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Abstract

Idiosyncratic uncertainty implies an additional channel that amplifies the transmission of
persistent balance-sheet policies, through their effect on consumption risk. Through this channel,
unconventional policy improves the central bank’s ability to anchor private-sector expectations
and to complement interest-rate policy in particular in response to deleveraging crises that
expose the economy to the ELB on the policy rate. An application to the Great Financial
Crisis suggests a key role of unconventional policy in managing the deleveraging cycle: while
the natural interest rate is endogenous to private indebtedness—as in Benigno et al (2020)—the
welfare-relevant target interest rate is not. The optimal policy response to debt deleveraging is in
fact an unconventional one, it is associated to a shorter—rather than longer—optimal duration of
zero interest-rate policies, and it does not involve front-loaded inflation during the ELB episode.
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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 twenty 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 implications of idiosyncratic risk for the transmission of interest-rate policies.?

This paper contributes with 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 build on the framework by Benigno et al. (2020),
extended along the two dimensions referred to in the title: ) we introduce idiosyncratic uncertainty
in the households’ sector, in the form of labor-income risk and a stochastic transition between agent
types, and i) we allow financial intermediaries to hold interest-bearing central bank reserves, that
can relax the borrowing constraint in the economy and makes unconventional policy effective.

In a simplified version of this extension, we show analytically the key role of idiosyncratic risk
in the transmission of unconventional policy and leverage shocks, as well as in the central bank’s
ability to anchor private sector expectations. This simplified version also allows us to connect
with the THANK literature spurred by the work of Bilbiie (2024), and discuss its implications for
unconventional policy. In the general model, we then numerically study the economy’s response to a
deleveraging crisis. We show that, although the natural level of the interest rate is indeed endogenous
to private indebtedness—as in Benigno et al. (2020)—it is also endogenous to unconventional
policy; on the contrary, the welfare-relevant target level of the interest rate is independent of both.
As a result, the optimal response to debt deleveraging is in fact an unconventional balance sheet
expansion, associated with a lower (rather than higher) duration of zero interest rate policies (ZIRP).

In our model economy, households are either savers or borrowers. Savers smooth consumption
over time by investing in short-term deposits; they work in the production sector and own both
financial and non-financial firms. Borrowers, on average, are relatively poorer due to idiosyncratic
labor income risk. They also work in the production sector and issue short-term bonds; in equi-
librium, they have a higher marginal propensity to consume (MPC). Importantly, households only
learn at the beginning of the period whether they are savers or borrowers, and cannot fully insure

against the ensuing idiosyncratic income and consumption risk. A banking sector issues short-term

!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 notable exceptions are Cui and Sterk (2021) and Sims et al (2022).



deposits to the savers and backs them with reserves from the central bank and private bonds from
the borrowers, facing a leverage constraint that makes room for unconventional policy. The cen-
tral bank issues reserves and purchases private 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, unconventional policy affects aggregate spending via three channels. The first,
familiar one, works through the relaxation of the leverage constraint of financial intermediaries,
which reduces borrowing costs and stimulates borrowers’ consumption. Idiosyncratic risk and cycli-
cal inequality imply two additional and novel channels. The “idiosyncratic-risk channel” in particu-
lar is key: by improving the outlook for borrowers, unconventional policy reduces consumption risk
for savers which, in turn, find it optimal to reduce their precautionary savings and expand their
current demand. This channel amplifies the expansionary effect of an unconventional monetary
policy shock that initially only affects borrowers. In addition, via the “cyclical-inequality channel”,
a persistent increase in central bank’s reserves further stimulates aggregate demand if consump-
tion inequality is structurally counter-cyclical: the fall in expected inequality is amplified in general
equilibrium by the expected boom in output, which reinforces the fall in consumption risk for savers
and their incentive to increase current spending.

Via the idiosyncratic-risk channel, unconventional policy strengthens the central bank’s ability
to anchor private-sector expectations and rule out endogenous instability—even under an interest
rate peg or in a permanent liquidity trap. This result is particularly significant, as it suggests
that unconventional monetary policy enables the central bank to achieve price stability also in
response to shocks that conventional policy cannot offset due to the ELB on nominal interest rates.
However, we show that unconventional inflation targeting is not necessarily the optimal regime from
a welfare perspective, as it may entail strong and persistent effects on consumption inequality that
are detrimental to social welfare. The unconditionally optimal policy involves using conventional
tools to pursue aggregate targets, and unconventional ones to address distributional objectives.

A numerical simulation of the general model—calibrated to interpret the deleveraging crisis
that led to the Great Recession—suggests that the unconventional balance-sheet expansion by the
Federal Reserve at the outset of the crisis may have had significant stabilizing effects on the output
gap, inflation, and consumption inequality. Unconditional optimal policy requires that interest-
rate cuts be complemented by balance-sheet expansions, which shortens the optimal duration of
zero-interest rate policies. This element of the optimal policy reduces the relative appeal of front-
loaded, above-target inflation compared to the RANK model—advocated by Benigno et al. (2020)
on distributional grounds—because unconventional policy can address the cross-sectional effects of
the ELB without relying on inflation.

Our analysis rationalizes the benefits of the recent evolution of central banking in advanced

economies toward the “new-style” regime, in which both the conventional and unconventional tools



are activated endogenously 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
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 ignored idiosyncratic uncertainty in
the analysis of balance-sheet policies, regardless of whether the focus is on the aggregate effects
in economies populated by a representative household (as e.g. in Gertler and Karadi, 2011 and
2013, Benigno and Nistico, 2020, Karadi and Nakov, 2021, Benigno and Benigno, 2022, Bhattarai
et al, 2022) or on the aggregate and distributive effects in economies populated by two types of
heterogeneous households (as for example in Chen et al, 2012, Benigno and Nistico, 2017, Del
Negro et al, 2017, Sims et al, 2023, Bonciani and Oh, 2021, Wu and Xie, 2025). With respect to
this literature, we contribute by studying the implications of idiosyncratic uncertainty, 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 latter two papers, we study an economy

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, 2024), 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).

®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.

6A non-exhaustive list of contributions in this strand includes Cirdia 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 et al (2022, 2023), Bonciani and Oh (2021), Bhattarai et al (2022), Benigno and Be-
nigno (2022), Wu and Xie (2025).



where borrowing arises from idiosyncratic labor-income risk, rather than a shift in preferences, and
we focus on the distributional dimension of balance-sheet policies and how it 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 discusses the main novel features of our model
economy with heterogeneous households, idiosyncratic risk and credit frictions. Section 3 studies
analytically the positive and normative implications of idiosyncratic uncertainty in a simplified
version of the model and discusses the relation with the THANK literature. Section 4 uses the
general specification of the model to study the response of the economy to a deleveraging crisis and

to discuss the role of unconventional policy and idiosyncratic risk. Section 5 concludes.

2 The Model Economy

To build our model economy, we move from the framework studied in Benigno et al. (2020) and
extend it along the two dimensions that are referred to in the title: idiosyncratic risk and unconven-
tional monetary policy. In this section we discuss these main additional features and their relevance
for our perspective, and refer the reader to Appendix A for a detailed description of the full model.

The environment we borrow from Benigno et al. (2020) is populated by two types of households:
a mass 1 — z of savers, who accumulate financial wealth in terms of short-term bank deposits D
and bank capital N, both yielding the nominal risk-free rate i”, and a mass z of borrowers, who in
equilibrium consume out of their debt B (on which they pay the nominal rate i) and disposable
labor income. Financial flows between savers and borrowers are intermediated by a sector of banks
facing a leverage constraint that limits the amount of lending they can provide to the private sector
based on their net worth, in the spirit of Gertler and Karadi (2011, 2013).

To this framework, we first add idiosyncratic uncertainty, along two dimensions: 7) a stochastic
idiosyncratic employment status and i) a stochastic transition between types. Each household j
belonging to type k = s,b is endowed with an idiosyncratic labor-market status e .(j) = {0,1},

whereby their time-t nominal labor income is

IkL,t(j) = gk,t(j)Wk’,th,t(j)a

with j € [0,z] if k = b and j € (2,1] if £ = s, and where W}, is the nominal wage for agents k and

L;, their per-capita hours worked.” The idiosyncratic status ekt(j) is i.i.d. within each type, with
prob (ex+(j) =1k =b) =w; < prob(ep(j) =1k =3) =1,

where the probability of the high-income state for the borrowers is pro-cyclical: wy = g(z;), with
g(+) €0,1], g.(-) > 0 and ¢g(0) = w € [0, 1], and where z; = log(Y;/Y,*) denotes the log-output gap.

In addition, each period, an agent of type s faces the risk of becoming of type b, which oc-

"See McKay et al. (2016, 2017) and Ravn and Sterk (2021), among others, for a similar approach to modelling
idiosyncratic employment and labor-income risk.



curs with constant probability 1 — ps, and a type-b agent the chance of becoming of type s, with
constant probability 1 — p,.® For type-s agents, this transition means that they become exposed
to unemployment risk and, thereby, that in equilibrium they have a relatively lower labor income.
Ex-ante, this provides an incentive for a type-s agent to self-insure through precautionary saving.
In contrast, for type-b agents, this transition means they can access a higher labor income. Ex-ante,
this makes a type-b agent a “borrower”, as it implies an incentive to engage in borrowing to make
up for their lower income by anticipating a possible future switch to the s-type.” We will show that
these “anticipative” motives are key for the transmission of balance-sheet policies.

To maximise tractability, we follow Bilbiie (2018) and Bilbiie et al (2022) and assume full
insurance within each type but limited self-insurance across types: within each type agents fully
share consumption, income and hours worked, while across types they only keep the one-period
non-contingent securities in which they save or borrow. Savers can retain the assets through which
they lend to banks in exchange for the risk-free rate i, but not those through which they lend to
firms in exchange for their profits. This insurance mechanism implies that the savers’ per-capita
financial income includes the net payoff on non-contingent securities plus the profits of financial and
non-financial firms, i.e. Igt = ps(14+32 ) (Dy—1+Ni—1) — (1 —ps) (1 +i2 1) Bi_1 + (H{ +1I7)/(1—=2),
while for the set of borrowers it only includes the net payoff on non-contingent securities, implying
Ilft = (1—pp)(1+i2 ) (Di—1+ Ni—1) —pp(1+iP 1) Bi—1. As to labor income, full risk-sharing within
the type implies ISI:t = W+ Ls, for savers and Ilft = wWp Ly for borrowers.

Optimal decisions imply the following Euler equations for savers and borrowers, respectively:

1+ ZIP ft—&—l

U.(Cgy) = BE
(Cor) = B 1t{1+7rt+1 &t

[PUACurin) + (1= p)UAChre)] 0

1+if &
(I +mq1) &

where C}, is per-capita consumption of agents of type k, U, is the marginal utility of consumption,

Ue(Cyyt) = BE; {(1 + €t) [prc(Cb,t-H) +(1— pb)Uc(Cs,t+1)} } (2)

& is a preference shock on the discount factor 3, my1 is the net inflation rate between period ¢ and
t + 1 and ¢ is the elasticity of the credit spread to individual borrowing.

Equation (1) captures the main intuition we are going to build on: if borrowers are expected to
consume less than savers, then a positive probability of turning borrower tomorrow (ps < 1) makes
a current saver want to hedge against the possible future drop in consumption by saving more today.
If unconventional policy is able to improve the consumption outlook for borrowers, it also indirectly
stimulates the current spending of savers, by reducing the consumption risk they face and thereby
their precautionary savings. This is, in a nutshell, the idiosyncratic-risk channel of unconventional
policy whose implications we analyse in the rest of the paper. Equation (2) emphasizes an additional
implication of idiosyncratic risk: p, < 1 activates “anticipative-borrowing” motives that affect

current spending decisions of borrowers. If savers are expected to consume relatively more, a

8We impose the restriction z(1 — py) = (1 — z)(1 — ps), which keeps the relative mass of the two types constant.
9Note that this also makes the assumption of different discount factors—typically adopted to induce a borrowing
attitude—unnecessary in our economy. Henceforth, we will therefore focus on the case Br = 3, for k = s, b.



positive probability of turning saver tomorrow makes type-b agents want to anticipate the possible
future rise in consumption by borrowing more and consume more also today.

The second feature we add makes room for unconventional policy: we allow the central bank to
purchase private bonds B¢ from the banking sector through open-market operations, using internal
resources. The latter are equal to short-term nominal reserves R that bear the riskfree rate i®* and
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
Bf = Ri+ (14 1) Bf_y — (1 + i) Rea — T,

where T are nominal remittances to the fiscal authority. The nominal reserves of the central bank
define the unit of account in the economy. This implies that the central bank can independently
choose three policy instruments: the interest rate on reserves i, the amount of reserves R, and the
remittances T¢ transferred to the treasury. As to the latter, we assume that the central bank remits
its entire gross financial income each period t: T¢ = (1 +i2 )Bf | — (1 4+ 4 ;)R;_1. This results
in a constant zero level of nominal capital,'” and a central bank balance sheet given by Bf = R;.
The remaining two policy tools are the main objects of interest of our analysis, with the interest
rate on reserves i > 0 capturing the conventional dimension of monetary policy, and the amount
of reserves R > 0—i.e. the size of the central bank’s balance sheet—the unconventional one.'t
The interaction between the central bank and the intermediation sector has two consequences.
First, the equilibrium interest rates on deposits and reserves are equalized by no-arbitrage: i? = iﬁ.
Second, the equilibrium aggregate amount—in real terms—of private debt, b = B,/ P, is equal to
the amount that meets the leverage constraint of the banks, 6;n; (where 6, is the exogenous leverage

ratio and n; = Ny/ P, the banks’ capital) plus the amount in the balance sheet of the central bank:!?
by = Oty + g, (3)

where u; = R;/P; denotes the central bank’s reserves in real terms. By means of its unconventional
tool, therefore, the central bank can ease the leverage constraint of the financial intermediaries and
expand the borrowing capacity of the private sector and its spending decisions.

The model is completed by a fiscal authority and a continuum of non-financial monopolistic
firms. The fiscal authority runs a balanced budget to impose taxes, provide redistributive transfers
to households and employment subsidies to non-financial firms. The latter produce the differentiated

goods using labor services and technology, and subject to nominal price rigidities, as in Benigno

0Since 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 (2025) and Benigno and Benigno (2022).

1 As discussed in Benigno and Benigno (2022), the zero-lower bound on the interest rate on reserves needs not be
an assumption, but rather an equilibrium outcome if the central bank issues also cash, that financial intermediaries
can use as an alternative store of value in case reserves 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 ¥ effective.

12For details on the aggregate equilibrium, please refer to Appendix A.5.



et al. (2020). As a result, the supply side is described by the familiar log-linear New-Keynesian
Phillips Curve (NKPC):
Ty = BEiTti41 + Rt (4)

where 7 is the deviation of inflation from the target. Note that average marginal costs—reflecting
the aggregate labor supply—are affected in our economy by the idiosyncratic labor-market status.
If an increase in the output gap reduces employment risk, it stimulates a larger participation of
borrowers in production and induces a downward pressure on marginal costs. This effect counteracts

the familiar positive effect of the output gap on marginal costs, and is thus reflected in smaller slope

of the NKPC, captured by
20,
Ko =|(1-— K
(-35%)

is the slope in the standard case, 9 is the Calvo parameter, o is the

where k = (0 + W)w

inverse intertemporal elasticity of substitution in consumption, ¢ the inverse Frisch elasticity of
labor supply, and w, x g,(-) > 0 captures the degree of counter-cyclicality of unemployment risk.

We base our normative analysis on a linear-quadratic framework, whereby a second-order approx-

imation of expected social welfare in our economy leads to the following quadratic loss function:'?
o+ >

Ly = —5 By {Z pBito (x,? + At + Aew? + N (0w + w$xt)2> } : (5)
t=to

with the relative welfare weights \;, for i = 7, ¢, [, defined in Appendix C. Equation (5) identifies the
sources of welfare loss, which in our economy comes from the familiar terms related to inflation and
the output gap, and two additional terms, related to the cross-sectional inequality in consumption
wt = ¢st — ¢y and hours worked ls; — Iy s o< owy + w24

An analogous role for the welfare costs of consumption (and hours) dispersion due to some kind
of reduced-form households’ heterogeneity arises in several other contributions in the literature,
besides Benigno et al. (2020).!* As in most of these contributions, the relative welfare weights
on consumption and hours dispersion reflect the heterogeneity between the two agent types, while
it is independent of the idiosyncratic uncertainty that generates stochastic transition between the
types.'” Unlike in this related literature, however, in our economy idiosyncratic risk does affect
the welfare metrics, through the labor-market dimension. Equation (5) in fact generalises the loss
function in Benigno et al. (2020)—where the inequality in hours worked is proportional to con-
sumption dispersion only—to the case where it is also affected by the cyclicality of the idiosyncratic

unemployment risk (z,), which implies an additional welfare role for output-gap fluctuations.'®

13Under minor conditions, equation (5) is a valid second-order approximation of expected social welfare when
evaluated using only first-order-approximated equilibrium conditions. Please refer to Appendix C for details.

A non exhaustive list includes Benigno and Nistico (2017), Bilbiie (2018), Bilbiie and Ragot (2021), Bonchi and
Nistico (2022), Nistico (2016), Wu and Xie (2025) and, more indirectly, also Curdia and Woodford (2016).

15A notable exception, in the list above, are Nisticd (2016) and Bonchi and Nisticd (2022), where a different
insurance mechanism makes the welfare-relevant consumption dispersion actually reflect the heterogeneity within the
“saver” type, with the relative welfare weight thus critically depending on the transition probabilities.

% Equation (5) nests indeed the approximation of welfare in Benigno et al. (2020) when w, = 0.



Note that, whether or not the presence of consumption inequality in (5) implies for the optimal
policy a meaningful departure from the standard RANK model depends however on the equilibrium
drivers of consumption inequality. In the benchmark THANK model of Bilbiie (2018) equilibrium
consumption inequality is proportional to the output gap, so that its presence in the welfare criterion
results in a larger relative welfare weight on the latter, without altering the economic tradeoffs faced
by policy. On the contrary, as we are going to show shortly, in our economy the credit friction
implies a time-varying wedge between inequality and the output gap that responds to structural
shocks.!” Regardless of the shock hitting the economy, therefore, the role of consumption inequality
for welfare cannot simply be reflected in a larger weight on output stabilisation and it always implies
an additional and independent target with respect to inflation and output stabilisation.'®

In particular, in our economy, the presence of consumption inequality in (5) implies for the
conventional monetary policy an endogenous trade-off with inflation/output stability, despite the
“divine coincidence” featured by the supply side. We will show that this endogenous trade-off can
be resolved if the unconventional dimension of monetary policy is appropriately specified. Moreover,
since idiosyncratic uncertainty 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 tradeoffs in the face of financial and real shocks.

3 Policy Implications: analytical results

We now introduce two simplifying assumptions that allow us to derive some clear analytical impli-

cations, which we later scrutinise numerically in the general model.
Assumption 1 The banks are endowed with a constant real capital each period (i.e. ny = 7).

Assumption 2 The set of borrowers receives each period a real transfer equal to:

T _ W, r
PR L R (Yt —~ tLt> _ (6)

Py Py P

Assumption 2 states that borrowers are partially bailed out, as implied by the last term in

equation (6). Additionally, it specifies that they receive a share v of the aggregate profits from

non-financial firms and pay taxes to finance the same share v of the employment subsidies (as in
Benigno et al., 2020, and Bilbiie, 2018).

These assumptions, analogous but milder than those in Sims et al. (2023), have the appealing

implication of eliminating the endogenous state variable related to private debt, allowing us to

" This 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).

18To be accurate, besides the additional and independent target, idiosyncratic uncertainty in our economy implies
also a larger weight on the output gap compared to the RANK model, due to the cyclicality of employment risk .



derive clear analytical results.' In particular, the borrowers’ budget constraint implies a static

relation for their equilibrium consumption, which in a first-order approximation reads:*’
Cht = Xwot + wy; + 27 (0 + ). (7)

A key parameter, in the equation above and in the rest of the analysis, is yo = wx + w,«, with
x=1+4(1-2%)(0c+¢)and o = @w(l — z) + v. This parameter captures the borrower’s MPC out
of aggregate income. In the benchmark THANK model of Bilbiie (2018), an analogous parameter
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. As we will show, this
parameter plays a crucial role also for unconventional balance-sheet policies. Importantly, in our
economy the MPC of constrained agents depends not only on the fiscal redistribution parameter v,

but also on employment risk, both through its steady-state level w and its cyclical component w,.

Proposition 1 Suppose Assumptions 1 and 2 are satisfied, and that the savers’ consumption in the
steady state is higher than the borrowers’ (i.e. Cs/Cy > 1). Then, in a first-order approzimation,

the equilibrium of the private sector is described by the following system of difference equations:

vy =By — 0 (iff = Eyfr + EyA&ya) + B Ayfyy — vBwe 1 — 20 (0F = ifY), (8)
wi = (vs +w — 1) B + 0 (i —ifY), (9)
w=(1=2) 7" [(1 = xe)m + (1= @)y = 27 0+ )] (10)
by =0, + 1, (11)
it = BEi 41 + Koy, (12)

given the definitions vs = ps/Ts, 7o = pp/T, and v = (1—2)(1—s) —2(1 =), with 0 < v, 5 < 1
since I's = ps + (1 — ps)Ue(Cy) JU(Cs) and Ty = py + (1 — pp)Uc(Cs) /Uc(Cy), which further implies
Ys < Ps, W > pp and v > 0, given T = Cs/Cy > 1.

Proof. Please refer to Appendix B.1. m

Equations (8)—(9) jointly characterize the IS schedule in our economy:
Tt = EtxtH — O’il(iﬁ — Etﬁ't_l,_l + EtAét—i—l) + EtAyZ‘H + zEtAth — (1 - ")/S)Etwt+1. (13)

Equation (13) highlights the key implication of idiosyncratic uncertainty in our economy: if v5 < 1,

upward revisions in expectations about the level of future inequality trigger anticipative motives

19 Assumption 2 is indeed milder than the one in Sims et al. (2023), which instead requires a full bail out to eliminate
the state variable associated with debt. With idiosyncratic risk we only need a partial bail out for two reasons: 1)
only a share p, of private debt remains in the hands of the borrowers in each period ¢, and i) the latter can use the
payoff from a share 1 — p; of the assets of agents that were savers in ¢ — 1 (see the definition of I,f )

20Throughout, we use the following definitions: y; = In(Y;/Y), y; = In(Y;/Y™), cst = (Csp — Co)/Y, che =

(Cop—Co) /Y, by = (b — b)Y, ity = (ue — ) /Y, & = In(&/€), 7 =m — 7, and i} =] — 7, for j = B, D, R, and

0; = (by — y)In(0;/0), with b, = b/Y and @, = a/Y.



that act as a negative demand shock on aggregate output (last term in the equation). To our
knowledge, this margin is novel in related environments with savers and borrowers, such as Benigno
and Nistico (2017), Benigno et al (2020) and Sims et al. (2023), and is instead familiar in the
THANK literature spurred by the work of Bilbiie (2018). We will show that this margin implies
two novel transmission channels of unconventional policy, compared to these related frameworks.

Equation (10) follows from the budget constraint of the borrowers, and it substantiates the claim
stated in the previous section: the wedge between consumption inequality and the output gap is
affected by potential-output shocks y;, leverage shocks 6, and, importantly, changes in unconven-
tional policy (i.e. ). It also shows that if unemployment risk is more counter-cyclical (higher
w,;), so is consumption inequality (higher x). Given consumption inequality, equation (9) then
determines the equilibrium credit spread, and equation (11) the evolution of private debt.

Once we specify appropriate rules for conventional and unconventional policy, the system (8)—
(12) can determine the equilibrium value for the set of sequences {zy,wy, iy, by, i2, 5%, Uy }§24,, given

the exogenous processes {y;, &, 04724, -

3.1 Two Benchmark Allocations

To understand the policy implications and the relevant tradeoffs in our economy, note that the
welfare-based loss function (5) implies a first-best allocation with 7, = z; = wy = 0 for all ¢.

Consider first the “natural” allocation in a flexible-price equilibrium (denoted by ™) where 4, = 0,
as in Benigno et al. (2020). The consumption-inequality equation (10) implies:

_1—w

1
n *
wt -

1t Z(l—z)gt7 (14)

which, used in (8)—(9), yields the natural interest rate:

1—z2w N s o - 1-—- -
7’? =0 EtAytJrl - EtA£t+1 - EEtAQH-l - U,Z(li—fyz)Et {Z(l - W)y;rl - 0t+1} . (15)

1—-=2

Note the following. First, the natural equilibrium may not be socially optimal if consumption
inequality fluctuates—which occurs in response to efficient shocks to potential output (if there is
unemployment risk, i.e. low @) or to leverage shocks. If w = 1 and 6, = 0 for all ¢, the natural
allocation is socially optimal, and coincides with the RANK model: r{’ = cE;Ay;, | — EtAétH.
Second, deleveraging shocks lower the natural rate, as in Benigno et al (2020) and Eggertsson and
Krugman (2012), challenging conventional policy at the ELB on nominal interest rates. Third, id-
iosyncratic uncertainty adds transmission channels. The natural rate over-accommodates potential-
output shocks to offset consumption inequality pressures: the over-accommodation intensifies with
i) higher uncertainty (lower 75), whereby a given change in inequality is more relevant for the out-
put gap, and i) greater labor-income risk (lower w), whereby a given shock to potential output
has larger effects on consumption inequality. In turn, to prevent the fluctuations in inequality from

affecting the output gap, the natural rate also over-counteracts leverage shocks with respect to the
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case with no idiosyncratic risk (as, e.g., in Sims et al. 2023).

Moreover, we can establish the following

Proposition 2 Suppose the economy satisfies the conditions of Proposition 1. Assume also that
the central bank’s reserves are held constant, i.e. 4y = 0 for all t. Then, there is no stochastic
process {r4}i2;,, with ry = i — Eyftyy1, consistent with the socially optimal allocation, in which

T =x¢ = wp = 0 for all t and for any vector of exogenous processes {Xt}fito with x; = (ét, yi, ét)

Proof. Imposing 7y = x; = wy = 4y = 0 for all ¢ on the system (8)—(10) trivially implies that
equation (10) is satisfied if and only if 6; = 0 for all ¢ and either @ = 1 or g = 0 for all ¢.

The real interest-rate path implied by (15) supports 77 = 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 o = 1 or y; = 0 for all ¢, as implied by (14). 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
ze=( -7 |(L-w)y — = (16)

for all + and any vector of exogenous processes {x;}{; , as implied by equation (10), that is if it
induces fluctuations in the output gap that exactly offset the pressures on consumption inequality
coming from potential-output or leverage shocks, and would therefore be inconsistent with 7, =
x; = 0 for all ¢, unless ét =0 for all ¢t and either w=1or yf =0 for allt. m

Intuitively, if monetary policy only uses its conventional tool if, the system lacks one degree of
freedom to accommodate all three targets at once. Relaxing 4; = 0 and letting the central bank’s
balance sheet adjust endogenously provides the degree of freedom that we need to reconcile stability

of consumption inequality with the natural equilibrium:?!

Proposition 3 Suppose the economy satisfies the conditions of Proposition 1. Then, there exists

a joint stochastic process {rf, uf }72; , with

ri = 0B Ayr iy — EiAéi4, (17)
uf = 2(1— @)y — b (18)

that is consistent with the first-best equilibrium (FBE) allocation, in which v = r}, 4y = uj, and

7y = 2t = wy = 0 for all t and for any vector of exogenous processes {x;}{2, with x; = (ét, vy, ét)

Proof. Imposing x; = wy = 0 for all ¢ on equation (10) yields equation (18). Using the latter in
equations (8)—(9), and imposing 7; = 0 for all ¢, finally implies equation (17). m
Propositions 2 and 3 jointly imply the following

Corollary 1 Suppose the economy satisfies the conditions of Proposition 1. Then, an appropriate
state-contingent path of the unconventional tool of monetary policy u; is a necessary condition to

support the socially optimal allocation.

21For a result similar to Proposition 3 in an environment with no idiosyncratic uncertainty, see Wu and Xie (2025).
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The intuition is simple: the conventional tool 7} addresses aggregate efficiency (where r; is
the same as in the RANK benchmark), while the unconventional tool @; manages distributional
concerns. Consequently, adjusting reserves can absorb leverage shocks without altering the real
interest rate (as in Sims et al. 2023). More interesting and novel are the implications of fluctuations
in y;: as potential output expands, the optimal rate r} falls to fully accommodate the increase
in output—allowing savers to consume more by intertemporal substitution—while reserves rise to
lower borrowing costs, and ensure that borrowers can benefit proportionately, compensating for the
incomplete pass-through of potential output to labor income, due to employment risk (w < 1).
This coordinated response stabilizes consumption inequality at its optimal level, with the reserves

adjustment being more pronounced when employment risk is higher (i.e. with lower w).

3.2 The idiosyncratic-risk channel of unconventional policy

This Section characterizes the transmission of unconventional monetary policy to the real economy,
and highlights the novel channels related to idiosyncratic consumption risk.
Using (18) and (17) into (10) and (13) allows us to reduce the IS schedule to:

Tt = (I)Et$t+1 — O';l(if — Etﬁ'tJrl — ’I“Z() — (SEt{AﬂtJrl — AUZ_H} + 2_15(1 — '}’s)Et{ﬂtJrl — UI+1} (19)

where 0, = 5575, 6 = (1—2xw) P and @ = 1+ 0(xew — 1)(1 — 75).22 Equation (19) shows that
unconventional monetary policy affects current aggregate demand via three channels:

First, the “borrowing-cost channel”—third term in (19). A current expansion in central bank’s
reserves stimulates demand because it relaxes intermediaries’ leverage constraints, thus allowing
borrowers to access cheaper credit and expand their consumption—see equation (7). This is the
familiar transmission channel discussed in Gertler and Karadi (2011, 2013) and Sims et al. (2023).

Second, the “idiosyncratic-risk channel”—last term in (19). By boosting future borrowers’
consumption, an expected expansion of the central bank’s balance sheet reduces consumption risk for
current savers. This, in turn, lowers precautionary savings and stimulates current aggregate demand.
To our knowledge, this is a novel channel, that emphasizes the role of persistent unconventional
policy in mitigating the shock propagation and amplification through consumption risk.

Third, the “cyclical-inequality channel”—first term in (19). If consumption inequality is coun-
tercyclical (xm > 1, implying ® > 1), a persistent increase in reserves amplifies the fall in expected
future inequality via a larger output gap, further reducing consumption risk and enhancing the
stimulative effect of the policy.?® Bilbiie (2018) discusses how this mechanism affects conventional
interest-rate policy. In our economy with credit frictions, equation (19) extends the implications of
Bilbiie (2018) to the unconventional balance-sheet dimension of monetary policy as well.

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

22Note that for a large enough share of borrowers z the parameters § and o, can turn negative (the “inverted
aggregate demand logic” of Bilbiie, 2008). Henceforth, we restrict attention to the case zx= < 1, implying §, o, > 0.
ZWith procyclical inequality (Xe < 1, implying ® < 1), this channel instead dampens the stimulative effect.
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next section, note indeed that we can solve equation (19) forward and write the IS schedule as®*

Et{z o [ (i, — ka1 — Trk)
— 8 (At — Augypyg) + 271810 = 75) (@pprn — u;‘,k+k+1)] } (20)

3.3 Equilibrium Determinacy

To study how monetary policy can steer the system toward the optimal equilibrium, we evaluate

equilibrium determinacy under feedback rules for both conventional and unconventional tools.

Proposition 4 Suppose the economy satisfies the conditions of Proposition 1. Assume also that the

central bank sets conventional and unconventional policy according to the following feedback rules:

Zfi =7} + OrTt + Ppxt + v (21)
’ELt = Ut — wﬂ—’f('t — ¢x$t + ’U?. (22)

Then, a rational-expectations equilibrium is locally determinate if and only if the response coef-
ficients in the feedback rules (21)—(22) satisfy the following inequality:

07 (1= B)6n + kioln = )] + 271601 = 7)[(1 = B + raths| > (L= B)(@ = 1) (23)

Proof. Please refer to Appendix B.2. m

Thus, the conventional and unconventional instruments are “

perfect substitutes” for ensuring
determinacy. Their substitution rate is given by the ratio of the output-gap elasticities with re-
spect to the conventional interest-rate channel, o !, and that with respect to the unconventional
“idiosyncratic-risk channel”, z=1§(1 — ;). Note that this result follows directly from idiosyncratic
uncertainty. In the polar case with 75 = w; = 1 for all ¢ (which implies w, = 0, ke = K, X = X and
® = 1 regardless of ), where the “borrowing-cost channel” is still active because of the heterogene-
ity between savers and borrowers and the credit friction, the condition for determinacy reduces to
(1—P)¢z+kK(¢pr —1) > 0—the same as in the RANK model (Bullard and Mitra, 2002). This clarifies
that, in our economy, the key mechanism through which unconventional policy ensures equilibrium
determinacy is the idiosyncratic-risk channel, rather than the more familiar borrowing-cost channel.
Note also the role of cyclical employment risk: when the latter is more counter-cyclical, local
determinacy requires a stronger response (from either tool) because a larger w, both raises ® and
flattens the Phillips Curve, diminishing the policy’s impact on inflation. In our framework, therefore,
equilibrium determinacy is achieved by a convex combination of the responses from conventional

and unconventional policy, rather than just from the conventional interest-rate policy.

%4To be accurate, equation (20) 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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Corollary 2 Suppose the economy satisfies the conditions of Proposition 1. Then, determinacy
of the rational-expectations equilibrium can be achieved by means of unconventional 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 policy is responsive enough, meaning it satisfies
01— ) [(1 = B)bw + heothe] > (1= B)(@ = 1) + 07 e

To grasp the power of this corollary, note that, in the special case where ® = 1—(1— )10, tky,
the above condition further simplifies to (1 — )¢, + kw®r > 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.

Finally, condition (23) generalizes another result derived for the conventional monetary 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 inequality (xw, ® > 1)

25

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).
Endogenous unconventional policy in fact improves the central bank’s ability to anchor 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)e + Kwthr > 2(1 = B) (X — 1) (24)

When inequality is counter-cyclical (x > 1) and there is idiosyncratic uncertainty (® > 1), an
upward revision in income expectations overstimulates current demand, because of the amplification
induced via the “cyclical-inequality channel” by the expectation that future inequality will fall. This
challenges equilibrium determinacy unless monetary policy leans against the extra push on aggregate
demand coming from a lower consumption risk for 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 (24).

3.4 The Transmission of Shocks and the Role of Idiosyncratic Risk

This section exploits the tractability of our framework under Assumptions 1 and 2 to characterize
analytically the effects of policy and non-policy shocks, study their transmission mechanism and

the role of the idiosyncratic uncertainty and the cyclicality of inequality and unemployment risk.

25 An analogous result is derived in Acharya and Dogra (2020), in a prototypical (though analytical) HANK model.
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3.4.1 Unconventional policy shocks

Proposition 5 Suppose the economy satisfies the conditions of Proposition 1. Assume also that the
central bank follows the conventional policy rule (21), with ¢, ¢r > 0 satisfying the condition (23),
and the unconventional policy rule (22), with 1y = ¥r = 0, such that 4; = uj + v, where the

unconventional policy shock follows an AR(1) process:
v = puviy &, (25)

with p; € [0,1]. Then, the equilibrium level of the output gap and inflation, conditional on an

unconventional monetary policy shock, are, respectively

1
Ty = 00 [1 — pu + Pu %’} U, vf (26)
and 1
A H/ -
given the definition
-1
R
U, = |0x(1 — Ppy) + ¢z + 17(?% - Pu)] (28)
— Bpu

with W, > 0. Therefore:
1. more idiosyncratic uncertainty (lower vs) makes unconventional policy more powerful

2. counter-cyclical unemployment risk (ww, > 0) makes unconventional policy more effective on

the output gap and less on inflation

3. a positive unconventional shock directly improves inequality; this effect is amplified if inequality

is counter-cyclical (xw > 1), and dampened or even overturned if it is pro-cyclical (X < 1).

Proof. Using the method of undetermined coefficients with equations (12) and (19) yields (26) and
(27). Differentiating these with respect to 75 and w, gives the first two conclusions. Conclusion 3.
follows from substituting (26) and (27) in (10), which yields

o
z(1 —2)

Wt = —

1—
1+20m5qju<1 — Pu T Pu 278>(Xw - 1)] vy (29)

An expansionary unconventional policy unambiguously raises the output gap and inflation. Its
expansionary effects transmit via the three channels outlined in Section 3.2. The “borrowing-cost
channel” is captured by the first two terms in the square brackets of (26)—(27): a temporary (p, < 1)
increase in reserves lowers borrowing rates, boosting borrowers’ consumption. The “idiosyncratic-

risk channel” is captured by the last term in the square brackets of (26)—(27): a persistent (p, > 0)
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output gap (%)

inflation (%, annual)

total effect — — - Idiosyncratic Risk and Borrowing Cost channels — -—-- Borrowing Cost channel

Figure 1: Isolating the transmission channels of an unconventional policy shock. Response when the sole “borrowing-
cost channel” is active (blue dashed-dotted line); response when also the “idiosyncratic-risk channel” is active (red
dashed line); response when also the “cyclical-inequality channel” is active (black solid line).

expansion reduces savers’ consumption risk, providing an additional boost to aggregate demand.
The “cyclical-inequality channel” finally affects coefficient ® in definition (28): a counter-cyclical
inequality (® > 1) implies a general-equilibrium amplification through a larger ¥,,. While the effect
on demand is stronger when idiosyncratic uncertainty is larger (lower 7,), more counter-cyclical
employment risk (higher w,) reduces the effect on inflation, as it flattens the Phillips Curve.

Note that while the borrowing-cost channel is stronger for more transitory shocks (lower p,,),
the idiosyncratic-risk channel becomes more effective as persistence increases. This highlights the
importance of what we might call “unconventional forward guidance”: the central bank must signal
that its balance-sheet policies are persistent to increase its real impact and shape private-sector
expectations effectively. Considering the very high persistence of the balance-sheet policies that we
have observed in the past years, and the effort of central bankers in communicating such persistence,
this result suggests a key role of the “idiosyncratic-risk channel” in the transmission of such policies.

To visualize the relative importance of 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 and inflation of an increase in central bank’s reserves that expands output by 1% on
impact, with a half-life of about 6 quarters, for a benchmark calibration of the model.?® The black
solid lines in the figure show the responses when all channels are active, and where the idiosyncratic
risk is calibrated to ps = 0.96, which implies a value for ® = 1.142.27 The red dashed lines show

26For the complete set of parameter values under the benchmark calibration, see Table 1 in Appendix E.
2TThe calibrated value for p; is consistent with Bilbiie (2018), and 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
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the case where we shut off the “cyclical-inequality channel”, by forcing a value ® = 1, and the
blue dashed-dotted lines show the case where we also shut off the “idiosyncratic-risk channel”, by
considering vs = 1 in the second term in square brackets in equations (26) and (27). The numerical
illustration underscores the relevance of the “idiosyncratic-risk channel”, which accounts for about
half of the overall response, with roughly 15% explained by the “cyclical-inequality channel” and
the remaining 35% by the traditional “borrowing-cost channel”.?®

Finally, unconventional policy affects inequality via two channels. One operates directly—first
addendum in the square brackets in (29)—and reduces inequality through higher borrowing and
higher borrowers’ consumption, as also shown by equation (7). The other is indirect—second
addendum in (29)—via general-equilibrium output adjustments. Their net impact depends on
the cyclicality of inequality, with counter-cyclical inequality amplifying and pro-cyclical inequality

dampening (or even reversing) the beneficial effect.

3.4.2 Deleveraging shocks

A deleveraging shock occurs when financial intermediaries’ leverage constraints tighten, captured

by an exogenous drop in ;, following the AR(1) process 0, = poly_1 + ¥, with pg € [0,1].

Proposition 6 Suppose the economy satisfies the conditions of Proposition 1, and the central bank
follows the policy rules (21) and (23), with ¢y, Gr, Vs, ¥r > 0 satisfying condition (23). Then, the

equilibrium level of the output gap and inflation, conditional on a deleveraging shock, are, respectively

1— .
Ty = 050 [1 — po + po nys] Wyb, (30)
and
N K - A
Tt 0'1(51 —IWBpQ |:1 — Po + po 78:| \Ifget (31)

given the definition
-1

Uy = [ax(l —®pp) +<p >0 (32)

with
R R

1 — Bpe 1—Bp

capturing the overall degree of responsiveness of monetary policy. Therefore:

So = Pu + (¢r — po) + 040 <1—Po+p91;%) < 0¢n+¢m> (33)

1. more idiosyncratic uncertainty (lower vs) amplifies the effects of deleveraging shocks

2. counter-cyclical unemployment risk (ww, > 0) amplifies the output response to the shock, while

it dampens the inflation response

smoothed estimates from their analysis.

Z8This result is in stark contrast with Sims et al. (2022), who find that the transmission of unconventional policy
shocks is largely unaffected by idiosyncratic uncertainty in HANK economies. In their model, credit frictions in the
banking sector impact the investment decisions of a wholesale non-financial firm rather than households’ consumption
choices, making idiosyncratic income risk naturally less relevant.
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3. a deleveraging shock increases inequality if the latter is counter-cyclical (xo > 1).

Proof. The method of undetermined coefficients with (12) and (19) yields (30) and (31). Differen-
tiating with respect to 75 and w, implies conclusions 1. and 2. Using (30)—(31) in (10) yields

205 (1 — o+ 08 Z’“) (xor— 1)+ (0 (1 — Dpp) + o)+

Kw

1 — Bpe

_\Ije
Wt =

= m (éx—po) ét, (34)

trivially implying that a sufficient (though not necessary) condition for dw/ 00 <0is yo>1. m
When the financial sector is forced to deleverage, the economy faces recessionary and deflationary
pressures. Idiosyncratic risk (75 < 1) amplifies these effects via the partial-equilibrium increase in
consumption inequality, which raises consumption risk for savers, who then raise their precautionary
savings and cut their spending, as captured by the last term in the square brackets in (30)—(31).
Importantly, while the natural interest rate falls in response to the shock—as shown by equa-
tion (15)—the optimal interest rate remains unchanged—as shown by equation (17). This is an
important implication, considering that most of the literature studying the monetary-policy re-
sponse to a deleveraging crisis in the small-scale RANK model typically uses a fall in the natural
rate as the primitive shock. Our analysis suggests that a drop in the natural rate does not directly
guide the policy response, and that the monetary-policy regime plays an important role in the sta-
bilization of a deleveraging shock. To see this, consider the general-equilibrium level of the policy

rate under the conditions of Proposition 6:

. 1-— K R

zf = 0,0 <1 — po + po 78) [ Z b+ gsz} Wyb;. (35)
z 1 — Bpo

A strong enough deleveraging shock is thus able to bring the policy rate to the ELB, exacerbating

the recessionary and deflationary effects when the only policy tool is the conventional interest rate.

In a policy regime that also activates the unconventional tools, instead, the general-equilibrium

level of central bank’s reserves responds to the shock according to

Uy = =040 (1 — po + po L %) [ T et wx] Wyh,. (36)
z 1 — Bpg

To see how state-contingent unconventional policy can 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, and displays the response of our economy to a deleveraging shock bringing
the natural interest rate to —5%, under three alternative regimes: a conventional inflation targeting
(blue lines with dots), an unconventional inflation targeting (red lines with dots), and a conventional
inflation targeting combined with an unconventional “inequality targeting” (green circled lines).?’

Under a “conventional inflation-targeting” regime—the limiting case of ¢, — co—it is easy to

2 Throughout, we perform the numerical simulations using the toolkit discussed in Eggertsson et al. (2021).
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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.

show that, for given unconventional response coefficients ¥, and 1, the following holds:

. . R
1 Ty =0 1 ——r Uy =1,
which implies
1— .
it = 0,0 (1 —po+ Py z%) 0+ uy = 0. (37)

As in the RANK model, a central bank using only the interest rate may be unable to hit the
inflation target, as the ELB prevents the policy tool from tracking the natural rate when the latter
goes negative. As shown in Figure 2, the policy rate stays at zero for about two years, resulting in
a deep recession, deflation, and rising consumption inequality. Note that idiosyncratic uncertainty
amplifies the recessionary and deflationary effects of the ELB: the persistent drop in borrowers’
consumption raises consumption risk for savers, who increase their precautionary savings. This
counteracts the expansionary effect for savers of the drop in the policy rate relative to the optimal
one, preventing the increase on impact reported in related literature like Benigno et al (2020), and
inducing an hump-shaped response instead.

Moreover, Proposition 3 suggests that (37) is inconsistent with the first-best allocation, as the
optimal interest rate is independent of deleveraging shocks while the optimal level of reserves rises
with them. Consider then the case of an “unconventional inflation-targeting” regime—i.e. the case
Y, — 00. In this case, for a given level of conventional response coefficients ¢, and ¢,, it is easy to
show that:

w 1- !
lim Wy =0 lim | —Z g 4ty | Wy = (040 (1= pp+ p—2 )|,
he—r00 Ya—oo | 1 — Bpg z
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which implies
=0 Uy = —0;. (38)

The implied response of the interest rate and reserves is now consistent with Proposition 3. And
indeed, the figure shows that this regime achieves full stabilization of the output gap, inflation, and
consumption inequality at the same time. Appropriately adjusting central bank’s reserves to hit
the inflation target—where “appropriately” means so as to track the first-best level u;, as shown
in the middle-left panel—is able to completely absorb the effects of the leverage shock and prevent
its pass through to consumption risk and aggregate demand.

This power of unconventional monetary policy follows from its distributional nature. To show
this, Figure 2 displays the response under a policy regime combining conventional inflation targeting
with a commitment to stabilize consumption inequality using central bank’s reserves—i.e. when
¢r — o0 in (21) and we replace (22) with

iy = Yowr + vy (39)

with 1, — o0o. The figure shows that this regime is equivalent to unconventional inflation targeting;:
the commitment to stabilise consumption inequality is enough to achieve the first-best equilibrium,
leaving the policy rate unchanged. Finally, equation (9) implies that the feedback rule (39) is
equivalent to one where central bank’s reserves are contingent on the expected future path of the
credit spread: a commitment to use unconventional policy to permanently “close the spread” is

able, in this economy, to implement the first-best allocation in response to deleveraging shocks.?’

3.4.3 Discount-factor shocks

To further scrutinize our earlier claim that a fall in the natural rate does not dictate by itself the ap-
propriate monetary-policy response, we examine the impact of a preference shock affecting discount
factors, &, which follows the AR(1) process & = pgéf,fl +E§, with pe € [0, 1]. This shock—commonly
used in the RANK model to drive the natural rate negative and expose ELB issues—affects the

reference interest rate in both the natural and first-best equilibria (see Section 3.1).

Proposition 7 Suppose the economy satisfies the conditions of Proposition 1. Assume also that
the central bank follows the policy rules (21) and (23), with ¢z, Gr, Yz, Yr > 0 satisfying the con-
dition (23). Then, the equilibrium level of the output gap and inflation, conditional on a discount-

factor shock, are, respectively
zp = (1—pg) We&s (40)

and

fe= (1 pe) ﬂg%wgé (41)

30For an analysis of the role of credit spreads in a related environment, see Ciirdia and Woodford (2011, 2016).
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given the definition
-1

Ve = [Ux(l — ®pe) + ¢ >0 (42)

with

G = Qg+ e (¢W_P£)+UI5<1_p£+p§1_Z’YS> <1jw ww‘f’wx)? (43)
Pg

1 — Bpe B

capturing the overall degree of responsiveness of monetary policy. Therefore:
P g q D yp Y

1. idiosyncratic uncertainty (vs < 1) dampens the effects of preference shocks if unconventional

policy follows an endogenous feedback rule (Y, 1, > 0)

2. counter-cyclical unemployment risk (o, > 0) amplifies the output response to the shock, while

it dampens the inflation response

3. a negative discount-factor shock increases inequality if and only if the latter is counter-cyclical

(Xw > 1) and the unconventional policy response is weak enough.

Proof. Applying the method of undetermined coefficients to (12) and (19) yields equations (40)
and (41). Differentiating with respect to s and w, yields conclusions 1. and 2. Equation (43) in
particular shows that either ¢, > 0 or ¢, > 0 is necessary for the derivative of (40) and (41) with
respect to s to be non zero. Conclusion 3. follows from using (40) and (41) into (10), to yield:

L —pe

sz A~
Wy = Z0—2) [% + = Bpgww = 2(Xw — 1)] We&y (44)

which trivially implies that dw/8¢ < 0 if and only if Yo > 1 and 9, + Jigpgwﬂ < z(Xw — 1). Since
Ur, 0y > 0, pro-cyclical inequality (x < 1) unambiguously implies dw/ 9E>0. m
The equilibrium paths of the policy tools are

R R 2 N R £

=(1- —— | =—(1- ——— o | W&y

[ ( Pg) |:¢x + 1— 5{35 ¢7r:| éft Ut ( pé) [T/}x + 1— ﬂpg”tﬂw] §§t
As in the RANK model, a strong enough negative preference shock can force the nominal interest
rate to the ELB if the policy rate responds to the shock (¢, ¢ > 0), amplifying the deflationary
and recessionary effects. As in the case of a deleveraging shock, the unconventional tool offers
an alternative to shield the economy from the effects of the ELB. To see this, consider first a

conventional inflation-targeting regime (¢, — o0) and note that it implies

R

1 — Bpe

lim We =0 lim [(ﬁz +

pr—>00 pr—>00

o e =1, (45)

and thereby:
it = (1= pe)és iy = 0. (46)
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By contrast, under an “unconventional inflation-targeting regime” (1, — 00), one finds

. . Rw 1-— Vs -
1 Ue=0 1 — U, = 01— —_— 47
boroo o [1 — BT %] ¢ [% < T )] D
which finally implies
-1
. N 1= g
i =0 = —(1=pe) {020 {1 =pe+pe— || & (48)

Therefore, while a conventional inflation-targeting regime may be unable to achieve price stabil-
ity due to the ELB on nominal interest rates, unconventional inflation-targeting can fully sterilize
even large negative shocks, thus insulating the economy from the ELB. Morevoer, if v, < 1, a given
drop in f requires a smaller increase in central bank’s liabilities to hit the inflation target, due to
the enhanced power of unconventional policy with idiosyncratic uncertainty.

Figure 3 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 —5%, as before, and provides several insights.

First, the path of the natural rate coincides with that of the first-best rate, as also implied by
equations (15) and (17). This makes a zero interest-rate policy contractionary, due to the ELB.
The path of the first-best level of central bank’s reserves is instead flat at zero, as also implied by
Proposition 3: the conventional interest rate is in principle the appropriate policy tool to respond to
this shock. In the case of a small shock, this policy indeed achieves the socially optimal allocation.

Second, since the path of the natural rate is identical as in the case of a deleveraging shock—by
construction—the aggregate response of output, inflation and the nominal interest rate under con-
ventional inflation targeting is also identical. The transmission is however different. The cross-
sectional distribution of the response is much milder, as captured by an increase in consumption
inequality that is about 40% as large as in the case of a deleveraging shock (top-right panel).
The contractionary stance of the interest-rate policy reduces savers consumption on impact, which
dampens the anticipative-borrowing motive, the upward pressures on the private interest rate, and
the drop in borrowers consumption. The weaker amplification through consumption risk is thus
compensated by the stronger transmission via intertemporal substitution.

Third, an unconventional inflation-targeting regime allows the central bank to achieve price
stability in spite of the ELB through the same balance-sheet expansion as in the previous section.
However, while the output gap and inflation are stabilized, consumption inequality is not. To hit
the inflation target, the central bank exploits the “idiosyncratic-risk channel” of unconventional
policy to compensate for the inability to accommodate the intertemporal substitution called for
by the preference shock—due to the ELB—and increases real reserves more than in the first-best

equilibrium. This lowers the private interest rate, stimulates borrowers consumption and triggers a

22



output gap (%) inflation (%, annual) inequality (% from steady state)

ol s
2 2+ © 10
2 égo o2
-4 + 0+ (\ 0
6 5 -10
8L -20
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
16C—B balance-sheet (% of SS output) _nominal policy rate (%, annual) nominal private int. rate (%, annual)

4
“
ol 27W@
of 20
12 + (€YY~ \ —
2t

- " N
|~ — — 4w
0

10
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
5 savers consumption borrowers consumption 2Natura| and FBE rates (%, annual)
OF@  rrerees 7= 10 of |y
2t ol >
ol 0 | "
6 r -4 — —
-8 -20 -6
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Conventional Inflation Targeting Unconventional Inflation Targeting —G— Conventional Inflation Targeting + Inequality Targeting

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.

strong and persistent decline in equilibrium consumption inequality, according to

w _ Llope
K 2(1—2)

— 78) 1ét- (49)

1
00 <1—P§+P£ >

Thus, while optimal for a dual-mandate central bank, the unconventional inflation-targeting
regime is not from a welfare perspective, unlike in the case of a deleveraging shock. A central bank
concerned with social welfare might want to use its conventional and unconventional tools selectively
on aggregate and distributional targets. This is captured by the third regime in the figure, comple-
menting the conventional inflation targeting with the unconventional inequality targeting. A mild in-
crease in central bank’s reserves in this case fully stabilizes consumption inequality and substantially
improves on inflation and output-gap stabilization, compared to the conventional inflation-targeting
regime. By stabilizing consumption inequality, the central bank mutes the idiosyncratic-risk channel
that amplifies the effects of the ELB under conventional inflation targeting and accounts for about
two thirds of the inflation and output gap volatility in that regime.?!

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 policy to raise welfare even more, by tolerating a small drop
in consumption inequality in order to stabilize inflation and the output gap some more, through a
lower 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.

31The response of inflation and the output gap in this case coincides with the one in the RANK model.
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3.5 Optimal Monetary Policy

The optimal policy minimizes loss (5) subject to (13), (10), (12) and the ELB on the policy rate:
it > gk (50)
32

Conditional on u; = 0 for all ¢, the optimal policy under discretion requires

Xw — 1

Tt + Alwm(wxﬂzt + th) =RgM3,t — M1t — 1—> M2t (51)
Aewr + No(wax + owy) = — flor — 21 ¢ (52)
Aefry = — pigs (53)

M1t = — Ol4gt, (54)

where pj¢, for j = 1,...,4 denote the multipliers respectively on (13), (10), (12), and (50). The

above conditions yield the following targeting rule

/\f:ct + R ATy = Afwt + Oz lba g, (55)

where we denote \§ =1 — \jw, [Uxf_zl — .|, A =\, Xf’_;l —oNwg and A\, = A\ + 02\

Even if the ELB is not binding (i.e. p4¢ = 0), there is an endogenous tradeoff between inflation
and output on the one hand, and consumption inequality on the other. Absent shocks with cross-
sectional impact (i.e. uf = 0) inequality is proportional to the output gap, as in Bilbiie (2018), and
the tradeoff vanishes. In general, however, and in particular in response to leverage shocks, it is
impossible to stabilize at the same time all three targets using only the conventional tool, and the
central banks finds it optimal to induce some inflation/output volatility to reduce that in inequality.

In contrast, the unconditionally optimal policy (i.e. when also choosing the optimal path of

reserves ;) requires the following additional condition:
MQ,t =0. (56)

When the ELB is not binding (u1; = pat = 0) this implies that, with two policy tools, the

central bank can hit two targets at once. Thus, the optimal targeting regime includes two rules:

Tt + K dgn Tt = 0, (57)
where we defined \,. = m)‘” < Ar, and
Aowi + ooz = 0. (58)

Rule (57) relates the two aggregate targets and informs the conventional dimension of the optimal

32Under discretion the “idiosyncratic-risk channel” working through anticipative motives is unexploited by defini-
tion. For the case of full commitment—which instead activates also this channel—see the next section.
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policy, while (58) relates the two distributional targets—inequality in consumption and hours—and
guides the unconventional dimension.

Note the role of idiosyncratic employment risk: if it is independent of the cycle (i.e. w, = 0),
the targeting rule (57) becomes identical to the one implied by the RANK model,

Ty + kA7 =0 (59)

while (58) requires full stabilization of consumption inequality (w; = 0 for each t), which is the only
source of inequality in hours in this case. Thus, the optimal path for the policy rate is the same as

in the RANK model, while the optimal path for the quantity of reserves follows the feedback rule

U = uy — z(x — 1)y, (60)

where the response coefficient to the output gap is negative if y > 1.3
If employment risk is counter-cyclical (zw, > 0), the welfare loss from output-gap fluctuations
is amplified by the effects on the cross-sectional inequality in hours worked. In order to mitigate
these distributional effects, equation (57) requires the optimal policy to tip the scale of the inflation-
output tradeoff more in favor of the latter (i.e. Azr < A;) and equation (58) requires it to tolerate
some fluctuations in consumption inequality. As a result, central bank’s reserves respond less to the

output gap in order to accommodate these optimal fluctuations in consumption inequality:

AN O T,

Aw

U =u; —2 |Xo—1—(1—2) Tt (61)

If the ELB is binding (p4; > 0), instead, the central bank can only pursue a single targeting
rule, which solves the system (51)—(54) and (56):

ELB ~ —1\ELB

Ty 4 Koy Ol =27 A wy, (62)

with A\ELB = __Ax and \ELB = Aw—NZ@0 ___ When the conventional tool is stuck
™ 1—2= 1 Nws(oc—2zws) w 1—2z" Ny (0—zwz)

at the ELB, the central bank should compensate with a stronger expansion in its balance sheet,
to counteract the deflationary and recessionary effects of the shock that led the economy in the
liquidity trap. We can see this by using (62) and (10) to solve for the optimal path of central bank’s

reserves:
z(1—2)

A
ﬂt:UI_Z[Xw_].—F)\ELB]CEt—ZZ(l—Z)Rw U
w

Ao — N 20,0

7ATt7 (63)

which emphasizes a more aggressive responsiveness of unconventional policy both to the output gap

and inflation, compared to (61).

33Note that in (59) and (60) we use rw = # and Y= = X, as implied by their respective definitions when w, = 0.
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4 Policy Implications: the general model

To analyze the general model, we now relax assumptions 1 and 2, and replace them with:

Assumption 3 Fquity funding is endogenous, and subject to convex costs

Assumption 4 The set of borrowers receives each period real transfers equal to:

Tor - Wi
— =T, Y, — —1L 64
S =T (Y- o). (64

Assumption 3 implies that the solution of the bank’s problem delivers an equilibrium credit
spread that is directly related—as in Benigno et al. (2020)—to the amount of private debt in the

economy and importantly—unlike in Benigno et al. (2020)—also to the central-bank balance sheet:

1+i7fB by — uy
=148 65
1+l * ( 16, > (65)

where S(-) is a function of the convex costs of equity funding.?* Equation (65) implies a direct
channel of transmission of unconventional policy, whereby an expansionary policy (an increase in
ut) reduces the credit spread for a given conventional policy rate.

Assumption 4 in turn rules out any bailout of borrowers, who simply receive a share v of the
aggregate profits from non-financial firms and pay taxes to finance the same share v of the optimal
employment subsidy (as in Benigno et al., 2020). This assumption implies that the system of

equations describing the equilibrium of the model includes the law of motion of private debt:

Proposition 8 Suppose Assumptions 3 and 4 are satisfied, and that in the steady state the savers’
consumption is higher than the borrowers’ (i.e. I' > 1). Then, in a first-order approximation, the

equilibrium of the private sector is described by the following system of difference equations:

zy = FEyxiq — o (il — Eyity — 1) — yEjwipy — 20~ { — i) o, —b Qt)} (66)

we = (s + 9 — 1) Bywrp1 + 0! [77_19(@ —if") + o(br — buf )} (67)

10 =i + (b — 6 — ), (68)
Bby = (vs + % —T351) [bt 1+ by (i — t)] + by (i — {1 1)

+28|(1 = @)y — (e — D — (1= 2| (69)

e = BEiTti11 + Kewt, (70)

given the parameters o, n, v > 0, with ¢ > n, defined in Appendiz B.3, the ratios Ey = 5/17 and
b, = b/b/ > 1—holding with strict inequality when @ > 0—and where 1} = oEAy;,  — EtAéH_l.

Proof. Please refer to Appendix B.3. m

34For details, see Appendix A.1.

26



Once we specify appropriate rules for conventional and unconventional policy, the system (66)—
(70) can determine the equilibrium value for the set of sequences {xy, wy, iy, by, iP, k%, g }§24,, given
the definition of r¥, the exogenous set of sequences {y, &, ét}fito and initial values by, 1, WA

Note the two differences with the simplified model of Proposition 1. The first is equation (68)
replacing (11) and equation (69) instead of (10). The more general assumptions 3 and 4 imply that
now the credit spread is pinned down by the equilibrium in the banking sector—equation (68)—the
budget constraint of the borrowers determines the endogenous evolution of private debt—equation
(69)—and the relative-Euler equation (67) determines the evolution of consumption inequality. The
second difference, in equations (66)—(67), follows from a positive elasticity of the spread to individual
borrowing. It implies a larger effect of the credit spread (given ¢ > 7) and a direct effect of private
debt in excess of the leverage ratio (l;t — Euét) on both the output gap and inequality dynamics.

Importantly, however, in spite of these differences, the IS schedule implied in the general model
by (66)—(67) is again equation (13), and it thus characterizes the same role for expected inequality
induced by idiosyncratic risk, from which all the implications analytically studied in Section 3 follow.

Let us now turn to the natural interest rate, that is central in the analysis of Benigno et al (2020):

Proposition 9 Suppose the economy satisfies the conditions of Proposition 8, and consider a given

central bank balance-sheet policy captured by a sequence {U}72, . Then, the natural interest rate is
=1 — z2(0 4 v)(by — 0;) + zv(by — 1)0; + 20y — Yo Eywys1. (71)

Proof. Equation (71) follows from using equation (68), and z; = m; = 0 for all ¢, in (66). m
Equation (71) generalizes Benigno et al (2020) along three dimensions: ) idiosyncratic risk
implies an additional channel through which private debt affects the natural rate, working through
its effects on expected consumption inequality; #4) an unconventional balance sheet (i.e. b, > 1)
amplifies the effects of leverage shocks on the natural rate beyond their transmission through the
credit spread; iii) the natural rate is endogenous to unconventional policy as well as private debt.
From Proposition 9 it follows that the implications of Proposition 2 extend to the general model:
when the conventional one is the only policy tool available (4, = 0 for all ¢), there is no path for
the real interest rate consistent with the first-best allocation, as the evolution of debt or leverage
shocks always induce—through the credit spread—fluctuations in consumption inequality that are
detrimental for welfare, even when output and inflation are fully stabilized. Indeed, with stable

output gap and inflation, if the real rate tracks (71) for all ¢, consumption inequality follows:
wp =27 ys + 2 — DEwly — 2 o7 P — 1)),

which is generally different from zero whenever there are fluctuations in private debt or leverage
ratios that make r* # r}.

Therefore, while the natural rate is indeed the real interest rate consistent with price stability
and a stable output gap, it is not the one a central bank concerned with social welfare should like

to achieve. While this result holds true also for s = 1 and = 0, idiosyncratic risk (i.e. 75 < 1 and
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~v > 0) makes matters worse, as a persistent deleveraging shock tends to raise expected inequality,
which in turn lowers the level of the natural rate more. As in the simplified model, considering the

unconventional dimension of policy helps clarifying this point, with a revision of Proposition 3:

Proposition 10 Suppose the economy satisfies the conditions of Proposition 8. Then, there exists
a joint stochastic process {r{, u; }iy , with
ri = o B Ayp — B A4, (72)

c_0tv oy (bu—Dv,
Uy = 0 (bt 9t> 7@ 9t (73)

that is consistent with the first-best equilibrium (FBE) allocation, in which vy = r}, 4y = uj, and
Tt = x¢ = wr = 0 for all t > tg, given initial conditions Z;to_l,itB;_l,itR;_l and for any vector of
exogenous processes {X¢ 172,  with x; = (&, yt, 0y).

In this equilibrium, ri* = rf for all t, and the credit spread is not necessarily zero, as it follows
B _R_ V(v 4 1
iy —i = 775 by0r — by ) . (74)

Proof. Imposing w; = 0 for all ¢ > ¢y on equation (67) implies that in the first-best equilibrium
the credit spread follows (74). Using this restriction on equation (68) then implies (73). Imposing
wr = x¢ = 7 = 0 and equation (74) for all ¢ > ¢y in equation (66), finally implies equation (72). m

Intuitively, since fluctuations in private debt and the credit spread affect consumption inequality,
the real interest rate does not need to absorb them as long as the central bank’s reserves adjust
to steer the banking sector’s equilibrium toward an appropriate dynamics of the credit spread that

stabilizes inequality. Proposition 10 has profound and meaningful implications.

Corollary 3 Suppose the economy satisfies the conditions of Proposition 8. Then, from a welfare
perspective, what is endogenous to private indebtedness is not the target level of the real interest
rate, but rather the target level of real central bank’s reserves. Consequently, an appropriate state-
contingent path of the unconventional tool of monetary policy iy is necessary to support the socially

optimal allocation in response to fluctuations in private debt or financial leverage.

The above corollary is key, because it suggests that the optimal monetary-policy response to
debt deleveraging is in fact not a conventional interest-rate cut, as in the economy analyzed by
Benigno et al (2020), but rather an unconventional expansion in the central bank’s balance sheet.
The intuition is straightforward: since it is transmitted through variations in the credit spread, a
deleveraging shock should be dealt with using the policy tool that directly affects the determinants of
such spread, i.e. unconventional policy. Furthermore, this clarifies that the nature of unconventional
balance-sheet policy is intrinsically distributional—as shown by equation (67)—and it suggests that
it can optimally complement the conventional interest rate policy in pursuing a welfare objective

that includes both aggregate and distributional targets.
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4.1 Unconventional policy and idiosyncratic risk in the Great Financial Crisis

Here we provide a numerical illustration of the mechanisms discussed above in a calibrated version of
the general model that is meant to capture the state of the US economy at the outset of the Great
Financial Crisis, before unconventional policy measures were introduced.*® Our baseline policy
scenario assumes that, when the crisis hits, the central bank seeks to stabilize inflation using its
conventional interest-rate tool, and it complements the zero interest-rate policy with a permanent
unconventional balance-sheet expansion worth about 6% of GDP.36 To illustrate the relative role
of conventional versus unconventional policies, we then calibrate a combination of discount-factor
and leverage shocks—as well as the value of parameters  and g—that produces in this baseline
policy scenario a dynamic response of private debt and borrowers’ interest rate that are consistent
with the observed ones during the Great Recession.?” The dynamic implications of this calibration
strategy is displayed in Figure 7 in Appendix E, which shows that the model is able to account for
a response of the output gap and inflation that is broadly in line with the data.

Figure 4 then shows the simulated response of the economy to the crisis under three alternative
monetary-policy scenarios. Besides the baseline scenario (solid blue line), the figure shows the two
opposite polar cases regarding unconventional policy: i) a central bank using only the interest-rate
policy to implement inflation targeting (as in Benigno et al, 2020, red line with dots), and i) a
central bank using the balance-sheet policy to complement a conventional inflation targeting with
an “unconventional inequality targeting” implying u; = uj for all ¢ (green dashed line).

The implications shown in the figure are qualitatively consistent with those of the simplified
model and offer additional insights into the analysis of the deleveraging crisis discussed elsewhere
in the literature. In particular, the numerical illustration highlights the substantial benefits of
incorporating an unconventional component into the policy response. When the central bank relies
solely on its conventional interest-rate policy, the recessionary and deflationary effects—and the
accompanying increase in consumption inequality—are about twice as severe. Furthermore, the
figure confirms another finding discussed in Section 3.4: exploiting the distributional nature of
unconventional policy to target consumption inequality (or the credit spread) further improves the
dynamic response of the economy, and can promote a faster exit from the liquidity trap.

The role of idiosyncratic risk can be appreciated by examining the relative response of savers’
consumption under the three policy regimes. Compared to the two regimes using unconventional
policy, under “conventional inflation targeting” the interest-rate policy is relatively less restrictive

in the early quarters due to the longer expected duration of the ZIRP. Nevertheless, savers’ con-

35Specifically, we calibrate the steady state so as to match the state of the US economy in 2008¢4.

36This is the size of the first round of unconventional measures, announced in November 2018 and March 2009.

37 As the empirical counterpart of b; we use the stock of debt of the private non-financial sector of the US economy,
net of residential mortgages. See Table 1 for a detailed reference to the data. We use private debt net of mortgages
because in our model debt is sustained in order to bring consumption forward, and not to acquire an asset (which is
instead the case of mortgage debt). See also Curdia and Woodford (2016). Figure 6 in Appendix E shows that total
and non-mortgage private debt evolved in a very similar way until the early 2000’s, when the buildup of debt and
subsequent permanent deleverage mostly involved mortgages, due to the housing bubble. Private non-mortgage debt
displays instead a deleveraging process that is both milder and more transitory, with the stock of debt returning to
its pre-crisis level by the end of 2014.
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Figure 4: The response of the economy to a natural interest rate fall consistent with the Great Recession. Blue solid
line: conventional inflation targeting plus unconventional balance-sheet expansion; red line with dots: conventional
inflation targeting; green dashed line: conventional inflation targeting plus unconventional inequality targeting.

sumption falls between two and three times more. This occurs because the decline in borrowers’
consumption is deeper and more persistent in the absence of an unconventional response, thereby
increasing the consumption risk faced by savers. As a result, savers increase their precautionary
savings and reduce their spending. This effect dominates the intertemporal substitution induced by
the policy rate and accounts for about 25% of the short-run decline in aggregate output.

The case of “unconventional inequality targeting” clarifies that, by stabilizing consumption
inequality, this policy regime effectively shuts down the idiosyncratic-risk channel of transmission
of the shock, which would otherwise amplify the recessionary and deflationary consequences of the
crisis. The result is a substantially more stable output gap and inflation, and a faster private
deleveraging. This latter outcome is worth emphasizing. Intuitively, it is due to the interaction
between a persistently lower interest rate on borrowing (which reduces the pressures on rollovers)
with the shutdown of the idiosyncratic risk channel (which would otherwise stimulate additional
borrowing for anticipative motives). Moreover, it is particularly interesting because it highlights
that a private debt deleveraging cycle needs not be associated with large recessions, as long as
unconventional policy responds appropriately.

This observation challenges one of the main messages of earlier contributions like Benigno et
al (2020), that in a deleveraging episode the policy response should be more aggressive and the ZIRP
longer than in the standard RANK model because the endogenous response of the natural interest
rate makes it more persistent. The discussion above suggests that this needs not be the case. If the

central bank deploys its unconventional tools—whether as in our baseline policy scenario or in the
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Figure 5: The response of the economy to a natural interest rate fall consistent with the Great Recession. Blue
solid line: conventional inflation targeting plus unconventional balance-sheet expansion; red dashed line: optimal
conventional policy; green line with dots: unconditional optimal conventional-unconventional policy mix.

inequality-targeting regime—the endogeneity of the natural interest rate actually makes its decline
milder and less persistent: unconventional policy can grant the additional aggressiveness needed to
respond to the shock without the need for a longer zero-interest rate policy. In fact, it actually
makes its duration shorter—and only related to aggregate shocks in the case of inequality targeting.

To explore whether there is normative value in this implication, Figure 5 displays the response
of the economy in our baseline policy scenario (solid blue line), and compares it to the optimal
policy under full commitment conditional on using the conventional tool only (red dashed line) and
the unconditional one, i.e. when also using the unconventional tool (green line with dots).*®.

As in Benigno et al (2020), the optimal policy when only using the conventional tool includes
a commitment to keep the policy rate at the ZLB for longer than in the standard RANK model,
resulting in an earlier output boom and an inflation rate that is above target throughout the liquidity
trap, supported by a less persistent fall in the endogenous natural rate of interest.

Such commitment improves also on our baseline policy scenario that includes an unconventional
expansion, essentially through a substantially lower interest rate on borrowing in the last quarters
of the liquidity trap. As a result, the consumption of borrowers declines by less and for a shorter
period of time, and it experiences a boom before exiting the ZIRP. Note the role of idiosyncratic
uncertainty: the more favorable outlook for borrowers reduces consumption risk for the savers,
who increase consumption as the intertemporal substitution induced by the interest-rate policy

dominates the precautionary-saving motive induced by the idiosyncratic-risk channel of transmission

38For details on the optimal policy problem under commitment in the general model, please refer to Appendix D.

31



of the shock. This is also reflected in the dynamics of consumption inequality, that at first rises as
much as in our baseline scenario but then it falls below steady state earlier and by a larger extent.

The fact that consumption inequality rises on impact, however, suggests that the “optimal
conventional policy” may not be unconditionally optimal. Indeed, this regime is constrained by the
assumption that the central bank’s balance sheet does not respond. Relaxing this assumption and
computing the “unconditional optimal policy”, reveals the key role of the unconventional dimension.
The commitment to keep the policy rate at zero is now much weaker, and complemented by a strong
expansion of the central bank’s balance sheet, implying 4; > uf for as long as the nominal natural
rate is negative. The result of this optimal policy mix, where the forward guidance on the policy rate
is mostly replaced by an unconventional balance-sheet expansion, is a substantial stabilization of
all welfare-relevant variables compared to the optimal conventional policy. The optimal policy mix
has several elements in common with the unconventional “inequality targeting regime”: it uses the
balance-sheet expansion to improve the outlook of borrowers through a reduction in the borrowing
interest rate that allows for a faster and deeper deleveraging process and at the same time for a
milder and less persistent decline in the natural interest rate. But it does so to a larger extent,
compared to the “inequality targeting regime”: the discount-factor component of the fall in natural
rate requires indeed to induce a stronger decline in the credit spread that trades off some inequality
stability for a more stable output gap and inflation, through the idiosyncratic-risk channel.

An interesting corollary of this result is that introducing unconventional policy and idiosyncratic
risk reduces the relative attractiveness of inflation policy compared to the RANK model, advocated
by Benigno et al (2020) on the grounds that it benefits borrowers. In our economy, it is unconven-
tional policy that should take care of borrowers, while interest-rate policy should focus on shocks

with primarily aggregate effects—such as discount-factor shocks.

5 Conclusion

This paper studies the monetary-policy implications of an economy where households are heteroge-
neous and face idiosyncratic risk, financial intermediaries 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 outlook for borrowers reduces consumption risk for savers, which respond cutting
their precautionary savings and expanding their current spending. This can critically amplify the
expansionary effect of unconventional monetary policy, that initially only affects the borrowers.
Through this channel, unconventional monetary policy improves the ability of the central bank
to anchor private-sector expectations and rule out endogenous instability. Appropriately speci-
fied 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.
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Unconventional monetary policy allows the central bank to achieve prices stability even in the
face of shocks that conventional policy would find impossible to sterilize due to the existence of
an effective lower bound on the policy interest rate. The unconditional optimal policy includes an
unconventional balance-sheet component that improves the ability of the central bank to reduce
fluctuations in inflation and the output gap during a liquidity trap. Importantly, and differently
from recent related literature, it promotes a shorter rather than longer optimal duration of zero
interest-rate policies, reducing also the appeal of front-loaded inflation policy to improve the welfare

of borrowers.
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Appendix

A The Complete Model

We consider a closed-economy model including two types of households—a mass z of borrowers and
a mass 1 — z of savers—a financial intermediation sector, a continuum of monopolistic firms, a fiscal

authority and a central bank.

A.1 Financial Intermediaries

Financial intermediaries collect from the savers the stock of one-period nominal deposits D, and the
stock of nominal net worth N. They allocate these resources in a portfolio of nominal assets including
central-bank reserves R/ and one-period bonds issued by private borrowers, B/ = fz Bf(j)dj, where
individual borrowers are indexed by j. Let z = % forx =b,d, n and u = %. The balance sheet of

the banking sector in period ¢, in real terms, therefore reads
b{—i—u{ = d; + ny. (A.1)
In lending to the private sector, intermediaries face the following leverage constraint:
bl < Oyny. (A.2)

with 6, following an exogenous stochastic process.

As in Benigno et al. (2020), the banks remunerate nominal deposits and net worth at the rate
i, which they take as given, but they also face an additional cost of raising net worth above some
threshold n (which we assume equal to its steady-state level). To allow for a potential role of

individual borrowing on the equilibrium credit spread, we specify the cost of equity funding as

ceft =0 f (%) qt,

. ol (G)\ .
RALER

The function f(z)—with f(z) =0 for x < 1 and f'(x), f”(x) > 0 for x > 1—captures the convex
costs of raising aggregate capital in excess of the threshold, as in Benigno et al (2020). The additional

with

qt

function ¢(y)—with ¢(y) =1 for y < 1, ¢'(vy), ¢"(y) > 0 for y > 1-—captures the idea that for banks
is more costly to lend a single borrower more than the average level consistent with the threshold
capital n, given the current leverage ratio 6;: i.e. l_){ =nb; /2.3

On the other side of the balance sheet, they collect the gross return on the private assets, i.e.

39Note that we relax the restriction that f’(x), ¢'(y) = 0 for 2 = y = 1-—assumed in Benigno et al (2020) to support
a zero steady-state spread—and use the additional flexibility to calibrate an empirically sensible steady-state spread.
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1 +48(4), for each j € [0, 2], and on central bank reserves, i.e. 1 +i® > 1, both of which they take
as given. As a consequence, the intermediary’s real profits matured in period t are
H{-H .B/ - oo g R\ f .D .D g
= [ (POl D+ iy~ iP)d = P 140 () ] (AB)
z
The objective function of financial intermediaries in period t is the expected discounted level of

profits they will remit to savers in period ¢ + 1:

1 1+iBG), 5, 1+ ny
E; {AZH—I;;} = [/ ﬁb{(‘?)d] - b{] + [1 i izD - 1] U{ — b f <%> qt, (A~4)

where we used the balance-sheet constraint (A.1) and E; {Af,t 41} = (1+iP)~! from the optimality
conditions of the savers. Banks then seek to maximize (A.4) subject to the leverage constraint (A.2).

In the main text we study two cases. In the special case of Assumption 1, where households
transfer to banks a constant amount of real capital (i.e. n; = n for all ¢), the banks choose the

composition and size of their asset portfolio (i.e. b{ and u{ ) and their objective simplifies to

/ 1+iB 1+
t

where we anticipate the result that, since f(1) = 0, there is no role for individual debt levels in
the equilibrium interest rate on private assets: i%(j) = i® and b/(j) = b//2. The solution to

this problem then implies that the interest rate on deposits equals at all times the interest rate

on central-bank reserves, i? = iﬁ > 0, while private bonds pay a premium in case the leverage
constraint binds: 5
=14+¢G>1 A6

where (; is the Lagrange multiplier associated to constraint (A.2).
In the general case of Assumption 3, instead, the solution to the banks’ problem is modified as

follows. The equilibrium spread for borrower j € [0, 2] is affected by their individual debt level:

L+iP(j) ne mey o (bG)
LGy g ey (KO AT
and the solution now includes an additional first-order condition, with respect to banks’ capital:
n n n
awlf(2)+ 21 ()] =6 (A8)
n n n

Combining (A.8) with (A.7), (A.1) and (A.2) holding with equality implies

— L =14+ F| = =1+ F A9
1 Zﬁ _ —f _ ) — 9 ( )




where F(z,y) = [f(z) + zf'(x)]q(y) + zf(x)¢' (y), and where in the second equality we used (A.2)
holding with equality and the balance-sheet constraint of the central bank, implying b; = b{ + uy.

Finally, using on (A.9) the result that, in equilibrium, all borrowers are identical, which implies
bl (j) /b = b] /2b] = ny /7, yields

1+Z'tB by — uy
=148 A.10
1+l + ( 16, > ( )

. b — _ by — bi—
with § (25 ) = F (%, %) = F (g, b,
A.2 Households

Households belong to either one of two types: savers (in mass 1 — z, denoted with an index “s”)
and borrowers (in mass z, denoted with an index “b”). 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) = 2(1 —pp). Savers and borrowers share the same period-utility function,
up = E[U(Cr(y)) — V(Lg(4))], with k = s, b and where ¢ is an intertemporal disturbance. A key
difference between savers and borrowers come from their average labor income: each household j
belonging to type k = s,b is endowed with a stochastic idiosyncratic labor-market status e +(j) =

{0,1}, whereby their time-t labor income is

T (5) = e () Wi L (4),

with j € [0,2] if kK = b and j € (2,1] if & = s. The idiosyncratic labor-income uncertainty is i.i.d.
within each type, with

prob (€k,t(j) = 1|k = b) = w; < prob (5k,t(j) =1k =s)=1,

where the probability of the high-income state for the borrowers is pro-cyclical: w; = g(x¢), with
g(:) € [0,1], ¢'(-) > 0 and ¢g(0) = w € [0,1] denoting the steady-state probability of the good
employment status, and x; = log(Y;/Y;*) the gap between real (Y') and potential output (Y*).

To facilitate aggregation of the supply side of the economy in the non-linear equilibrium and in
a linear approximation around an unequal steady state, we assume that the period-utility function
is exponential in consumption C' and isoelastic in hours worked L, as in Benigno and Nistico (2017)

and Benigno et al (2020), among others:*’

U(Chyt) =1 — exp(—oCpy) V(Liy) = —24 (A.11)

for k = s, b, and some positive parameter o, and where consumption is the usual Dixit-Stiglitz

408ee also Acharya and Dogra (2020) in the context of heterogeneous-agents models. Standard boundary conditions
on exogenous shocks rule out the possibility of negative consumption levels, starting from a well defined steady state.
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bundle
1 N T+p
cz[/ C(i)wdi] , (A.12)
0

with C(i) denoting the consumption of the differentiated good of brand i, p > 0 the net price
markup and (1 4 u)/p > 1 the elasticity of substitution between any two brands in the continuum
indexed by ¢ € [0, 1]. As in Bilbiie (2018), a utilitarian family head maximizes the average lifetime
utility across all agents

Uy = (1 — 2)us s + zupy + BEU 41 (A.13)

subject to a limited risk-sharing constraint that allows all agents within each type—but not across

types—to pool their resources and obligations and share the same level of consumption.*!

A.2.1 Savers

Savers are subject to the following flow-budget constraint
B\ nh h h _ D h h
PyCsp+ (1 =ps)(1 4147 ) By + D + Ny = Wi e Lisy + ps(1+4,21) (D + Ny y) + 1 = Ty (A.14)

The nominal resources available to savers at the beginning of each period ¢ therefore include the
labor income W ¢ L, ;, the payoff from the portfolio of deposits and bank’s capital from the previous
period (1 +4P )(DP ; + N]* |) held by the share p, of savers that did not turn borrowers, the per-
capita nominal profits TI; = (1 — 2)~}(II} + H{ ) remitted by the monopolistic producers and the
financial intermediaries—both owned by the savers—net of taxes/transfers T, with P; the general
consumption price level. The savers use these resources to purchase a bundle of consumption goods
Cs.¢, save in one-period nominal deposits D}, transfer nominal equity N/ to financial intermediaries,
and share pro quota the burden of paying off the debt [, B (j)dj brought by the mass z(1 — p;)
of borrowers that have turned savers at the beginning of period ¢, where we used the restriction
(1 —2)(1 —ps) = 2(1 — pp) and anticipated the result that borrowers are all identical within their
set, i.e. B"(j) = B".

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

equation

1+iP
§UCo) = BB { {5 [pUCopin) + 1= )G | (A1)

1+7Tt+

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

W(Ls t) _ Ws,t
Uc(Cst) Pt ‘

(A.16)

Moreover, the interest-rate on short-term deposits satisfies the following no-arbitrage condition

1= (1+i)E {Af 11} (A.17)

4! Analogous implications would follow from an imperfect-insurance scheme as, e.g., in Ctirdia and Woodford (2016).
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where A, denotes the nominal stochastic discount factor used by savers, defined as

5§t+1 PsUc(Csp41) + (1 — ps)Ue(Chp41)

bt =07, (1 -+ 7)) UelCr) (419

A.2.2 Borrowers

Borrowers are subject to the following flow-budget constraint
B\ ph _ D h h h
PGyt +po(1+ 1) By = wWo Lot + (1 — pp) (1 + 421 )(Dyy + Nity) + B + T (AL19)

The nominal resources available to borrowers at the beginning of each period ¢ therefore include
the average labor income w; W ¢ Ly ¢, the per-capita share of payoff on the portfolio of deposits and
bank capital from the previous period (1 +i” ,)(D! ; + N/* ;) 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) = 2(1 — py)—the resources borrowed selling private debt B} and the transfers
Ty received by the fiscal authority. The borrowers use these resources to purchase a bundle of
consumption goods Cy ¢, and pay off the debt Bg‘fl accumulated in the previous period by the share
py of borrowers that have not turned savers at the beginning of period .

As each individual borrower j may be charged a different rate depending on their specific debt
level, their choice of debt internalizes this effect by considering the equilibrium spread (A.9) as an
additional constraint to optimization. The first-order conditions with respect to consumption and

individual debt then imply the Euler equation

1+zt()
1+ T

§U(Chali >>:/3Et{(1+et<g>) o1 [PoUe( o1 ( >>+<1—pb>Uc<cs,t+1>]}, (A.20)

where i () is the borrowing rate for the individual j, and

Et(j) = b?( ) ( tneqjt’ )

of b bf 5)
b 1+F( 1;191“’ bf )

its elasticity to individual debt, as in Benigno et al (2020), with F5(-, -) denoting the partial derivative
of function F'(-,-) with respect to its second argument. Perfect risk-sharing within the set borrowers

implies in equilibrium iZ(j) = i?, €:(j) = e and Cp4(j) = Cpy, for each ¢, and thus:
1=(1+e)1+iP)E {At tﬂ} (A.21)

where A?,t 1 denotes the nominal stochastic discount factor used by borrowers, defined as

A Et+1 PoUc(Chpt1) + (1 — pp)Ue(Cs 141)
tir1 =0 )
&t (1 + m41)Uc(Cry)

(A.22)
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The optimal choice of consumption and the labor supply finally implies

Vi(Ly,t) — Wt
Uc(Cb t) Pt ’

)

(A.23)

A.3 Firms

A continuum of firms of measure one produces each one brand of differentiated goods using the
linear technology
Yili) = AuLy(i) (A.24)

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.25)

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

1:(1—a)(Pt>1/“+a<1+7”)w. (A.26)

Py 1+7~

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

it maximizes the expected discounted stream of future profits
(0.9] .
P,
By $ D ol ThAS Vi) [(1+ w*)t—mﬁ — MC| y, (A.27)
t—to > B
subject to the demand for brand 4, Y; (i) = (P,(i)/P;)~ 1 +t#/rY;, in which aggregate output satisfies

the resource constraint
Yi = (1—-2)Cst + 2Chy4. (A.28)

In the objective of the firm (A.27), the stochastic discount factor used is that of savers, which own

the firms, and real marginal costs are given by

Wi

MCt = (]. — T)m,

(A.29)

where 7 is an employment subsidy.
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The solution to the firms’ problem implies, also using (A.26):

1 —H
1— o (12m /n
14+7*

Fi
K’

= (1+p) (A.30)

l—«o
with
14p

o] PT o
F=ESY o NV | ————— | MG

1+p
T+mepr)
1+

= Y}MCt + O{Et {Af,t-i-l ( Ft+1} <A31)

147 —n
= Y;g + CVEt {Af,t—i-l (H::) Kt+1 . <A32)

In equilibrium, firms’ real marginal costs follow from aggregation of the labor supply equations
of savers and borrowers, which the specification of preferences (A.11) and technology (A.25) keep

tractable:

MG, = (1—7) v (A.33)
Wi _ i (NA))? (A.34)

P oexp(—oY,)Af

where we have also used the production function (A.24), the aggregator (A.12) and the resource

constraint (A.28), and where A is an index of relative-price dispersion across firms

14y

AP = /O 1 <P ;ﬁj) > i (A.35)

which evolves according to

1+p

/1
14+p 1 —a <1+ﬂ't>
147\ » T+m*
AP = AP 1-— . A.
t a(1+7r*> -1+ (1 —a) 1—a (A.36)
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A.4 The Fiscal Authority

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 = Tf + (1 — Z)T&t. (A37)

A.5 Aggregate Equilibrium

Equilibrium in the asset markets requires, for each period ¢ implies

(1—2)D"=D (A.38)
(1—2)N'"=N (A.39)
2B"=B/+B°=B (A.40)
R=R’. (A.41)
c h h
Deﬁneutz%,btz%,bfz% bfz%,dtz% dy :— ntz%,ngz% andwt—‘g;

Under Assumptions 1 and 2, an equilibrium is a collection of seventeen stochastic processes
Vi, iy Csty Oy, ir, ir, ift, b Af MGy, A}, Fy, K. Li}i2
{ ty Tty Usity Ubts U 5 U4y Uy Oty Uty t,t+1> Ctv ty A, L'ty g, Wy, t}t:to

that satisfy the following fifteen restrictions, expressed in real terms

nh; + up = by <A42)
1+if =1 +iH(1+¢) (A.43)
Cb,t = Zﬁlbt + (wt — *) we Ly + Y;g <A44)
z
14
&Uc(Cry) = BEY {Hftﬂ [pr (Che41) + (1 —Pb)Uc(Cs,tH)” (A.45)
1+ 4P
&U(Cut) = BB § T &1 [PUe(Cott) + (1 = p)UeCop)| (A.46)
+ T4l
14+l =1+ > 1 (A.47)
Y; = (1 — Z)Cs7t + ZC[M (A.48)

42 A similar scheme is assumed in Sims et al. (2023).
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@ - (ViAY)?

MCy=(1—-171 A .49
0= )vexp(—th)At”“” A4
1
e—1\ T—¢
1_a<11-i—’-—7ri> € ﬁ (A50)
1—a Ce— 1Ky '
s 1+ mq ¢
F, = }QMCt~|—aEt{ f i <1+7T+> Fm} (A.51)
T+ ¢
Kt = Y;: + OéEt {Ait+1 (1_’_7;> Kt+1} (A52)
@, *(VIAY)¥
_ A.
vexp(—vY;)AY (4.53)
€ 1— o e T\
1+ Tt <1+7T*)
P _ p _
A —04<1+7r*> A+ (1 -a) T (A.54)
VAP = A Ly (A.55)
sUc Cs 1 —ps Uc C
Sy = psUc(Csp1) + (1 — ps)Ue( b,t+1)7 (A.56)
’ (1 + 7Tt+1)Uc(Cs,t)

for a given vector of exogenous processes {X;}¢2, with X; = (&, A¢, 6;), and where we focus on
equilibria where the banks’ leverage constraint is always binding, implying b{ = nf;. With fifteen
restrictions to determine seventeen processes, we have two degrees of freedom that we can exploit
to specify the two dimensions of monetary policy.

Under the general specification of Assumptions 3 and 4, in turn, the system of relevant equilib-

rium restriction includes equations (A.46) through (A.56), plus the following:

n0p + up = by (A57)
1 + Z? bt — U¢
=1+S A58
1+t * ( nby > ( )
1+ Z‘tBil 1+ iﬁl —
by = — (1 — ps by — — Ly —vYe+T A.
t pb1+iﬁ1 ( ps) 1+ m i—1 + 2Cp s — (20 — v) wi Ly — VY + (A.59)
1+iP
&U:(Chy) = BE < (1 + Et)ligt-i-l [prc(Cb,tH) +(1— pb)Uc(CsﬂH—l)] (A.60)
+ Te41
be—ur bi—u
. bt F2< t’ﬁett’ t’ﬁett>
et(] = 7 ) ) . (Aﬁl)
A1 4 1 (g, e )

Once we specify the two dimensions of monetary policy, the above system of sixteen restrictions
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can determine the equilibrium set of eighteen processes
Yy, mt, oy G, 05y if, ity b A MCy, A}, Fy, K L, ni} 2
{ ty Tty Usity bty U5 Uy Uy Oty U, tt+1> €t, ty R,y L'ty Ny, Wy, L, nt}t:to

for a given vector of exogenous processes {X;}72, with X; = (&, Ay, 0;), and where again we focus
on equilibria where the banks’ leverage constraint is always binding.
A.6 The Steady State

We assume a level of employment subsidies such that the long-run monopolistic distortions are

offset: 7* = /(1 + w). Under this employment subsidy, the long-run level of output satisfies

wFY¥
oexp(—cY)Al+e

=1. (A.62)

To simplify notation, we normalise the steady-state level of the productivity index A such that,
from equation (A.62), we have Y = 1. Equation (A.62), together with the steady-state aggregate
labor supply and production function, also implies wL = 1. Fiscal redistribution in the steady state

implies, for both the simple and the general model, the following distribution of consumption:

~B _
Ob =w— 21 (Zl n 7:: > (A63)
_ 1= 20
Co== _ZZC” (A.64)

The steady-state versions of the Euler equations (A.46) and (A.60) then imply

1+ 7" =T (1+7%) (A.65)
147 =BTy(1 +75)(1 + ) (A.66)

where we have used P = iff > 0 and we defined

Fs=ps+ (1 —ps)exp[(T — 1) oy (A.67)
Iy =pp+ (1 —pp)exp[(1 = T) o], (A.68)

with o, = 0Cy. Accordingly, we can write
1+ B 1 |
—— =1+ " =2>1 A.69
U9 =t (4.69)

where the inequality holds if the value of I' implies I'y > I'y, and € is sufficiently small.
Therefore, in our economy with idiosyncratic uncertainty, the steady-state credit spread de-
pends on an additional component, compared to existing literature, and in particular to Benigno

et al (2020), triggered by the anticipative motives that affect both types of agents when the steady
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state is unequal, and captured by I'y; and I', i.e. the expected change 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 save more for precautionary reasons, compared to a steady
state with I' = 1. This implies I's > 1 and a downward pressure on the return on deposits, by equa-
tion (A.65): B(1+7%) < 1+47*. In addition, 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 I', < 1 and
an upward pressure on the return on private bonds, by (A.66): 3(1+7%) > (1 +&)~1(1 + 7*). As
a result, if I' > 1 the steady state exhibits a positive credit spread (and thus a binding leverage

constraint) despite equal discount factors, provided € is sufficiently small relative to T.

B Proofs of Propositions

B.1 Proposition 1

Proof. Under the assumptions of Proposition 1, a first-order approximation of equations (A.45)—
(A.46) yields

ot = WwEicpir1 + (1 — ) EBrcsipr — 0 (0P — By + EyAéryq) (B.70)
cst =YsEicsirr + (1 — ys) Ercpry1 — 0 (il — Eympyr + EAEi4) (B.71)

where v = ps/T's and 4 = pp/Th, with 0 < 75, 7, < 1 and we have used if = iP, as implied
by a first-order approximation of (A.47), and the result that, since f(1) = 0, there is no role for
individual debt levels in the equilibrium interest rate on private assets, implying ¢; = € for all t.
Taking the difference of the above equations results in the equation (9) describing the dynamics of

consumption inequality w; = cg — Cpy:
we = (75 + 7 — V) EBwr1 + 0 (if —if) . (B.72)

Using a first-order approximation of the resource constraint (A.48) with equations (B.71)-(B.70)
and the definition of output gap (z =y — y*) and consumption inequality yields equation (8):

zr = By — [(1— 2)(1 = 7s) — 2(1 — )] Bywra
— o V(if — Bfpr + BiAE) + B Ayp g — 20 (@2 — i), (B.73)

where yf = ;i—“;at denotes the potential level of output arising under flexible prices. Note that
in the case of an equal steady-state, 75 = ps and 7, = pp, implying that the coefficient in square
brackets goes to zero by the restriction (1—z)(1—s) = z(1—b). Accordingly, an unequal steady state
implies an additional and separate role for consumption inequality in the dynamics of aggregate
output, beyond the one implied by the private interest rate. Moreover, since I' > 1 implies I'y > 1

and I'y, < 1, it follows that 75 < ps, 1 > pp, and vy = (1 — 2)(1 —vs) — 2(1 — ) > 0.
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A first-order approximation of the borrower’s budget constraint (A.44), using the labor supply
equation and the production function implies equation (7). Using the latter, the resource constraint
and the definition of consumption inequality then yields equation (10). A first-order approximation
of (A.57), which uses Assumption 1, implies the equilibrium value of private debt (11). A first-order
approximation of the supply block (A.49)—(A.52) finally yields the NKPC (12). m
B.2 Proposition 4.

Proof. Consider the system of equations describing the private-sector equilibrium, which we can
obtain using equation (10) into (13),

Tt = (I)Etl‘prl — a;l(if —Et’f(‘t+1 —T;k) — 5Et{Aﬁt+1 — AUI_H} —|—Z_15(1 —’}/S)Et{ﬁprl — u;{_,_l} (B74)

7ATt = ,BEtﬁ'tJrl + KT¢. (B75)

and the following monetary-policy rules

’Zt = ’r‘;fk + ¢7r7?"t + ¢xxt (B76)
Uy = U: — YrTtp — Va4 (B-77)

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

matrix form as

E
Al =B | (B.78)
Tt By
where let
A= 1+U;1¢x+5¢x O-;ld)ﬂ‘—'l—éwﬂ'
—K 1
and

B =

D+ 0y +2— DYy opt+ 27 (ys + 2 — 1)e
0 B '
System (B.78) admits x; = 7 = 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

d d
D= (detB)~' [ " P, (B.79)
do1 d2
with
det B = B(® + 27 10(ys + 2 — 1)¢s) (B.80)
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and

din =B(1+ 0, b + ) + Ko, +2718(ys + 2 = 1)) (B.81)
diz2 = 8(0;,  br + 8¢r) — (07" +2718(7s + 2 — 1)or) (B.82)
do1 = — k(P + 2710(ys + 2 — 1)ty) (B.83)
dop = + 27 15(ys + 2 — 1), (B.84)

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

i)detD > 1 ii) detD —tr D > —1 i7i) det D +tr D > —1. (B.85)
Consider now that det D = (det B) ! det A, with
det A =140, ¢y + 5tby + K0y ' dr + 60r).
Accordingly, condition B.85.7i) can be written as
det A — (di1 +dg2) > —detB

and it requires

140, g + 6ty + (0, O + 60r) — B(1 + 0, L + 61,)
— m(a;l + z*1(5(% +z—1);) — P — zflé(’ys +2z— 1) > —B(P+ 271(5(78 + 2z — 1)y,

which, after some algebra, yields condition (23):
07 (1= B)bu + w(dr = 1)) + 7181 = ) [(1 = By + mibe| > (1= B)(@ = 1) (B5G)
Moreover, condition B.85.7) requires
07 b+ 8[1 = B+ 27 B(L— 7)o + Rl05 6r + 60r) > BB — 1, (B.87)

which is always satisfied for ® < 37! and it is generally implied by (B.86) also for ® > 37!, as long
as ® is not too large, in which case condition (B.87) becomes necessary and (B.86) is implied.

Finally, condition B.85.7i7) requires

1+ 0, by + 0ty + K(0; b + 00r) + B(L+ 05 "y + 00y
+r(o 27 (s 42— Dbr) + @+ 271 0(ys + 2 — Dby > —B(® + 271(ys + 2 — 1)tby),

which is always satisfied for non-negative response coefficients ¢’s and ’s. As a consequence, for
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® not too large, the equilibrium is determinate if and only if condition (23) is satisfied. m

B.3 Proposition 8

Proof. Under the assumptions of Proposition 8, a first-order approximation of equation (A.10)
delivers (68):
P =i+ (b — 0, — ), (B.88)
once we define _
1 Y

1—|—F(1,1)7‘L§<F1(1’ 1) + Fy(1, 1)>. (B.89)

Ui

A first-order approximation of equations (A.46) and (A.60) yields equation (B.71) and

cot = Whicpr1 + (1 — 1) Eresprr — 0 (i — Bymr + B A&1) — 0 ' (B.90)

where é; = log 114:5 follows from approximating equation (A.61):
€t = Ne (i)t - ét — ’fbt> + v (i)t — I_)uét> (Bgl)

and where we defined
1 Y /nf
. = For(1,1) + Fao(1,1) ) — —— B.92
. 1+F(1,1)1+e<21( )+ Faf >) <y (B.92)
€ 71
= B.

Y Tye (B-93)

and the ratios b, = b/Y and b, = b/b/ > 1. Throughout, we use the notation F;(-,-) to denote the
first derivative of function F(-,-) with respect to its i argument, and Fj;(-,-) to denote the second
(cross-)derivative of F(-,-) with respect to its 4" and j*" arguments.

Using (B.71), (B.90), (B.91), (72) and a first-order approximation of the resource constraint
yields equation (66):

2y = By — 0 LG — Evpyr —17) — yEwi1 — 207 7 (@8 — i) 4 o(by — buby)|,  (B.94)

where we defined g = 1+ 17, while taking the difference of (B.71) and (B.90) delivers equation (67).
Finally, a first-order approximation of the borrower’s budget constraint (A.59), using the labor

supply equation and the production function implies equation (69), while approximating the supply
block (A.49)—(A.52) yields the NKPC (70). m

C The Welfare-Based Monetary-Policy Loss Function

In this section we provide details on the derivation of equation (5). To study the normative implica-

tions of idiosyncratic uncertainty for monetary policy in our baseline economy with heterogeneous
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households, we are interested in the Ramsey policy that maximizes the expected social welfare

} , (C.95)

for some weight Z, with 0 < Z < 1. To evaluate the implied tradeoffs and derive the optimal mone-

o0

Wiy = B, {Z gt [(1 =) (U(Co) = V(Lan) + Z(U(Chi) = V(Lso)

t=to

tary policy, we can use a purely quadratic loss function deriving from a second-order approximation
of (C.95) around a socially optimal allocation. Such allocation is consistent with the solution of the

Ramsey problem that maximizes (C.95) subject to the resource and technological constraint
ALy "Ly, =Y, = (1= 2)Coy + 2Chy. (C.96)

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

consumption, given the welfare weight z:

1—2  1—2U(Cy)

C.97
z z  Uc(Cs) ( )
and an intratemporal efficiency condition for each type of agent:
Vi(Lo)Ls  Vi(Ly)Ly
> = 22 =Y. C.98
U.(Cy) Uc(Ch) ( )

For a given long-run consumption inequality in the decentralized allocation, an appropriate
welfare weight Z makes sure that the steady state satisfies condition (C.97), while the optimal
employment subsidy 7*—if the long-run employment risk is small enough—ensures negligible devi-
ations from condition (C.98).%3 Thus, a quadratic Taylor expansion of (C.95) around a steady state
that satisfies these two restrictions is a valid second-order approximation of expected social welfare
that can be evaluated using only first-order-approximated equilibrium conditions. The maximum

social welfare (C.95) consistent with the resource and technological constraints (C.96) requires:

(1= 2)U(Cs) = (1 — 2)A (C.99)
ZU(Cy) = 2\ (C.100)
(1-2)Vi(Ls) = (1 — 2)5\% (C.101)
e Z—z
FVi(Ly) = )\I_/b (C.102)

where ) is the Lagrange multiplier on the contraint (C.96), evaluated at the steady state.

43The steady state is indeed distorted for both monopolistic competition and unemployment risk, see (A.62). How-
ever, a sufficient condition for the linear-quadratic approach to be valid is that the deviation from condition (C.98)
be small enough (see Woodford, 2003, Ch. 6). Accordingly, for the normative analysis—and the numerical simula-
tions—we assume, without loss of generality, that 1 — g(0) = O(||x|?), with 0 < g(0) < 1 and x = (£, y*, 6). An
equivalent alternative would be to assume type-specific optimal employment subsidies that correct both distortions.
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A second-order approximation of the social welfare (C.95) around this steady state reads:

Ui = 0+ (1= 2) [UdCoCus = O + Ul Co) Cua = O
+2 {Uc(Cb)(Cb,t —Cy) + %UCC(Cb)(Cb,t - Cb)Q}
- (1= 2) [ VL) (Eer = L) + VL) Lar - LY
= VLD Eae — L) + V(L) Eas — L] + O, (C.109)

where an upper-bar denotes a variable in the steady state and the term O(|x]||)? collects terms in
the expansions that are of an order higher than two.
Using conditions (C.99)—(C.102) in equation (C.103), the latter can be cast in the form

U= 0+ (=R -+ 3 2, - ey
+ 22 %C%¢—-C%)+';2%1%{?(6%¢-C%){
N Y 1 Vll(f/s) T
— (1 — Z))\fs |:(L57t Ls) + 5 W(Es) (Ls,t - LS)2:|
_ 1 V(L

SpL {@W L)+ ‘;;((E:; (Lys Lbﬂ LO(IxI. (C.109)

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

X — X 1
tX =z + ix? + O(JIx]))>. (C.105)

Moreover, define ¢s; = (Cs¢ — Cs)/Y and et = (Cop — Cy)/Y, which imply, together with the

resource constraint (A.48):

1
(1= 2)ess + zene =y + 5u7 + O(|xI1)* (C.106)

Using the above in (C.104) we obtain

L 1 1.
U =U+\Y [yt + 2ytg] - 5)\}/0' [(1 — z)cit + zcit}

. 1 - 1
—(1=2)\Y [ls,t +50+ go)zjt} —2\Y [lb,t +5 1+ o)l | +O(Ix[)* (C.107)

where we used U..(C®)/U(C?) = Uee(C?)/U(C) = —v, LsVyi(Ls)/Vi(Ls) = LyVyi(Ly) /Vi(Ly) = ¢
and 0 = vY. Now note that the aggregate production function ;A = AL, = AtL;;Z Lj ; implies
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that the following holds exactly:
yr=(1—2)lg4 + 2lpy +a; —In Af,

which allows us to simplify the linear terms in equation (C.107), and write:

10, -U
2 \Y

=y; —ol(1—2)cs, + 25, — (1+@)[(1—2)2, + 2l3,] —In A} + t.i.p. + O(||x[))* (C.108)

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

production function:

Cst =Yt + 2wy
et =Yyt — (1 — 2)wy
lsg =yt —ar + zlpy

It =ye —ar — (1 — 2)lRy,

where wy = csp —cpp and lgy = sy — lpy

Using the above in equation (C.108), after some algebra we can write:

10, -U :
~5 57 =(@+aﬁf+2O—2Kmﬁ+ﬂl+¢ﬂiﬁ*4nAf+tul+0NXW5
where z; = y; — yf and yf = 2.

Making use of the familiar result about the relative-price dispersion AY,

SN 114 p Y N .
§ t—to p_ — E t—to, .2 3
t=to t=to

we finally obtain:

Qoz—;Em{E:B“m<Ug;U>}

t=to

2 o

t=to
which ignores terms independent of policy and of higher order, and where

2(1—=2)o

= c =

A
Tk o+

o4

o0
1
=77%g, {Z B (”C? 0?4+ A+ AT Wu) } |

(C.113)

(C.114)

(C.115)



Finally, recall the equilibrium condition in the labor market, i.e.

L1+§D L1+(’0

st b,t
7 _ : C.116
a%vexp(vag¢) vexp(—vCh,y) ( )

and note that a first-order approximation implies

o Wy
- Wt — x
14+ 1+

lpt = t (C.117)

which allows us to recast the loss function in the form of equation (5):

o0
+ _ .
Ly = 7 5 SDEtO {Z Bt (ﬂsf + At 4 A + N (owy + wx:zt)2> } , (C.118)
t=to
where ) . .
A = s )\cziz( —2)o )\ZE—Z( —2) .
jurs o+ (@ +¢)(1+¢)
D Optimal policy under full commitment
The optimal policy under full commitment minimizes the loss (5)
o+ >
Lip=— ? B, {Z gt-to <x§ + Ae 2 Aew? + N (owy + wx:rt)2> } : (D.119)
t=to

subject to the system (66)—(70) and the ZLB constraint on the policy rate:

xy = FEirpq — U_l(if — Bty — 1)) — vEwig1 — 207t [n_lg(itB — if“) + U(I;t — l_)uét)} , (D.120)
wi = (3 + 9 = 1) By + 07 7 0GF = 3f%) + v(b — b.1)|. (D.121)
1 = BEyfri1 + Ky, (D.122)
it > =, (D.123)
B =iF by — 0, — ), (D.124)

Bby = (s + v —T51) [th +by(ift ) — 7ATt)] + by (i —ifLy)

+ 20 [(1 —w)y; — (Xw — Dy — (1 — 2)w|. (D.125)

Using pj¢, for j = 1,...,6 to denote the Lagrange multipliers on constraints (D.120)—(D.125),

the first-order conditions of the optimal policy problem conditional on 4; = 0 for all ¢, with respect
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to @y, wy, Ty, 15,72, and by, together with the slackness condition, are:

0 =24 + Nwg(ows + wexs) + p1¢ — ﬁ_lﬂl,t—l — kw3t + 2B(Xew — 1) 16t (D.126)
0= Aewr + No(ows + wzxt) + pog — B (vs +v — Dpoi—1 + 571’7M1,t—1 +2(1 = 2)Buess (D.127)
0= Aoy + 3 — p3e—1— B 0 tpne—1 + (vs + 9 — T3 Dbypes (D.128)
0=payr — ot ("771%7 - 1) pie+ 0'7177719/142,t — st — Blys — F;1)5yEtu6,t+1 (D.129)
0=0""n""zoms — o "0 opas + psi — Brwby Erpte 41 (D.130)
0=0"zvps — o ‘opay —npsy + Bues — B(vs + 1 — Ty ) Evptg 41 (D.131)
0= pay (if +77). (D.132)

For the unconditional optimal policy problem, instead, they include the above equations plus

the following condition, which relates to the optimal choice of the unconventional tool ;:

pis.0 = 0. (D.133)
E Calibration
6 output gap 6 inflation 8 policy interest rate
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Figure 6: Evolution of variables of interest in the data. Last two panels are percentages of aggregate output,
approximated as the sum of Personal Consumption Expenditures and Gross Private Domestic Investment.
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Table 1: Calibrated and implied parameter values in the numerical illustrations

Parameter Description Value  Source or target
Y SS real output 1 Normalization
o Inverse of the IES in consumption 1 Convention
%) Inverse of the Frisch elasticity 1 Convention
z Share of constrained households 0.37 Bilbiie (2018)
Ps Probability of remaining savers 0.96 Bilbiie, Primiceri and Tambalotti (2022)
¥ Inflation target 0.005  Inflation target = 2% annual
B Time discount factor 0.9772 Real interest rate = 1% annual
1 Price markup 0.15 Rotemberg and Woodford (1997)
9 Calvo parameter 0.85 Justiniano, Primiceri and Tambalotti (2013)
b SS private debt to GDP 3.4445 Private debt net of mortgages (2008q4)
Source: FRED Economic Data
a SS CB balance sheet to GDP 0.4634 Source: FRED Economic Data (2008q4)
n SS banks net worth to GDP 0.4243 Total Bank Equity Capital (2008q4)
Source: FRED Economic Data
Wy Cyclicality of unemployment risk 0.8 Okun’s Law (Ball et al, 2017)
v Profits and tax share of borrowers =z Benigno, Eggertsson and Romei (2020)
€ SS spread elasticity to indiv. debt  0.0190 Borrowers interest rate = 13.36% annual
Interest Rate on Credit Card Plans (2008q4)
Source: FRED Economic Data
n Parameter in spread equation 0.12 Match the data
0 Parameter in inequality equation 0.19 Match the data
Db Probability of remaining borrowers 0.9319 Implied by z(1 — pp) = (1 — 2)(1 — ps)
6 SS leverage ratio to GDP 7.0264 TImplied by b = 0n + @
Reference: FRED Economic Data
v Parameter in inequality equation 0.0054 Implied by v = 1i€13_1
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Figure 7: Model vs Data
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