin down the value of the wage in period 1 for any perfect foresight equi-

librium characterised by an allocation off-full-employment, we assume that
Wi =Wy (1.21)

Equation (1.21) could be justified in a similar way to the price rigidity as-
sumption above, but it is only included as a device to determine the level of the

equilibrium wage in period one when the intermediate variety producers are able to
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reoptimize after the realisation of a future wealth related shock. We now proceed to

the definition of equilibrium.

Definition 1. Given the known value of the real dividend D, the perfect fore-

sight symmetric general equilibrium of the economy consists of the allocation

[{Yt}zzzm {)’t}}:Oa {Nl}tlzov {de}zI:Ov {rt}zlzm {Ct}zZ:Oa {mt+1}t1:o,{7‘4}11:0]’ the price
vector [{p,}ll:o, {P;},IZO, {W;},lzo], the policy vector [{R,H}[I:O,Pg, {Tt+1};1:0] and

the unemployment rate u € [0, 1), such that:

1. Households maximise utility in equation (1.8), i.e. equations (1.9) and (1.12)

—(1.15) hold, given [{Pt};z:oa {Wt}tIZOa {Rz+1}11:()7 {E—H}tl:o]’ u, and D.

2. The competitive representative firm producing the final perishable good, max-

imises its profits at each date, i.e. (1.1), (1.2), and (1.3) hold given [{Pt},lzo]-

3. Given D, the supply of the perishable consumption good in period 2 is deter-
mined by (1.4).

4. Each intermediate-variety producer firm maximises its discounted flow of
profits in periods 0 and 1, given [{P,}L_ o, {W;}L_,), i.e. equations (1.6) and
(1.7) hold given the nominal rigidity assumption py = po, and the nominal

wage rigidity given by equation (1.21).
5. The labour market clears in period 0:
No=N¢ =1 (1.22)
and in period 1 labour supply might be rationed, i.e.:

N =Ni<1 (1.23)

u=1-N¢ (1.24)

6. In periods 0 and 1 the value of the gross nominal interest rate on reserves

R+ P’Pt L is determined by equation (1.16).
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7. P is set according to equation (1.17).

8. The lump sum tax rates {Tt+1}¢1:o are set by the consolidated Government

such that the budget equations in (1.18) holds.

9. The market for the perishable good clears in all periods, i.e. the equilibrium

conditions (1.19) and (1.20) hold.

1.3 Conventional and unconventional monetary pol-

icy under perfect risk sharing

The analysis is set in a scenario in which at the beginning of period 1, whilst being
on the full-employment (FE) perfect foresight equilibrium of our stylised three-
period economy, households, firms and the consolidated government realise an un-
expected change A = D' — D < 0 in the future value of the real dividend of the
Lucas-tree asset. In the context of this scenario, we assess the extent to which
both interest-rate-based conventional monetary policy and a particular sort of un-
conventional monetary policy to be described below, are able to offset the spread of
idiosyncratic unemployment risk among members of the representative household.
Nonetheless, we need first to characterise the FE perfect foresight equilibrium of

our model economy, based on the following assumption:
Assumption 1. D > f

The FE perfect foresight equilibrium. We characterise the full employment per-
fect foresight equilibrium by the value of the unemployment rate x/* = 0. From
Definition 1 it is then straightforward to fully determine the equilibrium alloca-
tion, prices and policy variables. For all + = {0,1}: i) equilibrium in the labour
and perishable good markets implies Ntd FE — NFE = yFE = yFE = oFE = 1; i)
from the intermediate firms optimal price condition (1.6), since the Py = 1 (nu-
meraire), full employment implies that pf'f = PF'E =1 and %’FE = 55—1; iii) equa-
tion (1.7) imply Ff E_ %; iv) from the household’s optimal conditions (1.15) and
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(1.13) mf fl =AE=0,R = l% and R} = %; v) the conventional monetary policy
rule in equation (1.16) then implies RlF E— R} and Rg E— R3, whereas the price

rule (1.17) implies P2F E — 1, and iv) the government budget constraints in (1.18)

TFE _

determine 7, =

0. In period 2 the consumption good equilibrium market clearing

condition implies cg E_— YZF E_p.

1.3.1 Conventional monetary policy

Under Assumption 1, the monetary authority is not constrained by the ZLB in the
FE equilibrium path. However, after the realisation of the unexpected shock, house-
holds and firms re-optimise since they might be affected by the consequences of
the shock on the realisation of idiosyncratic unemployment risk. The extent to
which conventional monetary policy is able to isolate households from the potential
spreading of unemployment risk, depends on the relative size of the dividend shock,

as established by Proposition 1.

Proposition 1. Given Assumption 1, if the condition on the relative size of the

wealth shock
A

— <1 1.25
55 < (1.25)
holds, then the central bank is able to rule out positive unemployment risk as an

equilibrium outcome in period 1 by implementing the rule in equation (1.16).

Proof. From the characterisation of the FE equilibrium path, as long as the condi-
tion in equation (1.25) holds D’ < 8 and the implementation of the rule Ry = R;’ =
% is not constrained by the ZLB. From condition (1.13) ¢} = cOF E— 6'11: E— YIF E—

yi'E, which implies «’' = uff = 0. 0

As long as the absolute value of the unexpected shock does not surpass the
value of the difference between the initial value of the real dividend and the in-
tertemporal discount factor of households, the central bank is not constrained by
the ZLB when implementing policy. Despite the negative shock, the implementa-

tion of conventional monetary policy manages to completely rule out the realisation
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of positive idiosyncratic unemployment risk and keeps the economy on its full em-

ployment path.

However, if the initial value of the real dividend is close enough to the value of
B, a sufficiently small shock might make the ZLLB “to bind” eliminated + “binding”
includedbinding as condition (1.25) is violated. At this point, the central bank is
no longer able to impede the spread of positive unemployment idiosyncratic risk to
households by decreasing the value of its policy rate. Lemma 1 establishes the pos-
itive equilibrium value of the unemployment rate which characterises a new equi-

librium path away from FE.

Lemma 1. Given Assumption 1, let the initial value of D to be low enough such that
after the realisation of the shock A equation (1.25) does not hold. Hence, the central
bank is constrained by the ZLB when implementing monetary policy according to
the conventional monetary policy rule (1.16), and the value of the nominal (real)
interest rate is equal to RgF = 1. Then, as of period 1, the new and unique incentive
compatible perfect foresight equilibrium path of the three-period stylised economy

is characterised by the positive unemployment rate:

/
uff =1 —% (1.26)

Proof. See the proof in Appendix 1.A.1. ]

1.3.2 Neutrality of unconventional monetary policy

Let 1 (Rz% = l) be an indicator function that takes a value of 1 if the ZLB is
binding and 0 otherwise. Then, consider a policy scenario in which the central bank
of the consolidated government is willing to make an outright purchase of a fraction
1 (Rz% = ) x ¢ of the total household’s holdings of the illiquid asset at a price
per unit equivalent to the fair price ¢“8 = D’ which represents the discounted value

of its expected dividend. As a counterpart to the outright purchase operation, the
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central bank issues the amount of reserves
CB CB P 7
mi” = Piq 1(R21721> Oh (1.27)
1

into the household’s account at the central bank.

The implementation of this particular kind of unconventional monetary pol-
icy implies that, as of period 1, the flow budget constraints of the representative

household can be rewritten as:

P P -
Picy+my =Wi(1—u)+T +R1171m1 +Pg“P1 (sz = 1) oh—T; (1.28)
0 1

P P
Pyey :R2172m2 +P (1 -1 (RzITz = 1> d)) D —1. (1.29)
1 1

This outright purchase operation has a fiscal implication in the last period of
the economy. For whatever fraction of the Lucas-tree asset the household agrees
to sell, the central bank transfers the realised dividends to the consolidated govern-
ment which then transfers back such dividends to the representative household. The
adjusted flow budget constraint of the consolidated government at the end of period

2 is now given by
P P
R=—1|m=T+Pl(R==1)¢D. (1.30)
P P

Once the shock A is realised at the beginning of period 1, the re-optimisation

problem of the representative household is summarised by the value function:
P
Vi(m) = max In(c))+pVa(m,1{Rop=1)0¢
ctm 1 (Ra2=1)0 Py
s.t. (1.28),(1.29) (1.31)

P
mzzo;ogl(&ﬁ:lwgl

The effects of unconventional monetary policy under perfect risk sharing

among household members can be fully characterised by the solution to problem
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(1.31). Proposition 2 establishes such effects.

Proposition 2. Given assumption 1, assume that after the realisation of the shock
A condition (1.25) does not hold and the central bank implements the outright pur-
chase policy summarised in equation (1.27). Following Definition 1, the solution to
the representative household in (1.31) implies that the perfect foresight equilibrium
allocation is such that the positive value of the unemployment rate is still deter-
mined by equation (1.26) in Lemma 1. The implementation of the unconventional

monetary policy is then completely neutral.

Proof. See proof in Appendix 1.A.2. [

As in Wallace (1981) and Eggertsson and Woodford (2003), we find a neutral-
ity result regarding the effects of the implementation of a conventional monetary
policy. Under the perfect risk-sharing assumption, the household unit secures its
members to the most possible extent given the excess supply equilibrium generated
by a binding ZLB. Once the inter-period transfers between the members of the rep-
resentative household have been realised, the household does not wish to change its
borrowing decision in the incentive-compatible perfect foresight equilibrium and its
optimal net savings decision resembles that in the scenario with no unconventional

monetary policy.

1.4 Unconventional monetary policy under imperfect

risk sharing

The neutrality result presented in subsection 1.3.2 depends mostly on the perfect
risk-sharing assumption among members of the representative household of the
three-period economy. In an extension of the model presented in Section 1.2, this as-
sumption is abandoned and changed by one in which there is imperfect risk-sharing
within the household. Under this new extension of the model, we put to test the

neutrality result in Proposition 2.
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1.4.1 Households with imperfect risk sharing

To introduce the notion of imperfect risk sharing, it is enough to rule out the pos-
sibility of inter-period transfers of wage income among members of the represen-
tative household in period 1 of the three-period economy. As in Heathcote and
Perri (2018), preferences of the household now have to take into account that the
consumption of unemployed and employed members of the household might be dif-
ferent in period 1, which implies that the new utility function of the representative

household is

Eo [In(co) + B (1 —u)In(cgr) +uln(epn) + B2In(e)]  (132)

In periods 0 and 2, the representative household still faces the flow budget con-
straints in equations (1.9) and (1.11). Nonetheless, in the inter-period of period 1
the consumption of employed (E C [0,1]) members and unemployed (U C [0, 1])

members is constrained in such a way that

P
Picgy §W1+F1+R11;1m1 (1.33)
0

P
Picyi <T'1+ Ry }Tlml (1.34)
0

is consistent with the new flow budget constrained faced by the household in this

period, which is
Py
Pl((l — u)cEl —I—ucUl) +mp = Wl(l — I/t) +1I —I—Rlle -1, (1.35)
0

and the non-negativity constraint on savings my > 0. Then, as of period 1, the

problem of the household is now

Vi(m;)= max (1—u)ln(cg;)+uln(cyr)+ P Va(ma)

CE1,CU1,M2

s.t. (1.33)=(1.35), (1.11) (1.36)

my > 0.
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The first order conditions of problem (1.36) can be summarised by the Euler equa-

tions
1 1
— = BR:E, {—] T A (1.37)
CEl ) 1—u
1 1 (0]
— = BR:E, {—] A+, (1.38)
cul c) u

where A;, u; and w; are the Lagrangian multipliers on the budget constraint in
(1.35) and the interperiod constraints in (1.33) and (1.34), respectively. In period
0, the Euler equation characterising optimal savings and intertemporal consumption

between periods 0 and 1 is now

1 1—
—:ﬁRlEO{ ”+L}+/10 (1.39)
o CE1 Cul

1.4.2 Equilibrium under imperfect risk sharing and no uncon-

ventional monetary policy

In a scenario without the implementation of unconventional monetary policy (¢ =
0). The definition of equilibrium under imperfect risk sharing coincides with the
one presented in Definition 2 in Appendix 1.B. Notice that the characterisation of
the perfect FE does not change since when the perfect foresight unemployment rate
is equal to zero, imperfect risk sharing summarised in the inter-period conditions
(1.33) and (1.34) does not play an active role, and the FE equilibrium path is equiv-
alent to the one characterised in Section 1.3.

If the ZLB binds after the realisation of the unexpected shock A, the perfect
foresight equilibrium can be characterised not only by a positive unemployment rate
but also by consumption inequality between employed and unemployed workers.

This result is established by Lemma 2 below.
Assumption 2. 1 <1 < %.

Lemma 2. Given assumptions 1 and 2, let the initial value of D be low enough

such that after the realisation of the shock A equation (1.25) does not hold. Hence,
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the central bank is constrained by the ZLB when implementing monetary policy
according to the policy rule (1.16), and the value of the nominal (real) interest rate
is equal to RgF = 1. Then, as of period 1, under the assumption of imperfect risk
sharing embedded in Definition 2, the new and unique incentive compatible perfect
foresight equilibrium path of the three-period stylised economy is characterised by

the positive unemployment rate:

D/
it =n (1 — F) >ul't, (1.40)

and the equilibrium allocation is such that, in period 1, the consumption of workers

inside the representative household is given by

pr_n—a’
CE1 =
n
N a"tpr
Ul = n CE1
Proof. See the proof in Appendix 1.A.3. ]

With imperfect risk sharing, the representative household insurance capabil-
ities are reduced and the excess supply situation created by the binding ZLLB has
even more negative consequences on the welfare of households and its members. It
is time then to reassess the role of unconventional monetary policy in the context of

this new equilibrium scenario.

1.4.3 The effects of unconventional monetary policy revisited

As in subsection 1.3.2, the central bank of the consolidated government implements
its outright purchases policy once the ZLB binds and there is no more room to
implement interest-rate-based conventional monetary policy. Apart from its fiscal
implication in period 2, a key aspect of the policy is that the household can use the
resources obtained from this market operation to offer further insurance to all its

members, i.e. the inter-period constraints on the consumption of the unemployed
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members of the representative household can be rewritten as:

P
Picp; < Wy + T +R1[—)1m1 +mSB (1.41)
0

P
Picyr <Ty +R1}T]m1 +mEB (1.42)
0

where me is determined by equation (1.27). Therefore, the new flow budget con-

straint of the representative household in period 1 is:
P
P ((1 — M)CEI +ucU1) +my =W, (1 — u) +I'1 + R Fll’m —|—me -1, (1.43)
0

and the problem of the household, consistent with the equilibrium defined in Defi-
nition 2, is

Vl(ml) = max (1 —u)ln(cEl) -l—uln(cm) —I—BVZ (mz)

CE1,CU1,M2

s.t. (1.41), (1.42), (1.43) and (1.11) (1.44)

my > 0.

Once again, the key to determining the effects of unconventional monetary
policy in a scenario with imperfect risk sharing, is hidden in the solution to the
problem in (1.44) and its relation to the perfect FE equilibrium path. In general,
the shapes of the optimal conditions of the problem established in equations (1.37)
and (1.38) do not change, apart from the fact that the Lagrange multipliers @; and
A1 are now related to the new inter-period constraint in (1.42) and the new flow
budget constraint in (1.43). Proposition 3 characterises the effects of unconventional

monetary policy under imperfect risk sharing

Proposition 3. Given assumptions 1 and 2, assume that after the realisation of
the shock A condition (1.25) does not hold and the central bank implements the
outright purchase policy summarised in equation (1.27). Following Definition 2, the
solution to the representative household in (1.31) implies that the perfect foresight

equilibrium allocation is such that the value of the equilibrium unemployment rate
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Is

it =n (1 —(1 —B)%) < af* (1.45)

Unconventional monetary policy is welfare improving and unconventional mone-
tary policy manages to partially insure households with the implementation of this

outright purchases policy.

Proof. See the proof in Appendix 1.A.4. ]

The result in Proposition 3 tells the story that a situation of perfect risk-sharing
is the limit of an economy where financial frictions impede individuals to insure
themselves; a situation which makes the negative effects of shocks more pervasive.
It is when these frictions are in play that unconventional monetary policy offers both

an insurance and a stabilisation role.

1.5 Conclusions

An extensive analysis of the conditions under which unconventional monetary pol-
icy has or has not real effects on the economy, leads to the conclusion that un-
conventional monetary policy in the form of outright purchases of illiquid assets
has a stabilisation and insurance role when the economy faces financial restrictions
that impede the individuals of the economy to self-insure. Imperfect risk sharing
might be associated with particular situations in which individuals are restricted
from participating in the credit or insurance markets or are particularly sensible to
be liquidity constrained when facing recession episodes.

Using a tractable model with some initial financial constraints, the analysis
carefully establishes the role of unconventional monetary policy starting from a sce-
nario where policy is neutral because of the perfect risk-sharing assumption. Then,
via an extension of the model in which households are no longer able to fully ex-
tend their insurance capabilities, the neutrality result is broken and unconventional
monetary policy manages to step in to help insure households in a recession prone

by the binding ZLB.
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Nonetheless, given the structure of the stylised model presented here, as long as
the ZLB is non-binding, conventional monetary policy perfectly insures households
and their members from the realisation of unemployment idiosyncratic risk. In that
sense, our analysis of the effects of unconventional monetary policy is only valid in
a context where the economy has entered a liquidity trap recession scenario like the

one observed during the great financial crisis of 2007-2008.
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Appendix

1.A  Proofs of lemmas and propositions

1.A.1 Proof of Lemma 1

Given assumption 1, assume that condition (1.25) in Proposition 1 does not hold.
Let uf €]0,1) be the conjectured perfect foresight equilibrium value of the unem-
ployment rate in period 1 for a given value of the nominal (real) interest rate R and
the new value of the real dividend D’. Following Definition 1, equations (1.1) and
(1.5), together with the profit share in (1.7), imply that the conjectured equilibrium
values of production of the intermediate varieties and of the perishable consump-
tion good are y'F = YPF =1 —uPF which, from the equilibrium condition in (1.19),
must be equal to cf F . Then, by substituting equation (1.12), (1.17) and (1.18) into
the Euler equation (1.13), it is possible to characterise the fixed-R equilibrium by

the condition:
1 1 PF
s =BZ# (%m§F+D'> + A (1.46)
1. Proof that REF =1 and uP* # u'E. Assume uff = uf'F = 0. Then, following
the characterisation of the FE equilibrium, the non-negativity constraint on
deposits is non-binding and 7Lf3 F — 0. Moreover, in the full employment equi-
librium path, the representative household does not have incentives to save

and mi¥ = 0. Then, from equation (1.46)
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Since condition (1.25) does not hold, R; < 1. Hence, the central bank is

constrained by the ZLB and the monetary policy rule (1.16) implies:
REF=1>R}

which leads to a contradiction, since for uf’* = u*E to hold it must be that

RYF = R’ holds. Then it must be that u?? £ ufE.

2. Proof of unique incentive-compatible u*® > 0. Given RgF = 1, the non-
negativity constraint on the representative household’s deposits implies that
either mgF >0 and ?L]PF =0, or mgF =0and /’LIPF > 0. In the first case, from

equation (1.46) we have:

1 1
1 — ufF =B (mIZDF—FD’) (1.47)

On the other hand, from the clearing market condition (1.20) we also have:
m123F D =D

so it must be that mh? = 0. Therefore, from (1.47) one possible equilibrium

value of the positive unemployment rate is:

D

PF

ufF =1-=. (1.48)
B

On the other hand, given the nominal price rigidity assumption, re-
optimisation of the intermediate-variety firms after the shock implies the

profit maximisation problem:

max (1-W/T)N,
Ni (1.49)
s.t. Ny <1 —ufr
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Given WIP F intermediate variety firms solve the problem in (1.49) by choosing

NPE =1 —uPF which confirms the conjecture that in equilibrium
W=y =1-uf" (1.50)

In the second case, with lf) F >0, let uf* , #* uPF denote an alternative con-
jectured unemployment equilibrium rate. Then, using the result in equation
(1.48), equation (1.46) can be rewritten as:

1 1 .
i p

from which is possible to solve for u"*" as:

1—
1+ APE(1—ufF)

u > u’F. (1.51)

Equation (1.51) opens the door to an economy with (infinite) multiple sunspot
equilibria where any value A" > 0 would imply all households to believe the
unemployment equilibrium rate to be higher and, therefore, feeling they are in
an implicit excess savings situation given R';F = 1. However, from the value

function as of period 1 it is possible to see that:

Vi)Y =In(1 —u"F)+ B In(D') >
(1.52)
Vi) =In(1 =)+ B In(D),

meaning all households being worse-off for any {u" ,,AIP F /} € (uff,1) x
Ry =S. In other words, once all households’ beliefs are revealed in period
1, they are all worse off because of such beliefs. Then, equilibria in S is
not incentive compatible. The unique equilibria in which the representative
household has no incentives to deviate from its beliefs must be that in which

uPT is determined by (1.48).

41



Chapter 1. Risk sharing and the effects of UMP ... 1.A. Proofs of lemmas and propositions

1.A.2 Proof of Proposition 2

We start from the solution to the utility maximisation problem of the representative
household. By substituting (1.27) into the flow budget equations (1.28) and (1.29),

it is possible to rewrite the problem of the representative household in (1.31) as:

W1 Fl lel me my T1
V =max In| —(1— —
l(ml) )C(B (P1 ( u> + P + Py P P P

my,my

s.t. my >0;0< mICB < quCBl_z

Let us define the alternative state variable d, = my — m?B . Then, the problem can

be rewritten once again as:

W
Vi(m;) =max In <—1(1 —u)+—+
s.t. @ > —Pig“Ph
After substituting (1.30) into the flow budget constraint (1.29), we can follow the
proof of Lemma 1 in Appendix 1.A.1 to determine that, as of period 1, the solution
to problem (1.53) is characterised in equilibrium by the Euler equation:
1 1  PF

m:ﬁ (m)—Fll R (1.54)
for which the perishable good market’s clearing condition implies that @& = 0. The
unique incentive compatible equilibrium unemployment rate is then equal to that in

equation (1.26) which is implied by the equilibrium value ﬁ,IP F=o.

1.A.3 Proof of Lemma 2

We start from the equilibrium versions of the optimal conditions (1.37) and (1.38)
in a no unconventional monetary policy scenario, i.e. ¢ = 0. Given }?I;F =1 the

equilibrium condition (1.61) implies ﬁfz‘;F = 0 which is consistent with any lli) F>0.
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Hence, we have

o PF
R E_}_iPF_i_ Hi
T ) T
5PF
1 _F +arF4 2
APF — 4PF
¢y D i
where 4

(1.55)

(1.56)

F is the conjectured equilibrium unemployment rate under imperfect risk

sharing and no unconventional monetary policy. Notice that from the inter-period

conditions (1.33) and (1.34) it is possible to say that:

~PF

PF

i. If 3fF > 0 then cpf = 11—, and if 4f" = 0 then cff < 1=
P ~PF PF _ 1-aff ¢ APF _ PF  1-aff
i. If @ > 0then ¢y = 0 ,and if @;" =0 then ¢ < 0

1. Let us start assuming that AfF = @ = 0. Since m4¥ = 0 any allocation

_pPF _APF ) . -
such that cff < I’nL or cffl <1 o goes against the principle of utility
e ) _aPF _pPF .
maximisation, then it must be that cgf =1 1’; and cZI; =1 T’; . Under this

consideration, we can rewrite the equilibrium conditions as:

1 B spr
ﬂ_ﬁPF :H-i_ﬂ‘]

n

1 B spr
1—4PF ZE_F)’I

PF consistent with both

From this, we can conclude that there is no positive
types of workers not being liquidity constrained at the same time in the inter-

period.

2. Now, let us consider a situation in which ¥ = 0 and " > 0. The equilib-

rium conditions would now be:
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Given the value of AT, we can solve for 4”7 from the first condition to obtain

Wt = 1—L (1.57)
=1 ﬁ+i{’FD’ .

As an intermediate step for our next consideration, we can compute the min-
imum value of the unemployment rate for which {i; = 0 and the employed

worker will not be constrained. From equation (1.56)

D/
0 ~PF

3. Finally, now consider the situation ﬂf F'>0and (E)f F = 0. The equilibrium

conditions would now be:

~PF
;—E—HAIP’H— Hi
H_QPF D/ 1 1 ﬁPF
n
1 B spF
1—aPF ﬁ+)‘1
n

Given the value of )uIP F we can solve for #"F from the second condition to

D/
PP —1— _—
i n(ﬁ"‘)’l])FD/)

But condition (1.58) tells us we arrived at a contradiction since we were as-

obtain

suming ﬂf F > 0 and this value of the unemployment rate is clearly below

__ D . .
n (1 ) {’FD/> , and the employed member should be not constrained in
stead. The only consistent equilibrium rate would be one given by (1.57) for
any given value of jL]P .

4. Following the argumentation in the proof of Lemma 1, we conclude that
APT =0, and the only perfect foresight equilibrium rate is the one given by

equation (1.40).
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1.A.4 Proof of Proposition 3

Following the same steps as the proof of Lemma 2, the unique equilibrium rate

associated with constrained employed households comes from the condition

n _B
n(1+mB)—aF D"

(1.59)

together with the fact that the fiscal counterpart of the policy gives the incentive
to the household to choose ¢2 = 1, which implies that in the new equilibrium
nﬁfB = D’. Substituting this equilibrium outcome in equation (1.59) gives us the

result in (1.40).

1.B Definition of equilibrium under imperfect risk

sharing

Definition 2. Given the known value of the real dividend D and the fair price
q©B, the perfect foresight symmetric general equilibrium of the economy is the al-
location [{Y}7_g, {t}/—0: IN: } =0, IN{}1_0» {T:}—gs c0s CE1, U1, @, 2, {1 } o,
{N} g 1,01, the price vector [{p}l_o,{P} o, {Wi}_y], the policy vector

[{R,H}}ZO,PZ,mICB , {T}H};l:o] and the unemployment rate u € [0, 1), such that:

1. Households maximise utility in equation (1.32), i.e. equations (1.9), (1.12),
(1.37), (1.38) and (1.39) hold, given [{P;}2_o, {Wi} g, {Ris1 o, {Trs1 1)
u, and D.

2. The competitive representative firm producing the final perishable good, max-

imises its profits at each date, i.e. (1.1), (1.2), and (1.3) hold given [{p,}}zo].

3. Given D, the supply of the perishable consumption good in period 2 is deter-
mined by (1.4).

4. Each intermediate-variety producer firm maximises its discounted flow of

profits in periods 0 and 1, given [{P.}|_o,{W;}\_], i.e. equations (1.6) and
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(1.7) hold given the nominal rigidity assumption py = po, and the nominal

wage rigidity given by equation (1.21).

5. The labour market clears in period 0:
No=N¢=1
and in period 1 labour supply might be rationed, i.e.:

N =N{<1

uzl—Nf

6. In periods 0 and 1 the value of the gross nominal interest rate on reserves

R P’Pt L is determined by equation (1.16).

7. Given ¢, m(fB is determined by equation (1.27).
8. P is set according to equation (1.17).

9. The lump sum tax rates {Tt+1}t1:o are set by the consolidated Government

such that the budget equations in (1.18) holds.

10. The market for the perishable good clears in all periods, i.e. the equilibrium

conditions
co — YO
(1 —u)cp) +ucy; =Y (1.60)
=Y (1.61)
hold.
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Chapter 2

The uncertainty channel of

unconventional monetary policy

2.1 Introduction

By the spring of 2009, central banks in Europe, the United States and the United
Kingdom had almost exhausted any room available concerning interest-rate-based
monetary policy, in their efforts to counteract the pervasive effects of the great fi-
nancial crisis on the functioning of credit markets. Money market rates were at their
lowest and it came the time to retort with more aggressive forms of balance sheet
management policies that had already been implemented since the beginning of the
crisis. Central banks not only increased the overall size of their balance sheets but
radically changed the asset composition by enlarging the set of counterparties to en-
gage in open market operations, along with a widening of the set of financial assets

which could be, for instance, used as collateral or traded in outright purchases.!

In this paper, we present a tractable model of a finite-horizon economy with
one liquid asset and one illiquid asset to assess the potential counterfactual effects
of this kind of unconventional monetary policy. In the presence of increased un-

certainty regarding the fair valuation of the illiquid asset, and a binding zero lower

'A careful and detailed narrative of the particular aspects of the great financial crisis and the
policies implemented by the central banks at each stage is presented in Lenza et al. (2010).
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bound constraint on the monetary policy interest rate, the economy enters into a
liquidity trap scenario similar to the one observed during the great financial cri-
sis. The structure of the model allows to provide a novel theoretical mechanism for
the transmission of unconventional monetary policy, namely the increase of welfare
of risk-averse agents which are insured by a policy that withdraws risk from their

portfolio and provides a source of risk-free income.

The focus on increased uncertainty as the main source of shocks and aggregate
instability, is supported by the fact that all major recessions in history have been
characterised by microeconomic uncertainty shocks with negative mean and posi-
tive variance, which ended up affecting negatively stock returns (Bloom et al., 2018)
and widening the left tail of large negative outcomes among firms (Salgado et al.,
2020). In this context, agents of the economy are highly exposed to the idiosyncratic

uncertainty risk affecting their portfolios and future sources of income.

The transmission mechanism of unconventional monetary policy that we high-
light in this paper, has been widely present in policy discussions but has not been
properly discussed by the literature from a theoretical perspective. By insisting on
the role of increased uncertainty as a critical source of shocks to the economy, it
is possible to isolate the uncertainty channel of unconventional monetary policy.
The analysis presented in this paper provides a characterisation of how, through this
channel, this kind of monetary policy counterfactually helps to stabilise the econ-

omy by increasing overall welfare.

The analysis is built upon a finite-horizon model of a closed economy, which
is inhabited by a continuum of three-period lived households, a representative com-
petitive firm which produces a perishable final good, a continuum of monopolistic
competitive producers of intermediate goods, and a consolidated government which
plays the role of both the central bank in charge of monetary policy and the fiscal
authority. Production takes place in the first two periods of the economy. In the final
period, there is no production and the supply of the perishable final good is equal to

the aggregate dividend of the fixed supply of a risky Lucas-tree asset.

Each household is comprised of a continuum of potential workers, each one
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inelastically supplying one indivisible unit of specialised labour for the production
of intermediate goods. In the second period of this economy, workers might face
idiosyncratic unemployment risk since their individual labour supply might be ra-
tioned in the labour market. The household provides partial insurance to workers
via inter-period transfers among members of the household, which imply all house-
holds are identical even in the face of idiosyncratic unemployment risk. As in e.g.
Shi (2015) and Heathcote and Perri (2018) this mechanism avoids concerns related
to the distribution of wealth/income without eliminating the sources of idiosyncratic

risk.

At the beginning of the first period of the economy, the representative house-
hold is endowed with one unit of the Lucas-tree asset which generates a random
dividend of units of the consumption good in the last period of the economy. The
distribution of the realisation of dividends is bounded by a set of two mutually
exclusive different random outcomes. Given the random nature of dividends, the
household also faces an idiosyncratic dividend risk in this final period of the econ-
omy. The risky asset is perfectly illiquid in the sense that it cannot be traded in a
spot market nor households can borrow against its future dividends before it ma-
tures. As a single unit, the representative household is also allowed to save into

deposits which yield a nominal gross interest rate determined by the central bank.?

The monopolistic competitive firms producing intermediate goods use spe-
cialised labour as Typo: its— theirtheir only input and, at the beginning of the ini-
tial period of the economy, they set the relative price of their product such that they
maximise their discounted flow of profits. We assume they keep this relative price
fixed during the two periods of production. Because of this nominal price rigidity,
the economy might be forced into a demand-determined equilibrium path in which
specialised labour might be rationed. On its part, the representative competitive
firm generates the production of the perishable final good via a CES aggregator of

the intermediate goods.

2This two-asset structure can be associated to households not being able to participate in the
credit market, as in Weil (1992), or to households simply having different sources of wealth, one
which is attached to a highly illiquid asset, as in Kaplan et al. (2014).
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The central bank of the consolidated government issues reserves to back up
households’ deposits and determines its nominal gross yield via a policy rule. Con-
ventional interest rate-based monetary policy determines the nominal interest rate
to be such that, given nominal prices, the real interest rate is equal to the natural real
interest rate in the perfect foresight full employment equilibrium path. Nonetheless,
the rule is constrained by a zero lower bound (ZLB) on the nominal interest rate.
The fiscal authority side of the consolidated government imposes a lump-sum tax
on households to fund the interest payments on reserves. On the other hand, since
there is no production in the last period of the economy, the central bank also sets
the price of the perishable consumption good such that inflation in this final period

is equal to zero.

The analysis is focused on the perfect foresight equilibrium path of the model
economy presented above. In particular, by taking as reference its full-employment
equilibrium path, an uncertainty shock is imposed in the second period of the finite-
horizon economy. The shock consists of an increase in the probability of realisation
of the worst possible value of the real dividend of the risky asset, which not only
reduces the mean value of the random dividend but increases its variance. One
first result shows that, by reducing the nominal interest rate, conventional monetary
policy can keep the economy in its full employment equilibrium path as long as
the ZLB constraint does not bind, insuring households from the realisation of the

unemployment idiosyncratic risk.

However, if the ZLB binds as a consequence of the shock, the economy en-
ters a liquidity-trap path in which the equilibrium allocation is demand-determined
and characterised by a positive unemployment rate. In this particular context, the
analysis includes the possibility for the central bank to implement two alternative
unconventional monetary policies which temporarily or permanently expands its
asset side of the balance sheet. In the second period of the economy, the representa-
tive household is now allowed to trade any chosen fraction of their holdings of the
risky and illiquid asset with the monetary authority, either by agreeing to a REPO

contract with repurchase commitment in the last period of the economy, or via an
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outright purchase of such fraction of the illiquid asset.

The impact of such policies is assessed via two propositions. The first one
establishes the REPO-based policy to be completely neutral given its Ricardian na-
ture. A result in the same spirit of the neutrality effects of open market operations
in Wallace (1981) and Eggertsson and Woodford (2003). In the portrayed liquidity
trap scenario, this policy temporarily increases the availability of liquid resources to
the household to potentially increase its spending, but the fall in aggregate expendi-
ture is generated by excess savings generated by the fall of the natural interest rate.
Any additional liquid resources available will be saved since the household has to
repurchase the risky asset whilst facing the realisation of the increased uncertainty

regarding its dividends.

The second proposition, associated with the impact of the outright purchases
policy, highlights the uncertainty transmission channel of unconventional monetary
policy. The key for this policy to generate counterfactual changes in the equilib-
rium allocation of the liquidity trap scenario lies in the purpose of the policy of
completely withdrawing the source of uncertainty from the household’s portfolio,
and assuming the lighter aggregate consequences of idiosyncratic risk. The fiscal
side of the policy gives a transfer of certain income to the representative household.
Given the risk-averse features of the household’s preferences, Jensen’s inequality
ensures the new allocation to be welfare improving via a smaller value of the im-
plicit real interest rate which leads to a reduction in the unemployment rate, and the

higher expected utility obtained from certain income.

Related literature. This paper is directly related to the literature on the macroe-
conomic effects of unconventional monetary policy. Cirdia and Woodford (2011)
and Gertler and Karadi (2011) include the central bank’s balance sheet into DSGE
models with New Keynesian features and private financial intermediation. Imper-
fections in the provision of financial intermediation related to exogenous or endoge-
nous agency-related problems, make unconventional monetary policy non-neutral.
In the presence of strong financial disruption in the provision of credit, the interven-

tion of the central bank by means of expanding the size of its balance sheet supports
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the flow of credit, especially if the ZLLB on the policy interest rate is binding.

In a direct attempt to quantitatively measure the impact of the Fed’s liquidity
facilities during the great financial crisis, Del Negro et al. (2017b) include liquidity
and resaleabilty constraints to investment funding of firms based on illiquid assets
in their balance sheets. By making both the government bonds and money not
subject to the resaleability constraint, any change in the composition of the balance
sheet of the central bank that increases its holdings of illiquid assets, will loosen the

constraints on investment funding and enhance credit activity.

The analysis presented in this paper also builds on a fundamental financial
disruption, since households are banned from either selling or borrowing against
their holdings of an illiquid asset. However, because of the particular assumptions
behind the decision-making of agents in the final period of the economy, if the
central bank expands its balance sheet to simply increase liquidity, unconventional
monetary policy might not have real effects. In this particular sense, the focus of
this paper is to associate the impact of the central bank’s balance sheet policy with

the increase in uncertainty instead.

Cui and Sterk (2021) build a heterogeneous agents model subject to exogenous
idiosyncratic unemployment risk and incomplete markets to quantitatively measure
the counterfactual role of quantitative easing during the great financial crisis in the
US. Households’ portfolio consists of shares of partially illiquid equity issued by
mutual funds and savings into deposits. Mutual funds’ portfolio consists of firms’
profits and long-term government debt. In a scenario where interest rates reach the
ZLB and the central bank issues reserves in exchange for long-term government
debt sold by mutual funds, increased reserves end up in the hands of households
with a high marginal propensity to consume out of liquid wealth via fiscal policy,
increasing aggregate spending. Despite being a quantitative model, their approach
is more similar to ours. Nonetheless, we model unemployment idiosyncratic risk
as endogenous and our focus is not on the liquidity channel of policy. We also
find that the real effects of unconventional monetary policy critically depend on its

fiscal counterpart, but in the particular case of our model, the implicit reduction of
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the levels of uncertainty faced by households is the channel to exploit.

Because of its purely theoretical insight, Araujo et al. (2015) is the closest to
the analysis presented in this paper. They also build a model of a finite horizon
economy with flexible prices and an uncertain state in the final period in which
households can use a durable good as collateral on private loans. In their case,
the effects of a policy in which the central bank issues reserves in exchange for a
risky durable good depends on the way and degree to which the collateral constraint
binds. If the collateral constraint does not bind at all the policy is irrelevant. Al-
though the structure of their model is somehow similar to the one presented here,
they do not consider an alternative with nominal rigidities, as we do, and more criti-
cally it is the liquidity aspect of the policy that matters the most to their argument. In
contrast, the key of the approach presented here is to isolate the uncertainty channel
to establish how, by withdrawing the source of risk and replacing it with a certain
source of income, a similar policy can be effective by offering further insurance to
households.

The paper is divided into six sections including this introduction. Section 2.2
presents the model and defines the symmetric perfect foresight equilibrium path.
Section 2.3 characterises the reference full-employment equilibrium path of our
model economy, establishes the extent to which conventional interest-rate-based
monetary policy can keep the economy in its full-employment equilibrium path af-
ter an unexpected uncertainty shock, and presents the liquidity-trap scenario once
the ZLB constraint on conventional monetary policy binds. The counterfactual as-
sessment of the two alternative unconventional monetary policies is presented in

Section 2.4. Conclusions are presented in Section 2.5.

2.2 The Model

The closed economy is set in a finite horizon of three periods r = {0,1,2}. There is
a perishable consumption good in the economy which is produced in periods 0 and

1 by a competitive firm using a continuum of intermediate varieties, each produced
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by a monopolistically competitive firm using only labour. In the final period, the
consumption good is the yield of a Lucas-tree asset in hands of the households.
The economy is inhabited by a continuum of households and a consolidated central
government in charge of monetary and fiscal policy. The domestic currency is the
numeraire of all nominal prices, whilst the perishable consumption good plays the

same role for all relative (real) prices.

2.2.1 The private sector
2.2.1.1 Households

There is a continuum of mass 1 of three-period lived identical households, each
one indexed by i € [0,1]. Households are risk-averse and derive utility from the
consumption of the produced perishable consumption good. Their time-additive

utility function is:

2
Eo [Z ﬁ’ln(c,-t)] 2.1
t=0

where Eg is the conditional expectations operator as of period 0, and 8 € (0,1] is
the subjective time-discount factor. For the model to be tractable I assume instan-
taneous utility to be logarithmic, which implies an intertemporal constant elasticity

of substitution of consumption equal to 1.

Each household is composed of a continuum of potential workers, each in-
dexed by j € [0, 1] and endowed with n; = 1 units of specialised indivisible labour
in periods 0 and 1, which they inelastically supply in the labour market. In the final
period of the economy, household members do not work.

During their lifetime, households and their members might face two types of
idiosyncratic risk. In period 1, because of the co-existence of a nominal price rigid-
ity and a low bound on the nominal interest rate, workers might be forced into un-
employment given the indivisibility of their individual fixed supply of labour. Let
Nf’ be the aggregate demand for labour and u = 1 — Nfl the aggregate unemploy-

ment rate. Because of the law of large numbers, any potential worker member of
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any household i faces the idiosyncratic labour supply shock

0  with probability u
Ej1 = .
1 with probability 1 —u

In other words, a potential worker might be randomly assigned to unemployment

and his effective supply of labour in period 1 is equal to nj1 €.

On the other hand, at the beginning of period 0, every household is endowed
with 7 = 1 units of a Lucas-tree asset, each yielding a random real dividend D; mea-
sured in units of the perishable consumption good which is realised at the beginning
of period 2. The value of the dividend is unknown at the beginning of periods 0 and
1, but its distribution is known and determined by the set of probabilities and val-
ues {(p,D),(1 —p,D)} € (0,1) x Ry, where D > D. The Lucas-tree asset is totally
illiquid in the sense that no household can trade it in a spot market, nor can borrow

against its future realised dividend.

Members of a household do not individually participate in the credit market.
Nevertheless, we assume there is perfect risk sharing in the sense that we allow
for inter-period transfers of income among household members and that as a unit,
they can save into non-negative deposits directly into the Central Bank in periods
t ={0,1}. As a counterpart, the monetary authority creates an equivalent amount of
reserves mj;+1 > 0 which yield a one-period gross nominal return R P’Ttl, where
R, 1 denotes the real interest rate. Compared to the Lucas-tree asset, deposits are
perfectly liquid in the sense that reserves that back them up are convertible to cur-
rency immediately and at no cost. Households are also the owners of all firms and
receive an equal share of the total nominal profits I'; in periods O and 1. To finance

the interest payments on reserves, the government levies a nominal lump-sum tax

1,11 on all households.
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The flow budget constraints that a household faces during its life-span are:

Pocio+mjp =Wo+1T (2.2)
! . Py
Piciy +mp+T; :WI/O nj1€j1dj+r1+R1170mi1 (2.3)
P
Picp+Th =R P2 + P D; (2.4)
|

Solution to the household’s problem. At the beginning of period 0, all households
are identical and they share the same information set when maximising their flow of
discounted utility in (2.1) subject to the flow budget constraints (2.2) — (2.4) and the
sequence of non-negativity constraints {m; | > O}}:O. Moreover, they know that
in every household a proportion u € [0, 1) of its working members will be randomly
forced into unemployment in period 1, but because there is perfect risk sharing
among household members, the per-capita consumption will be the same in every
household as well. The only source of heterogeneity is the realisation of the real

dividend of the Lucas-tree asset in the final period of the economy.

Given the recursivity of the problem and its finite-horizon setting, it is possible
to solve it backwards knowing that: i) there will be two groups of households in
period 2 fully characterised by the probability distribution of the real dividend D;,
and ii) as of period 0 and 1, we can summarise the decisions of all households via
the determination of the solution of the maximisation problem of a representative

household.

Period 2. Given the distribution of the real dividend D;, a proportion p
of households observes a realisation D of their holdings of the Lucas-tree asset,
whereas the complementary proportion 1 — p observes a realisation D. Taking as
given the state variable m;, which summarises the past representative household’s
savings decision, and the values of {P»,R,,T>}, two groups of households indexed

by L C [0,p] and H C (p, 1], follow their flow budget constraint (2.4) and choose
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consumption according to the policy functions:

my 1
=R,—+D——= 2.5
cr2(my) =Ry P, +D P (2.5)
mp; — T2
=R—+D——. 2.6
cr2(ma) 25, + P (2.6)

The optimal value of the problems of these groups of households is simply
Vio =In(cpp) and Vg = In(cppn).

Period 1. At the beginning of period 1, the idiosyncratic unemployment risk is
realised and, because of the law of large numbers, a proportion u of potential work-
ers, members of the representative household, are forced into unemployment. By
substituting equation (2.3) into the logarithmic instantaneous utility function, and
taking as given the value of the savings state m; and the values of {I',P;, W, T},
the problem of the representative household as of period 1 is represented by the

Bellman equation:

Wl F] nq my T]
1% —maxIn| —(1—u)+—+R— — ——— E, [V
1(my) max n(Pl( u)+P1+ "B TP P1)+ﬁ 1 [Va(m2)]
s.t.my >0

The first order and envelope conditions of this problem with respect to the deposits

decision of the representative household, leads to the Euler equation:

1
C1 (ml)

1—
=BR, ( P + i ) + A1 (my) 2.7
cra(

my(my)) — cpa(ma(my))

where, from the flow budget equation (2.3), c¢i(m;) is determined by the policy

function:

Wi I my  mp(mp) T
Cl(ml)zﬁ(l—u)—FFl—{-RlFo—#—E (2.8)

and A (m,) is the optimal value of the Lagrange multiplier associated with the non-
negativity constraint on the deposits decision. Equations (2.7) and (2.8) completely

characterise the optimal savings and consumption decisions of the representative
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household in this period.

Period 0. In period O the representative household makes consumption and
savings decisions whilst dealing with the uncertainty regarding the value of the un-
employment rate in period 1 and the realisation of the dividend of the Lucas-tree
asset. By substituting the flow budget equation (2.2) in the logarithmic instanta-
neous utility function of period 0, and taking as given the values of {I"y, Py, Wy},
the problem of the representative household in period O can be represented by the

Bellman equation:

W() F() nmi
Vo = In({ —+——— Eo |V
0 rI;12})(II(P()+P() PO)—H3 o[Vi(m)
s.t.m; >0

In a similar way to the solution of the two-period problem as of period 1, the
implicit policy function derived from the first order and envelope conditions of this

problem with respect to the nominal deposits choice, leads to the Euler equation:

1 1
— =B RiEg {—J + (2.9

€0 Ci

where A represents the Lagrange multiplier associated with the non-negativity con-

straint on the deposits decision of the household.

2.2.1.2 Production

Production of the perishable consumption good. In periods ¢ = {0, 1}, a compet-
itive representative firm produces an amount Y; of the perishable final good using
imperfectly substitutable intermediate varieties, each indexed by j in the continuum

[0, 1], such that:

n

SR o
Y, Vo v dj] (2.10)

where 11 > 1 is the elasticity of substitution of varieties.
Given the nominal price of each intermediate variety p j;, and the nominal wage

paid to one unit of labour W;, the static problem of the competitive representative
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firm is to minimise costs fol pjiyjrdj subject to equation (2.10). For each inter-
mediate variety, the solution to this minimisation program determines the demand

function:

.\ N
yjtz(@) Y, 2.11)

where the nominal price value of a unit of the produced perishable good is

| e
p— (/ 1=n 4 ) o 2.12)
t 0 pﬂ J .

Production of intermediate varieties. A continuum of size one of monopolis-
tic competitive firms is in charge of the production of intermediate varieties. An
amount y j; of the intermediate variety j € [0, 1] is produced using specialised labour
Nj; with the linear technology:

vjt = Nj (2.13)

At the beginning of period 0, each intermediate-producer firm’s objective is to
maximise its discounted flow of profits along the first two periods of the economy.
As in Korinek and Simsek (2016), I assume an extreme form of nominal price rigid-
ity, where all intermediate-producer firms optimally determine their price in t =0
and decide to fix it for all the production horizon. Given the nominal price rigidity
assumption, if the interest rate policy of the monetary authority is constrained by a
zero-lower-bound (ZLB), the equilibrium allocation of the economy might be one in
which both final production and labour are purely determined by demand. Labour
might be rationed in the labour market in the sense of Bénassy (1993), namely
Nf = fol Nji1dj < 1. As a consequence, at the beginning of period 0 intermediate
firms maximise their intertemporal flow of profits such that: i) there is full employ-
ment in period 0, and ii) rationing of labour supply in period 1 implies their labour

demand to be determined as 1 — u.

Let I'j; = pjiyj: — WiNj; be the flow of nominal profits of the producer of an

intermediate variety in # = {0, 1}. Subject to the nominal price rigidity, the demand

59



Chapter 2. The uncertainty channel of UMP 2.2. The Model

for its production given by equation (2.11), and its technology of production sum-
marised by equation (2.13), the problem of the monopolistic competitive firm at
Pjo

the beginning of period O is to choose its fixed relative price T o maximise the

expected discounted sum of profits

-1
Pjo rio W rio W
R h PR P P
Since firms are owned by households, in any equilibrium the firms’ discount

factor is Ag,1 = B %, where Yy = 1. Hence, the first order condition of the maximi-

sation problem implies that any monopolistic competitive firm sets its relative price

such that
Pjo n 1 ) (Wo W1)
= —— —+p—, 2.14
Py n-— 1 (1 + ﬁ Py B i) ( )
which implies that aggregate real profits in periods 0 and 1 are given by:
I; Lip o W .
— = — — —|N;d 2.15
- /0 ( ) N (2.15)

In the final period, the production of the perishable final good is totally deter-
mined by the aggregate real dividend D of the supply of Lucas-tree assets in hands

of the households. Therefore:

Y, =pD+(1—p)D=D (2.16)

2.2.2 Consolidated government and conventional monetary pol-
icy

Both monetary and fiscal policy are determined by a consolidated Government-

Central Bank, which determines the value of the nominal gross interest rates paid

on reserves in periods 1 and 2, the corresponding lump-sum taxes to finance such

payments, and the value of the money price of the consumption good in the final

period of the economy.

In particular, the monetary authority side of the consolidated government sets
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{Ri1

Pfljtl }1_o and P, by following the rules:

Pt Pty
R,H’T :max{l,R;‘HTt (2.17)

t

P,
P st. —=1. 2.18
%8 P (2.18)

As most of the literature on the role of monetary policy in a liquidity trap scenario
(e.g. Korinek and Simsek, 2016; Krugman, 1998; Werning, 2012), the rule in (2.17)
makes explicit the constraint imposed by the Zero-Lower-Bound (ZLB). Because of
the extreme nominal rigidity assumption in periods 0 and 1, the ZLB does not only
affects the determination of the value of the nominal rate, but also the value of the
gross real interest rate and, therefore, the ability of the central bank to manipulate
aggregate demand. However, whilst not constrained, the monetary authority sets
the gross nominal (and real) interest rate such that its value is equal to the flexible
price perfect foresight full-employment equilibrium —natural—real interest rate of
the economy, R RE

On the other hand, the monetary authority also sets the value of the money price
of the perishable consumption good in the final period, since there is no production
and its total output is given exogenously by equation (2.16). In the same spirit of
the interest rule in equation (2.17), the objective is to set the value of the price of the
consumption good, such that the inflation rate in period 2 is equal to the equilibrium
inflation rate in the flexible price perfect foresight full-employment equilibrium of
the economy.>

The consolidated government assumption implies that any monetary policy
implemented following rules (2.17) and (2.18) has to be backed up by fiscal policy
in the form of lump sum taxes to finance the payment of interests on the reserves

held by the representative household. Let {m; }}:O represent the total amount of

3In the traditional analysis of optimal monetary policy when the ZLB is not binding, the optimal
interest rate condition is precisely to set the value of the nominal rate equal to the natural rate when
inflation is zero. This is needed to obtain the first best allocation (Werning, 2012). In the partic-
ular case of this finite horizon stylised model of the economy, the flexible price allocation is not
efficient given the monopolistic competition structure of the production of the consumption good.
However, this allocation corresponds to the full employment perfect foresight equilibrium, in which
all households obtain the maximum level of utility given the inefficient equilibrium outcome.
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reserves that the Central Bank creates to back up the total amount of deposits of the
representative household. Therefore, the consolidation of policies is summarised by

the budget equation:

P,
Tiv1 = (Rt+1 ;—1 - 1) mey1; t=1{0,1} (2.19)
1

Notice that because of the nominal rigidity assumption and the price determi-
nation policy in (2.18), we are ruling out a role for seigniorage in financing the

consolidated government.

2.2.3 Equilibrium

The focus is on the perfect foresight symmetric equilibrium of this economy, in
which all agents as of period 0, share the same information set containing all present
and future values of prices, wages, interest rates and tax rates, as well as the values
of the unemployment rate, the possible values of the dividend of the Lucas-tree as-
set, and the probability p. The perfect foresight equilibrium is symmetric because
all producers of intermediate varieties face the same demand function when max-
imising profits at date O, which implies that all monopolistic firms: i) set and fix
the same relative price pp—g) = %8, ii) demand the same amount of specific labour
Nj; = Ny, iii) produce the same amount of the intermediate variety output y;; = y;
and, iv) gain the same amount of nominal profits I';; =17.

Before properly defining the equilibrium of our stylised economy, we include

an equation to pin down the value of the wage in period 1 for any perfect foresight

equilibrium characterised by an allocation off-full-employment, namely
Wi =W (2.20)

Equation (2.20) could be justified in a similar way to the price rigidity assump-
tion above. In particular, it could be possible for specialised workers to organise
into unions which have market power in the labour market and are able to set the

wage (e.g. Erceg et al., 2000). Nevertheless, in our stylised economy, it is only
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included as a device to determine the level of the equilibrium wage in period one
when the intermediate variety producers are able to reoptimize after the realisation

of a future wealth-related shock. We now proceed to the definition of equilibrium.

Definition 1. Given the possible values of the real dividend {D,D} and the known
value of the probability p, the perfect foresight symmetric general equilibrium
of the economy consists of the allocation [{Y;}?_o, {Vi} 1o {N:} o NI,

{Ff}tl:07{cl‘}}:O?CLZ?CHZ;CZ?{mf'i‘]}tl:()’{)t’f}tl:O]’ the price vector [{Pr}}:m
{B}}ZO,{W,}}:O], the policy vector [{RtH}tI:O,Pz,{Y}H}}:O] and the unemploy-

ment rate u € |0, 1), such that:

1. Households maximise utility in equation (2.1), i.e. equations (2.2) and (2.5)

—(2.9) hold, given [{Pi}7_g, {Wi})—g: {Ris1}{—0: {Tr11} /o), w {D, D} and p.

2. The competitive representative firm producing the final perishable good max-

imises its profits at each date, i.e. (2.10), (2.11), and (2.12) hold given

[{pe}iol-

3. Given {D,D} and p, the supply of the perishable consumption good in period
2 is determined by (2.16).

4. Each intermediate-variety producer firm maximises its discounted flow of
profits in periods 0 and 1, given [{P;}]_o,{W;}\_,], i.e. equations (2.14) and
(2.15) hold given the nominal rigidity assumption p; = pg, and the nominal

wage rigidity given by equation (2.20).

5. The labour market clears in period 0:
Ny = Ng =1 (2.21)
and in period 1 labour supply might be rationed, i.e.:

N =N <1 (2.22)

u=1-N¢ (2.23)
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6. In periods 0 and 1 the value of the gross nominal interest rate on reserves

R+ Bgrl is determined by equation (2.17).

7. P, is set according to equation (2.18).

8. The lump sum tax rates {T,11}]_, are set by the consolidated Government

such that the budget equation in (2.19) holds.

9. The market for the perishable good clears in all periods, i.e. fort = {0,1}:
¢ =Y, (2.24)
and in period 2:

pcra+(1—p)crr=c2 =" (2.25)

2.3 Uncertainty shocks and the role of conventional
monetary policy

Even economies in a full employment state might be more or less vulnerable to
economic fluctuations depending on their prospects of future wealth. Increasing
uncertainty regarding future wealth can give rise to scenarios in which households
might not be able to properly self-insure against idiosyncratic shocks, ending up
in a self-fulfilling unemployment trap equilibrium (Heathcote and Perri, 2018). To
assess the extent of the role of conventional monetary policy in offsetting the spread
of idiosyncratic risks faced by households, we consider the effects of a one-time un-
expected change in the exogenous value of the probability p on the perfect foresight
full-employment equilibrium path of the stylised economy in Section 2.2.

Before proceeding to characterise this reference equilibrium path, we need to
make some additional assumptions on the distribution of the random real dividend

of the Lucas-tree asset to make our analysis cleaner:
Assumption 1. D < 8 and D > .
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Assumption 2. p < % (%).

2.3.1 The perfect foresight full-employment equilibrium

The perfect foresight full-employment (FE) equilibrium is completely characterised
by a situation in the labour market in which in period 1 labour is not rationed and
there are no unemployed workers.* Specifically, the FE equilibrium of the economy

is characterised by an equilibrium level of labour demand in period 1 equal to
N\FE
<N1> _1, (FE.1)
which implies that the equilibrium unemployment rate is equal to
=0 (FE.2)

Remark 1. Given assumptions 1 and 2, Definition 1 determines that in the FE

equilibrium path:
1. Fort={0,1}:
FE
NFE = (Nf’) (FE.3)
yh=y"=1 (FE.4)
pit=F"F=1 (FE.5)
—1

wrE -1~ (FE.6)

n

1
e = — (FE.7)

n
AME=0andmfE =0 (FE.8)
cFE=1 (FE.9)
Tt =0 (FE.10)

4Notice that there is no need to characterise the situation of the labour market in period 0, since
by construction the model economy is always in full-employment in this initial date (see equation
(2.21)).
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2. Conventional monetary policy implementation implies:

1

RfE:RT:E (FE.11)
1 1—-p\ !
REE — Ry = 5 (%JFTP) (FE.12)
PiE =1 (FE.13)
3. In the final period:

dE=D (FE.14)
5 =D (FE.15)
tE =vfE =pD+ (1-p)D=D. (FE.16)

4. Overal welfare is given by
Vg £ = B*[pIn(D) + (1 —p)In(D)] (FE.17)

Given the non-negativity constraint on deposits, in the FE equilibrium the rep-
resentative household optimally chooses not to make deposits in periods 0 and 1
(see equation (FE.8)), a decision driven by the perishable good equilibrium condi-
tions in (2.24), the price rigidity assumption which implicitly makes the real interest
rate in period 0 equal to the nominal interest rate in equilibrium, and the monetary
policy rules (2.17) and (2.18). Since optimal savings in both periods 0 and 1 are
equal to zero, fiscal consolidation determined by equation (2.19) implies lump-sum
taxes to be equal to zero as well (see equation (FE.10)).

Because of Assumption 2, the implementation of conventional monetary policy
is not constrained by the ZLB (see equation (FE.12)). In other words, by following
the conventional monetary policy rule, the monetary authority sets a value for the
real interest rate such that the representative household has no incentive to neither

reduce nor increase present consumption to increase or decrease future consumption
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simply because, by consuming all what is produced of the perishable consumption
good in the current period, they obtain the maximum possible welfare given the
realisation of the real dividend of the Lucas-tree asset (see equations (FE.9), (FE.14)
(FE.15) and (FE.17)).

On the other hand, equations (FE.1) and (FE.2) establish that production and
demand for labour in period 1 must be exactly equal to those in period 0. Therefore,
because of the nominal price rigidity assumption, the equilibrium nominal wages
must also be the same, and its value in equation (FE.6) is pinned down by the
optimal pricing condition in equation (2.14). In periods O and 1 full employment
implies that in equilibrium the value of both the production of the intermediate
varieties and the production of the perishable consumption good is equal to one
(see equation (FE.4)). From equation (2.15) it is straightforward to determine the
equilibrium value of real profits in equation (FE.7). In the final period, the clearing
equilibrium condition in (2.25) implies that aggregate consumption is equal to the

value of the aggregate real dividend of the Lucas-tree asset (see equation (FE.16)).

2.3.2 On the role of conventional monetary policy

We now consider the following scenario. At the beginning of period 1, whilst on
the perfect foresight FE equilibrium path described in Remark 1, households, firms
and the consolidated government perceive an unexpected increase in the probability
of the realisation of the lowest value of the real dividend of the Lucas-tree asset
Ap > 0. To better characterise the shock, we make the following assumption on the

initial value of p in the FE equilibrium:
Assumption 3. p € [0, €] for any € — 0.

Assumption 3 states that in the FE equilibrium, the known distribution of the
real dividend of the Lucas-tree asset is such that the probability of realisation of the
lowest outcome is very small. This implies that at the beginning of both periods 0
and 1, all agents foresee a mean value D close to the highest outcome D. Then, the

shock at the beginning of period one has two different direct effects. First, it lowers
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the mean value of the realisation of the dividend which implies that households
in particular perceive a reduction in the value of their future wealth and, second,
it increases the variance of the realisation of the dividend, increasing the general
perception of uncertainty.’

Once this uncertainty shock is realised at the beginning of period 1, households
and firms are forced to re-optimise. The extent to which conventional monetary
policy is able to completely isolate households from the potential spreading of both
unemployment risk and uncertainty, depends on the size of the shock, as stated

below by Proposition 1.

Proposition 1. Given assumptions 1, 2 and 3, if the uncertainty shock is such that

D (D—p
Ap<=|=—-=|— 2.26

P B (D—Q> ’ 220
holds, then the central bank is able to rule out positive unemployment risk
as an equilibrium outcome in period 1 by implementing conventional mone-

tary policy following the rule in equation (2.17), i.e. by setting Ry = R; =

1 (p+Ap | 1-(p+Ap)
ﬁ( D T D

~1
> < RgE. Nonetheless, increased uncertainty has a nega-
tive impact by reducing the mean consumption of the representative household in

the last period of the economy, i.e.
Vi =B [(p+Ap)In(D) + (1~ (p+4p)) In(D)] < Vg™ (2.27)

Proof. The perfect foresight FE equilibrium is defined for any given level of the

value of the real dividend that complies with Assumption 2. As long as condi-

tion (2.26) holds, (pzAp) + (1_(2;'Ap)) > B and the monetary policy rule in equa-
tion (2.17) implies R, = R3, which makes the representative household to optimally
choose my, = mg Eand ¢ = cf E Hence, the demand-determined equilibrium level
of output is YlF E and the equilibrium unemployment rate is equal to zero. Wel-

fare measured by the discounted expected flow of instantaneous utilities in all three

3In particular, under Assumption 3, the mean value of the real dividend of the Lucas-tree asset
decreases by Ap(D — D), whereas its variance increases by (1 —2p)Ap(D —D)?.
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periods is only affected because of the new probability of realisation of D. [

Proposition 1 highlights the importance of the size of the uncertainty shock,
to understand the extent to which the central bank is able to perfectly rule out the
spread of unemployment idiosyncratic risk to households by following the con-
ventional monetary policy rule. As long as (2.26) holds, the central bank is not
constrained by the ZLLB when implementing policy. Despite the negative shock, the
implementation of conventional monetary policy manages to completely rule out
the realisation of positive idiosyncratic unemployment risk and keeps the economy
in its full employment path in periods O and 1. In other words, interest-rate-based
conventional monetary policy impedes increased uncertainty to trigger the spread

of idiosyncratic unemployment risk.

Nevertheless, if the highest realisation of future wealth is low enough, a suffi-
ciently small uncertainty shock might lead the economy into a scenario in which the
ZLB is binding, and the central bank’s conventional monetary policy is no longer
able to impede the spread of positive unemployment idiosyncratic risk to house-
holds. The characterisation of the equilibrium path of the stylised economy with a
positive unemployment rate, in which conventional monetary policy is constrained

by the ZLB, is summarised in Lemma 1.

Lemma 1. Let the value of D be low enough such that equation (2.26) does not
hold once a sufficiently small uncertainty shock is realised. Hence, the central
bank is constrained by the ZLB when implementing conventional monetary policy

according to (2.17) and the value of the nominal (real) interest rate is equal to:

REF =1. (2.28)

As of period 1, the new unique incentive-compatible perfect foresight equilibrium

path of the stylised economy is characterised by

AF =0, (2.29)

69



Chapter 2. The uncertainty channel of UMP 2.4. On the role of unconventional monetary policy

and the positive unemployment rate

1 Ap 1—(p+Ap)\ !
uPF:l——(p+ P, 1-(p+ p>> > 0. (2.30)

B\ D D

Hence, in period 1 the representative household optimally decides to make deposits

mgF = 0 and to consume:

-1
PF 1(P+AP+1—(P_+AP)) Y <1,

i ==
"B\ D D

As of period 1, maximum expected utility is given by:
Vi) =n(1=u")+ B [(p+Ap)In(D) + (1 - (p+Ap))In(D)]  (2.31)

Proof. See proof in Appendix 2.A.1. O]

Once the nominal policy interest rate is constrained by the ZLB, and the nomi-
nal price rigidity implies the real interest rate to be constrained as well, the economy
enters a path in which the equilibrium allocation is purely demand determined. Im-
plicitly, the uncertainty shock induces the real interest rate to be low enough such
that its value is below the ZLB constraining the conventional monetary policy rule.
This leads to a reduction in the aggregate demand for the perishable good, which
is optimally confirmed by the production sector via a decrease in the aggregate de-
mand for labour which rations workers’ labour supply and generates involuntary
unemployment as shown by equation (2.30). Uncertainty turns now into idiosyn-

cratic unemployment risk.

2.4 On the role of unconventional monetary policy

The liquidity trap scenario portrayed in Lemma 1 is one in which conventional mon-
etary policy is no longer effective because the nominal interest rate has reached the
ZLB after responding to an uncertainty shock. Furthermore, the inflation rate is

zero because of the nominal price rigidity assumption imposed on the price-setting
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behaviour of intermediate-variety producers, aggregate demand has been depressed
and positive involuntary unemployment arises as an equilibrium outcome. The par-
ticular characteristics of this scenario are not far from what was observed during
the great financial crisis of 2007/2008 and have been previously characterised by
the literature (e.g. Korinek and Simsek, 2016; Krugman, 1998).

It is in this particular context that we consider two alternative unconventional
policies which can be implemented by the monetary authority and that resemble a
major component of the large asset purchase scheme program implemented in the
United States, and the fixed rate/full allotment tender procedure implemented by
the ECB in response to the 2008 financial crisis, as documented with great detail
in e.g. Lenza et al. (2010). These two policies are introduced in the model of our
stylised economy, by taking advantage of the two-asset structure of the portfolio of
the representative household and the assumption that its endowment of the Lucas-

tree asset cannot be traded nor used to borrow against its future dividends.

2.4.1 Liquidity provision using REPO contracts

Let 1 (Rz% = 1> be an indicator function that takes a value of 1 if the ZLB is
binding in t = 1 and O otherwise. The representative household has now the possi-
bility of engaging with the central bank of the consolidated government through a
very simple REPO contract under which the monetary authority temporarily buys
a fraction 1 (Rz% = ) x ¢ € [0, 1] of the household’s holdings of the Lucas-tree
asset, by issuing a certain amount of reserves me into the household’s account at
the central bank. As an essential part of the two-party agreement, the representa-
tive household fully commits to repurchase the collateral in the final period of the
economy.

To make the repurchase commitment operational we need to add a timing con-
sideration regarding the final period of our stylised economy. In particular, we
assume that all units of the Lucas-tree asset mature at the end of period 2, leaving

consumption decisions of the two groups of households to be made at the end of

this period as well. Households must then repurchase the collateral at the beginning
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of such period.

Since there is no market to price the non-traded Lucas-tree asset, we assume
the central bank to value each unit of this asset by its fair price g8, namely the

discounted value of its expected dividend:
4°° = (p+Ap)D+ (1 - (p+A4p))D,

therefore, the corresponding amount of reserves issued by the central bank must be

equal to

P _
m$® = P g¢P1 (RZF2 = 1) oh. (2.32)
1

The REPO contract is a perfectly balanced operation and does not affect the flow

budget constraints in (2.19).5

In periods 1 and 2, the possibility of agreeing on a REPO contract with the con-
solidated government affects the nature of the problem of the representative house-
hold by including a new variable of choice, which is the fraction of the illiquid
asset to be sold to the central bank. Therefore, the implementation of this partic-
ular unconventional monetary policy implies that, as of period 1, the flow budget

constraints of the re-optimiser representative household can be rewritten as:
P o Py CB P o 7
101—|—m2—Wl(l—u)—l—rl—l-Rlle—Fqu 1 Rzp——l oh—T7 (2.33)
0 1

P - P
Py —l—quCBl <RZFT = 1) Oh = Rzﬁimz +PD;,—T;;, i€ {L,H}. (2.34)

Given prices {F; }t2:1 ; the nominal wage Wy ; the nominal profit I';; the nominal

interest rate R;; the value of the indicator function 1(R, = 1); lump-sum taxes

®Notice that in period 2, the explicit balance of flow budget operations is:

P P c cB P 7
Ry——1 — =T+Pg L Ro—=1)0¢h
< 2P1 )m2+P1ml 2+ Pyq ZP1 ¢ )
which implies that the repurchase operation entangles a real cost for the consolidated government
equal to the initial real value of the reserves created in the first period. In other words, since in period
2 the only source of real wealth is the fixed supply of the Lucas-tree asset, the central bank incurs a
cost when “destroying” the reserves it created in period 1.
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{Ti11}_y; the fair price ¢©B; the unemployment rate u; the probability p, and the

uncertainty shock Ap, the reoptimising representative household solves the problem:

Vi(m) = max In(ci)+ BE; {Vg (m2,1<R2i= 1) ¢>}

P
61,m271(R2%:1>¢ P

s.t. (2.33)-(2.34) (2.35)

2.4.2 A neutrality result

The definition of equilibrium under the implementation of the REPO-based uncon-
ventional monetary policy is slightly different to the one provided in Definition 1,
and it is established by Definition 2 in Appendix 2.B.1. Under this definition, once
the unexpected uncertainty shock is realised, the key to assessing the effects of the
implementation of unconventional monetary policy on the equilibrium allocation
lies in the characterisation of the solution of the representative household problem
summarised in (2.35). Proposition 2 below states the effects of the REPO-based

policy on the equilibrium allocation of our stylised economy.

Proposition 2. Given assumptions 1, 2 and 3, and following Definition 2, the so-
lution to the representative household in (2.35) implies that the perfect foresight

equilibrium allocation is such that mIZDF = me’PF and that, as of period 1, re-

gardless of the equilibrium values {(Z)PF,me’PF,mgF} € [0,1] x [0,PPFgBoh] x
[O,PfD FgCBoh), the perfect equilibrium allocation of the stylised economy is no dif-
ferent than the equilibrium allocation established by Lemma 1. The implementation
of the unconventional monetary policy based on REPO contracts to provide liquidity

to the representative household after the uncertainty shock is completely neutral.

Proof. See proof in Appendix 2.A.2. [

In the spirit of the results in Wallace (1981) and Eggertsson and Woodford
(2003), the implementation of the REPO-based policy is neutral regarding its real

effects on the economy. Proposition 2 shows how the policy is Ricardian in nature,
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and how whatever potential increase in the liquid resources available to the house-
hold through the implementation of policy is optimally saved by the representative

household, ruling out any change in aggregate demand.

Given the structure of the model of the finite horizon economy, this neutrality
result can be explained by the ill-design features of this particular policy to coun-
teract the sources of the shock. The perfect foresight allocation in Lemma 1 shows
that involuntary unemployment is totally determined by the negative mean wealth
effect of the shock, which leads the representative household to precautionarily save
—optimally not to incur in debt—. A policy designed to temporarily increase the lig-
uidity available by suddenly making an illiquid asset liquid does not reduce the
negative impact on mean wealth and the representative household has no incentive

to use the extra liquidity.

Nevertheless, the neutrality result in Proposition 2 serves as a reference to un-
derstand why an alternative policy, which deals with the source of the shock, might
be better suited not only to reduce the spread of idiosyncratic unemployment risk

but to reduce the negative impact of increased uncertainty on future mean wealth.

2.4.3 Outright purchases

We now slightly change the nature of the market operation behind the unconven-
tional monetary policy implemented in period 1. Instead of agreeing on a REPO
contract with the representative household, the central bank of the consolidated gov-
ernment is willing to make an outright purchase of a fraction 1 (Rg% = ) X ¢ of
the total household’s holdings of the risky and illiquid asset at a price per unit equiv-
alent to the fair price ¢“B. Under the possibility of this market operation, the flow
budget constraint of the representative household in equation (2.33) still holds, but

since there is no longer a repurchase agreement in period 2, the new set of house-

holds’ budget constraints in this final period is

P
Prci :Rzﬁzmz +P(1—¢)D;—Ty; i€ {L,H}. (2.36)
1
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Then, after the uncertainty shock, the problem of the household can be summarised

by the value function

Vi(m) = max In(ci)+ BE; {Vg (m2,1<R2i= 1) ¢>}

P
61,m271(R2%:1>¢ P

s.t. (2.33),(2.36) (2.37)

P
m220;0§1<R21?2:1)¢§1
1

As a counterpart to the purchase of the risky asset, the central bank creates an equiv-
alent nominal value of reserves following equation (2.32). In contrast to the case
of the REPO-based policy, this outright purchase operation has a fiscal implication
in the last period of the economy. For whatever fraction of the Lucas-tree asset the
household agrees to sell, the central bank bears the realisation of the wealth risk
and, at the end of period 2, it transfers the realised dividends to the consolidated
government which then transfers back such dividends to the representative house-
hold. The adjusted flow budget constraint of the consolidated government at the end

of period 2 is now given by

P, P
Ry2 =1\ my =T (Pl Ry2 =1
<2P1 )mz 2+ (P (2P1 )

X ¢ ((p+Ap)Q+ (1— (p+Ap))T))) .

(2.38)

The definition of equilibrium barely changes with respect to the one presented in
Appendix 2.B.1. Maximisation of the discounted flow of utility in (2.1) now implies
the representative household to solve problem (2.37) as of period 1, whilst 75 has
now to adjust for (2.38) to hold. The following proposition summarises the effects

of the implementation of the central bank’s outright purchases policy.

Proposition 3. Given assumptions 1, 2 and 3, the implementation of the central

bank’s outright purchases policy implies that, as of period 1, the perfect foresight
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equilibrium allocation is such that:

(ZSPF —1
byt =0,

Furthermore, the equilibrium unemployment rate is

Ap)D+ (1 — Ap))D

B

whereas the consumption path is such that in period 1

AF =1—-aff > T

and in period 2

cro=cur = = (p+Ap)D+(1—(p+Ap))D

which implies that, as of period 1, the expected maximum utility of the representative

household is
Vi@)y =in(1—a"")+ B In((p+Ap)D+ (1 — (p+Ap))D) > Vi () (2.40)

Proof. See proof in Appendix 2.A.3. U

Proposition 3 establishes that once the central bank opens the possibility of ac-
quiring any fraction of the Lucas-tree asset in hands of the household in the context
of a liquidity trap scenario, the optimal response of the representative household is
to sell all of its holdings of the risky asset. As a consequence of the implementation
of this outright purchases policy, the central bank fully insures the representative
risk-averse household by extracting all the sources of uncertainty from its portfo-
lio. Furthermore, full insurance from uncertainty also reduces the exposure of the
members of the household to idiosyncratic unemployment risk, as shown by equa-

tion (2.39).
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Overall, the implementation of the outright purchases policy increases welfare
with respect to the counterfactual scenario in Lemma 1. The proof in Appendix
2.A.3 shows that this increase of relative welfare is a consequence of the risk-averse

feature of the preferences of the representative household and Jensen’s inequality:

Ey [In(1—u"")+BIn(D;)] <In(1—a"")+ BIn(E([D]). (2.41)

—fPF
=1

The right-hand side of (2.41) shows how after bearing all uncertainty from the re-
alisation of the dividends of the risky asset, and by alternatively offering a certain
income, the consolidated government makes the risk-averse representative house-
hold better-off. This is what I call the uncertainty channel of the transmission of

unconventional monetary policy.

2.5 Conclusions

In a stylised and tractable model of a three-period economy in which there is a
nominal price rigidity and households are endowed with a perfectly illiquid risky
asset which matures in the final period, an uncertainty shock reduces the real nat-
ural interest, generating a scenario in which the economy might deviate from its
full-employment equilibrium path. By reducing the nominal interest rate to match
the real interest rate with the natural interest rate, conventional monetary policy is
able to impede uncertainty risk to translate into idiosyncratic unemployment risk
as long as the ZLB on the policy rate is non-binding, keeping the economy in its
full-employment path.

However, if the prospects of the realisation of future wealth are low enough,
the uncertainty shock might make the ZLLB binding, leading the economy into a
liquidity trap equilibrium path in which conventional monetary policy has reached
its limit and it is unable to deter increased uncertainty from translating into idiosyn-
cratic unemployment risk. In the context of this alternative equilibrium path, this

paper assesses the counterfactual role of two alternative forms of unconventional
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monetary policy. In the case of a pure REPO-based policy in which the central
bank temporarily issues reserves in exchange for a fraction of the illiquid risky as-
set in hands of the household, the main result is that the policy implementation does
not change the equilibrium allocation of the liquidity-trap scenario. The policy is
neutral because it is Ricardian in nature and does not offer real insurance against
the uncertainty shock.

In contrast, an outright purchases policy in which the central bank permanently
buys the illiquid risky asset holdings of households and fully bears the negative ef-
fects of increased uncertainty, has positive counterfactual effects with respect to the
no-policy liquidity trap scenario. The positive effects of this outright purchases pol-
icy are deeply related to its fiscal counterpart in which the consolidated government
makes a lump-sum transfer of the realised aggregate dividends of the assets now in
hands of the central bank. This particular unconventional monetary policy exploits
the uncertainty channel of transmission of the shock in two ways. First, it fully
insures households from aggregate uncertainty by increasing their mean income in
the final period of the economy and, second, it increases the natural real interest
and reduces the spillover effect of uncertainty on unemployment-risk, making all
households better off.

It is worth to emphasize here that the results of this assessment are strongly
attached to the particular context in which unconventional monetary policy is im-
plemented. We leave aside considerations regarding the consequences of the contin-
uous rollover effects of this policy, like for instance fiscal dominance and inflation.
As such, they have to be carefully considered as the short-term counterfactual ef-
fects of the implementation of unconventional monetary policy in a liquidity trap

scenario.
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Appendix

2.A Proofs of lemmas and propositions

2.A.1 Proof of Lemma 1

Given assumptions 1, 2 and 3, assume that condition (2.26) in Proposition 1 does not
hold, i.e. Ap > % (%) —p. Let uf € [0, 1) be the conjectured perfect foresight
equilibrium value of tﬁe unemployment rate in period 1 for a given value of the
nominal (real) interest rate % and the shock Ap. Following Definition 1, equations
(2.10) and (2.13), together with the profit share in (2.15), imply that the conjectured
equilibrium values of production of the intermediate varieties and of the perishable
consumption good are y{¥ = YF =1 —u" | which from the equilibrium condition
in (2.24) must be equal to clf ¥ Then, substituting equations (2.5), (2.6), (2.18) and

(2.19) into the Euler equation (2.7), the fixed-R equilibrium is characterised by:

1 p+Ap  1—(p+Ap) PF
——— =BZ — A 2.42
1 —ufF P (Q+m§F+ D+m12DF T ( )

1. Proof that RYY =1 and " # uFE. Assume u’f = uf'E = 0. Then, follow-
ing Remark 1, the non-negativity constraint on deposits is non-binding and
APF = 0. Moreover, in the full employment equilibrium path, the represen-

tative household does not have incentives to save and m‘;F = (0. Then, from

equation (2.42)
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Since condition (2.26) does not hold, R; < 1. Hence, the central bank is

constrained by the ZLB and the monetary policy rule (2.17) implies:
REF=1>R}

which leads to a contradiction, since for u*F = uf'E to hold, it has to be that

RPF = R}. Then it must be that u”* # uf’E.

2. Proof of unique incentive-compatible u’* > 0. Given R’;F = 1, the non-
negativity constraint on the representative household’s deposits implies that
either m‘;F >0 and ?Lf)F =0, or mIZDF =0and /’LfF > (. In the first case, from

equation (2.42) we have:

1 p+Ap 1—(p+Ap)
[ __ 2.43
1 —ufF B<Q+m§F+ D—I—mgF ( )

On the other hand, from the clearing market condition (2.25) we also have:

p-+Ap(D+m5" )+ (1= (p+Ap))(D+m5")

=p+Ap(D)+(1—(p+Ap))(D)

so it must be that mgF = 0. Therefore, from (2.43) one possible equilibrium

value of the positive unemployment rate is:

1 Ap 1—(p+ap)\ "
WP 1L (PTAp 1= (pFap)) (2.44)
B\ D D
On the other hand, given the nominal price rigidity assumption, re-
optimisation of the intermediate-variety firms after the shock implies the

profit maximisation problem:

max (1 -W{T)N,
M (2.45)
s.t. Ny <1 —ufr
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Given WIP F intermediate variety firms solve the problem in (2.45) by choosing

NPE =1 —uPF which confirms the conjecture that in equilibrium
W=y =1-u"" (2.46)

In the second case, with 7LIP F > 0,let uf* ' =+ uPF denote an alternative conjec-
tured unemployment equilibrium rate. Then, by using the result in equation

(2.44), equation (2.42) can be rewritten as:

1 1 .
i p

from which is possible to solve for u"*" as:

1—
1+ APE(1—ufF)

u > u’F. (2.47)

Equation (2.47) opens the door to an economy with (infinite) multiple sunspot
equilibria where any value A/* > 0 would imply all households to believe
that the unemployment equilibrium rate is higher and, therefore, feeling they
are in an implicit excess savings situation given RgF = 1. However, from the

value function as of period 1, it is possible to see that:

Vi) =In(1—u"")+ B [(p+Ap)In(D) + (1 — (p+Ap))In(D)] >

Vi) = In(1—u") + B[(p+Ap)In (D) + (1 — (p+4p)) In (D)),
(2.48)

meaning all households being worse off for any {u""', AFF'} € (uPF 1) x
R, = S. In other words, once all identical households’ beliefs are revealed in
period 1, all households end up being worse off because of such beliefs. Then,
equilibria in S is not incentive compatible. The unique equilibria in which the
representative household has no incentives to deviate from its beliefs must be

that in which u*¥ is determined by (2.44).
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2.A.2 Proof of Proposition 2

We start from the solution to the utility maximisation problem of the representative
household. By substituting (2.32) into the flow budget equations (2.33) and (2.34),

it is possible to rewrite the problem of the representative household in (2.35) as:

Wi Iy
Vi(m;) = max ln<— l—u)+—+
(m1) my,m<B Pl( ) Py Py Py PP

+ BE1[Va(ma,m$"?)]

s.t. my>0;0< me < quCBl_z

Let us define the alternative state variable @, = my —m$B. Then, the problem can

be rewritten once again as:

Wi
V; = In{ —(1— —
1(m) r%ezlx n<P1< u)+P1 * Py PP

s.t. dp > —quCB/jl

As in the proof of Lemma 1 in Appendix 2.A.1, as of period 1 the solution to

problem (2.49) is characterised in equilibrium by the euler equation:

1 p+Ap  1—(p+Ap)\ spr
W:ﬁ(may* pear )M 220

for which the clearing perishable good market condition implies that dgF = 0.

The unique incentive compatible equilibrium unemployment rate is then equal to
that in equation (2.30) which is implied by the equilibrium value 27" = 0. Fur-
thermore, ab¥ = 0 does not allow to determine neither the value of mh? ¢FF
nor me, but 1{’ F = 0 is consistent with any ordered tuple {¢f” ,m1CB ,my} €

[0,1] % (0,4°9h, g ph).

2.A.3 Proof of Proposition 3

As of period 1, the only intrinsic uncertainty along the perfect foresight equilibrium

is the realisation of D; in period 2. As long as ¢ < 1, the portfolio of the households
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is subject to this intrinsic uncertainty. However, if ¢ = 1, the representative house-
hold no longer has holdings of the risky asset and from the budget constraint in
(2.36) its unique certain nominal income in period 2 is equal to <R2% — 1> my —T1>.

Then, by using equation (2.32), the value function in (2.37) can be rewritten as
Vi(mi) :max{VlU(ml),Vlc(ml)} 2.51)

where, by using (2.32),

W
vV (m;) = max In (—1(1 —u)+
my,mCB Py Ry Py PP

R21’l’l2 me T2
Ap)1 1 - p-2
B |-+ apin (“2 (1= g ) )+
Rzl’l’lz me — T2
1—(p+Ap))l 1— D-2
(1= apmn (222 4 (1- 2 ) D 2

s.t. mp > 0; me < quCB

(2.52)
and
Wi Rymy cg M T Romy 1T
VE(my) =max In ( — (1 —u) + —=t S S 1 _ 22
v (m) n%flxn(Pl( Wt —p e T )PP
s.t. mp >0
(2.53)

Given that in period O there is full employment, in equilibrium:

1. under the conjecture that i#’F > 0, the first order conditions which characterise

the solution to problem (2.52) can be written as:
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1 —/3< p+Ap n
1—aPP " \wbF + D+ ¢PF(1— (p+Ap))(D—D)
1—(p+Ap) )_’_ZPF
mb* +D — ¢PF (p+ Ap)(D—D) :
(2.54)
L ( (p+Ap)D N
1 —aPF bt + D+ @PF (1 — (p+Ap)) (D — D)
(1—(p+Ap))D >+ﬂPF
miF +D—¢PF(p+Ap)(D-D)) "'
(2.55)

5 CB,PF
where ¢7F = m;CB is the conjectured equilibrium value of the fraction of

the Lucas-tree asset holdings sold by the representative household, Z{’ Fis
the conjectured equilibrium value of the Lagrange multiplier associated with
the non-negativity constraint on savings, and [Lf F is the conjectured equilib-
rium value of the Lagrange multiplier associated with the constraint on the
maximum possible amount of reserves to receive from the outright purchase

operation.

First, notice that if ;11’) F = 0 then the representative household is optimally
saving a non-negative amount of reserves, so it must be that it is optimally
not selling any fraction of its holdings of the risky asset, i.e. * = 0 and the
equilibrium allocation converges to the equilibrium allocation characterised
by Lemma 1 and #F = uF'. Assume this is not true and that whilst 5" =0
and AT = 0 then 0 < ¢7F < 1 and uPF = 0. This would imply the right-
hand side (RHS) of condition (2.54) to be equal to the RHS of condition
(2.55), which is a contradiction given the known distribution of the dividends
of the risky asset from which D > D. For i#'* € [0,1) to hold, the equilib-
rium unemployment rate has to be fully determined by condition (2.54) given

APE =0,miF =0and ¢*F = 0.
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Second, for any other positive ¢”F < 1, the household is optimally selling a
non-zero fraction of its risky asset holdings, which means that mgF =0 and
7LIP F >0, i.e. the nonnegativity constraint is binding and the household is
willing to obtain further free-risk resources from selling any positive fraction
of its holdings of the risky asset to the central bank. To prove this statement
assume that given ¢*¥ > 0 and [L{J F =0 then ;lf) F = 0. This would imply
the RHS of condition (2.54) to be equal to the RHS of condition (2.55) which
is not true since D > D. Furthermore, the term within the round brackets in
condition (2.55) is greater than the term within round brackets in condition

(2.54), then it must be that 177 > 0.

From (2.55)
e _l (p—|—Ap)Q
i’ =1 B <Q+Q;PF<1_(p+Ap))(l_)—Q) "

(1—(p+Ap))D )_1 < uPF
D—¢"F (p+Ap)(D - D)

However, the allocation characterised by the unemployment rate "7 implies

that in period 2:

and the perishable good market clearing condition
((p+Ap)eLs + (1= (p+24p))ek5) = ((P+Ap)D+ (1 — (p+Ap))D)

only holds if $Z = 0, which is a contradiction. Then, the equilibrium allo-
cation cannot be characterised by 0 < ¢¢B < 1 and ii"¥ < uPF'. Then, it must

be that Z{D F— 0, n~1§F =0, ¢3P F — (), and that the maximum value of utility as
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of period 1 is given by equation (2.31), i,e.

V(@) =1n (1 =)+ B [(p+Ap)In (D) + (1 - (p+Ap)) In(D)] (2.56)

2. under the conjecture #F" > 0, the first order condition of problem (2.53) can

be written as:

1 1
i—gr P <(p+Ap)Q+(1—(p+Ap))5

) +APF (2.57)

using the same line of arguments as the one presented in the proof of Lemma
(1) in Appendix 2.A.1, FF = 0 and the unique incentive compatible unem-

ployment rate is

aF_q_ (P+Ap)D+ (113— (p+Ap))D

which is less than the value of u”¥ in equation (2.44) of Lemma 1 since
risk aversion expressed by the convex instantaneous utility In(-) implies that

Jensen’s inequality holds and

p+Ap+1—(p+Ap) - 1
D D (p+Ap)D+(1—(p+Ap))D

The allocation is such that there is a unique representative household at the

end of period 2 which consumes:
& = (p+Ap)D+(1—(p+4p)D =Y,

As of period 1, the maximum expected utility of the representative household

determined by this allocation is

VE@™ ) =In(1—a")+ B In((p+Ap)D+ (1 - (p+Ap))D)  (2.58)
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3. Since #fF < ufT, Jensen’s inequality implies that
(P+Ap)In(D)+ (1 —(p+Ap))In(D) <In((p+Ap)D+(1—(p+A4p))D).

Therefore, VE (") > VU (ufF') and under the outright purchases policy the

equilibrium allocation is such that ¢7F =1, ﬁ11CB =¢°B, n%‘;F =0and 2F <

I/tPF .

2.B Definition of equilibrium under unconventional

monetary policy

2.B.1 Definition of equilibrium under the REPO contract

Definition 2. Given the possible values of the real dividend {D,D}, the
known value of the probability p, and the fair price ¢ B, the perfect fore-
sight symmetric general equilibrium of the economy consists of the alloca-
tion  [{¥,}7_o, {Vi}—oo AN} im0 ANE 0 AT Hgo {er H oo cras ey 2, {mii 3o,
{N}_o, 0], the price vector [{p:}'_ o, {P}l_o,{Wi}l_o], the policy vector
[{RHl}tl:O,l(Rz = 1),m§B,P2,{7}+1}}:0] and the unemployment rate u € [0,1),

such that:

1. Households maximise utility in equation (2.1), subject to equations (2.2),
(2.33), (2.34) and the inequality 0 < ¢ < 1 given [{P}%o,{W:}L,,
{Ri1}/—0, 1(R2 = 1),4°P {T;11}/_), u, {D, D} and p.

2. The competitive representative firm producing the final perishable good max-

imises its profits at each date, i.e. (2.10), (2.11), and (2.12) hold given

[{pe}iol-

3. Given {D,D} and p, the supply of the perishable consumption good in period
2 is determined by (2.16).

4. Each intermediate-variety producer firm maximises its discounted flow of
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10.

profits in periods 0 and 1, given [{P;}]_o,{W;}\_,), i.e. equations (2.14) and
(2.15) hold given the nominal rigidity assumption p; = pg, and the nominal

wage rigidity given by equation (2.20).

The labour market clears in period 0:
No=N§ =1
and in period 1 labour supply might be rationed, i.e.:

N =N <1

uzl—NfJ

In periods 0 and 1 the value of the gross nominal interest rate on reserves

R P’g L and the indicator function 1(Ry = 1) are determined by equation

(2.17).

P is set according to equation (2.18).

The lump sum tax rates {Tt+1},1:0 are set by the consolidated government

such that the budget equations in (2.19) holds.

The value of reserves mICB is determined by equation (2.32) given

{P27qCBvl(R2 = 1>7¢}

The market for the perishable good clears in all periods, i.e. fort ={0,1}:
=Y
and in period 2:

pc2+(1—plcm=c2 =",
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Chapter 3

The stabilisation role of
unconventional monetary policy in
the periphery of a monetary union: a

quantitative assessment

3.1 Introduction

In the aftermath of the great financial recession of 2007-2008, the economies of the
European monetary union went into another recession in 2011. This time, pressures
on the market of sovereign bonds quickly mounted up, generating solvency prob-
lems and restrictions in the credit markets of the union (Reichlin, 2014b). Specif-
ically, banks in the periphery of the monetary union (e.g. Ireland, Italy, Spain and
Portugal), which had a strongly home-biased portfolio of sovereign bonds, went
through serious solvency problems because of the rapid increase in the yields of
their countries’ long-term sovereign bonds, a situation that translated into severe
credit restrictions and a recession characterised by increasing unemployment rates
(see Figure 3.1.1).

By this time, the European Central Bank (ECB) had almost exhausted any

available space regarding conventional interest-rate monetary policy and responded
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by further increasing the intensity of their unconventional monetary policy mea-
sures. In particular, not only the term of the long-term refinancing operations
(LTRO) with banks was increased to up to 3 years, but even outright purchases
in the sovereign bonds market started to make part of the monetary policy toolkit.
In this context, the purpose of this paper is to provide a measure of the pure stabil-
isation (i.e. recession smoothing) effects of this kind of unconventional monetary
policy tools in the periphery economies of the European monetary union.

(a) Long-term sovereign bonds interest rates

12 | pAY ——— Spain
10 F I\ ——— ltaly
/ \ —-—-- Portugal
8 I / \
X 6L
4 -
2 -
0k 1 1 1 1

2000-Q4 2005-Q4 2010-Q4 2015-Q4 2020-Q4

(b) Unemployment rates
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——— ltaly
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I N ~~ ==
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Figure 3.1.1: Long-term government bonds yields and unemployment rates in the periphery
of the European monetary union

The quantitative measure is generated via simulations of a dynamic model
that embeds the intermediation of international capital flows by the banking sys-
tem into the structure of a small open economy with a currency peg, which is a
periphery member of a monetary union, and a downward nominal rigidity of wages
(e.g. Bianchi and Mondragon, 2021; Bianchi et al., 2021; Schmitt-Grohé and Uribe,
2016). The portfolio of banks in the model is home biased in the sense that its ma-
jor source of net worth comes from claims on a proportion of the total outstanding
long-term sovereign debt issued by the local government. The small open economy
constantly faces two correlated exogenous shocks, one of them being a sovereign

bond price shock which directly affects the lending restriction of banks.
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In the baseline scenario, the central bank is an external agent which has already
fixed the risk-free interest rate and implements unconventional monetary policy by
making an outright purchase of a fixed proportion of the outstanding long-term
sovereign bonds in the balance sheet of banks. After simulating multiple equilibri-
ums of the model under the active unconventional monetary policy rule, those sets
of simulations which resemble the sovereign debt crisis in the periphery economies
of Europe are identified. The quantitative measure of the stabilisation effect comes
from the comparison of the selected simulations of the baseline scenario, with a
counterfactual scenario consisting of another set of similarly identified simulations

in which the unconventional monetary policy rule is switched-off inside the model.

The model is calibrated to Spain, an important referent of the European pe-
riphery economies. Its numerical solution is based on a value function iteration
algorithm which solves the optimal debt problem of the sovereign. Two main con-
clusions can be derived from the quantitative exercise. First, unconventional mon-
etary has real effects and is welfare improving. By relaxing the lending constraint
of banks, outright purchases increase credit availability in a scenario of difficult
solvency conditions for both banks and the sovereign government of the periphery
economy. Credit expansion has a direct positive effect on the labour market through
a systematic reduction of the equilibrium unemployment rate within the simulated
recession time window. Second, the pure stabilisation effects are rather small. The
counterfactual increase of the unemployment rate in the no-policy scenario is al-
ways less than one percentage point, and the consumption loss is not enough to

produce changes in the optimal path of long-term government debt.

The analysis in this paper intentionally abstracts from the role of default risk
on the price of long-term sovereign bonds (e.g. Bianchi and Mondragon, 2021;
Hatchondo and Martinez, 2009), since its main purpose is to isolate the pure sta-
bilisation effect of unconventional monetary policy. Nonetheless, both the purely
empirical approach in Hachula et al. (2020) and the more theoretically driven quan-
titative exercise in Constain et al. (2022) have documented the positive effect that

unconventional monetary policy has had on the yield of long-term sovereign bonds
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in the European Union. In terms of the model in this paper, this could relax even
more the lending constraint of banks, and the quantitative measure presented here
can be read as the lowest possible positive effect of unconventional monetary policy

in the context of a sovereign crisis.

Related literature. This work is related to various strands of the literature. First,
this paper is related to the literature on business cycle policy identification in
the context of nominal wage rigidities and pegs (Bianchi and Mondragon, 2021;
Bianchi and Ottonello, 2023; Na et al., 2018; Schmitt-Grohé and Uribe, 2016).
However, the analysis presented here includes the active role of banks as the driver
of the credit channel of monetary policy, adapting the approach in Sosa-Padilla
(2018).

The paper is also related to the literature in which financial frictions in the
banking sector and the real sector collude with different sources of shocks to gener-
ate business cycle fluctuations in the presence of nominal rigidities (e.g Eggertsson
et al., 2019; Ennis, 2018). As in most of this literature, the approach presented here
emphasises the importance of these restrictions for the amplification of business
cycle fluctuations.

Most importantly, this paper is directly related to the literature on the effects
of unconventional monetary policy on the real side of the economy (e.g Chang and
Velasco, 2017; Cui and Sterk, 2021; Cirdia and Woodford, 2011; Del Negro et al.,
2017a; Gertler and Karadi, 2011) which emphasize that this kind of monetary pol-
icy is non-neutral in the framework of financial and liquidity frictions. The work
presented here is most closely related to Bletzinger and von Thadden (2021) which
analyses unconventional monetary policy in a monetary union. However, their ap-
proach seeks to determine the optimal unconventional monetary policy whereas this
paper’s focus is on quantifying the effect of this kind of monetary policy in the con-

text of the particular European sovereign crisis of 2011-2012.

The analysis presented in this paper is divided into four sections including this
Introduction. Section 3.2 presents the model, establishes the decentralised equilib-

rium and presents the optimal debt problem of the government consistent with the
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equilibrium definition. In Section 3.3 the solution to the optimal debt problem cali-
brated to Spain is presented, and the quantification of the effects of unconventional
monetary policy is calculated via the simulation approach. Finally, Section 3.4 con-

cludes.

3.2 The Model

The small open economy is inhabited by four types of agents: households, firms,
banks and the government. Households periodically receive a stochastic stream of
a traded good, consume a basket of traded and non-traded goods, and inelastically
supply labour to firms, but do not have access to any credit market. Firms produce
the non-traded good using only labour and face a working capital constraint, which
obliges them to incur in loan contracts with local banks to pay a fraction of their
wage bill in advance (Neumeyer and Perri, 2005; Sosa-Padilla, 2018). To smooth
the consumption of households, the government issues risky random-maturity debt
bonds (Chatterjee and Eyigungor, 2012) into the international credit market, which
are demanded by risk-neutral foreign investors.

On their part, foreign investors are also the main shareholders of the local
banks and provide funding for their intermediation operation via short-term risk-
free deposits and the transferred ownership of a fixed fraction of the sovereign
funds bought from the local government, which can be potentially traded in an in-
ternational secondary market. The central bank of the monetary union implements
unconventional monetary policy by trading risky assets with banks in the secondary

market as part of an open market operation.

Timing of the model. As in Neumeyer and Perri (2005), because of the friction
embedded in the existence of the working capital constraint on firms and the pro-
vision of intra-period loans by banks, each period is divided into two subperiods;
namely beginning of period and end of period. A summary of events happening in

each subperiod is provided below:

1. Beginning of period:
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* Banks receive deposits from foreign lenders and claim ownership of a
fraction of outstanding sovereign bond holdings, which are sold either
in a private secondary market at the realised stochastic price or as part of
an open market operation with the central bank of the monetary union at
a given price. Deposits and the proceeds from the sovereign bonds sale

determine the supply of loans of banks.

* Firms demand loans from banks to pay in advance a fraction of their

wage bill.

* Households receive the realised stochastic stream of the tradable good

and an advance payment of a fraction of their wage income from firms.

2. End of period:

* Firms produce the non-tradable good which they sell at a competitive
price. They also pay the remaining fraction of their wage bill, pay back

loans to banks, and distribute profits to households.

* The government issues random-maturity bonds, which are traded with
foreign lenders at the stochastic realised price, and receives income from

a lump-sum tax from households.

* Households receive the remaining fraction of their wage income and
a share of profits from firms. Then, they pay a lump-sum tax to the

government and optimally choose consumption.

* Banks receive the gross return of loans from firms and transfer current

dividends to foreign lenders.

* Foreign lenders claim ownership of any remaining bank holdings of

sovereign bonds.

In the context of this timing of events, now I present the detailed structure of

the model focusing on the role of each type of agent.
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3.2.1 Households

The small open economy is populated by a continuum of identical households.

Households have preferences over consumption given by

oo cl-o _
Eo [;) 13’02/(@)]; U (c) = (TGI) (3.1

where 8 € (0, 1] is the intertemporal subjective discount factor of households, o is
both the inverse of the intertemporal elasticity of consumption, and the constant rel-
ative risk aversion factor, and E; is the conditional expectations operator conditional

on shocks realised as of period ¢.

Consumption ¢, is a CES composite of the consumption of a tradable good ¢!,

and the consumption of a nontradable good ¢

1

o= (d,dT) = (o) E+1-0)@) E) 62

which depends on the intra-temporal elasticity of substitution between the consump-
tion of the tradable and nontradable goods & > 0, and the share of the former on
aggregate consumption @ € (0,1). Let PT and PNT denote the domestic currency
prices of the tradable and non-tradable goods, whereas e denotes the value of the
nominal exchange rate of the small open economy. As is standard in the litera-
ture, I assume that the law of one price holds for the tradable good. Therefore, if
P*T =1 is the foreign currency price of the tradable good, then the relative price of

. PNT
the non-tradable good is p; = - .

In every period, households inelastically supply 4 hours of labour to firms.
Because of the existence of a wage rigidity, the labour supply of any household

might be rationed. Hence, a household’s effective labour supply is

he < h, (3.3)

and its labour income measured in units of the tradable good is equal to w;A;, where
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wy = % and W; is the wage per hour in units of the local currency of the small open
economy.

Households do not have access to any credit market, but each period they are
endowed with a stochastic flow of the tradable good y!, which follows a first-order
Markov process. They are also entitled to equal shares of profits 7; (denominated
in terms of the tradable good) from firms producing the non-tradable good and face
both a proportional tax (subsidy) on the consumption of the non-tradable good 7; >
0(< 0), and a lump-sum tax (transfer) of 7x; > 0(< 0) units of the tradable good.
The flow budget constraint of a household in units of the tradable good is then given
by

C,T-l—(l-l-ft)p,ciw Sy,T-l-w,h,-l-ﬂ?,—tx, (3.4)

Taking as given the sequences of: i) the relative price of the non-tradable good,
{p:}72, ii) the wage in terms of the tradable good, {w;}:*,, iii) the stochastic en-
dowment of the tradable good, {y/ }7 . iv) the effective labour supply, {h}7,
and v) fiscal policy variables, {7,1x; };>,; households choose the sequences of con-
sumption of the tradable and non-tradable goods {c!,cV T}I‘X’ZO to maximise (3.1)
subject to the consumption aggregator (3.2), and the sequence of budget constraints

given by (3.4). The first order intra-temporal optimality condition of households is:

Gnr (cT,eNT 1— T\t
chT((CC; c[\t/T)) = ( ww> (;\t]T) = (1+Tt)pta (3.5)
t &t t

which implies that for consumption to be optimal, the ratio of consumption between
the tradable and non-tradable good must be uniquely determined by the gross rela-

tive price of the non-tradable good.

3.2.2 Firms

There is a continuum of identical competitive firms owned by households, which
produce the nontradable good using only labour. A representative firm has access to

the technology .% (hP) = (hP) *, where a € (0, 1) determines the degree of marginal
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diminishing returns when using an additional unit of labour and 4" represents ag-
gregate labour demand. As in Neumeyer and Perri (2005) and Sosa-Padilla (2018),
at the beginning of each period firms face a working capital constraint in the sense
that they must pay in advance a fraction k of their wage bill, which obliges them
to demand loans l,D , measured in units of the tradable good, from local banks to be
paid at the end of the period with interest rate if.

Every period the representative firm chooses the optimal values of aggregate

labour demand and loans such that it maximises profits:
m = max p, F(hP)+1P —whP — (1+i)iP
{nP 1P}

s.t. kwhP < 1P (3.6)

In equilibrium, the working capital constraint (3.6) holds with equality since
it is not optimal for the firm to demand loans beyond the wage bill to be paid in

advance. Therefore, profits are given by

7, = max py F(hP) — (1 + xilyw hP (3.7)
h

t

and the optimality condition to determine AP is

o F(WP) = pa (W) = (14 kil )w, (3.8)

3.2.3 Government

Following Chatterjee and Eyigungor (2012), at the end of every period the govern-
ment issues 1; units of a real debt bond with random maturity. Each unit matures
at the end of next period with probability 6 € (0,1) and pays one unit of the trad-
able good. Any non-maturing sovereign bond yields a coupon of 6 > 0 units of the
tradable good instead. Here I consider the polar case in Na et al. (2018) in which
the small open economy, being a member of a monetary union, has a currency peg

and its government has full commitment to repay its debt. Absent default risk, the
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average maturity period of a random-maturity bond is equal to 1/6.

It is assumed that the realisation of maturity is independent between bonds,
which implies that in any period a fraction 6 of the outstanding stock of sovereign
bonds matures with certainty. Hence, the evolution of the stock of debt of the gov-
ernment b, is given by

bt = l[‘i‘ (1 — Q)b,_l.

Non-maturing bonds issued on different dates are indistinguishable and can be
traded in any period at the same ex-coupon price g;. Any proceeds from the par-
ticipation of the government in the international credit market, are rebated to the
households in the form of a lump-sum tax (transfer) of 7x; units of the tradable
good. It is assumed that the government does not play any Ponzi games in the
international credit market.

On the other hand, to eliminate the inefficiency in the labour market generated
by a positive interest rate on intra-period loans to firms, the government imposes a
proportional tax (subsidy) 7; on the household’s consumption of the non-tradable
good measured in units of the tradable good. Let /; denote the equilibrium value
of intra-period loans. The value of the proportional tax is such that in equilibrium,

every period the interest rate on loans iﬁ is equal to zero, i.e. the condition

Lel-D)
- CO) (c/)eh (3.9)

1—|—’L}=OCK‘( ,
w I

holds. All these flow transactions are summarised in the budget constraint of the

government:

Ttpzcﬁw +1x; +Qt(bt - (1 - e)bt—l) = (9 + 3(1 - 9))17171 (3.10)

3.2.4 Foreign lenders

A continuum of risk-neutral foreign lenders trade risk-free one-period bonds de-

nominated in units of the tradable good, and random-maturity sovereign bonds in
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the international credit market. In every period a sovereign bond is priced by the

non-arbitrage condition

_ 0 +E[(0+q41)(1—0)]
qi

1+i*

in which the expected return of the random-maturity bond must be equal to the
risk-free gross return on the one period asset 1+ i*. Absent any sources of risk the

long-run equilibrium price of the sovereign bond is given by

0+5(1-0)

3.11
"+ 0 1D

g=

Despite the assumption of full commitment of the government to repay its debt,
which closes the door to the possibility of endogenous default risk, I introduce a
notion of exogenous risk following Neumeyer and Perri (2005) and Na et al. (2018).
In particular, let 1/g, be the implied gross interest rate of one random-maturity
sovereign bond with an average maturity of 1/6. I assume that the spread or country

risk factor

In(s;) = In (%) (3.12)

follows a first-order Markov process.

Foreign lenders are also the shareholders of the local banks of the small open
economy. At the beginning of each period, they deposit d* units of the tradable
good from their holdings of the risk-free asset and transfer ownership of a fraction
v of their outstanding holdings of local sovereign random-maturity bonds to banks
in the periphery economy. At the end of the period, foreign lenders are entitled to
¢ units of the tradable good in the form of bank dividends and claim ownership of

the outstanding random-maturity sovereign bond holdings of banks.

3.2.5 Banks and unconventional monetary policy

There is a continuum of competitive and risk-neutral identical banks which, as in

Chang and Velasco (2017), exist only for one period and maximise its current-period
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dividend ¢, measured in units of the tradable good. At the beginning of each period,
the role of the bank is to intermediate resources in the form of intra-period loans
to firms using external financing coming from deposits d*, which yield a deposit
interest rate i = i*, and the proceeds from its participation in a private secondary
market of random-maturity bonds where any bond is traded at the market stochastic

price g;.

Unconventional monetary policy and loan supply of banks. At the beginning of
any period, the central bank of the monetary union might choose to buy a fraction
8B of the stock of non-maturing sovereign bonds in hands of the bank at unit
price g¢2 > g,. The realisation of this open market operation is an autonomous and
exogenous decision of the central bank. Therefore, in a no-unconventional policy
scenario )(,CB = 0. To be as close as possible to the scenario observed during the

sovereign crisis of 2011-2012, a simple monetary policy rule is assumed:

o |x e ifZ—1<0and %—1‘>threshold
X = (3.13)

0 otherwise

This targeted rule is implied by the nature of the implementation of the long-
term refinancing operations which were not only increased in amount but its final
term was also increased to up to 3 years once the yield rates of sovereign bonds

started to increase (Reichlin, 2014b).

As in Sosa-Padilla (2018), the bank’s loans supply Z° is limited to the available
funding at the beginning of the period, which is determined by deposits and the re-
alisation of the open market operation with the central bank of the monetary union.
Since random-maturity bonds either mature or generate a coupon until the end of

the period, the lending constraint affecting the bank is

B <d +qf +q“BxByb, (3.14)

The problem of the bank. The unique role of the representative bank is to inter-
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mediate resources to firms in the form of intra-period loans using available funding,
and its ownership structure determines that the bank does not take any intertemporal

decisions. The sequence of budget constraints of the bank is:
O =il +4; Wby il —id (3.15)

In every period, given: i) exogenous net deposits payments i*d*, ii) the stochas-
tic price g, iii) the interest rate on loans i/, and v) unconventional monetary policy
summarised by {x°B,¢B}; the static problem of the bank is to maximise (3.15)
subject to the lending constraint (3.14), by choosing its sales of random-maturity
sovereign bonds 12 and its loans supply ;.

The first order conditions of the problem with respect to the supply of loans

and the static Lagrange multiplier on the lending constraint (A) are:

il=2
15 <d* +(q(1—xB) +qBx B wb,

A = |+ (@ (1= 2) + a2 Pyt | ) =o.
which imply the loan supply function

&+ (i (1= ") + 47 2P )by i >0
IS = (3.16)

0 if il <0

Notice that, given exogenous deposits, once shocks and unconventional mon-
etary policy are realised at the beginning of the period, equation (3.16) implies that

there is a fixed supply of loans from banks every period.

3.2.6 Nominal wage rigidity and currency peg

The small open economy is characterised by the existence of two nominal rigidities.

First, as in Bianchi and Mondragon (2021) and Bianchi et al. (2021), the wage per
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hour measured in units of the local currency, W;, is partially rigid in the sense that
there exists a minimum wage value W such that W, > W has to hold in every period.
Second, because of its membership to a monetary union, the periphery economy has
ade facto currency peg which implies that its nominal exchange rate is always fixed.
Let e be the fixed value of the nominal exchange rate of the small open economy.

The joint presence of these two nominal rigidities implies that
wr > w, (3.17)

where w = % Hence, the real wage measured in units of the tradable good is also
rigid and in the general equilibrium of the economy, the amount of hours supplied

to the labour market by households might be rationed in the sense that
h, = min {hP h}.
As a consequence, in every period the complementarity slackness condition
(W—w;)(h—h) =0 (3.18)

must hold in equilibrium. If w; > w the small open economy is in a full employment
equilibrium, i.e. h, = h. Otherwise, if w; < W, the periphery economy is in an
involuntary unemployment equilibrium (k, < h), and the real wage must be equal to

the minimum wage w.

3.2.7 General equilibrium

In equilibrium, the market for the non-tradable good must clear every period, i.e.
M =7 (). (3.19)

Moreover, the equilibrium value of loans /; must be determined by the equality be-

tween the loans supply of banks and the loans demand from firms. This equilibrium
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condition, together with condition (3.9), imply that the equilibrium value of the in-
terest rate on loans i is equal to zero in every period. Hence, from equation (3.16),

the equilibrium value of loans is given by
b=d* + (g (0= 2) + 47" 2P wbia (3.20)

The flow budget constraint of households (3.4), together with the equilibrium
value of the interest rate on loans, maximum firms profits (3.7), the flow budget
constraints of the government (3.10), and the equilibrium condition of the non-
tradable good market (3.19), imply that the resource constraint of the tradable good
is:

C;T :ytT+Qt(bt - (1 - e)bz—l) - (9+5<1 - 9))b171- (3.21)

Now it is possible to define the general equilibrium of the small open periphery

economy member of a monetary union.

Definition 1. Given the sequences of fiscal and monetary policies {b:};,
{q°B, x B}, the stochastic sequences {yI s}, the values of the number of
hours supplied to the labour market by households h, the fraction x of the wage-bill
to be paid in advance by firms, the probability 0, the coupon 0, the real inter-
national interest rate i*, the amount of deposits d*, the fraction Y of the stock of
sovereign random-maturity bonds in hands of the banks, the minimum wage w, and
the initial value b_; the general equilibrium of the small open economy, member
of a monetary union, is the sequence of: allocations {C,T ,cNT hy WP, };o:o, relative

prices {pr,w }2, interest rates {i'}, and taxes {T;,tx;}? such that:

1. Households maximise utility, i.e (3.4) and (3.5) hold given {pt,wt,y,T,ht, T,

tXt }:o:().

2. Firms maximise profits, i.e (3.6), (3.7) and (3.8) hold given {p;, wr, if};’;o and

K.

3. T is determined by (3.9).
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4. The sequences of flow budget constraints of the government (3.10) hold given
{t,q:}7gandb_y, 6, O.

5. ig =0 for allt given 1.

6. Banks maximise dividends, i.e. (3.15) and (3.20) holds given {ii,q,,thB ,

ch B};ZO‘

7. The equilibrium condition of the non-tradable good market (3.19) holds.

8. Labour-market conditions (3.17) and (3.18) hold.

9. The resource constraint of the non-tradable good is given by (3.21).

3.2.8 Shocks and unconventional monetary policy transmission

in partial equilibrium

The issuing of new sovereign random-maturity bonds is the only (implicit) intertem-
poral decision in the model. By assuming as fixed the stock of sovereign debt b and
the lump-sum tax zx, it is possible, from a partial equilibrium perspective, to charac-
terise the transmission of shocks and unconventional monetary policy in the small
open periphery economy.

Let { = [yT,s] be the vector of correlated exogenous shocks and .Z =
[¢B, xCP] the vector of unconventional monetary policy variables determined by
the central bank of the monetary union. Once {, .# and d* are realised at the be-
ginning of any period, the consumption of the tradable good consumption ¢! and
loans / are determined by the resource constraint (3.21) and equation (3.20), re-
spectively. From here, the intra-period interaction of markets for the non-tradable
good, domestic credit, and labour, determines the (partial) equilibrium values of the

non-tradable good consumption, its relative price, the real wage, and hours worked.
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Following Definition 1, the system of equations

p= aéha (PE.1)
w = o ph®~! (PE.2)
w > (PE.3)
(w—w)(h—h) =0, (PE.4)

determine p, w and h. Equation (PE.1) is the representation of the interaction be-
tween the domestic credit market and the non-tradable good market, and it is ob-
tained by substituting the expression for 7 in (3.9) and the equilibrium condition
(3.19) into equation (3.5); whereas equation (PE.2) represents the interaction be-
tween the credit market and the labour market and it is obtained from the optimal
demand for labour (3.8), after substituting for the equilibrium value of the inter-
est rate on loans. On their part, equations (PE.3) and (PE.4) are just the partial

equilibrium versions of the labour market equilibrium conditions (3.17) and (3.18).

The key component to understanding the transmission of shocks and uncon-

ventional monetary policy is the in-equilibrium labour demand function

h= P (3.22)
which comes from the substitution of equation (PE.1) into equation (PE.2). Notice
that (3.22) is just the equilibrium representation of the working capital constraint in
(3.6). To fully grasp how both shocks and policy are transmitted, let the periphery
economy start from a situation in which i) there is no intervention of the central bank
of the monetary union (.# = 0), and ii) the initial (partial) equilibrium allocation
of the small open economy is such that there is full employment (4 = h), and the
equilibrium real wage is equal to the minimum real wage w. Then, a new set of
correlated shocks {~ < ( is realised, along with new values of consumption of the

tradable good ¢~ < ¢! and loans [({ ™) < 1({).
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Figure 3.2.1: Transmission of shocks and unconventional monetary policy in partial

equilibrium
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Figure 3.2.1 shows the interaction of the domestic credit and labour markets
given shocks and unconventional monetary policy in a partial equilibrium setting.
The left panel represents the equilibrium of the domestic credit market. In the initial
situation of the economy, with no unconventional monetary policy, the thick verti-
cal line shows the bank’s supply of loans, whilst the thick negatively-sloped curve
represents the firm’s demand for loans given 7. The initial (partial) equilibrium
amount of loans is /({). On the other hand, the right panel shows the equilibrium in
the labour market. The thick vertical line represents the inelastic supply of hours of
work by households, whereas the thick negatively-sloped curve is the representation
of the in-equilibrium demand function in (3.22). As assumed before, in the initial
equilibrium situation 2 = h and w = W.

With no unconventional monetary policy, Figure 3.2.1 shows that the new re-
alisation of shocks implies a contraction of both the supply of loans and demand for
loans, which is represented by the dashed-dotted vertical and curve loci in the left
panel. The reduction in the supply of loans is induced by the fall in the price of the
sovereign random-maturity bonds, whilst the fall in demand is mainly determined
by the adjustment of 7. Since demand for hours of labour is determined by loans
(see equation (3.22)), the credit crunch in the domestic credit market induces a re-
duction in the demand for hours for any value of the real wage. This is shown by the

dashed-dotted negatively-sloped curve in the right panel. Given the new demand for
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hours of labour demand, full employment would imply the real wage to be equal to
w(& ™) < w, but the real wage rigidity implied by equations (PE.3) and (PE.4) set
the new value of the real wage to w, inducing a new equilibrium value of hours of
labour equal to l(f.—v;) < h. The new (partial) equilibrium allocation is one in which

there is involuntary unemployment, less consumption of the non-tradable good and

a reduction of its relative price.

It is now straightforward to characterise the transmission of policy in a coun-
terfactual scenario where, apart from the negative and correlated shocks, unconven-
tional monetary policy is active (.#Z > 0). From equation (3.20) it is easy to see that
compared with a situation with no policy intervention, the open market operation
implemented by the central bank of the monetary union implies a higher supply
of loans by the bank. This situation is represented by the dashed-thick vertical
line in the left panel of Figure 3.2.1 together with the accommodated dashed-thick
curve representing loans demand by firms. The counterfactual (partial) equilibrium
amount of loans is [({™,.#) > 1({ ). As a consequence of this new alternative
value of equilibrium loans, in-equilibrium labour demand does not fall as much as
in the scenario with no policy, as it is represented by the dashed-thick negatively-
sloped curve in the right panel. In the particular instance of Figure 3.2.1, unconven-
tional monetary policy does not eliminate involuntary unemployment but reduces it
compared to the no-policy scenario, going against the negative effects of the credit
crunch generated by both the falling stream of income and the decreasing price of

the random-maturity bonds.

From this characterisation, it is possible to see that equilibrium in the labour

market can be summarised by the condition

W, ) :min{%,ﬁ} (3.23)

which will be key to characterising the optimal general equilibrium allocation under

the optimal debt policy of a government with full commitment.
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3.2.9 Equilibrium under optimal debt policy with commitment

Here I consider the case of the government of a periphery small open economy
member of a monetary union, which optimally chooses how many random-maturity
bonds to issue each period in order to maximise the welfare of the representative
household as measured by the utility function in (3.1). The government is char-
acterised by its full commitment to repay its liabilities in the international credit
market in every period. This setting is close to the extreme case in Na et al. (2018),
where commitment is associated with an implicit bailout of the agents of the econ-
omy.

Lemma 1 establishes the recursive problem of the government under full com-
mitment. Its solution fully characterises the general equilibrium allocation de-

scribed in Definition 1.

Lemma 1. Given the vector of exogenous states {, and unconventional monetary

policy summarised by .# . The solution to the optimal debt problem:

V(¢ by tt)= max % (€(cT,F(h))+BEV (V.4

{cT hb'}
st el =yT +qb' —(0+(1—0)(g+8))b (3.24)
h < h(C,b;.4)
where
d* CB ,,CB b _
h(C, by ) :min{ +an(s) +a A7) ,h} (3.25)
Kw

fully characterises the equilibrium allocation described in Definition 1.
Proof. See proof in Appendix 3.A. U

3.3 Quantitative assessment

A quantitative assessment of the possible effects of unconventional monetary policy
in a periphery economy member of a monetary union, is presented based on the

solution to the optimal debt problem in (3.24) calibrated to the economy of Spain.
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3.3.1 Solution to the optimal debt problem

Following Schmitt-Grohé and Uribe (2016), I assume that the Markov processes of
the tradable good endowment and the country-risk factor are correlated in such a

way, that they can be estimated via the VAR(1) model specification:

In(y!) In(y! ) T
=T + & i:—Z,_szzE,

In(s;) In(s;—1)

To estimate the VAR(1) model, I constructed measures of y' and s using data
from Spain in a period covering the first quarter of 1995 and the second quarter of
2010. In the first case, using the chain linked volume aggregates of value added
and aggregates of imports and exports by industry, downloaded from Eurostat, the
measure of tradable output is the aggregate of the linked volume value added of
industries for which their total amount of imports and exports accounted for at least
10% of its value added.! After applying the Hoddrick-Prescott filter on this measure
of tradable output, the measure of y’ is the cyclical component of the cycle-trend
decomposition.

For the case of the country-risk factor, a measure for g was constructed from the
inverse of the quarterly real gross yield of the outstanding long-term sovereign debt
of Spain. The nominal yield on government bonds was obtained from the IMF’s
international financial statistics, which was transformed into a real interest rate by
dividing its gross value by an estimated forecast of the future quarterly inflation
rate.” The measure of g is the inverse of the long-run average of the real gross yield
on long-term government debt. Finally, s is computed as the ratio ¢/4.

Once the estimated matrices {I, i} are available, a finite-state approxima-
tion of the exogenous states in § is performed following Schmitt-Grohé and Uribe
(2009). Based on an evenly spaced grid of 31 points for y’, and 16 points for ¢, a

discretisation of 469 non-empty states is obtained, along with its respective prob-

"Here I decided to adopt the threshold suggested by Bianchi and Mondragon (2021).

2 As suggested by Na et al. (2018), the model to forecast inflation is based on the best AR spec-
ification determined by the Bayesian information criteria. Quarterly data on the CPI index from
IMF-IFS was used to construct the inflation measure.
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ability transition matrix. The optimal debt problem is then solved using a finite
horizon value function iteration algorithm, based on the described finite-state ap-
proximation of the exogenous states, an evenly spaced grid of 200 points for the

outstanding level of random maturity bonds b, and the Bellman equation (3.24).

Table 3.3.1: Parameters used for the calibration of the model

Parameter Value Source

B 0.985 Naetal. (2018)

o 2.0 Bianchi and Ottonello (2023)

13 0.5 Bianchi and Ottonello (2023)

0] 0.26 Bianchi and Ottonello (2023)

h 1 Normalisation

w 0.75 Calibrated to reach average unemployment of 14%.

y 0.33 Balance sheet of the financial sector. Source: Bank of Spain.

1.0 Assumption
0.989 (Inverse) average gross real yield of Spain’s government debt 1999Q1-2010Q2.
0.05 Chatterjee and Eyigungor (2012)
0.01 6, g and equation (3.11).
0.2 Consolidated balance sheet of the Eurosystem and Spain’s ECB capital key.

R OO R
Q
>~

The values of the structural parameters used are listed in Table 3.3.1. The val-
ues for B,0,& and w are standard in the business cycle literature based on models
for Spain or a close periphery country such as Greece. The inverse of the average
random maturity of bonds, 0 is taken from Chatterjee and Eyigungor (2012) and,
as is also usual in the related literature, the maximum amount of labour hours is
normalised to 1. Given a long-run value of outstanding government debt with re-
spect to GDP of 0.5 during the aforementioned period of the economy of Spain, and
a value of outstanding sovereign debt with respect to GDP of 0.16 in the balance
sheet of the financial sector, the value of v is calibrated to 0.33.

Given the value of g used in the estimation of the VAR process and the value
of 6, the coupon ¢ is calibrated following the steady state equation (3.11). From
the ECB’s capital key for Spain, which determines the shares of the ECB’s as-
set purchases from country members, and the 2011-2012 average increase of the
long-term refinancing operations carried out by the ECB, as registered in the con-
solidated balance sheet of the Eurosystem, the unconventional policy fraction y“8
was approximated to a value of 0.2. Finally, the minimum wage w was calibrated

such that average unemployment in the simulations including the unconventional
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monetary policy parameters, was approximately 14%.

3.3.2 Identifying a sovereign debt crisis

A sovereign crisis, as the one witnessed by the periphery countries of the European
monetary union between 2011 and 2012, is identified via a 1,200,000 times simu-
lation of the solved model in subsection 3.3.1. A special and unique feature of the
European sovereign crises was the continuous increment in the yield on the periph-
ery government debt bonds during this two-year period. Based on this fact, from
the simulations of the model we select 16-quarter windows for which during the
last 8 quarters ¢ falls by 2 or more unconditional standard deviations with respect
to g. Following this strategy, a total of 1423 windows are identified. The mean
value for the main outcome variables of the model within the windows are shown

in Figure 3.3.1.

0.982 0.990 -
0.980 |
o = 0.985
0.978 | 0.980
0976 | | | , , 0975 b . i |
-6 -3 0 3 6 -6 -3 0 3 6
< 14.4 0.96
— 143 0.95
= o 0.94
S 14.2 0.93
| 141 0.92
s 14
0.96
0.8920 |
0.94 0.8915
& = 10 +
© 092 f =, 0.89
0.8905
0.90 1 1 1 1 1 1 0.8900 - 1 1 1 1 1
-6 -3 0 3 6 -6 -3 0 3 6
quarters quarters

Figure 3.3.1: Identified patterns of selected variables after a negative shock on ¢

It is clear from the pattern of ¢ that the lowest level of the sovereign bond price
is reached in the second part of the 4-year window. As the Markov processes of ¢

and y” are correlated, it also can be seen that during most parts of the selected time

111



Chapter 3. The stabilisation role of UMP in the periphery of a monetary union 3.3. Quantitative assessment

windows, tradable output is below its steady-state level. However, between 2 and 3
quarters before the second 8-quarter period y’ , it shows an increasing pattern, which
is inconsistent with what was observed in the sovereign crisis period. This can be
explained mostly by the low estimated unconditional correlation of 0.33 between
both Markov processes. Another rather inconsistent feature is the increasing pattern
of the level of outstanding government debt b during the second part of the window
period.

To better identify the sovereign crisis, a condition on the level of tradable out-
put was also included on top of the condition for g. Namely, y/ must be at least one
standard deviation below its steady-state level. The intersection of the two criteria
left only 216 windows of 16 quarters, which gives a flavour of extreme event to the
identified windows. Figure 3.3.2 presents the mean patterns of the main variables
of the model along the 2-year window. The pattern of tradable output y’ is now
decreasing during most of the period. More importantly, the pattern of outstanding
sovereign debt b is decreasing in a subperiod that covers 3 quarters before the sec-
ond part of the window period and 4 quarters within it, which closely resembles the
solvency problem of the periphery European economies during the sovereign debt
crisis.

Moreover, the patterns are consistent with the two-crisis scenario documented
by Reichlin (2014b), i.e. the periphery European economies facing a sovereign
debt crisis in the aftermath of the great financial crisis of 2007-2008. Hence, it is
this last scenario the one that we identify as a sovereign debt crisis under an active
implementation of unconventional monetary policy according to the rule in equation
(3.13). To assess the impact of policy, we need to construct a counterfactual scenario

under no implementation of unconventional monetary policy.

3.3.3 A counterfactual scenario for the assessment of the effects

of unconventional monetary policy

In the same spirit of the approach in Cui and Sterk (2021), a counterfactual scenario

under no implementation of unconventional monetary policy is provided by solving
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Figure 3.3.2: Identification of a sovereign debt crisis in a periphery economy

the optimal debt problem whilst completely switching off the role of the rule in
equation (3.13), i.e. by imposing ¥ = 0 regardless of the value of ¢/4. As in
the baseline scenario with policy implementation, the solved model is simulated
1,200,000 times, and the same criteria used to identify the sovereign debt crisis in
subsection 3.3.2, are imposed to obtain a new set of 16-quarter period windows.
The contrast between the patterns under the baseline scenario and the no policy

counterfactual scenario is shown by Figure 3.3.3

The contrast between the patterns of the unemployment rate # and non-tradable
consumption c¥7 is evidence of the credit channel of unconventional monetary pol-
icy portrayed in Figure 3.2.1. In the context of a systematic fall in the price of
sovereign bonds, the implementation of unconventional monetary policy loosens
the lending restriction of banks and indirectly the working capital restriction of
firms. In contrast to the counterfactual scenario, unemployment is reduced which
implies an increase in the consumption of the non-tradable good. This is observed
all along the 4-year period given the targeted nature of the unconventional monetary

policy rule.
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Figure 3.3.3: Assessment of the stabilisation role of unconventional monetary policy

Despite the positive effects, the optimal decisions regarding government debt
and the consumption of tradable goods are practically unchanged, implying that
the changes in employment and their effects on consumption are not big enough
to produce optimal changes in the endogenous state of the model b. Notice that
the counterfactual reductions in the unemployment rate are always less than one
percentage point, and so are the falls in the consumption of the non-tradable good.
Quantitatively, the stabilisation role of unconventional monetary policy is positive

but small.

3.4 Conclusions

Based on a model for a small open economy which is a periphery member of a
monetary union, the critical role of the credit channel of unconventional monetary
policy is emphasised by imposing a lending restriction on banks which finance the
working capital of firms producing a consumption non-tradable good. The context is

one in which the government issues random-maturity bonds to smooth households’
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aggregate consumption by issuing random-maturity bonds in the international credit
market. In this economy, a fixed nominal exchange rate and a downward rigidity
on nominal wages end up imposing a real wage rigidity, which might generate a
rationing of the fixed supply of labour of households.

The small open economy is subject to exogenous shocks on an endowment of a
tradable good for consumption and on the exogenous price of the random maturity
sovereign bonds. By summarising the general equilibrium of the model into an opti-
mal debt problem of the government, we solve and calibrate the equilibrium path for
the economy of Spain using quarterly data covering a period of 10 years previous
to the sovereign debt crisis of 2011-2012. We then simulate the model to identify a
scenario which resembles the crisis including the role of the implementation of an
unconventional monetary policy by an external central bank with the unique role of
buying a fraction of the sovereign bonds in the balance sheet of banks in case of a
significant fall in the market price of such bonds.

A counterfactual scenario in which the role of the external central bank is com-
pletely shut down allows us to uncover and quantify the effects of the implementa-
tion of policy. The implementation of unconventional monetary policy has positive
and welfare-improving effects summarised via a systematic reduction in the unem-
ployment rate of households and a corresponding increase in the consumption of
the non-tradable good. Nonetheless, the effects are small enough to not generate
changes in the optimal decisions of debt issuing of the government. In particular,

the reductions in the unemployment rate are less than 1 percentage point.
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Appendix

3.A Proof of Lemma 1

Consider the optimal conditions

1P = xcw,hP (3.26)

b= d* +(q(1=277) + a7 2P ) Wi (3.27)
Wy > W (3.28)
(W—w;)(h—h;) =0. (3.29)

Solving for A, from the pair of equations (3.26) and (3.27) we obtain:

_ & (a1 x°) + PP v

hy s (3.30)
Given b;_1, starting from (3.30) let us consider the object:
* 1 — CB CB.,CB -
th/ — d +(qt( Xl‘ )+qt Xl‘ )Wbt 1 ) (331)

Kw

and let w; be the real wage that clears the labour market. From (3.28) and (3.29):
i) if w < w; then hy > h, and h; must be equal to h, i) if W > w; then hy < h = h;.

Then w; = w and h; = hy; < h. Hence

he = min{hg, 7} (3.32)

is consistent with equilibrium in both the credit market and the labour market. Once
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h; is determined by (3.32), equation (3.27) and the optimal conditions (3.8) and (3.9)
determine {p;,i’, 7}, and cN7 is also determined as .% (h,).

Now, given b;_1 and b; equation (3.21) is consistent with the equilibrium in
the non-tradable goods market, the maximum profits of firms and the flow budget
constraint of the government, then any value of b; which comes from the solution

of problem (3.24) must characterise the equilibrium allocation in Definition 1.
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Conclusions

There are multiple takeaways from this thesis. First, it manages to highlight impor-
tant and novel aspects of the transmission mechanism of unconventional monetary
policies which can be easily related to policy design discussions. Chapters 1 and
2 put in the insurance aspect of the transmission of policy either against purely id-
1osyncratic unemployment risk that cannot be self-insured by individuals, or against
intrinsic uncertainty which makes risk-averse individuals to be cautious in the face
of shocks. This insurance aspect of the implementation of unconventional mon-
etary policy, is especially important in recession contexts in which agents of the
economy are more vulnerable to the presence of financial barriers or frictions and

its aggregate consequences.

In the particular context of a monetary union, unconventional monetary pol-
icy serves as a stabilisation instrument in the presence of increasing sovereign risk.
The small quantitative effects also remind us of other potential channels that are not
being taken into account by our analysis but that can be affected by the implemen-
tation of policy. One of these channels can be the extraction of default risk that this

kind of policy can also have in the context of increased sovereign risk.

In general, the thesis makes an important contribution to the understanding
of the role of different frictions in the economy and its role in the transmission
mechanism of unconventional monetary policy. The analysis presented here further

strengthens the consensus that policies based in the change of composition and size
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of the balance sheet have real effects because of the presence of these frictions, but
also because they have a particular fiscal side which can either annulate such effects

or amplify them.
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