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Optimal monetary and transfer policy

in a liquidity trap

Stefano Maria Corbellini?

Department of Economics, University of Bern
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Abstract

Optimal monetary and fiscal policy are jointly analyzed in a heterogeneous two-agents
New Keynesian environment, where fiscal policy is modeled in the form of lump-sum
transfers set by the government. The main result is that transfer policy does not serve
as a substitute for forward guidance - as it entails consumption dispersion costs - and
does not affect its optimal duration. Transfers indeed influence the length of stay
at the zero lower bound through two offsetting channels: a shortening channel works
through an initial increase in transfers that mitigates the recession (reducing the need
for forward guidance), and a lengthening channel works through a later transfer cut
that curbs the undesired expansion (making forward guidance desirable for a longer
horizon). Imposing a homogeneous transfer policy across agents does not change the
stabilization outcome or the effect on the duration of forward guidance, nor does so

allowing for cyclical income differences.
JEL Codes: E52, E62, K63
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1 Introduction

The challenges posed by a liquidity trap to stabilization policy relate to the impossibility to
fully address a demand shock by conventional monetary tools, due to the zero lower bound
on the nominal interest rate. Several authors have explored policy alternatives to overcome
this émpasse, within the perimeter of monetary policy or fiscal policy. The range of consid-
ered policies include forward guidance on the nominal interest rate (according to the seminal
paper by Eggertsson and Woodford (2003)), quantitative easing (Gertler and Karadi (2013)),
distortionary taxation (Eggertsson and Woodford (2006)), helicopter money (Benigno and

Nistico (2020)) and lump sum transfers.

This paper studies lump sum transfers from the perspective of an optimal monetary and
fiscal policy problem. The setting is one with heterogeneous agents, in which transfers have
different effects on consumption due to a heterogeneity in marginal propensity to consume
(MPC). In this perspective, the conventional view is that transfers can be used as a sub-
stitute of forward guidance over the recessionary phase of the liquidity trap, as they can
produce an expansionary stimulus (see Eggertsson and Krugman (2012), Farhi and Werning
(2016), Wolf (2021)). In this paper I challenge this view by showing first that, from an op-
timal policy perspective, transfers are not a substitute tool for forward guidance; secondly,
that their optimal use over the liquidity trap does not even influence the optimal time of the
liftoff of the interest rate from the zero lower bound.

The first result relies on the fact that transfer policies create consumption variations across
households, that negatively affects welfare: therefore, a government seeking to use transfers
to mitigate output fluctuations in the liquidity trap faces a trade-off between stabilization
and consumption dispersion. The second result relies on the presence of a shortening and
lengthening role of transfer policy with respect to the duration of forward guidance, which
quantitatively offset each other. Over the early stages of the liquidity trap, the government
wants to transfer resources to the high MPC agents (in my model, “hand to mouth” house-
holds) in order to mitigate the drop in output: this effect alone would reduce the room for

forward guidance intervention, and shorten the optimal stay of the interest rate at the zero



lower bound. When the shock is over and the interest rates are still kept at zero, then the
government would like to cut the transfers to the hand to mouth in order to cool down the
overheating of the economy - making a delay of the interest rate liftoff more desirable, as
forward guidance becomes less costly in terms of output expansion. The shortening and
lengthening channels lean against each other, giving rise to an analytically ambiguous ef-
fect on the duration of forward guidance. I calibrate the model using standard parameters
assumed in the liquidity trap literature, finding that quantitatively these effects offset each

other, leaving no significant influence on the optimal duration of stay at the zero lower bound.

Results are robust to two important extensions. First, I consider an environment in which the
government is constrained to set the same transfer for all the households (as in Wolf (2021)).
While in the baseline case the transfer to the hand to mouth could be used for stabilization,
and the transfer to the other households could be set to satisfy public debt solvency, instead,
with homogeneous transfer policy, the transfer is set equal for all the households: therefore
it needs to satisfy both the goals, creating a trade-off between stabilization and public debt
solvency. My finding points out that this additional trade-off is negligible, as any necessary
public debt adjustment required by government policy can be smoothed out by long run
movements in transfers - so well beyond the end of the liquidity trap.

Then, I study optimal transfer policy in a general environment where 1 allow for cyclical
income differences between the hand to mouth and the other households (see Bilbiie (2018)),
other than the ones implied by transfer policy. In this case, the extent to which the hand
to mouth consumes more than the other households over the trap depends both on transfers
and these additional sources of income differences. I show that the optimal transfer pattern
is replaced by an optimal augmented transfer pattern, which incorporates both the transfer
and the other cyclical income differences. By setting the transfer, the government can fully
control the pattern of the augmented transfer, so it can still achieve the same stabilization
results of the baseline setting. The results in terms of the role of transfers and their effect

on forward guidance extend also to this more general framework.



Literature This paper formulates an optimal fiscal-monetary policy problem in a liquidity
trap, following in spirit Eggertsson and Woodford (2006). While they model fiscal policy as
a distortionary VAT tax, I analyse lump sum transfers. The model builds on a literature
exploring optimal policy in a TANK environment: Bilbiie, Monacelli, and Perotti (2020) anal-
yse optimal monetary and transfer policy, where consumption dispersion arises from the tax
scheme financing government spending; Hansen, Mano, and Lin (2020) treat instead optimal
monetary policy alone in a two agents new keynesian environment. An analysis of optimal
monetary policy in a TANK setting over the liquidity trap is carried out in Eggertsson and
Krugman (2012) and in Benigno, Eggertsson, and Romei (2020): I contribute to these works
by using the TANK framework to analyse a joint fiscal and monetary policy.

In the heterogeneous agents (HANK) literature, optimal monetary policy has been analysed
in Acharya, Challe, and Dogra (2020), Nuno and Thomas (2020) and Ragot (2017) - the lat-
ter in a liquidity trap scenario; Le Grand, Martin-Baillon, and Ragot (2022) treats optimal
fiscal policy, while Bhandari, Evans, Golosov, and Sargent (2021) and Wolf (2022) analyse
the optimal fiscal-monetary mix. I contribute to these last two papers by studying optimal
fiscal and monetary policy in a liquidity trap.

The effect of transfers on aggregate output , disentangled from an optimal policy perspec-
tive, is addressed in Farhi and Werning (2016), McKay and Reis (2013), Mehrotra (2018),
Giambattista and Pennings (2017). Wolf (2021) shows an equivalence result in aggregate
inflation-output stabilization between interest rate and stimulus check policies. T embed the
results of this literature in my paper, by considering the role of transfers in achieving output
and inflation stabilization.

This paper relates also to the analysis of the interaction between cyclical inequality and the

liquidity trap (see Bilbiie (2021)), which I account for in the second extension of the model.

The paper is organized as follows: section 2 reports the model’s features: section 3 illus-
trates the main results in terms of transfer policy over the liquidity trap. Sections 4 and
5 develop the extensions with respect to the homogeneous transfer response and cyclical

income difference.



2 Model

2.1 Households

An infinite-horizon economy features unit mass of households, with a fraction 1 — A of
“ricardian” and A of “hand-to-mouth” (“HtM”). The ricardian households can access to
a financial market for short term bonds, in which they can save or borrow, whereas this
possibility is instead precluded to the hand to mouth. The ricardian solves the following

utility maximization problem:

oo t—1
max Ey ) [] &8 (1 — exp(—=2Cy) — d exp(nLy))

t=0 s=0
S.t.
PG+ -2 <Wi +B+Ti+—XpD (2.1.1)
t“t ]_—f—Zt_ t4it t—1 t 1_)\tt .4
. st Bs
lim 3 fﬁzo (2.1.2)

where C; is consumption, L; is labor supply, B; is bond holding, W, is the nominal wage,
P, is the aggregate price index, 7; is a nominal transfer from the public sector, L, is labor
supply, B is the discount factor, & is an intertemporal preference shock?, and z,d,7n are
positive parameters. I assume that each period a fraction 1 — y of the total amount of real
firms’ profits D, is rebated evenly across the 1 — A ricardian households, and the rest to the
hand to mouth. The last condition (2.1.2) is the transversality condition on bond holding.
A particular remark relates to the adoption of exponential utility: it is suitable to maintain
tractability in building an aggregate demand and supply for the economy in a heterogenous
agents setting as the current one.

Consumption is specified by a Dixit-Stigliz aggregator of a unit mass of varieties:

C, = (/ Ct(j)egl) 7 (2.1.3)

Without loss of generality, I set £_; =1




where Cy(j) is ricardian household’s consumption of good of variety j and 6 > 1 is the

elasticity of substitution between goods. First order conditions imply variety demand

whose sensitivity to the ratio between the variety price P;(j) and the price index P, is
measured by the elasticity # - a standard result. The first order condition for labor supply
implies:

1%
nexp(nl,) =z exp(—th)?t (2.1.4)
t

where the marginal disutility of labor is equated to the marginal utility of consumption

multiplied by the real wage. The Euler equation is given by:

b
Fr

zexp(—zCy) = &B(1 +1i) By |z exp(—2C11) (2.1.5)

where the shock & affects the intertemporal consumption choice of the household: the higher
is the realization of &, the more the household is propense to shift consumption from period

ttot+1.

Let us now turn the attention to the hand to mouth problem. The latter writes similarly to
the ricardian’s one, with the notable differences that the household cannot trade in bonds.
The hand to mouth receives a transfer 7;* from the public sector- analogously to the ricardian
household; moreover, a fraction y of the total real dividend amount is rebated evenly across

the A hand to mouth households. The problem of the hand to mouth writes

oo t—1
max F Z H £8" (1 — exp(—2C)) — dexp(nL}))
t=0 s=0
s.t.
PCr < WL + fptbt 4Ty (2.1.6)

where C} and L; are the consumption level and the labor supplied, respectively. I will

assume for now y = A, so that the share of profit levied to the hand to mouth is equal to the



share of this type of household out of total population. This assumption implies that each
period the hand to mouth receives the same dividend amount of the ricardian household.
Assuming C} to have the same Dixit-Stigliz aggregator form of (2.1.3), the hand to mouth

demand for the variety of good is specular to the ricardian household case:

. —0
Cr) = (P;?) o (217)

Taking the first order condition with respect to labor in the hand to mouth problem, we also

obtain a labor supply condition analogous to the ricardian household:

nexp(nly) = —z exp(—zC’:)‘;f (2.1.8)

Optimally, the budget constraint (2.1.6) hold with equality, pinning down the consumption
of the hand to mouth for each period ¢:

P.C; = LiW, + T + P.D; (2.1.9)

Due to the lack of access to the bond market, the hand to mouth cannot save or borrow:

therefore each period the whole sum of labor income and transfers is spent in consumption.

2.2 Firms

There is a unit mass of monopolistically competitive firms, each one producing a different

variety j of good, with technology:
Yi(j) = AL(j)

where L;(j) is labor demanded by firm j, and A is labor productivity. Each firm faces a
probability « each period of not being able to reset its price; in that case, its price auto-
matically increases by the steady state inflation II. When a firm resets its price, it seeks to

maximize its expected discounted sum of profits, adjusted for the probability of not being



able to reoptimize in the future:

maxF, Z aB)tt H ésAT

Pt() T—t PT A PT

(2.2.1)

where the term v is a government subsidy on labor costs and (; is a lump sum tax. Firms
value future profits according to an average A; of marginal utilities of the two households,
weighted by the respective profit shares: Ay = (1 — x)zexp(—2C}) + xz exp(—zC}) (see
Benigno et al. (2020)). The first order condition for the optimal pricing problem yields:

: B, 5 (aB)™ T &M (B=r)
B9 gy o (i 0_)1 ! (2.2.2)
Et (QB)T ¢ H 58AT (PT HI} t) YT

where P} is the optimal price set by the resetting firms at time ¢. Equation (2.2.2) shows
how firms set current price price by taking into account future discounted flow of costs and
revenues, weighted by the probability of not be able to reset the price in the future.

Calvo pricing implies the following standard motion for inflation:
P =1 - )P+ aP T (2.2.3)

Or equivalently:

1=(1-a) (];:>1 9+a<1;[t> (2.2.4)

The optimal price setting condition (2.2.2) and the law of motion (2.2.4) give rise to the
usual forward-looking expression for inflation in sticky price models (New Keynesian Phillips

curve):

1
I, 0—-1\ 7—1
al®) ) A (2.2.5)
1—C( Kt o

) (P Ty My (A=) GYT—CT]



where:

I 0—1
F, =Y\ + ap& By {Ft+1 ( Erl> } (2.2.6)
0 W, Y, M\’
Kt = 9_71(1 — V)At?ttzt ‘I— O‘ﬁ&tEt {Kt—l—l ( Hl> } (227)

2.3 Public sector

Public sector sets bond supply B; and taxes T,. It needs to satisfy the following flow con-

straint:

By = B + (L= NT 4+ AT} + Vi = G P, (2.3.1)
t

The resources gathered through the new debt issued B, serves to repay the existing debt
B,_; and to finance the transfers to the agents T}, T}*. The spending for subsidy
Vi = y%((l — AL + AL}) is exactly financed by the lump sum tax on firms (;:

V=G (2.3.2)

Levying the lump sum fiscal burden of subsidies on firms allows to isolate the transfers 7}, T}
as the only lump sum fiscal instrument affecting the budget constraint of the household. I
assume that transfers are set by the public sector in real terms. I will refer to these quantities
by the following notation:

T=— , T, = — (2.3.3)

The public sector also sets the nominal interest rate 7;. The interest rate policy is constrained
by a zero lower bound:

i >0 (2.3.4)

2.4 Equilibrium

The equilibrium is given by the households’ optimality conditions (2.1.4),(2.1.5),(2.1.8),(2.1.9),

the firms’ optimality condition (2.2.5), the public sector budget constraint (2.3.1) together



with the market clearing conditions:

Yi(i) = (1 = N)Cy(i) + XC; (i) Vi (2.4.1)
Y, = (1= \)C; + A\C} (2.4.2)
B, =(1—)\)B, (2.4.3)
Yile (1 =ML, + AL} = L, (2.4.4)

The first two market clearing conditions above are the ones holding in the the goods market:

for each variety and at the aggregate level, supply needs to be equal to the sum of the

consumption levels of each household type, multiplied by the relative mass. The second

condition equalizes aggregate bond supply to the aggregate demand for bonds of the ricardian

households, which are the only ones who can hold them. The third condition is the market

clearing condition in the labor market, displaying aggregate firms’ labor demand on the left
P (i)

hand side - distorted by price dispersion® A, = fo ( 2 ) - and the aggregate labor supply
of the households on the right hand side (L;).

2.5 Steady state

In steady state the firm’s problem (2.2.1) boils down to a static problem yielding to the real

wage w determination.
0—1
0

w=(1-v) A (2.5.1)

The subsidy v is set to eliminate the monopolistic distortions, yielding an undistorted steady
state:

w=A (2.5.2)

Following Benigno et al. (2020) and Wolf (2022), I also assume that the steady state distri-
bution of transfers 7,7* is such that the consumption levels C' and C* are the solutions of

a static Ramsey problem of the government seeking to maximise in steady state a welfare

3Aggregate labor demand is indeed given by the sum of all the ﬁrm speciﬁc demands for

good variety, divided by labor productivity: Liemand = [J ! Yt d = f Ytdj YtAt



function given by weighted average of the flow utility of the two agents®. This, together with
the optimal subsidy to firms, implies that in steady state the first best is achieved. This
assumption is made to prevent any steady state suboptimality concern from interfering with

the optimal policy formulation in the dynamics of the liquidity trap.

In what follows I will assume C' = C* =Y, so that the government’s optimum is to let the two
household consume the same amount of goods in steady state: this implies, by (2.1.4) and
(2.1.8), also an equal labor supply between houschold types L = L* = L. This assumption,
together with the equal dividend split, is necessary to rule out endogenous cyclical differences
in income between ricardian and hand to mouth households: asymmetries in steady state
labor supply yield indeed different labor - and then income - response over the liquidity
trap. I will come back to this in Section 5, when both the steady state labor-consumption

equalization and the equal dividend split assumptions will be lifted.

3 The stabilization role of transfer policy

In this section I will consider a government solving a dynamic Ramsey problem of maximiza-
tion of the average utility of the two household types (weighting each type as in the steady
state static Ramsey problem discussed in section 2.5). In order to set up the welfare objec-
tive function of the government it suffices to take a second order expansion of the weighted
sum of the utility of the two types of households around the efficient steady state (details

are reported in the appendix), yielding the following object that the government aims at

minimizing:
1 0 1 1
min B, g0l 10 SHE+ “IN1 =N —&)? (3.0.1)
= /4: 20
where, denoting U(C;) = 1 — exp(—zC}) and V(L;) = dexp(nL;), we have ¢ = v'((f))L as
the inverse Frisch elasticity of labor supply and o = U,(( ))Y as the relative risk aversion,

when labor and consumption are equal to the aggregate steady state levels L and Y (which,

in the current case, correspond to the equal steady state labor and consumption levels of the

“Details about the Ramsey problem in steady state are reported in the appendix

10



two household types). The coefficient x is given by k = %ﬂ(qb + o). “Hat” variables
are log-linear deviations around the steady state. Since households face a concave utility
function, and their utility levels are weighted equally by the government, any departure
from equalized consumption ¢; = ¢; entails welfare costs, under the form of consumption
dispersion (¢, — ¢;)?. This term shows up in the loss function together with the usual output
gap and inflation costs.
The linearized budget constraint of the hand to mouth - see the appendix for a detailed
derivation - can be written as:

¢ =10+ (ﬁaﬁ* (3.0.2)
where I define the linearized transfer 7} as 7, = % Using (3.0.2) together with the
aggregate resource constraint §; = (1 — \)é& + A&, we can express consumption dispersion

as a function of the HtM transfer only (see derivation in the appendix):

1 \? 2
(&, — &) = (1 — A) <¢f0%t*> (3.0.3)

Assuming steady state consumption and labor equalization, and dividends rebated equally

to each household type (x = A) is key to obtain the above result of consumption dispersion
as a function only of the HtM transfer; any cyclical income differences over the dynamics of
the model, depending on steady state asymmetries or on uneven dividend distribution, are
indeed ruled out. Therefore, the only way to have the hand to mouth consume more - or less
- than the ricardian household is through a positive - or negative - change in HtM transfer
77

Problem (3.0.1) is constrained by the aggregate demand equation of the economy, that is
derived as follows. The linearized version of the ricardian household’s Euler equation (2.1.5)
writes:

. . P . 2
Ct — EtCt+1 = _;(Zt — Etﬂ-t-l—l + gt) (304)

11



Using the aggregate resource constraint §; = (1 — A\)é + A¢f at time ¢ and ¢ + 1, together
with (3.0.2) and (3.0.4), we obtain the aggregate demand equation:

1

o

- . 2 A o
(Zt — Et7rt+1 + St) — 7LE}A7}+1 (305)

O S
Yt tYi+1 l—Ab+o

Output #; changes over time according both on the evolution in the ricardian and hand to
mouth consumption. The former is determined by the intertemporal incentives given by
interest rate, inflation and preference shock; the latter is pinned down by the variation in
the transfer A7;. The evolution of HtM transfer affects aggregate output proportionally to
the overall fraction of hand to mouth .

The second constraint of problem (3.0.1) is the aggregate supply equation, given by the
log-linear counterpart of (2.2.5):

ﬁ-t = ligt ‘I— BEtﬁ-t-‘rl (306)

As a temporary simplifying assumption, let us drop constraint (3.0.6) from the government

problem by imposing II = II = 1 V¢, implying &, = 0 Vt 5.

Let us consider an unexpected shock éto > 0 hitting the economy at ¢y, which then reverts
to ét = 0 Vt > ty. Let us also define the long run HtM transfer 7% = tlggo 77, that is the
value that the government chooses to let the transfer converge to in the limit, after that
the economy is hit by the shock. In the appendix, we show that tlgglo J: = 0, so that long
run output converges to the initial steady state level and is policy invariant®. By iterating

(3.0.5) forward (and taking into account 7; = 0 Vt) we obtain:

1 £ = ~ Ak Ak
R P R TR @07

t=to

>This condition can be retrieved by setting x = 0, that in turn can be obtained by setting
the fraction of non-resetting firms « to 1.

5This is not a trivial result: the government may indeed impose a nonzero long run
transfer deviation 7% # 0: reallocating wealth between households then would affect labor
supply and the output level in the limit. In the appendix I show that this effect is negligible
up to a first order approximation.

12



where © = ﬁ#ﬁo The sum of the prospective interest rates ti 2 affects current output, by
acting on the intertemporal consumption choices of the ricardiaon household. On the side of
transfer policy, the effect on current output can be summarized exclusively by the difference
between the current transfer 7 and the long run transfer 7*'. Increasing the current transfer
71 with respect to the long run transfer 77 boosts current output relatively to the long run
policy-invariant output level, by increasing current hand to mouth consumption.

Since setting nonzero transfers 7;, 7* implies consumption dispersion (by (3.0.3)), and cut-
ting future nominal rates {Zt}ggto 41 produces future undesired output expansions, the only
term the government can use in equation (3.0.7) to neutralize the shock without incurring
in welfare costs is the current nominal rate gto, namely by setting Eto = —éto. However, for
a realization of éto high enough, this is not feasible because it would require gto to go below
the lower bound %58 (i.e. the log-linearized counterpart of the zero lower bound condition
(2.3.4)). The government is then willing to keep i, at the lower bound up to some period
T > tg, in order improve the recession mitigation at time ¢y (see Eggertsson and Woodford
(2003)). Figure 3.1 illustrates in red the qualitative behavior of output when this forward
guidance intervention on nominal rates is implemented, while keeping transfers {7;}{2, at
zero. Looking at the red line first, output drops due to the shock at the onset of the trap,

and then overshoots the steady state in the subsequent periods, when the nominal interest

rates are still kept at the zero lower bound by forward guidance.

If the sequence of transfers {7, }72, is not kept at 0, but instead set optimally, the government
can achieve a better stabilization of the output gap, by setting a positive transfer 7; > 0 to
mitigate even more the output drop at ¢y, and by setting 7, < 0 afterwards in order to curb
the undesired output expansions arising from keeping the interest rates at 0 for ¢ > ¢y. Figure
3.2 and 3.1 report in blue respectively the implied pattern of transfers and the response of
output, under a policy setting transfers optimally and jointly with the interest rate.

Notice that at the optimum the government does not want to completely stabilize output,
because setting nonzero transfers entails consumption dispersion costs: transfers are not a
substitute of the interest rate policy, which would instead be able to fully offset the shock by

setting fto = —éto, absent the zero lower bound, and without yielding consumption dispersion.

13
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Figure 3.1: Output gap, optimal policy vs. optimal policy with 7; = 0
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Figure 3.2: Hand to mouth transfer, optimal policy vs. optimal policy with 7; = 0

Moreover, transfer policy affects the optimal duration of stay of the interest rate at the zero
lower bound through two offsetting channels: at t, it entails a shortening effect on duration of
the stay of the interest rate at the zero lower bound, as it exerts an additional expansionary
effect on output, reducing the need for forward guidance. Afterwards, it counteracts the
undesired output-boosting effect of monetary policy, so it makes the latter less costly in
welfare terms: in this perspective, transfer policy plays a lengthening role with respect to
forward guidance. The overall effect on the length of the stay of the interest rate at the zero

lower bound remains ambiguous (see Figure 3.3).
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Figure 3.3: Interest rate, optimal policy vs. optimal policy with 7" =0

3.1 An interpretation through the natural rate of interest

In what follows, I will define the effective natural interest rate as the natural interest rate that
would be faced by a hypothetical representative agent with consumption levels aggregating

the ones of the optimizer and the hand to mouth:
= —& — 0OE,AR, (3.1.1)

Plugging indeed the term above into the AD equation (3.0.5), the latter becomes exactly
alike the one that would be found in a representative agent framework (let us recall that
7 = 0 Vt):

U = Bl — i(ét —ry) (3.1.2)
Equation (3.1.1) shows that the natural rate can be manipulated through he HtM transfer
variation A7;,: it is then endogenous to fiscal policy”. Using again tlggo 7: = 0, output gap
Y, as from equation (3.0.5) (with the assumption 7; = 0 Vt) can be rewritten by forward

iteration as depending on the sum of the current and future deviations of the nominal from

"For a liquidity trap model displaying endogenous natural rate, for different reasons from
the ones of this paper, and related to debt deleveraging, see Benigno et al. (2020).
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the natural interest rate, up to the liftoff period 7', and from then onwards:

. ny 1 GRA w1 A
=)= Lp, > @ -l S G @
o t=to+1 t=T+1

The shock term fto is embedded into the natural rate ry, that experiences a fall, involving

a negative effect on current output. As discussed above, the government reacts by keeping

the nominal rate 7; at the lower bound 72EB until time 7. Therefore the future deviations
up to the forward guidance horizon T, i.e. {1758 — P 41, entail undesired future output

expansions. The government can increase the current natural rate ry to strengthen the

contemporaneous policy effect (1227 — 7 ) and cut future natural rates {r'}’_, to curb the

future expansionary effects ET: I(QZLB — 7). In this way it can achieve a better output
drop mitigation at tg, at thet;s;ense of lower output expansions in the future periods. The
optimal natural interest response is illustrated in Figure 3.4. Also under this interpretation,
the two roles of transfer policy influence in an opposite way the duration of forward guidance.
According to (3.1.1), the optimal pattern of 7} is produced exactly by the optimal transfer
policy illustrated in Figure 3.2: the fall of the transfer at ¢y + 1 after the initial peak creates

an upward shift the natural rate at ¢y, while then increasing the transfer back to steady state

pushes the natural interest rate downwards.

Ao —-—- 1, Optimal policy — 1, Optimal policy

e 1, Optimal policy with T; = 0 1, , Optimal policy with T, = 0

Output gap curbing

*ZLB

Recession

mitigation

Y

By g L

Figure 3.4: Natural and nominal interest rate, optimal policy vs. optimal policy with 7} =0
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3.2 Transfer financing

In the argument outlined so far I did not yet discuss how HtM transfers are financed. Let us
take a log-linear approximation of the government’s budget constraint (2.3.1) (after having
substituted inside for bond market clearing (2.4.3)) in this simplified environment with 77, = 0
Vt:

I = 1;A |Bb — by — Biy — T'#] (3.2.1)

where I' = = Y with b, and b the deviation and the steady state level of ricardian bond

Yium _ Y
b b’

holding B;/P;, respectively. We can see how at any time ¢ the transfer 7, if positive, is
financed by taking resources away from ricardian household, either through an increase in
its public debt holding, or through an interest rate cut, or through a direct redistribution
through the transfer 7; (the opposite holds if 7 is negative). Taking the discounted sum
with respect to the steady state discount factor S of both the right and the left hand side up
to infinity, and imposing the transversality condition Jlggo I Bto—i—j = 0 and the predetermined
condition lA)tO,l = 0, we can write:

o 1—A N i S

By 3 %y == | DB 3 8 Fuss + BEiy 3 11y (3.2.2)

Jj=0 j=0 j=0
The government can select any appropriate pattern of ricardian transfers {7, }?’;0 to satisfy
the financing constraint above, without affecting the stabilization results (which depend
uniquely on the aggregate demand determinants showing up in (3.0.7)). Of course, this will
impact ricardian consumption. The latter is pinned down by the Euler equation and the

ricardian intertemporal budget constraint (IBC)®:

N . 1 4 2
e — Eilri1 = _E( ¢ +&) (3.2.3)
TEy, > Be =TEy Y Bl + TEiy > s + BEiy > Fiigss (3.2.4)

8The IBC of the ricardian household (3.2.4) is recovered by the infinite iteration forward

of the log-linear version of (2.1.1) (the flow budget constraint), subject to the the transver-

sality condition lim 37by,4; = 0, the predetermined condition b;, = 0, and the simplifying
Jj—oo

assumption 7, = 0 Vt
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where in the IBC the real wage and dividend deviations do not show up, as they exactly

offset each other (see the appendix). Transfer financing through the term Y 377, has the
5=0

effect of shifting up or down the whole discounted sum of ricardian consumption ioj B¢ 45°.
Therefore, while redistribution has a direct effect on current hand to mouth consjlzr(;lption, it
can only affect ricardian consumption only with respect to its total discounted amount. The
effectiveness of current HtM transfer movements in stabilizing output is not jeopardized by

the financing scheme.

3.3 The general case

With the above considerations in mind, we can now consider the general case in which prices
are not fully rigid and solve for the optimal policy problem of the government, which seeks
to set jointly the pattern of nominal interest rates and transfers. In this perspective I will lift
the zero inflation assumption of the previous simplified setting; moreover, I will substitute
the consumption dispersion term (& — &)? as a function of the transfer 7} using (3.0.3). The

problem writes:

o 10 1 1 ¢o A

min B gt {fr? + 292+ = %*2} (3.3.1)
(r (o r e i 2;0 2k 0270 2(p4+0)21 =T
s.t
A A 1 “ A 2 Ak
Ut = Eifi1 — ;(@t — i1 + &) — OEATS, (3.3.2)
ﬁ-t = /{:I//\t + /BEtﬁt+1 (333)
% > 1izLB (3.3.4)

where (3.3.2) is the previously derived AD equation; constraints (3.3.3) and (3.3.4) are the
log-linearized versions of the New Keynesian Phillips curve (2.2.5) and of the zero lower
bound on the interest rate (2.3.4). The consumption deviations ¢ and ¢ can be determined

residually by using the aggregate resource constraint g, = (1 — A)é + A& and the hand to

9T the current simplified case with rigid prices, it can be shown that the effect on ricardian
consumption is null due to the adjustment in the labor sequence {l;,;}32,. This limit case
is not further discussed here.
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mouth budget constraint (3.0.2).
The government needs to satisfy a solvency requirement (the generalized version of constraint
(3.2.2)), obtained by iterating forward the log-linearized counterpart of the public sector

budget constraint (2.3.1) and imposing the transversality condition lim 3 IA)tOﬂ- =0:
J—00

N 11—\ o o o

FEto Z 6J7_t0+j = —T FEto Z ﬁ]TtoJrj + 6Et0 Z 6J2t0+]' - Eto Z 5J7Tto+j (3-3-5)
j=0 j=0 j=0 j=0

As discussed previously, the government can always choose one of the infinite possible ap-

propriate sequences {7;,+;}32, to satisfy (3.3.5): as a consequence, condition (3.3.5) is not

included among the constraints of the problem.

The system allows to analytically identify the trade-off between aggregate stabilization and
consumption dispersion, with respect to transfer policy: taking the first order condition of

problem (3.3.1)-(3.3.4) with respect to 7;°, we obtain:

1
A A VL (3.3.6)

¢+o B

The zero consumption dispersion solution 7;" = 0 is not achieved over the dynamics, since 7;

is valuable for aggregate stabilization: this value is embedded in the difference %7/{‘_11’ — AP,

where DAY DAD are the multipliers of the aggregate demand equation at time ¢ and ¢ — 1,
respectively. When the multiplier displays sizable variation over time, the further output is
from steady state, and the more the government leans towards aggregate stabilization rather

than consumption dispersion. In the simple case with 7#; = 0, condition (3.3.6) boils down

to the following rule:

Fr= 0 (3.3.7)

where I substituted for the multipliers using the first order condition on ¢;. In this case
transfer reacts linearly to deviations in output. The higher is o, the more concave is the
utility function of the households, and the more relevant are consumption dispersion costs,

calling for a weaker transfer reaction.
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3.4 Simulation

In order to simulate the model under optimal policy, I adopt the following calibration: I set

n and z such that ¢ = ¥ v L))L 0.47, and 0 = — L0y =2 where L = (1 — \)L + AL*. In

u'(y)

this way the impulse response functions of the model replicate exactly the ones that would be

yielded by assuming a standard utility function of the type U(C) = Cl J —and V(L) = L;:; ’

with 0 = 2 and ¢ = 0.47 (see Eggertsson and Woodford (2006)). I set x to 0.02 (see

Benigno et al. (2020)). I assume A = 0.33, according to the observation of Kaplan and
Violante (2014) about hand-to-mouth the households in the Survey of Consumer Finance
being approximately one third of the total amount of surveyed households. The discount
factor 5 = 0.9987 and the steady state inflation rate IT = 1.005 implies a 2% inflation at the
annualized level and a 2.5 % steady state nominal interest rate. I assume the ratio % equal
to 4 (translating a steady state debt-GDP annualized ratio of 1 in quarterly terms): this last
calibrated value is not relevant for this setting but it will become so in the extension of the

model developed in the next section.

Output Inflation
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0 Sol < _

®-2r 2 4 -
4t S 1 4
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! ! ! ! ! 0 ! ! ! ! !
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T
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-
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o
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Figure 3.5: Optimal policy vs. optimal policy with 7" =0

Figure 3.5 reports the impulse response functions for the economy when hit by an unexpected

shock at ty = 1, bringing ét to 0.025 and lasting 12 periods. It compares optimal policy to
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an optimal policy when the HtM transfer does not vary. All the variables are in percent-
age deviation terms (let’s recall here that transfer deviations are expressed in percentage of
steady state output); inflation and nominal interest rate are annualized.

The shock is high enough to bring the interest rate to the zero lower bound. The duration
of the stay at the zero lower bound is long and up to quarter 25, i.e. double the time span
of the shock (which ends at quarter 13). The output and inflation drop in the early stages
of the liquidity trap is mitigated at the expense of an output and inflation expansion later.
At the onset of the shock, the government sets positive transfers for the hand to mouth to
alleviate the output drop; as output increases, transfers are reduced, up until the former
becomes positive; then, the government starts setting negative transfers to curb the expan-
sion. The transfer deviation are sizable: the hand to mouth enjoys a rebate up to 12% of its
steady state income over the recession and a down to -8% over the recovery. The pattern of
transfers involve a manipulation of the natural interest rate: the transfer decreases gradually
- after the initial peak - over the recession, implying an upward pressure on the natural rate,
that has been dragged down by the shock. Then, over the recovery, the increasing pattern of
transfers implies a downward shift in the natural rates, which allow to curb the expansion.

The introduction of the optimal response of transfer policy allows to achieve a better stabi-
lization of output gap and inflation: the output trough of the constant transfer policy at the
onset of the shock is reduced by nearly one fourth, and the same holds for the peak over the
recovery. Also inflation fluctuates significantly less in the optimal policy with respect to the
constant transfer policy scenario. This stabilization outcome is achieved at the expense of
consumption dispersion costs: so transfers cannot perfectly substitute for the stabilization
power of monetary policy that is foregone because of the zero lower bound. The HtM con-
sumes more than the Ricardian when the transfer deviation is positive and less when it is
negative. Remarkably, consumption difference between households moves less strongly than
the the transfer: this is because agents can partially compensate the positive (or negative)
transfer deviation by adjusting labor supply.

Notice that the impact of transfer policy on the duration of forward guidance is null: the
nominal interest rate remains at zero until quarter 25 both in the constant transfer policy

and in the optimal policy. This is due to the interaction of the two opposite roles of transfers
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with respect to monetary policy: on one side they call for a lower forward guidance hori-
zon, when they mitigate the early recession; on the other side, they make more desirable an
extension of the stay at the zero lower bound by counteracting the undesired output expan-
sion of forward guidance. As discussed previously, these two effects act oppositely on the
duration of stay of the rates at the zero lower bound. This can be seen in Figure 3.6, where
the optimal transfer policy is decomposed into the optimal policy constrained by 7 > 0
and the optimal policy constrained by 7 < 0. In the first benchmark case, only positive
transfer deviations are allowed, so only the recession mitigation and then the shortening role
of transfers is active, and this implies a decrease in the horizon of forward guidance with
respect to the optimal policy: the interest rate is kept at 0 for a quarter less. In the second
case, only the later curbing of the expansion and then the lengthening role of transfers is in
place - as only negative transfer deviations are allowed, and this drives the government to
keep the interest rates at 0 for one quarter more.

The result of a null effect of transfer policy on the duration of forward guidance is robust to
sensitivity analysis carried out on different parameters. Specifically, in the appendix I con-
sider lower and higher values - with respect to the current calibration - for A\, o, ¢, which are
the parameters determine the effect of transfers on the economy (through stabilization via
aggregate demand, or through the impact on consumption dispersion costs). I also consider
lower and higher values for the shock ¢ and the parameter 3, which determine the severity
of the zero lower bound constraint!?. Also in this case the alternative parametrizations lead

still to the same finding.

A key parameter to assess the stabilization power of transfer policy is the fraction of hand to
mouth households A. As discussed previously, the higher is the fraction of hand to mouth in

the economy, the stronger is the stabilizing effect on output of rebating them more resources,

as A enters in the AD curve (3.3.2) under the form of the coefficient © = ﬁ However,

the same expression ﬁ also appears in the coefficient of the consumption dispersion term

0Consider that the steady state nominal interest rate is given by i = ¥ — 1. The higher
is 5, the closer is this value to 0, and the more binding will be the zero lower bound when
the demand shock hits the economy
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Figure 3.6: Optimal policy vs optimal policy with 777 > 0 and 7 <0

in the government objective (3.3.1): this is because redistributing resources to or away from
the hand to mouth impacts consumption dispersion more heavily the higher is their relative
weight in the population. However, the effect of A on output stabilization enters quadratically
in the welfare objective (as the government draws disutility from output deviation squared),
whereas it enters only linearly in the consumption dispersion coefficient. Therefore increasing
A entail better aggregate stabilization results at the expense of lower consumption dispersion:

this can be seen by comparing Figure 3.5 (where A is equal to 0.33) to Figure 3.7 - where

we have instead A = 0.5, implying half of the population being hand to mouth.
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of : : e : 3
of g,
22t
4+ G 1
-6F &
. ! ! ! ! ! 0
0 5 10 15 20 25 30
Interest rate 5
- T T T T T * % 10
84 N S
E N g
2 ol i @ 0
5 )
N i
0 - - o — U)o 10 \ \ \ \ \
0 5 10 15 20 25 30 X0 5 10 15 20 25 30
Natural interest rate HtM consumption - Ricardian consumption
0 ' ' _ = 4 S Optimal policy
8 — — — - Optimal policy, constant transfers
i S 27
2
S e
L L 7 Q\o —2 L L L ]
20 25 30 0 5 10 15 20 25 30

Figure 3.7: Optimal policy vs.

optimal policy with 77 = 0, A = 0.5 case
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4 Optimal policy under a homogeneous tax response

So far I assumed that the government was able to freely differentiate lump sum taxation
between Ricardians and hand to mouth. While using HtM tax 7, to stabilize output and
inflation over the liquidity trap, the government could select any of the infinite possible
sequences of ricardians’ transfers {7, ;}32, appropriate to guarantee the solvency constraint
to hold (equation (3.3.5)).

However, due to political constraints, a government could have hard time in implementing
a heterogeneous tax response across households. In this section I explore to what extent
the results in terms of the stabilizing effect of optimal transfers, as well as their imperfect
substitutability with interest rate policy and their null effect on the duration of the stay at
the zero lower bound, carry over to a case in which a unique stimulus check is rebated to all
households in the economy (following in spirit Wolf (2021)). The additional constraint that
I am setting is:

Tw—T=T1 —T7" WVt (4.0.1)

Constraint (4.0.1) imposes that the the same increment of transfers with respect to steady
state is set for the whole cross-section of households. This also implies that the transfer

deviation terms - defined in output terms as previously - are equal:

# = Tt; T_ o ;T e (4.0.2)

I will thereafter call 7 the unique transfer deviation set on both ricardian and hand to
mouth households.

Let us restate the solvency constraint (3.3.5), with only the unique transfer 7, available:
TEy > B3 = —(1 = NBEi Y Flisgrs + (1= NEig Y F i (4.0.3)
=0 =0 =0

Now the transfer instrument used for aggregate stabilization 7** in (3.3.2) is the same that is
used to guarantee solvency (4.0.3). It appears that the use of transfers now implies a trade-off

not only between aggregate stabilization and consumption dispersion, but also with respect
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to public debt management.

Let us for now consider only the trade-off between aggregate stabilization and public debt
management, leaving aside consumption dispersion concerns. Notice that when the prospec-
tive sequences of nominal interest rates and inflation change as a consequence of the pref-
erence shock hitting the economy, transfers have to adjust as well to guarantee solvency
(4.0.3). However, since condition (4.0.3) is satisfied by setting an appropriate sum of dis-
counted transfers, the government is free to smooth out the required fiscal response over
time. In particular, given § B Tio+; being the sum of discounted hand to mouth transfers
generated by optimal policg;?n the benchmark heterogeneous transfer scheme of last section
(either with or without the constant transfer constraint 7 = 0), we can obtain the re-
quired total discounted transfer amount for public debt management in the current setting,

0 .

A sk . : : Ak .
‘Zo B35, by increasing every period 7, by a fixed amount A,
j:

Ewy > B30 = By > B (4 + Or) (4.0.4)
3=0 j=0

In this way we can obtain exactly the same aggregate output and inflation dynamics {7 }2,,,
{7382, as in the benchmark case: the effect of the A,- increase indeed cancels out in the

output determination equation:

1 y > “ > A Aok A kk
Yty = — =Bty [&tp + Z b= Z Ty —0O(7; + Are) +0O(7 "+ AN | = (4.0.5)
o t=to t=to+1
1 N o0 R oo
=—FEy &+ D> u— Y, T — 007 +007 (4.0.6)
o t=to t=to+1

The effect of the increase in current transfer 7; on output is indeed exactly offset by the
increase in the limit transfer 7*/. A rise in the latter implies indeed that resources are
systematically rebated away from the ricardian budget constraint in the final steady state,
making it poorer and forcing it to cut its current consumption.

From the argument developed so far, we can infer that there is no trade-off between aggregate
stabilization and public debt management: this result follows from the fact that output at

any time t is affected by the difference between current transfer 7, and long run transfer
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7**/. while public debt instead is determined by the size of transfers per se. Therefore the

government is able to conduce a transfer policy that disentangles aggregate stabilization
from public debt management. Intuition is that in the limit steady state, additional A, -
resources are rebated away from ricardian’s consumption, which shrinks accordingly also
its current consumption by an amount A -, offsetting the additional expansionary effect on
output that passes through the current hand to mouth transfer 77 + A..: output response
remains therefore unchanged with respect to the baseline setting at time t,.

Rearranging equation (4.0.4), we can back out A, as a function of the difference between
the discounted sum of transfers in the homogeneous transfer scheme and the one in the

heterogeneous transfer scheme:
[ee] . [ele) )
Ar= (1 - 5)Eto Z 6]721:2:]‘ - Z 5]7A—tt)+j (407)
j=0 7=0

The extra-fiscal deficit (or surplus) needed is multiplied by a coefficient 1 — /3 to give rise to
the required A,«, that therefore turns out to be small - since 3 is close to 1. The government,
by shifting the whole transfer sequence, can indeed smooth out the fiscal surplus/deficit over
time.

As showed above, shifting all the transfers by a quantity A, does not interfere with aggregate
stabilization; however it does affect consumption dispersion, as the latter is related with the

squared size of the transfers:

1 \? ? I ?
(& —¢p)? = <1 _A) <¢j’i0@**> = (1 _A> <¢fg(%t*+AT*)> (4.0.8)

However, since the term A,« is small in size, as showed above, the optimal solution of the

government will not significantly deviate from the parallel shift of the whole HtM transfer
sequence, nor it will display significant departures of output and inflation from the baseline
heterogeneous transfer case. Figure 4.1 compares the impulse response functions of the
economy in the case where the unique transfer 7;* is set optimally to the case in which
it is set constant to the level satisfying solvency (4.0.3), keeping the same calibration of

parameters and specification of the shock as in section 3.
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By equation (4.0.3) we can see that when debt dynamics are characterized by a low interest
rate time span (a fall in the term [ ioj Bj:gto_t'_j) which is a wealth gain for the government,
that needs to be offset by an increzj;eO in transfers {7;*}¢, . According to the argument
made above, the whole sequence of transfers need to be shifted (upward, in this case) with
respect to the baseline path {7;};2, : in this way solvency is satisfied, and both optimal
and constant transfer policy succeed in generating the same response of the economy as in
the baseline setting (it can be indeed seen by comparing Figure 4.1 to Figure 3.5). The
difference between the sequence of HtM transfers in the heterogeneous transfer scheme and
in the homogeneous transfer response, reported in Figure 4.2, is of a negligible degree of
magnitude - as it is smoothed out in the long run.

Since all the variables’ responses to the shock track closely the ones of the baseline setting,

we can conclude that the results in terms transfers being imperfect substitutes for interest
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rate policy - as they generate consumption dispersion - and entailing a zero effect on the
length of the stay at the zero lower bound, carry over to the homogeneous transfer response

case.

5 Optimal policy under cyclical income differences

So far, cyclical income differences (unrelated to transfer policy) have been shut down through
two assumptions: the equal dividend split x = A and the equalization of steady state con-
sumption and labor levels C' = C*, L = L*. In this section I relax these two assumptions
and explore the implications for the formulation of an optimal monetary and transfer policy.
The relevance of these forces in affecting hand to mouth consumption can be analytically
identified by considering the HtM budget constraint, once these assumptions are lifted (see

the appendix for the derivation):

c* [0)

—¢ =Py + —7 5.0.1

% ¢ =Pl + e bto ( )
Hand to mouth consumption, standardized by the steady state consumption share %, is

determined by the same term of the baseline framework, 3, + 3 +U’7't, plus an additional
component ®g;, such that:

o =¢ (L_* - ;‘) (5.0.2)
The sensitivity of HtM income to aggregate output (1 + ®) depends on both the steady
state heterogeneity - through the term % - and on the dividend split rule §. The higher
is L* with respect to aggregate labor supply L, the stronger HtM labor supply varies with
the aggregate output, making hand to mouth consumption more cyclical. The higher is the
fraction of dividends § allocated to each hand to mouth household, the more countercyclical
is HtM consumption instead. The latter feature is due to the unrealistic countercyclical
nature of dividends in the New Keynesian models with stickiness in firms’ price setting. I
will nevertheless not take a stance on the sign and size of the whole cyclical coefficient @, but

instead I will hereafter incorporate this quantity together with the transfer 7; into a single

term 7; - the augmented transfer - which consists in an endogenous cyclical component and
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a policy-driven component provided by the transfer:

" +
T = ¢ ¢0@yt+ (5.0.3)

So that we can rewrite the hand to mouth budget constraint (5.0.1) as
G =10+ 2 T (5.0.4)

Where ¢ = %@ is the hand to mouth consumption deviation standardized by its steady
state consumption share. Notice that the government can always freely choose the augmented
transfer level 7, thanks to the degree of freedom provided by the transfer term 7; in equation
(5.0.3). The augmented transfer affects the economy through the exact same channel of the
transfer in the baseline model: by boosting hand to mouth consumption though its budget
constraint. We can then reformulate the problem of the government in reaction to the shock

&1, as an optimal policy setting jointly the interest rate and the augmented transfer sequence

{%tv %t* }?ito :

1 1 ¢o A

min B, pith { + 2R+ = %*2} (5.0.5)
{Fedge A0 50 A7 yog Liedes tzt:o 2 2(p+0)21—\"
s.t
N " L. A
Ot = Eti1 — g(% — i1 + &) — OBAT, (5.0.6)
’ﬁ't = K}gt + BEt’ﬁ'tJrl (507)
i > izLB (5.0.8)

The problem is exactly equivalent to the baseline problem (3.3.1)-(3.3.4), with transfers
{77122, replaced by augmented transfers {7;}¢°, ; therefore it gives rise to exactly the same
optimal impulse response for the augmented transfer as for transfers in the setting without
cyclical income differences; output, inflation, and consumption dispersion are also generated
by the equivalent problem, so track exactly the ones produced in the case with no cyclical
income difference. Consumption dispersion, in particular, is here given in terms of the

consumption deviations of the households, standardized for the steady state consumption
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shares, that is expressed as a function of the augmented transfer:

(e —¢)* = (1 i A)Q ((ﬂ(ﬁ)z (5.0.9)

The sequence of transfers that the government needs to engineer to produce the desired

sequence of the augmented transfer 7;° is now reliant on the sensitivity of HtM income to
aggregate output (see (5.0.3)). If ® > 0, an endogenous cyclical component is introduced
into hand to mouth consumption, dragging it downward over the recession and upwards
during the boom. Optimal augmented transfer policy aims at achieving the opposite pattern
(boosting HtM consumption initially and then curbing it), so transfers need to compensate
for this effect: they will be raised more during the trough and cut more during the expan-
sionary phase, with respect to the no-cyclical income difference scenario. By the same logic,
transfers will display milder fluctuations with respect to the no-cyclical income difference
case if & < 0, i.e. if endogenous inequality boosts HtM consumption when output drops and
curbs it when output expands.

Figure 5.1 compares aggregate stabilization outcomes in the case ® = 0, with the case
® = 0.094 and & = —0.094 - corresponding to a calibration where x is kept equal to
A, and the steady state hand to mouth’s hours worked are 20% more and less than the
economywide labor supply L, respectively. In the former case, the HtM supplies more labor
to make partially up for a steady state consumption lower than average (C* < Y'), in the
latter, it affords working less by a consumption advantage (C* > Y’). This consumption and
labor steady state asymmetry arises from an uneven transfer distribution 7,7*, favouring
the Ricardian in the former case and the hand to mouth in the latter. The shock process
considered is the same as in section 3.3. In the case & = 0, we are back to exactly the
same impulse response as in Figure 3.5, since cyclical income difference is shut down. In
the case ® > 0, the high steady state labor supply of the hand to mouth implies a higher
cyclicality of its consumption, which calls for a more massive use of transfers over both the
recession and the boom. In the case ® < 0 consumption of the hand to mouth is instead
more countercyclical, and this feature substitute partially for the transfer intervention: the

latter display then less sharp fluctuations over the trap. Overall, the government succeeds
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Figure 5.1: Optimal policy. ® = 0: no cyclical income difference; ® > 0: procyclical HtM
income; ® < 0: countercyclical HtM income. The bottom left graph relates to cyclical
income differences unrelated to transfer policy.

in making the augmented transfer term 7; follow exactly the same optimal pattern in all the
three cases, and that guarantees the same outcomes in terms of aggregate inflation-output
stabilization and consumption dispersion.

The use of transfers affects consumption dispersion costs (together with cyclical income
difference): then, in line with the results of in the baseline setting, the transfer instrument
is not a substitute for monetary policy. Optimal transfers rise over the recession to mitigate
the output drop, and fall over the later stages of the trap, to curb the expansion: these
two forces once again imply countervailing effects on forward guidance duration, yielding an
overall null impact on the duration of stay at the zero lower bound, as reported in Figure

5.2 and 5.3, and analogously to the baseline setting’s results.
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6 Conclusion

In this paper I formulate an optimal monetary and fiscal policy problem in a heterogeneous
agents economy facing a shock that brings it to liquidity trap, where fiscal policy is modelled
as transfer policy. Transfers are used by the government to manipulate the natural interest
rate in the economy, at the expense of consumption dispersion, which prevent them from
being an effective substitute of the foregone stabilization power of monetary policy. During
the early stages of the liquidity trap, transfer policy is used jointly with monetary policy to
mitigate the recession, while later it is used to curb the undesired output expansion implied
by forward guidance. These two forces impact oppositely on the optimal duration of stay
of nominal rates at the zero lower bound, with an overall impact that is negligible. The
findings are robust to both restrictions imposing homogeneous transfer responses between
household types, and to a broader framework allowing for cyclical income difference.
Remarkably, the optimal fiscal-monetary policy prescriptions of the paper do not call for a
relaxation of treasury - central bank separation. Since the duration of forward guidance is
not affected by transfers - when the latter are introduced in an optimal fashion - the optimal
fiscal-monetary mix can be implemented with treasury observing the planned path of interest
rates and setting transfers accordingly.

This paper opens up several avenues of extension: taking into account shocks triggering
a liquidity trap through the hand to mouth side, as a deleveraging shock, would change

the optimal transfer policy implication, introducing different trade-offs between aggregate
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stabilization and consumption dispersion. Also modeling the effect of dividends and stock
market fluctuations on inequality can have relevant implications, as foreshadowed by the
results of the last section . Finally, extending the model to a full HANK-type environment
would allow to refine the analysis of the quantitative effects of transfer policy over the

liquidity trap.
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A Appendix

A.1 Derivation of the linearized labor supply conditions of the

ricardian and hand to mouth

In the following, take into account the following definitions:

),
o= _U’(Y)Y_ZY (A.1.1)
B V”(L) _
6= L=t (A.1.2)

Where L = (1 — A)L 4+ AL*. Taking a log-linear approximation of the Ricardian and HtM

labor supply, we obtain:

nLi, = —zCé; + & (A.1.3)

nLil = —2C7E + & (A.1.4)

Where @, is real wage deviation. Aggregating up (A.1.3) and (A.1.4), and using YV =
A((1 =X)L+ AL*) =w((1 — AL+ AL*), we obtain:

Y. A
N o= —2Yh+ o (A.1.5)
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Then:

Gy = <ZY + zY> b = (6 + o), (A.1.6)
Therefore, plugging (A.1.1), (A.1.2) and (A.1.6), into (A.1.3) and (A.1.4), we get:
L. oC p+o
=l =—=&+——19 Al
7 t QbYCt P Yt ( 7)
L, oC*,, o¢+o0 .
—li = —57015 5 m (A.1.8)
Which, in the baseline case with C' = C* =Y and L = L* = L, boils down to:
N o . +o0
T O +o .
lt = —gct —|— gbqbyt (AllO)

A.2 Derivation of the linearized hand to mouth budget constraint

Let us take a log-linear approximation of the hand to mouth budget constraint (2.1.9) (in
real terms) around the steady state:
Créf =

Lol + &) + Y + %Y&t (A.2.1)

Were I define the HtM transfer deviation ;' = 2=, and the dividend deviation dy as 2 =D

Aggregate real dividend D, consists of aggregate output net of the labor cost, corrected for

the subsidy and net of the lump sum tax (; (which is given by ¢, = ((1 — A)L; + AL )wv):

Dy =Y, — (1 = N L; + AL})w;(1 —v) — (1 = \) Ly + AL})wiv (A.2.2)
In log linearized terms:
Yy =Y — (1= N Lwly + AL*wlf — (1 = N L + AL )wd;, = =Y, (A.2.3)
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Plugging (A.1.6),(A.1.8) and (A.2.3) into (A.2.1), we obtain the expression:

¢ ¢ .
0= P+ G+ pa (A.2.4)
Where & = ¢ (— — 7> This is the general form for the hand to mouth budget constraint,

reported in Section 5 (equation (5.0.1)). Setting L = L* and x = A, we recover instead the

budget constraint in the baseline case of Section 3 (equation (3.0.2)).

A.3 Proof of lim; ...y =0

We do not restrict our analysis to optimal transfer policy, but account for any possible
sequence of HtM transfer {7;}7°, . Let us take a first order approximation of the aggregate
resource constraint (1 — A\)C' + A\C* = Y; around the initial steady state (namely, the state
of the economy before the shock fto hits). This approximation spans all the possible steady

state to which the economy converges after the liquidity trap!!
(1 = A)Cé+ AC*¢* = (1 — A) LI+ AL*I* (A.3.1)

Then, using (A.1.7) and (A.1.8), we get:

z2C' 1 2C* 1
1-— C =(1-NL|—— — L % A.3.2
(1-=XNCeé+ \C (1—X) ( nLC+an>+)\ ( UL* +7]L*w> (A.3.2)

In steady state the real wage w is fixed to the stationary level A (see section 2.5), then & = 0.

Then we can rearrange and simplify the equation above as:
(1 =XNCé=-=-XC*¢ (A.3.3)

That implies
Y9, =1 =XNCeé+ \C*¢ =0 (A.3.4)

UThe price dispersion term A; is not considered up to a first order approximation
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Therefore steady state output is not affected by the crossectional distribution of consump-
tion up to a first order approximation. So any long run HtM transfer 7* # 0 set by the

government in the limit is not driving tlim U away from 0.
—00

A.4 Expressing consumption dispersion as a function of the the

HtM transfer only

Using the aggregate resource constraint g, = (1 — A\)Cé, + AC*¢ and the hand to mouth

budget constraint (A.2.4), we can derive:

Y, = C(1 — \)é, + C*\E} = (A.41)
= (1= \)(C& — C*&) + "¢ = (A.4.2)
= (1= (O = C76) + YOG+ Y+ Y f 0 (A.4.3)

Rearranging the equation above, we obtain:

c, e 1
Y

Ct — % C = _mﬁﬂt (A44)

Where 7 = 29 P, + 7. And, squaring both sides, we obtain:

¢
(F- G = () (557) -

Notice that, if L = L* and x = A, then® = 0, C' = C* =Y, and 7, = 7;, so we recover

the formulation for consumption dispersion in the baseline setting without cyclical income

difference (equation (3.0.3)).

A.5 The optimal steady state transfer problem

In what follows, we will approach the government Ramsey problem of optimal steady state
transfer selection 7,7* in two steps: first, through a social planner problem, which selects

the optimal steady state consumption and labor levels C,C*, L, L*; then, we will find the
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transfers 7, 7* which implement this solution in the decentralized equilibrium. the formula-
tion of a full social planner problem is possible as the steady state is not distorted thanks to
the optimal labor cost subsidy v, that guarantee the achievement of Pareto-efficiency.

The social planner problem is a utilitarian maximization of a linear combination of the utility
of the households, according to some weights 1, 9", and subject to the aggregate resource

constraint of the economy:

max (1 — A) (1 —exp(—2C) —dexp(nL)) + "\ (1 — exp(—2C") — dexp(nL”))

C,C*\L,L
(A5.1)
st. (1 =XN)C+XC"=(1—-N)AL+ NAL*
The first order conditions of the problem yield the following optimality conditions:
(1=XNC+XC"=(1—-NAL+ NAL" (A.5.2)
dnexp(nl) = zexp(—zC)A (A.5.3)
dnexp(nl*) = zexp(—zC*)A (A.5.4)
Yzexp(—zC) = Y zexp(—2C") (A.5.5)

Optimally, the social planner equates the marginal disutility from labor to the marginal
utility of consumption times the productivity, for each agent. Moreover, the household
weighted more in the welfare function has lower marginal utility of consumption than the
other one (and then , by (A.5.3) and (A.5.4), lower marginal disutility of labor as well).

Turning the attention to the decentralized equilibrium, the consumption levels found through
the social planner problem can be decentralized by setting appropriate transfers. The steady

state budget constraints of the ricardian and the hand to mouth indeed write:

C:wL—i—T—i-B(IlI—B) (A.5.6)

C*=wl"+ 71" (A.5.7)
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Where B is steady state aggregate real bond quantity. Notice that aggregate dividends D are
zero in steady state by (A.2.2), so they do not show up in the households’ budget constraint.
Equations (A.5.6) and (A.5.7) pin down the optimal steady state transfers 7, 7%, given the
optimal levels C, C*, L, L* and the aggregate bond real quantity'?.

A.6 Derivation of the welfare objective of the government (3.3.1)

Let us restate the flow welfare function of the government ((A.5.1)):
Us=19(1—X) (1 —exp(—2Cy) —dexp(nLls)) + "N (1 — exp(—2C;) — dexp(nL;)) (A.6.1)

Taking a second order approximation of the expression above around the steady state Ugg

yields:
U, ~ Ugs + (1 — )\)zexp(—zC)CCt —C V* Az eXp(—zC*)C*CtC_*C—F
— (1 = N)dnexp(nL)L="——= — 4" \on eXp(nL*)L*T
= L1 = N2 exp(—20)C? (Ct - C) LAz exp(—zCmy0? (C —C ) b (A6.2)
> c > -
_ 2 * T
- ;wu — N6 exp(nL) L2 (LtL L ) _ ;1/1*)\57]2 exp(nL*)L*2 (LtLL> (A.6.3)

Using results (A.5.3)-(A.5.5), we can factor out some constant terms:

Ui = Ugs + 1z exp(—2zC)w (1—)\)i00t50 )\ C*C C*C (1_)\)LLt L )\L*LL*L+
1 1, (C—=C\* 1 o (CF—C\? 1 o (Le—IN? 1, (Lp—L*\?
_2(1—)\)wzC< - >—2>\ C ( -~ )—2(1—)\)77L< - )—2)\17L < = )

12T T allowed the size of real debt to be chosen by the planner, that would have provided
an additional and not necessary degree of freedom to implement the optimal allocation.
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Using the aggregate resource constraint Y; = (1—\)C; 4+ AC}, the expression above becomes:

Y Y,-Y Ly — L Ly —L*
Uy = Ugs + ¥z exp(—20)w | ———— — (1 = \)L=— )\L*TJr
1 1 Cy — C\? Cy —Cr 1 Li—L\* 1 Ly — L*\?
—1—)\02< )—)\ 0*2< ) (1= L2< )—)\L*2<t)
L= C 2" C~ (L= L 2™ L
(A.6.4)
A first order approximation of the market clearing condition (2.4.4) yields:
YAY,-Y YAA —A L;— L Ly —L*
=(1—-—\L ALY A.6.5
A v aoa 0N * L (A.6:5)

Where A = 1. Recalling that w = A, and substituting for the above expression into (A.6.4)

yields:

— _ 2 * *
U~ Uss 4 wzesp(—2Cp| - LB Loy Looe (AZOY UL om (G2CTY

. 2 * T xRN 2
e () (52

(A.6.6)

2
Consider for any variable x; the second order approximations #—* ~ &; + %x? and (%) ~

27 where 2, is the log-deviation. Let us take also into account that Af = 0 up to a second
order approximation. Then we can write the expression above as follows:

Y. 1 1 1 A
U, ~ Ugg+1pz exp(—2C)w | ——A, —5(1 )\) 2020—7)\ C*Qéf2—§(1—/\)77[/2[:2—5)\77[/*2&‘2
w

(A.6.7)
By the aggregate resource constraint Vg, = (1 — \)Cé + AC*¢ and (A.6.5), notice the

following first order equivalences (where the second order term A, does not show up):

Céy =Y, + MCé, — C*¢) (A.6.8)
(A.6.10)
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Y “ o

e — (1= N\)(LI, — L) (A.6.12)

Moreover, using (A.1.7) and (A.1.8) we can rewrite (A.6.11) and (A.6.12) as

.Y
Ll = =g — \2(Cé, — C*¢&) (A.6.13)
w n
* T Y N < A * A%

using (A.6.8), (A.6.9), (A.6.13) and (A.6.14), we can rewrite (A.6.7) as follows:

Y .
U =~ Ugs + Yz exp(—zC)w | — ;At%—

1
_ 5(1 - )‘)5 [Y2gt2 + X208 — C*E)? 4+ 20Y §,(Cée; — C*é:)} +

1
_ 5% (V257 + (1= NA(Ce — C7¢)? = 2(1 = MY §(Ce, — C6)] +

1 Y2 . 2\? R " zY .k
—§<1—)\>7] |:(w> yt2+>\2 (T}) (C'Ct—C'Ct)2—2)\5;yt(06t—06t) +

1 Y 2 A2 2 (< ? A * Ak 2 zY * A%
- 5)\77 (w) 7; + (1= X\) p (Cer —Cen)”+2(1 — /\)E—yt(C’ct crén)| | (A.6.15)
Rearranging the expression above, we get:
. 1 . 1 w n\ (C. O _\*
Uy = Ugs+zexp(—zC)Y l—At —3 (z + ) Y97 — —)\(1 — )\)ZEY (z + w) (th — Yq) ]
(A.6.16)
Consider a recursive formulation for price dispersion:
0-1\ 721
0 .\~ -1
I1 1—a(5F

Taking a second order approximation of the equation above and summing through time

yields

- t—to A Q ttol
> B At—(l_a)(l_aﬁ) Zﬁ 57 (A.6.18)

t=to t=to
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As standard in the literature. Taking the infinite discounted sum of (A.6.16), we can sub-

stitute for the result above, obtaining the government’s loss function:

< i |1 N 0., 1 N\ o 1 w n c. O\

Eto tgtzo 5t to [2 (Z + w) Y;ﬂ'? + 5 <Z + w) Yyt2 + 52’5 (Z + w) Y)\(l - )\) <YCt - YCt>
(A.6.19)

where k = w(z—i- 1)Y. Equivalently, using (A.1.1), (A.1.2) and L = ¥, we can write

the loss function as:

> 14 1 lo C C* \?
t—tg [tV a2 Lo Oy O, U
By )5 [th i+ 5 M1 (50— 5-¢) ] (A.6.20)

Notice that, setting C' = C* =Y, the welfare objective is the one of section 3.3.

A.7 Sensitivity analysis

A key quantitative result of the paper is the mutual offsetting nature of the lengthening
and shortening channels of optimal transfer policy with respect to the duration of forward
guidance, which gives rise to a null effect on the optimal time of the liftoff of the nominal
interest rate from the zero lower bound. In this section I perform numerical robustness
analysis on this result, by considering a range of alternative parametrizations. I take into
account the three parameters that show up in the aggregate demand equation (3.3.2) and
in the coefficient of the consumption dispersion term showing up in the welfare objective of
the government ((3.3.1)), i.e. the fraction of hand to mouth households A, the relative risk
aversion coefficient o, and inverse Frisch elasticity of labor supply ¢. These parameters de-
termine the effect of transfers on the economy, either through the stabilization via aggregate
demand, or through the impact on consumption dispersion. For each of these parameters,
I select a couplet of alternative parametrizations, one higher and the other lower than the
value used in the paper - see Table 1. T also perform a sensitivity analysis with respect to
the size of the shock e; and the discount factor 5. Both these parameters indeed determine

the extent to which the zero lower bound is binding during the liquidity trap (f in particular

I _
B

of the latter to the zero lower bound). Also in this case I take into account a lower and a

pins down the steady state value of the nominal interest rate ¢ = 1, so the proximity
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higher value with respect to the parametrization of the paper, which are reported as well in
Table 1.

All these alternative simulations are carried out moving one parameter at a time. Results are
summarized in Figure .1. In all the alternative configurations we can highlight the presence
of the lengthening and shortening effects of transfer policy with respect to forward guidance;
these effect offset each other, leaving the duration of the stay of the interest rate at the zero

lower bound unchanged with respect to the baseline case with constant transfers.

Parameter Low value Paper High value

A 0.2 0.33 0.5
o 1 2 3
¢ 0.2 0.47 1
I6] 0.995 0.9987 0.999
E¢ 0.02 0.025 0.07

Table 1: Alternative parametrizations
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Figure A.1: Sensitivity analysis, nominal interest rate
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