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Abstract

This paper studies the effects of fiscal policy on aggregate economic activity and inequality when the
monetary authority follows conventional and unconventional policies. First, I build a three-agent Preferred
Habitat New Keynesian (PHANK) model with a banking sector in which QE matters for the determination
of output in the short run. I analytically derive the fiscal multiplier and show that it decreases in the
presence of countercyclical QE policies, even at the zero lower bound. A calibration of the model for the
US economy yields fiscal and QE multipliers close to 3 when the monetary authority pegs the short-term
policy rate. The optimal fiscal and QE policies are expansionary at the ZLB. Second, I also consider a
medium-scale HANK model to further study the distributional effects of fiscal expansions and recompute
the fiscal multipliers under active fiscal policy, passive monetary policy and QE. In the enhanced model,
the government spending multiplier at the ZLB is 1.041. Countercyclical QE after a fiscal expansion reduces
consumption inequality in the medium run but increases wealth inequality. In the short-run those effects

are reversed.
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1 Introduction

A central issue in macroeconomics is the effectiveness of fiscal policy. Given the distributional role attributed
to fiscal policy, effectiveness does not refer only to stimulating economic activity but also to reducing inequal-
ity. This paper revisits this topic and studies the effectiveness of fiscal policies in the presence of conventional
and unconventional monetary policies, price rigidities, and heterogeneity across households, both in regular
times and in crises. The intention is to highlight the effects of unconventional monetary policies on the

aggregate and distributional effects of fiscal expansions.

The aggregate effects of fiscal expansions are related to what is known in macroeconomics as the fiscal
multiplier. The logic behind this notion is that a positive fiscal shock increases aggregate demand in the
short run. Firms satisfy this demand by increasing their labor demand, which implies higher employment,
production, and wages. Nevertheless, higher wage income boosts private consumption of at least some types
of households, raising aggregate demand even more and triggering another round of positive movements in
employment, income, and production. Of course, behind the reaction of the firms is the assumption of sticky
prices. If prices were not sticky, the price level would quickly jump in reaction to higher aggregate demand

and offset these positive effects on economic activity.

On the other hand, behind the reaction of the households is the assumption that some households are
willing to increase their consumption significantly after a positive shock and do not necessarily increase
savings to protect themselves against higher taxes in the future. In addition, another critical factor affects
the magnitude of the multiplier, which is the reaction of the monetary authority. The multiplier is larger
if monetary policy is accommodative and pegs the nominal interest rate since short-term savers see the
expected real interest rate falling when prices increase and, as a result, consume more today. However,
central banks have recently adopted quantitative easing policies on top of traditional measures, raising the

question of how much more or less effective fiscal policy will be when QE is also taking place.

The second issue is related to the other main goal of the fiscal authorities, redistribution. In particular,
after a positive fiscal shock, liquidity-constrained households with high marginal propensities to consume
become better off since their labor income increases. The unconstrained households with high levels of
financial wealth gain less from an increase in real wages. However, their financial income and savings
decisions are affected by the movements in asset prices induced by the fiscal shock. Usually, after a fiscal
expansion that increases government debt, the price of debt falls. However, asset prices also depend on the
reaction of monetary policy. By influencing asset prices, monetary policy affects the returns earned by saving
households on previous savings, leading to changes in their savings decisions. These changes can make the
wealth inequality gap higher over time. Hence, fiscal authorities need to be aware of the distributional effects

caused by the choices of central banks when designing fiscal programs that also target inequality.



This paper aims to provide insights into the two issues raised above. In the first part of the analysis, I
consider an analytically tractable three-agent Preferred Habitat New Keynesian (PHANK) model with QE
policies. In this model, there are three types of households: short-term savers, who save only by holding
short-term bank deposits; long-term savers, who hold long-term government debt and own the firms and
the banks; and hand-to-mouth consumers, who do not save but consume their labor income. In this way, I
introduce heterogeneity in MPCs, which makes the fiscal multiplier high, and examine the effects of fiscal
and QE policies on different types of households. In addition, in the model, private banks are operating
under financial frictions needed to make QE policies effective, and goods-producing firms set their prices
in a sticky fashion. The central bank, and the government constitute the policy sector. I derive a dynamic
IS curve that summarizes the optimality conditions of all three types of households and private banks. In
addition to the short-term policy rate, the IS curve also depends on fiscal policy and the quantitative easing
decisions of the central bank, implying that QE matters in the short run for the determination of output.

Then I use the model to derive the fiscal multiplier analytically.

I calibrate the model to the US economy using parameter values comparable to those used in previous
studies on the fiscal multiplier. I find a fiscal multiplier on impact equal to 0.638 away from the ZLB. I
model the central bank’s asset purchases as a countercyclical Taylor rule, and this makes the multiplier in
the short-run depend negatively on the responsiveness of QE to economic activity. The reason is that the
countercyclical response of asset purchases leads to a reduction in the price of government debt, making the
bonds a more attractive investment for long-term savers, resulting in higher savings and lower aggregate
consumption. The last result is true when the ZLB is binding. At the ZLB, the fiscal multiplier is around
1.93 and is close to 3 when the central bank is not implementing countercyclical QE. The model also shows
that a higher target for the central bank’s long-term bond purchases reduces the multiplier. I repeat this
exercise for various models nested within the three-agent model and reach similar qualitative conclusions. I
also derive the quantitative easing multiplier by altering the assumption on how QE is determined, making

this a purely discretionary choice. The QE multiplier is 0.426 in normal times and exceeds 3 at the ZLB.

Regarding the effects of policy on the different types of households, an increase in government spending
tends to increase the consumption of each type of household due to higher labor income. The long-term
savers also experience adverse effects on their consumption from holding more bonds after the fiscal shock
when the central bank reacts countercyclically and sells bonds. However, this countercyclical response of the
central bank leads to a minor decrease in real wages and marginal costs, resulting in higher profits after the

tiscal shock. Short-term savers consume less because they have to pay higher taxes after the fiscal shock.

On balance, the countercyclical QE response of the central bank weakens the decrease in consumption
inequality between short-term savers and constrained households caused by fiscal policy. This results from

the lower nominal and real interest rates, which lead short-term savers to consume more. In addition,



although countercyclical QE tends to lower the effects of fiscal policy on aggregate demand and the real wage,
and as a result, on the consumption of the constrained households, it lowers the consumption of the long-
term savers even more due to their increased bond holdings. Thus, constrained households” consumption
rises more when compared to long-term savers. Short-term savers also gain relative to long-term savers from

countercyclical QE because of the lower real interest rate, which incentivizes them to consume more.

The model also assesses the optimal fiscal and quantitative easing policies at the zero lower bound. I
assume a utilitarian government and derive a new social welfare function that includes the consumption
and labor supply levels of all types of households in the economy weighted by their corresponding sizes in
the population. The problem of optimal fiscal policy at the zero lower bound is analyzed first, assuming
that a Taylor-type rule determines QE. I find that the optimal deviation of government spending from its
steady state value is positive and equal to 5.94%. I also provide a comparative statics analysis for the optimal
choice with respect to other parameters of interest. Then the government is allowed to pick both government
spending and the central bank’s asset holdings at the ZLB. In this case, it is optimal for asset holdings to
be positive when combined with a positive choice for government spending. That is, QE should increase
together with government spending at the ZLB, implying that the countercyclical Taylor rule, which would
dictate reduced asset purchases after the increase in government spending, is not optimal. The optimal QE
deviation from the steady state is 1.39%, and the optimal value for government spending deviation is 5.44%.
Since asset purchases are positive and QE stimulates the economy, less fiscal action is needed, so lower taxes

need to be imposed on households to cover the fiscal expansion, creating fewer adverse welfare effects.

I consider a medium-scale heterogeneous agent New Keynesian model in the second part of the analysis.
This model preserves the qualitative properties of the three-agent model discussed above and can better
address the inequality issues by construction. After calibrating the HANK model to the US economy for the
period 2008-2021, I find that at the zero lower bound, with countercyclical QE policies and active fiscal policy,
the government spending multiplier on impact is 1.041. The stimulating role of quantitative easing is weaker

in this model relative to the three-agent model since, in the absence of QE, the multiplier becomes 1.061.

In terms of redistribution, the fiscal shock reduces inequality in the enhanced model. Specifically, con-
sumption inequality falls because the higher labor income allows the constrained households to increase
their consumption while richer households reduce their consumption over time due to a decrease in profits.
Countercyclical QE again tends to reduce consumption inequality over the medium run since profits fall
more in this case. However, wealth inequality increases since labor income is lower and poorer households
are not able to accumulate illiquid assets as the richer households do over time, because of the high adjust-
ment costs related to this asset. Also, inflation is higher under countercyclical QE, since higher interest rates
in the future provide wealth effects to debt holders which are not cancelled out by fiscal policy, since fiscal

policy is active, and higher inflation reduces the liquid return so poorer households hold less liquid assets.



Away from the ZLB, and assuming that the central bank follows a countercyclical Taylor rule for the short-
term nominal interest rate and does not purchase assets, the fiscal multiplier is lower and equal to 0.791. The
main reasons for the reduction are two. First, the strong response of lump-sum taxes, which reduces the
available income of households and creates expectations of high taxation in the future, and second, the

central bank’s strong countercyclical interest rate response to the increase in output and inflation.

The main contribution of this paper is to provide the analytics for the fiscal and the quantitative easing
multipliers in a preferred-habitat New Keynesian model with central bank asset purchases and the corre-
sponding comparative statics. The paper also discusses the distributional effects of fiscal expansions and
how those are affected by QE. It also provides analytical solutions for the optimal fiscal and quantitative eas-
ing policies at the ZLB after deriving a new social welfare function. In addition, the paper analyzes the size
of the fiscal and the quantitative easing multipliers in a medium-size HANK model with QE, and examines
how QE affects the fiscal multiplier and the fiscal effects on inequality. To my knowledge, this is the first
paper that studies these questions by combining heterogeneous agents, the fiscal theory of the price level,

tinancial frictions, price and wage rigidities, and QE.

Related Literature: This paper is related to many different parts of the literature. First, it is related to papers
that derive analytically and characterize the fiscal multiplier. Such papers include Woodford (2011), Chris-
tiano et al. (2011), and Cochrane (2017). In this paper, I provide an analytical framework with different types
of agents and QE policies and a fully specified medium-scale HANK model to analyze the fiscal multiplier
and provide insights about distribution. Farhi and Werning (2016) study and derive the fiscal multipliers in
various frameworks, including models of closed and open economies and complete and incomplete markets.
However, their models do not incorporate unconventional monetary policies. Another recent model that
incorporates heterogeneity and allows for redistribution across agents in an analytical framework is Bilbiie

(2018), but there are no banks and unconventional policies in that paper.

This study also relates to papers such as Dupor et al. (2018) and Hagedorn et al. (2019b), which charac-
terize fiscal policy using medium-scale HANK models for different regions or a single economy, respectively.
The HANK model I present is different because it includes a private banking sector and QE policies on the
monetary authority’s side, which create extra distributional effects and change the transmission mechanism

of the fiscal shock and the multiplier.

This paper is related to papers using New Keynesian models with a banking sector, and financial fric-
tions to explore the effects of quantitative easing policies on the economy, such as Gertler and Karadi (2011),
Gertler and Karadi (2013), and Sims et al. (2021). The main difference in this paper is that I use this framework
to measure and characterize the fiscal multiplier and see how conventional and unconventional monetary
policies interact with fiscal policy. Moreover, the models I employ here can better deal with the issue of het-

erogeneity and inequality because the previous papers focus either on a representative agent or an economy
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with two unconstrained types of households. Another line of models which incorporate QE and fiscal policy
are big-scale policy models such as Dimakopoulou et al. (2022). I depart from these models by studying a

simplified theoretical framework which allows to analyze the mechanisms at play.

Finally, this study is related to the more general and growing HANK literature that combines incomplete
market models with models that include nominal rigidities. Some indicative papers are Ravn and Sterk
(2017), Kaplan et al. (2018), Auclert and Rognlie (2018), Auclert et al. (2018), Hagedorn et al. (2019a), Auclert
et al. (2020). However, these papers do not incorporate unconventional monetary policy. Other HANK
models incorporating QE policies are Cui and Sterk (2021), Lee (2020), Kyriazis (2022), and Sims et al. (2022)

but these papers do not focus on the fiscal multiplier.

Paper Organization: The rest of the paper is organized in the following way. Section 2 contains a tractable
Three-Agent New Keynesian model that analytically shows how QE policies affect the fiscal multiplier in
normal times and in a liquidity trap, and how the distributional effects of fiscal expansions are affected by
QE. Later in this section, the problem of choosing optimally fiscal and quantitative easing policies at the ZLB

is discussed. Section 3 contains the medium-scale HANK model and the quantitative analysis.

2 A Tractable PHANK Model

In this section, I present an analytically tractable three-agent Preferred-Habitat New Keynesian (PHANK)
model that analyzes the effects of unconventional monetary policy on the fiscal multiplier. The model extends
the work of Sims et al. (2021). There are three types of households: short-term savers, who save only by
holding short-term bank deposits; long-term savers, who hold long-term government debt and own the
firms and the banks; and hand-to-mouth consumers, who do not save but consume their labor income.
These three types of households try to match the three main categories of households in the real world: the
households who mostly save by holding simple bank accounts, the wealthier households who hold equity
and own the firms, and the poorer households who depend only on their labor income and do not have
access to savings vehicles. In addition, the model includes private banks, goods-producing firms, the central

bank, and the government.

I first discuss the optimization problems and the constraints faced by each agent. Then I derive the log-
linearized aggregate equilibrium conditions and study the fiscal and the QE multipliers both outside and
at the zero lower bound. I also discuss the distributional effects of fiscal shocks under various assumptions

regarding monetary policy. Then the section is closed with questions related to optimal fiscal and QE policies.



2.1 Long-term Savers

Long-term savers, or parents, constitute the first category of households. The size of the parent cohort is
1p € (0,1). These households derive utility from consuming C,; and disutility from working L,;. They are
the owners of the intermediate goods firms and the financial intermediaries. They save by holding only long-
term government debt qgtBpt, where g; is the price of the debt, and receive a transfer from the government.

In every period, they choose consumption, labor supply, and government bonds to maximize lifetime utility

%) Clt—o' -1 Ll?—v G1,§
max U,=1EgY B |2 —up P gt 2.1)
{Cot Lyt Bpt b ’ t—Z(:) g ( l-o I+v 1-¢
subject to the budget constraint
PiCpt + iBpt + PiFy = ProeLye + (1+if 1 ) @i 1Bpr 1 + PN + PDIC + PiTyr. 2.2)

In equation (2.1), p = ﬁ € (0,1) is the discount factor of parents with p, being their rate of time prefer-
ence, o > 0 is the relative risk aversion coefficient, and v > 0 is the inverse Frisch elasticity of labor supply.
Parents spend P;Cp; for consumption goods and g;By; for government bonds. The remaining expenditure is

a nominal transfer P;F, given to the banks in every period as an equity injection.

On the other hand, parents earn nominal income from labor, Pyw;L,;, and receive interest payments on
previous savings, (1 + if_l) q:-1Bpt—1. The rest of their income consists of dividend income received from
intermediate goods firms, PtDtIG, the profits of private banks, PtN;, and a nominal transfer, P;Ty;, received
from the government. The lump-sum transfer has two parts: a constant part 7, which is determined at the
steady state so that all households consume the same, and a variable part through which the government

earns back part of the interest rate payments on its long-term debt.! Specifically,

PiTpe = PiTp — (1 + i?—l) Gt—1Bpt—1 — PNt (2.3)

As we will see later in the private bank’s problem, the last term in the right-hand side of (2.3) is just the
interest payment on government debt received by the bank. This payment is given as dividend to the long-
term saving household, which is the assumed owner of the bank. The household takes as given the lump-sum

transfer Ty;. The optimality conditions are:

IThis assumption is made only for tractability, so as not to carry over the state variable Bpi—1 in the log-linearization process

when deriving the dynamic IS curve, which then allows for analytical solutions.
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Equation (2.4) is the familiar labor supply optimality condition. Equation (2.5) is the familiar Euler equation

for long-term government bonds. In equilibrium the consumption function of the long-term savers becomes

P.Cpt = PiwiLpt + PyDiC + PiTy — qiByt — PiE. (2.6)

2.2 Short-term Savers

Short-term savers, or children, constitute the second type of households. The size of the children cohort is
1e € (0,1 —1,). Short-term savers discount the future differently, at a rate . € (0,1) and derive utility from
consumption C. and disutility from labor L¢;. They save by holding only one-period bank deposits D,t, and
receive a government transfer T;; which adjusts to keep the amount of real debt constant. Their objective is

to pick optimally consumption, labor supply, and bank deposits in each period to maximize lifetime utility

00 Cl—U’ -1 Ll—‘rv G1*€
max U.=E (=< — P — + g 2.7
{Cet, Let, Det 12, ‘ OE)’BC< 1—0c ML VGl—g 2.7)
subject to the budget constraint

PiCet + Dot = PrwiLer + (1 + itD,1> Det—1+ PiTe. (2.8)

The optimality conditions for the child are given by
LYy = CL7wy (2.9)

C i P

1= 14D\ E ct+1 1t ) 2.10
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These two previous equations describe the optimal labor supply and the optimal saving behavior of the

short-term savers.



2.3 Hand-to-Mouth Households

Hand-to-mouth consumers constitute the last category of households. The size of their cohort is given by
1n, so that 17, +71c + 1, = 1. These households work and consume their income from labor and a constant
transfer of T, from the government. They are excluded from financial markets, so they cannot save by holding
government bonds, and they do not enter into any transactions with the banks. They choose consumption

Cpt and labor Ly, to maximize lifetime utility

Cl c_1 L1—|-U G1*§
max_ U, =Eo ) B | 2 — ML TG (2.11)
{Chttht}t 0 Z h ( -0 1-— g

subject to

PtCht = thtLht + PtTh (212)

The transfer Tj, is such that C;, = C, = C so that all households consume the same amount at the steady

state.” The optimal labor supply decision for the hand-to-mouth consumers is given by
urLy, = C, Tw;. (2.13)

2.4 Final Goods Producers

Firms in the final good sector produce the final good Y; using as inputs a continuum of intermediate goods
Y with j € [0,1]. Final good producers operate under perfect competition. They take as given the prices of

inputs and choose optimally the quantities of intermediate goods to maximize profits

1
max DF = PY; — /0 PyY;dj (2.14)

Y

subject to

( / ezpld]) , (2.15)

where Pj; is the price of intermediate good j. The solution to the above problem is standard and gives the

demand for intermediate good j

2The focus of the study is on the differential responses of the households after fiscal shocks and not on steady-state differences.
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2.5 Intermediate Goods Producers

A continuum of monopolistically competitive firms in the intermediate goods sector is indexed by j € [0, 1].

Each firm j produces its own intermediate good Yj; using a linear production technology

The government subsidizes the firm’s total cost at rate T_ to offset the steady-state distortion associated with

monopolistic competition. The total cost of the firm is

C]'t = (1 - TL> thjt = MCtht. (2.18)

where MC; = (1 — TL) w; is the real marginal cost of production. It is well-known that the subsidy that
eliminates the distortions created by the monopoly power at the steady state satisfies - = % At this point,

the marginal product of labor equals the real wage, so w = 1.

Intermediate goods producers optimally pick the price of their products subject to price adjustment costs
a la Rotemberg (1982). The price adjustment cost is proportional to the level of final good production.
Then they return their profits to the long-term savers who get the profits of these firms. As a result, each
intermediate good producer discounts future values and cash flows using the stochastic discount factor of

C70
the parents Q11 = By C”tj,l . The optimal pricing problem of the intermediate good producer j is
pt

P 2

it it

Vit (Pip—1) = max LYy - MCY; — o> (P't] - 1) Y; + B¢ [Qpr+1Vier1 (Pir)] ¢ - (2.19)
it

The optimality condition for the previous problem, when combined with the equilibrium condition P = P,

gives rise to the New Keynesian Phillips Curve

Y,
(1 — 8p) + EpMCt + [E; |:Qt,t+1€p (HH—I — 1) Ht+1ty——:1:| = éP (Ht — 1) I, (220)

where I1; = % is the gross inflation rate. The profit of each intermediate good producer in equilibrium is

2
1—Mct—@(i—1) ] (2.21)

D¢ =, > (5
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2.6 Private Banks

In the model economy, there is also a banking sector. Banks are essential to unconventional liquidity mea-
sures because the central bank’s policy partly works through their balance sheets. Specifically, a bank is born

in each period and exits with probability one in the next period. The balance sheet of the bank is

Myt + q¢Bps = PrFy + Dy, (2.22)

where My; denotes the bank’s nominal reserve holdings at the central bank, g;By; denotes long-term nominal
government debt held by the bank, and Dj; denotes nominal deposits supplied by the bank. Also, P;F, is the
bank’s equity injection from the long-term savers. Nominal bank profits are given by the difference between

interest rate payments received on assets and interest paid on liabilities

BNP:OAJMJA@Fy+O+JquFﬁM4—<1+§Q)DM+ (2.23)

The bank’s objective is to maximize the accumulated profits over its one period of existence discounted by
C*(T
pt+1 P}

the stochastic discount factor for nominal payoffs A;;11 = Br&epn of the parent household:
pt

max B (Atp1Pry1Nip1) = Ey [At,t+1 (1?/{ — itD> My + Ag 11 (itB - itD> qtBpr + A1 (1 + itD) Pth} (2.24)

My, By

subject to a leverage constraint given by

9Byt < OP:Fy,. (2.25)

Given this leverage constraint, the bank’s holdings of government bonds in each period cannot exceed a
multiple of the constant real part of the equity the bank receives from the parent households. I assume that
O is a constant, so there are no shocks to the leverage constraint. The optimality conditions for the bank’s

problem are

ON—?)EAMH:O (2.26)

Eilpp (if —iP) = v (227)

Given that E;As¢11 > 0, equation (2.26) implies that ig\/f = itD so that the bank will accumulate reserves up

to the point where the interest rate on reserves is equal to the interest rate on deposits. However, the same

11



is not true for government bonds because, on the one hand, the leverage constraint may bind. According
to equation (2.27), the average return on government bonds will exceed the deposit rate when the leverage
constraint binds. Using the equality iM = iP, the bank’s transfer to the long-term saving household equals
the discounted excess interest payment on government bonds received by the bank plus the discounted

interest payment on equity.

2.7 Monetary Authority

The central bank is conducting monetary policy by changing the interest rate on reserves iM and the amount
of nominal reserves held by private banks M;. It also holds a portfolio of long-term government bonds g;B-?

as part of its overall monetary policy. The central bank budget constraint is

thtCB + (1 + l%l) M;_ 1+ PtTtCB = M; + (1 -+ Z'F_1> qt—leflz (228)

where P TS® is a nominal lump-sum transfer the monetary authority makes to the fiscal authority. Policy

rules describe the decisions of the central bank. The nominal rate on reserves is set according to a Taylor rule

¢ Py
14+iM=(1+p.) (%) <¥) , (2.29)

where p, is the rate of time preference of the short-term savers who invest in deposits. The parameters ¢y
and ¢y measure how strongly the central bank responds to inflation and output when setting the interest
rate on reserves. Also, Il and Y denote steady-state inflation and output, respectively. The amount of real

long-term debt bought by the central bank follows a Taylor-type rule as well

q:B®  gBCB (11, vy Ty

CB
where ¥ > 0 and ¢y > 0 and 18 " is the central bank’s long-run target for real asset purchases. The creation
P & & p

of new nominal reserves finances the portfolio of nominal government bonds so that

qtBEE = M. (2.31)

Equations (2.30) and (2.31) imply that the central bank issues more reserves and buys more debt when output

falls, or inflation falls. Hence, reserve creation and asset purchase policies are countercyclical.

12



Finally, given the equality of asset purchases and reserves in equation (2.31), the central bank balance
sheet (2.28) simplifies, and the central bank’s transfer to the fiscal authority P;T 8 can be expressed in each

period as a function of the difference between previous payments on assets and liabilities of the central bank

PTCE = (1 + i?_l) g:_1BCE, — (1 +iM 1) M1 (2.32)

The central bank transfers its profit to the government each period. By (2.32), we have that M;_1 = g;,_1B5,,
so the transfer will be positive when the leverage constraint faced by the private banks binds since in that case
the interest rate on government bonds exceeds the short-term policy rate, and zero if the leverage constraint

does not bind.

2.8 Fiscal Authority

The government obtains revenues from issuing new long-term debt, and also from the transfer paid by the
monetary authority. Part of the government revenues is used to subsidize employment. Another part is
used to finance the lump-sum transfers paid to the different types of households. Government revenues
also finance an exogenous path of nominal government expenditures P;G; and the interest rate payments on
previous debt.

The specification adopted for long-term debt follows Woodford (2001). In any period T, the government
issues Z1 nominal perpetual bonds and borrows grZr in monetary units. Then, it promises to pay v*Zr
monetary units in every future period T + s for s > 0, implying a geometrical decline of coupon payments

at rate . Thus, we can write the government debt stock in any period ¢ as

By =L+ L1+ YLz + .+ 7' ' T1 + v'Io + By, (2.33)

where By is an exogenous initial condition. According to equation (2.33) in period 0 the government issues
Ty perpetual bonds which pay ¢'Zj in period t. Similarly, the perpetual bonds issued in period 1 pay 7'~1Z;
in period t. In the same way, we can sum all the discounted payments implied by issuances up to period ¢

and get the stock of government debt in period t. Equation (2.33) can be written recursively

Bt = It + ’)’Btfl. (234:)

The government budget constraint is therefore

q:Bt + PTCP = PerhwiLy + 0P Tpr + 4y P Ty + 71cPe T + (1 + vq) Bi—1 + PGy (2.35)
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The government targets a constant amount of real debt % in each period t and adjusts the lump-sum transfer

Tt to achieve that. Equation (2.35) implies that the nominal interest rate on government debt is

1
148, =0 (2.36)

qi—1

Government expenditures follow an exogenous AR(1) process, subject to an i.i.d. zero-mean shock:
Gt = G'° exp (uf) : (2.37)

2.9 Aggregate Equilibrium Conditions

We now turn to the equilibrium of the model. In equilibrium, households, firms, and banks optimize, and

the monetary and fiscal authorities follow their rules. The market clearing conditions are

Dyt = 11cDet (2.38)
M; = My (2.39)
By = 1,Byt + By + BfP (2.40)
P 2
Y, =G+ Gt + So( Py Y;. (2.41)
2 \P

Equation (2.38) is the market clearing condition for deposits. The amount of deposits issued by private banks
must equal the amount of deposits held by short-term savers. Equation (2.39) is the reserve market clearing
condition and says that the private banks hold all the reserves issued by the central bank. Equation (2.40)
is the market clearing condition for government debt and says that the supply of government bonds equals
the demand for government debt from the long-term savers, the private banks, and the central bank. Finally,
equation (2.41) is the resource constraint of the economy.

The dynamic IS curve of the economy can be obtained by combining the log-linear equilibrium conditions

of households, the private banks, and the central bank with the log-linear market clearing conditions.

Proposition 1: The dynamic IS curve has the following form

9t = Biffes1 — Tg (Bigia — &) — B (i — Bmmia — pc) — By By — 1) (2.42)
Proof: See Appendix A.1. B

14



In equation (2.42) any variable £; denotes percentage deviations of X; from its steady state value X. Infla-
tion is also defined as 1y = InP; — InP;_1. The dynamic IS curve summarizes the optimal behavior of all
types of households and private banks. It is augmented with fiscal policy and unconventional monetary
policy through reserve creation. If there are no hand-to-mouth consumers, so that 7, = 0, no QE, and no
government spending, so that 71;; = ¢; = 0 for every ¢, then we get the dynamic IS curve of the textbook

three-equation New Keynesian model.

The first three terms on the right-hand side of (2.42) are standard when fiscal policy is present. The new
element, though, is the expected difference in the amount of real reserves. Aggregate income increases with
the amount of real reserves in period t and decreases with the amount of expected real reserves in period
t + 1. To understand this, we need to focus on the behavior of the long-term savers because the quantitative
easing channel works through them. When the central bank purchases more debt in real value at time ¢, given
that the supply of real debt is constant, two things happen: the price of debt increases, and some of the other
agents holding debt reduce their bond holdings to restore equilibrium in the bond market. A higher debt
price in period t implies a lower expected return on debt, as equation (2.36) suggests. Government bonds
become less attractive investments, and long-term savers reduce their debt holdings and consume more at
time t, boosting aggregate consumption and income. Moreover, a higher price for bonds relaxes the leverage
constraint of the private banks, which allows them to also hold more debt as long-term savers offload their
holdings. On the other hand, if the long-term savers expect the central bank to increase its debt purchases
in the next period, they expect the price of the debt in the next period to be high, which implies a higher
expected return at time t. Government bonds become more attractive, and the long-term savers consume less

and buy more bonds® at time ¢, leading to lower aggregate consumption and lower aggregate income.
y g gereg p gareg

The production side is not different from the benchmark three-equation New Keynesian model, so the

New Keynesian Phillips Curve is derived by log-linearizing equilibrium condition (2.20)

T = ﬁp]Etnt—f—l + KII/I\Ct. (243)

The system is closed with the log-linearized policy rules

it = pe+ ¢t + Py (2.44)
fity = — e — Py Y (2.45)
$t = pcgi1 +uf. (2.46)

3The savings decision of the parents takes place before they pay the lump-sum tax and the transfer to the bank. So, when

deciding about savings, they consider the expected return of the bonds at time ¢ + 1.
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2.10 Calibration

Households: The value of the parent discount factor that shows up in the NKPC is set equal g, = 0.997,
following Eggertsson (2011), while the discount factor of the short-term savers is set equal to B = 0.99,
which is a standard value. The relative risk aversion coefficient is set equal to ¢ = 2, which is also a common
value. The inverse of the elasticity of intertemporal substitution in public good consumption is set equal to
¢ = 0 = 2. Following the micro literature, I let v = 2. The size of the hand-to-mouth consumers’ cohort is
set equal to 77, = 0.13, as in McKay et al. (2016), and the size of the short-term savers’ cohort is set equal to
equal to 2/3 of the remaining fraction of saving households 1 — 7, as in Sims et al. (2021). Then, the cohort

size of long-term savers is residually determined and equal to 1/3 of 1 — #;,.

Firms: The value of x = 0.00859 is taken from Eggertsson (2011). The value of the price adjustment cost
parameter ¢, is residually determined as follows. The elasticity of substitution between intermediate goods
is set equal to ¢, = 9 so that steady state markup equals 12.5%. Then, given the values of x and ¢,, we can
solve for the adjustment cost parameter ¢, using the definition x = %, which implies ¢, ~ 931.32.

Monetary Authority: The parameters appearing in the monetary policy rule for the nominal interest rate
on reserves are set equal to ¢ = 1.5 and ¢y = 0.25. Those are typical values used in the literature. Next,
I follow Sims and Wu (2021) and I assume that the parameters governing the amount of bonds purchased
by the central bank are a multiple 7x of the parameters in the Taylor rule for the nominal interest rate on
reserves, so P = 10.5 and 1y = 1.75. The value of the ratio of steady-state government debt held by the
central bank to steady-state total consumption expenditure is set to 10%, the average of the period 1970-2020.

Fiscal Authority: The value of the steady-state government spending-to-output ratio is § = 23.02%, the
average between 1970 and 2020. I set pg = 0.9, a common value in the literature. Table 1 summarizes the

parameter values and the respective targets.
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Table 1: Baseline Calibration of Parameter Values

Parameter Description Value Target/Source
Households
Bp Parent’s Discount Factor 0.997 Standard Value
Be Children Discount Factor 0.99 Standard Value
ZLB Child’s Discount Factor at the ZLB 1.005 Real Rate Decline of 2% p.a.
o Relative Risk Aversion Coefficient 2 Standard Value
v Inverse of Frisch Elasticity 2 Micro Studies
¢ Inverse of EIS in Public Good Consumption 2 Standard Value
un Hand-to-Mouth Household Size 0.13 McKay et al. (2016)
e Child Household Size 0.58 Sims et al. (2021)
Np Parent Household Size 0.29 Residually Determined
Firms
K Degree of Price Stickiness 0.00859 Eggertsson (2011)
€p Elasticity of Substitution Interm. Goods 9 Steady State Markup of 12.5%
Cp Price Adjustment Cost Magnitude 931.32 Residually Determined
Monetary Authority
o Inflation Coefficient - Interest Rate Rule 1.5 Standard Value
oy Output Coefficient - Interest Rate Rule 0.25 Standard Value
P Inflation Coefficient - QE Rule 10.5 Sims and Wu (2021)
Py Output Coefficient - QE Rule 1.75 Sims and Wu (2021)
oM Persistence in Asset Purchases 0.9 Baseline Scenario
qB“B/PC CB-Held Debt to Consumption Expenditure 10% Average Value 1970-2020
qB“B/PY CB-Held Debt to GDP 6.56% Average Value 1970-2020
Fiscal Authority
0G Persistence in Government Spending 0.9 Standard Value
g Government Spending-to-Output Ratio 23.02% Average Value 1970-2020
Other Parameters
) Probability of Remaining at the ZLB 0.8 Baseline Scenario
wL/C Labor Compensation to Real Consumption Ratio 0.953 Average Value 1970-2020
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2.11 The Fiscal Multiplier and its Determinants

We can derive the fiscal multiplier by exploiting the linear structure of the model and using the method of

undetermined coefficients. The following proposition establishes the existence of the fiscal multiplier.

Proposition 2: If government spending is the only state variable, then the fiscal multiplier on impact is given by the

following expression:

K oy
1—Bpoc)1—g

(1-pc) (1+Epppy) + Ecty + [Eec (¢11 — pc) + Epprr (1 — p)] 1 _;pPG (1 i'g +V)

T (1—pg)+ [Be(¢pr1—pc) + Epyprr (1 — pg)] (

My = (2.47)

1
g

Proof: See Appendix A.2. B

Using the parameter values in Table 1, My = 0.638, which is a number within the range of values usually
reported in the literature. The question at this point is how various parameters of the model affect the size
of the fiscal multiplier. The idea is to see how the multiplier behaves when a parameter takes values in a
specific range while the other parameters remain constant at their calibrated values. The parameters in the
utility function and the NKPC have been discussed extensively in the literature. So, the following paragraphs
focus on policy parameters and parameters unique to this model, such as the size of a household type. The

corresponding graphs are included in Figure 1.

QE Coefficients: The multiplier is decreasing in the two QE parameters yr; and yy. The intuition is the
following. As aggregate income or inflation increases after a positive fiscal shock, the central bank decreases
the amount of reserves and lowers its government bond holdings. The price of the bonds falls, and their
expected return increases. The long-term savers find the bonds more attractive, increase their bond holdings
and decrease their consumption. As a result, the increase in aggregate consumption is not as high. Higher
values for these two parameters imply that the QE response will be stronger; thus, the negative effect on

aggregate consumption will be magnified.

Interest on Reserves Coefficients: The multiplier depends negatively on the parameters measuring the
central bank’s response to output and inflation when deciding the nominal interest rate (NIR) on reserves.
This result is well-known and continues to hold in this preferred habitat model. The intuition is that when
¢ and ¢y increase, the central bank responds more strongly to inflation and output, so the increase in the
nominal interest rate after a positive fiscal shock will be more significant, and this will lead to a higher real
interest rate. This, in turn, discourages consumption today but offers incentives for more short-term savings.

As a result, aggregate income today will increase less in response to fiscal action.
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Figure 1: Fiscal Multiplier - Comparative Statics
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Notes: The various panels depict the fiscal multiplier on impact as a function of different parameters. In all cases the multiplier is

computed numerically when one of the parameters takes values in a specific range while the rest remain at their calibrated values.

CB-Held Debt to Consumption Expenditure Ratio: The multiplier depends negatively on the ratio B2/ PC,
so a higher long-term target for real asset purchases or a lower consumption level, in the long run, makes the
tiscal policy less effective. This ratio is related to the consumption elasticity with respect to the amount of
real asset purchases from the central bank gB“2/57,PC. Focusing on the long-term policy ratio BB /P, the
intuition is that if the central bank has a higher target for its debt holdings, then it will hold a higher amount
of government debt on average as equation (2.30) dictates, which implies a lower amount of debt held by
long-term savers. Thus, after a positive fiscal shock that leads to a reduction in the amount of reserves, the
long-term savers will increase their debt holdings by more since the central bank has room to reduce its debt
holdings if needed significantly, and they can increase their debt holdings. So, the consumption of long-term

savers will fall by more, and the negative impact on the multiplier will be more significant.

Size of the Hand-to-Mouth Cohort: The values for the size of the hand-to-mouth consumers’ cohort con-
sidered satisfy 0 < #; < 0.54 since for higher values of 7, determinacy is violated, and the model produces
negative multipliers. The multiplier is increasing and convex in the size of the hand-to-mouth cohort. Specif-
ically, it starts from 0.623 when 7, = 0 and increases relatively slow for low values of 7;,. Then it becomes
larger than 1 for 7, ~ 0.397.* Then, as 7 gets closer to 17, ~ 0.54, the multiplier becomes large. The sig-

nificant increase in the value of the multiplier is related to the high MPCs of the hand-to-mouth consumers.

4This is in contrast with Christiano et al. (2011) who argue that when using a utility function specification as the one I adopt

here for all types of households the multiplier is always less than 1. They study a representative agent model.
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More constrained households means that the average MPC in the economy increases, so the impact of their

increased consumption behavior after a positive demand shock becomes stronger, increasing the multiplier.

Size of the Parents Cohort: The multiplier is increasing in the size of the long-term savers’ cohort #7,. The
effect mainly driving this result works through the elasticity of the consumption function of the long-term
savers with respect to the amount of real reserves gB“2/ pPC. As the long-term savers’ cohort increases
in size, this elasticity falls. Thus, long-term savers will reduce their consumption by less and increase their
savings by less after a positive fiscal shock that leads to a reduction in the amount of real reserves and a

decrease in the price of bonds. So the overall positive fiscal effect on aggregate consumption will be higher.

Size of the Children Cohort: The fiscal multiplier is decreasing in the size of the short-term savers’ cohort
fc. The reason is that having more short-term savers in the economy leads to a more considerable reduction
in aggregate consumption after a positive fiscal shock since the expansion of output will lead to an increase
in the short-term nominal and real interest rates. As a result, more households will be tempted to reduce

their consumption and increase their savings with more short-term savers.

212 The Quantitative Easing Multiplier and its Determinants

The model allows the derivation of a quantitative easing multiplier in addition to the fiscal multiplier by
allowing for discretionary choices with respect to asset purchases. Let the real amount of reserves follow the

following AR(1) process instead of the Taylor rule assumed so far

iy = opii—1 + uM. (2.48)

Proposition 3: If government spending and real reserves are the state variables, then the fiscal and quantitative easing

multipliers satisfy

—_ K o
1 rg(l_pG)+5c(¢H_pG) (1_,BPG>1_gg
Mg:§ . P - (2.49)
L pet Syt EelPn—po) Tp o (1—g+v)
2, (1—
Mé”:l p (1= pm) : (2.50)

m K o
1— pwm + Ecy + Ee (¢r1 — ( - 1/)
oM + Ecy + Ec (o1 — pm) 1~ Bpom \1—g
Proof: See Appendix A.3. B
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Figure 2: Quantitative Easing Multiplier - Comparative Statics
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Notes: The various panels depict the QE multiplier on impact as a function of different parameters. In all cases the QE multiplier
is computed numerically when one of the parameters takes values in a specific range while the other parameters remain constant

at their calibrated values.

CB

B
In equation (2.50) m = % — 1
in (2.47). By setting ¥y = Y7 = 0 in (2.47), we get the fiscal multiplier in (2.49). The behavior of this

tiscal multiplier when changing the model’s parameter values is similar to the the behavior of the multiplier

. The fiscal multiplier on impact is very similar to the one presented

studied in the previous section.

The quantitative easing multiplier on impact equals M)! = 0.426 when using the parameter values
in Table 1. Even though the quantitative easing policy does not require higher taxes to be imposed on
households after a positive shock, this number is lower than the fiscal multiplier M§ = 0.607. Of course,
the main reason is that fiscal policy has direct effects in aggregate demand by increasing immediately the
output produced, while quantitative easing works indirectly through the effects on asset prices and returns.
Thus, in non-crises times fiscal policy can achieve better outcomes in terms of stimulating the economy.
Figure 2 suggests that the comparative statics of the quantitative easing multiplier are qualitatively similar
to the comparative statics of the fiscal multiplier presented in Figure 1. The two algebraic expressions (2.49)
and (2.50) are similar and give the same behavior for the two multipliers when changing the parameters of

interest. The intuition in each case is similar too.
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213 The Aggregate & Distributional Effects of a Fiscal Shock

The model presented exhibits heterogeneity across households, making it reasonable to examine both the
aggregate and redistributive effects of a fiscal expansion. To illustrate these effects, an increase in government

spending by one percentage point relative to its steady state value is considered.

Figure 3 displays the IRFs of the aggregate variables after a fiscal expansion under two scenarios: in
the first case represented by the solid lines, QE follows the countercyclical Taylor rule given by (2.45) with
Y1 = 10.5 and ¢y = 1.75, while in the second scenario, represented by the dashed lines, it is assumed that
Y1 = Py = 0, so asset purchases are kept constant. Under the first scenario, output, inflation, and the real
wage rise on impact due to higher aggregate demand. However, profits increase as well because the central
bank’s countercyclical response leads to a lower increase in the real wage, and the marginal cost increase is
not so significant to turn profits negative. This is another way to resolve the countercyclical profits puzzle

after fiscal expansions.

The nominal interest rate follows the movement in output and inflation due to the assumed Taylor rule
(2.44). Since the central bank’s reaction to inflation is more than one-to-one, the increase in the short-term
policy rate on impact is more significant than the increase in inflation, resulting in a higher real interest rate.
This offers incentives for higher short-term savings. On the other hand, the amount of reserves decline and
follows the opposite path from output and inflation. Aggregate consumption falls on impact and reverts

slowly to its steady state value over time.

Under the no QE scenario, we see that all positive effects on output, inflation, the nominal and the real
interest rates, and the real wage, are larger. In contrast, the negative effect on aggregate consumption is
smaller. Real dividends are lower and negative due to higher wages. However, it is clear from the graph that
the differences in the IRFs of output and consumption under the two scenarios are not large. This is because
the QE channel in the dynamic IS curve works through the expected difference in the real amount of reserves
and not through the actual level of reserves in a specific period, as it happens with the nominal interest rate

at time t in the traditional short-term savings channel.

The distributional effects of the fiscal shock are not clear from the behavior of aggregate consumption
in Figure 3 since different households decide differently. While aggregate consumption falls with a fiscal
expansion, some households can increase their consumption after the shock. The following three equations

summarize the consumption functions of the three types of households in equilibrium”

SThese consumption functions are formally derived in Appendix A.1.
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Figure 3: Aggregate IRFs to a 1% Shock in Government Spending
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(2.52)

(2.53)

Equation (2.51) says that in equilibrium, the consumption of a constrained household depends positively on

aggregate consumption and aggregate income. Equation (2.52) gives the consumption function of a long-

term saver as a positive function of aggregate income and the amount of real reserves but a negative function

of government spending. Finally, equation (2.53) gives the consumption function of a short-term saver. This

is residually determined using the expression for aggregate consumption and the individual consumption

functions of the other two types of households.

The consumption IRFs for each group of households are plotted in Figure 4. Hand-to-mouth households

increase their consumption during the fiscal shock due to higher labor demand, which leads to an increase in
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Figure 4: Individual IRFs to a 1% Shock in Government Spending
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(dashed lines). The right panel depicts the consumption differences between households under the same two scenaria.

real wages. Using the consumption function (2.51), it is possible to decompose the effects on the consumption
of constrained households. When the fiscal shock hits, aggregate consumption falls because short-term savers
decrease their consumption due to increased lump-sum taxes needed to finance the fiscal shock. On the
other hand, the increase in aggregate income exceeds the reduction in aggregate consumption, and ¢y rises.
Nonetheless, we can deduce that countercyclical QE policies do not help hand-to-mouth consumers since,
without QE, the rise in aggregate income and real wages is larger. In that case, the consumption level of the

hand-to-mouth increases by more on impact and remains higher during the transition to steady state.

Long-term savers are the first category of households that lower their consumption after the fiscal shock.
From equation (2.52), we can see that their consumption is affected positively by aggregate output due to
higher labor income and higher sales revenues coming from the firms, negatively by government spending
due to higher marginal costs of the firms, and positively by the amount of real asset purchases, because
when the central bank increases its asset purchases, bond prices are high, and long-term savers tend to save
less and consume more. Under the countercyclical QE scenario, the negative effect of lower real reserves
dominates, and the long-term savers lower their consumption. In contrast, under the no QE scenario, the

positive effects dominate, and long-term savers’ consumption increases.

The last category of households is short-term savers. These households decrease their consumption after
the positive fiscal shock, even if their labor income is higher, because the government imposes a higher lump-
sum tax on them to keep the government debt constant. In addition, the central bank increases the short-term

policy rate after the fiscal expansion, which motivates the short-term savers to hold more deposits, implying
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higher savings and even lower consumption. During the adjustment periods, the government spending shock
gradually fades, and lump-sum taxes decrease over time, so the short-term savers consume more. When the
central bank keeps the amount of reserves constant, the reduction in children’s consumption after the fiscal
shock is higher. This is because the real interest rate is higher without QE, as Figure 3 suggests, which

provides extra incentives to short-term savers for higher savings and lower consumption.

The above analysis implies that at the time of the fiscal shock, the households that gain in terms of
consumption are the constrained households, while the short-term savers and the long-term savers consume
less. The constrained households can increase their consumption relative to the short-term savers, as evident
from the red lines in the right panel of Figure 4. Countercyclical quantitative easing weakens this effect since
the real interest rate is lower, and short-term savers consume more. In contrast, the real wage is lower, and

hand-to-mouth households consume less.

The constrained households can also increase their consumption relative to long-term savers, as the cyan
line in the right panel of Figure 4 suggests since long-term savers consume less due to the countercyclical QE
response of the central bank. However, this is different under the no QE regime, where the bond holdings
of the central bank remain constant and long-term savers increase their consumption by more relative to the

constrained households.

Finally, the fiscal shock leads to higher consumption for long-term savers relative to short-term savers
since short-term savers reduce their consumption by more than long-term savers. The countercyclical re-
sponse of the central bank makes this effect weaker due to the lower real interest rate and the reduction in

the amount of reserves.

2.14 The Fiscal Multiplier at the Zero Lower Bound

The effects of fiscal policy at the zero lower bound are of particular interest because fiscal policy can be very
effective in this case. In particular, if monetary policy pegs the nominal policy rate to zero, then as long as a
positive fiscal shock creates expectations for higher inflation in the future, the real interest rate will decline.
This, in turn, will create motives for higher consumption and fewer savings at the time of the shock leading to
an even higher increase in aggregate output. Of course, the question is whether adopting the countercyclical
Taylor rule for QE makes fiscal policy significantly less effective at the ZLB. The ZLB constraint usually
binds after strong negative shocks that lead to big recessions and significant cuts in the policy rate. This is
precisely what happened during the pandemic and the Great Recession. Such situations create high social
costs due to high unemployment, for instance, and call for fiscal actions. Hence, it is essential to know
how the effectiveness of fiscal actions is affected by procyclical or countercyclical asset purchasing programs

because this will determine whether the social costs of the adverse shocks are alleviated or magnified.
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Consider a discount factor shock that leads the economy to the ZLB similar to Christiano et al. (2011).
Specifically, let the discount factor of the short-term savers be now stochastic taking two values, the steady
state value B. € (0,1) and BZL8 > 1. This is equivalent to saying that the short-term savers’ time preference
rate takes the values p. > 0 and p?L8 < 0. The following transition probabilities describe the evolution of the

stochastic rate of time preference:

Pr <Pct+1 = PCZLB ‘Pct = chLB) =0 = Pr (ch—l = Pc | Oct = ngB> =1-6

(2.54)
Pr <Pct+1 = P | por = Pc) = 0= Pr(pet+1=pc | pet = pc) =1

The economy is initially at the steady state, and the discount factor shock hits, making the rate of time
preference of the short-term savers equal to p#'B. After this period, the evolution of the discount factor
follows the process described by (2.54). In each period, the rate of time preference remains negative with

probability J or returns to its steady state value with probability 1 — § and stays at this value permanently.

Monetary policy is now described by a modified for the ZLB Taylor rule, which dictates that the nominal

policy rate cannot fall to a level lower than zero:

i = max {oc + pri7te + Pyt 0}, (2.55)

where in the previous equation ¢ > 1 and ¢y > 0. The shock considered here is supposed to be sufficiently
large to make short-term savers save significantly more and consume less, leading to a recession that drives
the nominal interest rate to zero. Fiscal policy, on the other hand, is such that the government picks ¢; = $*LP
while the economy is experiencing the discount factor shock, namely for periods 0 < t < T, where T is the

random final date. For any period ¢ > T the government chooses g; = 0.
Given that the discount factor and government spending both return to their steady-state values after

period T, then the other variables of the system will also return to their steady-state values, that is 77; = §j; =

1y = 0 for t > T. The following proposition establishes the existence of the fiscal multiplier at the ZLB.

Proposition 4: If government spending is the only state variable, the fiscal multiplier at the zero lower bound is given

by the following expression

_ _ K g
I',(1-6)+ |& 1—-46)— 6=,
mate = 2 o B 0 =B gy . (2.56)
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Proof: See Appendix A.4. B
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The fiscal multiplier on impact at the ZLB is very similar to the one derived in the general case outside of
the ZLB. They differ only with respect to the coefficients ¢r7, ¢y, and pg. By setting ¢ = ¢y = 0 and
replacing pg with J in (2.47) one gets the expression in (2.56). The problem with setting the coefficients of
the monetary policy rule equal to zero is the potential of indeterminacy, except if § is such that determinacy
is ensured. Given the calibrated parameters in Table 1, determinacy is ensured as long as 6 < 0.82. Figure 5
plots the fiscal multiplier for values of é for which determinacy is ensured under different scenarios for the
QE parameters. In both panels of Figure 5, the curves corresponding to the baseline calibration are depicted
in blue. The other curves correspond to changes in policy parameters. Both panels suggest that a higher
probability of remaining at the ZLB in the next period increases the fiscal multiplier implying that fiscal
policy is more effective when the ZLB constraint is expected to bind for a longer period. This finding is
consistent with what other studies in the past have found. The probability of remaining for one more period
at the ZLB significantly affects the value of the multiplier. As it gets closer to 0.82, the multiplier becomes

highly sensitive to small changes in  and takes high values.

Figure 5 shows the relation between the fiscal multiplier and the probability of remaining at the ZLB for
one more period. In the left panel, the fiscal multiplier is depicted in three cases: first, when the monetary
authority implements QE policies with {7 = 10.5 and 1y = 1.75 reacting countercyclically to a positive fiscal
shock; second, when it does not react to the fiscal shock and keeps the amount of reserves constant with
Y1 = Py = 0; third when it reacts procyclically with 7 = —10.5 and ¢y = —1.75. It is evident that under
a procyclical Taylor rule for reserves, the fiscal multiplier at the ZLB is always higher for any value of 4.
This is because monetary policy is now accommodative, and the central bank purchases more bonds after a
fiscal expansion. The long-term interest rates fall further, and long-term savers save less and consume more,
so the overall effect on aggregate demand is more substantial. Therefore, even though it seems natural to
expect that monetary policy reacts countercyclically to various shocks to keep inflation stable and economic
activity close to potential, in a liquidity trap where fiscal actions are needed, a countercyclical reaction from

the central bank would set hurdles on fiscal policy and would slow down economic recovery.

On the other hand, the right panel depicts the fiscal multiplier when the ratio of long-run assets held
by the central bank to consumption expenditure is equal to gB“®/PC = 10%, and also when it is equal to
qB“B/PC = 8% and qB“B/PC = 12%, assuming changes in the long-run target for assets held by the central
bank by 20%. The fiscal multiplier is always lower when the central bank holds more assets on average
and always higher when it holds fewer assets on average. This is related to long-term savers’ consumption
function, which depends positively on the amount of real reserves with an elasticity equal to gB*? /1, PC as

argued before.

The fiscal multiplier on impact at the ZLB in the three-agent model can be calculated using the expression

in (2.56). For the liquidity trap scenario, I consider a 50 basis points increase of the quarterly discount
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Figure 5: Fiscal Multiplier and ZLB Probability
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Notes: The left panel depicts the fiscal multiplier on impact as a function of the ZLB probability under different scenaria for the
QE response of the central bank. The right panel depicts the same relation under various scenaria for the long-term reserves target
of the central bank.

factor relative to 1 so that BZL8 = 1.005. This shock is sufficient to lead the economy into a liquidity trap.
Also, 6 = 0.8, so the probability of remaining at the ZLB is kept as high as possible without exceeding the
determinacy limit of 0.82 and simultaneously without getting extremely high fiscal multipliers inconsistent
with the empirical studies. After reporting the numbers for the three-agent model, I also compute the

multipliers for other models nested in this framework. All the calculated values are reported in Table 2.

PHANK Model: In the three-agent PHANK model, the parameter values of the baseline calibration imply
that the fiscal multiplier on impact, as given by (2.47), has a value of 0.638. The multiplier is slightly larger
under the no QE scenario, equal to 0.677, increased by 6.11%. The QE channel does not significantly affect
the fiscal multiplier in normal times. This is because this channel works through the expected difference in
real reserves in the dynamic IS curve and not through the level of real reserves in a specific period. Another
reason is that the nominal interest rate can react and partly offset any changes in output and inflation caused
by QE policies. On the other hand, at the ZLB, the fiscal multiplier becomes larger and equal to 1.929 if there
is countercyclical QE.

Parent/Child Model: The next nested model is a model with parents and children only, without hand-to-
mouth consumers similar to Sims et al. (2021). In this case, 7, — 0, 7o — 2/3 and 77, — 1/3. In this
case, the value of the multiplier decreases at the limit to 0.603, and the reason is that without hand-to-
mouth consumers, the average marginal propensity to consume is lower. The fiscal multiplier again takes

higher values when monetary policy is accommodative. It is equal to 0.628 without QE and 1.323 under an
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Table 2: The Fiscal Multiplier in Various Nested Models

Parameter Values Model Multiplier Size
Baseline Calibration PHANK 0.638
Y=y =0 PHANK, No QE 0.677
¢ =¢y =0 PHANK, ZLB 1.929
, — 0 Parent/Child 0.603
m—0 & Yynp=19y =0 Parent/Child, No QE 0.628
m—0 & ¢rp=¢y =0 Parent/Child, ZLB 1.323
1y — 0 TANK 0.548
mp =0 & Yyn=9y=0 TANK, No QE 0.548
m—0 & ¢rn=¢y =0 TANK, ZLB 1.648
m—0 & 1, —0 RANK 0.527
m—0 & 11],]—)0 & Yri=yYy =0 RANK, No QE 0.527
m—0 & 17, =0 & ¢r=¢y=0 RANK, ZLB 1.187

interest rate peg to zero. At the ZLB, the fiscal multiplier is lower than the PHANK model, which shows the
importance of agents with high MPCs in a situation like a liquidity trap. Given the accommodative monetary
policy, the increase in aggregate demand and real wages is higher, so the hand-to-mouth can increase their

consumption even more. This effect is lost in the parent/child model.

TANK Model: The third nested model is a TANK model. Here there are no long-term savers, that is 17, — 0,
1, = 0.13 as before, and 77, — 0.87. The impact multiplier equals 0.548, which is lower than the parent/child
model. The multiplier falls more in this case because now the short-term savers’ size has increased, which
lowers the aggregate consumption increase after a fiscal shock since these households have the incentive to
increase their deposits when interest rates increase in response to the shock. In addition, we see that the
multiplier remains the same if there is no QE, and this is because the QE channel works only through the
long-term savers that do not exist in the TANK model. The multiplier is again higher under an interest rate

peg, equaling 1.648.

RANK Model: Finally, we have the representative agent model in which 7, — 0 and 7, — 0 and 7. — 1.
This is the model with the lowest multiplier on impact, equal to 0.527 because there are only short-term

savers. Again, when the economy hits the zero lower bound, the multiplier is higher and equal to 1.187.
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215 The Quantitative Easing Multiplier at the Zero Lower Bound

In recent years, the monetary authorities in the US and Europe have used extensively quantitative easing
policies while stuck at the effective lower bound for nominal interest rates. A natural question arising is how
effective these policies are. The model introduced so far can answer this question by deriving the quantitative
easing multiplier at the zero lower bound. The scenario for the liquidity trap is the same as in subsection
2.14. However, quantitative easing is now decided by the government directly and not through a Taylor rule,
so while the economy remains at the ZLB for periods 0 < t < T, the policy sector picks 7#“LE. When the
economy is out of the liquidity trap for t > T, the amount of real reserves returns to its steady state level,

implying that r1; = 0.

Proposition 5: If government spending and real reserves are the state variables, then the fiscal and quantitative easing

multipliers at the zero lower bound satisfy

MG ZLB _ (1-ppo)1-38 (2.57)

(2.58)

Proof: See Appendix A.5. &

The two previous multipliers are equal to M((); ZLB — 5788 and Méw’ “LB — 3,573 when using the parameter
values from Table 1. The quantitative easing multiplier is slightly larger than the fiscal multiplier and signif-
icantly greater than one. However, this multiplier corresponds to a policy that does not require the increase
in lump-sum taxes paid by short-term savers to keep the real debt constant or, in a more general setting,
to keep the lifetime budget constraint of the government balanced. This could provide incentives first to
use unconventional monetary policies at the ZLB. Then if these policies fail to bring the economy out of the
liquidity trap, fiscal policy can be used to stimulate aggregate demand. In addition, quantitative easing has
the advantage that it can be initiated immediately after a negative shock hits the economy, while fiscal policy
is subject to legislation lags. As Christiano et al. (2011) have shown, the timing of policy implementation

plays a crucial role in fiscal policy effectiveness.
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2.16 Optimal Fiscal Policy at the Zero Lower Bound

The fiscal multiplier, at the zero lower bound, can be affected by the reserve policy of the monetary authority.
This raises the question about the optimal level of government spending that would maximize social welfare
in at the ZLB, given the behavior of the private sector and the behavior of the central bank. In a setup
with different agents, such as the one presented here, the government considers each agent’s consumption
and labor supply levels when deciding about optimal government spending. The government is assumed
to be utilitarian, and the social welfare function is the weighted sum of individual utilities, where the corre-
sponding weight for each group equals the group’s population size. The following proposition provides an

expression for the social welfare function.

Proposition 6: Suppose that the government is utilitarian so that social welfare is given by W = 1,U)p + 1.Uc + 17, U,
Let also B¢ be the discount factor of the government. A quadratic approximation of the previous social welfare function

around the steady state gives rise to the social welfare function

UcY . & R R R .
=5 T} /3@{ (1= &) (o8 + e+ macly ) +v (mpl3e + el + milly ) + 8082+ &pmid] . (259)

Proof: See Appendix A.6. B

The first three terms inside the brackets represent the quadratic approximation to the utility contribution
for all agents if prices were the same. The last inflation term represents the cost of price dispersion. The
government maximizes the social welfare function subject to the behavior of the private sector and the central

bank. At this point it is still assumed that fiscal policy picks ¢ = ¢*4IB

while the economy is trapped at
the zero lower bound for periods 0 <t < T, and ¢; = 0 for t > T. The economy returns to the steady state

equilibrium when the zero lower bound period ends.

Proposition 7: At the zero lower bound, the social welfare function takes the following form

UcY1— (Bo)" ! 2,2 4 5
LZLB — ; 1(13(;325 [a (1-9) (qpc%, +1clr + Uhc%) +v (ﬂpff, +clZ + 77th;21> +808° + Cpﬂz] (2.60)

s*ZLB

In addition, there exists a unique solution to the government’s problem of choosing § optimally to maximize the

above social welfare function subject to the constraints imposed by the behavior of the private sector and the central
bank.

Proof: See Appendix A.7. B
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In the above expression, the ZLB notation from the terms on the right-hand side is suppressed to facilitate ex-
position. The maximization of the previous social welfare function is subject to the households’ consumption
and labor supply responses, and the dynamic IS curve, the New Keynesian Phillips Curve, the Taylor-type

rule for real reserves, and the resource constraint.

Using the parameter values in Table 1, the optimal deviation of government spending from the steady
state is ¢*4LB = 5.94%. This number is significantly lower than 30% found by Christiano et al. (2011).
One reason for this significant difference is the existence of hand-to-mouth households and long-term savers
whose behavior increases the fiscal multiplier, so the government can choose a smaller increase in government
spending to achieve a specific increase in aggregate output. A second reason is the already high calibrated
value g = 23.02%, which implies that there is not so much fiscal space that would allow for a higher increase

in government purchases without creating further significant taxation burdens to households.

An important question is how the optimal choice Q*ZLB

is affected by the model’s parameters. This
is critical since it allows the design of better fiscal packages according to the specific characteristics of an
economy. The following paragraphs provide the comparative statics analysis that answers this question. The

corresponding graphs are summarized in Figure 6.

ZLB Probability: Optimal government spending at the ZLB is an increasing function of the ZLB probability
for one more period 6. This is not surprising since if the households believe that the liquidity trap will
persist for many periods, they will keep choosing lower consumption levels and higher savings, resulting in

*ZLB

a significant recession. To avoid this situation, the government optimally chooses to increase ¢ when the

probability of remaining at the ZLB is higher to drive the economy out of the liquidity trap.

Inflation Coefficient - QE Rule: Optimal government spending at the ZLB depends negatively on the in-
flation coefficient ¢r;. This is related to the response of the short-term savers to the government spending
shock. A higher value of i implies that the inflation response of the central bank will be stronger after the
government spending shock, and expected inflation will rise by less. The real interest rate will be higher and
short-term savers will save more and consume less. In addition, their consumption will be lower because
the lump-sum transfer they receive will be lower due to the fiscal expansion. Therefore, a stronger negative
response of the central bank to inflation leads to higher losses for the short-term savers for a given amount
of government spending, and the government chooses to lower ¢*4LB as 7 increases.

Output Coefficient - QE Rule: The optimal government spending amount at the ZLB is first a positive, and
then it becomes a negative function of the output coefficient ¢y. The logic for the negatively sloped part of
the curve is similar to the case of 7. For the positively sloped part, after a positive fiscal shock, a higher

value of ¢y implies that the countercyclical reaction of the central bank to the increase in output will be
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stronger, so output and inflation will increase by less. The real interest rate will be higher, and the fiscal
multiplier will be lower, so the fiscal expansion will be less stimulative. For that reason, the fiscal authority

chooses to increase government purchases by more to provide extra stimulation in economic activity.

Size of the Hand-to-Mouth Cohort: The optimal government spending at the ZLB is first a positive function
of the size of hand-to-mouth households, then it reaches a maximum and then becomes a negative function
of 77, Initially, when 77;, is small, the government has an incentive to increase §*4!8 together with the number
of constrained households since these households gain from such a policy. However, as the number of
constrained households in the economy grows, a higher amount of government spending leads to higher
output and higher inflation. The short-term savers experience more significant losses due to higher taxation,
and the long-term savers reduce their consumption by more due to the more considerable decrease in the
amount of real reserves implied by the QE rule. Moreover, a higher value of 7, increases the fiscal multiplier,
so the government can spend less and substantially increase economic activity. Hence, the government

~xZ LB

chooses optimally to lower ¢ if 17, increases.

Size of the Parents Cohort: The optimal government spending amount at the ZLB is a negative function of
the long-term savers’ cohort size 77,. The intuition is the following. As the size of the parent cohort increases,

*ZLB

the fiscal multiplier increases, so a lower ¢ is needed to stimulate the economy and push it out of the

liquidity trap.

Size of the Children Cohort: The optimal choice $*48 decreases when the size of the short-term savers 7
increases because, in that case, the fiscal multiplier is lower, so a higher ¢*4L? is needed to stimulate the

economy and push it out of the liquidity trap.

CB-Held Debt to Consumption Expenditure Ratio: The optimal government spending choice at the ZLB is
first a positive function of gB“B/PC, then it reaches a maximum and then becomes a negative function of
that ratio. Specifically, for small values of gB“8/PC, given that the fiscal multiplier is a negative function
of this ratio, the government needs to spend a higher amount to stimulate aggregate demand and achieve
higher economic activity. However, as this ratio becomes larger, the negative effect of quantitative easing
policies on the consumption of long-term savers becomes too large, and the government decides optimally
to lower ¢$**'8 when gB“?/PC is higher.

Figure 7 depicts 18, 7418, iM and social welfare £%8 as functions of ¢. The red vertical line in the graphs

corresponds to the optimal choice ¢*4L? that arises in a situation where the discount factor shock hits the
economy and the resulting recession is such that the zero lower bound binds. The orange line corresponds

ZLB

to the choice ¢“~” that makes the nominal interest rate positive. The government steps in and chooses
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Figure 6: Optimal Fiscal Policy at the ZLB - Comparative Statics
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Notes: The various panels depict the optimal level of government spending at the ZLB as a function of different parameters.

optimally to increase the amount of government spending to drive the economy out of the liquidity trap.
It is evident from the lower left panel of Figure 7 that the optimal choice §*4® is sufficient to drive the
economy out of the zero lower bound since the nominal interest rate becomes positive again. The reason is
that the percentage deviation of output from the steady state becomes positive and is enough to offset the
small deflation implied by the upper right panel. At this optimal level of government spending deviation,
the fiscal multiplier is actually given by equation (2.47), where p¢ is replaced by J, because the economy is

out of the ZLB.

2.17 Optimal Fiscal and Quantitative Easing Policies at the Zero Lower Bound

So far, the assumption about quantitative easing policies was that real reserves are determined in each
period by a countercyclical Taylor-type rule. This assumption is now dropped, and the governmental sector
can simultaneously choose optimally the amount of reserves and the amount of government spending at

*ZLB and m*4LB in order to

the zero lower bound. The problem of the government is to choose optimally ¢
maximize the social welfare function given in (2.60) subject to the constraints imposed by the behavior of the
other agents of the economy. However, the Taylor-type rule for reserves is not part of the set of constraints

since the amount of reserves is optimally chosen.
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Figure 7: Optimal Fiscal Policy at the ZLB
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ment spending is depicted in red. The orange vertical line depicts the lowest choice of government spending deviation that drives

the economy outside of the ZLB.

5*ZLB

Proposition 8: There exists a unique solution to the government’s problem of choosing optimally & and m*#LB to

maximize the social welfare function in (2.60) subject to the constraints imposed by the behavior of the private sector.
Proof: See Appendix A.8. B

Given the parameter values from baseline calibration, the optimal policies are such that $*4L8 = 5.44%

m*ZLB

and = 1.39%. The government chooses optimally to increase government spending and the amount

of reserves in a liquidity trap, implying a procyclical behavior for quantitative easing. The increase in
government spending is higher than in asset purchases, probably because government spending has a direct
effect on output through higher aggregate demand, whereas asset purchases affect output indirectly through

the consumption/savings decisions of the long-term savers. The comparative statics analysis for the optimal

*ZLB

choice ¢ is qualitatively similar to the analysis in the previous section, so the focus now will be on the

*ZLB

behavior of 71 when the parameters of the change. Figure 8 contains the corresponding graphs.
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Figure 8: Optimal Fiscal and QE Policies - Comparative Statics
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Notes: The various panels depict the optimal level of government spending (black lines) and quantitative easing (maroon lines) at

the ZLB as functions of different parameters of interest.

ZLB Probability: The optimal choice of QE at the ZLB is an increasing function of the probability of staying
at the ZLB for one more period 6. Again, if the liquidity trap is expected to persist for many periods,
then agents will keep choosing low consumption levels and high savings, resulting in a severe recession.

The government chooses optimally to increase m*?LF and ¢*#!B relative to their steady-state values when

#*ZLB 5*ZLB

¢ is higher. Interestingly, remains always lower than ¢ since this allows to minimize taxation

distortions, and fiscal policy is more effective.

CB-Held Debt to Consumption Expenditure Ratio: The optimal QE choice at the ZLB is a negative function
of that ratio. Specifically, as §B“2/PC increases, the optimal choice 7#*#LB falls fast while $*4L? increases
very slowly. A higher ratio gB“®/PC implies that the elasticity of the consumption of long-term savers
with respect to real asset purchases will be high, so ¢, will increase by more after a positive choice *4L5.
Therefore, the government needs to increase by less the optimal choice 7i*4!B to stimulate the economy
through the long-term savings channel. Low values of #*4LB lead to higher values of $*4L? to sufficiently

stimulate the economy.
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Figure 9: Optimal Fiscal and QE Policies at the ZLB
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Notes: The various panels depict aggregate variables of interest as functions of optimal government spending and optimal QE. In

the lower left panel, the ZLB constraint binds for low levels of government consumption and central bank asset purchases.

Size of the Hand-to-Mouth Cohort: The optimal government spending at the ZLB is first a positive function
of the size of hand-to-mouth households, then it reaches a maximum and then becomes a negative function
of 7, as before, and the intuition is similar. On the other hand, optimal QE is a negative function of 7. If
the size of the hand-to-mouth households increases, fiscal and QE policies are more effective, so less QE is
needed to sufficiently stimulate the economy. Also, with more hand-to-mouth households, less parents and
less children exist in the economy given that 7. = (1 — 1) and 77, = (1 — 17;,), which implies that reserves
policy is not increasing social welfare significantly, leading to lower #*4L5.

Size of the Parents Cohort: The optimal government spending amount at the ZLB is a negative function
of the long-term savers’ cohort size 77,. The intuition is similar to before. The fiscal multiplier is higher,
so lower stimulation is needed. The optimal QE choice is first a positive function of 7, then it reaches a
maximum and becomes a negative function of 77,. Given that §*4L? falls with 77, and since higher 7, implies
a lower elasticity of children consumption with respect to real reserves, a higher amount of QE is needed to
stimulate the economy. Nevertheless, if 77, increases too much, fiscal and QE policies become more effective

so the government can choose lower 7#1*2L8 and ¢*#1B and still sufficiently stimulate the economy.

Size of the Children Cohort: The optimal choices ¢*4L8 and 7#*4!8 have the opposite behavior with respect
to the size of short-term savers 7. since more short-term savers make both policies less effective in terms
of stimulating economic activity, which in general incentivizes the government to increase both government

spending and asset purchases.

Figure 9 depicts §4LB, 7418, iM and L£%LB as functions of ¢ and 7. This time the government deploys both
unconventional monetary policy and fiscal policy to stimulate the economy. The optimal choices ¢*4L8 and

1i1*#LB are sufficient to drive the economy out of the ZLB.
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3 A Medium-Scale HANK Model

I now present a two-asset HANK model. In the economy, there are heterogeneous households subject to
individual productivity shocks and save by holding one liquid and one illiquid asset to insure against these
shocks. The model contains typical New-Keynesian frictions, such as nominal rigidities in prices and wages
and investment adjustment costs, but is also enhanced with financial frictions to generate differences in the

returns of various assets and make QE effective.

3.1 Households

The demand side of the economy consists of infinitely-lived households indexed by i € [0,1]. Households
are assumed to be ex-ante identical but ex-post heterogeneous due to the evolution of their idiosyncratic
productivity shock e;, and their different holdings of illiquid and liquid assets, 4; and d;.° Each individual i
derives utility from consumption ¢; and disutility from labor supply /;. In each period, individuals choose

consumption, labor supply, and savings to maximize lifetime utility

© (-1 L
max U, =E L — L 3.1
{Citr Lit, ait, dit}?io : 0 i;)ﬁ 1—0 yL 1 +v ( )
subject to
Cit +dip + aip + E (ay, ayp—1) + Tt = (1 - TL) wilireir + (1 + r?) dit—1+ (1 + rf) Ajt—1 (3.2)
X2

_ X1 | it — (1 + 1’;4) Aj_q 4
= \ie, Big=1) = 57 1+ri ) ai—1 + 3.3
( its Uit 1) X2 (1—|—1’;4) ait—l""XO [( t ) it—1 XO} ( )
aip >0, dy > d. (3.4)

Equation (3.1) is the period budget constraint. Household i spends c;; for consumption goods, d;; for liquid
assets, a;; for illiquid assets and 7; for lump-sum taxes. The saving decisions are constrained by the liquidity
constraints given in (3.4). The decision for the illiquid asset is subject to a cost of adjustment which takes the
form given in equation (3.3) with xo, x1 > 0 and x2 > 1. Note that the adjustment cost function E (a;, a;;_1)
is bounded, differentiable, and convex with respect to a;. Assets of type a are considered illiquid since

individuals incur a cost to adjust this part of their portfolio.

Individuals finance expenditures for consumption and savings with income earned from various sources.

The first source is labor income (1 — TL) wilirei;, where w; denotes the real wage, [;; denotes the amount

®For any nominal variable X;, the real counterpart is given by X; = }I%
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of labor supplied which is decided by a labor union for each individual, and ¢;; denotes the productivity
shock received by household i. The latter is modeled as a Markov process with transition probability matrix
Q (e;11]et). Labor income is subject to a constant linear labor income tax t*. Other sources of income are
interest payments on previous savings (1+7P)d;_q and (1+7{')a;_1. The interest rates in the previous
terms are determined in equilibrium by the behavior of financial intermediaries. The households take the tax
rate ' and the lump-sum tax 7; as given. The fiscal rule behind the lump-sum tax is discussed later when

the government is introduced.

3.2 Labor Unions

Labor unions are introduced to allow for sticky wages in the model economy. Sticky wages solve the trilemma
problem described in Auclert et al. (2021a) of matching the data on the size of MPCs, MPEs, and fiscal
multipliers. Following Hagedorn et al. (2019b), I assume that each household i provides differentiated labor
services lj;e;; to a labor union, and then the union sells these labor services to a representative and competitive
labor recruiting firm. The labor recruiter demands the same differentiated labor as the intermediate goods
producers. The problem of the labor recruiter is to minimize the cost of producing a given amount of

aggregate labor:

1
min CFR = / Wiyledi (3.5)
0

Lit

subject to the technology constraint

1 ew—1 3%1
Ly = {/0 (Ijf) = eit] , (3.6)

where ¢, is the elasticity of substitution between differentiated labor services. The demand of the labor

recruiter for each differentiated labor service is

W —E&w
liy = (Wl) Ly, (3.7)

L
where in the last equation W; = [ fol eitWi;ew} " is the equilibrium nominal wage. The labor union picks
the same nominal wage W;; = W; for all households to maximize profits, subject to a wage adjustment cost
a la Rotemberg (1982). The cost is proportional to the amount of total effective labor L; and is denoted as

B (Wi, Wi_1, Lt). The problem of the union can be expressed as
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v (I (Wi Wi, Ly))

. _ L\ 1A
Vi (Wt—l) = max {/ Cit (1 ‘ ) th (Wt} Wi, Lt) di —

Wi Py u' (Ct)
N 2 N
W, Ve (W,
— / Co (Wi Lteitdi-l—L(t) . (3.8
2 \ Wiq T+74

In the previous equation V(.) is the value function of the union, 7,1 is the real interest rate” in period t + 1
and ¢y, is a parameter that determines the magnitude of the cost of adjusting wages. In the special case that
¢w = 0, wages are fully flexible. In equilibrium Wy = Wy and I;; = L;. The optimality condition for the

union’s problem is a Phillips curve relation for wages:

v (l (Wt, Lt)) 1
u' (Cr) T+7im

L
(1 - TL> (1— ew) Wi + £ Eo (TT9, — 1) ;"H%l =& (Y —1)IIY.  (39)

where in equation (3.9) nominal wage inflation can be written in terms of price inflation and real wage

inflation, so that

w o, Y (3.10)

3.3 Commercial Banks

The first type of financial intermediaries in the economy is commercial banks. A continuum of commercial
banks is indexed by b € [0,1]. Each bank collects part of the households’ liquid savings Dj; and issues
deposits to them. These deposits pay a nominal return (1+ iP) in the next period subject to an exogenous
cost of financial intermediation per unit {p that lowers in equilibrium the return on the liquid asset. These
deposits are invested in nominal reserves My, issued by the central bank. The balance sheet constraint of a

commercial bank in real terms is

My = Dyt + Ny, (3.11)

where Ny, is the real net worth of commercial bank b. Net worth evolution is described by the difference be-
tween interest rate payments received on previous central bank reserves and the interest paid on households’

previous deposits

7Since the experiments studied here are perfect foresight experiments after one-time MIT-type aggregate shocks in period t = 0,

the real interest rate can be used as the global discount factor for every agent different than households.
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Npt = (1 +71¢) My 1 — (1 + 7P+ §D> Dps_1. (3.12)

In the previous equation the real interest rate is given by the Fisher equation

1+iM,
I1;

147 = , (3.13)

where iM is the nominal interest rate paid on reserves, and IT; is the gross inflation rate in period t. A

commercial bank’s problem is to optimally pick the amount of real reserves My, to invest in and the amount
of real deposits Dy; to issue to maximize its value. This is equal to the present discounted value of the
weighted average of net worth in the next period and the continuation value in the next period, where the
weighting scheme consists of the corresponding probabilities of exiting the market and continuing operating

in the market for one more period:

1
Vit (Npt) = MIE%M { T [(1 = 6p) Nptr1 + 0pViria (th+1)]} (3.14)

subject to equations (3.11), (3.12).

Proposition 9: The commercial bank’s value function is linear in net worth and satisfies

Vbt (th) = Ztht with Xy = 1. (315)

Proof: See appendix A.9. B

Using the two constraints (3.11) and (3.12) in equation (3.14), the optimality condition for the private bank is

rip1 =12 + Ep. (3.16)

Equation (3.16) says that the financial intermediaries will accumulate reserves until the real return on reserves
equals the real cost of deposits. Due to the financial intermediation cost, the real return on deposits is lower
in equilibrium than the real interest rate. Finally, we can aggregate the individual net worth evolution
equation (3.12) over b by taking into account the survival rate 6, and the fact that new banks, when entering
the market, get a transfer wM;_;. In this way, we get the equation for total net worth evolution written at

the end of period t as:

Ni =0, [(1+7) My — (1+7P + &) Dia | +wMy 1. (3.17)
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The profits of the commercial banking sector are given by

[Ty = (1 —6p) [(1 +711) Mi—1 — (1 +rP + ‘:D> th] — wM;_1. (3.18)

The above expression is just the total net worth of exiting banks minus the resources given to new banks.
The government taxes part of the profits of the commercial banks at a rate T°. The remaining part is given

to the investment fund, which owns the commercial banks.

3.4 Investment Fund

In the economy, a hypothetical investment fund collects the illiquid savings of households A; and invests
these resources in deposits issued by investment banks. The investment fund also owns all firms in the
economy and collects all the profits. In equilibrium, it pays a real return to households r{* subject to a cost

of financial intermediation ¢ 4. The balance sheet of the investment fund in real terms is

Ay =F, (3.19)

where F; is the depoosits of the investment fund in the investment banks. The budget constraint is

F+ (1 +ri §A> A = (1 . TD> Dy + A+ (1 n rf) F 4, (3.20)

where D; is the aggregate profits of all firms in the economy taxed at the rate T”. The mutual fund is
assumed to operate under a no-retained earnings rule. This, together with the balance sheet constraint,
imply that in equilibrium, the real return paid to households is determined by

a_(1-79)D

t
ry = —At_l + Tf —Ca. (3.21)

3.5 Investment Banks

The second type of financial intermediary in the home country is investment banks. This is modeled in a way
similar to Gertler and Karadi (2011) and Gertler and Karadi (2013). A continuum of financial intermediaries
is indexed by n € [0, 1]. The banks collect the investment fund’s transfer F;. With these funds available, the

investment banks invest in government bonds BMF with price g; that pay a nominal return (1 + i?), capital

KMF

claims issued by the intermediate goods firms P:K};"

with price Q.
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The balance sheet constraint and the budget constraint of each investment bank is

QiKyt" + q:Byi" = Fai" + Npg* (322)
QKM+ qiBAfF + (147 ) B+ anNea = (1+78) QuakE + (14 ) qaBYE + BF. (329)

where ¢y is a cost per unit of net worth, which can be thought of as a managerial cost. The combination of

the previous two equations gives the evolution of the investment bank’s net worth

Nt = [(1 +rf<) — (1 +rf)} Qi1 KME, + [(1 +rtB) - (1 +rf)] gi_1BMF. 4+ (1 i gN) NME | (3.24)

In each period, a fraction of banks #MF continues to operate, while the remaining fraction 1 — §MF exits the

market. The banking sector is characterized by a moral hazard problem. In each period a bank can divert

MF

.t » and a fraction Ap of the government bonds, thqut“T . All the

MF
nt 7/

a fraction Ag of the equity holdings, Q;K
agents involved can force the banker into bankruptcy and recover the rest of the assets (1 — Ax) Q:K}", and
(1 — Ag) gP BMF respectively, but it is too costly for them to recover the diverted assets. A banker will avoid
diverting assets when the value of financial intermediation Vf is greater or equal to the value obtained

from diverting assets. Putting all the previous together, we can express the bank’s problem as follows:

1
MF MF\ _ _ gMF MF MFy;MF MF
Vit (N”t ) B K%F,r[rslﬁg(,P%F { 1+74 [(1 6 > Nuts1 T07 Vi (N”H'l)] } (325

subject to equations (3.22) and (3.23), and the incentive constraint

Vit (N%F ) > A QKM 4 Apq:BME. (3.26)

Proposition 10: The private bank’s value function is linear in net worth and satisfies

VA (NMF) = ZMENMF (3.27)
Ak 1+rf, —¢n
yMF — t 1 — oMF L gpMESMED (3 2g)
1 t+1
Ak = gy (L= OMF - OMPEE) (ry —riy) 147 ( )

Proof: See Appendix A.10. B
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The optimality conditions corresponding to the bank’s problem can be combined into a single equation

A A
1+rp, = )\_Ili <1 + 7’{<+1> + (1 - i) <1 + er) - (3.29)

Equation (3.30) says that the real return on government bonds in equilibrium will be a weighted average of
the real return paid on equity and the real return paid on savings. The weighting scheme is determined
by the ratio of the divertible fraction of government debt held by banks to the divertible fraction of equity
held by banks Q—i < 1. Thus, the bank will accumulate government debt until the marginal benefit from the
real return on this debt equals the marginal cost of investing in public debt. This cost is partly given by the
financing cost from attracting savings and partly by the opportunity cost from not investing these savings in

capital. The aggregate incentive constraint determines the amount of capital claims held by the banks

1
MF _ MF A\;MFE MF

Finally, we can aggregate the individual net worth over n and take into account the survival rate 6MF
and the fact that new banks, when entering the market, get a transfer w™¥ (Q;_1KMF + g,_1BM?) which is a

fraction of the total assets held by banks in the previous period. Then, the total net worth is

NMFE— oME L (1) = (1 o) | Qb+ [(14 ) = (1) [ g aBME + (144 — o) NME)

M (QuaK + 1)

(3.31)
The profits of the investment banks are given by
1 — @MF wMF
DMF = — i NMF - S (Qt_thAfIi n qt_le‘fl{> . (3.32)

The above expression is just the total net worth of existing banks minus the funds given to new banks. Part
of the profits of the financial sector is taxed at a rate 2. The remaining part is given to the investment fund,
which owns the banks. The interest rate paid on deposits by the banks to the investment fund is determined

by imposing a zero profit condition® on the banking sector as a whole.

8This condition was chosen since under this assumption the fiscal multipliers outside the ZLB under a Taylor rule take reason-

able values. Otherwise the multipliers outside the ZLB can take substantial values.
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The zero-profit condition leads to
wMF

1
1+ rtF = _Ft—l {(1 + 75) Qt—thAﬁ + <1 + ftB> qt—1BtAﬁ — NN — 1_ gMF <Qt—1K£\£Ii + %—13,{\@;)]
(3.33)

3.6 Final Goods Producers

Firms in the final good sector produce the final good Y; using as inputs a continuum of intermediate goods
Y] with j € [0,1]. Final good producers operate under perfect competition. They take as given the prices of

inputs and choose optimally the quantities of intermediate goods to maximize profits
1.
max DF = DY, — / PlY/dj (3.34)
Y] 0

subject to

ep
1, 2t &1
/O ()" dj] , (3.35)

where Pg is the price of intermediate good j. The solution to the above problem is standard and gives the

Y =

demand for intermediate good j

N

) p]

Y] = (ﬁ) Y. (3.36)
t

3.7 Intermediate Goods Producers

A continuum of firms in the intermediate goods sector is indexed by j € [0,1]. Each firm j has access to the
same CRS production technology, which combines labor L}, capital Kﬁ_l, and total factor productivity Z; to
produce output Y?:

: : o N 1—a
Y =7, (K;_l) ( 1) (3.37)
Intermediate goods producers hire capital and labor in perfectly competitive markets in a way that minimizes

the cost of production

min €] = wil] + (1+75) QK] — (Q =) K., (3.38)
Kt—l’Lt
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The cost minimization is subject to the production function (3.37). The optimality conditions are

« 1 Y’ B
m =G 1( ) 1 (3.39)

Y]
w = (1 — zx)L—;MCt (3.40)
t

o 11—«
MCt:(%) (ﬁf“) : (3.41)

In the previous equations MC; is the real marginal cost of production. Total cost is then

¢l = (147F) Qiakl 4 = (Qi = ) K|y +wiL] = MCY]. (3.42)

Intermediate goods producers also pick the price of their products subject to the demand for intermediate
inputs from the side of the final good producers as given in (3.36). However, every time they adjust their
prices they have to undertake a price adjustment cost a la Rotemberg (1982), which is denoted here as

EP (Pt] p Pt 111, Yt). This cost is proportional to the final good. The optimal pricing problem is

Py P\ 7 G it Vitr1 (Ppt)
1 (P 1) = £ _ i o T 1) v 3.43
Vit (Pit-a) = max (7 ve) (5) -5 Rtl t+1+nﬂ G8)

In the previous equation, Il = 1 is the steady state gross inflation rate. Also, { measures how strong the
backward-looking behavior of the firms is when setting prices in an equivalent Calvo price-setting setup.
In equilibrium, P/ = P, so the optimality condition for the optimal pricing problem gives rise to a New

Keynesian Phillips Curve augmented with a backward-looking inflation term

1

1—
( sp) + epMCt + 1 + }’t+1

B Y, B
&, <Ht+1 — 1T C) HM;—T —¢, <Ht — 11,11 €> ;. (3.44)

In the special case ¢, = 0 prices are flexible and real marginal cost is MC; = 8’78;1. The dividend paid by

each intermediate good producer is

P =Y 2 \Piy

1—MC; — C”( P — T T €) ] (3.45)

Part of the dividends is taxed by the government at rate . The remaining part is given to the investment

fund which owns the firms.
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3.8 Capital Producers

A representative firm buys the capital stock at the end of any period ¢, builds new capital to replenish the
depreciated capital, and then sells the total amount of capital to the intermediate goods producers for a price
Q¢. New capital is built in each period ¢t by undertaking investment I,;; subject to increasing and convex

investment adjustment costs denoted as Z! (I, I;_1). The objective of the capital-producing firm is

I ns + 1
max -1hs—% | +————-1 Ins +1 3.46
bt 5=} (ll—ll 1 +rf+k) [(QS ) o2 (Insl +1 ) ( " ) ( :
where new and total investment satisfy the law of motions
Iyt = It — 6Ky (3.47)
Iy =K — (1= 0)Ky_1. (3.48)

The optimality condition is

1 Lutya + 1 ) (Ian)z
+ —1) (2= ) =1+
Q 1+Tt+1gl( It + 1 It 41

2
g (M_l) M+Q(M_1) ,
L1 +1 Ippq +1 2 \Ippa1+1
(3.49)

Part of the dividends of the capital producing-firm is taxed by the government at rate T°. The remaining

part is given to the investment fund which owns the firms.

3.9 Monetary Authority

The central bank is conducting monetary policy by changing the nominal interest rate on reserves iM and

purchasing government debt q;BE. The central bank budget constraint in real terms is

:BB + (1+ 1) My_y + TCE = (1 n rtB) g:-1B<B + M, (3.50)

where TC8 is the real lump-sum transfer between the monetary and fiscal authorities. Taylor-type rules

describe the behavior of the central bank. The nominal rate on reserves is given by

(1=p)¢nn (1=p)¢y
1+iM = max {(1 +r) (1 + i?ﬂ)p (%) <¥) / 1} : (3.51)
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In equation (3.51), r is the steady state real interest rate, and p is a parameter that measures the inertia in the

Taylor rule. The central bank’s real asset purchases are given by

1—pp op /T1,\ ~ =)y /vy N\ —(1—pB)¢y
BtCB:<BCB> (Bffl) (ﬁt) (?*) . (3.52)

Equation (3.52) specifies that the central bank increases the amount of government bonds purchased when
inflation and aggregate income fall lower than their steady-state values since the power coefficients on these

variables are assumed to be negative.

The last rule is about the amount of real reserves. By assumption, the central bank purchases new assets

by issuing an equivalent amount of reserves

M, = ,BSE. (3.53)

Equations (3.52) and (3.53) specify how new assets purchases and reserves will move in any period t. Then,

the transfer of the central bank to the fiscal authority in every period ¢ can be determined by
T8 = (14 7F) g 1B — (14 11) My, (3.54)

3.10 Fiscal Authority

The fiscal authority obtains revenues from household lump-sum taxes, labor income taxes, and taxes on the
dividends paid by all types of firms. It also issues new long-term debt g;B; and receives a transfer from the
monetary authority. These revenues are used to finance an exogenous path of real government expenditures

G; and pay the interest on previous debt. The government budget constraint in real terms is, therefore

Gi + (1 n rtB> qi_1Bi_1 = qiBs + T; + Thw Ly + 0Dy + TEB. (3.55)
where the real interest rate on government bonds is given by

1+9g: 1
148 = —.
T gi—1 1L

(3.56)

The fiscal rule behind the lump-sum tax follows the tradition of Leeper (1991) and specifies the lump-sum
tax as a constant amount plus a varying amount depending on the difference of previous government debt-

to-GDP ratio from its steady state level counterpart
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_1B -1 qB
T =T+ <M——). 3.57
t ¢B Y % ( )

Given the above law of motion for lump-sum taxes, everything on the right-hand side of (3.47) is determined
either exogenously, or by optimality conditions of other agents, or by policy rules. So, new debt issuance is

the variable that adjusts.

3.11 Market Clearing & Equilibrium

There are several market clearing conditions in the model economy reflecting the various markets. They are

all summarized by the following equations:

L = / Lidj = / Ldi (3.58)
Ky = KMF (3.59)
B; = BMF 4 BCB (3.60)

Yy =Ci + /E (ai, a;—1) AT + ENNe_1 + L+ EX (L, 1) + G + EF (T, 1,1, Yy) + EpDy 1 + EaAs 1
(3.61)

The set of equations (3.58) describe the labor market clearing conditions, which say that the total amount of
labor supplied by households and the labor union should be equal to the total demand for labor from the
side of the intermediate goods producers. Equation (3.59) is the market clearing conditions for capital claims
issued by intermediate goods firms. The claims held by financial intermediaries must equal the total amount
of shares issued by the firms. Equation (3.60) is the market clearing condition for government debt. The
amount of bonds supplied by the government must equal the amount of bonds demanded by the private
banks and the central bank. Finally, (3.61) is the goods market clearing condition which says that the total
supply of goods must be equal to the goods demanded for private consumption by the households, the
goods demanded for investment purposes, the goods absorbed by investment adjustment costs, the goods
demanded by the government, the goods absorbed by price adjustment costs, the goods absorbed by portfolio

adjustment costs, and the goods absorbed in the process of financial intermediation and in management costs.

Definition: The monetary competitive equilibrium is given by a sequence of government spending shocks
{utc}:ozo, policy sequences for the fiscal and monetary authorities: {Bt, Ti, ifVI, M;, BtCB, TtCB }:10, value func-

tions for households {V;;};-, with policies {ci, lit, ait, dit };-, value functions for the labor union {V}*};*

(o]

with labor choices {L;},-,, value functions for intermediate goods producers {Vt] } with optimal choices
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(K

{wy, K, Py, g4, Qt};o o bank value functions {VMF};O o and {Vj,:};2 ), with bank choices {K%F, B%IF, FMF}t o
and {Mj;, Dy }i2, domestic bank net worth {Nj,};>, and {NMF}” | interest rates {ry, r{, rP, rE, rf}7",

and a joint distribution of assets and shocks I'; (a,d, ) such that in any period t:

.y 00
L]t} o value functions for capital producers {VtK}fo_O, with optimal choices {I, Kt}?o s Prices
t= =

1. Given the prices, the interest rates, and taxes the value function Vj; satisfies the Bellman equation for

household i with policies c;;, aj, dj.
2. The value function V¥ solves the problem of the union and nominal wages are optimally set.
3. Final good firms maximize profits taking as given the prices Ptj , Py.
4. Intermediate goods producers maximize profits taking as given the prices w; and rK.
5. Commercial banks maximize their net worth with the optimal value being V.
6. Investment banks choose optimally their asset holdings in order to maximize net worth VM.
7. The investment fund satisfies its zero profit condition (3.21).
8. The capital producers maximize profits with the optimal value being VX.
9. The monetary authority follows the rules (3.51)-(3.54).
10. The fiscal authority satisfies its budget constraint (3.55) and the fiscal rule (3.56).

11. The aggregate law of motion I is generated by the choices a;, d;; and the matrix Q(.).

12. The market clearing conditions (3.58)-(3.61) are satisfied.

3.12 Fiscal Stimulus with QE: The Effects on Aggregate Consumption and Investment

In general, implementing a fiscal expansion affects real wages, interest rates, and lump-sum taxes. These
changes naturally lead households to change their labor supply, savings, and consumption decisions. The
question arising at this point is how QE measures implemented by central banks affect the previous deci-
sions. To understand these effects better, it is helpful to decompose the aggregate consumption function and
examine the effects of various variables on it. It is well-known from the classical consumer’s problem that
every agent’s consumption will be a function of prices, income, and taxes in equilibrium. Here, asset re-
turns have the role of prices. Hence, since aggregate consumption is just the sum of individual consumption

functions, it will be a function of the same variables, so that
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Ci =G { (1 - TL> wsLs, Ts, P, r;“}szo. (3.62)

Let Z; = (1 — ') wsLs. Then, any change in aggregate consumption can be decomposed into changes in the
variables of the right-hand side of (3.57) as follows

BCt act

E)Ct act A
dC; = Zazs + ZBTS + + ;81’ A (3.63)
S——— S—— -

Labor Income Channel =~ Lump-sum Tax Channel  Liquid Savings Channel Illiquid Savings Channel

-

Any change in fiscal policy will induce changes in the above variables, which will be translated into changes
in aggregate consumption through the labor income channel, the lump-sum tax channel, the liquid savings
channel, and the illiquid savings channel. We can think of the same channels when evaluating the QE
decisions of the central bank. Since, by assumption, the economy is at the ZLB and asset purchases are
countercyclical, the central bank balance sheet will be reduced at the time of the fiscal expansion. This will
trigger an extra change in asset prices which will change the real returns paid on these assets at the time of

the shock. So, the immediate effects of asset purchases will work through the illiquid savings channel.

The previous effects on illiquid savings are only some of the effects caused by asset purchases. The change
on long-term asset returns affect the resources earned by the central bank, changing the transfer made to the
tiscal authority, which in turn affects new debt issuance and the lump-sum taxes imposed on households.
The effects of QE on the profitability of firms and banks will also affect the lump-sum taxes. Moreover,
the effect of QE on inflation will affect the real interest rate and the liquid return after the fiscal expansion.
Then, all the previous effects will also lead to changes in the real wage, the consumption level, and the labor

supplied by households.

On the investment side, QE will affect the real interest rate, which will change the return earned on
capital, the marginal value of investment, as well as the discounting of future adjustment costs, offering

stronger or weaker incentives for capital accumulation to capital goods producers.

3.13 Fiscal Multipliers

In the PHANK model, the fiscal multiplier discussed was the impact multiplier due to the nature of this
linearized model. However, the nonlinear HANK model allows examining the effects of a change in fiscal

policy across different horizons by using the present value multiplier Mt for T periods in the future

Y 07 A%
My = #, (3.64)

AGy
2,‘,‘:0 (1+r)t
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Table 3: Fiscal Multipliers & Consumption Decomposition

Fiscal Multiplier Zero Lower Bound Taylor Rule & No QE
Countercyclical QE  No QE
Output - Y
Mo 1.041 1.068 0.791
My 1.061 1.087 1.778

Consumption - C

M§ 0.187 0.184 0.053
M, 0.207 0.211 0.099

Investment - 1

M| -0.084 -0.062 -0.184
Mi, -0.102 -0.091 0.836
Consumption Channel % of Total Effect on Cy
Labor Income 89.26 90.04 -144.56
Lump-Sum Tax -1.59 -1.84 123.35
Liquid Savings 30.20 23.61 152.77
lliquid Savings -17.87 -11.81 -31.56

where r is the steady state real interest rate. The present value multiplier measures the cumulative change
in aggregate output in present value terms when there is a change in government spending that starts in
period 0 and ends in period T. At t = 0, the present value multiplier coincides with the multiplier on impact.
Of course, a similar formula can also be used to compute the present value multiplier on other variables.
Table 3 provides the present value fiscal multipliers for output, consumption, and investment, as well as the

decomposition of the consumption response in period ¢t = 0.

Government Spending Shock: In the baseline scenario, it is assumed that government spending increases
in period t = 0 by 1% relative to its steady state value, and then this increase declines at a rate pg = 0.9 for
the next 11 quarters. At t = 12, that is, in the 13th quarter, government spending reverts to its steady state
value. The panels of Figure 10 summarize the movements in aggregate variables and the movements in asset

prices and asset returns.
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Figure 10: Aggregate Responses to 1% Government Spending Shock
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Notes: The top left panel shows the responses of various macro variables and asset prices in deviations from their steady state

values, to a 1% expansionary government spending shock at the ZLB.

A deficit-financed increase in government spending by 1% at the ZLB leads to an increase in output by
almost 0.156%, implying a fiscal multiplier on impact equal to My = 1.041. This number is higher than
1, in line with previous studies’ findings that fiscal policy is more effective at the ZLB, although very close
to 1. The increase in aggregate income initially occurs due to the higher aggregate demand implied by
higher government spending. Firms respond by increasing labor demand in order to increase production.
However, higher government spending is only one of the drivers of the increase in total output. Aggregate
consumption also increases.

Specifically, aggregate consumption increases by around 0.061% on impact, resulting in a consumption
fiscal multiplier of M§ = 0.187. One reason behind this movement is that lump-sum taxes react weakly to
the increase in government debt. This creates expectations for the permanent income type of households that
the present discounted value of their lifetime wealth is higher, which in turn offers an incentive for higher
consumption. However, given the economy’s production possibilities, prices and interest rates change, giving
rise to different channels that affect consumption. The two channels are related to the movements in the real

returns earned by households.

53



Figure 11: Fiscal Responses to 1% Government Spending Shock
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Notes: The left panel shows the responses of various fiscal variables in deviations from their steady state values, to a 1% expan-

sionary government spending shock at the ZLB.

First is the liquid return channel. Due to higher aggregate demand, inflation initially increases, so the
real interest rate and the real liquid return earned on bank deposits fall. The substitution effect dominates on
the aggregate level in this case since the decrease in the liquid return leads to an increase in aggregate con-
sumption at t = 0. This effect is responsible for around 30.20% of the total effect in aggregate consumption,
which is a considerable share. Over time the liquid return rises as inflation falls, and the consumption effect

becomes negative as shown in Figure 13, implying that the substitution effect still dominates in this case.

The other channel is the illiquid return channel. The illiquid return depends on the aggregate profits in
the economy and the return earned from deposits in the investment bank. The aggregate profits initially fall
in response to the government spending shock since the marginal cost of the intermediate goods producers
increases, and the aggregate profits are heavily impacted by the profits of the intermediate goods producers.
The return on the investment bank deposits falls initially because of the lower rental rate on capital which
falls because of the lower price on capital. As a result, the illiquid return is initially lower. The initial decrease
in the illiquid return pushes aggregate consumption lower at t = 0 as implied by Figure 13, implying that
the income effect dominates in this case. The illiquid savings channel accounts for -17.87% of the total effect

in aggregate consumption at t = 0, which is a considerable share.

Aggregate consumption increases after the shock in government spending also because of constrained
households with MPCs who increase their consumption after the rise in the real labor income. The real labor

income effect is the most significant since it accounts for 89.26% of the total effect on aggregate consumption.
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On the other hand, investment falls on impact by around 0.059%, resulting in a fiscal multiplier for
investment equal to M} = —0.084. The higher inflation rate at the time of the shock and the lower real
interest rate imply higher future adjustment costs for capital producers, which discourage new investment.
Due to adjustment costs, investment moves gradually. The negative effect on investment is maximized at
t = 3 where investment decreases by 0.112%. After this quarter, investment decreases at a lower rate, and

gradually increases. The effect becomes positive before investment returns to its steady state value.

As for savings, as shown in Figure 10, both liquid savings and illiquid savings initially decrease because
of the lower returns earned on both types of savings. Initially inflation lowers the real liquid return and
lower profits lower the real illiquid return. Illiquid savings increase over time as the illiquid rate rises over

time due to the higher rate paid by the investment bank and the profits reverting to steady state.

Figure 11 contains the movements of the fiscal variables. The left panel shows that lump-sum taxes
increase, but the responce to the fiscal changes is weak since by assumption ¢p = 0.001. The amount of
government bonds issued increases due to the higher spending. The price of the bonds follows a path that
depends negatively on the expected capital rental rates and investment bank interest rates from equation
(3.29). These two returns increase after the shock at t = 1, and the bond price at t = 0 falls. As these returns
fall over time, the price of the bonds increases and reverts to its steady state value. The value of the debt
follows the path of the bond price: it initially falls and then increases but does not explode due to the low
interest payments. The right panel of Figure 11 depicts the present value fiscal multiplier for the 12 periods

the shock lasts. We see that the fiscal multiplier takes its maximum value at t = 12.

3.14 The Role of Quantitative Easing

The central question of this paper is about explaining the channels through which quantitative easing affects
the fiscal multiplier and how strong these effects are. To answer these questions, the same fiscal experiment as
in the previous subsection is considered, but now the central bank does not adopt unconventional monetary
measures, so Y7 = Py = 0. To understand how QE affects inflation in a regime where fiscal policy is active

and monetary policy is passive consider the present value government budget constraint.

o [iliz1 1

(1+7q:) B _
Ht 1_2 H

B
=0 \ik=1 L7l

<7;+] + TLZUt+th+j + TDDt+j + TEE] — Gt+]'> (365)

Equation (3.65) is an asset pricing equation, as noted in Cochrane (2022), stating that legacy debt is a claim
to the present value of future primary surpluses. Any change in future surpluses will make inflation and the
price of the bonds at time t adjust so that the equality in (3.65) holds. The central bank’s actions mainly affect

the paths of asset prices and asset returns. These effects, in turn, determine the movements of inflation.
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Figure 12: Inflation Determinants Responses to 1% Government Spending Shock with and without QE
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Notes: The left panel shows the response of the government bond price under the scenario of QE and no QE. The middle panel

shows the responses of government bond yields, while the right panel shows the responses of inflation.

When countercyclical QE is implemented, future returns on government bonds are expected to be higher
over time, so inflation increases. The logic is that higher interest rates in the future create wealth effects for
bond holders that lead to higher aggregate demand and inflation since fiscal policy is not running surpluses

that would force households to save and bring aggregate demand lower. Figure 12 confirms the previous.

Government Spending Shock: We now consider a 12-quarter shock to government purchases as in the
previous subsection. As expected, since there is no countercyclical QE, the fiscal multiplier on impact is
higher and equal to M = 1.068, being higher than the impact multiplier with QE by 2.59%. The present
value multipliers remain higher over the 12 quarters. In the last period, the present value multiplier is
M1, = 1.087, which is almost 2.45% higher than the case with unconventional monetary policy.

Figure 13 shows that QE works through various channels affecting the households. The liquid savings
channel without QE is in general weaker than the case of QE, possibly due to lower inflation without QE
which makes the real liquid return slightly higher and triggers the substitution effects. The real labor income
channel follows a path very similar to the case of QE. The real illiquid return is higher since at t = 0 the rental
rate on capital is higher without QE, due to higher marginal costs, which increases the rate that investment
banks pay to the investment fund, and the rate that the investment fund pays to households.

The effect of QE on investment results from the lower inflation without countercyclical QE which results
in higher real interest rates. The higher real rates imply heavier discounting on future adjustment costs from
the side of the capital producers. This provides incentives for higher capital accumulation. The investment
multiplier on impact is M} = —0.062, and the present value multiplier is M1, = —0.091, which are both

lower in absolute value than the case with QE.
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Figure 13: Consumption Decomposition to 1% Government Spending Shock with and without QE
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(right panels) to a 1% expansionary government spending shock at the ZLB.

The effects of QE on inequality are shown in Figure 14, where the mean log deviation of liquid asset
holdings, illiquid asset holdings, household wealth, and consumption, is plotted under the scenario of coun-
tercyclical QE and the alternative scenario of no QE. The fiscal shock reduces consumption inequality initially
and wealth inequality over time. With countercyclical QE consumption inequality is lower than the no QE
case over time, but higher in the first six quarters. This is mainly due to the lower realized illiquid return
which is the result of lower profits with countercyclical QE over time, but higher profits initially. This leads
the richer households to reduce their consumption over time. On the other hand, the wealth inequality mea-
sures rise over time. With countercyclical QE, inflation is higher initially, as suggested by Figure 12, which
disincentivizes the poorer households to hold the liquid asset, relative to the no QE case. Moreover, the
poorer households cannot afford the transaction cost associated with the illiquid asset. So, when QE is coun-
tercyclical, and labor income is lower, poorer households accumulate less illiquid assets, increasing illiquid
asset inequality. In addition, countercyclical QE increases expected returns, incentivizing richer households
to increase their illiquid asset holdings. Total wealth inequality follows the path of illiquid asset inequality
because the illiquid asset has the biggest share in total wealth.
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Figure 14: Inequality Responses to 1% Government Spending Shock with and without QE
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Notes: The above panels show the evolution of the variance of the log-deviation of household liquid asset holdings, illiquid asset

holdings, total wealth, consumption, after an expansionary 1% shock in government consumption.

3.15 Away from the Zero Lower Bound: Taylor Rule

Now I examine the size of the fiscal multipliers outside the ZLB where the monetary authority follows a
Taylor rule such as the one given in equation (3.51). The values assigned to policy parameters are ¢ = 1.5,
¢y = 0 for the nominal interest rate, Y7 = 0 and 1y = 0 since QE is not usually used outside of the ZLB,

and ¢8 = 0.2 for the lump-sum tax.

Government Spending Shock: Figure 15 summarizes the IRFs of aggregate variables after a positive shock
in government spending. Now the countercyclical response of the nominal interest rate following the fiscal
expansion leads to a significantly lower increase in output. The multiplier on impact is equal to My = 0.791,
and the present value multiplier is equal to Mj, = 1.778.

After the fiscal expansion, the real interest rate increases, leading to slightly higher consumption but
lower liquid savings. Also, the strong reaction of lump-sum taxes creates expectations in the permanent
income type of households that the present discounted value of their lifetime wealth is lower this time so the

consumption response is not strong. On top of that, labor income falls making the consumption response
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Figure 15: Aggregate Responses to 1% Government Spending Shock under a Taylor Rule
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Notes: The top left panel shows the responses of various aggregate variables in deviations from their steady state values, to a 1%

expansionary government spending shock outside of the ZLB, under a Taylor rule.

weaker. As the real marginal cost declines, the firms of intermediate goods producers initially increase. On
the other hand, investment initially falls as aggregate demand is weaker and there is less demand for capital.
This drives lower the price of capital and the realized return on capital. So initially, the investment banks
experience a decrease in their net worth and invest less in capital. In addition, the price of government bonds
initially falls as more debt is issued, and the realized return on government bonds at t = 0 falls significantly,
driving lower the return that the investment banks pay to the investment fund. As the returns overshoot in

the next periods, the illiquid savings also increase.

On the fiscal side, the amount of government bonds issued increases, and the price of the bonds falls
symmetrically, but at a slightly higher rate, so the value of the debt falls slowly. On the other hand, lump-
sum taxes react strongly to the increase in government debt and preclude an explosive debt path. The
increased profits of the firm also bring in more revenues for the government. The fiscal multipliers increase
over time, as seen in the right panel of Figure 16, due to the increase in investment which leads to higher

output over time.
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Figure 16: Fiscal Responses to 1% Government Spending Shock under a Taylor Rule
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Notes: The left panel shows the responses of various fiscal variables in deviations from their steady state values, to a 1% expan-

sionary government spending shock outside of the ZLB and under a Taylor rule.
4 Concluding Remarks

In this paper, I focused on the effects of quantitative easing policies on the fiscal multiplier and inequality.
Both the models discussed showed that fiscal policy becomes more effective when quantitative easing policies
are accommodative. The government spending multipliers computed at the zero lower bound exceeded 1
in both models, whereas outside of the zero lower bound, both models predict low fiscal multipliers lower
than 1. In addition, countercyclical QE tends to increase wealth inequality since it reduces the positive effects
of fiscal expansion, and poorer households receive lower labor income and accumulate less assets, driving
wealth inequality higher. Nevertheless, countercyclical QE tends to decrease consumption inequality over

time since it leads to lower profits over time and makes which makes richer households consume less.
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A Algebraic Derivations

In this appendix I present the algebraic manipulations behind some of the equations that appear in the two

models in the main text.

A1 Three-Agent Model: Proof of Proposition 1

Proposition 1: The dynamic IS curve has the following form

91 = Beffisr — Tg (Begia — &) — Ec (i — Bmmya —pc ) — 8y (Bosa — 1) (A1)

Proof: First I derive the aggregate equilibrium conditions of the Three-Agent Model presented in the main

text. I start from the demand side. From the labor supply optimality conditions for each group we have that

VLL;;t = C;t”wt (AZ)
LY = C%w; (A.3)
Ly, = G “w. (A4)

In the main text I have assumed that the transfers T, and T; received by the parents and the hand-to-
mouth households respectively are set in such a way that C, = C. = C;, = C at the steady state. Then,
equations (A.2), (A.3) and (A.4) imply that L, = L, = L;, = L. The consumption and labor supply equality
across households at the steady state is needed in order to be able to express the real wage as a function of
aggregate consumption and aggregate labor, which then allows to express the consumption of the hand-to-
mouth as a function of aggregate consumption and aggregate income. This in turn allows to derive the IS
curve presented in the main text. Specifically, I first log-linearize the definitions of aggregate consumption

and aggregate labor taking into account the previous simplifications:

Cr = WPCPt + UCCCf + thht = Cé = Wpcpépt + Ucccéct + thhéhf = (= Wpépt + NcCet + Nl (A.5)

Ly = 77pr1‘ + Wcht + ﬂtht = Lit = Wpript + WchlAct + ﬂthiht = it = Upipt + 77clAct + Whiht/ (A.6)

where in the previous equation any variable £; denotes percentage deviations of X; from its steady state
value X. Next, by log-linearizing around the steady state, and then multiplying both sides of equations

(A.2), (A.3) and (A.4) with the size of the corresponding households and adding by parts we get:
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08 + vy = o + 1pvipe + nc0Cer + nevice + oy + pvine = 1y + ey e =@ (A7)
The log-linearized production function is:
9 = 1. (A.8)
The log-lizearized equilibrium conditions for the hand-to-mouth consumers are
R wL / A
Cht = & ( T lht) (A9)
vl = —0éy; + Wy (A.10)

If we combine equations (A.7), (A.9) and (A.10) we can derive the consumption function of the hand-to-

mouth as
wL
éht = —ZUL (Uét + Vﬁt) . (All)
Vo

Turn now to the market clearing condition in the goods market:

gr=(1-g)C+g8 (A.12)
Consider next the log-linearized budget constraint and the labor supply condition for the long-term savers
. wL /. . DIG by /. &
e =7 (e In) + i = (0 + by (A1)

~

l/lpt = —U'@pt + Z,Dt. (A14)
The log-linear expression for the profits of intermediate goods producers is the following

A Y | wL .
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The market clearing condition in the market for government debt is

qb = 1pqebpt + qibp + qibr® = 0 = (qpb,, +by + bCB) Gt + 1pbpbpt + byby + bPHEP =

bpr = — qub + by + b€ )qt+bbébt+bCBz§EB}. (A.16)

17b

In equation (A.16) any variable with a hat refers to the log-deviation of the corresponding real bonds from
their steady state value. The log-linearized leverage constraint of private banks and the log-linearized QE

equilibrium condition are:

Gi+ by =0 (A17)
qe+bgP = 1y (A.18)

If we now combine equations (A.16), (A.17) and (A.18) we can solve for Ept as

pCB
pt = _qt — U—mf (A19)
P

SH

Then, equations (A.12)-(A.16) and (A.19) imply that the consumption function of the long-term savers is

e () L 1w (1 1) s g
Cpt = yt_l—

T 7 (A.20)

1
1.
+ %T 77pP C1 + 5 g WL
From the Euler equation for parents we have that

E; <1t — TTp41 — Pp) =0 (Etlpr1 — Ept) (A.21)

where the difference between consumption in periods t and f + 1 can be derived from equation (A.20). Next,
the loglinearized Euler equations for short-term savers and long-term savers, weighted by their respective

sizes are

NeCet = NecEtlori1 — % <lfw — Bt — Pc) (A.22)

MpCpt = NpEtCpri1 — %f)lEt (itB — TTp41 — Pp> : (A.23)
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where iM = iP by the private bank’s optimality condition. Next, we can add by parts equations (A.22) and

(A.23) and get

A A A . R . A5
NeCet +1pCpt = NeclEtleri1 — % (ﬁw — Ertiq — ,0c> + 1pEilpri1 — %J]Et <ltB = U1 Pp) (:>)

R R R \ . ] . (A11), (A.12), (A.20), (A.21)
Ct — Ml = EtCrq — MplEeChpq — % (lfw — i1 — pc) - ?p]Et (lf — 41 — Pp) -
91 = Eqfer — Tg (Bigia — &) — B (i = Bmmiya — pp ) = p (Barite sy — ). (A1)
with
I wl o
L_ﬂh(vﬂLl)%L 0g v Cig
o= e 1o Ty
1, ) [L +V] e () +E 1w )
I-¢ hrosl” [T Ty 1+gul
o e 1
—C =
T (2l [L —|—1/] e () s e ()
1—g 17h V‘HT%L 1_g 17}7 1+¢ wL
= qBc” 1
TUPCOATE) 4, e 12+ - L (i) e [o(irvn))
T—g ~ el | T Ty 17 2eL

As regards the New Keynesian Phillips Curve given by equation (2.43) this is derived in the usual way by

log-linearizing equation (2.20) around the steady state.
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A.2 Three-Agent Model: Proof of Proposition 2

Proposition 2: If government spending is the only state variable, then the fiscal multiplier on impact is given by the
following expression:

Te (1—-p6) + [Ec (11— pc) + Eptpr1 (1 — p6)] ; U_g
Mo =+ “_ﬁwﬂl g - (A.24)
§(1-pg) (14 Eppy) + Ecgy + [Ee (911 — pc) + Eprr (1 - pc)] 1— Booc (1 —g —H/)

Proof: First we guess that the solutions for §; and 71; in equations (2.42) and (2.43) will have a linear form

9t = AySt (A.25)
T = Angt- (A26)

The coefficients A, and A, can be determined by combining equations (2.42)-(2.46) with (A.25) and (A.26)

K og
1—Bpoc)1—g
(1—pc) (14 Eppy) + Bty + [Ec (o1 — pc) + Zpypr1 (1 — pg) ] - ( Ug + V)

1—pBpoc \1—
K o g
A — tv)a, - 98|
" 1—5%%[(1—g ) y 1—g]

%dY| aYy G
However, since the model is log-linearized around the steady state, A, = ; o GO = %70 is the elasticity of
0d (s 0 Yo
output with respect to government spending. The fiscal multiplier on impact is the corresponding derivative
Y,

G- 50 we need to adjust for the term % Since by assumption the economy starts from the steady state, so

that Yo = Y and Gg = G, dividing A, by ¢ = % gives the expression in (2.48) in the main text.

Te (1-pg)+ [Ec (P — pc) + Eptprr (1 - pg)] (
Ay =

_dYy Ay
Mo—d—(}O—?
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A.3 Three-Agent Model: Proof of Proposition 3

Proposition 3: If government spending and real reserves are the state variables, then the fiscal and quantitative easing
multipliers satisfy

— K (%
1 rg(l_pG)'F\-'i‘c((PH_pG) (1—,3,0G)1—gg
M§=§ . P - (A.27)
1—pc+&c¢y+ﬁdc(§bn_pG)1_‘BPPG (1_g+v)
E,(1-—
my =1L p (1= 0m) . (A.28)

K 0-
m1—pM+Ec¢y+5c(¢H_PM)1—ﬁppM (1—8+V)

Proof: First we guess that the solutions for #; and 71; in equations (2.42) and (2.43) will have a linear form

0t = Ay g+ Ayl (A.29)
= ASg + AMi,. (A.30)

The coefficients AyG , Aé\/f, Ag and AM can be determined by combining equations (2.42), (2.43), (2.44), (2.46),
(2.48) with (A.29) and (A.30)

_ K oy
I (1= pg) + Ec (¢r1 — pc)
AG — ’ (1-Bppc)1-g
1 oo+ By + Ee (fr1 - pe) — Ay
oG + Ecpy + Ec (P11 — PG 1_IBPPG 1—g
ol )5
T 1-PBppc [\1-¢g Yo1-g
AM _ Ep (1 —pm)
1 ow By + Ee (b1 — pt) — T tv
PM + EcPy + Ec (P11 — Pm T Byom \1_g




Then, the fiscal and the quantitative easing multipliers are given by taking the partial elasticities of output

with respect to government spending and real reserves and adjusting by their initial steady state values
relative to steady state output
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A.4 Three-Agent Model: Proof of Proposition 4

Proposition 4: If government spending is the only state variable, the fiscal multiplier at the zero lower bound is given

by the following expression

- - K o8
I, (1-96)+|= 1-06)—90&,
_/\/lOZLB:l ¢ (1=0) + [Epyri (1-9) }(1_5,,5)1—57 | (A31)
8(1_5) (1+EP¢Y) + [Epwn (1-9) _‘SEC] 1_Kﬁp5 (1i'g+v)

Proof: Solve the system of equations (2.42), (2.43), (2.45), (2.46) and (2.55) for 0 < t < T by imposing that
9r = 978, mp = n?tB, g = §71B iy = m?tB,iM =0, p, = p%LB, and by using the transition probabilities in

(2.54) when computing expectations. This gives the following solution for output and inflation

1

§7LB = AfLB §ZLB 4 ByZLB (A.32)
ZLB K o ~ZLB 08 4ZLB
_ _ Y5 A.
n 1_5ﬁp[(1_g+v)y 2, (A.33)

are defined as

where the coefficients AyZLB and ByZLB

= — K g
o Te(1—0)+ [Epppr (1 —0) — 05| = ff’é) 1 _5
(1-6) (1+Ep¢y) + [Epypr1 (1 — 6) — 65| T (1_g +1/)
__pZLB
ByZLB _ S (113?—EB> _ ~ .
(1=0) (1+Zp¢y) + [Epyrr (1 —8) — 6] T <1_g+1/>
where in the above definitions I have used the fact that p?'8 = 1;?52; B. The multiplier on impact is given by
MELB dYOZLB _ AyZLB
dGZLB q
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A.5 Three-Agent Model: Proof of Proposition 5

Proposition 5: If government spending and real reserves are the state variables, then the fiscal and quantitative easing

multipliers at the zero lower bound satisfy

— K g
18 1—Bpo)1—
MG ZLB . _ ( /5’;) § (A.34)
E,(1-0
MYELE = 1 p(1-9) . (A.35)
S T R S
Tl Bpo \1-g
Proof: The proof is straightforward and follows the logic of the proof in Proposition 2. Guess that
91 = AG PP g + AL APy 4 BIMP (A.36)
= Ay 7P + AN APy + BZEP. (A.37)

Since i™ = 0, and since expectations are computed using & for next-period values, the multipliers will be

similar as in (A.25) and (A.26) with the exceptions that ¢r1 = ¢y = 0, and ¢ is used instead of pp; and pg.

_ K g
Iy (1-9)—06E
g C
aG oz _ 1 (1-Bpo)1-g
y
S, o oo K o
AG,ZLB K K v +V> AG ZLB _ g ]
" 1—Bppc [\1—¢g / 1-g
AM ZLB _ Ep(1-9)
’ 1-6— 08—~ T 4y
1B \1-g
M, ZLB K v M,ZLB
An _1—ﬁp5(1—g+v)Ay



and also

The multipliers are then

ZLB _
B, ™" =

ZLB
Bn

[

__ pZLB
()
— K o
(1=9) _5H61—5P‘5 (1—8+v)
K o
_ BZLB
1—po (1—g+v) Y
AG,ZLB
MG =~
g
M,ZLB
MY Aym
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A.6 Three-Agent Model: Proof of Proposition 6

Proposition 6: Suppose that the government is utilitarian so that social welfare is given by W = 1,U)p + 11.Uc + 17, U,
Let also B¢ be the discount factor of the government. A quadratic approximation of the previous social welfare function

around the steady state gives rise to the social welfare function

UcY . & \ 3 \ 5
L= _LIEO Z BG |0 [ (Wpcfyt +17eC3 + Uhcit) +v (Wpf;zyt + el + Whi%t) +8C87 + gr’”tz] - (A38)

Proof: The model is approximated around a steady state where C, = C, =C, =Cand L, =L =L, =L. I

tirst approximate the utility function of the parents without loss of generality.

1-— 1 1— .
Up ~ UCC épt + — 5 ] UL (lpt + +Vi2t) + UGG (g 2 gA%) + f.Z.P+O (HZHS) =

C, Cl- 14 v G, G1-0,\ .. ;
Uy = UcY | Zé+ 7 pt} uLL<zpt+ l)—|—UGY<Ygt+? 5 gt)+t.z.p+o(||z||):>
v — 6 A
} UL (zpt ”;t) +ucy( 4 2) +tip+0 (||z]°) =

[ . 1—0, 1+v, ) 1-C,
npUp = UcY |1y (1= &) Epr +17p (1 —g) 5 } UurL (Wplpf +p—— 5 lp ) +UgY (ﬂpggt + ngT(?%)
(A.39)

: A .
Uy ~UcY [(1—-g)epr +(1—9)

where in the last line of (A.39) I have dropped the terms that do not affect the problems of the agents. In a
similar way, the utility functions of the other two types are given by

[ R 1—0, 1 + A 1-7,
Nelle = UcY |77 (1 —g) et +17c (1 - 8) Ucfét} —UrL (Wc ct+ e I ) +UcY (chgt 18— gg?)
' (A.40)
[ R 1-0 - C &2
Mnln = UcY |1 (1= 8) Cpe + 17 (1= 8) —5— —5—Cy| = ULL { ds + Wh—lht +UgY
(A.41)

Adding by parts (A.39), (A.40) and (A.41) and using the labor supply optimality condition for each type of
household at the steady state —U; = Ucw, where w = 1 due to the optimal labor subsidy imposed by the

government, we get
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R R R l-¢ R A R
W~ UcY {(1 = 8) (1plpt + ncCet + 1) + ——(1-g) (npczzat + 1o + Wi)]
1 + . 1=C7
— UcY {Wp pt + 1clet + il + —— (Uplpt el + ”hl%t>} +UcY (ggt + ngg‘f) (A42)
The goods market clearing condition is approximated as follows

MpCpt +1cCet + 113 Cht + Gt = Y3 {1 - % (I — 1)2] =

R R . s 1 R R . . > 5 >

1 Cp L=y
5 (WPLi%:t+77cLi§t+77hLi%t) Y zp =

C/ . . 1, 1, 1, G/(. 1, R . R
v \Tplpt & 1cCet + il + SpCor + e Cor + 5G| + 3 | &+ 585 | — Nplpt — Nelet — Nplpe

I »n 1 5 Cp
- iﬁplpt - Eﬁplct 2’7plht = _?”t =

. . . 1 1 . 1 . . 1. A N A
(1-9) (Wpcpt + McCet + Nt + E’?pc;zat + Eﬂccgt + E”hcit) +8 (gt + Egtz) — Nplpt = Nelet — 1nlne

L »n 1 5 1 4 Cp
- Eﬁplpt - Eﬂplct - Eﬁplht = _?”t

(A.43)

If we substitute equation (A.43) into (A.42) we get the social welfare function:

UcY R . A 5
W =2 o (1= g) (npch+nee + michy ) +v (nplly + nel?y +mlf, ) + 28k +&p? (A44)
Then, £ is defined as the discounted sum of expected future values of W
UcY . &

L= —L]EO Z BG |0 [ (Wpc ¢+ 716 + ﬂhcht) +v (Wplpt + 1l + Whlht) +808F + gp”tz] . (A45)
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A.7 Three-Agent Model: Proof of Proposition 7

Proposition 7: At the zero lower bound, the social welfare function takes the following form

T+1
rzip _ _UcY1—(BgI) "

> - Bod [a (1-g) (’7;76% +1c62 + Wh@%) +v (qpf]zg + % + mj%) + 908+ Cpﬂz]

(A.46)

In addition, there exists a unique solution to the government’s problem of choosing optimally ¢**LB to maximize the

social welfare function subject to the constraints imposed by the behavior of the private sector and the central bank.

Proof: Start with the expression in (A.45). Given that the economy remains at the ZLB for T periods and
the probability of remaining at the ZLB for one more period is constant and equal to J, and the fact that as
long as the economy remains at the ZLB all the variables are constant and equal to their ZLB values, the
current and future terms inside the sum are just constants that are multiplied by a different power of ¢ in

each period. As a result, the whole sum is a geometric progression that can be simplified as follows:

UcY1— (Bgd)™™ ) ) R A
rzie _ _Uc (Bcd) |:0' (1-g) (;7,0cf7 + 72 + nhcﬁ> +v (npl% + 7l + Wh%) +808 + 5?”2]

2 1-Bgo
(A.47)
The government chooses ¢*4'® to maximize the above social welfare function subject to
T = Bpdm + kmc = o7 + ki = Bpdm +x (o€ + vi) (A.48)
=090 —-Tg (08 —8) — Zc (=6 — pc) — Ep (0171 — 1h1) (A.49)
s 1 R R
b = 0 (& —npCp — 1nth) (A.50)
c
ﬂm(L—|—1/>—|—X[1—w(L—|—v—|—1)] 1wl 08 CB
n C v 1-g C 1-g n v C 1-g . qB 1 "
‘= L I a8t peToal (A.51)
L
(v+1)=
h = —ZUL (UC + Vy) (A52)
v+ O'T
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-1 A 1, . A
le = e (l — Mty — ’7hlh> e (y — plp = ’7hlh> (A.53)
A 1

l, = - [0¢ +vi) — 06| (A.54)
A 1

I, = s [O'é + vy — Ufh] (A.55)
m = —rm — Pyl (A.56)
7=01-9g)¢+g8. (A.57)

In the above expressions any variable at time ¢ takes its zero lower bound value, but the ZLB superscript is
dropped to save on notation. The way to proceed in the above problem is to combine the constraints and
make every other variable in the objective function (A.47) a function of ¢, so as to have only one optimality
condition. Starting with equations (A.48), (A.49), (A.56) and (A.57) we can solve for 7t and 7 as follows:

= A{Bg 4 BFE (A.58)
= AZBg 1 BZLB (A.59)

where the coefficients are given as

- - K 8
I,(1-9)+ 51[)H(1—5)—5ac
AZLB _ ’ = }(1_@’5)1_5’
vz - _ _ K o
(1_5) (1+‘5P¢Y) + [E‘Plpn (1_5) _5‘50} 1_5]05 (1—8 +V)
o (1-pr
BZLB — “C< pEre >
P =

(1-9) (1 +EP¢Y> + [EPIIJH (1-0) (SEC} 1 _Kﬁp(g (1 ig —H/)

7zl _ K v ZLB U8
An _1—ﬁ5{(1—g+v>Ay 1—g]

BZLB — K 4 RZLB
G e A

Now that we have expressed output and inflation deviations from steady state as functions of government
spending deviations from steady state, we can express all the other variables as functions of ¢ because all
other variables depend on output and inflation. Starting with the consumption of the hand-to-mouth in

(A.52) and using the resource constraint (A.57) and equation (A.58) we have
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ng + H, (A.60)

C
where

wL

(v+1) —
H, C o Ly AZLB _ g
L g y

U+0'w_
C

wL

(v+1) —
H, C < U _J’_V)BZLB
wL 1—g y

e

Next, we can use equations (A.51), (A.56), (A.58) and (A.59) to solve for the consumption deviation from

steady state of the parents as a function of government spending deviation:

¢, = Hag + Hy (A.61)

where

[ wLv+l (o Y |1 _ o i 1wl 08
Ho= | & <1—8 +V> tc [1 w (1—8’ +V+1>} _ gB<P 1 AZLB_ v C1-g qB<P 1 AZLB

T 14 2% 17,,PC1+E%L¢Y y 14zt 17,,PC1+9%¢H "
v v v v

fwLv+l (o Y[ _ (. o ]

H=|2" <1*8 +V> tc [1 w <1*g Tt 1” _gB<P 1 Py | BZLB _ gB<? 1 pr BZLE
- 7T
Iy e ppCir s | B peyeu

Regarding the consumption function of the children we need to combine equations (A.50), (A.57), (A.58),
(A.60) and (A.61). Then, we get:

¢. = Hs$ + Hg (A.62)
where
1 AZLB_g
He= — | Y —ny,Hs — 1, H
5 17C< 1-g Nptiz — Npt1y
1 B;LB
H, = — —n,Hy — 1, H> | .
6 17c<1—g MpHa = 1n 2)



Next, we combine equations (A.55), (A.57), (A.58) and (A.60) and get:

I, = H7¢ + Hs, (A.63)

where

In the same spirit, equations (A.54), (A.57), (A.58) and (A.61) imply that

A~

lp = Hog + Hjo, (A.64)

where

Hog

v zLp 98
(755 o) =i

(g e em)

Finally, using equations (A.53), (A.58), (A.63) and (A.64), we can rewrite the labor supply of the children as

S

A

lc = H1§ + Hip, (A.65)

where

_ 1 ZLB

Hi = (Ay 7pHo 17hH7>
_ 1 ZLB

Hi = (By 7, Hyo qhHg) .

Now that we have expressed all variables in (A.47) as functions of ¢ only, we can take the first order condition

with respect to ¢, using the chain rule of differentiation, and solve for §*4L5:

~

9 98 _o¢ L ol ~ ol ~ ol . o
c(l-g) (npcpa—gf + nccca—gf + nhcha—gfl) +v (17,,1,; ag + nclca—gf + ”hlhT§> + 908+ c;‘pna—g =0, (A.66)
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where all the partial derivatives are taken using equations (A.59) and (A.60)-(A.65). Then, we can show that

H
sxZLB 13 7
= P A.6
& 1114 ( )

where

Hiz = —0 (1 —g) (7cHsHe + 7, H3Hy + 7, HiHp) — v (ycHy Hip + 17, HoHig + 17, HyHg) — &, AZLP BZLE

2
Hiy = 0 (1—8) (9H2 + npHG + muHY) +v (neHy +7pH3 + i H3 ) + 90+ (AZH).
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A.8 Three-Agent Model: Proof of Proposition 8

s*ZLB

Proposition 8: There exists a unique solution to the government’s problem of choosing optimally ¢ and m*?LB to

maximize the social welfare function in (2.60) subject to the constraints imposed by the behavior of the private sector.

Proof: Suppose now that the government chooses optimally both $*4L8 and m*4L8 to maximize

UY 1— (Bcd)™! 22 4 5
LZLB — ¢ (Bcd) [a (1-¢9) (17,,6% + el + nhci> + v (npl% + el + Wh%) +808° + 5?”2] (A.68)

2 1-Bco
subject to
T = Bpdm + kme = B0 + ki = Bpdm +x (o€ + vi) (A.69)
9 =60 —Tg (58 — &) — Be (=07 — pc) — 2 (57 — 1) (A.70)
S N A A
& = 0 (& —npCp — 1nth) (A.71)
c
I <l Ut Bt Ll = By | VIR = PO R A72
= cwL y= cwr8 T PC cwL " (A.72)
1+97% 1+97% Mprel+ 57
v+1) %
Ah = —ZUL (0'@ + V?) (A73)
vV+o—
C
= (F=mply = midi) = = (9= oy — mid) (A.74)
e e

[, = 11/ [o¢ +vj — 0¢,] (A.75)
A 1

n= s [0’5+ v — O'@h] (A.76)
)= (1-g8)¢+g8. (A.77)

In this part I proceed in the same way as in the previous section using the constraints to make all variables
inside the expression given by (A.68) functions of the choice variables ¢ and 7. Specifically, equations (A.69),
(A.70) and (A.77) imply that

J = Ajg+ A}t + B, (A.78)
= A%¢+ A"+ By, (A.79)



where the coefficients are given as

B, = ” 5
g — _ K i §_ Y98
=g ()

Cp=hg+ i+ J3, (A.80)

where

The consumption function of the parents is now given by the combination of equations (A.72) and (A.78)

Cp = Jag + J51it + Jo (A.81)
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where

wLv+l (o Y1 1wl 08
sl (e )+ L1 w(lg+v+1)_Ag lul o2
]4: 1+Q‘CUTL y_1+ngL
v v
Pl (= 0 - U G SR | WV
5= : ]
14 % TompPC1y S
_%%(%g+v)+%_l—w(%+v+l>_
Jo = 1+gw_L By
v C

Then we can use equations (A.71), (A.77), (A.78), (A.80), and (A.81) to solve for the consumption function of

the children as follows

Cc = J78 + Jstit + Jo, (A.82)
where
1 [ Af -
J7 = ” ( 1y_ gg —pls— ’7h]1>
1 [ AY
Js = a (1 _yg —1ps —’7h]2)
1

By
Jo = e (q —1ple — '7h]3> :

Next, we can solve for the labor supply function of the hand-to-mouth consumers by combining equations
(A.76), (A.77), (A.78) and (A.80)

Iy = J10g + Jutt + o, (A.83)
where
J10 =1 -(%-I—V) Af—%— ]1}
vi\1-g 1-g¢
o () 5
e ()




In the same spirit, we can combine equations (A.72), (A.75), (A.77), and (A.81) and express the labor supply

function of the parents as follows

Iy = T138 + Juatit + J15, (A.84)

where

1
his = (%JFV)Ai—lUTg—UM}
ha=1 | (15 +v) Ay -onl

1
]155; (W‘H/)By—“k}

Finally, using equations (A.74), (A.78), (A.83) and (A.84) we can solve for the labor supply function of the
children as follows

I = J16§ + 171 + J1s, (A.85)

where

1
J16 = " — (AY = 11pJ13 — 11J10)

— 1 m
Ji7 = " (Ay —pJ1a — ’7h]11>

1
Jis = " (By — 11pJ15 — tinJ12) -
C

Now that we have expressed all variables inside (A.68) as functions of ¢ and 1 we can again maximize the
social welfare function with respect to those two choice variables. This will result in a linear system of two
optimality conditions in the two unknown optimal choices, which can be solved analytically. The first order

optimality condition with respect to ¢ is

¢y 9, o), ol 7 ol olj, A o7t
o(1-g) (WPCP 98 + 1€ cag + 1l ag) +v (77;) pag ag +77hlh ag) +g§g+§pna—g =0, (A.86)
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After some algebraic manipulations, the previous condition can be written as
g = Jo + oo™ 17, (A.87)

where

o (1=8) (neJ7Jo + npJate + nnJ1)s) + v (1chehis + npJiafis + MnJiof12) + EpASBr
o (1= 8) (3 +npl3 +mI3) +v (1 + 1p T+ mal3) + 8T+ &p (A)

o (1—g) (neJ7)s + nplals + nuj)2) +v (ncfie)i7 + pJisha + nujofin) + CpA Am
o (1 =) (neJ5 +npli +mul3) +v (5 + mplis + 1) + 80 +8p (Ag)

]20:—

In the same spirit, the first order optimality condition with respect to i1 is

¢y o¢ 9¢), ol ol ol o7t
o(l-g) (WPCPaA +77cccaf+17hcha )+v<nppaA+nc aA+;7hlhah> o =0 (A.88)

After some algebraic manipulations, the previous condition can be written as

B = oy 4 [P, (A.89)

where

o (1—g) (nc)s)o +nplsle + nl2Jz) +v (neJi7fis + npJiahis + nJi1)12) + EpAlBy
o (1=8) (neT3 +mpl2 +muJ3) +v (13 + 1pliy + ml%y) + &p (A)?

Jo1 = —

o (1 —g) (ncJ7Js + nplals + nuj1)2) +v (ncfie)iz + pJisfia + nujiofin) + §pAmAg
o (1—g) (g +npl3 +muJ3) +v (neliy +npliy +miJ3y) +8p (Am)?

Joo = —

»xZLB 5xZLB

If we combine equations (A.87) and (A.89) we can solve for the optimal and ¢ as follows

gz _ Jot i) (A.90)
1= JaoJ2

Ak +
g = g + fzom

1—JooJn (A.91)

85



A9 HANK Model: Proof of Proposition 9

Proposition 9: The commercial bank’s value function is linear in net worth and satisfies
Vit (Nps) = Z¢Np; with Zp = 1. (A.92)

Proof: The commercial bank’s problem can be expressed as follows

1
Vit (Nyy) = 1—-6,) N, + 6,V N, A.93
bt (Nbt) amax { T [(1—6p) Npty1+ 65 Vi ( ht+1)]} (A.93)
subject to
Dyt = Myt — Ny (A.94)
Ny = (1+7¢) Mpr—1 — (1 +rP + CD) Dpt-1. (A.95)

Guess that the value function of the bank is linear in net worth

Vit (Npt) = Z N (A.96)

Using the previous guess and the constraints (A.94) and (A.95) we can rewrite equation (A.93) as follows

Vit (Np) = max {

Mbt/ Dbl’

T (1= 0+ 6T) {(re1 =P —&p) My + (14 P +Ep) Nyt } (A.97)

The optimality condition with respect to My, is

1
14111

(1—0p +6yZ411) (rt—H — 7 — 51)) = 0= 141 =10 +Ep. (A.98)

Finally we need to determine the coefficient X; in the bank’s value function. I start from equation (A.93) and
use the guess (A.96) on both sides:

(A.95)
2Ny = T (1—6p+6pZs11) [(Tt+1 —tHhy — §D> My + (1 +roq+ §D> th] e
D (A.98)
2Ny = T+ g (1—0p+ 0pXs11) (1 T 7Tt CD) Ny =
Yp=1—-0,+ 621 — X =1 (A.99)

86



A.10 HANK Model: Proof of Proposition 10

Proposition 10: The investment bank’s value function is linear in net worth and satisfies

v MF (N%F) — S MFNMF (A.100)

M Ak 1+riy —On M M
MF — + ( — pMF 4 gMFy M >.(A.101)

1 3 t+1
AR~ Trry (1= OMF 4+ OMFERY) (rfy —rfia) 147

Proof: The problem of the investment bank can be expressed as follows

g () = s (s (o)t s ort ()]} naon
nt 7 =nt 7 nt

subject to

QKM + q:BaF = FME + NME. (A.103)

NME=[(14+78) = (1 70) | QeakME + [(1478) = (140F) | @ aBME, + (17 — o) NME,

(A.104)
v MF (N%F) > AgQiKMF 4 \pq,BMF. (A.105)
I guess that the value function of the bank is linear in net worth
VMF (N%F) = S MFNMF (A.106)
Using the previous guess we can rewrite equation (A.102) as follows
MF nyMF MF | gMF
= A.107
N max{l_i_rtH( —0"" 46 Zt+1>Nt+l} (A.107)

Let LMF be the Lagrange function for the previous constrained optimization problem. Let also ®; be the

Lagrange multiplier. Then we can express the optimization problem as
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(A.106)
LM = 2ENME + 0y [V%F <N%F> — AkQiKny" — /\BQththIF] —

A.107
LM = (14 0,) ' NMF — 0y [AKQtK,%F + /\Bth%F] (419
LM = (140 1 -~ (1 gMF | gMFyM +1> NMF _ @, [AKQtKi}fF + ApqBME] (A.108)

where NM +1 is just equation (A.104) written one period ahead and FMF is given by equation (A.103). The

optimality conditions with respect to {K%F , BMF } are

1

(1+0) 7 — (1 —gMF 4 eMFzm) ( K=ot +1) @Ak (A.109)
1

(1+00) 7 — (1 — gMF 4 GMFZtH) (rtBH - rfﬂ) = OAp (A.110)

By dividing by parts equations (A.109) and (A.110) we get

1478, = %’i (1 +r{<+1) + <1 - %K) (1 + t+1) (A.111)

Finally we need to determine %;. I start from equation (A.107). Let Ay = 1+1—t+1 (1—6MF 4 oMFE ML) Then

MF\tMF __ MF (A.104)
Zt Ni’lt — At+1Nt+1 —

SMENME — A, { [(1 + rﬁrl) — (1 + rfﬂﬂ QiKMF 1 [(1 - er) — (1 + rfﬂ” q:BMF 4 (1 rF - (:N> NMF} (410911

1 ® 1 S A.105), (A.106
SN = bt |5 g QK ¢ BT + (11 — o) NP | (A

t+1 1+ O At+1 1+ O
NG = O N + b (1 — oMF 4 gMFyM > (1 +rh - §N> NMF —,
1+ @ 1+ (%] t+1 t+1 n
1 A.
EMINGE = (14+01) 1 — (1M 4 0MFSME) (14 4F, — o) N 122
)\K 1 + T’F 1~ éN
s MF _ t+ (1 gMF | gMFy M )
1 t+1
/\K T 1 (1 OME + GMFZH_l) ( 1{<+1 — rf_H) 1+ Tt11
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B HANK Model: Calibration and Computational Method

B.1 Calibration of the HANK Model

The HANK model is calibrated over the period 2008-2021 using quarterly data for the US economy.

Households: The households are split into two categories: those with a high discount factor and those with a
low discount factor. Discount factor heterogeneity is used to hit the following calibration targets: i) the high
discount factor is set equal to B = 0.9903 so that D = 2.401Y, which is the average value of deposits to GDP
according to the Flow of Funds data, and ii) the low discount factor is set equal to B = 0.9592 so as to match
the size of the hand-to-mouth households, which is equal to 8% in the SCF of 2019. The parameter measuring
the relative weight of labor disutility is set equal to y; = 1.579 so as to satisfy the steady state version of the
WNKPC given by (3.9). The pivot adjustment cost parameter is free and is set equal to o = 0.01. The scale
adjustment cost parameter is set equal to y1 = 45.336 so as to match the average value of total financial assets
to GDP for the period 2008-2021 according to the Flow of Funds data without deposits, which is equal to
A = 13.349Y. The curvature adjustment cost parameter is set equal to x» = 1.998 so as to match the fraction
of wealthy hand-to-mouth households which is equal to 14% in the SCF of 2019.° The labor productivity
process ¢; is assumed to follow an AR(1) process with persistence p, = 0.966 and standard deviation of the
shocks equal to 0, = 0.92 as in McKay et al. (2016). The labor productivity process is discretized as a Markov
chain with nine nodes. Finally, the upper bound on the grid for the illiquid savings choice of the households
is set equal to @ = 38.741 so as to match the average wealth share of the top 10% as given by the WID for the
period 2008-2021.1°

Labor Union: The elasticity of substitution between different types of labor is set equal to ¢, = ¢y = 9 and
the wage adjustment cost parameter is set equal to {y, = {, = 1486.77 as in Kyriazis (2022). The steady state

amount of labor is normalized to L = 1.

Investment Bank: The divertible fraction of foreign capital claims is set equal to Ax = 0.345, as in Gertler
and Karadi (2011). Then, the divertible fraction of foreign government bonds is set equal to Ap = 0.0163 so
as to satisfy the steady state version of (3.29), given the set value on the bank rate ' = 0.175%. The steady

sate real interest rate on government bonds used is equal to r® = 0.867%per annum'!

using the average real
return for the period 2008-2021 on 10-year TIPS as provided by the FRED website. The parameter controlling

the magnitude of the transfer received by new banks entering is set to w = 0.001. The bank survival rate and

9The SCF can be found here https:/ /www.federalreserve.gov/econres/scfindex.htm
10gee https:/ /wid.world /data/
The size of rf cannot exceed the quarterly value of r?, otherwise A5 < 0.
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the management cost are jointly determined to satisfy the steady state versions of equations (3.31) and (3.33).
They take the values 6MF = 0.9966, w = 0.0011, and ¢y = 0.0273.

Commercial Bank: The unit cost of intermediation is set equal to {p = 0.

Investment Fund: The unit cost of intermediation is set equal to {4 = rF at the steady state so that the

illiquid return in (3.21) is determined only by the after tax aggregate profits over savings.

Intermediate Goods Producers: Steady state output is normalized to Y = 1, and quarterly steady state
capital is set equal to K = 14.08Y as implied by the Penn World Tables 10.0.'?> The labor share is 1 —a = 0.595,
the average for the period of interest in the same dataset. The capital share is & = 0.405. Since L = 1, then
Z = (K)™" = 0.343. The price indexation parameter { is set equal to 0.2, as in Lee (2020). The elasticity of
substitution between intermediate goods is set equal to ¢, = 9 implying a steady-state mark-up of 12.5%.

The price adjustment cost parameter is set equal to ¢, = 395.65 as in Kyriazis (2022).

Capital Producers: Capital depreciates at rate § = 0.015. Steady state investment becomes I = 0.2112. The

investment adjustment cost parameter is set equal to {; = 4 as in Kyriazis (2022).

Monetary Authority: In the baseline scenario the economy is at the ZLB so ¢r; = ¢y = 0 which then imply
that i = r = 0. Outside of the ZLB, the inertia parameter in the Taylor rule is set equal to p = 0.85. The
government assets held by the central bank at steady state are gB?/4Y = 12.75%, in annual terms. The
central bank transfer is determined at the steady state so that T“® = 0.0011. The asset purchases coefficients
are set equal to 7 = 11.48 and ¢y = 5 as in Kyriazis (2022).

Fiscal Authority: Given that r® = 0.867% per annum, the parameter that controls for the duration of long-
term government bonds is set equal to v* = 0.9771 so as to match an average duration of 10 years / 40
quarters. The tax rate on labor is set equal to T = 0.3, while the tax rates on firms’ dividends is set equal
to TP = 0.35. The ratio of government debt over GDP is set equal to gB/4Y = 71.19% which is the average
value for the federal government debt held by the public during the period 2008-2021. The government
spending-to-GDP ratio G/Y is 14.98% during the same period. The parameter controlling the adjustment
speed of lump-sum taxes to public debt changes is set in the baseline scenario equal to ¢® = 0.001 implying
a weak reaction of taxes to government debt given that the economy is at the ZLB. Finally, the constant part
of the lump-sum tax is determined at the steady state so as to satisfy the government budget constraint and
is equal to T = —0.029.

12Gee Feenstra et al. (2015)
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Table 4: Baseline Calibration of Parameter Values

Parameter Description Value Target/Source
Households
BH Foreign Household High Discount Factor 0.9903 D = 2.401Y
Bt Foreign Household Low Discount Factor 0.9592 HtM Households Size = 8%
o Relative Risk Aversion Coefficient 2 Standard Value
v Inverse Frisch Elasticity 2 Standard Value
UL Relative Weight of Labor Disutility 1.579 Internally Calibrated
X0 Portfolio Adjustment Cost Pivot 0.01 Baseline Scenario
X1 Portfolio Adjustment Cost Scale 45.336 A =13.349Y
X2 Portfolio Adjustment Cost Curvature 1.998 WHtM Households Size = 14%
Pe Autocorrelation of Earnings 0.966 McKay et al. (2016)
Oe St. Dev. of Log-Earnings 0.92 McKay et al. (2016)
a Upper Bound on a-grid 38.741 Top 10% Wealth Share = 71.3%
Labor Union
£w Elasticity of Substitution in Labor 9 Baseline Scenario
Cw Wage Adjustment Cost Magnitude 1486.77 Kyriazis (2022)
Investment Bank
Ak Divertible Fraction - Foreign Capital 0.345 Gertler and Karadi (2011)
AB Divertible Fraction - Foreign Government Debt 0.0163 Gertler and Karadi (2013)
gMF Bank Survival Rate 0.9966 Internally Calibrated
w Entering Banks Transfer Magnitude 0.001 Internally Calibrated
¢N Management cost 0.0273 Internally Calibrated
Intermediate Goods Producers
o Capital Share of Income 0.405 Avg. Value 2008-2021
€p Elasticity of Substitution Interm. Goods 9 Baseline Scenario
¢y Price Adjustment Cost Magnitude 395.65 Kyriazis (2022)
V4 TEP 0.343 Y=1
4 Price Indexation Degree 0.2 Lee (2020)
Capital Producers
1 Capital Depreciation Rate 0.015 Internally Calibrated
¢ Investment Adjustment Cost Magnitude 4 Kyriazis (2022)
Monetary Authority
¢ Inflation Coefficient - Interest Rate Rule 0 Z1LB
¢y Output Coefficient - Interest Rate Rule 0 ZLB
0 Taylor Rule Inertia 0.85 Standard Value
Y Inflation Coefficient - Asset Purchases Rule 11.48 Kyriazis (2022)
Py Output Coefficient - Asset Purchases Rule 5 ?
o8 Asset Purchases Rule Inertia 0.85 Baseline Scenario
qBCB /4y CB-Held Debt over GDP 12.75% Avg. Value 2008-2021
Fiscal Authority
108 Duration Parameter 0.9771 Avg. Duration of 40 Quarters
¢B Debt Coefficient - Tax Rule 0.001 ZLB constraint
Tt Labor Income Tax Rate 30% Standard Value
70 Corporate Income Tax Rate 35% National Accounts
G Government Spending-to-Output Ratio 14.98% Average Value 2008-2021
qB/4Y Debt-to-GDP ratfl 71.19% Avg. Value 2008-2021




B.2 Computational Method

The model is solved using the sequence-space Jacobian methodology introduced by Auclert et al. (2021b).
The logic behind this method is to break the model into different blocks containing the equations describing
the behavior of each agent in the economy. Each block has the role of a function taking some aggregate
sequences as inputs and producing some other aggregate sequnces as outputs.

In every period t, I select [r, wy, Y, I1;, Ny, NtMF , BfVIF , BtCB, K;, KfVIF , rf , {!]. The 12 equations chosen
as targets when solving for the 12 unknown variables are the Fisher equation (3.13), the WNKPC (3.9), the
goods market clearing condition (3.61), the NKPC (3.44), the net worth evolution equation (3.17), the net
worth evolution equation (3.31), the bond market clearing equation (3.60), the Taylor rule for asset purchases
(3.52), the capital market clearing condition (3.59), the bank incentive constraint (3.30), the bank interest rate
equation (3.33), and the equation for the illiquid return (3.21).
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