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1 Introduction

Unconventional monetary policy and idiosyncratic uncertainty are arguably two of the most debated
topics in macroeconomics in the past fifteen years. Since the Great Financial Crisis of 2007-2009,
most central banks in advanced economies have progressively increased the use of unconventional
balance-sheet policies to overcome the limitations to conventional policy implied by the effective
lower bound (ELB) on the nominal interest rate. The heavy use of such policies, when the cross-
sectional impact of the financial crisis had increased economic inequality to record-high levels,
stimulated a lively policy debate about the distributional implications of monetary policy, and the
role of heterogeneity and idiosyncratic uncertainty.! On the academic side, while the empirical
research has scrutinised both dimensions of policy,? the theoretical literature so far has mostly
focused on the distributional implications of interest-rate policies.?

This paper aims at contributing in this dimension and provides a theoretical analysis of the
interplay between unconventional balance-sheet policies and idiosyncratic uncertainty in a small-
scale New Keynesian model with heterogeneous households and credit frictions. We introduce
heterogeneity and idiosyncratic uncertainty in a tractable framework d la Bilbiie (2018), and use
insights from Benigno and Nistico (2017), Benigno et al. (2020) and Sims et al. (2021).

In our model economy, households are either savers or borrowers. The savers smooth consump-
tion over time investing in short-term deposits, work in the production sector and own the financial
and non-financial firms. The borrowers are relative more impatient, work in the production sector
and issue long-term bonds. In equilibrium, they have a higher marginal propensity to consume
(MPC) and a lower level of disposable labor income with respect to the savers. Importantly, house-
holds only learn at the beginning of the period whether they are savers or borrowers, and cannot
insure against the ensuing idiosyncratic income and consumption risk. An intermediation sector
issues short-term deposits to the savers and backs them with reserves from the central bank and
long-term bonds from the borrowers. In purchasing the latter, they face a leverage constraint that
makes room for unconventional policy. The central bank issues reserves and purchases long-term
bonds, besides controlling the short-term nominal interest rate, while the fiscal authority collects
taxes and makes transfers on a balanced budget.

We show that idiosyncratic uncertainty plays a key role in shaping the transmission of expan-
sionary balance-sheet policies to aggregate demand, in particular by mitigating the propagation and
amplification of negative shocks through their effect on consumption risk.

In our economy, indeed, unconventional monetary policy affects current aggregate spending
through three channels. The first, familiar one works through the relaxation of the leverage con-
straint of financial intermediaries, which reduces borrowing costs and stimulates borrowers’ con-

sumption. Idiosyncratic risk and cyclical inequality imply two additional and novel channels. The

!See Yellen (2014), Bernanke (2015, 2017), and Schnabel (2021), among others.

2See Colciago et al. (2019) for a recent survey of the main empirical literature, discussing the lack of a general
consensus on the effect of monetary policy — particularly along the unconventional dimension — on inequality.

3See Cornemann et al (2016), Kaplan et al (2018), Bilbiie (2018), Auclert (2019), and Acharya and Dogra (2020),
among others. Two exceptions are Cui and Sterk (2021) and Sims et al (2022).



“idiosyncratic-risk channel” in particular is key for the transmission of persistent balance-sheet
policies: improving consumption expectations for the borrowers reduces consumption risk for the
savers which, in turn, find it optimal to reduce their precautionary savings and expand their current
demand. This substantially amplifies the expansionary effect of an unconventional monetary policy
shock that initially only affects the borrowers. Through the “cyclical-inequality channel”, more-
over, a persistent increase in central bank’s reserves further stimulates current aggregate demand if
consumption inequality is structurally countercyclical (as the empirical evidence suggests): the fall
in expected inequality is amplified in general equilibrium by the expected boom in output, which
reinforces the fall in consumption risk for the savers and their incentive to increase current spending.

We show that, through the “idiosyncratic-risk channel”, unconventional monetary policy im-
proves the ability of the central bank to anchor the private sector’s expectations and rule out
endogenous instability, regardless of whether the economy is in a liquidity trap or not. Endogenous
unconventional policy rules in this economy can perfectly substitute for conventional interest-rate
feedback rules in the implementation of a (locally) unique rational-expectations equilibrium. Appro-
priate balance-sheet policy rules allow uniqueness of a stationary rational-expectations equilibrium
even in the case of an interest-rate peg, or a permanent liquidity trap.

This result is particularly meaningful because it implies that unconventional monetary policy
allows the central bank to fully stabilise inflation and the output gap even in the face of shocks
that the conventional dimension of policy would find impossible to sterilise due to the ELB on
nominal interest rates. We show, however, that (unconventional) strict inflation targeting is not
necessarily an optimal policy regime from a welfare perspective, as it may require strong and
persistent effects on consumption inequality that are detrimental for social welfare. Nevertheless,
the optimal conventional-unconventional policy mix improves the ability of the central bank to
reduce fluctuations in inflation and the output gap during a liquidity trap, and may promote a
swifter exit from zero-interest rate policies.

Our analysis therefore rationalises the benefits of the recent evolution of central banking in ad-
vanced economies towards the “new-style” regime, where both the conventional and unconventional
tools are endogenously activated in response to the state of the economy.

This paper contributes mainly to two strands of the theoretical New-Keynesian literature.

The first one is the Heterogeneous Agents New Keynesian (HANK) literature, and in particular
the analytical HANK literature.* With respect to this strand of the literature, and in particular
with respect to Bilbiie (2018) which we follow in the tractable specification of heterogeneity and
idiosyncratic risk, we contribute by introducing borrowing agents and credit frictions and by focusing

on the unconventional dimension of monetary policy, whereas virtually all of the literature has so

4The acronym is due to Kaplan et al (2018), initiating the quantitative HANK literature using frameworks with a
rich household heterogeneity due to market incompleteness and generally require computationally demanding numeri-
cal methods to be solved. A non-exhaustive list of contributions in the analytical HANK literature, which instead uses
tractable versions of the HANK model to scrutinise the theoretical channels and implications, includes Acharya and
Dogra (2020), Acharya et al (2022), Bilbiie (2018, 2020), Challe (2020), Debortoli and Gali (2018, 2021), Ravn and
Sterk (2018), Werning (2015). For a review of this literature, see Gali (2018); for a discussion of the relation between
the HANK model and the corresponding Representative-Agent New-Keynesian (RANK) counterpart, see Kaplan and
Violante (2018).



far focused on the conventional interest-rate policy.” Notable exceptions are Cui and Sterk (2021)
and Sims et al (2022), which study the implications for unconventional policy of a prototypical
quantitative HANK model. The former focus on the implications of different MPCs out of liquid
versus illiquid assets, and find that, while balance-sheet policies can be highly stimulative, they
also bear the welfare cost of potentially increasing inequality in the long run. The latter focus on
credit frictions in an economy where the borrowing agents are wholesale firms financing purchases
of physical capital by issuing long-term bonds, and find instead that the response of the economy
to unconventional policy is essentially the same as in the RANK model. With respect to these
papers, we exploit the tractability of our model to analytically characterise the additional theoretical
transmission channels that idiosyncratic risk and cyclical inequality imply for balance-sheet policies.

We also contribute to the theoretical literature on unconventional monetary policy.® With the
exception of the two papers above, most of this literature has focused on the aggregate dimensions
of balance-sheet policies, regardless of whether the economy is populated by a representative house-
hold (as e.g. in Gertler and Karadi, 2011 and 2013, Benigno and Nistico, 2020, Sims and Wu, 2021,
Karadi and Nakov, 2021, Benigno and Benigno, 2022, Bhattarai et al, 2022) or two types of hetero-
geneous households (as for example in Chen et al, 2012, Benigno and Nistico, 2017, Del Negro et al,
2017, Sims et al, 2021, Bonciani and Oh, 2021, Wu and Xie, 2022). With respect to this literature,
and in particular with respect to Sims et al. (2021) and Wu and Xie (2022), with which we share the
tractable specification of the credit friction, we contribute by studying the implications of idiosyn-
cratic uncertainty that implies a stochastic transition between savers and borrowers, which allows
us to identify additional transmission channels of balance-sheet policies related to consumption risk.
Curdia and Woodford (2011, 2016) similarly study an economy where agents stochastically cycle
between the borrowing and saving type, focusing on how this transition affects the dynamics and
policy implications of credit spreads. With respect to these papers, we focus on the distributional
dimension of balance-sheet policies and on how this dimension shapes the transmission mechanism
to aggregate variables as well, pointing to consumption risk as a major channel.

The paper is organised as follows. Section 2 describes our model economy with heterogeneous
households, idiosyncratic risk and credit frictions. Section 3 derives the linearised model and dis-
cusses the relevant welfare criterion for our economy. Section 4 draws the policy implications of our

framework, under both a positive and normative perspective. Section 5 concludes.

2 The Model Economy

The economy is populated by infinitely-lived households consuming a bundle of differentiated goods

and supplying labor for their production. We introduce heterogeneous households in a tractable

®Bilbiie et al (2022) develop an empirical version of Bilbiie (2018) and estimate it on US data to evaluate the role
of cyclical inequality and idiosyncratic risk for business-cycle fluctuations.

5A non-exhaustive list of contributions in this strand includes Ctrdia and Woodford (2011), Gertler and
Karadi (2011, 2013), Chen et al (2012), Benigno and Nistico (2017, 2020), Del Negro et al (2017), Cui and Sterk (2021),
Karadi and Nakov (2021), Sims and Wu (2021), Sims et al (2021, 2022), Bonciani and Oh (2021), Bhattarai et al (2022),
Benigno and Benigno (2022), Wu and Xie (2022).



framework a la Bilbiie (2018), and using insights from Benigno and Nistico (2017), Benigno et al.
(2020) and Sims et al. (2021). There are two types of households: low-MPC savers, who accumulate
financial wealth in short-term deposits and can smooth consumption intertemporally, and high-MPC
borrowers, who are relatively more impatient and in equilibrium only consume out of their current
debt and disposable labor income. Stochastic transition between these two types introduces a layer
of idiosyncratic uncertainty that makes this heterogeneity relevant for business-cycle fluctuations
and the transmission of balance-sheet policies in equilibrium.

An intermediation sector engages in maturity transformation by supplying short-term deposits
to savers and buying long-term bonds from borrowers, and has access to central-bank reserves
through open-market operations. In purchasing long-term bonds, the financial intermediaries face
a leverage constraint — in the spirit of Gertler and Karadi (2011, 2013), and Sims et al. (2021) —
that is going to make room for unconventional monetary policy.

A continuum of monopolistic firms produces the differentiated goods using labor services and
technology, and subject to nominal price rigidities. The public sector includes a fiscal authority
which imposes taxes and provides transfers within a balanced budget, and a central bank in charge

of monetary policy.

2.1 Households

We consider a closed-economy model with a continuum of households belonging to either one of two
types: savers (denoted with an index “s”) and borrowers (denoted with an index “b”). The “saver”
and “borrower” types include a mass 1—z and z of agents, respectively. Each saver faces a probability
1 — ps of becoming a borrower as the next period begins, and each borrower a probability 1 — p; of
becoming a saver. To keep the relative mass of the two agent types constant over time, we impose the
restriction (1 — 2)(1 —ps) = z(1 — pp). Savers and borrowers share the same period-utility function,
u; = EU(C)) — V(Ly)], with j = s, b and where & is an intertemporal disturbance. Moreover,
they are endowed with discount factors s and S, respectively, with 0 < 8, < Bs = 8 < 1, which
makes borrowers relatively more impatient than savers, as in Benigno et al (2020), among others.
To facilitate aggregation, we assume that the period-utility function is exponential in consumption

C' and isoelastic in hours worked L, as in Benigno and Nistico (2017), among others:

L1+<p

U(Cjt) =1 —exp(—vCjy) V(L) = 1 {:90 (1)

for some positive parameter v and any j = s, b, and where consumption is the usual Dixit-Stiglitz
bundle

€

C= [/Olc(i)ildirl, (2)

with C'(7) denoting the consumption of the differentiated good of brand 7, and € > 1 the elasticity of

substitution between any two brands in the continuum indexed by i € [0, 1]. As in Bilbiie (2018),

we assume that all agents within each type pool their resources and obligations to share the same



level of consumption in equilibrium.”

2.1.1 Savers

Savers maximize their expected discounted lifetime utility

us,t = Us,t + /BEt{psus,H-l + (1 - ps)ub,t—i-l} (3)

taking thus into account the probability of becoming a borrower in the future when evaluating

expected future utility flows, and subject to the following flow-budget constraint
PCsy+ (1 —p)(14+i2)Qi_1By1 4+ Dy + Ny = Wy Lgy + ps(1 + 32 1) Dy 1 + 11y — Ty (4)

The nominal resources available to savers at the beginning of each period ¢ therefore include the
labor income W ;L ;, the payoff on the deposits from the previous period (1 —H'tD_ 1)D¢—1 held by the
share ps of savers that did not turn borrowers, the per-capita nominal profits II; = (1—2)~(IT} +Hf )
remitted by the monopolistic producers and the financial intermediaries — both owned by the savers
— net of taxes/transfers Ty, with P, the general consumption price level. The savers use these
resources to purchase a bundle of consumption goods Cj, save in one-period nominal deposits Dy,
transfer nominal equity Ny to financial intermediaries, and share pro quota the burden of paying off
the long-term debt B;_; brought by the mass z(1 — p;) of borrowers that have turned savers at the
beginning of period ¢, where we used the restriction (1 —z)(1—ps) = 2(1 —pp). These are long-term
securities that pay a coupon decaying geometrically at rate k, and sell at price Q¢, implying a rate
of return 1 + 4P = (14 kQy)/Qs_1.

The optimal choice of consumption, hours worked and deposits implies the Euler equation

1+ 4P
gtUc(Cs,t) = 6Et { 1§t+1 [psUc(Cs,t-l-l) + (1 - ps)Uc(Cb,t+1):| } (5)

1+ T+
where 741 is the net inflation rate between period ¢ and ¢ + 1, and the labor supply

Vl(Ls t) o Ws,t
Uc(Cs t) N Pt ’ (6)

Equation (5) captures the main implication of this class of heterogeneous-agents models: a
positive probability ps of changing type in the future activates precautionary-saving motives that
affect current spending decisions anytime there is expected inequality in future consumption across
types. If the borrowers are expected to consume less than the savers, then a positive probability of
turning borrower tomorrow makes a current saver want to hedge against the possible future drop

in consumption by saving more today. Moreover, the following no-arbitrage condition determines

" Analogous implications would follow from an imperfect-insurance scheme as, e.g., in Ctirdia and Woodford (2016).



the interest-rate on short-term deposits
D
L= (141 )E; {Af,tﬂ} ) (7)
where A, denotes the nominal stochastic discount factor used by savers, defined as

s _ 6ft+1 PsUc(Cs141) + (1 — ps)Uc(Chyt+1) (8)
BT g (1 +741)Uc(Cst) ‘

2.1.2 Borrowers

Borrowers also maximize their expected discounted lifetime utility

Upr = up s + B Ei{pslp 11 + (1 — po)Us i1} 9)

thus taking into account the probability of becoming a saver in the future when evaluating expected

future utility flows, and subject to the following flow-budget constraint
PiChy + po(L+if)Qu1Bio1 = Wys Loy + (1 — ) (1 + i’ 1) Dy—y + Qi By + Ty (10)

The nominal resources available to borrowers at the beginning of each period ¢ therefore include
the labor income W Ly, the per-capita share of payoff on the portfolio of deposits from the
previous period (1 + i”,)D;_1 brought by the mass (1 — 2)(1 — ps) of savers that have turned
borrowers at the beginning of the period — where we used the restriction (1 —2)(1 —ps) = z(1 — pp)
— the resources borrowed selling long-term debt B; at price (); and the transfers T ; received by
the fiscal authority. The borrowers use these resources to purchase a bundle of consumption goods
Cht, and pay off the long-term debt B;_; accumulated in the previous period by the share p; of
borrowers that have not turned savers at the beginning of period t.

The optimal choice of consumption, hours worked and long-term debt implies the Euler equation

1+if,
T+ 7w

ftUc(Cb,t) = BB { §t+1 [prc(Cb,t+1) + (1 - pb)Uc(Cs,t—l—l)} } (11)

and the labor supply
Vi(Lpy) _ Wi (12)
Uc(Cb,t) Pt ‘

Moreover, the following no-arbitrage condition determines the interest-rate on long-term bonds

1= B A+ ) (13)

where Ai”t 41 denotes the nominal stochastic discount factor used by borrowers, defined as

&+1 PoUc(Chpt1) + (1 — pp)Uc(Cs 141)

Ay =
ti+1 = 0b & (1 + m41)Uec(Chp)



Equation (11) emphasizes an additional implication of idiosyncratic risk in our economy: a
positive probability pp of changing type in the future activates “anticipative-borrowing” motives
that affect current spending decisions of borrowers anytime there is expected inequality in future
consumption across types. If the savers are expected to consume more than the borrowers, then
a positive probability of turning saver tomorrow makes a current borrower want to anticipate the
possible future rise in consumption by borrowing more and consume more also today.

As we are going to show shortly, the anticipative motives arising in our economy — both
“precautionary-saving” and “anticipative-borrowing” — are going to play a key role for the trans-

mission mechanism of policy and non-policy shocks in our economy.

2.2 Financial Intermediaries

We model the intermediation sector in the same spirit as Sims et al. (2021), which simplify the case
in Gertler and Karadi (2011, 2013) and using insights from Benigno and Benigno (2022). At the
beginning of each period, a large number of banks enters the economy and lives for two periods.
The banks collect from the set of savers the stock of one-period nominal deposits D/, and the stock
of nominal net worth Ntf . They allocate these resources in a portfolio of nominal assets including
central-bank reserves Rf and long-term bonds issued by private borrowers, Bf. Therefore, the

balance sheet of the banking sector in period ¢ reads
QB + Rl = D! + N/. (15)

The banks remunerate nominal deposits at the gross rate 1 + i”, which they take as given. On
the other side of the balance sheet, they collect the gross return on the long-term assets 1 + i?
and on central bank reserves 1+ i® > 1, both of which they take as given.® As a consequence, the

intermediary’s profits at the beginning of time ¢ + 1 are
Ml = (1+if)QB] + (L + )R] - (1 +i)D]. (16)

The financial intermediaries choose the amount of deposits D/ to collect and the portfolio alloca-
tion between long-term bonds B and reserves R/ in order to maximize rents from intermediation
while satisfying two constraints. The first is the balance-sheet constraint (15). The second is a

leverage constraint limiting the amount of long-term bonds the bank can purchase:
QB] < Py (17)

with 6; following an exogenous stochastic process.

8As discussed in Benigno and Benigno (2022), the zero-lower bound on the interest rate on reserves 1 + i > 1
needs not be an assumption, but rather an equilibrium outcome if the central bank issues also cash as an alternative
store of value that the financial intermediaries can use to substitute for reserves in case they paid a negative interest
rate. The economy remains cashless in equilibrium, but the existence of such an alternative store of value makes the
zero-lower bound on i® effective.



The financial intermediaries entering in period ¢ then solve the problem

max Et { f,t+1Htf.+1} - Ntf (18)
B/.rl.D]
subject to (15), (16) and (17), and where the financial intermediaries use the savers’ stochastic
discount factor Aj, ., to discount next-period nominal profits, since banks are owned by savers.
Optimality conditions of the above problem imply, by no-arbitrage, that the interest rate on
D iR

deposits equals at all times the interest rate on central-bank reserves, i; > 0, while private

long-term bonds pay a premium in case the leverage constraint binds:

Ey{Af 1 (ifi-l - Z?)} =G >0, (19)

where (; is the Lagrange multiplier associated to constraint (17).

2.3 Firms and The Government

The production sector is standard New Keynesian, and mostly follows Benigno and Nistico (2017).°
A continuum of firms of measure one produces each one brand of differentiated goods, using a
linear technology Y;(i) = A¢L:(i), where A; is a stochastic aggregate productivity index and the
labor input L.(7) is a Cobb-Douglas bundle of the hours worked of savers and borrowers — i.e.
Li(i) = [Ls4(i)]* % [Ly(4))?, which implies that the wage bills for each type of labor is the same as
the average wage bill, W, Ly = Wj Ly = WLy where Wy = WS{;Z sz,t — and setting their price
according to the Calvo (1983) mechanism with indexation to the inflation target 7*. The adopted
specification of technology and preferences greatly simplifies aggregation and implies a standard
New-Keynesian Phillips Curve.

The government consists of a fiscal authority, running a balanced budget every period, and a
central bank in charge of monetary policy. The fiscal authority provides transfers and charges taxes.
The (nominal) transfers include the employment subsidy to firms 7W; L; and a lump-sum transfer to
borrowers T3 ; that partially limits their liability position and simplifies their equilibrium.'® These
transfers are financed using lump-sum taxes on the savers and the remittances Ty received by the

central bank. The budget constraint of the fiscal authority, in nominal terms, is therefore:
TWi Ly + ZTb,t = th + (1 — Z>Ts,t- (20)

When it comes to the borrowers, we assume that in order to repay and service their outstanding
debt, borrowers must pledge the whole payoff from the deposits brought by the savers that switched

type, and a fraction (1 — w) of their labor income, with 0 < o < 1. Whatever is left is instead

9Please refer to Appendix A.1 for details.
10A similar scheme is assumed in Sims et al. (2021).



covered by the subsidy, whose net per-capita level is therefore
Thop = po(1 + i )Qe-1Bi-1 — (1 = @)Wy Loy — (1 = po)(1 + 1) Dy1. (21)

The useful implicatin of this transfer scheme, analogously to Sims et al. (2021), is to make
the intertemporal dynamics of private debt irrelevant for the consumption of borrowers and reduce
the equilibrium budget constraint of borrowers to a static relationship. In our set up, however,
differently from Sims et al. (2021), the equilibrium consumption of borrowers not only depends on
the long-term debt contracted in period ¢, but also on the fraction w of their current labor income
that is available for consumption:

Cyt = by + wwy Ly, (22)

where we used Wp Ly = WyLsy = WiL; and we defined by = Q}t,ﬁ?t and wy = %’f. Therefore,
the additional appealing feature of this transfer scheme is to provide a simple (reduced-form) char-
acterization of income inequality between savers and borrowers, whereby lower values of w imply
higher disposable-income inequality in equilibrium.!! Moreover, this transfer makes the “borrower”
type behave very similarly to a hand-to-mouth agent in the benchmark THANK environment of
Bilbiie (2018) and Bilbiie et al. (2022), allowing us to relate our results to that literature as well.
The central bank purchases long-term bonds B¢ from the banking sector through open-market
operations, using internal resources. The latter are equal to interest-bearing short-term nominal
reserves that the central bank can issue at will, plus any retained financial profit from the past.

The central bank therefore faces the following flow-budget constraint
QiBf = Ry + (1+i)Qu1Bfy — (L +ifL ) Ry = Tf. (23)

The nominal reserves of the central bank define the unit of account in the economy. This implies
that the central bank is not subject to any solvency constraint, as its liabilities are nominally risk-
free regardless of its policy.'> This further implies that the central bank can independently choose
three instruments of policy: the interest rate on reserves i*, the amount of reserves R, and the
remittances T to transfer to the private sector through the treasury.

We assume that the central bank remits in each period ¢ its entire financial income
Tf = (14 )QuaBfy — (L4 ) Ry, (24)

implying that a constant level of nominal net worth, which we normalize to zero,'® so that the
central bank’s balance sheet is simply
Q1B = Ry (25)

1 An alternative but equivalent way to introduce disposable labor income inequality would be to assume that
borrowers face some unemployment risk that exclude from the labor market a fraction 1 — w of agents.

125ee Benigno (2020) and Benigno and Nistico (2020) for a discussion.

13Since our analysis will be conducted in a first-order approximation of the model, we choose to disregard the
implications of this assumption for the determination of the initial price level, which we take as predetermined. For
a discussion, see Benigno (2020), Benigno and Nisticd (2020) and Benigno and Benigno (2022).



The remaining two policy tools are the main objects of interest of our analysis, with the interest

R capturing the conventional dimension of monetary policy, and the amount of

rate on reserves i
reserves R — i.e. the size of the central bank’s balance sheet — the unconventional one.

Let uy = R;/P; denote the central bank’s reserves in real terms. For a given stochastic process
{Y}82,,, with Yy a vector collecting all the endogenous variables in our economy,'* a given exoge-
nous process {X¢}72,, with X; = (&, Ay, 6¢), and defining Y, as including Yy, its own lags and its

own expected leads, we can define the following two dimensions of monetary policy:

Definition 1 A conventional monetary policy — or interest-rate policy — specifies the stochastic
process for the interest rate on reserves {iﬁ}g‘ito, possibly as a function of endogenous and exogenous

processes: ilt = T(Y, Xy), where the function I(-) is non-negative for any value of its arguments.

Definition 2 An unconventional monetary policy — or balance-sheet policy — specifies the
stochastic process for the central bank’s asset holdings (equal to reserves) {u}i<, , possibly as a
function of endogenous and exvogenous processes: uy = B(Yy, Xy), where the function B(-) is non-

negative for any value of its arguments.

Note that, as a consequence of the interaction between the central bank and the intermediation
sector, the equilibrium aggregate amount — in real terms — of private debt, zb, is equal to the amount
that meets the leverage constraint of the financial intermediaries, 8, plus the amount in the balance
sheet of the central bank, u:'°

zby = 0; + ;. (26)

3 The Linear Model and the Welfare Criterion

We want to study positive and normative implications of idiosyncratic uncertainty for unconven-
tional policy, using a linear-quadratic framework. We proceed by approximating the model around

an efficient steady state where inflation is on target.

3.1 The Steady State

We start by assuming an optimal level of employment subsidy, i.e. such that the long-run monopo-
listic distortions are completely offset: 7 = 1/¢, with e the steady-state price-elasticity of demand.
Under this employment subsidy, the long-run level of output satisfies
Y
vexp(—vY)Alte

=1. (27)

To simplify notation, we normalise the steady-state level of the productivity index A such that,

from equation (27), we have Y = 1. Equation (27), together with the steady-state aggregate labor

MFor details, please refer to Appendix A.2.
15For details on the aggregate equilibrium, please refer to Appendix A.2.
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supply and production function, also implies wL = 1 and the following distribution of consumption

in the steady state:

~ 1l—zw zZ =

s = — b 2
¢ 1—=z2 1—2z (28)
Cy=w + 1, (29)

which we can summarize with the following index of long-run consumption inequality

Cs 1— z(w +b)

lr=—=——. 30
»  (1—2)(w+b) (30)
The steady-state versions of the Euler equations (5)—(11) then imply
14 7% = B0, (1 47 (31)
147 =BTy (1 +77) (32)
where we have used iP = it > 0 and we defined
Is=ps+ (1 —ps)exp[(T — 1) o] (33)
Dy=pp+ (1 —pp)exp[(1—T) o], (34)
with op = 0% and o0 = vY. Accordingly, we can write
1478 pr,
= > 1
1+8 Gpyl'y — ’ (35)

where the inequality holds if the value of I" implies BI's > By

Therefore, in our economy with credit frictions and idiosyncratic uncertainty, the steady-state
credit spread depends on an additional component, compared to existing literature, triggered by
the anticipative motives that affect both savers and borrowers when the steady state is unequal.

Indeed, the credit spread in equation (35) is determined by two components: i) the familiar one
related to the difference between the time-discount factors § and [, (as in Benigno et al., 2020,
among others), and i) an additional component related to the anticipative motives implied by the
idiosyncratic uncertainty (0 < ps, pp < 1) that drive a wedge between I'y and T'y. In fact, I'y and
I'y capture the ex-ante gross rate of growth in the marginal utility of consumption respectively for
savers and borrowers. Thereby, I' > 1 implies a positive consumption risk for savers, who therefore
want to buy more deposits for precautionary reasons, compared to an equal steady state with
I' = 1. This implies I'y > 1 and a downward pressure on the return on deposits, by equation (31):
B(1 +7f) < 14 m*. Moreover, I' > 1 also implies better prospects for the consumption of the
borrowers (since they face a positive probability of turning savers) who therefore want to borrow
more for anticipative reasons, compared to an equal steady state. This implies Iy, < 1 and an

upward pressure on the return on long-term bonds, by equation (32): £y(1 +7%) > 1 4+ 7*. As a
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result, if I' > 1 the economy displays a positive credit spread in the steady state (and thus a binding

leverage constraint for the banking sector) even in the limiting case 5, — S.

3.2 The Linear Model

A first-order approximation of equations (5)-(11) reads'¢

Cst =VsErcs i1 + (1 —7s) Ercpppr — 0 (08 — By + EyAéysn) (36)
cot = WEich i1 + (1 — W) Ercsyr — 0 "B (il — Fpq + Ay} (37)

where we have used it = i, and s = ps/T's and v, = pp/T'p, With 0 < 75, 75 < 1.
Using a first-order approximation of the resource constraint —i.e. y = (1 — 2)cgs + 2cp — and
equations (36)—(37) yields

Yt = Eyyrrr — [(1 = 2)(1 —7s) — 2(1 — )] Brwria

— oY1= 2)(if — Byfp1) — o 2B{0B L — i} — 0 T EiAG 4, (38)

where w; = ¢ — ¢ defines consumption inequality. Note that — unlike in the case of an equal
steady-state, where v; = ps and 4, = pp and the coefficient in square brackets in the first line
goes to zero by the restriction (1 — z)(1 — ps) = z(1 — pp) — when the steady state is unequal,
the anticipative motives characterising also the long-run imply an additional and direct effect of
expected consumption inequality on the dynamics of aggregate demand, beyond the indirect one
implied by the long-term interest rate. A higher expected inequality, indeed, on the one hand
induces a contractionary effect through higher precautionary savings, and on the other hand it
stimulates an expansionary effect through higher anticipative borrowing.!” If I' > 1, the former
effect dominates and the net effect is a fall in aggregate demand.

A first-order approximation of the borrower’s budget constraint, using the labor supply equation

and the production function reads

vt =w(l+o+0)y —w(l+p)a+ b
= xt + wy; + 27 (0 + ) (39)

where in the second line y; = ii—‘;at denotes the potential level of output arising under flexible
prices (we call it potential, and not simply natural, because here it is also efficient, given the
optimal employment subsidy) and x; = y; — y; defines the output gap. Moreover, in the second line
we used a first-order approximation of (26) and we defined x = w(1 + ¢ + o), the borrower’s MPC

out of aggregate income, that here depends on the amount of disposable labor-income inequality

10We define y¢ = In(Y;/Y), cst = (Cst—Cs) /Y, cpt = (Coi—Ch) /Y, ar = In(A¢/A), by = (be—b) /Y, 0 = (0:—0)/Y,
= (w —)/Y, ét =In(&/é), i =m —n*,and ¥} =4 — 7, for j = B, D, R.

7"As we are going to show shortly, the expansionary pressure through anticipative borrowing is however always
offset once we net out the indirect effects through the long-term interest rate.
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w. In the benchmark THANK model of Bilbiie (2018), this parameter x captures the MPC out
of aggregate income of hand-to-mouth agents, and is key in the analysis of the role of inequality
for the transmission of conventional interest-rate policy. We are going to show that this parameter
plays an important role for monetary policy also along the unconventional balance-sheet dimension.

Equation (39), a first-order approximation of the resource constraint and the definition of con-

sumption inequality, imply
w= (=27 (1= m+ (1 -@)yf =270+ w)], (40)

which shows that the consumption inequality responds to any shock relevant for potential output,
in addition to financial shocks ét and, importantly, unconventional monetary-policy shocks ;.

We can use equations (37) and (39) to express the expected real return on long-term bonds as

o EfiB — fren + A} = (1 — ) Erwen
+ XEAzi1 + wE Ay + 2 B { A1 + Adiyr ), (41)

which we can use in equation (38) to get

—Z

1—2 . A A
Yt = Eyyre1 — (iff — Byftr + EvA&q) — (1 — 2)(1 — v5) Bywgan

— ZXEtA.CL'H_l — ZWEtAy;fk—&-l — Et{Aét—l-l + Aﬁt+1}. (42)

Note that the first term in equation (41) captures the effect of “anticipative borrowing” on
the long-term interest rate, whereby a higher expected inequality stimulates current borrowing in
anticipation of an expected increase in consumption, and implies upward pressures on borrowing
costs. Equation (42) then shows that, once we use equation (41) to substitute out the long-term
rate from equation (38), the indirect contractionary effect of anticipative borrowing through the
long-term rate exactly offsets the direct expansionary effect in (38), leaving precautionary saving
as the only relevant anticipative motive for aggregate demand.

Using the definition of output gap finally yields, after some algebra, the IS schedule:

xr = By — 0, (i — Evfrpyn + EtAétJrl) —0(1 = 2)(1 — vs) Bywiyn
+6(1 — zw) EyAyy g — 5Et{Aét+1 + Adyia},  (43)

where we defined o, = ﬁ and 0 = [1 — zx]fl. Notice that for a large enough share of borrowers

z the parameters § and o, turn negative, implying that the model is potentially exposed to the same
“inverted aggregate demand logic” (IADL) discussed in Bilbiie (2008), since the borrowers have a
unitary MPC out of their disposable labor income in equilibrium. The severity of this exposure here
also depends on the share w of labor income available to borrowers once paid off the outstanding
debt. The larger this share, the more severe the exposure to the IADL. If the transfer only covers

what remains after the entire labor income is pledged (i.e. w = 0), the interest-rate elasticity is
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unambiguously negative, as in the standard model. This points to an interesting difference with
respect to Bilbiie (2008, 2018): while in those cases reducing the exposure to the TADL requires
a larger fiscal transfer to the constrained agents to reduce the procyclicality of their consumption,
here the opposite is true, as the procyclicality of the borrowers’ consumption is already dampened
by the need to use their labor income to service the outstanding debt. Henceforth, we will restrict
attention to the case 6 > 0.

Equation (43), moreover, highlights the key departure of our framework from analogous envi-
ronments with savers and borrowers but no idiosyncratic uncertainty, such as Sims et al. (2021).
In our economy, idiosyncratic uncertainty implies a consumption-risk channel of transmission of
shocks, captured by expected inequality, with an upward revisions in the latter triggering anticipa-
tive motives that act as a negative demand shock on aggregate output. We are going to show that
this margin implies two novel and key transmission channels of unconventional monetary policy,
compared to similar economies with borrowers and savers.

Finally, a first-order approximation of the aggregate-supply block delivers the familiar New
Keynesian Phillips Curve

T = BByl + Ky, (44)

with kK = (1 — a)(1 — af) (0 + ¢)/a and « the share of firms unable to set their price optimally.

3.3 The Welfare Criterion

To study the normative implications of idiosyncratic uncertainty for monetary policy in our baseline

economy with heterogeneous households, we are interested in the Ramsey policy that maximizes

} : (45)

for some weight Z, with 0 < Z < 1.1% To evaluate the implied tradeoffs and derive the optimal

the expected social welfare

Wio = B, {fj gt [(1 = 9)(U(Co) = V(Lan) + 2(U(Chi) = V(Lss))

t=to

monetary policy, we can use a purely quadratic loss function deriving from a second-order approxi-
mation of (45) around a socially optimal allocation. Such allocation is consistent with the solution

of the Ramsey problem that maximizes (45) subject to the resource and technological constraint
ALLE, =Y = (1= 2)Csy + 2Cy. (46)

The solution of this problem requires an appropriate cross-sectional distribution of steady-state

8For tractability reasons, here we are considering the limiting case where 8, — S, as in Benigno et al. (2020).
Note, however, that, as discussed in Section 3.1, idiosyncratic uncertainty in our economy implies that in an unequal
steady state this limiting case is still consistent with a binding leverage constraint, implying a positive spread between
borrowing and saving interest rates, unlike in Benigno et al. (2020).

14



consumption, given the welfare weight z:

1—2  1-2U(Cp)

47
z z Ud(Cs) (47)
and an intratemporal efficiency condition for each type of agent:
Vi(Ls)Ls  Vi(Ly)Ly
L( S_) s _ L( b) b:Y. (48)

U:(Cy) Ue(Ch)

For a given long-run consumption inequality in the decentralized allocation of our economy,
therefore, an appropriately chosen welfare weight Z makes sure that the steady state satisfies con-
dition (47), and the optimal employment subsidy 7% makes sure it satisfies condition (48). Under
these two restrictions, the long-run equilibrium of our economy is indeed consistent with the socially
optimal allocation, and a quadratic Taylor expansion of (45) is a valid second-order approximation
of expected social welfare that can be evaluated using only first-order-approximated equilibrium

conditions. Such approximation leads to the following quadratic loss function:'?

+ i .
c,="1%n, {Z B0 (a? -+ An 4 A } , (19)

t=to

where the last term A w? captures the welfare loss coming from variations in consumption inequality,

relative to the optimal steady state, and the relative welfare weights are defined as

)\Trzg (50)
_ Uz(l —2)1+¢+o0)
M o) 1)

The immediate implication of the loss function (49) is that consumption inequality arises as an
additional target for welfare-maximizing monetary policy. In the next Section, we are going to show
that such an additional target implies for the conventional monetary policy an endogenous trade-
off with inflation/output stability, regardless of whether or not the supply block of our economy
satisfies the “divine coincidence”. Moreover, this endogenous trade-off can only be resolved — and
the socially optimal allocation implied by (49) potentially achieved — if the unconventional dimension
of monetary policy is appropriately specified.

Analogous terms capturing the welfare costs of consumption dispersion arising from some kind
of reduced-form households’ heterogeneity appear in several other contributions in the literature.?’
Notice that, as in most of these contributions, the relative welfare weight on consumption disper-

sion reflects the heterogeneity between the two agent types, and is therefore independent of the

19Please refer to Appendix B for details.

20 A non exhaustive list includes Benigno and Nistico (2017), Benigno et al. (2020), Bilbiie (2018), Bilbiie and Ragot
(2021), Bonchi and Nisticd (2022), Nisticd (2016) and, more indirectly, also Curdia and Woodford (2016). Notice also
that an analogous welfare-based loss function also arises in the economy analyzed in Sims et al. (2021), although the
latter choose to endow the central bank with a more familiar “dual mandate”.
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idiosyncratic uncertainty that in our economy generates stochastic transition between the types.?!
Importantly, however, in our economy the credit friction implies a time-varying wedge between
inequality and the output gap that responds to both real and financial shocks, as implied by equa-
tion (40). Regardless of the shocks hitting the economy, therefore, the role of consumption inequality
for welfare cannot simply be reflected in a larger weight on output stabilization (as instead in the
benchmark THANK model of Bilbiie, 2018) and it always implies an additional and independent
target with respect to inflation and output stabilization.??

Moreover, since idiosyncratic uncertainty in our economy affects the dynamics of this wedge, it
will matter for the transmission of conventional and unconventional monetary-policy shocks, and
for the way in which monetary policy optimally deals with the potential endogenous and exogenous
tradeoffs in the face of financial and real shocks. In this transmission process, an important role will
be played by the amount of disposable labor-income inequality, which shapes the cyclical properties
of consumption inequality, as reflected by the value of composite parameter y = w(1l+p+o0): large
amounts of income inequality (low values of @), indeed, imply x < 1, which makes consumption
inequality procyclical, while the opposite is true for levels of w large enough to imply y > 1.

We turn to this discussion in the next Section.

4 Policy Implications

In this Section we evaluate the monetary-policy implications of our model along several dimensions.

4.1 Two Benchmark Allocations

To understand the policy implications and the tradeoffs that are relevant in our economy, notice
first that the welfare-based loss function (49) implies a first-best allocation that features not only
inflation and output-gap stability, but also stability of consumption inequality at the (possibly
non-zero) steady-state level: 71, = x; = wy = 0 for all ¢.

To study the role of conventional and unconventional monetary policy in pursuing this allocation,
let us focus first on the benchmark, “natural” allocation arising in an equilibrium where prices are
perfectly flexible — i.e. « = 0 — and denote variables in such an equilibrium with an apex .
Moreover, let us focus for the moment on conventional monetary policy only, and therefore assume
that the size of the central bank’s balance sheet is constant: @; = 0 for all ¢.

From the aggregate supply block in our economy we can verify that, in the absence of cost-
push shocks, such an allocation implies that both inflation and the output gap are at their targets:

7w = x¢ = 0 for all . In the benchmark New Keynesian model, imposing this allocation on the

21 A notable exception, in the list above, are Nistico (2016) and Bonchi and Nisticd (2022), where a different
insurance mechanism makes this additional term actually reflect the heterogeneity within the “saver” type, with the
relative welfare weight critically depending on the transition probabilities.

22This is in general true also in other models where this kind of credit frictions gives rise to financial intermediation,
like Benigno and Nistico (2017), Benigno et al. (2020), Curdia and Woodford (2016), Sims et al. (2021).
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dynamic IS schedule allows to derive the dynamics of the real interest rate that is consistent with
the natural equilibrium, 77'.

To evaluate the natural rate of interest (on deposits and central-bank reserves) in our economy,
first impose x; = 1, = 0 for all ¢ on the consumption-inequality equation (40), which yields
l-w 1 .

1t z(1— z)at' (52)

n
wt—

Using the above on the IS schedule (43), and imposing 7y = ¢ = 4y = 0 for all ¢ then implies

N

1 T By — B — T B - a;l—jz)a [0 - @i b} (53)

There are several insights we can draw from the equation above.

First. The natural equilibrium, despite being efficient in terms of the aggregate output level
y; it implies, is not necessarily consistent with the socially optimal allocation, as it may imply
fluctuations in consumption inequality w; with respect to the optimal steady state, that follow
from changes in both the potential output and the financial leverage constraint. In particular,
for given fluctuations in potential output, fluctuations in consumption inequality are larger, the
larger is the disposable labor-income inequality in equilibrium — i.e. the lower w. In the absence
of income inequality —i.e. @ = 1 — potential output becomes irrelevant for consumption inequality
but the natural allocation is still socially suboptimal, as consumption inequality still responds to
the financial shocks hitting the banking system. If w = 1 and 6, = 0 for all ¢, the natural allocation
would instead be also socially optimal, as w}® = 0 and the natural interest rate collapses to the one
arising in the benchmark Representative-Agent New Keynesian model: ri* = o By Ay}, | — EtAftH.

Second. The natural rate of interest falls in response to deleveraging shocks (i.e. negative shocks
to 6,), as in Eggertsson and Krugman (2012) and Benigno et al (2020) among others, implying a
potential challenge to the conventional dimension of monetary policy, given the effective-lower bound
(ELB) on nominal interest rates.

Third. The idiosyncratic uncertainty, despite not affecting the level of potential output, activates
additional transmission channels that are reflected in the path of the natural rate of interest, as
captured by the second and last terms in equation (53). The natural rate of interest, indeed,
accommodates current potential-output shocks more than it does in the benchmark New Keynesian
model, in order to absorb changes in consumption inequality that would otherwise put pressures on
the output gap, through consumption risk. The degree of over-accommodation is larger: i) the larger
is the idiosyncratic uncertainty (i.e. lower ~s), whereby a given change in consumption inequality
is more relevant for the output gap and i) the larger is the disposable income inequality (i.e. lower
w), whereby a given shock to potential output has larger effects on consumption inequality. For
the same reason — to absorb the fluctuations in consumption inequality that would otherwise put
pressures on the output gap — the natural rate also leans against financial shocks more than it would
in the case of no idiosyncratic uncertainty (as, for example, in Sims et al. 2021).

Moreover, we can establish the following
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Proposition 1 In our economy with heterogenous households, idiosyncratic uncertainty and credit
frictions, if the central bank’s reserves are held constant, i.e. 4z = 0 for all t, there is no stochastic
process {7}, , with 7y = it — Eyyy1, consistent with the socially optimal allocation, in which

iy = 2t = wy = 0 for all t and for any vector of exogenous processes {X;}§2y, with x; = (ét, (TR ét)

Proof. The proof is straightforward. Imposing 7, = 2 = w; = @y = 0 for all £ on the system of
relevant equilibrium conditions — which includes equations (40), (43) and (44) — immediately implies
that equation (40) is satisfied if and only if 6; = 0 for all ¢ and either @ = 1 or y; = 0 for all ¢.
The real interest-rate path implied by (53) supports 7y = x; = 4, = 0 for all ¢ and for any vector
of exogenous processes {X;}¢2, , but is inconsistent with w; = 0 for all ¢, unless 0; = 0 for all ¢ and
either w = 1 or y; = 0 for all ¢, as implied by (52). On the other hand, an interest-rate path can
only be consistent with w; = 0 for all £ and for any vector of exogenous processes {x;}{2; , if it
implies
ze=(x =17 (1 - @)y — 276, (54)

for all + and any vector of exogenous processes {x;}{; , as implied by equation (40), that is if it
induces fluctuations in the output gap that exactly offset the pressures on consumption inequality
coming from potential-output or credit shocks, and would therefore be inconsistent with 7y = x; = 0
for all ¢, unless §; = 0 for all ¢ and either =1 or yf =0 for all . m

Intuitively, if monetary policy only uses its conventional tool iff, the system lacks one degree of
freedom to accommodate all three targets at once. The discussion of the previous Section, however,
and in particular equation (40), suggests a role for the unconventional dimension of monetary policy
to provide the degree of freedom that we need to reconcile stability of consumption inequality with
the natural equilibrium. Indeed, recall that we have so far assumed the size of the central bank’s
balance sheet to be constant —i.e. u; = 0 for all t. Relaxing this assumption provides the necessary
margin to achieve consistency with the socially optimal allocation.

To see this, let us now focus on such “optimal” (or first-best) allocation where not only inflation
and the output gap are on target, but also consumption inequality is constant at the socially
optimal steady-state level —i.e. 7y = 2 = w; = 0 for all ¢ — denoting variables in the corresponding
equilibrium with an apex *. Moreover, let the size of the central bank’s balance sheet be determined

now endogenously in equilibrium.

Proposition 2 In our economy with heterogenous households, idiosyncratic uncertainty and credit

frictions, there exists a joint stochastic process {7}, U }72,; , with

a4 =2(1-w)y; — b, (55)
77 = o B Ayt — EiAéia, (56)

that is comsistent with the socially optimal allocation, in which 7, = xy = wy = 0 for all t and for

any vector of exogenous processes {Xs}i2,  with x; = (ét, yis ét)

Proof. The proof is again straightforward. Imposing z; = w; = 0 for all ¢ on equation (40) yields
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equation (55). Using the latter in equation (43), and imposing 7; = 0 for all ¢, finally implies
equation (56). m
Propositions 1 and 2 jointly imply the following

Corollary 1 In our economy with heterogeneous households, credit frictions and idiosyncratic un-
certainty, an appropriate state-contingent path of the unconventional tool of monetary policy

1 a mecessary condition to support the socially optimal allocation.

Note that the joint stochastic process of Proposition 2 can be consistent with the socially optimal
allocation because the conventional tool supports the aggregate-efficiency dimension of the first-
best equilibrium, through equation (56), and the unconventional tool the distributional dimension,
through equation (55). Indeed, the implied path for the short-term interest rate in equation (56) is
identical to the one implied by the benchmark Representative-Agent New Keynesian model, where
there is no distributional dimension whatsoever, because the pressures on consumption inequality
that are implied by shocks to either potential output or the leverage constraint are completely
absorbed by an appropriate adjustment in the quantity of reserves, as implied by equation (55).

Therefore, and as in Sims et al. (2021), an appropriate change in central bank’s reserves in our
economy is in principle able — by itself — to completely absorb the effects of financial shocks, thus
insulating the economy without requiring changes in the real interest rate.

More interesting and novel are the implications of fluctuations in potential output, which the
optimal allocation requires to be reflected into both the real interest rate and the quantity of
reserves. Indeed, as potential output expands, the optimal interest rate 7} falls to accommodate
the increase in output to a full extent, exactly as in the benchmark New Keynesian model, as
implied by equation (56). However, in our economy the effects of the fall in the real interest rate
are initially entirely on the savers, which therefore reduce savings and raise current consumption
proportionately. Borrowers also benefit from the increase in potential output, though not through
the fall in the real interest rate but through a higher disposable labor income. The latter, however,
only increases by a fraction w of the rise in output. As a consequence consumption inequality
rises, as also implied by equation (40). A rise in central bank’s reserves in this case is able to
compensate such a lower increase in disposable labor income through lower borrowing costs that in
equilibrium end up expanding the borrowers’ consumption by exactly as much as the savers’, thus
stabilising consumption inequality at the optimal steady-state level. On this joint path, therefore,
the amount of reserves increases relatively more, for a given shock to potential output, the larger is
the disposable labor-income inequality (i.e. lower w).

Note in particular that this distributional role for the unconventional dimension of monetary
policy arises as a result of the banks’ leverage constraint being binding, but independently of

fluctuations in the degree to which it binds, i.e. regardless of financial shocks 6,.23

*3This is an additional difference with respect to Sims et al (2021), where the only role for unconventional monetary
policy is to undo the implications of credit shocks.
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4.2 The transmission channels of unconventional monetary policy

This Section characterizes the transmission of unconventional monetary policy to the real economy,
and highlights the novel channels related to consumption risk.

Using equations (55) and (56) in the IS schedule (43) and in the inequality equation (40), we
can simplify the aggregate demand block into a single IS-type schedule

xp = OEwiq — 0, (iff — Eyftepr — 1) — SE{ Aur — AU} + 27 10(1 — v) Be{is1 — 054} (57)

where we defined ® =1+ 6(x — 1)(1 —75). Equation (57) clarifies that unconventional monetary
policy affects current aggregate demand through three distinct channels.

The first one is the familiar “borrowing-cost channel”, related to the effects of unconventional
monetary policy on borrowers’ current demand, through changes in the long-term interest rate —
second-to-last term in (57): an expansion in central bank’s reserves stimulates aggregate demand
because it relaxes the leverage constraint of financial intermediaries, thus allowing borrowers to
access cheaper credit and finance an expansion in their consumption, as implied by equations (39)
and (41). This is the familiar transmission channel of unconventional monetary policy discussed in
Gertler and Karadi (2011, 2013) and Sims et al. (2021), among others.

The second is the “idiosyncratic-risk channel”, related to the effects of unconventional monetary
policy on savers’ current demand, through changes in consumption risk — last term in the RHS
of (57): a persistent increase in the size of the central bank’s balance sheet stimulates aggregate
demand because the positive effect on future borrowers’ consumption reduces the consumption risk
faced by current savers, who therefore find it optimal to cut precautionary savings and increase
current spending. To our knowledge, this is a novel channel, that emphasizes the role of unconven-
tional monetary policy in mitigating the propagation and amplification of negative shocks through
their effect on idiosyncratic consumption risk.

The third channel is the “cyclical-inequality channel”, related to the cycle-induced general-
equilibrium effects on expected inequality and consumption risk along the planning horizon — first
term in the RHS of (57): a persistent increase in central bank’s reserves further stimulates current
aggregate demand in general equilibrium, if consumption inequality is countercyclical (i.e. x > 1).
In this case, the fall in expected future inequality is amplified by the increase in the expected future
output gap, thereby reinforcing the fall in consumption risk for the savers and their incentive to
increase current demand. By the same logic, in the case of procyclical inequality (i.e. x < 1) this
channel would instead reduce the stimulative effects of an expansionary unconventional monetary
policy, since the increase in expected output gap would dampen the fall in expected inequality.

The latter channel affects the transmission of conventional interest-rate policy as well. As dis-
cussed in Bilbiie (2018), idiosyncratic uncertainty (i.e. 75 < 1) makes the cyclicality of consumption
inequality a key factor for the transmission of expected future changes in interest rates, as im-
plied by the composite parameter ®: procyclical inequality (x < 1) translates into expected future

changes in interest rates being discounted (i.e. ® < 1), as opposed to being compounded with coun-
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tercyclical inequality (i.e. ® > 1). In our economy with credit frictions, equation (57) generalizes
this implication and extends it to the unconventional balance-sheet dimensions of monetary policy
as well: not only the transmission of expected future changes in the conventional policy tool 2% is
affected, but also that of expected future changes in the unconventional one, .

To see this, and also to facilitate the intuition behind the result on determinacy we derive in the

next section, note indeed that we can solve equation (57) forward and write the IS schedule as**

o)
Ty = Et{z o [—U;1 (s — Fornrr —7en)
k=0
) (A’at+k+1 — Aﬁ:_i_k_,_l) + 2715(1 - ’YS) (ﬁt+k+1 — 'lAI,I_,'_k_,'_l)] } (58)

4.3 Equilibrium Determinacy

To understand the monetary-policy options to steer the system towards the optimal equilibrium,
this Section evaluates the implications for equilibrium determinacy of feedback policy rules along
both the conventional and unconventional dimensions.

Assume that conventional and unconventional monetary policies are set according to the follow-

ing simple feedback rules:

i = Gufte + Pu + vf (59)
Up = —Prfy — Ypae + vf. (60)

Proposition 3 In our economy with heterogenous households, credit frictions and idiosyncratic
uncertainty, a rational-expectations equilibrium is locally determinate if and only if the response

coefficients in the feedback policy rules (59)—(60) satisfy the following inequality:

o, (1= B)ba + k(dr — 1) | +27'6(1 = 7) | (L= B + kthr | > (1= B)(@ —1).  (61)

Proof. Please refer to Appendix C. m

Condition (61) implies that the conventional and unconventional monetary-policy instruments
are “perfect substitutes” in the pursuit of determinacy of the rational-expectations equilibrium.
The rate of substitution between the conventional and unconventional tools is the ratio between
the elasticity of the current output gap with respect to the conventional interest-rate channel (o ')
and that with respect to the unconventional “idiosyncratic-risk channel” (z=1§(1 — 75)).

Note that the above result is a direct implication of idiosyncratic uncertainty. Indeed, in the

polar case where there is no idiosyncratic uncertainty (i.e. 75 = 1, which also implies ® = 1

*To be accurate, equation (58) also assumes that the effects of price stickiness vanish asymptotically (and in
particular at a rate higher than @ in the case ® > 1).
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regardless of x), the “borrowing-cost channel” of unconventional policy is still active because of
the heterogeneity between savers and borrowers and the credit friction. However, in this case the
condition for determinacy reduces to (1— /)¢, +k(¢z—1) > 0, i.e. identical to the one derived in the
context of the benchmark New Keynesian model by Bullard and Mitra (2002), among others.?> This
implication clarifies that the relevant margin of unconventional policy for equilibrium determinacy
is the “idiosyncratic-risk channel”, as opposed to the familiar “borrowing-cost channel”.

In general, therefore, to assess whether the central bank is responsive enough to grant equilibrium
determinacy, in our economy we need to evaluate a convex combination of the conventional and

unconventional policy rules, rather than just the conventional interest-rate rule.

Corollary 2 In our economy with heterogeneous households, credit frictions and idiosyncratic un-
certainty, determinacy of the rational-expectations equilibrium can be achieved by means of uncon-
ventional tools only, i.e. even in the limiting case of an interest-rate peg (i.e. ¢r = ¢ =0), or a
permanent liquidity trap, as long as the unconventional monetary policy is active enough, meaning
it satisfies

201 =) |(1 = B + Ktpr | > (1= B)(@ = 1) + 0, k.

To grasp the power of this corollary, note that, in the special case where the disposable labor-
income inequality o is such that ® = 1 — (1 — 8) "o, 'k, the above condition further simplifies to
(1 — B)1hy + Kb > 0: the central bank in this special case is able to rule out endogenous instability
even if the only thing the private sector expects it to do is use its balance sheet to respond to
inflation with a positive (however small) coefficient, i.e. if ¢, = 0 and ¥, > 0.

Moreover, note that condition (61) generalizes another result derived for the conventional mon-
etary policy by Bilbiie (2018): the cyclicality of consumption inequality determines the extent to
which monetary policy — intended here as the combination of conventional and unconventional policy
— needs to be active in order to implement equilibrium determinacy, with countercyclical inequal-
ity (i.e. x,® > 1) requiring a higher degree of responsiveness to rule out sunspot fluctuations.?%
The interesting complementary insight that we provide is that a countercyclical inequality in our
economy does not necessarily make the Taylor Principle insufficient for determinacy, as instead in
Bilbiie (2018). Indeed, endogenous unconventional monetary policy in this case improves the cen-
tral bank’s ability to anchor the private-sector expectations, by providing the additional degree of
responsiveness that is needed to rule out endogenous instability without deviating from the Taylor

Principle, as long as

(1= B + Ktpr > 2(1 = B)(x — 1). (62)

When inequality is countercyclical, (i.e. x > 1), and there is idiosyncratic uncertainty, (implying

also @ > 1), an upward revision in expected future income increases current aggregate demand more

#5Note that this result is different than the one in Sims et al. (2021), where the standard conditions for determinacy
only arise if the central bank decides not to respond with the unconventional tool to inflation or the output gap (i.e.
e = ¥ = 0), while here they would arise in spite of that, were the case s = 1. The reason behind this difference is
the role of credit frictions for aggregate supply that are implied by the exclusion of borrowers from the labor market
assumed in Sims et al. (2021), unlike in our more general specification of the model economy.

26 An analogous result is derived in Acharya and Dogra (2020), in a prototypical (though analytical) HANK model.
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than one for one, because of the amplification induced through the “cyclical-inequality channel” by
the expectation that future inequality will be lower. This challenges equilibrium determinacy unless
monetary policy leans against the extra push on aggregate demand coming from a lower consumption
risk for the savers. There are two possible remedies to this: increase the responsiveness of interest-
rate policy to inflation beyond the Taylor Principle, as shown by Bilbiie (2018), or use balance-sheet
policy sufficiently actively, as implied by (62).

A final implication of condition (61) is that we can evaluate three alternative monetary policy

regimes, that can be equally effective in terms of ruling out endogenous instability.

Definition 3 A conventional regime — or “old-style regime” — combines a conventional monetary
policy specified as a feedback function of endogenous and exogenous processes, ift = Z(Yy, X;) (where
the function Z(-) is non-negative for any value of its arguments) with an unconventional monetary
policy specified as an exogenous process for the central bank’s asset holdings {us}72,, .

Rules (59)-(60) are consistent with a conventional regime if at least one between ¢ and ¢y

is strictly positive, and both 1V, = 1, = 0, and condition (61) is always satisfied.

This regime is arguably best describing the “old-style” central banking, before the Great Finan-

cial Crisis, when the main monetary policy tool was the short-term interest rate.?”

Definition 4 An unconventional regime combines an unconventional monetary policy specified
as a feedback function of endogenous and evogenous processes, uy = B(Yy, Xy) (where the function
B(-) is non-negative for any value of its arguments) with a conventional monetary policy specified
as an exogenous process for the nominal interest rate on reserves {zﬁ}fﬁto

Rules (59)—(60) are consistent with an unconventional regime if at least one between V. and

Wy 18 strictly positive, and both ¢ = ¢, = 0, and condition (61) is always satisfied.

This regime is better describing the policy landscape in the immediate aftermath of the Great
Financial Crisis, when the short-term policy rate was stuck at zero and the main margin of policy

response to shocks was the unconventional one.

Definition 5 A mixed regime - or “new-style regime” — combines a conventional monetary policy
specified as a feedback function of endogenous and evogenous processes, it = Z(Yy, X4) (where the
function Z(-) is non-negative for any value of its arguments) with an unconventional monetary policy
specified as a feedback function of endogenous and exvogenous processes, uy = B(Yy, X¢) (where the
function B(-) is non-negative for any value of its arguments).

Rules (59)-(60) are consistent with a new-style regime if at least one between ¢ and ¢, and

at least one between 1V, and 1, are strictly positive, and condition (61) is always satisfied.

This last regime is interesting to characterize what seems to be the new normal, where conven-

tional and unconventional tools are both available to respond to the state of the economy.

2TQur notion of old-style and new-style central banking is loosely related to Hall and Reis (2013), who introduce
this distinction mostly on the basis of the average maturity structure of the central bank’s asset portfolio.
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4.4 The Transmission of Shocks and the Role of Consumption Risk

This section analyzes the transmission of both policy and non-policy shocks through our economy,
and the role of the idiosyncratic uncertainty and the cyclicality of inequality in shaping the way in
which the monetary-policy regime affects such transmission.

Let the conventional and unconventional policy rules be specified by the simple rules (59)—(60),
with non-negative response coefficients ¢’s and v’s, and where the policy shocks v, with i = ¢, u,
follow an AR(1) process:

v = pivi g + el (63)

with p; € [0,1]. We can exploit the tractability of our framework to characterize analytically the
effects of both policy and non-policy shocks, study their transmission mechanism and the role of

consumption risk and the monetary-policy regime.?

4.4.1 An unconventional policy shock

Recall that a rational-expectations equilibrium in our economy can be locally unique under three
alternative monetary-policy regimes, described in Definitions 3-5. We start by considering the
general new-style regime defined in Definition 5, where both dimensions of monetary policy are
endogenous — i.e. the response coefficients are non-zero in both feedback rules (59)-(60), and
satisfy condition (61).

The solution of our model, conditional on an unconventional monetary-policy shock is:

1-— ) 1—
xt = 050(1 — Bpu) [1 — pu+ pu z%] v, vf Tty = 040K {1 — pu + puT’ys U,op (64)

where .

Uy = |02(1 = Ppu)(1 = Bpu) + M

and 7, captures the overall degree of responsiveness of monetary policy

T = (1 - ﬁpu)¢m + "7(¢7r - pu) + 0.0 <1 — Pu T+ pul_zfys) ("‘ﬁ/)w + (1 - ﬁpu)%>, (66)

with ¥,, > 0, as guaranteed by the response coefficients satisfying the determinacy condition (61).
An expansionary unconventional monetary-policy shock, therefore, unambiguously increases the
output gap and inflation. Such expansionary effects are transmitted through the three channels
outlined in Section 4.2.

The “borrowing-cost channel” is captured by the first two terms in the square brackets of (64),
whereby a temporary (p, < 1) increase in central bank’s reserves stimulates aggregate demand

through the fall in the long-term interest rate that increases borrowing and raises the current

28In this Section we focus on unconventional policy shocks and financial shocks that may expose the economy to
the ELB. For a more general analysis of the implications of consumption risk for conventional policy shocks as well
as potential-output shocks, please refer to Appendix D.
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consumption of borrowers. The “idiosyncratic-risk channel” is captured by the third term in the
square brackets of (64), whereby a persistent (p, > 0) increase in reserves reduces consumption risk
for the savers and provides an additional push on aggregate demand that reinforces the expansionary
effect of the shock. The “cyclical-inequality channel” finally affects coefficient ® in definition (65),
whereby a countercyclical inequality (® > 1) implies a general-equilibrium amplification through a
larger W,,.

Notice that while the “borrowing-cost channel” is stronger when the shock is more short-lived
(smaller p,, < 1) and progressively fades away as the persistence of the shock approaches the unitary
value (p, = 1),% the “idiosyncratic-risk channel” is instead stronger precisely when the shock is more
persistent. This points to the relevance of what we might call “unconventional forward guidance”:
to exploit the full power of unconventional policy, both in terms of real effects and in terms of
expectations anchoring, it is crucial that the central bank makes it clear that these policies are
persistent, so that the expectations of the private sector can be appropriately shaped, and the
response of consumption risk can transmit the balance-sheet policy to aggregate demand.>’

To visualize the relevance of this point and the two additional channels implied in our economy
compared to existing literature, Figure 1 displays a numerical illustration of the effects on the
output gap, inflation and consumption inequality of an increase in central bank’s reserves worth
1% of steady-state output, with a half-life of about 6 quarters, for a benchmark calibration of the
model, and under a conventional monetary-policy regime.?!

The black solid line in the figure shows the responses in the baseline version of the model, where
all channels are at work, and where the idiosyncratic risk is calibrated to ps = 0.95, which implies a
value for ® = 1.10.3? The red dashed line shows the case where we shut off the “cyclical-inequality
channel”, by forcing a value ® = 1, and the blue dashed-dotted line shows the case where we also
shut off the “idiosyncratic-risk channel”, by ruling out consumption risk altogether: p, = 1, which
also implies ® = 1.

The simulation then implies that, while the response of inequality per se is not substantially
affected in the three cases, the relevance of its implications for consumption risk and aggregate
demand instead is: cyclical inequality and idiosyncratic risk jointly imply a response of inflation
and the output gap that is almost three times as large as in the case where the sole “borrowing-cost

channel” is at work, with the difference explained essentially by the “idiosyncratic-risk channel”.??

2Equation (41) clarifies that, in a first-order approximation, a change in reserves only affects the long-term bor-
rowing interest rate when it is transitory.

39Considering the very high persistence of the balance-sheet policies that we have observed in the past fifteen years,
and the effort of central bankers in communicating such persistence to steer the private sector’s expectations, this
result suggests a key role of the “idiosyncratic-risk channel” in the transmission of such policies.

31In particular, we calibrate the steady-state nominal short-term rate to 7% = 3.5%, the inflation target to 7* = 2%
and the steady-state term premium to 7% — 7% = 3%, all in annual rates; the share of borrowers to z = 1/3, the
relative-risk aversion to o = 1, the inverse-Frisch elasticity to ¢ = 1, the Calvo parameter to o = 0.75, the income-
inequality parameter to w = 0.6, the steady-state consumption inequality to I' = 1.05 and the steady-state size of the
central bank’s balance sheet to 10% of output: @ = 0.1.

32The calibrated value for ps is consistent with the estimated transition probabilities during downturns within the
related framework of Bilbiie et al. (2022). We thank the authors for providing us with the smoothed estimates from
their analysis.

33This result is markedly different from the main implication of Sims et al (2022), who instead find that the trans-
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Figure 1: Isolating the channels of transmission of an unconventional monetary policy shock. The blue dashed-
dotted line displays the response when the sole “borrowing-cost channel” is at work; the red dashed line displays the
response when the “idiosyncratic-risk channel” is switched on; the black solid line displays the response when also the
“cyclical-inequality channel” is on.

Moreover, the specific monetary policy regime in place also affects the ex-post equilibrium ad-
justment that supports the expansionary effects on the output gap and inflation. This point can be
evaluated by looking at the general-equilibrium solution for consumption inequality and the policy
tools. Consider a given degree of overall monetary-policy responsiveness 7,, regardless of the specific
regime in place, and such that the conditions for determinacy are always satisfied.

In the conventional regime —i.e. ¥ = ¥, = 0 — the general-equilibrium consumption inequality,

conditional on an unconventional-policy shock, is

L
z(1—2)

Wt = —

1- S
Umfs\I’u(l - /Bpu) (1 — Pu + puj) Z(X - 1) + 1 v?a (67)

while the equilibrium real interest rate 7 = iﬁ — FEymey1 and the quantity of reserves are equal to

= 0x0 |1 — py + puz (1 — %)} [Fu(@r —pu) + (1 - Bpu)%} v (68)

at = ’U?. (69)

Therefore, an expansionary balance-sheet policy triggers a contractionary response of conven-

tional monetary policy that unambiguously increases the real interest rate. The expansionary effect

mission of unconventional monetary policy shocks is not substantially affected by the idiosyncratic uncertainty typical
of HANK economies. The reason behind this difference lies in the different mechanism through which unconventional
monetary policy is relevant in their economy, where the borrowing agent exposed to the credit friction in the banking
sector is a wholesale non-financial firm, while the cross-sectional distribution of consumption across households is
essentially unaffected by the credit friction. Unconventional monetary policy in their economy is therefore relevant
through its effects on the investment decisions of firms, rather than on the consumption decisions of households, which
explains why the idiosyncratic risk faced by the latter does not play a major role.
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of the shock is thereby supported entirely by the equilibrium increase in central bank’s reserves and
its effects on the consumption of borrowers and savers along the three channels discussed.

In the unconventional regime — i.e. ¢ = ¢, = 0 — the equilibrium consumption inequality is

vy

W= C2(1-2)

1—
0 (1~ Bpu) <z<x 1) (1 ~put p”) +(1- %)) - mpu] o, (70)
where we used (65), while the real interest rate and the quantity of reserves are equal to

’ﬁt = —RPuO‘x(S[l — Pu + puz_l(l - ’78):| \I/u?]g (71)
U = —kpy Wy vp. (72)

Therefore, in this regime an expansionary balance-sheet shock triggers general-equilibrium effects
that shape the transmission differently, depending on how persistent the shock is. A transitory, one-
time shock (i.e. p, = 0) on the one hand leaves the equilibrium real interest rate unchanged and
on the other hand cannot trigger any response of consumption risk, since this policy does not affect
expected consumption inequality. The expansionary effect in this case is therefore transmitted
entirely through the “borrowing-cost channel”, implying a temporary fall in the long-term interest
rate that expands the current consumption of borrowers. The endogenous response implied by
the unconventional regime leaves the ex-post equilibrium quantity of reserves unchanged, while the
current consumption inequality falls.

A persistent shock affects instead expectations and, thereby, also the real interest rate and
consumption risk. The expectation of a persistent fall in inequality, indeed, reduces consumption
risk for the savers and further fuels persistent inflationary expectations. The latter, in the absence
of a conventional policy response (since we are in an unconventional regime), are validated ez-post
by the fall in the real interest rate that indeed supports the higher levels of output gap and inflation.
The general-equilibrium response of inequality, however, is not necessarily a fall. The endogenous
response implied by the unconventional regime, indeed, yields an equilibrium lower level of central
bank’s reserves — the lower the more persistent the shock, as implied by equation (72). The lower
the level of equilibrium reserves, the more consumption inequality is pushed upwards, thereby

potentially inducing an increase in equilibrium.

4.4.2 A deleveraging shock

A deleveraging shock in our economy occurs when the leverage constraint of the financial interme-
diaries becomes more severe. In our model, this is captured by an exogenous fall in 9t, which follows
the AR(1) process 0; = pgl;_1 + €%, with pg € [0, 1].

The solution of our model, conditional on a deleveraging shock, implies

1- A ) 1 .
xy = 0,0(1 — Bpg) |1 — po + po Z% Wb, Tty = 050k |1 — pg + pg Z% Woby  (73)
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where .

Uy = [%(1 — ®pg)(1 = Bpg) +mp| =0 (74)

with

0= (L= Bp0n + 0 = po) + 026 (1= ot oo™ ) (i + (1= oo ). (79

When the financial intermediaries are forced to deleverage, therefore, the economy experiences
recessionary and deflationary pressures, whose intensity depends on several factors.

Notice first that, compared to an economy with no idiosyncratic risk (i.e. v, = 1) where
the heterogeneity between borrowers and savers is “static”, in our economy the deflationary and
contractionary effects of a persistent deleveraging shock are deeper. This is due to the additional
contraction in demand induced by the partial-equilibrium increase in consumption inequality, that
translates into higher consumption risk for the savers, who then cut their demand, as captured by

the last term in the square brackets in (73). Whether the general-equilibrium inequality

Y
z2(1—2)

Wt =
z

21— x)ox(1 — fpy) (1 A %)
— (1= Bpg) (02(1 — ®pp) + ¢u) — k(b — po) |0:  (76)

actually increases, however, depends on the underlying monetary-policy regime in place, and on
the structure of the economy, in particular with respect to the cyclicality of inequality. In this
respect, the analysis of the transmission mechanism of the shock follows the same lines as for the
unconventional monetary policy shock, to which we refer the reader.

Indeed, the solution of the model conditional on a deleveraging shock is identical to the solution
conditional on a negative unconventional-policy shock, for equal persistence (i.e. pg = py). As in
Sims et al. (2021), this suggests the result that an unconventional monetary-policy expansion may
be the most appropriate response to a deleveraging shock.

We complement this result by noticing that, while the natural interest rate falls in response to a
deleveraging shock, as shown by equation (53), the optimal interest rate does not respond at all, as
shown by equation (56). This is an important implication, considering that most of the literature
studying the monetary-policy response to a deleveraging crisis in the small-scale New Keynesian
model typically uses a fall in the natural rate as the primitive shock to respond to. Indeed, our
analysis suggests that observing a fall in the natural interest rate is generally not sufficient to infer
the appropriate monetary-policy response, and that the monetary-policy regime plays an important
role in the stabilization of the shock.

To see this, consider the general-equilibrium response of the policy rate in the conventional and
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the new-style regimes:

1_75

i = 0,0 (1 — po + po ) {ww + (1~ Bpo)ds | Toby (77)
which implies that the conventional policy tool in this regime is an increasing function of the
shock. A deleveraging shock strong enough is therefore able to bring the policy rate to the ELB,
exacerbating the negative effects on inflation and the output gap. In the conventional regime this
is the end of the story, as the balance sheet of the central bank does not respond at all (i.e. 4, = 0)
and the standard analysis from the benchmark New Keynesian model applies.

In the new-style regime, instead, the general-equilibrium level of central bank’s reserves responds

to the shock according to

1_75

= —0y0 <1 — po + po > [ww + (1 — Bpo)tbe | Woby. (78)

To see how state-contingent unconventional monetary-policy can help insulate the economy
from the ELB and sterilize the shock, consider the case of an inflation-targeting central bank.
Figure 2 provides a numerical illustration of this case, and displays the response of our economy to
a deleveraging shock bringing the natural interest rate to —6%, under three alternative regimes: a
conventional inflation targeting, an unconventional inflation targeting, and a regime combining the
conventional inflation targeting with an unconventional “inequality targeting”.

Under a “conventional inflation-targeting” regime, i.e. the limiting case of ¢ — oo, it is
straightforward to show that, for a given level of unconventional response coefficients ¥, and 1,
the following holds:

lim Wy =0 lim |:H¢Tr + (1= Bpo)dz | Vg = 1, (79)

Gr—00 Gr—00

which implies

iR = 5,0 <l—p9—|—p91;%)ét iy = 0. (80)

As in the benchmark New Keynesian model, an inflation-targeting central bank resorting to
its conventional tool only is unable to hit the inflation target, as the ELB in this case prevents
the policy rate to track the natural rate in case the latter goes negative. As shown by the blue
lines in Figure 2, the policy rate stays at the zero-lower bound for two years, during which the
economy experiences a very deep recession and a strong deflation, accompanied by a stark increase
in consumption inequality. Note that the increase in inequality and idiosyncratic risk amplify the
recessionary and deflationary effects of the ELB, compared to the benchmark New Keynesian model,
for a given fall in the natural interest rate. Indeed, in our economy a deleveraging shock hits the
borrowers first and foremost, implying a persistent fall in their consumption. The ensuing persistent

increase in inequality then also hits the savers, through the increase in consumption risk that reduces
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Figure 2: The response of the economy to a deleveraging shock. Blue lines with dots: conventional inflation
targeting; red lines with dots: unconventional inflation targeting; circled green lines: conventional inflation targeting
and unconventional inequality targeting; dotted black lines: first-best equilibrium. The bottom right panel displays
the natural interest rate r{ (red line) against the first-best real interest rate r{ (dotted black line).

their current spending as well.

Moreover, the bottom-right panel shows that, although the natural rate falls to negative values,
the optimal interest rate does not move (dotted black line). On the other hand, the dotted line in
the middle-right panel shows that the first-best level of reserves rises. This suggests an alternative,
more appropriate way to hit the inflation target: unconventional policy.

Consider then the case of an “unconventional inflation-targeting” regime, that is when ¢, — oco.

In this case, for a given level of conventional response coefficients ¢, and ¢,, it is easy to show that:

lim Uyp=0 (81)
Y —+00
1—7 -1
liglOo Ktr + (1 — ﬁpg)wx] Uy = [0x5 (1 — po + po . s)] . (82)

As a direct implication of the above, the general-equilibrium levels of the nominal interest rate

and central bank’s reserves, conditional on a deleveraging shock, in this limiting case are

=0 (83)
iy = —0;, (84)

which are consistent with the first-best equilibrium, as implied by equations (55)—(56). And indeed
— as also shown by the red lines in the figure — under unconventional inflation targeting not only
both the output gap and inflation are at their respective targets (since ¥y = 0 in (73) implies
xy = 7 = 0) but also equilibrium consumption inequality is stabilised at its steady-state level,

as implied by (76). The commitment to appropriately adjust central bank’s reserves to hit the
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inflation target — where “appropriately” means so as to track the first-best level 4y, as shown in the
middle-right panel — is able to completely absorb the effects of the deleveraging shock and prevent
its pass through to consumption risk and aggregate demand.

Notice that this power of unconventional monetary policy is derived from its distributional
nature, which makes it particularly effective in response to shocks that have mostly distributional
effects, such as a deleveraging shock. To show this, Figure 2 displays the response under a third
monetary-policy regime (green circled lines), which combines the conventional inflation targeting
with an unconventional “inequality targeting”, i.e. a commitment to fully stabilise consumption
inequality my means of central bank’s reserves. This regime can be characterised as a case where

¢r — oo in rule (59) and the following unconventional feedback rule replaces (60):
Up = —PYpwr + vf' (85)

with 1, — o0o. As the figure shows, under this regime the equilibrium outcome is the same as
under the unconventional inflation targeting. Note in particular that the commitment to stabilise
consumption inequality is enough to achieve the first-best equilibrium, without the need to move the
nominal interest rate at all, as implied by the bottom-left panel. Finally, note that equations (36)—
(37) imply that fluctuations in consumption inequality are essentially due to fluctuations in the
credit spread

we = (s + W — 1) Bywipr + 0 (Brify, — 7). (86)

Accordingly, the feedback rule (85) is equivalent to one where central bank’s reserves are contingent
on the expected future path of the credit spread, instead of consumption inequality: a commitment
to use the unconventional monetary policy to permanently “close the spread” is therefore able, in

our economy, to implement the first-best allocation in response to deleveraging shocks.?*

4.4.3 A discount-factor shock

To further scrutinize the claim of the previous Section, that observing a fall in the natural interest
rate is generally not sufficient to infer the appropriate monetary-policy response, here we consider
the response of our economy to a preference shock hitting the discount factors, ft, which follows the
AR(1) process & = pgét,l + 5§, with pe € [0,1].

This shock is typically used in the New Keynesian literature to capture disruptions in financial
markets that take the natural rate in the negative territory, exposing the economy to the ELB
issue. In our economy, as shown in Section 4.1, a preference shock affects the reference interest
rate in both the natural and the first-best equilibria. Under simple policy rules (59)-(60), the

general-equilibrium solution for the output gap and inflation, conditional on preference shock, are

2= (1— Bpe) (1 — pe) W& = (1 — pe) W& (87)

34For an analysis of the role of credit spreads in a related environment, see Ciirdia and Woodford (2011, 2016).
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where .

Ve = [%(1 —Qpe)(1—Bpe) +me| =0 (88)

and

ne = (1 — Bpe)dz + k(dr — pe) + 026 <1 —pe + Pgl Z%> <fi¢7r +(1- Bpg)lbz), (89)

while the general-equilibrium solutions for consumption inequality and the real interest rates are,

respectively
1—-p A
wy = 2(17_2) [(1 — Bpe) (Z(l -x)+ ?l)m) + m/’rr] Ueéy (90)
Ty = (1 - pf) |:(1 - Bpﬁ)qsa: + K(¢7r - pﬁ):| \Ijﬁét‘ (91)

As for any other shock, therefore, also the equilibrium adjustment that supports ex post the
transmission of a negative discount-factor shock depends on the underlying monetary-policy regime.
Under the conventional regime the real interest rate falls to lean against the contraction in demand,
the more so when consumption inequality is less procyclical and/or idiosyncratic uncertainty is
higher (as W¢ is increasing in ®). Under the unconventional regime, on the other hand, the real
interest rate actually rises and accommodates the fall in demand. It is in this case the unconventional
response that leans against the shock, by inducing a persistent fall in inequality that partially offsets
the contractionary effects of the shock, through a reduction in consumption risk for the savers that
stimulates their current spending.

Moreover, looking at the equilibrium path of the two policy tools in the mixed regime, conditional

on a preference shock provides some additional insight:

it = (1 - pe) [(1 — Bpe)da + /-wﬁw} Wey (92)
iy = —(1 — pe) [(1 — Bpe)he + ww] Wed. (93)

As in the benchmark New Keynesian model (and as in the case of a deleveraging shock), a strong
enough negative preference shock is able to bring the nominal interest rate down to the ELB if the
interest rate responds to the shock. This in general amplifies the deflationary and contractionary
effects of the shock. As in the case of a deleveraging shock, the availability of the unconventional
tool offers in principle an alternative to shield the economy from the effects of the ELB.

To see this, consider again an inflation-targeting regime implemented using either the conven-
tional or the unconventional tools. In the case of a “conventional inflation-targeting regime” (i.e.

the limiting case ¢, — 00) one can easily show that

lim W =0 lim (1~ Bpe)gs + ripn| Te =1, (94)

¢r—r00 O
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which implies
it = (1= pe)és iy = 0. (95)

Under an “unconventional inflation-targeting regime” (i.e. when 9, — 00), instead we get

lim VU, =
w,rlgloo ¢=0 (96)
. 1—1s -

lim |kpr + (1 = Bpe)be | Ve = |020 | 1 — pe + pe——— ) (97)

Pr—r00 z

which finally implies
it =0 (98)
-1

N 1—s 2

Ut = —(1 — pg) axé 1-— 123 + pgT £t. (99)

On the one hand, as in the benchmark New Keynesian model, a strict inflation-targeting regime
implemented through the conventional tool only is unable to hit the target in the face of a strong
enough negative preference shock, due to the ELB on nominal interest rates. On the other hand, in
our economy with heterogeneous households, credit frictions and idiosyncratic uncertainty, a strict
inflation targeting regime implemented through the unconventional tool is able to hit the inflation
target regardless of the size of the shock, thus insulating the economy from the ELB.

Figure 3 provides a numerical illustration and displays the response of the economy under the
three regimes of Figure 2, to a discount-factor shock that brings the natural interest rate to —6%,
as in the previous Section.

A few insights can be drawn from the figure. First, the path of the natural interest rate in the
bottom-right panel — which is the same as in the previous Section, by assumption — in this case
coincides with that of the first-best rate as well, as also implied by equations (53) and (56). The path
of the first-best level of central bank’s reserve is instead flat at zero (dotted line in the middle-right
panel). This suggests in principle that the conventional interest rate be the appropriate policy tool
to respond to this shock. In the case of a small shock, this policy indeed achieves full stabilization
of all the relevant variables, and the socially optimal allocation.

Second, since the path of the natural rate is identical as in the case of a deleveraging shock,
the aggregate response of output, inflation and the nominal interest rate is also identical as in
that case. The transmission is however different. Indeed, the cross-sectional distribution of the
response is much milder, as captured by an increase in consumption inequality that is about 50%
as large as in the case of a deleveraging shock (see the middle-left panel in the figure). This results
from the fact that a discount-factor shock has a symmetric effect, on impact, on both savers and
borrowers, which implies a smaller impact on inequality and therefore a weaker amplification through
consumption risk. The weaker impact on savers’ spending decisions through consumption risk is

however compensated by a stronger transmission through inter-temporal substitution, triggered by
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Figure 3: The response of the economy to a negative discount-factor shock. Blue lines with dots: conventional
inflation targeting; red lines with dots: unconventional inflation targeting; circled green lines: conventional inflation
targeting and unconventional inequality targeting; dotted black lines: first-best equilibrium. The bottom right panel
displays the natural interest rate r{ (red line) against the first-best real interest rate r{ (dotted black line).

a higher-than-optimal nominal interest rate (as displayed in the bottom-left panel by the solid blue
and dotted black lines).

Third, committing to stabilize inflation through unconventional policy allows the central bank
to hit the inflation target in spite of the ELB, as in the previous Section (see red lines in the figure).
However, while the equilibrium paths of the output gap, inflation and real reserves are the same
as in the case of a deleveraging shock, the overall equilibrium outcome is different. Indeed, in the
case of a deleveraging shock, the path of real reserves was consistent with the first-best equilibrium,
implying that not only the output gap and inflation were on target, but also consumption inequality
was fully stabilised, making that equilibrium outcome socially optimal. In the case of a negative
discount-factor shock, instead, the equilibrium outcome is not socially optimal in spite of the fact
that output gap and inflation are on target. The reason is that in order to hit the inflation target, the
central bank in this case must exploit the “idiosyncratic-risk channel” of unconventional monetary
policy to compensate for the inability to accommodate the intertemporal substitution called for
by the preference shock, because of the ELB. Thereby, the central bank needs to increase real
reserves more than in the first-best equilibrium, in order to trigger a strong and persistent decline

in equilibrium consumption inequality, relative to the optimal level, according to

-1
1— 1—7, .
wy = Z(li_pi) [Umé <1 —pet psj)] &t (100)

Note that, while a central bank endowed with a dual mandate including only inflation and
the output gap would find it optimal to use the unconventional policy to stabilize inflation, a

central bank seeking to maximize social welfare would face a tradeoff that makes the unconventional
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inflation-targeting regime suboptimal, unlike in the case of a deleveraging shock. A central bank
concerned with all welfare-relevant variables might want to use its conventional and unconventional
tools selectively on aggregate and distributional targets. This is captured in the figure by the circled
green line displaying the response under a policy regime where the conventional dimension of policy
targets inflation and the unconventional one targets consumption inequality (or the credit spread).
As the figure shows, under such a regime the central bank is able to perfectly stabilise consump-
tion inequality through a mild increase in central bank’s reserves and, thereby, it also substantially
improves inflation and output-gap stabilisation, compared to the conventional inflation-targeting
regime. The reason is that, by stabilising consumption inequality, the central bank completely off-
sets the consumption-risk dimension of the shock’s transmission, which accounts for two-thirds of
the effects on inflation and the output gap in the conventional inflation-targeting regime.3?
Complementing the conventional inflation-targeting regime with an unconventional inequality
targeting is therefore unambiguously welfare improving. However, the figure suggests that the
central bank could use unconventional monetary policy to raise welfare even more, by tolerating a
reduction in consumption inequality below its optimal level in order to stabilise inflation and the
output gap some more, through a reduction in consumption risk. In order to study this kind of
policy tradeoffs more formally, in the next Section we turn to the analysis of optimal monetary

policy in a linear-quadratic framework.

4.5 Optimal Monetary Policy

The optimal policy problem of a central bank concerned with social welfare can be characterized as

the minimization of loss (49) subject to the aggregate-demand block described by

xp = Ewpq — 0y (i — Byftper — 7)) — @ Bywr1 — 0B { Aty — AU) 4} (101)

we=1-2)"[Q=x)2 — 2w —07)], (102)
where we defined ®,, = §(1 — z)(1 — ~,), the aggregate supply
7y = BEyfia1 + Ky, (103)
and the non-negativity constraint on the nominal interest rate:
> (104)

Consider first the case of discretion. In this case, the central bank chooses a path for its policy

instruments and the three target variables in order to minimize the period loss-function

o+ @
2

(:L'f + )\,rfrf + )\wwf)

35The response of inflation and the output gap in this case coincides with the one we would observe in the benchmark
New-Keynesian model.

35



such that

xp =Ky p— oy Vil 4 6y (105)
Ty =Kyt + Koy (106)
wp =Ko+ (1—2)"" (1= x) e — 27y (107)
it > gt (108)

where K, i, Ky, K, collect terms that are either exogenous or expectational.
Consider now the case of an “old-style” central bank that only uses its conventional, interest-rate
policy and keeps the size of its balance sheet constant. In this case, 4; = 0 for all ¢ in the system

of constraints above, and the first-order conditions for the problem above are:

xp =rpog + (1—2) 11— X)pae — pag (109)
P2t = — AxTi (110)
U3t = — AWy (111)
M1t = — Oxl4t, (112)

where p;4, for j = 1,...,4 are the Lagrange multipliers on the contraints (105)—(??). Thus, the

optimal targeting rule in this case requires
wp+ K+ (1= 2) 7 (1= ) Aowr = Tafias. (113)

The above implies that, even when the ELB is not binding (i.e. g4 = 0), there is an endogenous
tradeoff between inflation and output stability on the one hand, and consumption inequality on the
other hand. This endogenous tradeoff, however, is relevant in response to leverage and productivity
shocks only. Indeed, in the absence of productivity and leverage shocks (i.e. 4y = 0) consumption
inequality becomes proportional to the output gap, as in Bilbiie (2021), so that by stabilizing infla-
tion and the output gap also inequality is stabilized. On the other hand, fluctuations in productivity
or the bank’s leverage constraint makes it impossible to stabilize at the same time all three targets
using only the conventional instrument — as already implied by the analysis of Section 4.1 — and the
central banks finds it optimal to induce some volatility in inflation and output in order to reduce
that in inequality.3

The picture changes for a “new-style” central bank: if the central bank chooses also the path of

reserves Uy, the solution of the optimal problem requires the following additional condition:

pae = 02(1 — 2)p . (114)

36 Analogous results concerning the implications of productivity shocks for this kind of tradeoffs can be found in
Nisticd (2016). Notice however that here the role of productivity shocks is entirely due to the presence of disposable
labor-income inequality. Were o = 1, indeed, productivity shocks would be irrelevant for 4; and the only shock
implying an endogenous tradeoff would be 0;.
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To understand the implications of (114), consider first the case in which the ELB is not binding.
In this case ps = 0 and, through equation (112), also p1, = 0, as in the case of an old-style central
bank. However, now, condition (114) also requires p3; = 0, which finally requires w; = 0, by (121).
Therefore, with two policy tools, the central bank can hit two targets at once. As a consequence,

the optimal targeting regime now includes two rules:
T + Ii)\ﬂ—ﬁ't =0 (115)

and
wy = 0. (116)

The targeting rule (115) is identical to the one implied by the benchmark New Keynesian
model, and implies the optimal dynamics of the nominal interest rate, which — as in the benchmark
New Keynesian model — takes care of the inflation-output tradeoff, if there is any. The targeting
rule (116), on the other hand, implies the optimal path for central bank’s reserves that is needed to

hit the consumption-inequality target, and it follows the feedback rule
U = uy — z(x — 1)y, (117)

where the optimal response coefficient to the output gap is negative if consumption inequality is
countercyclical (i.e. x > 1).
Moreover, notice that using equations (116) and (117) into (101) implies that the IS schedule

collapses to the one arising in the benchmark New Keynesian model
Tt = EtiL'H_l — J_l(iﬁ — Et'/ATt—o—l — 72;‘) (118)

Therefore, considering the above and the targeting rule (115), it follows that the optimal path for
the interest rate on reserves is also equivalent to the one arising in the benchmark New Keynesian
model. As implied by the analysis of Section 4.1, thus, the availability of two policy tools allows
the central bank to use them selectively on different welfare-relevant targets: the conventional tool
to pursue aggregate targets such as inflation and the output gap, and the unconventional one to
pursue distributional targets related to consumption inequality.

Therefore, in our economy with heterogeneous households, credit frictions and idiosyncratic
uncertainty, as long as the ELB is not binding, unconventional monetary policy is optimally used
to completely offset the additional distortions, compared to the benchmark New Keynesian model,
implied by the credit friction, and induces the same equilibrium outcome that would arise in its
absence.

Notice that the above result is not limited to the case of discretion. To see this, consider the

first-order conditions for an optimum under full commitment, that minimizes loss (49) subject to
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equations (101), (103), (102) and (104):

we =rkpog+ (1= 2)7 (1= x)pse — pae + B pn e (119)
fiog = — Apfrp + 05 B8 1 g1 + p2g—1 (120)
U3t = — AW — Bfl‘l)wuu—l (121)
Hit = — Ogfiat (122)
pae =02(1— 2) (1 — B pae—1) (123)

Therefore, also under full commitment, when the ELB is not binding (i.e. p4s = 0 for all t)
the IS equation (101) and consumption inequality (102) are not relevant constraints for the optimal
policy, implying p11; = pu3 ¢ = 0 for all t. As a consequence, the targeting regime under commitment
includes the two rules

T — Ti—1 + kAT = 0 (124)

and
wr =0, (125)

where, again, the targeting rule related to aggregate targets is identical to the one arising in the
benchmark New Keynesian model, where credit frictions are absent.

Consider now the case in which the ELB is binding, i.e. p4; > 0. In this case, the central bank
effectively looses one of its policy tools, and, with it, the possibility to completely offset the credit

distortions. Indeed, when g4 > 0 the optimal targeting regime includes the rules

T + KAy + (1 - Z)_l(l - X))‘wwt = Ozl4at (126)
and
Aowr = 0022(1 — 2)pay (127)
which can be reduced into
T + kAR = 27 P A (128)

When the ELB is binding, therefore, the endogenous tradeoff arises again: as in the case of an
old-style central bank, when the ELB is binding even a new-style central bank does not have enough
policy tools to completely offset the distortions coming from the credit friction, and it has to trade
off some aggregate stability for a more stable consumption inequality.

As a consequence, we can use (128) and (102) to solve for the optimal path of central bank’s

reserves:

Uy =0y + 2| (1—x) —

KAn . (129)

2(1— z)]x C2(1-2)
Ao K Ao

Therefore, when the central bank looses its conventional tool because it is stuck at the ELB,

it should expand its reserves in order to counteract the deflationary and recessionary effects of the
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shock that brought the economy into the liquidity trap.

Notice, finally, that equations (128) and (129) also clarify the open question at the end of
Section 4.4.3, when a negative preference shock is large enough that the conventional tool cannot
sterilize it fully because of the ELB.

On the one hand, a central bank endowed with a traditional dual mandate (i.e. A, = 0) can
indeed resort to unconventional monetary policy and completely stabilize inflation and the output
gap, as implied by equation (128) once we impose A, = 0. As shown in Section 4.4.3, this can be
done with a strong enough commitment to hit the inflation target by means of the central bank’s
reserves only, without using the conventional tool at all.

On the other hand, a central bank concerned with social welfare would find that option sub-
optimal as it would induce eccessive fluctuations in consumption inequality. Such a central bank
would find it optimal instead to let inflation and the output gap take some of the effects of the
shock in order to reduce fluctuations in consumption inequality. The way to do this is implied by
equations (128) and (129): use the conventional tool until it reaches the ELB, and complement that
interest-rate policy with an unconventional one that expands the central bank’s reserves as implied
by a feedback rule with a larger (though finite) response to inflation and the output gap.

We provide a numerical illustration of these mechanisms in the case of full commitment. As in
Eggertsson and Woodford (2003) — and most of the ELB literature that followed — we consider the
case of a stochastic shock that follows a two-state Markov Process with an absorbing state.”

Figure 4 displays the response of selected variables under full commitment to a discount-factor
shock that hits in period 1 and takes the natural (and first-best) real interest rate to —6%, in annual
terms. When the shock hits, it is expected to last 6 quarters (i.e. the probability of the natural rate
staying negative is about 0.83 per quarter). Ex post, it reverts to steady state in quarter 10 and from
that moment onward nothing else happens. The figure shows the response of the output gap (in
percentage points), the inflation rate (in annualized percentage points), consumption inequality (in
percentage deviations from the steady-state level), central bank’s reserves (in percentage deviations
from the steady-state level, as a share of steady-state output), and the nominal interest-rate on
reserves (also in annualized percentage points). The bottom-right panel shows the effect of the
shock on the first-best interest rate 7/ (blue line with dots), the first-best level of reserves ;
(dash-dotted black line) and the natural interest rate 7}* (dashed red line).

Moreover, the figure considers four alternative policy regimes. The blue solid line displays the
optimal policy when the central bank only uses the conventional interest rate; the red solid line the
optimal policy when it only uses the unconventional tool (i.e. reserves); the magenta dashed line
the optimal policy when the central bank uses both conventional and unconventional tools and it
seeks to maximize a standard, dual-objective loss function (i.e. when A, = 0); the black line with
dots finally displays the unconditionally optimal policy, when the central bank seeks to maximize
social welfare and uses both conventional and unconventional tools.

The first implication of this exercise is that, despite the response of reserves in the first-best

37In particular, we compute the solution of the model using the toolkit discussed in Eggertsson et al. (2021).
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Figure 4: The response of the economy to a fall in the natural interest rate under optimal commitment. The fall in
the natural rate is induced by a negative discount-factor shock. Blue solid line: optimal conventional policy only; red
solid line: optimal unconventional policy only; magenta dashed line: optimal policy mix conditional on A, = 0; black
line with dots: unconditional optimal policy mix.

equilibrium signals in principle no role for unconventional policy (as shown in the bottom-right
panel), the effectiveness of a lower-bound on the conventional policy tool opens some room for a
stabilization role of central bank’s balance-sheet policy. Indeed, when the central bank only responds
with the policy rate (blue solid lines), the zero-lower bound implies a persistent recession that the
central bank addresses with the “conventional” forward guidance, i.e. the commitment to keep the
policy rate at zero for an additional 4 quarters after the natural rate has reverted to steady state.

Compared to this outcome (familiar from the benchmark New Keynesian model), the figure
shows that under the optimal policy (the black lines with dots) the central bank is able to reduce
substantially the fluctuations in both the output gap and inflation. Key to this achievement is the
“idiosyncratic-risk channel” of transmission of unconventional monetary policy: the central bank
complements the zero-interest-rate policy with a persistent expansion in real reserves that lasts as
long as the natural rate remains negative. The expansion in reserves is key to dampen the response
of the output gap and inflation to the shock because the persistent fall in expected inequality
that it implies reduces consumption risk for the savers and thus stimulates their demand.?® When
the natural rate returns positive (period 10 in the figure), the expansionary conventional stance,
implied by the commitment to keep the interest rate at zero, is mirrored by an unconventional
tightening that mitigates the upward jumps in output and inflation that is typically associated with
forward-guidance policies in this class of models.

Notice that both instruments are used under the optimal policy. The use of the unconventional

tool only (red lines in the figure), indeed, would not be able to substantially improve output-gap

38In the absence of idiosyncratic risk, the role of central bank’s reserves would be smaller — consistently with their
smaller effectiveness through the “borrowing-cost channel” only — and the optimal response would imply a longer
zero-interest-rate policy. Simulations available upon request.
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and inflation stabilization, compared to the use of the sole interest rate, and it would come at the
cost of a much larger drop in consumption inequality relative to the optimal steady-state.

The policy mix that maximizes social welfare then combines conventional and unconventional
policies to optimally trade off some output-gap and inflation stability for lower fluctuations in
consumption inequality. A central bank endowed with a traditional dual mandate (which is nested
in our model when the welfare weight on consumption inequality in equation (49) is calibrated to
Aw = 0) can instead use the full power of unconventional monetary policy in this economy. Indeed,
as shown by the magenta dashed line in Figure 4, a central bank only concerned with output gap and
inflation stability can achieve full stabilization of both these objectives if it complements the zero-
interest-rate policy with a stronger expansion in real reserves, that can exploit the “idiosyncratic-risk
channel” as much as needed to close the output gap completely.

In Section 4.4 we discussed the different implications that a given fall in the natural interest
rate might have for the output gap and inflation depending on the underlying fundamental shock.
Figure 5 further scrutinizes that argument from an optimal policy perspective and displays the
response to a fall in the natural rate of interest that is caused by a correlated shock to both the
discount factor and the leverage constraint of financial intermediaries. In particular, the natural
rate falls to —6% as before, driven down to —3% by a negative discount-factor shock and for the
remaining 3 percentage points by a correlated deleveraging shock.

We can appreciate the first difference with respect to the case of Figure 4 in the bottom-right
panel: while the path of the natural rate is the same as before, the first-best equilibrium is now
different, with the optimal real interest rate 7; falling to —3% and the optimal level of real reserves
uf rising to 1.7%, both until the fundamental shocks revert to the absorbing state.

Under the “optimal conventional policy” — that is when the central bank aims at minimizing
welfare losses using only the nominal interest rate (blue line in the figure) — the response of the econ-
omy is very similar to Figure 4 with respect to inflation and the output gap. A notable difference is
however the response of consumption inequality: while a discount-factor shock hits symmetrically
savers and borrowers, a deleveraging shock hurts proportionately more the borrowers, thereby im-
plying a substantial increase in consumption inequality. This raises consumption risk for the savers
and induces stronger downward pressures on the output gap, which the optimal conventional policy
is able to address through a more inflationary commitment: the path of the inflation rate, indeed,
lies above the one in Figure 4, thereby implying stronger downward pressures on the real interest
rate that counteract the contractionary consequences of the increase in consumption risk.

The fact that about a half of the fall in the natural rate is transmitted to the real economy
through the increase in consumption risk to the savers explains the meaningful difference arising
under the “optimal unconventional policy” — that is when the central bank seeks to minimize welfare
losses using only its balance sheet (red line in the figure). Indeed, using only the unconventional
tool allows the central bank to more effectively lean against the deleveraging component of the fall
in the natural rate that pushes consumption risk up, and to improve the stabilization of the output

gap in particular, compared to the conventional optimal policy. In this case, the nominal interest
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Figure 5: The response of the economy to a fall in the natural interest rate under optimal commitment. The fall
in the natural rate is induced by a combination of correlated negative discount-factor and deleveraging shocks. Blue
solid line: optimal conventional policy only; red solid line: optimal unconventional policy only; magenta dashed line:
optimal policy mix conditional on A, = 0; black line with dots: unconditional optimal policy mix.

rate does not move at all and the equilibrium consumption inequality has to fall substantially in
order to lean against the fall in the natural rate.

Particularly worth noticing are the implications of the “optimal policy mix” — that is when the
central bank seeks to maximize social welfare optimally combining both types of policy tools (black
line with dots). Appropriately complementing the zero-interest-rate policy with an expansion in real
reserves allows the central bank to substantially shorten the duration of the liquidity trap and lift the
nominal interest rate only one quarter after the shock has reverted to steady state. The expansion
in reserves indeed addresses the deleveraging component of the fall in the natural rate, and is
able to substitute the power of conventional forward guidance on the policy rate with a reduction in
consumption risk for the savers that almost completely offsets the short-run contractionary effects of
the shock. The early liftoff of the policy rate, moreover, also reduces the expansionary stance of the
conventional policy in period 10, when the shock is back in the absorbing state, and thus mitigates
the upward jump of the output gap and inflation without the need of a sizable unconventional
tightening.?’

This result echoes Benigno and Benigno (2022) where, too, optimally setting the path of central
bank’s reserves in the face of a fall in the natural interest rate is able to shorten the duration of the
liquidity trap. In their environment, however, central bank reserves affect real activity through their
utility value for a representative agent, and therefore can shorten the liquidity trap regardless of the

source of the fall in the natural rate. Here instead we point out that this result critically depends

39Note that the difference in the duration of the liquidity trap compared to Figure 4 is not simply due to the milder
discount-rate shock. Indeed, simulating the response to a preference shock that takes the natural rate to —4%, without
the correlated deleveraging shock, would require a duration of the zero-interest-rate policy one quarter longer than in
Figure 5, suggesting a more meaningful interaction of the two shocks in opening room for the stabilization power of
unconventional monetary policy. Simulations available upon request.
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on whether the natural rate falls in response to a fundamental shock — such as a deleveraging shock
— that is mainly transmitted through inequality and consumption risk, that is the same theoretical
channel that makes unconventional monetary policy most effective.

Finally notice that in this case the outcome implied by a central bank endowed with a tradi-
tional dual-objective mandate is very similar to the unconditional optimal policy mix along every
dimension: output gap and inflation in this case can be completely stabilized by an appropriate
combination of conventional and unconventional monetary policy, in spite of the liquidity trap, with
reserves increasing only slightly more to exploit the “idiosyncratic-risk channel” of unconventional

monetary policy to a full extent.

5 Conclusion

This paper studies the monetary-policy implications of an economy where households are hetero-
geneous and face idiosyncratic risk, financial intermediaries channel funds from savers to borrowers
but are limited by some leverage constraints, and the central bank controls both the interest rate
on its reserves and the size of its balance sheet.

Accounting for idiosyncratic risk and cyclical inequality opens room for two additional chan-
nels of transmission of central banks’ balance-sheet policies, related to consumption risk. The
idiosyncratic-risk channel in particular is key for the transmission of persistent balance-sheet poli-
cies: improving the consumption opportunities for borrowers reduces consumption risk for the savers
which, in turn, find it optimal to cut their precautionary savings and expand their current spending
as well. This critically amplifies the expansionary effect of an unconventional monetary policy shock
that initially only affects the borrowers.

Through this channel, unconventional monetary policy improves the ability of the central bank
to anchor the private sector’s expectations and rule out endogenous instability. Appropriately
specified balance-sheet policy rules allow the central bank to implement a (locally) unique rational-
expectations equilibrium even in the case of an interest-rate peg, or a permanent liquidity trap.

Unconventional monetary policy allows the central bank to stabilise inflation and the output
gap even in the face of shocks that the conventional policy would find impossible to sterilise due
to the existence of an effective lower bound on the policy interest rate. We show, however, that
(unconventional) strict inflation targeting is not necessarily an optimal policy regime from a welfare
perspective, as it may require strong and persistent effects on consumption inequality that are
detrimental for social welfare. Nevertheless, the optimal conventional-unconventional policy mix
improves the ability of the central bank to reduce fluctuations in inflation and the output gap

during a liquidity trap, and may promote a swifter exit from zero-interest rate policies.

References

[1] Acharya, Sushant, Eduard Challe and Keshav Dogra. 2022. “Optimal Monetary Policy
According to HANK” , CEPR Discussion Papers 14429, C.E.P.R. Discussion Papers.

43



2]

[11]

[12]

[13]

Acharya, Sushant and Keshav Dogra. 2020. “Understanding HANK: Insights From a
PRANK?”, Econometrica, 88(3), 1113-1158.

Auclert, Adrien. 2019. “Monetary policy and the redistribution channel”, American Eco-
nomic Review, 109(6), 2333-2367.

Auclert, Adrien, Matthew Rognlie and Ludwig Straub. 2020. “Micro jumps, macro

humps: Monetary policy and business cycles in an estimated HANK model”, mimeo

Auclert, Adrien, Bardczy, Bence and Matthew Rognlie. 2021. “MPCs, MPEs, and
Multipliers: A Trilemma for New Keynesian Models”, Review of Economics and Statistics,

forthcoming.

Benigno, Gianluca and Pierpaolo Benigno. 2022. “Managing Monetary Policy Normal-
ization”, CEPR Discussion Paper No. 17290

Benigno, Pierpaolo. 2020. “A Central Bank Theory of Price Level Determination”, American

Economic Journal: Macroeconomics, 12(3): 258-83

Benigno, Pierpaolo, Gauti Eggertsson and Federica Romei. 2020. “Dynamic Debt
Deleveraging and Optimal Monetary Policy”, American Economic Journal: Macroeconomics,
12(2): 310-50

Benigno, Pierpaolo and Salvatore Nistico. 2017. “Safe Assets, Liquidity and Monetary

Policy”, American Economic Journal: Macroeconomics, 9(2) pp. 182-227.

Benigno, Pierpaolo and Salvatore Nistico. 2020a. “Non-Neutrality of Open-Market Op-

erations”, American Economic Journal: Macroeconomics, 12(3): 175-226.

Benigno, Pierpaolo and Salvatore Nistico. 2020b. “The Economics of Helicopter Money”,
CEPR Discussion Paper No 14555.

Bernanke, Ben. 2015. “Monetary Policy and Inequality”, Brookings Blog, June 1.

Bernanke, Ben. 2017. “Monetary Policy for a New Era”. Speech at the conference on Rethink-
ing Macroeconomic Policy, the Peterson Institute for International Economics, Washington,
October 12.

Bhattarai, Saroj, Gauti Eggertsson and Bulat Gafarov. 2022. “Time Consistency and
the Duration of Government Debt: A Model of Quantitative Easing”, Review of Economic

Studies, forthcoming

Bilbiie, Florin. 2008. “Limited Asset Markets Participation, Monetary Policy and (Inverted)
Aggregate Demand Logic”, Journal of Economic Theory, 140 (1): 162-196.

Bilbiie, Florin. 2018. “Monetary Policy and Heterogeneity: An Analytical Framework”,
CEPR Discussion Paper No. 12601

44



[21]

[22]

[23]

[24]

[31]

[32]

Bilbiie, Florin. 2020. “The New Keynesian Cross”, Journal of Monetary Economics, 114:
90-108.

Bilbiie, Florin. 2021. “HALT: Heterogeneous Agents Liquidity Traps”, mimeo.

Bilbiie, Florin and Xavier Ragot. 2021. “Optimal Monetary Policy and Liquidity with

Heterogeneous Households”, Review of Economic Dynamics, 41: 71-95.

Bilbiie, Florin, Giorgio E. Primiceri and Andrea Tambalotti. 2022. “Inequality and

Business Cycles”, mimeo.

Bonchi, Jacopo and Salvatore Nistico. 2022. “Heterogeneity, Bubbles and Monetary Pol-
icy”, DISSE Working Paper No. 5

Bonciani, Dario and Joonseok Oh. 2021. “Optimal monetary policy mix at the zero lower
bound”, Bank of England Staff Working Paper No. 945

Bullard, James and Kaushik Mitra. 2002. “Learning about monetary policy rules”, Journal
of Monetary Economics, 49(6), 1105-1129

Calvo, Guillermo. 1983. “Staggered Prices in a Utility-Maximizing Framework”, Journal of
Monetary Economics, 12 (3): 983-998.

Challe, Eduard. 2020. “Uninsured unemployment risk and optimal monetary policy in a

zero-liquidity economy”, American Economic Journal: Macroeconomics, 12(2), 2020

Chen, Han, Vasco Curdia and Andrea Ferrero. 2012. The macroeconomic effects of

large-scale asset purchase programmes. Economic Journal, 122, 289-315.

Colciago, Andrea, Anna Samarina, and Jakob de Haan. 2019. “Central Bank Policies

and Income and Wealth Inequality: A Survey”. Journal of Economic Surveys, 33(4), 1199-1231.

Ctardia, Vasco and Michael Woodford. 2010. “Credit Spreads and Monetary Policy”,
Journal of Money Credit and Banking, 42 (1): 3-35.

Ctrdia, Vasco and Michael Woodford. 2011. “The Central-Bank Balance Sheet as an
Instrument of Monetary Policy”, Journal of Monetary Economics, 58 (1): 47-74.

Ctardia, Vasco and Michael Woodford. 2016. “Credit Frictions and Optimal Monetary
Policy”, Journal of Monetary Economics, 84: 30-65.

Cui, Wei and Vincent Sterk. 2021. “Quantitative easing with heterogeneous agents”, Jour-
nal of Monetary Economics, 123, 68-90.

Debortoli, Davide and Jordi Gali. 2018. “Monetary Policy with Heterogeneous Agents:
Insights from TANK models”, mimeo.

45



33]

[34]

[35]

[41]

[46]

Debortoli, Davide and Jordi Gali. 2021. “Idiosyncratic Income Risk and Aggregate Fluc-

tuations”, mimeo.

Del Negro, Marco, Gauti Egertsson, Andrea Ferrero and Nobuhiro Kiyotaki. 2017.
The great escape? A quantitative evaluation of the fed’s liquidity facilities. American Economic
Review 107(3), 824-857

Eggertsson, Gauti, Sergey K. Egiev, Alessandro Lin, Josef Platzer and Luca Riva.
“A Toolkit for Solving Models with a Lower Bound on Interest Rates of Stochastic Duration”,

Review of Economic Dynamics, 41, issue in honor of the memory of Alejandro Justiniano.

Eggertsson, Gauti and Michael Woodford. 2003. “The Zero Interest-Rate Bound and
Optimal Monetary Policy”, Brookings Papers on Economic Activity, 1

Gali, Jordi. 2018. “The State of New Keynesian Economics: A Partial Assessment”, Journal
of Economic Perspectives, 32 (3): 87-112.

Gali, Jordi, Lopez-Salido, David and Javier Vallés. 2007. “Understanding the Effects
of Government Spending on Consumption”, Journal of the European FEconomic Association, 5

(1): 227-270.

Gertler, Mark and Peter Karadi. 2011. “A Model of Unconventional Monetary Policy”,
Journal of Monetary Economics, 2011, pp. 17-34.

Gertler, Mark and Peter Karadi. 2013. “QE 1 vs. 2 vs. 3 ...: A Framework for Analyzing
Large-Scale Asset Purchases as a Monetary Policy Tool”, International Journal of Central
Banking, 2013, 9(S1), 5-53.

Gornemann, Nils, Keith Kuester and Makoto Nakajima. 2016. “Doves for the Rich,
Hawks for the Poor? Distributional Consequences of Monetary Policy”. International Finance

Discussion Papers 1167, Board of Governors of the Federal Reserve System

Hall, Robert E., and Ricardo Reis. 2013. “Maintaining Central-Bank Solvency under
New-Style Central Banking”. Unpublished paper.

Kaplan, Greg, Benjamin Moll, and Giovanni L. Violante. 2018. “Monetary Policy
According to HANK”, American Economic Review, 108(3), 697-743.

Kaplan, Greg and Giovanni L. Violante. 2018. “Microeconomic Heterogeneity and

Macroeconomic Shocks”, Journal of Economic Perspectives, 32(3), 167-194

Karadi, Peter and Anton Nakov. 2021. “Effectiveness and addictiveness of quantitative
easing”, Journal of Monetary Economics, 117, 1096-1117

McKay, Alisdair and Christian Wolf. 2022. “Optimal Policy Rules in Hank”, mimeo.

46



[47]

Nistico, Salvatore. 2016. “Optimal Monetary Policy and Financial Stability in a Non-
Ricardian Economy”, Journal of the European Economic Association, 14 (5): 1225-1252.

Schnabel, Isabel. 2021. “Monetary policy and inequality”, Speech at a virtual conference on

Diversity and Inclusion in Economics, Finance, and Central Banking

Ravn, Morten and Vincent Sterk. 2021. “Macroeconomic Fluctuations with HANK &
SAM: an Analytical Approach”, Journal of the European Economic Association, 19(2), 1162
1202

Sims, Eric, and Jing Cynthia Wu. 2021. “Evaluating Central Banks’ Tool Kit: Past,
Present, and Future”, Journal of Monetary Economics 118, 135-160

Sims, Eric, Jing Cynthia Wu and Ji Zhang. 2021. “The Four Equation New Keynesian

Model ”, Review of Economics and Statistics, forthcoming.

Sims, Eric, Jing Cynthia Wu and Ji Zhang. 2022. “Unconventional Monetary Policy
According to HANK ”, mimeo.

Werning, Ivan. 2015. “Incomplete Markets and Aggregate Demand”, NBER Working Paper
No. 21448

Woodford, Michael. 2003. Interest and Prices. Princeton University Press: Princeton.

Wu, Jing Cynthia and Yinxie Xie. 2022. “(Un)Conventional Monetary Policy and Fiscal
Policy ”, available at SSRN: https://ssrn.com/abstract=4163157

Yellen, Janet L. 2014. “Perspectives on Inequality and Opportunity from the Survey of Con-
sumer Finances”. Speech at the Conference on Fconomic Opportunity and Inequality, Federal

Reserve Bank of Boston, Boston, Massachusetts.

47



Appendix

A Firms and the Aggregate Equilibrium

This Section provides details on the problem of firms and on the aggregate equilibrium.

A.1 Firms

Here we show that the equilibrium in the production sector is isomorphic to the benchmark New
Keynesian model, as we mostly follow Benigno and Nistico (2017). A continuum of firms of measure

one produces each one brand of differentiated goods using the linear technology
Yili) = ALi(i) (A1)

for all brands ¢ € [0, 1]. The labor input combines the hours worked of savers and borrowers through
the Cobb-Douglas technology
Ly(i) = [Lsa ()]~ (Lo (D] (A-2)

which implies that the wage bills for each type of labor is the same as the average wage bill,
WLy = Wyy Ly = WiLy where W, = W W,

Firms set their price according to the Calvo mechanism, whereby each period a share a € [0, 1] of
firms passively index their price to the inflation target 7#* while the remaining share 1 — « optimally

sets the price at level P;*. Given this structure, the equilibrium inflation rate then satisfies

P* 1—e 1 e—1
1:(1—a)<Ptt> +a<1i:i> . (A.3)

A common optimal price level P is chosen by all firms that are able to reset their price at ¢, as

it maximizes the expected discounted stream of future profits

- - s . *\t— Pt(l)
Ey, {tzzt:o a'TOAG LY (4) [(1 + )it B Mct] } ) (A4)
subject to the demand for brand i, Y;(i) = (P:(i)/P;)” Y}, in which aggregate output satisfies the

resource constraint

Y; = (1 - 2)Cas + 2Che. (A.5)

In the objective of the firm (A.4), the stochastic discount factor used is that of savers, which own

the firms, and real marginal costs are given by

Wi
PtAt ’

MCy=(1-1) (A.6)

where 7 is an employment subsidy.
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The solution to the firms’ problem implies, also using (A.3):

e—1 1—e
o 147
-« (1+71'*> € Ft

= -t A.
11—« e—1 Kt7 ( 7)
with
0o P €
F, = E, { ol A Yy (TT) MCt}
th P17
s 1+ T ‘
= }QMCt + OéEt At,t+1 W Ft+1 (AS)
0o P 1—e
K,=E TS Y | —— T
= md S (o

1+ 1
=Y +aky {Af,tﬂ (H_;l) Ktﬂ} . (A9)

In equilibrium, firms’ real marginal costs follow from aggregation of the labor supply equations of

savers and borrowers, which the specification of preferences (1) and technology (A.2) keep tractable:

MCy=(1—-71 = T ,
b= )PtAt vexp(—vY) A}t

(A.10)

where we have also used the production function (A.1), the aggregator (2) and the resource con-

straint (A.5), and where A? is an index of relative-price dispersion across firms

AP = /01 (1333(?) h di, (A.11)

which evolves according to

1+ \ l_a(lli;r}‘)_ B
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A.2 Aggregate Equilibrium

Equilibrium in the asset markets requires, for each period ¢

(1—2)D =D’ (A.13)
(1—2)N =N/ (A.14)
2B =B/ + B° (A.15)
R=R’ (A.16)
c f
Define u; = %, by = Q}?t, bf QtB , bf = Qﬁft, t = Dt d{ = ?t ng = % ntf = N?t» and
wy = M An equilibrium is therefore a vector (Y32, collectmg seventeen stochastic processes
Yt = (Y‘t7 Tt Cs,ta Cb,t7 Zt[)') ZtBa 157 bt7 U, Ait+17 Ct7 MCt7 Aga Ft7 Kt; W, Lt)
that satisfy the following fifteen restrictions, expressed in real terms
1+
§UCur) = 88 { T [p o) + (- Con)] | (1D
_l’_
I+
&Ue(Coy) = BoEr Tfﬂrl [pr (Copt1) + (1 — pb)Uc(Cs,tJrl)} (A.18)
9,5 + (A th (Alg)
iP =it >0 (A.20)
B {A7 11 (it —i0)} =G (A.21)
Yi=(1-2)Cst + 2Cpy (A.22)
Y;AP)¥
MC,=(1—7) (YiA,) - (A.23)
vexp(—vY,) ALT7
1
e—1\ 1—¢
1-a () F
a - (A.24)
11—« e—1 Kt
1+ ‘
F,=Y,MC; + aE; { ) <17Tt+*1) Ft+1} (A.25)
+ 7
1+ m e
Kt = }/t + OzEt {Af,t+1 (HT('*) Kt+1} (A26)
Y;AP)?
wy = — AT (A.27)

vexp(— 0¥ A7
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1+7Tt e—1
1+m\° 1_O‘<1+w*)
Af:a(wn*) At -9) 1-a (4.28)

VAP = AL, (A.29)

Cb,t = bt + ’Zﬂ’tht (A30)

psUc(Cs,H—l) + (1 - ps)Uc(Cb,t—H)
(1 + 7Tt+1)Uc(Cs,t) ’

for a given vector of exogenous processes {X;}i2, with X; = (&, A¢, 6¢), and where we focus on

equilibria where the banks’ leverage constraint is always binding, implying b{ = 6;. With fifteen

A = (A.31)

restrictions to determine seventeen processes, we have two degrees of freedom that we can exploit

to specify the two dimensions of monetary policy, as in Definitions 1 and 2.

B The Welfare-Based Monetary-Policy Loss Function

In this section we provide details on the derivation of equation (49). We consider an efficient steady
state maximizing the social welfare (45) subject to the resource and technological constraints, as in
equation (46). Such a steady state satisfies:

(1 —2)U(Cs) = (1 —2)A (B.32)

ZU(Cp) = 2\ (B.33)

(1= DV(L) = (1 - A1 (B.34)
e Y

ZVi(Ly) = z)\fb (B.35)

where X is the Lagrange multiplier on the contraint (46), evaluated at the steady state.
Now take a second-order approximation of the social-welfare function (45) around this efficient

steady state, to get:

Ui = 0+ (1= 9)[U(CL)(Cus ~ Co) + Ul Co)(Cas = O
2 UGGt = ) + 5Uee( O (Cha = O
- (1= 2) [ L) (s = L) + VL) Let - LY
= VLD Eae — L) + 300 Ee — L] + OIS, (B30

where an upper-bar denotes a variable in the efficient steady state and the term O(]|9|])? collects
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terms in the expansions that are of an order higher than the second.
Using conditions (B.32)—(B.35) in equation (B.36), the latter reads

Uy =0+ (1— 2)A [(cs,t _ G+ ;[(J;:(((is)) (Cos — C‘S)Q]

1 Uqe(Ch)
2 U,(Cy)

+ 2\ [(Cf - + (Crt — 06)2]

LY - 1 V(L) -
—u—axa[@w—Lg+2w@Qum—Lgﬂ

Y - 1 V(L) =
—MMJQW—LQ+2W@w@m—LW]+OWWP(BW)

Now define z; = In(X;/X), for X =Y, L, A, which implies

X — X 1
L =+ g+ O, (B.38)

Moreover, define c¢s; = (Cst — Cs)/Y and ¢y = (Cpy — Cp)/Y, which imply, together with the

resource constraint (A.22):
S b 1 2 3
(L= 2)ef + z¢) =y + i + O(|[9]])° (B.39)

Using the above in (B.37) we get:
TN Lo 15 2 2
U =U+ )Y |y + QY| §AYJ (1 —2)cs, + 2¢h,
o 1 - 1
—a—zuypw+2a+¢ﬁ4—szh¢+%1+@ﬁt+0mwm (B.40)

where we used Ucc(és)/Uc(és) = Ucc(éb)/UC(éb) = 0, ESWZ(ES)/W(ES) = Eb‘/ll(f’b)/W(Eb) =¥
and 0 = vY.
Now notice that the aggregate production function ;AP = A;L; = AtLi;Z Lj, implies that the
following holds exactly:
yr = (1= 2)lss + 2lpt + a — In AL,

which allows us to simplify the linear terms in equation (B.40), and write:

10, -U
2 )Y

= yf —ol(1- z)cit + zcgjt] —(1+¢))(1- z)lit + zlat] —In AP +t.ip. + (9(|]19||)3 (B.41)

where “t.i.p.” collects terms independent of policy. To evaluate the second-order terms in the equa-

tion above, we can use a first-order approximation of the resource constraint and of the aggregate
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production function:

Cs,t =Yt + 2wy (B.42)
cht =y — (1 — 2)wy (B.43)
lsg =y —ar — Zl j_ 90% (B.44)
b=y —ar+(1—2) 1 j_ 90%’ (B.45)
where w; = ¢4 — ¢4 and in the last two equations we used
loy — Loy = —ﬁwt, (B.46)

as implied by a first-order approximation of the equilibrium condition in the labor market, i.e.

1 1+
La® Lt (B.47)
vexp(—vCsy)  vexp(—vChy) '

Using the above in equation (B.41), after some algebra we can write:

10U, -U l1+o+o .
-5y = (o + o)zt + 2(1 — z)aﬁwlg +In AP +tip. + O(||9]])?, (B.48)
where z; =y, — y; and y; = ;j“r—iat.

Making use of the familiar result about the relative-price dispersion A},
Yo pgmar = SZ PN giotea? 4+ O(]J9)))% (B.49)

2K
t=to t=to

where & is the slope of the New Keynesian Phillips Curve, we finally obtain equation (49):

1 N g (U= U - — i 3
Eto = _§Et0 {Zﬁt fo (%;)} = %Eto {Zﬁt fo <.TC? + )\7r7r2 + )\ww752> } ) (B50)

t=to t=to

which ignores terms independent of policy and of higher order, and where

Ar

Il

(B.51)

2(1=2)1+¢+o0)
" orolte) (B.52)

Aw

C Proof of Proposition 3: the conditions for determinacy.

Consider the system of equations describing the private-sector equilibrium conditions
xp = OFwiq — 0y (iff — Byfepr — 7)) — 0B { Atipn — At 4 }+ 271 0(1 — ) Ee{tig1 — 451} (C.53)
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ﬁ't = BEtﬁ-t+1 + RI¢ (C54)

and the following monetary-policy rules

U =1 4 OnTty + Paxy (C.55)
Uy = af — YaTty — Y2y (0-56)

Substituting the policy rules in the IS equation, we can write the system more compactly in

matrix form as

E
Al =B | (C.57)
v Eyiq
where let
A= 1+U;1¢x+5¢x O-;l(ﬁﬂ'"*'éwﬂ
—K 1
and

B =

D+ 0(vs+2— DYy opt+ 27 (ys + 2 — 1)s
0 B '
System (C.57) admits x; = ; = 0 for all ¢ as a (locally) unique solution if and only if the two

eigenvalues of matrix D = B~!A are both outside the unit circle, where

_1 |d1i1 di2
D = (det B) ! , C.58
(det B) dy d22] (C.58)
with
det B = B(® + 2 16(vs + 2 — 1)1y) (C.59)
and
dit =B(1+ 05 ¢ + 04) + Koy + 271 (ys + 2 — 1)) (C.60)
diz = B0, br + 80r) — (07" + 2710 (ys + 2 — 1)or) (C.61)
do1 = — k(P4 275 (ys + 2 — 1)1y) (C.62)
dyp =@+ 27 6(7s + 2 — 1)y (C.63)

As proved in Woodford (2003), among others, this condition is satisfied if all of the following
holds

i) detD > 1 i) detD —tr D > —1 i71) detD +tr D > —1. (C.64)
Consider now that det D = (det B)~! det A, with

det A =14 0, 'pp + 60y + Ko, L or + 09r).

o4



Accordingly, condition C.64.i7) can be written as
det A — (dy; +dg2) > —det B

and it requires

1+ 05 by + 60 + K(0;  br + 0Ur) — B(L+ 05 by + 50)
- H(U:c_l + 2_15(’75 +2z2—1)tr) — @ — 2_15(’73 +z— 1)ty > —B(® + 2_15(75 + 2z — 1)),

which, after some algebra, yields condition (61):
o7 (1= 86w + (6 = 1)] + 27100 = 30) [(1 = B + ] > L= B)@=1).  (C.65)
Moreover, condition C.64.7) requires
07 b+ 01— B+ 27 8L = 7)o + (07 b+ 000r) > BO -1, (C.66)

which is always satisfied for ® < 37! and it is generally implied by (C.65) also for ® > 371, as long
as ® is not too large, in which case condition (C.66) becomes necessary and (C.65) is implied.

Finally, condition C.64.ii7) requires

1+ 0, b + 0y + k(05 b + 00r) + B(L + 05 by + 13
Fr(ogt + 2700y + 2 — D) + @+ 2710 (ys + 2 — Dby > —B(P + 2710(ys + 2 — 1)iby),

which is always satisfied for non-negative response coefficients ¢’s and ¢’s. As a consequence, for
® not too large, the equilibrium is determinate if and only if condition (61) is satisfied.
D The transmission of conventional-policy and productivity shocks.

D.1 A conventional policy shock

Turning to the transmission of conventional monetary policy, the solution of the model conditional
on a standard interest-rate shock implies the familiar result that both the output gap and inflation

rise in response to an expansionary shock (i.e. a negative &f):
xr = —(1 = Bpe)¥ovf 7r = —kW vy, (D.67)

where

V.= O'x(l - (I)pC)(l - ﬂpc) + e (D'68)
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with
Ne = (1 — Bpe)ps + K(pr — pe) + 040 <1 — pe + pcl;%) <m/)7r +(1- ﬁpc)sz) (D.69)

and with ¥, > 0. Definitions (D.68)—(D.69) imply the familiar result that when monetary policy is
more responsive, the effects of exogenous shocks are smaller.

Consider again a given degree of overall monetary-policy responsiveness 7. regardless of the
specific regime in place, and such that the conditions for determinacy are always satisfied. The
equilibrium consumption inequality conditional on a conventional monetary policy shock can be

written as
v,

)

(20— 1) =) (1= Bpe) — i o (D.70)

Therefore, whether an expansionary conventional monetary-policy shock reduces inequality depends
on a structural feature of the economy but also on the specific monetary-policy regime. It decreases
consumption inequality, unless the latter is structurally procyclical (x < 1) and/or the endogenous
component of unconventional monetary policy is strong enough (i.e. ¥, and 1, large enough).

In the conventional regime (Y = 1, = 0), a countercyclical inequality is sufficient to imply
that an expansionary interest-rate shock reduces it, through the expansionary effect on aggregate
income and its disproportionate effect on the consumption of high-MPC borrowers with respect to
low-MPC savers. In the unconventional regime, on the other hand, an expansionary conventional
policy triggers a contractionary unconventional response that hurts borrowers relatively more than
savers, thereby potentially pushing inequality in the opposite direction.

As for the case of unconventional monetary policy, the general-equilibrium adjustment that
supports ez-post the real expansion depends on the underlying monetary-policy regime. To see this,

consider that in the conventional regime, the equilibrium real interest rate is
Tt = 02(1 — ®pc)(1 — Bpe)Vevy (D.71)

while the equilibrium quantity of reserves is constant at the steady state level: 4; = 0. Compared
to the benchmark New Keynesian model, idiosyncratic uncertainty here plays an important role
through parameter ®. Indeed, while in the benchmark New Keynesian environment the real in-
terest rate unambiguously declines after a persistent expansionary conventional-policy shock, in a
THANK model it needs to increase if inequality is sufficiently countercyclical (® > p_!), in order
to counteract the extra push on demand coming from lower consumption risk for the savers. In this
case, therefore, the positive effects of an expansionary conventional-policy shock are transmitted
entirely through the fall in expected inequality, which is so strong that it challenges the stability of
the equilibrium, requiring a compensating increase in the real interest rate.

In the unconventional regime, on the other hand, the endogenous balance-sheet response of the

central bank reduces the need for an increase in the real interest rate. An expansionary conventional-
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policy shock, in this case, triggers a contractionary balance-sheet response:

= [oxu — Bpo)(1— pe) + 020 (1 pet pl‘”> (wﬂ . ﬁpcm) vl (D.72)

Kr + (1 - ﬁpa)d’x \I’cvf~ (D.73)

Uy =

As a consequence, inequality falls less even when it is countercyclical, posing less of a challenge for
equilibrium determinacy. In this regime, therefore, it is mostly the fall in the real interest rate that

channels the expansionary effect of the cut in the policy rate to the output gap and inflation.

D.2 A productivity shock

Let the log-productivity index a; follow the AR(1) process a; = pgai—1 + €f, with p, € [0,1].

Accordingly, the definition of the potential output y; = ;i—“;at implies that the latter follows the
process

Yi = PaYi1t i (D.74)
with ef = ;i—f’g?.

The solution of our model, conditional on a technology shock, implies the familiar result that

both the output gap and inflation rate fall in response to an increase in productivity:

it = —0u5(1— Bpa) [(1 — pa)(1 = 2) + pa(l = 78)(1 w>] Wyt (D.75)
i = =005 (1= g1 = 39) + pull = 221~ )| (D.76)
where »
Vo = |00(l=Ppa)(1 = Bpa) +1a| 20 (D.77)
with

N = (1 = Bpa)ds + 6(Pr — pa) + 040 (1 — pa+ pal Z%) (wﬂ + (1 - ﬁpa)%). (D.78)

As in the benchmark New Keynesian model, the level of actual output increases less than
potential because of the imperfect accommodation implied by the simple policy rules that prevents
the necessary intertemporal adjustment of demand to track the dynamics of productivity, and
therefore the effects are larger when monetary policy is less responsive to the state of the economy
(i.e. when 7, is smaller). Compared to the benchmark New Keynesian model, however, in our
economy the disinflationary pressures and the decline in the output gap are further reinforced by
the contraction in demand implied — through an increase in consumption risk — by the idiosyncratic

uncertainty, as captured by the second term in the square brackets in both (D.75) and (D.76).
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To isolate this effect, consider a permanent shock to potential output (i.e. p, = 1). While in
the benchmark New Keynesian model a permanent shock does not affect either the output gap
or inflation because the natural rate of interest remains unaffected — since there is no need for an
intertemporal reallocation of demand — and therefore no policy response is needed, in our economy
consumption risk for the savers rises permanently, thus inducing a permanent equilibrium decline

in the output gap and inflation:

xp=—0,0(1 = B)(1 —75)(1 — w)¥uy; (D.79)
7r = —040K(1 — 75)(1 — @) ¥uy;. (D.80)

Key to this transmission in our economy is the underlying disposable labor-income inequality
implied by the need for borrowers to pledge some of their labor income to service their outstanding
debt (i.e. w < 1). To build some intuition on this, consider (40), and notice that a positive produc-
tivity shock implies un upward pressure on consumption inequality, because the savers benefit from
the increase in labor income implied by higher real wages more than the borrowers. When the shock
is permanent, the upward pressures on expected inequality remains just as strong as it is on current
inequality, regardless of how far in the future expectations are taken. This implies a permanent
increase in consumption risk for the savers, which then permanently increase their precautionary
savings and cut their consumption. In the first-best equilibrium, such negative pressures on demand
are prevented altogether by an appropriate adjustment in central bank’s reserves, which increase
to compensate the under-response of borrowers’ disposable labor income through more borrowing,
whereby the optimal interest rate remains unaffected as in the benchmark New Keynesian model,
as shown by (56). Under the simple policy rules (59)-(60), these negative pressures on demand
instead do materialize and induce a monetary-policy response that may involve conventional or
unconventional tools, depending on the underlying policy regime.

To show this, we consider a constant value of 7, regardless of the specific policy regime, as in the
previous Sections, and evaluate the equilibrium monetary-policy stance, defined as the deviations
of the real interest rate and central bank’s reserves from their optimal levels, conditional on a

permanent productivity shock. In the conventional regime, the latter are, respectively

o= 7 = —aa0(1 = 3) (1= @) [6l6r — 1) + (1= B | Wap; (D.81)
i —uy = —2(1 — w)y;, (D.82)

while the general-equilibrium level of consumption inequality is

_1—w

Wt Loy (P —1)+k(dr — 1)+ (1 — B)pa | Ve (D.83)

o 1-—=z

Therefore, in this policy regime, the unconventional monetary-policy stance (D.82) is contrac-

tionary, as it fails to accommodate the increase in the optimal level of reserves needed to prevent the
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increase in consumption risk for the savers, which ultimately translates into lower output gap and
inflation. On the other hand, the conventional policy stance (D.81) is expansionary and partially
leans against these downward pressures on demand.

The relative strengths of the latter, moreover, depends on the cyclicality of consumption in-
equality, and implies a stronger interest-rate fall if inequality is countercyclical (x, ® > 1). In this
case, indeed, the increase in equilibrium inequality is amplified by the cyclical response — as shown
by equation (D.83) — and not only induces a stronger downward pressure on demand but also chal-
lenges determinacy by implying compounding of expected future falls in demand. Therefore, the
interest rate declines relatively more in this case to offset both these pressures.*’

Under the unconventional regime, instead, the equilibrium conventional and unconventional

monetary-policy stances are, respectively

7t — 7 = 0,0k(1 —75)(1 — @) P,y (D.84)
i — i = 2(1 = @) [+ 02 (1 = B)(@ — 1)| Wa, (D.85)

while the general-equilibrium level of consumption inequality is

wi = % [6%(@ -1) - H:| Uoy; (D.86)

Therefore, in this policy regime, the general-equilibrium conventional monetary-policy stance is
always contractionary, as the nominal interest rate does not respond, and the disinflationary expec-
tations drive the real interest rate up. The unconventional stance, on the other hand, reflects the
endogenous response that accommodates the increase in the optimal level of central bank’s reserves.
Whether the policy stance (i; — @}) turns out to be overall expansionary in equilibrium, depends
however on how strong the downward pressures on aggregate demand coming from the increase
in consumption risk are. If these pressures are strong enough, like in the case of countercyclical
inequality (i.e. x,® > 1), the equilibrium unconventional stance is overall expansionary.*! The
contractionary effects of the shock are therefore mostly transmitted to the output gap and inflation

through the real interest rate.

40This is captured by a larger ¥, in equation (D.81), that is implied by a larger ®.
“I'Note that a countercyclical inequality is not necessary for the unconventional stance to be expansionary, as we
only need inequality to not be too procyclical, i.e. if ® > 1 — o, (1 — 8) "'k, as implied by equation (D.85).
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