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1 Introduction

The monetary policy literature contains contrasting points of view about how the central

bank should react to shocks affecting financial markets. On the one hand, there is the view of

Bernanke and Gertler (2001) that an inflation-targeting (IT) framework should not respond

to stock price fluctuations. They argue that stabilizing stock prices may cause harm by dis-

turbing output dynamics. On the other hand, Cecchetti et al. (2000) suggest that a central

bank should “lean against the wind” and achieve greater macroeconomic stabilization by in-

cluding asset prices in its loss function. Both approaches focus on the effects that asset price

fluctuations could have on the supply side of the real economy, mainly through financial-

intermediation channels. However, less attention is paid to the effects that asset prices could

have on the demand side.

One channel through which asset price fluctuations could influence aggregate demand is

by affecting households’ financial wealth, as a drop in stock prices decreases the wealth of

households owning stocks. The empirical literature has shown that this channel is particularly

significant in developed economies.1 Based on textual analysis of the Federal Open Market

Committee’s minutes and transcripts, recent studies find that this channel is of particular in-

terest to the committee.2 In this paper, we study how this channel can be incorporated in

the design of optimal monetary policy for an advanced economy that faces different types

of uncertainty (namely, productivity, demand, and financial shocks). To this end, the model

is calibrated to reproduce the estimated effect in the United States of changes in financial

asset prices on aggregate demand. Also, we study whether, in the presence of this channel,

monetary rules can be implemented to reproduce optimal policy allocations.

Using a non-Ricardian framework, we study whether a monetary authority is able to im-

1While Chodorow-Reich et al. estimates the importance of the wealth effect for the US, Di Maggio et al.
estimates size of this channel for Sweden.

2Cieslak and Vissing-Jorgensen (2021) show that policy makers have a tendency to analyze asset prices, as
they see them as an important driver of households’ financial wealth.
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plement a policy that allows it to achieve optimal social welfare outcomes in an advanced

economy in which the demand side is sensitive to fluctuations in financial wealth. First, we

quantify the reduction of the social welfare loss that results from conducting optimal policy,

under commitment and under discretion, instead of an IT regime implementing a monetary

policy that reproduces the allocations unaffected by nominal rigidities. We conduct this anal-

ysis by considering the existence of different types of shocks that affect financial wealth

fluctuations.

Second, we quantify the welfare loss that arises when the central bank implements its

policy through a monetary rule that tracks the natural rate, adjusts to inflation and output gap

fluctuations, and is augmented to respond to asset prices. We use a rule with these features

to characterize the case of a monetary authority transitioning from an IT regime to a regime

that incorporates the importance of financial wealth stabilization. We illustrate the ability of

this rule to reproduce optimal policies under discretion and under commitment. In the case

of productivity and financial shocks, we find that this rule can reproduce the outcomes from

an optimal policy under commitment. However, in the case of demand shocks, the monetary

rule fails to reproduce the outcomes achieved by the optimal monetary policy.

Drawing on Nisticò (2016), we use a model that introduces the perpetual-youth assump-

tion into the standard New Keynesian model of the business cycle. In this economy, par-

ticipation in financial markets is segmented. A portion of the population remains inactive

in financial markets, relying on their labor income to finance consumption. The remainder

of the population consists of active participants who utilize financial assets to smooth their

intertemporal consumption. However, in every period, active participants face an exogenous

probability of losing their access to financial markets and becoming inactive. Those depart-

ing from active participation are replaced by previously inactive agents with zero financial

wealth. This turnover in access to financial markets results in surviving active participants

becoming heterogeneous in terms of their age and, consequently, in the wealth they have ac-

cumulated.
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While incumbent market participants with accumulated wealth can use it for consump-

tion, new participants are constrained in their consumption, as they do not have financial

wealth. Active participants have access to an insurance contract that enables them to smooth

consumption despite the risk of becoming inactive. Consequently, active participants individ-

ually optimize their consumption as if they were guaranteed to be present in the subsequent

period. Nevertheless, in the future, not all active participants will remain, and newcomers

will enter with zero wealth. Therefore the average level of consumption will be lower that

it would be if all incumbent participants were to stay. As a result, the interaction of agents

with accumulated wealth and those with zero wealth drives a wedge in the aggregate Euler

equation. The turnover of market participants leads to a condition in which financial wealth

becomes relevant to determine aggregate consumption. Notably, this feature allows us to

represent a channel in which fluctuations in asset prices are transmitted to the real economy

through aggregate demand in a small-scale New Keynesian model.

In this setup, Nisticò (2016) analytically derives a second-order approximation of the so-

cial welfare loss function that incorporates the heterogeneity within and across cohorts that

results from differences in accumulated wealth. The result is a welfare loss function that

increases with quadratic deviations of inflation, output, and financial wealth from the steady-

state equilibrium. In this framework, fluctuations in financial wealth increase consumption

dispersion across cohorts, which is undesirable for a benevolent central planner. By modeling

the response to cost-push shocks, Nisticò (2016) shows quantitatively that the welfare loss

declines significantly when a central bank pursues optimal policies that reduce the volatility

in financial wealth.

We extend the results from Nisticò (2016) and incorporate shocks affecting productivity,

households’ marginal utility and shocks affecting fundamental asset prices—that is, supply,

demand and financial shocks, respectively. We compare the welfare loss under an optimal

policy against the level found under an IT that ignores the importance of financial wealth to
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demand fluctuations. When a productivity shock occurs, implementing an optimal policy un-

der both discretion and commitment results in a welfare loss that amounts to approximately

64% and 55% of the level observed under IT, respectively. In the case of a demand shock,

implementing an optimal policy diminishes the welfare loss to nearly 45% under discretion,

and close to 41% under commitment, in comparison to the IT. Lastly, in the event of a finan-

cial shock that impacts the fundamental valuation of asset prices, the welfare loss amounts to

about 65% and 59% of the IT level under discretion and commitment respectively.

Accordingly, we quantity the reduction of the welfare loss when monetary policy is imple-

mented through monetary rules. We consider a simple monetary rule, responding to inflation

and the output gap, and an augmented rule that also incorporates a response to asset prices.

A rationale for introducing asset prices into the rule is that they are an intermediate target for

stabilizing fluctuations in financial wealth. In the model, financial wealth depends on future

asset prices and the dividends paid by the corporate sector. For instance, a sudden increase in

financial wealth can be dampened by a tightening in the policy rate, which reduces asset price

valuations through the discount rate. Also, this rule tracks the fluctuations of the natural rate.

This feature is introduced to illustrate the potential welfare improvements that an advanced

economy that pursues an IT regime can attain by including financial-wealth considerations.

While we find that an augmented rule that responds to fluctuations in asset prices can

reproduce the outcomes of the optimal policy under discretion for financial and productivity

shocks, this rule is less effective when the advanced economy faces demand shocks. Un-

der financial and productivity shocks, the augmented rule allows the monetary authority to

reduce the welfare loss to 65% of the level under an IT regime for both shocks. However,

under demand shocks, the welfare loss is reduced to 86% of the loss observed under an IT

regime. Also, the augmented monetary rule provides even lower welfare benefits as demand

shocks become more persistent. These results suggests that in a non-Ricardian New Keyne-

sian framework, simple deviations from the IT regime through an augmented monetary rule

can reproduce optimal outcomes in the face of productivity and financial shocks. Notwith-
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standing this, this rule can provide marginal welfare benefits when the advanced economy

faces demand shocks.

Related literature. Our paper is related to two strands of the literature that use a non-

Ricardian New Keynesian framework to analyze the response of monetary policy in the pres-

ence of a financial-wealth channel that drives aggregate demand. The first strand character-

izes the theoretical conditions for monetary rules to generate a stable rational expectations

solution within the model. Airaudo et al. (2015) show that in this framework with simple

monetary rules, the rational expectations equilibrium can be undetermined under standard

values of the rule. Furthermore, they show that a mild response to stock prices under the

simple monetary rule may restore equilibrium determinacy. Similarly to us, Nisticò (2012)

uses a monetary rule tracking the natural-rate outcomes; the rule is augmented to introduce a

response to deviations of the stock price from its level in the flexible-price allocation. Nisticò

(2012) finds that an important condition to preserve the rational expectations equilibrium is

that such a rule has to respond aggressively to inflation. We refrain from evaluating the sen-

sitivity of the equilibrium to several structural parameters. The combination of parameters in

our model does not introduce an unstable rational expectations equilibrium. In contrast, we

focus on the potential of monetary rules responding to asset prices to attain the outcomes of

the optimal monetary policy.

Within the same framework, a second strand of the literature studies the conduction of

monetary policy and its consequences for macroeconomic stability and welfare. Nisticò

(2012) uses an ad hoc loss function that may be understood as representing central bank

preferences and studies the effectiveness of different monetary rules augmented to respond to

asset prices. This loss function is a weighted average of the variances of inflation, the output

gap, and interest rates.3 Nisticò (2012) uses this loss function to quantify the optimal re-

sponse to asset prices and show how structural parameters, affecting determinacy, can affect

the magnitude of this response. Unlike Nisticò (2012), we use a micro-founded social wel-

3The weights for each type of volatility are chosen arbitrarily.
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fare loss function that arises from nontrivial aggregation across cohorts. We compute optimal

values for the response to asset price fluctuations in a monetary rule that aims to replicate the

outcomes under the optimal monetary policy.

Also in this strand of literature is Nisticò (2016). As noted, we extend this work in two

directions. First, we introduce supply, demand and financial shocks to quantify an economy’s

potential welfare improvement if it transitions from a strict IT regime to a regime that attains

socially optimal outcomes. The second extension is to evaluate the potential of monetary

rules to reproduce optimal policies. A novel finding of ours is that within this framework,

monetary rules are effective at reproducing optimal welfare desirable outcomes when the ad-

vanced economy faces productivity and financial shocks. However, the effectiveness of such

rules is reduced when the advanced economy faces demand shocks.

The paper is also related to the literature on the empirical tendency of negative stock

market returns to be followed by monetary policy easing in the US, also called the Fed put.4

Cieslak and Vissing-Jorgensen (2021) show that negative stock market returns are associated

with negative updates of the real-GDP growth forecasts presented in the Fed’s monetary pol-

icy meetings. They estimate monetary rules to show that negative stock market returns predict

changes in the target rate mainly through the rate’s effects on GDP growth forecasts. Using

textual analysis, they show that Federal Open Market Committee participants update their

GDP growth forecasts, as they view stock market returns as an important driver of house-

holds’ financial wealth and, consequently, consumption. We contribute to this literature by

showing the effectiveness of monetary rules augmented to respond to asset prices to attain

the efficient outcomes derived from optimal policy.

4The term “Fed put” arises from the analogy to a financial put option. An asset holder with a put option has
the right to sell their asset at a strike price, which can be higher than the market price at the moment the contract
expires. Cieslak and Vissing-Jorgensen (2021) show that after the mid-1990s the Fed decreased its target rate
when stock markets prices dropped abruptly. The Fed’s actions are analogous to a put option, as asset holders
benefit with higher prices than those that arise if the target rate had not been adjusted.
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The paper is organized as follows. Section 2 presents the model, and Section 3 presents

the optimal problem of the monetary authority. Section 4 presents the quantitative results.

First, we explain the parameterization of the model. Second, we quantify the welfare losses

under alternative policies. Third, we conduct an impulse-response analysis to explain the

mechanisms through which monetary rules can reproduce welfare losses under optimal poli-

cies. Finally, we provide a robustness exercise to observe whether the properties of the model

hold under different assumptions of the model. Finally, Section 5 concludes.

2 Model

2.1 Supply Side

There are two categories of firms: final goods producers and intermediate goods produc-

ers. The latter supply differentiated goods to the former, who then convert these inputs into

final goods. Intermediate goods producers operate as imperfect monopolists when selling

their products, whereas final goods producers operate within a perfectly competitive market.

Additionally, intermediate goods producers issue financial claims linked to their dividends.

Final Goods Producers

Final goods producers operate in a competitive market environment, offering their finished

product, denoted as Yt, to households at an aggregate price level, Pt. They have access to a

Constant Elasticity of Substitution (CES) technology given by

Yt =

[∫ 1

0

Yt(i)
ϵ−1
ϵ

] ϵ
ϵ−1

. (1)

This technology combines intermediate goods Yt(i), which are imperfect substitutes, with

their elasticity of substitutions represented by ϵ. The solution of the cost-minimization prob-
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lem for these firms establishes the demand for an intermediate good, expressed as

Yt(i) =

[
Pt(i)

Pt

]−ϵ
Yt. (2)

Intermediate Goods Producers

A continuum of intermediate goods producers, denoted by i, offers its differentiated good,

Yt(i), to final goods producers. Each firm i operates with a technology exhibiting constant

returns to scale, defined as Yt(i) = exp(at)Nt(i). Here, labor is represented by Nt(i) and

is acquired at the prevailing wage rate Wt. These firms face a productivity shock, at, which

evolves according to the autoregressive process: at = ρaat−1 + εat , with εat being normally

distributed: N(0, σ2
a). Furthermore, each firm benefits from a subsidy, equivalent to 1 − τ ,

on its marginal costs. Given the linear production technology the marginal cost MCt is the

same for all intermediate goods producers and it can be expressed as

MCt =
Wt

exp(at)Pt
. (3)

The expression for the linearized marginal cost is

mct = wt − pt − at. (4)

Intermediate goods producers experience nominal rigidities as described by Calvo (1983).

Every period, there is a probability (1 − θ) that they will adjust their prices to P ⋆
t (i). Alter-

natively, they might retain the prior period’s price, P ⋆
t−1(i), with a probability θ. The firm’s

pricing decision at time t is a dynamic optimization problem. A firm able to revise its price

seeks to determine the optimal price P ⋆
t (i) that maximizes its expected future profit stream.

In doing so, the firm considers future marginal costs denoted by MCt+k, the demand for their

product Yt+k(i), and the probability θk that it would not be able to reset its prices ∀k ≥ 0.
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The formal representation of this optimization problem is as follows

max
P ∗
t (i)

E
∞∑
t=0

θkFt,t+kYt+k(i)[P
∗
t (i)− (1− τ)

ϵ

ϵ− 1
Pt+kMCt+k] (5)

s.t

MCt+k =
Wt+k

exp(at+k)Pt+k

Yt+k(i) =

[
P ∗
t (i)

Pt+k

]−ϵ
Yt+k

where Ft,t+k is the stochastic discount factor. The solution to this problem is characterized

by the optimal price, which is a weighted sum of future discounted markups over marginal

cost

P ∗
t (i) = Et∞k=0

∑
ωt,t+k(1− τ)

ϵ

ϵ− 1
Pt+kMCt+k (6)

where ωt,t+k is the income discount factor for the firm k periods ahead knowing that ωt,t+k =
θkFt,t+kP

ϵ
t+k∑∞

k=0 θ
kFt,t+kP

ϵ
t+k

. By combining the aggregate price with the definition and the optimal price

of firms able to reset their prices (6), we obtain the following version of the New Keynesian

Phillips curve which represents the dynamics of inflation

πt = κmct + βEtπt+1 (7)

where the slope of the Phillips curve is defined by κ = (1−θ)(1−θβ̃)
θ

.

Financial Assets

Following Nisticò (2012), we explicitly model a corporate sector that issues financial assets.

We deviate from the conventional assumption that profits are uniformly distributed among

households. Instead, an intermediate goods firm issues a claim Zt(i) against its future div-

idends at market price Qt(i). The total amount of assets issued by intermediate firms i is

normalized to one, meaning
∫ 1

0
Zt+1(i)di = 1 ∀i ∈ [0, 1]. Therefore, we define dividends as
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the profits from the intermediate goods firms

Dt(i) = Yt(i)

(
1− (1− τ)

ϵ

ϵ− 1
MCt

)
(8)

where the corresponding linearized equation is represented by

dt =
2ϵ− 1

ϵ
yt −

ϵ

ϵ− 1
(nt + wt − pt). (9)

Finally, define the total dividends Dt ≡
∫ 1

0
Dt(i)di and the stock price index by Qt ≡∫ 1

0
Qt(i)di.

2.2 Demand Side

The demand side of the economy features a discrete-time stochastic version of the perpetual

youth model with overlapping generations as in Yaari (1965) and Blanchard (1985). In each

period, a certain share of households, known as active and denoted by ϑ, takes part in finan-

cial markets, while the rest, 1−ϑ, is inactive and does not have access to such markets. There

is a rotation between both types of agents. An active agent becomes inactive with probability

γ, and an inactive agent becomes active with probability ρ. We assume that the population

size is constant; therefore, we assume ϱ(1− ϑ) = ϑγ.

For each type of agent, the size of the cohorts is determined by their probability of re-

maining in their respective group. Agents who start in a specific group and remain for a

period of j (k) years are members of the j-year (k-year) cohort. It is also important to note

that the size of the cohort tends to decrease over time. In the case of an active agent living for

j periods, the size of the cohort is m(j) = γ(1− γ)j . For an inactive agent living k periods,

the size of the cohort is m(k) = γ(1− γ)k.

Inactive agents. Agents not participating in financial markets behaves as a non-Ricardian

consumer as they do not have savings, and their only source of income comes from their labor
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supply, —that is, they are hand-to-mouth consumers. The problem of a cohort with age (k)

that is not participating (NP) is to choose a sequence of consumption CNP
k,t and labor supply

decisions NNP
k,t to solve

max
{CNP

k,t ,N
NP
k,t }

Et
[
δlogCNP

k,t + (1− δ)(1−NNP
k,t )

]
s.t.

PtC
NP
k,t =WtN

NP
k,t − Tk,t.

where β ∈ (0, 1) and δ ∈ (0, 1) denote the discount factor and the consumption weight in

the utility function, respectively. The term Tk,t is a lump sum tax specific to the k-year-old

agent. The optimality condition of this problem and the budget constraint imposes that labor

supply is constant NNP
k,t = 1

1+δ
and the wage rate determines the level of consumption, that

is, CNP
k,t = Wt

1+δ
.

Active participants. An agent of age j participating in financial markets can choose to

save in one-period bonds, denoted asB⋆
j,t+1, or to invest in shares issued by firm i, represented

as Zj,t(i). Bonds are discounted at the stochastic factor Ft,t+1, and the price per share of firm

i is given by Qt(i). In this economy, the relationship between the policy interest rate rt and

the stochastic discount factor, Ft,t+1, is given by the equation

1 + rt =
1

Et{Ft,t+1}
. (10)

The financial wealth of the j-year-old cohort is the sum of bonds and stocks, expressed as

Ω⋆
j,t = B⋆

j,t+1 +
∫ 1

0
(Qt(i) +Dt(i)) di. Following Blanchard (1985), households have access

to a contract that guarantees a return of γ
1−γ on their financial wealth, provided they con-

tinue participating in financial markets. However, in case of becoming inactive, they transfer

their financial wealth to a perfectly competitive insurance firm providing the contract. This

assumption allows active agents to smooth consumption regardless of the future risk of be-

coming inactive agents.
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Active decisions can be affected by two exogenous shocks. First, households face an

exogenous stochastic demand shock shifting their period utility νt which follows an autore-

gressive process νt = ρννt−1 + ενt where ενt ∼ N(0, σ2
ν). Second, stocks’ prices are subject

to a financial shock, which can deviate prices from their fundamental asset valuation. This

shock et follows an autoregressive process et = ρeet−1 + εet where εet ∼ N(0, σ2
e).

We consider a framework with a differentiated lump sum taxation structure impacting

old and new participants in distinct manners. Specifically, for old participants belonging to

generation j, the lump sum transfer, denoted as Tj,t, is computed as follows:

Tj,t = Tt +Υj

[
1

1− γ
− E

{
Ft,t+1

Pt+1

Pt

}]
, (11)

where Tt represents a uniform lump sum tax applicable to all, and the second term captures a

cohort-specific tax burden, with Υj denoting the tax rate for generation j.

The infinite horizon problem that j-year-old agent participating in the financial market

solves is characterized by

max
{CP

j,t,Bj,t+1,Zj,t(i),NP
j,t}∞

t=0

Et
∞∑
i=t

βt(1− γ)texp(νt)
[
δlogCP

j,t + (1− δ)(1−NP
j,t)

]
s.t.

PtC
P
j,t + E

{
Ft,t+1B

⋆
j,t+1

}
+ Pt

∫ 1

0

Qt(i)Zj,t+1(i) = WtN
P
j,t − Tj,t + Ω⋆

j,t

1

1− γ

[
B⋆
j,t + Pt

∫ 1

0

(Qt(i) +Dt(i))Zj,t(i)

]
≡ Ω∗

j,t

where the term Tj,t denotes a lump-sum tax paid by a j-year-old agent. The following first-
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order equations characterize the optimality conditions of the j-year-old active agent:

Nt : CP
j,t =

δ

1− δ

Wt

Pt
(1−NP

j,t) (12)

B∗
j,t : Ft,t+1 = βEt

{
Pt
Pt+1

CP
j,t

CP
j,t+1

exp(ενt )

}
(13)

Z⋆
j,t(i) : Qt(i) = Et

{
Ft,t+1

Pt+1

Pt
exp(et) [Qt+1(i) +Dt+1(i)]

}
. (14)

In this structure, the consumption of a j-period-old cohort depends on the expected fu-

ture labor income and current financial wealth. To show this, first, let define the expected dis-

counted flow of after-tax labor income as ht = Et
∑∞

k=0Ft,t+k(1−γ)k(Wt+k

Pt+k
−Tt+k). Second,

we combine the optimality conditions for labor supply, bond savings, and stock holdings, to

iterate forward the flow of funds and express the budget constraint of a j-year-old cohort as:

1

1 + δ
CP
j,t = ht + Et

∞∑
k=0

{
Ft,t+1(1− γ)k

1

δ
Pt+kC

P
t+k

}
+ Et {Ft,t+1Ωj,t+1} . (15)

From the intertemporal marginal rate of substitution , we can derive the following expression

for the consumption profile of a j-year-old cohort

CP
j,t =


δ
Σt
(ht + Ωj,t −Υj,t) existing cohorts j < t

δ
Σt
(ht +Υj) new cohorts j = t

(16)

where we let Σt ≡ Et
{
βk(1− γ)kexp(ενt+k − ενt )

}
to represent the discounted lifetime sum

of shocks affecting the marginal propensity to consume.5 The previous expression shows

how the differences in financial wealth drive consumption heterogeneity across cohorts. In

particular, notice that a newly active cohort has a lower level of consumption than older co-

horts because their financial wealth is zero.6

5To derive this expression, we use a non-ponzi condition implies that Et {Ft,t+1Ωj,t+1} → 0 as t → ∞
6Notice that at period t the discounted lifetime sum of shocks Σt and the discounted lifetime non-financial

income ht does not depend on the cohort profile. Therefore, it is straightforward to argue that the consumption
is lower for new cohorts.
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Agents’ turnover has consequences for the aggregate relationship for intertemporal con-

sumption. Active agents can be replaced in the next period by new cohorts with zero wealth.

Let define the average consumption for active participants as CP
t+1 ≡

∑t
j=−∞ γ(1− γ)jCP

j,t.

The average consumption for an active participant, denoted as CP t, is constituted by the con-

sumption of both older cohorts, COj, t, and newer cohorts, CN
j,t. This relationship can be

expressed mathematically as follows

CP
t =

t−1∑
j=−∞

γ(1− γ)jCP
j,t + γCP

t,t. (17)

Therefore the next period, average consumption for active participants Cp
t can be expressed

as

CP
t+1 = (1− γ)CO

t+1 + γCN
t+1 (18)

where CO
t+1 and CN

t+1 represents the future consumption of old and new participants. As

argued before, new participants consume less than older cohorts given their lack of wealth.

The difference between the consumption of new participants and older cohorts is driven by

the aggregate wealth

CO
t+1 − CN

t+1 =
δ

Σt

Ω. (19)

The substitution of active cohorts drives a wedge between the individual and the average

rate of intertemporal substitution. In the current period, active cohorts are able to smooth con-

sumption intertemporally, so their individual marginal rate of substitution equals the stochas-

tic discount factor. However, as current active agents are replaced in the future, the stochastic

discount factor is not equal to the average marginal rate of substitution. The average marginal
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rate of substitution can be represented as

Et{Ft,t+1} = Et
{
β

PtC
P
t

Pt+1CO
t+1

}

= Et

β PtC
P
t

Pt+1

(
CP
t+1 +

γδ
Σt t

)
.

(20)

Previous expression shows how aggregate wealth fluctuations drive a wedge in the average

consumption dynamics of the economy. Finally, this expression provides a representation of

the IS equation for this economy

CP
t =

γΣt

β(1− γ)
Et

{
Ft,t+1

Pt+1

Pt
Ωt+1 −Υt

}
︸ ︷︷ ︸

Financial wealth channel

+
1

β
Et

{
Ft,t+1Σt+1

Pt+1

Pt
CP
t+1

}
. (21)

2.3 Market clearing conditions.

The aggregate consumption in the economy is derived from the consumption of active partic-

ipants and non-participants. Aggregate consumption is represented as follows

Ct = ϑCP
t + (1− ϑ)CNP

t . (22)

In equilibrium, the market for state-contingent bonds clears, implying that the net supply of

these bonds is equal to zero:

Bt = 0. (23)

Given that this economy is closed, the production of goods and services, represented by Yt,

is consumed domestically. Therefore, the output in the economy is equal to the aggregate

consumption:

Yt = Ct. (24)

The aggregate labor supply in the economy, denoted asNt, is determined by the contributions

from both active participants NP
t and non-participants NNP

t . This relationship is formally
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expressed as

Nt = ϑNP
t + (1− ϑ)NNP

t . (25)

We define the aggregate labor demand as

Nt ≡
∫ 1

0

Nt(i)di. (26)

In turn, the aggregate production is represented by

YtΞt = exp(at)Nt, (27)

where Ξt ≡
∫ 1

0

(
Pt(i)
Pt

)−ϵ
di represents the price dispersion among intermediate goods pro-

ducers.

We proceed to represent the equilibrium in a set of linearized equations that represent the

dynamics of the economy given the exogenous shocks and the policy rate. First, it is standard

to represent the linearized natural output ynt as the production that arises in the absence of

nominal rigidities–that is, when πt = 0. From the definition of the marginal cost and the

optimality condition of the labor supply we obtain that ynt = at. In the economy without

nominal rigidities, the natural rate of interest that sustains output at its natural level while

keeping inflation at zero is defined as follows

rnt =((ρa − 1) + 1− βρa1− (1− ψ)βρaψρa) at

+

(
βΘψψνρν

1− βρν(1− ψ)
ρν(1− ρν).

(28)

Let define the output gap xt as the deviation of the output from its natural level– that is

xt ≡ yt − ynt . By using this definition, the aggregate euler condition and the aggregate

definition of consumption, we characterize the dynamics of the output gap as

xt = Etxt+1 +
ψ

Θ
Etωt+1 −

1

Θ
(rt + Etπt+1 − rnt ) (29)
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where ψ ≡ 1−β(1−γ)
(1−γ)

1
1−β

µ
1+µ

and Θ ≡ 1 − ϕ1−ϑ
ϑ

.7 Also, from the definition of financial

wealth, we can characterize the equation for financial wealth as

ωt = βEtωt+1 + (1− β)
µ− (1 + φ)

µ
xt − (1− β)at + (rt − Etπt+1 − ρ) + et. (30)

Finally, the definition of the Phillips curve can be represented by

πt = κxt + βEtπt+1. (31)

3 Optimal Monetary Policy and Monetary Rules

A benevolent central planner is responsible for solving the optimal monetary policy problem

in the economy. For a given exogenous shock, the planner aims to choose aggregate allo-

cations, which maximize the aggregate lifetime utilities of existing and future generations

Nisticò (2016) shows that the benevolent central planner solves a two-stage problem. The

central planner’s first problem is to choose a cross-sectional distribution of consumption and

hours that maximizes the aggregate period utility. When all agents are considered equal by a

planner, the optimal cross-sectional distribution is to maintain an equal level of consumption

for all agents regardless of their longevity. Second, the planner chooses a sequence of aggre-

gate allocations that maximize the lifetime aggregate utility for all the periods.

Nisticò (2016) derives a second-order approximation around the steady state of the aggre-

gate lifetime utility. The approximation derived by Nisticò (2016) considers that the steady

state equilibrium reaches the optimal level of aggregate utility. This means that any devia-

tions from the steady state are considered undesirable. The following welfare loss function

7In these expressions we used the definition of the inverse of the Frisch elasticity of labor supply is ϕ ≡
Nss

1−Nss
and Nss is the total labor supply in steady state. The markup is defined by µ ≡ ϵ

ϵ−1 .
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represents this approximation

Lπ,x,ω =
(1 + φ)ν

2ϑ
Et

{
∞∑
t=0

βt
(
x2t + αππ

2
t + αωω

2
t

)}
(32)

where απ = ϑ ε
νκ

corresponds to the relative weight for inflation and αω = ϑ2ψµ
ν[(1+ϕ)(1−β)(1+µ)] is

the relative weight for financial stability. This representation shows that welfare loss function

Lπ,x,ω increases when either the output gap, the inflation rate, or financial wealth deviates

from the steady state.

In the subsequent section, we employ the welfare loss function to assess the significance

of recognizing the presence of financial wealth influencing the dynamics of aggregate con-

sumption. For this purpose, we set the IT regime as the reference policy framework. Within

this framework, a policymaker seeks to stabilize both the inflation rate and the output gap,

without giving due consideration to the role of financial wealth. In our analysis, we calculate

the welfare loss function within the IT framework and compare it to the welfare loss observed

under alternative policy regimes that recognize the significance of financial wealth. Initially,

we contrast the IT regime with optimal policies executed under both discretion and com-

mitment. This comparison determines the maximum potential decrease in the welfare loss

function, achievable through the optimization efforts of a central planner. Also, we assess the

IT regime against a regime where monetary policy is guided by monetary rules that respond

to the inflation rate, output gap, and asset prices. The objective of this second comparison is

to ascertain whether a similar reduction in welfare loss, comparable to that achieved by the

optimal policy, can be attained in a decentralized economy where the central bank uses mon-

etary rules. In the rest of the section, we describe the different policy regimes under which

the monetary policy can be implemented.
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3.1 Inflation Targeting Regime

The IT regime considers maintaining allocations at the flexible price equilibrium for every

period, that is, fluctuations in inflation (πt = 0) and output gap (xt = 0) completely disappear

in equilibrium ∀t ≥ 0. A planner can implement this policy by setting the interest rate at the

level of the natural interest rate rn, which in this framework is represented by

rnt =((ρa − 1) + 1− βρa1− (1− ψ)βρaψρa) at

+

(
βΘψψνρν

1− βρν(1− ψ)
ρν(1− ρν)Θψν

)
νt

+
ψρe

1− β(1− ψ)ρt
et.

(33)

A planner implementing this regime ignores that financial wealth (ωt) is subject to fluctu-

ations that affect consumption heterogeneity across active agents in the financial market. In

the flexible price equilibrium, financial wealth is affected by the three exogenous shocks in

the economy – that is productivity shocks (ϵat ), demand shocks (ϵνt ), and financial shocks (ϵet ).

To illustrate this, notice that the financial wealth dynamics under a flexible price equilibrium

is represented by

ωt =
1− βρa

1− (1− ψ)βρa
at +

1

1− (1− ψ)βρe
et −

βΘψν(ρν − 1)

1− (1− ψ)βρν
νt. (34)

3.2 Optimal Monetary Policy

Compared to an IT regime, a benevolent central planner recognizes the importance of fluc-

tuations in financial wealth and seeks to minimize the welfare loss function Lπ,x,ω given the

dynamics of inflation, the output gap, and financial wealth. Given a shock ξt ∈ {zt, νt, et},
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the problem under optimal policy can be represented as

Lπ,x,ω = min
{πt,xt,qt}t≥0

{
(1 + φ)ν

2ϑ
Et

∞∑
t=0

βt
(
x2t + αππ

2
t + αωω

2
t

)}
s.t.

πt = κxt + βEtπt+1

xt = Etxt+1 +
ψ

Θ
Etωt+1 −

1

Θ
(rt + Etπt+1 − rnt )

ωt = βEtωt+1 + (1− β)
µ− (1 + φ)

µ
xt − (1− β)at + (rt − Etπt+1 − ρ) + et

ξt = ρξξt−1 + εξt .

Optimal monetary policy literature, considers two frameworks to solve this problem,

namely, monetary policy under discretion and commitment. The problem of a monetary

authority under discretion is to find allocations for output gap (xt), inflation (πt), and finan-

cial wealth (ωt), such that given the dynamics of these variables the welfare loss Lπ,x,ω is

minimized period by period. Therefore, when operating under discretion, optimal allocations

satisfy the following intratemporal condition

xt = −απκπt − αωηωt. (35)

When determining allocations within a commitment framework, the central planner as-

sesses intertemporal trade-offs and set a trajectory of allocations {xt, ωt, πt}t≥0 that preserves

the optimal dynamics over time. This leads to the intertemporal optimality conditions, which,

under commitment, are represented by the following equations

xt = ηλ2,t −Θλ2,t−1 + κλt,1

αππt = λ1,t−1 − λ1,t

αωωt = (1− ψ

Θ
)Eωt+1 −

1

Θ
(rt − Et+1 − rnt )

(36)
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where λ1,t and λ2,t are Lagrange multipliers associated with the constraints imposed by infla-

tion dynamics πt and financial wealth dynamics ωt.

3.3 Monetary Rules

Finally, we study the potential of an augmented monetary rule to provide an approximation

to the optimal policy presented in the previous section. We consider that such monetary rule

follows a central bank reaction function of the following form

rt = rnt + ϕtπt + ϕxxt + ϕqqt. (37)

where the parameters ϕπ, ϕx, ϕq represent the response of the interest rate to inflation, output

gap, and asset prices. The monetary rule follows the fluctuations in the natural rate rnt as

we investigate the extent to which slight deviations from the policy under the IT regime

can provide welfare improvements.8 This monetary rule possesses a characteristic such that,

in scenarios where there are no fluctuations pushing the economy away from flexible-price

allocations, it aligns with an equilibrium in which both inflation and the output gap are fully

stabilized. Within this model, monetary policy achieves stabilization of financial wealth (ωt)

by influencing asset prices. As such, introducing a response to asset prices (ϕq) aims to

mitigate the oscillations in financial wealth.

4 Quantitative Results

In this section, we calibrate the theoretical model and evaluate the optimal monetary re-

sponse in the context of fluctuations due to productivity shocks, demand shocks, and financial

shocks. In doing so, we extend the results of Nisticò (2016) regarding the relative importance

of demand and financial shocks in optimal welfare policy. To this end, we compute the social

welfare loss function under a regime pursuing IT, under an optimal policy under discretion,

8For instance, Cúrdia et al. (2015) provides empirical evidence for the US, showing that a New Keyne-
sian model estimated to reproduce US real business cycle stylized facts fits the data better when the monetary
response tracks the natural rate instead of a rule that omits it.
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Table 1: Benchmark calibration
Definition Parameter Source
Discount factor β = 0.99 Annual interest rate of 4%
Calvo parameter for nominal rigidity θ = 0.75 Price adjustment for quarters
Weight for consumption in utility function δ = 3.33 Elasticity of labor supply equal to 1

δ
= 0.3

Share of participants in financial markets ϑ = 0.8

Turnover rate of financial markets participants ξ = 0.17 Financial wealth effect ψ
Θ
= 0.15

Source: The parameter for the turnover rate and and share of financial markets are taken from Nisticò (2016). The rest of the
parameters are authors calculations.

and under an optimal policy under commitment. Nisticò (2016) shows that a sizable reduc-

tion in welfare loss results from transitioning from IT to optimal policy in the context of

productivity shocks. We instead assess whether this quantitative result holds in the context of

demand and financial shocks.

4.1 Parameterization

Table 1 presents the benchmark parameter values we use. We follow Nisticò (2016) to cal-

ibrate the model. The calibration strategy allows us to consider whether an IT regime is

suboptimal in the context of demand and financial shocks. Each period is a quarter, and tak-

ing standard values in the literature, the coefficient for the discount factor β = 0.99, which

is consistent with a steady-state real interest rate rss = 0.1, and the nominal price rigidity

θ = 0.75. The share of agents participating in financial markets is set to ϑ = 0.8.

The consumption weight, δ, is set to maintain a real wage elasticity of φ ≡ 1
δ
= 0.3. The

elasticity of demand for an intermediate input ϵ is set to maintain a markup of 20%—that is,
µ

1−µ = 1.2. The standard deviations for the shocks are consistent with the values in Casteln-

uovo and Nisticò (2010). Therefore, we set σa = 0.01, σν = 0.0314, and σe = 0.0059. As a

benchmark case, each shock has no persistence.

As mentioned before, we consider a monetary rule (consistent with equation (37)) in

which the central bank responds to deviations of inflation, the output gap, and asset prices

from the steady state. The response to macroeconomic variables is set at standard values—
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namely, ϕπ = 1.5 and ϕx = 0.125. In Table 2, we compute the optimal response to an

asset price fluctuation (ϕq) that minimizes the welfare loss function (Lπ,x,ω)—that is, ϕq ∈

argminLπ,x,ω. Each column shows the optimal ϕq in the monetary rule for each type of shock

with persistence ρx.9 As can be seen, for given values of parameters ϕx and ϕπ, the optimal

response to asset price fluctuation is similar regardless of the type of shock. Also, as the

persistence of the shock increases, the response to asset prices decreases. In our benchmark

results, we maintain the zero-persistence assumption, but later we explain how our results are

sensitive or robust to different assumptions about persistence.

Table 2: Parameter ϕq that minimizes welfare function.

Persistence of the shock

ρx = 0

ρx = 0.20

ρx = 0.40

ρx = 0.60

ρx = 0.8

ρx = 0.99

ϵA ϵν ϵe Simultaneous

0.92573 0.92570 0.92573 0.92570
0.59380 0.59375 0.59380 0.59375
0.31298 0.31290 0.31298 0.31289
0.11160 0.11149 0.11160 0.11149
0.00900 0.00961 0.00900 0.00961
-0.00399 -0.00374 -0.00390 -0.00372

Source: Author’s calculations. Each column considers the optimal ϕq that minimizes the
social welfare function for fixed parameters ϕx = 0.125 and ϕπ = 1.5.

4.2 Quantitative Welfare Losses under Different Policies

Table 3 shows the calculation of the social welfare loss in the context of each type of shock

under alternative policy regimes. Each panel shows the welfare loss for each type of shock—

that is, productivity, demand, and financial shocks. Additionally, the panel at the bottom

shows a measure of the welfare loss in the case in which all shocks interact simultaneously.

For a given panel representing the welfare loss in the presence of a particular shock, each

column shows the welfare loss in light of the reaction function of each type of policy: IT,

discretion, commitment, a simple monetary rule, and an augmented monetary rule.10 The

first three rows in each panel show the standard deviation of the targeted variable (that is,
9The last column shows the optimal ϕq when all shocks are present simultaneously.

10While a simple rule considers a specification as in equation (37) but only responds to inflation and the
output gap (that is, ϕq = 0), an augmented rule considers a functional form like equation (37).
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inflation, output gap, and financial wealth), and the last row shows the welfare loss.

Panel A in Table 3 shows the welfare loss when the economy is only subject to productiv-

ity shocks. Columns 1 to 3 show that implementing an optimal monetary policy, either under

discretion or commitment, instead of pursuing IT, reduces welfare losses significantly. Notice

that the magnitudes differ to those shown in the published paper for two reasons. First, we

use a different magnitude for the shock and, second, we consider a social welfare function

derived in the corrigendum associated to the published version. Optimal monetary policy un-

der discretion reduces the welfare loss by up to 65% of the loss under IT; under commitment

the reduction is up to 59.1%. I extend Nisticò (2016) to observe whether a policy rule that

deviates from the natural rate can reduce the welfare loss. Column 4 shows that a simple rule

barely increases the welfare loss compared to the IT case. Column 5 shows that an augmented

monetary rule that reacts to asset prices reduces the welfare loss to a point close to an optimal

policy under discretion. Notice that that this rule attains a reduction of the welfare loss in

the same way as optimal policies: by decreasing significantly the financial-wealth volatility

associated with consumption dispersion but allowing for a marginal increase in the volatility

of inflation and the output gap.

In Panel B in Table 3, we extend the analysis of Nisticò (2016) by studying the welfare

loss in the context of only preference shocks (that is, demand shocks). Consistently with a

productivity shock, the flexible-price allocation shows much higher welfare losses compared

with the losses under an optimal policy under commitment and discretion.

The welfare loss of monetary policy under discretion (commitment) is 45% (41%) of the

loss observed under IT. Still, the reduction in the welfare loss is lower when the monetary

policy is implemented by monetary rules. A simple (augmented) rule results in a welfare loss

up to 71% (86%) of the loss under IT. Not only do monetary rules yield welfare reductions far

from that obtained under optimal policy, but they introduce a trade-off, as they are effective at

moderating the volatility of financial wealth but exacerbate the volatility of macroeconomic
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variables (that is, inflation and the output gap). To illustrate this, consider the ratio of the

volatility of inflation under an augmented rule and under commitment: almost 2.5. In turn,

the relative volatility of the output gap under the augmented rule vis-a-vis the rule under

commitment is 1.86. And under the augmented rule the volatility of financial wealth is lower

than the volatility under a rule under commitment; the ratio is 0.35. Even a simple monetary

rule produces better welfare outcomes than an augmented rule.

Panel C in Table 3 extends the analysis of Nisticò (2016) by reproducing the previous

welfare analysis considering the impact of an exogenous financial shock that alters the fun-

damental valuation of asset prices. As in previous cases, there are important welfare im-

provements from pursuing the optimal policy that stabilizes the financial wealth channel.

Upon comparing columns 1 and 2, we observe that the relative loss under discretion is 62%

of the loss under flexible-price allocation. And the loss under commitment is 59% of the loss

observed under IT. While a simple rule yields almost the same loss as under IT, an augmented

monetary rule yields a welfare loss close to that of the optimal policy under discretion.

Last, Panel D in Table 3 shows the welfare losses when all the shocks interact simul-

taneously. This panel shows that an augmented monetary rule can bring welfare benefits

compared with a framework that pursues the flexible-price allocation. In relative terms, an

augmented rule introduces lower losses than those under IT. The policies under commitment

and discretion generate losses up to 64% and 58% of the losses under IT. The augmented rule

is limited in its ability to lower losses compared with optimal policies. From the analysis

above, given the relative size of the shocks, this is because a demand shock exacerbates in-

flation and the output gap under the augmented rule.
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Table 3: Welfare loss for different shocks.

Panel A: Productivity Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

IT Discretion Commitment Simple Rule Augmented Rule

0 0.04991 0.04114 0.00001 0.04757
0 0.44746 0.49647 0.00012 0.42647

1.0023 0.61687 0.55882 1.0023 0.63494
0.00959 0.00617 0.00537 0.00959 0.00625

Panel B: Demand Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

IT Discretion Commitment Simple Rule Augmented Rule

0.00000 0.02200 0.01816 0.04078 0.04591
0.00000 0.19726 0.21906 0.36554 0.41157
0.52973 0.27194 0.24617 0.12699 0.08734
0.00268 0.00122 0.00110 0.00192 0.00231

Panel C: Financial Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

IT Discretion Commitment Simple Rule Augmented Rule

0.00000 0.02936 0.02421 0.00001 0.02827
0.00000 0.26323 0.29211 0.00012 0.25339
0.58963 0.36289 0.32870 0.58964 0.37136
0.00332 0.00217 0.00196 0.00332 0.00216

Panel D: Simultaneous shocks

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

IT Discretion Commitment Simple Rule Augmented Rule

0.00000 0.06196 0.05105 0.05728 0.05989
0.00000 0.55542 0.61609 0.51349 0.53688
1.27777 0.76570 0.69380 1.46001 0.90207
0.01559 0.00966 0.00874 0.02383 0.01157

Source: Author’s calculations. This table shows the welfare loss for different regimes: flexible price allocations,
optimal policy under discretion, and optimal policy under commitment. The values presented in the table were
scaled by the factor 103.

26



4.3 Impulse-Response Analysis

In the previous section, we showed the potential of an augmented monetary rule to produce

welfare losses close to the optimal welfare outcomes when the economy faces productivity

and financial shocks. Also, we found that in the presence of demand shocks, the welfare

improvement is moderate. In this section, we study the impulse response functions (IRFs)

for each type of shock and explain how a monetary rule augmented to respond to asset prices

can explain previous results. As we will see, the ability of the monetary rule to mimic the

response of optimal policy depends on its ability to adjust the response to asset prices as an

intermediate target to reduce the effect of financial wealth.

Figure 1 shows the IRFs of several variables under alternative approaches to monetary

policy: IT, discretion, commitment, and an augmented monetary rule. The solid line shows

the response of the economy under commitment allocations, the dotted line allocations under

discretion, the circled line the outcomes under IT, and the red line the response under an aug-

mented monetary rule.

Panel A in Figure 1 shows the IRFs for a productivity shock of one standard deviation.

In the response, under the IT regime the nominal interest rate decreases more than under ei-

ther an optimal policy or the augmented rule. Under IT, an increase in productivity implies

a decrease in the natural rate to set inflation and the output gap at their zero-steady state val-

ues. However, also under IT, financial wealth increases as dividends and asset prices rise.

While dividends rise mainly because of the productivity shock, asset prices rise because of

the decrease in the nominal interest rate. As a consequence, financial wealth translates into

consumption dispersion across cohorts.11

Unlike under the IT regime, in the response, we observe that alternative optimal policies

11Under zero persistence, the active cohorts have more wealth than agents not participating in financial
markets. When the persistence parameter increases, wealth across financially active cohorts also rises, as the
shocks are persistent and some households will not be active in the period.
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and the monetary rule allow for negative inflation and output gap, which interact with a mod-

erate increase in financial wealth. Under these policies, the adjustment of the interest rate

is moderate. Optimal policies prescribe a smaller decrease in the policy rate to dampen the

increase in financial wealth. As a consequence, the restrictive policy reduces the output gap;

as consequence, we observe a decrease in inflation.

The augmented monetary rule recommends an adjustment to the interest rate close to the

rate under the optimal policy under discretion. In particular, the close adjustment in the pol-

icy rate under both type of policies introduces a smaller increase in asset prices than under

the IT regime. The smaller increase in asset prices is the main factor driving down financial

wealth. As a result, optimal policies and the augmented monetary rule allow for almost the

same response in all the endogenous variables. Not surprisingly, this explains the findings in

Panel A in Table 3.

Simultaneously, the increase in the marginal cost of producing an intermediate good cre-

ates downward pressure on inflation. In the case of an economy under IT, the monetary

policy prescribes a downward adjustment in the natural rate of interest in order to stabilize

output at the level consistent with the zero-inflation target. However, under discretion and

commitment, the adjustment in the interest rate is lower because the monetary policy tries to

counteract the effect of the rise in dividends on financial wealth. The policy-rate adjustment

under optimal policy is consistent with responses to inflation and the output gap that deviate

from the steady state.

Panel B in Figure 1 shows the IRFs to a positive shock of one standard deviation to a

household’s marginal utility—that is, a demand shock. All the alternative policies prescribe

a tightening of monetary policy in response to this shock. Because under flexible prices

consumption dispersion is unimportant, the monetary policy under IT is less restrictive than

under optimal policies. Even with a less restrictive policy under IT, asset prices decrease

more than under optimal policies. This result is due to the dynamics of dividends, which fall
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with a positive output gap—that is, dt =
[
µ−(1+φ)

µ

]
xt + at.

In this context, the monetary rule is less responsive than optimal rules. In fact, the smaller

increase in the policy rate allows asset prices to barely adjust. As a consequence, financial

wealth shows a small adjustment. However, the smaller increase in the policy rate is unable

to reduce the inflationary pressures that arise from the increase in households’ expenditures.

Panel C shows the IRF after a positive shock to the valuation of financial assets—that is,

a financial shock. In this case, the exogenous shock increases directly the asset price, which

directly affects financial-wealth valuation. In the IT regime, a shock affects the natural rate

when it is persistent; therefore, in our benchmark calibration the effect is null. While mone-

tary policy is neutral under IT, optimal policies prescribe tightening the interest rate. In this

framework, optimal policies are intended to reduce asset price valuations in order to offset

the rise in financial wealth. The side effect is to reduce current output, as households find it

optimal to postpone consumption, which is consistent with a fall in inflation.

As in the case of a productivity shock, an augmented monetary rule reproduce the out-

comes under an optimal policy with discretion. In this case, the monetary authority can offset

directly the shock to asset prices through policy tightening. However, this policy increases

the volatility of inflation and the output gap. The last column of Table 3 shows this result.

4.4 Sensitivity Analysis

In this section we check the robustness of the previous results in three dimensions. First,

as in Cúrdia and Woodford (2010), we explore whether the persistence of the shocks affects

the relative welfare-loss reduction due to a monetary rule. Second, instead of using the IT

regime to compare the welfare reductions, we consider the reference case to be a flexible

inflation-targeting (FIT) regime. This regime minimizes welfare loss by considering only the

discounted sum of the quadratic deviations of inflation and the output gap from the steady
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Figure 1: Impulse response functions for a productivity, demand, and asset price shock.
Panel A: Productivity shock εA
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Panel C: Financial shock εe
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Source: Author’s calculations. The figure shows the impulse response for inflation, output gap, interest rate,
financial wealth, and consumption dispersion. Each plots shows the response of such variables for different
policy regimes: inflation targeting, optimal policy under discretion, and optimal policy under commitment.
The size of the shock corresponds to one standard-deviation estimated in Castelnuovo and Nisticò (2010).
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state of zero—that is, in the welfare-loss equation (32), αq = 0. Finally, we analyze whether

the marginal reduction in welfare loss achieved through the monetary rule can be attributed

to the fact that stabilizing stock price fluctuations proves to be an imperfect strategy for

maintaining financial wealth stability in response to demand shocks. To this aim, we utilize

an approximation of the social welfare loss function where financial wealth exclusively reacts

to asset prices. We evaluate whether, in this scenario, the monetary rule can diminish the

welfare loss function to a level comparable with that achieved under an optimal policy.

Sensitivity to Shocks’ Persistence

In the previous section, we parameterized a benchmark version of the model in which shock

persistence is null. In Table 2 we observe a reduction in the optimal response to asset price dy-

namics when the persistence of the shock increases—that is, if ρx → 1, then ϕq → z̄, where

z̄ < 0. In this section, we explore whether the lesser responsiveness of the monetary rule

to asset prices affects the rule’s ability to improve welfare outcomes. In particular, for pro-

ductivity and financial shocks, we study whether the decrease in losses is robust even when

shocks are persistent. Also, in the face of demand shocks, we study whether the marginal

benefits of an augmented monetary rule are still positive.

Table 4 shows a measure of the welfare loss from an augmented rule relative to the loss

when pursuing the flexible-price allocation. Therefore, as this relative value is above 1, it

implies that the loss under an augmented rule is higher than that under the flexible-price al-

location. The first column in Table 4 shows the relative welfare loss when the economy faces

only productivity shocks, at. It shows that even for high values (ρa = 0.60), introducing an

augmented rule produces welfare benefits.

The second column in Table 4 shows the relative welfare loss when the economy is sub-

ject only to demand shocks, νt. Not surprisingly, at very low levels of persistence (ρν), an

augmented monetary rule produces higher welfare losses than in the flexible-price case. This

result suggests that in the face of demand shocks, using an augmented monetary rule to re-
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spond to asset prices can be inefficient. Finally, the third column in Table 4 shows that in the

presence of a highly persistent financial shock et, the augmented rule still provides positive

welfare benefits.

Table 4: Welfare under augmented monetary rule relative
to welfare under flexible prices.

Persistence of the shock

ρx = 0

ρx = 0.20

ρx = 0.40

ρx = 0.60

ρx = 0.8

ρx = 0.99

ϵA ϵν ϵe

0.65398 0.86863 0.65479
0.72821 1.07298 0.72898
0.83445 1.41865 0.83509
0.97475 2.08788 0.97511
1.13080 11.61748 1.13084
1.37840 10.59969 1.37842

Source: Author’s calculations. For a given shock persistence ρx,
each row considers the ratio of the welfare following an augmented
rule with respect to the welfare when the economy follows flexible
prices. Each column consider the only shock that is turned on in the
simulation.

Sensitivity to IT as Benchmark Regime

In this part we conduct a similar analysis as in Table 3, but instead of comparing the results

to those under a strict IT regime, we consider a FIT regime as in Svensson (1999). A FIT

regime minimizes a loss function like that in equation (32) but with αω = 0. The aim is to

quantify the welfare reduction that an augmented monetary rule can bring if we consider a

less restrictive policy regime than IT.

Table 5 shows the quantitative welfare losses for (i) optimal policy with commitment

under FIT, (ii) optimal policies (that is, discretion and commitment) for the optimal social

welfare problem, and (iii) the augmented rule. Panels A and C, corresponding to welfare

losses in the presence of productivity and financial shocks, respectively, show that a policy

under commitment under FIT is similar to the policy under strict IT. Therefore, as in the

IT regime, for the productivity shock and financial shock we observe that the monetary rule

causes a sizable reduction in welfare loss with respect to FIT.
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Table 5: Welfare loss for different shocks.

Panel A: Productivity Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Commitment FIT Discretion Commitment Augmented Rule

0.00000 0.04991 0.04114 0.04757
0.00000 0.44746 0.49647 0.42647
1.00230 0.61687 0.55882 0.63494
0.00959 0.00627 0.00567 0.00625

Panel B: Demand Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Commitment FIT Discretion Commitment Augmented Rule

0.00000 0.02200 0.01816 0.04591
0.00000 0.19726 0.21906 0.41157
0.44185 0.27194 0.24617 0.08734
0.00186 0.00122 0.00110 0.00231

Panel C: Financial Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Commitment FIT Discretion Commitment Augmented Rule

0.00000 0.02936 0.02421 0.02827
0.00000 0.26323 0.29211 0.25339
0.58963 0.36289 0.32870 0.37136
0.00332 0.00217 0.00196 0.00216

Panel D: Simultaneous shocks

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Commitment FIT Discretion Commitment Augmented Rule

0.00000 0.06196 0.05105 0.07187
0.00000 0.55542 0.61609 0.64425
1.24413 0.76570 0.69380 0.74125
0.01478 0.00966 0.00874 0.01072

Source: Author’s calculations. This table shows the welfare loss for different regimes:
flexible price allocations, optimal policy under discretion, and optimal policy under com-
mitment. The values presented in the table were scaled by the factor 103.
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In the case of Panel B in Table 5, concerning demand shocks, we observe a result that

strengthens the finding regarding FIT. Column 1 shows that pursuing a FIT regime reduces

the welfare loss considerably relative to an IT regime (column 1 in Panel B in Table 3). As

a consequence, we observe that in the face of demand shocks, pursuing an augmented rule is

suboptimal relative to commitment under FIT. In this case a simple rule can be a better option

to approximate a reduction in social welfare loss. Thus, this exercise supports our previous

result that, in the face of demand shocks, a rule responding to asset prices can produce a very

limited, or even null, reduction in welfare loss.

Sensitivity to Asset Prices as a Target in the Loss Function

In the previous section, we found that an augmented rule responding to asset prices is ef-

fective in approximating the optimal policy outcomes in the face of productivity shocks and

financial shocks. However, under a demand shock, such a rule underperforms, in terms of

its ability to reduce the welfare loss, relative to a simple monetary rule. While this result

could be a property of the parsimonious representation of the rule, it could instead be that

stabilizing stock price fluctuations in the face of demand shocks moves the allocations away

from the optimal outcomes.

We explore whether approximating the social welfare loss only through asset prices

can bring suboptimal outcomes. Using the above definition of financial wealth (that is,

ωt = βqt + (1 − β)dt), this exercise consists in computing an approximation of the so-

cial welfare loss when considering only the response to asset prices and avoiding the terms

associated with dividends.

In this way, the welfare loss that a central bank tries to minimize is a suboptimal approxi-

mation of the true welfare loss. By quantifying the approximated welfare loss and comparing

it to the true welfare loss, we try to discern whether the limited welfare-loss reduction of the

monetary rule is because stabilizing stock price fluctuations is an imperfect target in the face
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of demand shocks. Therefore, the loss function we consider is the following:

Lπ,x,q =
(1 + φ)ν

2ϑ
Et

{
∞∑
t=0

βt
(
x2t + αππ

2
t + αωβ

2q2t
)}

. (38)

This function is an approximation of the true social welfare function because Lπ,x,ω =

Lπ,x,q + 2β(1 − β)qtdt + (1 − β)2d2t . Hence, we explore whether, by pursuing optimal

policy over Lπ,x,q the central bank can attain outcomes as in Lπ,x,ω.

For each panel representing a shock, the first two columns of Table 6 show the optimal

social welfare loss Lπ,x,ω when the authority follows optimal policies (that is, discretion

and commitment) that minimize the loss associated with asset price fluctuations Lπ,x,q. By

comparing the first (second) and third (fourth) columns for all the shocks, we observe that

even when the authority is minimizing an incorrect loss function, it comes very close to the

optimal outcomes. This property holds even for the demand shock. This result suggests that

aiming to stabilize fluctuations in q with the augmented rule is not necessarily incorrect.
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Table 6: Welfare loss for different shocks.

Panel A: Productivity Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Discretion qt Commitment qt Discretion Commitment Augmented Rule

0.05062 0.04149 0.04991 0.04114 0.04757
0.45378 0.49756 0.44746 0.49647 0.42647
0.61142 0.55723 0.61687 0.55882 0.63494
0.00628 0.00568 0.00627 0.00567 0.00625

Panel B: Demand Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Discretion qt Commitment qt Discretion Commitment Augmented Rule

0.02254 0.01849 0.02200 0.01816 0.04591
0.20204 0.22173 0.19726 0.21906 0.41157
0.26782 0.24356 0.27194 0.24617 0.08734
0.00122 0.00110 0.00122 0.00110 0.00231

Panel C: Financial Shock

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Discretion qt Commitment qt Discretion Commitment Augmented Rule

0.03008 0.02466 0.02936 0.02421 0.02827
0.26962 0.29568 0.26323 0.29211 0.25339
0.35739 0.32520 0.36289 0.32870 0.37136
0.00218 0.00197 0.00217 0.00196 0.00216

Panel D: Simultaneous shocks

(σπ) Std. Inflation
(σx) Std. Output gap
(σω) Std. Financial Wealth
Welfare Loss

Discretion qt Commitment qt Discretion Commitment Augmented Rule

0.06305 0.05167 0.06196 0.05105 0.07187
0.56524 0.61962 0.55542 0.61609 0.64425
0.75725 0.68993 0.76570 0.69380 0.74125
0.00969 0.00875 0.00966 0.00874 0.01072

Source: Author’s calculations. This table shows the welfare loss for different regimes: flexible price allocations,
optimal policy under discretion, and optimal policy under commitment. The values presented in the table were scaled
by the factor 103.
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5 Conclusion

In this article, we studied the potential of monetary rules to attain optimal policy outcomes in

a non-Ricardian New Keynesian model. This model includes a macro financial channel ob-

served in advanced economies, where the value of financial assets affects households’ wealth

and, consequently, aggregate demand. The model is calibrated to replicate the impact of fluc-

tuations in financial asset prices on the aggregate demand as seen in the United States. In

this model, increases in financial-wealth volatility count as a source of welfare loss. We in-

corporate shocks to firms’ productivity, households’ marginal utility (that is, demand shocks)

and shocks affecting asset prices (that is, financial shocks). We quantified the reduction in

the welfare loss that a central bank can achieve if it transitions from an inflation targeting

regime to one that pursues an optimal policy. Consistent with Nisticò’s (2016) finding for

cost-push shocks, we found that these reductions are sizable for productivity, demand and

financial shocks.

Also, we studied whether monetary rules can attain the optimal outcomes in an economy

that tracks the natural rate of interest implied from the inflation targeting regime. Again, the

purpose was to show the welfare benefits that a central bank pursuing an inflation targeting

regime can attain by responding to macroeconomic and financial variables. We found that

simple rules responding to inflation and the output gap do not attain better outcomes than the

flexible-price allocation. However, in the face of productivity and financial shocks, introduc-

ing a response to asset prices allows the central bank to reproduce the outcomes of pursuing

optimal policy. However, under demand shocks, the reduction in welfare loss is minor.

Finally, our conclusions are specific to the model calibrated for the United States. We

used a model that abstracts from capital-accumulation, financial-intermediation, and open-

economy considerations. These are key elements that could produce different results. Also,

our results cannot necessarily be extended to other countries, as different macro financial

linkages can play more important roles than the one studied here.
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Vasco Cúrdia and Michael Woodford. Credit spreads and monetary policy. Journal of Money,

credit and Banking, 42:3–35, 2010.
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