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ID CHATTER: SHOULD CENTRAL BANKS TARGET INEQUALITY?

A recent IMF Staff working paper suggests that central banks should explicitly target consumption 
inequality alongside their inflation and unemployment objectives. In effect, this framework prescribes 
looser monetary policy, ceteris paribus, to reduce consumption inequality by boosting labour incomes for 
poorer individuals. However, the conclusions are model specific, and more work is needed to show that 
the results can be generalised. I complement this theoretical work by looking at how central banks have 
begun to think about this issue in practice, including discussion of the Fed’s recent framework change and 
empirical studies.  

Monetary policy and inequality in theory 

In a recent IMF working paper, the authors show that it is optimal for the central bank to explicitly target 
inequality when setting policy using a backward-looking Taylor Rule.1 

In this set up, there are two types of agents: one (the ‘Keynesian’) lives ‘hand-to-mouth’ on their labour 
income and has no access to financial markets, while the second (the ‘Ricardian’) also owns all the equity. 
Ricardian agents form a slight majority (60 per cent) of the population. The two groups’ wealth inequality 
translates into income inequality, as monopolistic firms’ profits are distributed as dividends. The 
government’s tax policies determine to what extent these dividends are redistributed between the two 
agent types.  

The authors find, in response to a positive TFP shock: 

• Inequality increases along two dimensions: i) wealthier individuals’ share of labour income
increases through an increase in demand for skilled labour; and ii) firm profits increase, which
flow to these same agents as dividends.

• Including consumption inequality in the central bank’s optimisation problem results in a lower
policy rate than the central bank otherwise would have set in response to this shock, supporting
employment and wages. This disproportionately benefits the poor, as they derive their income
solely from labour.

• This improves social welfare (as measured by agents’ lifetime consumption). It also results in a
small positive inflation gap in the short-term – as opposed to a larger negative gap when
consumption inequality is ignored. This inflation gap tends to zero after ten quarters (Graph 1).

Limitations 

The paper’s key limitation (acknowledged by the authors) is that it only models the impact of a positive 
productivity shock. Given this is a deflationary shock that also increases the unemployment gap and 
consumption inequality, the central bank does not face a trade-off between stabilising inflation and its 
other objectives – all three components of its policy rule suggest it should decrease the policy rate. Further 
work could look at whether the above results hold for demand-side shocks, for example. 

Another important limitation is that the modelling of wealth inequality is limited to uneven profit 
distribution. Given the importance of asset prices in monetary policy transmission, it would be useful to 
look at inequality dynamics in a model extended to capture wealth effects. 

1  Using an extension of Debortoli & Gali (2017)’s Two Agent New Keynesian (TANK) model, the authors also show 
that this result holds when the central bank has full information and sets policy to maximise a utilitarian social 
welfare function. Notably, higher initial inequality leads to a larger optimal weight on inequality. 
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Finally, the paper assumes Ricardians and Keynesians face the same labour supply decision. This is a 
deliberate choice, to analyse the effect of monetary policy on inequality without introducing indirect 
distortions due to income inequality. Further extensions could introduce type-dependent labour supply. 

Monetary policy and inequality in practice 

There are, of course, also practical impediments to targeting inequality through monetary policy. Central 
banks do not undertake a rigid optimisation exercise each time they set their policy rate, nor do they 
follow a simple, mechanistic Taylor Rule. Instead, the monetary policy decision is dynamic and takes 
into consideration a wide range of factors, making it difficult to distill down into a policy rule (see 
McCarthy & Rees 2018), for example).  

The Fed’s recent change to its framework is one example of how a central bank may choose to implicitly 
target inequality in practice (see San Francisco Fed President Daly’s characterisation in a recent speech). 
Its new approach places greater weight on unemployment and less on inflation when making decisions, 
in recognition of the benefits from employment and wage growth accruing to those at the bottom of the 
income distribution relative to the costs of (low) inflation. There may be positive political economy effects 
from acknowledging and expressing concern about monetary policy’s impact on inequality, above and 
beyond its actual policy implications inflation or financial stability. However, there could also be backlash 
if the central bank is perceived as straying outside its mandate. While other central banks have not gone 
as far as the Fed, they have been commenting on the unequal impact of the COVID recession across social 
groups (e.g. Lowe (2020)). 

Empirical interest in monetary policy and inequality has also increased since the GFC. For example, Coibion 
et al (2017) used Romer and Romer-style monetary policy shocks to examine the impact of the Federal 
Funds rate on labour earning, income and consumption inequality. They found that contractionary shocks 
increase income inequality as they hit the wages of the poorest individuals hardest. A similar pattern is 
observed for consumption inequality. 

When it comes to unconventional policy, quantitative easing in particular has been viewed as 
exacerbating inequality by disproportionately benefitting asset holders, who are typically financially 
better-off. However, recent ECB research has challenged this notion. It found that, after one year, QE 
reduced income inequality by decreasing unemployment and increasing wages, particularly at lower 
income quantiles. It also marginally decreased wealth inequality by boosting house prices. This is because 
households in lowest quintile of the wealth distribution tend to have high stocks of debt and so an increase 
in housing prices reduces their level of indebtedness. 

Lastly, the results cited in this chatter may have a temporal dimension. It is possible that monetary policy 
worsens inequality in the short run, but decreases it over the medium run once it is fully transmitted to 
the real economy and employment and wages benefits are realised. This issue was touched upon by San 
Francisco Fed President Mary Daly in a recent speech. She noted that in the decade following the GFC, 
both income and wealth inequality declined as employment growth for minorities and those with high 
school education outpaced that of their more advantaged peers – particularly between 2016 and 2019, 

trim://D18%2f8812/?db=RC&view
https://www.frbsf.org/economic-research/publications/economic-letter/2020/october/is-federal-reserve-contributing-to-economic-inequality-speech/?utm_source=mailchimp&utm_medium=email&utm_campaign=economic-letter
https://www.rba.gov.au/speeches/2020/sp-gov-2020-10-15.html
https://www.sciencedirect.com/science/article/pii/S0304393217300466
https://www.sciencedirect.com/science/article/pii/S0304393217300466
https://www.ecb.europa.eu/pub/economic-research/resbull/2019/html/ecb.rb190129.en.html
https://www.frbsf.org/economic-research/publications/economic-letter/2020/october/is-federal-reserve-contributing-to-economic-inequality-speech/?utm_source=mailchimp&utm_medium=email&utm_campaign=economic-letter
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when the unemployment rate reached very low levels. Daly attributed this, in part, to sustained Fed 
stimulus over this period.  

Conclusion 

Whether and how the central bank should account for inequality in its decision-making remains an open 
question. While the IMF’s recent paper shows it could be welfare-improving in theory, the generalisability 
of this result is unclear. Nevertheless, there has been growing interest in the topic amongst central banks. 
The Fed’s recent framework change appears to be one way central banks can  implicitly target inequality 
without the perception they are overstepping their existing mandates.  

Graph 1 
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1 Introduction

Should central banks care about inequality when setting monetary policy? Up until recently this question

was a non-starter among policy makers and academics. First, inequality is typically outside central banks’

mandates. Second, an early literature showed that inequality of wealth or income did not distort the ag-

gregate transmission of shocks. However, major central bank officials are increasingly discussing distribu-

tional issues.1 At the same time, advances in economic theory have shed light on the role of inequality in

the transmission of monetary policy.

In this paper, we investigate how inequality affects desirable monetary policy in a stylized model where

the economy is subject to technology shocks. The model is an extension of Debortoli and Gali, 2017. In

this setting, a rich agent owns all the capital and thus her income is composed of after-tax dividends and

wages. In contrast, a poor agent receives only wages and potentially a transfer from the government fi-

nanced by the dividend tax. Positive productivity shocks lead to higher profits and hence higher capital

income, thereby exacerbating initial income and consumption inequities. Moreover, we assume wage in-

come is subject to tech-bias: when productivity rises, the rich agent’s share of total wage income goes up,

while the poor agent’s declines. These mechanisms are consistent with important features of U.S. micro-

and macro-economic data and match the empirical effects of technology shocks on consumption inequal-

ity (De Giorgi and Gambetti, 2017). The great advantage of this simple setting is that it allows studying

how optimal monetary policy varies with inequality in a model with closed form solutions. That advan-

tage comes at a cost of assuming a simplistic wealth distribution in steady-state and no aggregate savings

in equilibrium. We also abstract from heterogeneity in the extensive margin of labor which is known to be

another important driver of inequality over the cycle, although the assumption of tech-biased wage income

could be thought of as a reduced form of that channel.2

We study implications for monetary policy under both optimal policy (Rotemberg and Woodford,

1997) and augmented Taylor rules (Taylor, 1993).

• Under optimal policy, the central bank chooses the welfare maximizing path of interest rates with

full information and caring equally about all individuals. We find that such a central bank chooses

to place some weight on observed consumption inequality, as that improves welfare. However, the

optimal weight on consumption inequality is small compared to those on output and inflation gaps.

Moreover, a central bank pursuing such optimal policy cares progressively less about inflation and

more about growth the higher the initial level of inequality. This is because in an economy with high

inequality, stabilizing inequality coincides with stabilizing growth, since the poor depend more on

wages the greater the inequality, and wages are more stable when growth is stable.

• Under standard Taylor rules, the central bank chooses the interest rate based on the state of the ag-

gregate economy, namely current output and the inflation gap. We find that central banks should

also target consumption inequality through an “augmented” Taylor rule. Under such a rule, inter-

1As examples, see a recent speech by Chair Jerome H. Powell, that links the adjustment to the employment mandate of
the Federal Reserve with an appreciation for benefits to low- and moderate-income communities, or an older speech by Chair
Janet L. Yellen in 2014 and a speech by ECB President Mario Draghi in 2016.

2A separate but related literature on the effects of monetary policy shocks on wealth and income inequality has devel-
oped recently, see e.g Dolado et al., forthcoming and Coibion et al., 2017. In this paper, we focus on how the initial level of
consumption inequality matters for the best monetary policy responses to a technology shock. We focus on consumption in-
equality as this concept features in the social welfare framework that we use to evaluate monetary policy.
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est rates should be set lower than otherwise following a positive technology shock. A policy of lower

interest rates leads to higher wages, which benefits poor agents. Beyond lowering inequality, such a

policy is also beneficial more generally because it improves inflation and growth outcomes by avoid-

ing excessive monetary tightening in response to a positive productivity shock. These insights carry

through in the presence of price and wage rigidities.

Literature review. Our paper relates to three literature strands: (i) Two-Agent models in a New Key-

nesian setup; (ii) optimal monetary policy; and (iii) the interplay of inequality and monetary policy.

First, we use a Two-Agent New Keynesian model (TANK). An early example of a TANK is Campbell

and Mankiw, 1989 where one agent is forward looking and consumes according to her permanent income,

while the other agent follows a “rule of thumb” of consuming only her current income. Gali et al., 2007 in-

troduce these two types of consumers in a New Keynesian framework with price rigidities. Other examples

of two-agent models in the New Keynesian environment include Bilbiie, 2008 and Bilbiie and Straub, 2013,

who introduce heterogeneity by varying the degree of asset market participation, and Broer et al., 2020

and Walsh, 2017, who introduce heterogeneity by assuming one agent (the capitalist) holds all claims on

profits but does not supply labor, while the other agent (the worker) has no claims on profits and supplies

all labor.

Second, we analyze optimal monetary policy in response to productivity shocks within an economy

with a distorted steady state. The study of optimal monetary policy goes back to Rotemberg and Wood-

ford, 1997 who propose a method for deriving an optimal monetary policy that maximizes the utility of

the representative household. Erceg et al., 2000 formulate optimal monetary policy under monopolistic

competition and staggered nominal contracts. Clarida et al., 1999 derive optimal policy both with and

without commitment within the standard New Keynesian model. Woodford, 2002 derives a social loss

function from the welfare of underlying agents to study optimal monetary policy. Benigno and Woodford,

2005 show how to compute a valid quadratic approximation of the social welfare function even when the

steady state is distorted.

Third, we combine the two aforementioned strands by analyzing how optimal monetary policy de-

pends on the degree of income inequality in a TANK. A related literature analyzes how agent heterogene-

ity affects monetary policy in TANKs. Curdia and Woodford, 2010 study how monetary policy depends

on the heterogeneity of preferences for consumption smoothing and dis-utility from working. Nisticò, 2016

and Bilbiie and Ragot, 2017 study how monetary policy depends on heterogeneous asset market participa-

tion.

Our paper also relates to papers on monetary policy within the class of Heterogenous Agent New Key-

nesian (HANK) models.3 In this environment, Kaplan et al., 2018 show that consumption responses to

monetary policy actions are chiefly driven by the indirect income effect, rather than by the direct effect

through inter-temporal substitution. They also show that this is not the case under a representative agent

but also holds under a TANK. Gornemann et al., 2016 study how preferences for different monetary pol-

icy rules vary across agents in a HANK where the idiosyncratic unemployment risk depends on system-

atic monetary policy. There, the central bank operates a Taylor rule targeting unemployment and infla-

tion. The median-wealth household favors a stronger central bank response to unemployment compared

3HANK models differ from TANK models by allowing the share of agents on their Euler equation to respond endoge-
nously to shocks.
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to the wealthiest households because more unemployment stabilization provides consumption insurance.

Bhandari et al., 2018; Acharya et al., 2020 study optimal monetary policy in a HANK where agents differ

also in the ability to trade assets. In this setting, the central bank has an incentive to distribute the effect

of the shock more evenly across agents and this incentive outweighs usual price stability considerations.

Acharya et al., 2020 find similar results in a HANK economy with constant absolute risk aversion (CARA)

preferences and normally distributed shocks allowing for analytical solutions.

Closest related to our work is Debortoli and Gali, 2017. They build a TANK model with price rigidi-

ties and two types of agents: Ricardians and Keynesians. Ricardian consumers have full access to bond

and stock markets, while Keynesian consumers are “Hand-to-Mouth” consuming their current labor in-

come at all times. In this setting, the central bank faces a non-trivial trade-off: it is not possible to si-

multaneously stabilize inflation, the output gap, and consumption inequality. We extend their analysis

in three important dimensions: (i) we study optimal monetary policy when inequality is present in the

steady state, a distortion that may have implications for optimal policy, and that is a feature consistent

with the data; (ii) we consider a reduced form technological bias in wages to match the responses of con-

sumption of different agents to productivity shocks in the U.S.;4 (iii) we study how inequality affects the

use of Taylor rules. In addition, we study all three extensions under wage rigidities. All of these aim at,

on the one hand, realistically capturing features of U.S. micro-data and, on the other hand, allowing the

study of richer forms of inequality.

Organization. The remainder of the paper is organized as follows. In Section 2, we set up our model,

which we then use in Section 3 to study whether the central bank should place a weight on inequality

when conducting optimal monetary policy. In Section 4 we study whether introducing inequality in stan-

dard Taylor rules is welfare increasing. Section 5 concludes.

2 A Stylized Model with Steady-state and Transitional Inequality

This Section lays out the model we use to study the interactions between inequality and monetary pol-

icy in the presence of technology shocks. This model builds on Debortoli and Gali, 2017. The modeling

of wealth inequality is limited to an uneven distribution of profits, while there are no aggregate savings in

equilibrium.

The economy is populated by a continuum of infinitely lived households, indexed by i ∈ [0, 1]. House-

holds have the same preferences, and choosing consumption and savings to maximize utility. A fraction

λ of households – so called Keynesians – does not have access to financial markets, and hence their con-

sumption is fully determined by their income, i.e. they are “hand-to-mouth”. The remaining 1− λ fraction

– Ricardians – have access to financial markets where they can trade bonds and stocks. Because all Ricar-

dians are the same, there is no net supply of bonds, and Ricardians hold all equity in the economy – an

extreme form of wealth inequality which translates into income inequality as profits are distributed as div-

idends. Households supply labor to intermediate goods producers and receive wage income in exchange. In

4De Giorgi and Gambetti, 2017 finds an uneven impact of TFP shocks on consumption. In particular, the right tail of the
consumption distribution, comprised mostly of highly educated individuals, has a larger response than the poorer part of the
distribution.
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addition, productivity shocks are assumed biased towards the wages of Ricardian agents, a reduced form

skill-bias technological change.

The supply side features monopolistic competition among intermediate goods producers and a sin-

gle representative firm that combines differentiated intermediate goods into a final consumption good. All

households are subject to taxation in the form of i) lump sum transfers imposed to finance subsidies to in-

termediate goods producers to undo monopolistic distortions, and ii) redistribution policies based on divi-

dend taxes.

2.1 A Ricardian Agent, r

A Ricardian agent, r, obtains utility from consumption Crt, and disutility from labor Nt. She takes in-

come Yrt as given and chooses consumption Crt and nominal bond holdings Brt, with real value brt = Brt
Pt

,

to solve

max E0

∞∑
t=0

βt

[
lnCrt − χ

N1+φ
t

1 + φ

]

s.t. Crt + brt = brt−1
Rt−1

Πt
+ Yrt (1)

where β is a preference discount factor, Rt is the gross nominal rate on riskless bonds, Πt is gross infla-

tion. Taking first order conditions yields the consumption Euler equation:

C−1
rt = βRtEt

(
C−1
rt+1

1

Πt+1

)
(2)

In the background there is an implicit borrowing constraint that never binds.

The income of a Ricardian agent is composed of labor income, net-of-tax dividend payments,5 taxes,

and transfers.

Yrt =
1− λ

(
At
A

)−γ
1− λ

wtNt +
1− δ
1− λ

dt + trt − TpYt (3)

The labor income of a Ricardian agent is proportional to aggregate labor income wtNt.
6 This proportion-

ality allows for the possibility that TFP shocks affect the labor income of Ricardians and Keynesians dif-

ferently, shifting resources from one type to the other depending on the value of γ. If γ > 0, Ricardians see

a larger share of labor income following a positive TFP shock. Dividends are distributed equally among

Ricardian agents and taxed at a rate δ. Taxes TpYt (which are raised from households and redistributed

as sales subsidies to intermediate firms) eliminate the distortions from monopolistic competition. Trans-

fers trt are chosen by the fiscal authority for redistribution purposes and are financed by the taxes on divi-

5In principle, Ricardian agents are able to trade shares of the firms. This would add terms into the budget constraint
(1). However, due to market clearing and the assumption that Keynesian agents do not have access to financial markets, the

terms would simplify to the profits flow part 1−δ
1−λdt that we reported. Furthermore, the possibility to trade shares, would

give rise to a second Euler equation for stocks. This is again irrelevant in our setting as stock prices affect equilibrium condi-
tions only through fluctuations in profits.

6The term
1−λ

(
At
A

)−γ

1−λ can be obtained by imposing that all labor income must be distributed, given that we assume(
At
A

)−γ
is the share of total wage income that accrues to Keynesian agents.
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dends.

2.2 A Keynesian Agent, k

The problem faced by any Keynesian agent, k, is similar to that of Ricardian agents, except that the Key-

nesian agent is constrained by a binding borrowing constraint, i.e. bkt = 0.7

max E0

∞∑
t=0

βt

[
lnCkt − χ

N1+φ
t

1 + φ

]

s.t. Ckt + bkt = bkt−1
Rt−1

Πt
+ Ykt (4)

Given the binding borrowing constraint the Keynesian agent is effectively “hand-to-mouth”, i.e. the rele-

vant condition for determining her consumption is her budget constraint. The Keynesian agent’s income is

composed of labor income, taxes, and transfers:

Ykt =

(
At

A

)−γ
wtNt − TpYt + tkt (5)

Note that there is no dividend income, unlike the case of Ricardians, and that if γ > 0, the share of labor

income that Keynesians receive decreases following a positive TFP shock, a reduced-form way of introduc-

ing skill-biased wages.

2.3 Labor Supply

All workers are assumed to supply the same amount of labor as per the following aggregate rule.8

wt = χNφ
t Yt (6)

where wt is the real wage, φ is the inverse Frisch elasticity, and χ is a parameter for labor disutility. We

use this labor market structure to abstract from distortions introduced indirectly by income inequality,

avoiding, for example, that type-dependent labor supply would itself be a source of inequality.

2.4 Markets for Goods

Final Good Producer The final goods market is assumed to be perfectly competitive, where a repre-

sentative firm combines intermediate goods into a single final good. The production function is CES, as is

the price index and the implied demand functions for intermediate inputs:

Yt =

[∫ 1

0

y
θp−1

θp

jt dj

] θp
θp−1

, Pt =

[∫ 1

0

p
1−θp
jt dj

] 1
1−θp

, yjt =

(
pjt
Pt

)−θp
Yt.

7The fact that Keynesian agents hit their borrowing constraint, while Ricardian agents do not can be micro founded by
different discount factors, with Keynesian agents being less patient than Ricardian ones. Some examples that make similar
assumptions are Eggertsson and Krugman, 2012, and Benigno et al., 2020.

8This rule corresponds to the intratemporal optimality condition that would arise in a representative agent model, where
Cit = Yt.
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Intermediate Goods Producers Each intermediate goods producer j takes as given the demand func-

tion yjt =
(
pjt
Pt

)−θp
Yt, as well as the nominal wage Wt, and the production function yjt = AtL

1−α
jt , and

maximizes profits subject to a quadratic price adjustment cost. Intermediate goods are subject to sales

subsidies (at a rate Tp).

Intermediate goods producer j faces the following problem at time t:

max
pjt

(1 + Tp)
p

1−θp
jt

P
1−θp
t

Yt −
wt

A
1

1−α
t

(
pjt
Pt

)−θp
1−α

Y
1

1−α
t − ψp

2
Yt

[
pjt
pjt−1

− 1

]2

+

+ β

(
Crt+1

Crt

)−1
(1 + Tp)

p
1−θp
jt+1

P
1−θp
t+1

Yt+1 −
wt+1

A
1

1−α
t+1

(
pjt+1

Pt+1

)−θp
1−α

Y
1

1−α
t+1 −

ψp
2
Yt+1

[
pjt+1

pjt
− 1

]2


Assuming symmetry across firms, or that pjt = Pt, the first order condition boils down to the New Keyne-

sian Phillips curve.

Πt [Πt − 1] = β

(
Crt+1

Crt

)−1
Yt+1

Yt
Πt+1 [Πt+1 − 1] +

θp
ψp

[
1

1− α
wt

A
1

1−α
t

Y
α

1−α
t − (1 + Tp)

θp − 1

θp

]
. (7)

Symmetry also leads to the following aggregate production function and an aggregate equation for real

dividends.

Yt = AtN
1−α
t (8)

dt = (1 + Tp)Yt − wtNt −
ψp
2
Yt (Πt − 1)

2
(9)

2.5 Market Clearing

Goods and bond markets clear:9

Yt = λCkt + (1− λ)Crt +
ψp
2
Yt (Πt − 1)

2
(10)∫

bitdi = 0 (11)

2.6 Fiscal Policy

Fiscal policy has two independent parts. First, a sale subsidy, Tp, is given to intermediate producers, fi-

nanced by lump sum taxes on all households. Second, profits are taxed at rate δ and then redistributed

according to the following rules:

tkt = (1− τ) δ dt (12)

trt =
δdt − λtkt

1− λ
. (13)

9Note that we have already substituted the market clearing condition for labor Nt =
∫ 1
0 Ljtdj = Lt.

7



1−τ represents the extent to which taxed profits δdt are distributed to Keynesians. τ thus controls income

inequality after taxes and transfers in steady-state, as well as over the business cycle.10 A higher value of

τ thus means less (more) inequality, as less (more) profits is redistributed from Ricardians to Keynesians.

The remaining taxed profits are then transferred to Ricardian agents per equation (13).

2.7 Natural Output

We define “natural output” as the output obtained if prices were flexible:

Yt
n = At

[
(1 + Tp) (1− α)

θp − 1

θp

1

χ

] 1−α
1+φ

(14)

2.8 Equilibrium

A competitive equilibrium in this economy is defined by two elements: 1) a sequence of stochastic pro-

cesses {Yt, Y nt , Yrt, Ykt, Crt, Ckt, Nt, Rt,Πt, wt, dt, trt, tkt, brt, bkt}∞t=0; and 2) an exogenous process {At}∞t=0,

such that Ricardian agents solve their maximization problem respecting budget constraint (1) and con-

sumption Euler equation (2); Keynesian agents respect their budget constraint (4); income flows are de-

fined by (3) and (5) ; labor supply is defined by (6); output is produced according to the aggregate pro-

duction function (8) and dividends are defined by (9); inflation follows the New Keynesian Phillips curve

(7); transfers are defined by (12) and (13); goods market clears (10); the natural output levels is defined

by (14); bond positions are such that bkt = b = 0 and the bonds market clears (11). The model is closed

by specifying monetary policy. Monetary policy affects the equilibrium through the Euler equation of the

Ricardian agent and through general equilibrium effects on wages and profits. In the next sections we con-

sider two possibilities: 1) a central bank that pursues welfare-based optimal monetary policy, and 2) a cen-

tral bank that pursues different ad hoc interest rate rules.

2.9 Approximate (Linearized) Equilibrium

Following the tradition of the New Keynesian literature, we log-linearize the equilibrium conditions around

the deterministic steady state. For a variable xt, whose steady state value is x, we define x̂t ≡ lnxt − lnx.

Log-linearized equilibrium conditions follow. We ignore the budget constraint of Ricardian agents due

to Walras Law. Furthermore, we make use of the constant bond positions to disregard brt, bkt, and to sim-

plify Yrt = Crt, Ykt = Ckt. An approximate equilibrium (here we report the Taylor rule for monetary pol-

icy) in this economy is made of two elements: 1) a sequence of stochastic processes
{
Ŷt, Ŷ

n
t , Ĉrt, Ĉkt, N̂t, R̂t,

10This is a departure from Debortoli and Gali, 2017’s assumption of different taxes in the steady-state and over the busi-
ness cycle.
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Π̂t, ŵt, d̂t, t̂rt, t̂kt

}∞
t=0

; and 2) an exogenous process
{
Ât

}∞
t=0

, such that:

Ĉrt = EtĈrt+1 − R̂t + EtΠ̂t+1 (15)

Ck

wN
Ĉkt +

TpY

wN
Ŷt −

tk

wN
t̂kt = −γÂt + ŵt + N̂t (16)

ŵt = φN̂t + Ŷt (17)

Ŷt = Ât + (1− α) N̂t (18)

(1 + Tp) Ŷt =
d

Y
d̂t +

wN

Y

(
ŵt + N̂t

)
(19)

Π̂t = βEtΠ̂t+1 +
θp
ψp

(
ŵt +

α

1− α
Ŷt −

1

1− α
Ât

)
(20)

d̂t =
(1− λ) tr

δd
t̂rt +

λtk

δd
t̂kt (21)

t̂kt = d̂t (22)

Ŷt = λ
Ck

Y
Ĉkt + (1− λ)

Cr

Y
Ĉrt (23)

Ŷ nt = Ât (24)

R̂t = φπΠ̂t + φyŶt (25)

2.10 Steady State

The steady state of this economy generally depends on structural parameters that i) concern monopolistic

distortions (Tp and θp),
11 ii) govern fiscal redistribution (δ, τ), iii) characterize the production function

(α,A), iv) define preferences (β, φ), and v) characterize population shares (λ). Note that the steady state

does not depend on γ as it governs only the degree of “cyclical” skill-biasedeness.

2.11 Exogenous Process

Throughout the paper we consider the economy to start in the steady state and a one time, unexpected

shock εt that increases productivity At at t = 0. Specifically we assume that

At = Aeεt ,

which is linearized to

Ât = εt.

We assume that εt = ρεt−1, and that ε0 = 0.01. The evolution of the shock is deterministic.

11We assume that (1 + Tp)
θp−1

θp
= 1.
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2.12 Calibration

The main novel parameters to be calibrated are λ, τ , and γ. The rest are set to standard values found in

the literature.

We set λ = 0.4, which is in the middle of a wide range used in the literature, see Coenen et al., 2012.

We calibrate τ to 0.93 to match the ratio of non-labor income of households in the top 60 percent of the

income distribution to the bottom 40 percent in the Survey of Consumer Finances for the U.S. in 2016.12

γ is calibrated to match the effect of a productivity shock on consumption across the income distribu-

tion as estimated in De Giorgi and Gambetti, 2017. This is done assuming that monetary policy follows a

Taylor rule with standard response parameters.13

Table 1 summarizes the calibration used henceforth.

Table 1: Calibration

Parameter Value Note
λ 0.4 Share of Keynesian agents
τ 0.93 Redistribution of Profits
δ 1 Redistribution of Profits
γ 1.67 Degree of Skill Bias
α 0.25 Profits Share
β 0.9925 Discount Factor
χ 1 Labor Disutility
φ 1 Inverse Frisch Elasticity
θp 9 CES Elasticity
ψp 372.8 Price Adjustment
ρ 0.9 Persistence of Shock

3 Optimal Monetary Policy

In this section, we show that a welfare-maximizing central bank caring equally about all agents in the

economy described in Section 2 should place a non-zero weight on stabilizing consumption inequality, be-

yond the usual objectives of stabilizing inflation and output gaps. However, the weight on consumption

inequality under such an optimal policy is relatively small, and those on inflation and output gaps are

only marginally affected by the presence of inequality. This means that a policy where the central bank

maximizes the welfare of the average agent, ignoring actual inequality in the economy, only entails small

welfare losses compared to the fully optimal policy that incorporates inequality. These results are robust

to the inclusion of wage rigidites, see Appendix Section A.4. In what follows, we derive the social welfare

function and study the resulting optimal monetary policy.

12This ratio is 24.5. τ is chosen so that tr
tk

= 24.5. Notice that we have also imposed δ = 1 meaning the dividend tax base

is the total amount of dividends.
13We use φπ = 1.5 and φy = 0.125 in equation 25.
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3.1 The Social Welfare Function

Consider a central bank that aims to maximize the welfare of all agents in the economy described in Sec-

tion 2 and that values each agent equally.14 The welfare function can be written as:

W = E0

∞∑
t=0

βt

[
λ lnCkt + (1− λ) lnCrt −

N1+φ
t

1 + φ

]
(26)

Note that the consumption portion of utility is weighted by each type’s share in the population, with

Keynesians accounting for λ and Ricardians for 1 − λ, while the separable leisure portion is not weighted

because of the assumed aggregate labor supply decision in equation (6).

The welfare function in (26) can be re-written as a quadratic in three gaps:15

W ≈ E0

∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
WY

(
Ŷt − Ŷ ∗t

)2

− 1

2
W∆c

∆̂2
ct

}
+ T0 + t.i.p. (27)

where Π̂t is the deviation of inflation from its steady state value, or the inflation gap, Ŷt − Ŷ ∗t is the de-

viation of output from its welfare optimizing level, or what we henceforth call output gap,16 and ∆̂ct =

Ĉrt − Ĉkt is the change in the relative consumption of the Ricardian and the Keynesian agent, or the con-

sumption inequality gap, all at time t. A positive ∆̂c reflects higher consumption inequality since the Ri-

cardian agent has higher steady-state consumption to begin with, provided τ > 0. T0 is a predetermined

quantity that depends only on gaps at time zero. t.i.p. stands for terms independent of (monetary) policy.

Appendix A.1 contains the detailed derivations and the analytical expression for each weight and for T0.

3.2 Optimal Policy

Figure 1 presents the weights on the three gaps in equation (27) depending on the degree to which profits

are taxed and redistributed, as governed by τ .17 Two things are apparent: (i) the weight on consumption

inequality is not zero but it is very small compared to that on the output gap, which itself is much smaller

than that placed on the inflation gap (the weights in our baseline calibration are 0.2, 5 and 310, respec-

tively); (ii) the weight on inflation gap is indeed the largest but declines with larger τ , with the opposite

being true for the weight on output gap (the weight on inflation gap declines by 17 percent from the egal-

itarian society, τ = 0, relative to that in our baseline calibration, while the weight on output gap rises by

79 percent across the two calibrations).

14This follows the optimal policy literature, see e.g. Woodford, 2002.
15Simplifying (26) into a quadratic loss function involves two steps. First, we take a second-order expansion following

Rotemberg and Woodford, 1997 and Woodford, 2002. In many applications, such a second-order expansion leads immedi-
ately to a simple quadratic loss function because the steady state is efficient. For example, this is the case in Debortoli and
Gali, 2017, due to τ being zero. In our economy though, the steady-state is inefficient and thus the second-order expansion of
equation (26) includes linear terms on crucially the output gap. To deal with the latter, we adapt the method in Benigno and
Woodford, 2005 and derive the objective function under “timeless commitment”, in which the loss function is quadratic up to
a term that is set at time zero.

16This definition of output gap is not standard because here Ŷ ∗
t = WAY Ât, as opposed to just Ât, as in the representative

agent model. WAY 6= 1 arises due to tech-bias in wages, see Appendix A.1 for details.
17Welfare weights do not depend on γ, the degree of skill-bias in wages, because the weights themselves are functions

evaluated in the steady state and skill bias is immaterial in the steady state. However, γ affects welfare directly because it
changes the welfare relevant measure of potential output and indirectly through its impact on the dynamics of the economy.
See Appendix A.1 for the analytical expressions.
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Figure 1: Welfare Weights and Redistribution Parameter τ
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Notes: The panels show the three weights in equation (27) as a function of the extent to which dividends are redistributed,
governed by τ . All other parameters are set according to the baseline calibration in Table 1.

The weight on consumption inequality is small because aggregate fluctuations affect all agents, while

fluctuations in consumption inequality are second-order and disproportionately affect one type of agent.

This weight depends crucially on the level of steady-state inequality, as governed by τ , and the fraction

of Keynesian agents, λ. In our calibration, λ is smaller than one half, and thus Figure 1 shows that the

weight on consumption inequality declines with τ . In an economy where Keynesians form a small group,

transferring resources to them is less appealing to the social planner and is even less appealing when τ is

higher as redistribution involves taking from the majority to more than proportionately benefit the minor-

ity. Finally we note that looking at the weight alone does not completely relay the possible welfare loss

accruing to different types of gaps because the gaps themselves vary in size after a shock.

Secondly, why would the central bank care progressively less about inflation and more about the out-

put gap the higher the τ , and hence the lower the redistribution in this economy? The cost of any infla-

tion gaps is directly borne by firms due to Rotemberg pricing, reducing their profits. When τ is large,

such profits accrue principally to the already better-off Ricardian agent. Thus, a central bank that val-

ues agents equally will on the margin more easily tolerate an inflation gap when τ is high because that

ends up being re-distributive and small gains for the poor agent when inequality is high are particularly

welfare-enhancing. At the same time, an economy that is deeply unequal due to large τ is one where the

Keynesian agent will overwhelmingly depend on wages for her income. Stabilizing the labor supply, and

thus output, becomes relatively more important in such an unequal economy.

The policy that maximizes (27) subject to a first order approximation of the Philips curve, the re-

source constraint (equations 20 and 23) and a given level of T0 is henceforth denoted as optimal policy.18

3.3 RANK-Optimal Policy – A Policy For the Average Agent

In order to assess the benefits of pursuing the optimal policy explained above, we define an alternative

“RANK-optimal” policy in which the central bank maximizes welfare as if the economy has a represen-

tative agent, thus ignoring the existence of inequality. In other words, RANK-optimal policy focuses on

18See Appendix A.2 for details.
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maximizing the average consumption in the economy rather than internalizing the differences in consump-

tion across the two agents.

Under the assumption that the central bank ignores inequality, its objective function simplifies from

(27) to:19

WRANK ≈
∞∑
t=0

βt
{
−1

2
WRANK,ΠΠ̂2

t −
1

2
WRANK,Y

(
Ŷt − Ât

)2
}

+ T0 + t.i.p.

Weights, WRANK,Π,WRANK,Y coincide with those presented in Figure 1 when τ = 0. They are the stan-

dard weights in the RANK literature, e.g. see Gaĺı, 2015. T0 is constrained to be the same value attained

by optimal policy.

3.4 Responses to TFP shocks

Figure 2: Impulse Response to a Positive TFP shock: Optimal vs RANK-Optimal Policy
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Notes: The three panels show the impulse response functions of inflation, output and consumption inequality gaps, respec-
tively, under the fully optimal policy (blue) and the RANK-optimal policy (black dash-dotted). The y-axis measures the de-
viation from each variable’s steady state, measured in percentage points.

Figure 2 shows impulse responses of key gaps to a positive TFP shock comparing optimal and RANK-

optimal policies.

Optimal policy cushions the rise in consumption inequality (third panel) more forcefully than RANK-

optimal policy. In doing so, optimal policy allows for slightly larger inflation and output gaps on average

(first and second panels, respectively), reflecting its full internalization of the trade-off between stabilizing

aggregates and consumption inequality.20

However, the impulse responses of optimal and RANK-optimal policies are nearly identical and thus

optimal policy is only marginally better than RANK-optimal policy. Figure 3 shows the welfare loss in

consumption-equivalent terms,21 using (27) under each of these 2 policies, depending on τ and γ and de-

19See Appendix A.3 for details.
20If wages are also rigid, we show that these insights remain unchanged, see Appendix Figure A2.
21We compute such compensation in percent of steady-state consumption of the average agent, as in Ravenna and Walsh,

2011. Specifically, we compute x as the consumption equivalent representing the permanent increase in consumption that
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composing losses into three sources stemming from each of the three gaps being non-zero. Under our cali-

bration, the welfare gain is only about 2.5 x 10−6 percent in yearly consumption-equivalent terms. In rela-

tive terms, this means that moving to fully optimal policy only increases welfare by 1 percent. 22

Unsurprisingly, optimal policy achieves higher welfare overwhelmingly through reduced consumption

inequality (yellow area being the largest and positive) at the expense of larger losses due to inflation and

to some extent output gaps, although the latter depends crucially on τ but not γ. In our baseline calibra-

tion, optimal policy delivers higher welfare through a smaller output gap reflecting a larger focus of the

social planner on the output gap when profits are not much distributed or when the skill-bias is more pro-

nounced (τ or γ are high).

Figure 3: Welfare of Optimal vs. RANK-Optimal Policy in Consumption Equivalent Terms

Notes: The panels show how welfare under optimal policy and RANK-optimal policy compare depending on parameters that
control inequality. The black line shows the overall gain, in consumption-equivalent terms of moving from RANK-optimal
to fully optimal monetary policy. The colored areas decompose the overall welfare gain in terms of the three gaps (inflation,
output, and consumption inequality gaps). The left (right) panel shows how this welfare comparison depends on τ (γ), shown
in the x-axis. The vertical dashed line denotes our baseline calibration.

4 Augmented Taylor rules

Optimal monetary policy is hard to implement in practice. First, it requires extensive information about

the structure of the economy including the paths of all variables under different scenarios. Second, it may

not be credible to pre-commit to the full paths of all three gaps. For this reason policy makers sometimes

make reference to simpler monetary policy rules.23 A famous example of such a rule is the one proposed

by Taylor, 1993.

In this section, we study more practical “Taylor Rules”. We show that central banks using such rules

should set lower rates than they would otherwise because of inequality in response to a positive TFP shock.

would increase welfare by the amount considered. Consider two monetary policies, a and b, with the former being welfare-
superior to the latter (i.e. Wa > Wb). We compute x from the following formula x = exp [(1− β) (Wa −Wb)]− 1.

22The same qualitative results hold under wage rigidites, see Appendix Figure A3
23See for example https://www.federalreserve.gov/monetarypolicy/policy-rules-and-how-policymakers-use-them.htm and

https://www.brookings.edu/blog/ben-bernanke/2015/04/28/the-taylor-rule-a-benchmark-for-monetary-policy/
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The mechanism is simple: a policy of lower interest rates leads to higher wages on the margin, and thereby

benefits disproportionately the poor, who rely more on labor income. Such a policy is beneficial not only

because it lowers inequality, but also because it improves inflation and growth outcomes by avoiding an

excessive tightening of the interest rate in response to a positive productivity shock. The same exact con-

clusions apply in a modified version of our model with wage rigidites, see Appendix Section A.4.

In the following two subsections, we discuss Taylor rules in two stages. Firstly, we evaluate the im-

plications of the existence of inequality for standard Taylor rules without considering explicit inequality

targeting. Secondly, we assess whether standard rules should indeed feature an explicit targeting of con-

sumption inequality.

4.1 Standard Taylor Rules and Inequality

We evaluate Taylor rules of the following form:

R̂t = φπΠ̂t + φyŶt + φc

(
Ĉrt − Ĉkt

)
(28)

Here Ŷt is the deviation of output from steady state,24 Π̂t is the deviation of inflation from target, while

Ĉrt − Ĉkt measures inequality through the difference in consumption between workers and capitalists.

Table 2 compares different Taylor rules of the form defined in equation (28). It begins by evaluating

a typical rule with φπ = 1.5 and φy = 0.125 as in Gaĺı, 2015, Chapter 3. It then contrasts such a rule

with one where the output coefficient is zero or one where it is 1. Finally, a rule with a high coefficient on

inflation alone is also assessed. In this subsection, we keep φc = 0.

Table 2: Welfare in Taylor Rules - Standard Parametrization

(1) (2) (3) (4) (5) (6) (7) (8)

τ 0 0 0 0 0.93 0.93 0.93 0.93
γ 0 0 0 0 1.67 1.67 1.67 1.67
φπ 1.5 1.5 5 1.5 1.5 1.5 5 1.5
φy 0.125 0 0 1 0.125 0 0 1

Cons. Equiv. Loss 0.4 0.1 0 1.4 2.7 1.9 0.3 4.6
Cons. Equiv. W − T0 0.5 0.2 0 1.9 1 0.6 0.1 2.1

Inflation 98.2 98.2 98.1 98.2 87.1 83.6 24 90.1
Output 1.8 1.8 1.9 1.8 3.4 3.2 1.5 3.7

Inequality 0 0 0 0 9.6 13.2 74.5 6.3

Notes: The table reports the consumption equivalent welfare loss, multiplied by 10000 (e.g. 1 means 0.0001 percent of steady
state consumption); the dynamically relevant loss (W − T0) also in consumption equivalent terms; the shares of W − T0

accounted by a non-zero inflation, output and inequality gaps. These shares may not sum to 100 due to rounding.

In an economy without inequality (columns (1)-(4), when τ = γ = 0) three conclusions emerge: (1)

Taylor rules with zero weight on output fare better; (2) a large weight on inflation fares even better; (3)

any welfare losses are disproportionately due to non-zero inflation gaps. These are all well understood in

the literature (see for example Gaĺı, 2015, Chapter 3) and reflect the disproportionately large weight on

24An alternative is to target output gaps, or the deviation of output from its equilibrium under flexible prices. As the pur-
pose of this section is to investigate practical policy rules, we opt for the deviation from steady state which arguably is easier
to measure. In the version of the Taylor rule where output, and not output gap, is targeted, there is an additional benefit to
targeting consumption inequality because doing so allows to better proxy for the interest rate that would best respond to the
output gap.
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inflation in the social welfare function of equation (27) and the complementarity between reducing infla-

tion and output gaps under TFP shocks. This finding is often referred to as the “divine coincidence” by

Blanchard and Gaĺı, 2007.

When inequality is introduced in columns (5)-(8), the same three observations above continue to hold.

Importantly, a higher parameter on inflation reduces total welfare losses from all three gaps.25 Note, that

the welfare loss due to the consumption inequality gap can be sizeable, always larger than that of output

gap and even larger than that stemming from inflation gaps when the Taylor rule reflects a strong infla-

tion mandate (column 7).

Table 2 suggests that aggressively responding to inflation gaps is a superior policy.26 But the question

remains on whether welfare can be improved by allowing a small weight on the consumption inequality

gap (φc 6= 0 in equation (28)), even under the Taylor rule used in column 7.

4.2 Consumption inequality targeting

Figure 4 shows the welfare achieved by the four rules studied in Table 2 when varying the parameter on

the consumption inequality gap (or φc).
27 When τ and γ are not zero, the standard Taylor rules in Ta-

ble 2 achieve a higher welfare when φc becomes negative, or towards the left of each subplot. This is true

across all four rules, with the maximum achieved around φc ∈ [−0.2,−0.05] except for the rule with an

output weight of 1, in which case it is preferable to use a much more negative φc.
28

To understand better why it is useful to target consumption inequality, Figure 5 compares impulse re-

sponses of three gaps for the most standard Taylor rule (using φπ = 1.5 and φy = 0.125). This is done

with and without augmentation as well as those implied by the Optimal Monetary Policy explored in Sec-

tion 3. For the augmented Taylor rule, the parameter on the consumption inequality gap is chosen to max-

imize welfare as defined in equation (27). Moreover, the same qualitative conclusions carry through if we

had chosen any other of the three rules explored in Table 2.

Targeting the consumption inequality gap is welfare increasing. The consumption equivalent gain of

moving to such an augmented Taylor rule is 7 x 10−3 percent. This gain is large at about 96 percent of

the loss under the standard Taylor rule as reported in Table 2. By having a negative coefficient on con-

sumption inequality, the augmented Taylor rule delivers both lower consumption inequality but also lower

absolute inflation and output gaps. Under the standard Taylor rule, a positive TFP shock leads to higher

inequality and creates negative output and inflation gaps. By moving to a Taylor rule augmented with

a negative parameter on the consumption inequality gap, interest rates are set lower than they would be

otherwise following the same positive TFP shock. This increases wages and stimulates demand, thereby

allowing to close inflation and output gaps. Higher wages also disproportionately help the poor and thus

diminish the increase in inequality. Interestingly, the augmented Taylor rule with an optimized parameter

on inequality goes beyond closing the negative inflation and output gaps and actually results in small posi-

tive gaps. Such a Taylor rule is essentially trading-off complete stabilization of macro gaps with stabilizing

25This can be seen by comparing the levels of consumption equivalent losses across different Taylor rules. For instance,
consider the welfare loss from inflation under column 5, which is 1.9×0.982. This is larger than the welfare loss from inflation
under columns 7, which is 0.6×0.24.

26The same broad patterns carry through to the case with wage rigidities, see Appendix Table A1.
27In this section, we ignore T0 when calculating welfare. Including T0 would not change the qualitative results and in fact

welfare gains are even larger when it is taken into account. The disadvantage, though, is that welfare gains become harder to
interpret, because welfare losses can become negative as the inflation gap enters T0 linearly.

28Under wage rigidity, the same patterns are remarkably similar, see Appendix Figure A4.
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Figure 4: Welfare Under An Augmented Taylor Rule
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Notes: The figure shows how the part of welfare that is quadratic on gaps depends on the parameter on consumption in-
equality, φc. Each line corresponds to the four Taylor rules evaluated in Table 2, columns (5)-(8), but in which we allow φc
to be non-zero.

Figure 5: Impulse Response Functions: Standard and Augmented Taylor rules
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Notes: The three panels show the Impulse Response Function of, respectively, inflation, welfare relevant output gap, and
consumption inequality gap. The two lines correspond to two different policies under our baseline calibration. The black
dashed-dotted line corresponds to the Standard Taylor rule using φπ = 1.5, φy = 0.125 and φc = 0 and the red dotted
line corresponds to the Augmented Taylor Rule where φπ = 1.5, φy = 0.125, φc = φ∗c .
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the consumption inequality gap.29

29The same applies to the case of rigid wages, see Appendix Figure A5.
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5 Conclusion

Should inequality factor into central banks’ decisions? We analyzed this question using a stylized Two-

Agent New Keynesian Model. We studied both optimal monetary policy whereby the central bank cares

equally about all agents in the economy and Taylor rules whereby the central bank sets the interest rate

based on the state of the aggregate economy.

Targeting consumption inequality does not improve welfare much if the central bank already imple-

ments optimal monetary policy ignoring inequality. A central bank should place a non-zero optimal social

weight on the consumption inequality gap. However, the welfare gain of taking inequality explicitly into

account is only about 1 percent of the loss under optimal monetary policy targeted to the average agent.

On the other hand, if the central bank implements monetary policy through a standard Taylor rule,

then augmenting it with an inequality target can lead to higher welfare. We found that beyond targeting

inflation and output gaps, the central bank can achieve higher welfare if placing a small negative weight

on consumption inequality. This means that following a positive TFP shock that increases consumption

inequality, the central bank should on the margin loosen its policy rate. Such an augmented Taylor rule

would generate a gain equal to 96 percent of the loss under a standard Taylor rule, a gain much larger

than that under optimal policy. Such an augmented Taylor rule allows both a more effective stabilization

of consumption inequality but also stabilizes inflation and output gaps. Interestingly, our results do not

depend on the existence of unemployment and how monetary policy can mitigate its volatility, which could

be another motive to make monetary policy inequality-sensitive.

These conclusions are of course model specific. Although we believe the model captures important di-

mensions of inequality, it will be important for future research to assess whether these findings can be gen-

eralized. First, our analysis focused on an economy exposed to TFP shocks. It would be useful to extend

the analysis to a broader set of shocks, including those on the demand side. Second, we modeled steady-

state inequality arising from an unequal distribution of equity holdings and hence profits in an economy

with a simplistic wealth distribution and no aggregate savings. This could be extended to inequality from

other income sources, in particular from differentiated labor, and a richer form of wealth inequality, cap-

turing differentiated savings and also holdings of illiquid assets like housing. The movements in other asset

prices in response to monetary policy could also be modelled beyond stock prices. Finally, we restricted

our analysis to monetary policy. It would be important to study how the conclusions above change when

monetary policy is used in coordination with other policy tools.
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mission mechanism: A heterogeneous-agent perspective”. The Review of Economic Studies 87.1, pp. 77–

101.

Campbell, John Y and N Gregory Mankiw (1989). “Consumption, income, and interest rates: Reinterpret-

ing the time series evidence”. NBER macroeconomics annual 4, pp. 185–216.

Clarida, Richard, Jordi Gali, and Mark Gertler (1999). “The science of monetary policy: a new Keynesian

perspective”. Journal of economic literature 37.4, pp. 1661–1707.

Coenen, Günter, Christopher J. Erceg, Charles Freedman, Davide Furceri, Michael Kumhof, René Lalonde,
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A Details in Deriving Optimal and RANK-Optimal Policies

A.1 Deriving the Loss Function

In this section we approximate the welfare of a utilitarian central planner. There are several steps in this

derivation. First, we consider the overall utility within a given period and obtain an expression that in-

volves a linear term in output gap Ŷt − Ât. Second, we take a second order approximation to the New

Keynesian Phillips curve that features a linear term in output gap. Finally, we substitute the New Keyne-

sian Phillips curve into the discounted sum of the expression obtained in the first step.

We will often sum all terms independent of monetary policy in the term t.i.p.. We will also use the

sign ≈ when we take Taylor approximations or ignore terms of order higher than 2 and when we discard

t.i.p. terms. Also recall that we define x̂t ≡ lnxt − lnx and that xt−x
x ≈ x̂t + 1

2 x̂
2
t .

Step 1: Approximation of Utility Consider the overall utility at time t deriving from consump-
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tion.

λ lnCkt + (1− λ) lnCrt = λ
(
lnCkt − lnCk

)
+ (1− λ)

(
lnCrt − Cr

)
+ t.i.p

≈ λĈkt + (1− λ) Ĉrt (29)

Now consider the disutility from labor.

−χN
1+φ
t

1 + φ
≈ −χN1+φ − χNφ (

Nt −N
)
− 1

2
χφN

φ−1 (
Nt −N

)2
≈ −χN1+φ

[
N̂it +

1 + φ

2
N̂2
it

]
= −(1− α)

[
N̂t +

1 + φ

2
N̂2
t

]
(30)

In the last passage we make use of the steady state efficiency.30 At this stage, we can use the production

function and rewrite the overall utility as follows.

Ut = λ lnCkt + (1− λ) lnCrt − χ
N1+φ
t

1 + φ
≈ λĈkt + (1− λ) Ĉrt − (1− α)N̂t −

1 + φ

2
(1− α)N̂2

t

= λĈkt + (1− λ) Ĉrt −
(
Ŷt − Ât

)
− 1

2

1 + φ

1− α

(
Ŷt − Ât

)2

= λĈkt + (1− λ) Ĉrt − Ŷt −
1

2

1 + φ

1− α

(
Ŷt − Ât

)2

(31)

A second order approximation of the aggregate resource constraint equation can be substituted into the

above expression.

Ŷt −
2

Π̂2
t =

λCk

Y︸ ︷︷ ︸
=λ̃

Ĉkt +
(1− λ)Cr

Y︸ ︷︷ ︸
=1−λ̃

Ĉrt +
1

2
λ̃
(

1− λ̃
)(

Ĉrt − Ĉkt
)2

λ̃Ĉkt +
(

1− λ̃
)
Ĉrt = Ŷt −

ψp
2

Π̂2
t −

1

2
λ̃
(

1− λ̃
)(

Ĉrt − Ĉkt
)2

We obtain the following.

Ut ≈ −
ψp
2

Π̂2
t −

1

2
λ̃
(

1− λ̃
)(

Ĉrt − Ĉkt
)2

−
(
λ− λ̃

)(
Ĉrt − Ĉkt

)
− 1

2

1 + φ

1− α

(
Ŷt − Ât

)2

≈ −ψp
2

Π̂2
t −

1

2
λ̃
(

1− λ̃
)

∆̂2
ct −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

−
(
λ− λ̃

)
∆̂ct (32)

where we have defined the dynamic inequality term as ∆̂ct ≡ Ĉrt − Ĉkt. Consider the aggregate resource

30Specifically, we have used the labor supply condition.
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constraint. Define C̃rt ≡ Crt
Yt

and C̃kt ≡ Ckt
Yt

.

C̃rt = − λC̃kt
1− λ

+
1

1− λ
− ψp (Πt − 1)

2

2 (1− λ)

ˆ̃Crt = − λ̃
ˆ̃Ckt

1− λ̃
− 1

2

λ̃ ˆ̃C2
kt(

1− λ̃
)2 −

1

2

ψp

1− λ̃
Π̂2
t

∆̂ct = ˆ̃Crt − ˆ̃Ckt = −
ˆ̃Ckt

1− λ̃
− 1

2

λ̃ ˆ̃C2
kt(

1− λ̃
)2 −

1

2

ψp

1− λ̃
Π̂2
t

At this stage, the have the following.

Ut = −1

2
ψpΠ̂

2
t −

1

2
λ̃
(

1− λ̃
)

∆̂2
ct −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

+

(
λ− λ̃

)
1− λ̃

[
ˆ̃Ckt +

1

2

λ̃

1− λ̃
ˆ̃C2
kt +

1

2
ψpΠ̂

2
t

]
(33)

Now, the goal is to substitute away terms in ˆ̃Ckt. Define the labor share variable LSt = wtNt
Yt

(whose

steady state value is 1 − α) and consider the budget constraint of the Keynesian agent.31 We take loga-

rithms on both sides, subtract ln C̃k, and take a second order approximation.

C̃kt = (1− τ) δ (1 + Tp)− Tp +

[(
At

A

)−γ
− (1− τ) δ

]
LSt −

ψp
2

(1− τ) δ (Πt − 1)
2

ˆ̃Ckt = ln

{
(1− τtr) δ (1 + Tp)− Tp +

[(
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− (1− τtr) δ

]
LSt −

ψp
2

(1− τtr) δ
(
Πt −Π

)2
+ (τtr − τ)

δd

Yt

}
−

− ln C̃k

A second order approximation gives the following.

ˆ̃Ckt = −γ (1− α)

C̃k
Ât +

(1− α) [1− (1− τ) δ]

C̃k
L̂St+

+

{
1

2
γ2 1− α

C̃k

(
1− 1− α

C̃k

)}
Â2
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{
1

2

[1− (1− τ) δ] (1− α)

C̃k
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1− [1− (1− τ) δ] (1− α)

C̃k
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L̂S

2
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− 1

2

(1− τ) δψp

C̃k
Π̂2
t − γ

1− α
C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]
ÂtL̂St

Notice that for our purpose, we can disregard the t.i.p. terms and keep the terms up to second order. We

31To obtain the expression that follows, we have used the labor supply equation (6), the dividends equation (9), and the
transfer equation (12).
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then can use the following in the welfare function.

ˆ̃Ckt =
(1− α) [1− (1− τ) δ]

C̃k
L̂St +

{
1

2

[1− (1− τ) δ] (1− α)

C̃k
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Π̂2
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t − 2γ
1− α
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[1− (1− τ) δ] (1− α)

C̃k
ÂtL̂St

Notice that under the baseline assumptions, we have that L̂St = 1+φ
1−α

(
Ŷt − Ât

)
. At this stage, the welfare

function is the following.

Ut = −1

2
ψpΠ̂

2
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Π̂2
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2
ψpΠ̂

2
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We can collect terms and have the following coefficients.

Π̂2
t : −1

2
ψp

1−

(
λ− λ̃

)
1− λ̃

[
1− (1− τ) δ
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2
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∆̂2
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2
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(
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≡− 1

2
W∆c
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+

1

2
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)2

≡− 1
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ÂtŶt :
1 + φ

1− α
−
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)
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[1− (1− τ) δ] (1− α)
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[
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](
1 + φ
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)2

−

(
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)
1− λ̃

γ
1− α
C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k
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1 + φ

1− α
≡W̃AY

Ŷt :

(
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[1− (1− τ) δ] (1− α)

C̃k

1 + φ

1− α
≡W̃Y
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t=0

βt
{
−1

2
W̃ΠΠ̂2

t −
1

2
W∆c

∆̂2
t −

1

2
W̃Y Y Ŷ

2
t + W̃AY ÂtŶt + W̃Y Ŷt

}

Step 2: Approximation of New Keynesian Phillips curve The second order approximation to

the New Keynesian Phillips curve is derived.32

YtC
−1
rt

(
Π2
t −Πt

Y C
−1

r

)
= βC−1

rt+1Yt+1
Π2
t −Πt

Y C
−1

r

+
θp

ψpY C
−1

r

(
1

1− α
LSt − 1

)
YtC

−1
rt

We break the derivation in 3 parts. On the LHS we have the following.

T̃t = Π̂t +
3

2
Π̂2
t + Π̂tŶt − Π̂tĈrt

For the first part of the RHS we similarly have the following.

T̃t+1 = Π̂t+1 +
3

2
Π̂2
t+1 + Π̂t+1Ŷt+1 − Π̂t+1Ĉrt+1

For the second part on the RHS we have the following.

TTt =
θp
ψp

{
L̂St +

1

2
L̂S

2

t + L̂StŶt − L̂StĈrt
}

Now we can make the use of some previous results, namely that, to a first order, Ĉrt = ∆̂ct+Ĉkt = −
ˆ̃Ckt

1−λ̃+

32For notational convenience, expectation operators are dropped.
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ˆ̃Ckt + Ŷt = − λ̃
1−λ̃

ˆ̃Ckt + Ŷt. The term in the Phillips curve then becomes the following.

TTt =
θp
ψp

{
L̂St +

1

2
L̂S

2

t +
λ̃

1− λ̃
ˆ̃CktL̂St

}

Finally, taking a first order approximation on ˆ̃Ckt, the above becomes:

TTt =
θp
ψp

{
L̂St +

(
1

2
+

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)
L̂S

2

t +
λ̃

1− λ̃
L̂St

[
−γ (1− α)

C̃k
Ât

]}

Collecting all the three parts we obtain the following.
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}

The next step is multiply the above expression by
(λ−λ̃)
1−λ̃

[1−(1−τ)δ](1−α)

C̃k
. This transforms the Phillips curve

in a very convenient form. In this passage we have used that the labor share is proportional to the output

gap.
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We define T0 ≡ ψp
θp

(λ−λ̃)
1−λ̃

[1−(1−τ)δ](1−α)

C̃k
T̃0, and can rewrite the above expression ignoring t.i.p. terms.
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Step 3: Substitution of New Keynesian Phillips curve in Welfare function The final step
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involves substituting the New Keynesian Phillips curve into the welfare function.
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}
+ T0+

+

∞∑
t=0

βt


(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

{
−

(
1

2
+

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)(
1 + φ

1− α

)2 (
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(1− α) (1− (1− τ) δ)

C̃k

)2(
1 + φ

1− α

)2

WAY = W̃AY +

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

λ̃

1− λ̃
γ

(1− α)

C̃k

1 + φ

1− α
+

+

(
1 + 2

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)(
1 + φ

1− α

)2

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k
=

=
1 + φ

1− α
+

(
λ− λ̃

)
(1− λ̃)2

[
[1− (1− τ) δ] (1− α)

C̃k

]2(
1 + φ

1− α

)2

−

(
λ− λ̃

)
1− λ̃

γ
1− α
C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]
1 + φ

1− α

Finally, we can write the welfare function as follows.

W =

∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c∆̂

2
ct −

1

2
WY

(
Ŷt − Ŷ ∗t

)2
}

+ T0

Ŷ ∗t ≡
WAY

WY
Ât

Notice that in the welfare function we have output deviations from Ŷ ∗t , not the natural level itself, i.e. the

central bank has a different “output target”. Below, we report the final welfare weights that are derived in
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the previous passages.

WΠ = ψp

1−

(
λ− λ̃

)
1− λ̃

[
1− (1− τ) δ

C̃k

]
W∆c

= λ̃
(

1− λ̃
)

WY =
1 + φ

1− α
+

(
λ− λ̃

)
(1− λ̃)2

(
(1− α) (1− (1− τ) δ)

C̃k

)2(
1 + φ

1− α

)2

where λ̃ ≡ λCk
Y

= λC̃k. From the budget constraint of Keynesian agents (4), Ck = wN − TpY + (1− τ) δd

where the steady state levels of wage, labor, output and dividends do not depend on the parameters that

govern inequality, τ or γ.

A.2 The Central Bank’s Maximization Problem

The problem is the following.

maxW =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c

∆̂2
ct −

1

2
WY

(
Ŷt − Ŷ ∗t

)2
}

+ T0

subject to the New-Keynesian Phillips curve, and the dynamic inequality equation (both to a first order

approximation).

Π̂t = βEtΠ̂t+1 +
θp 1 + φ

1− α

(
Ŷt − Ŷ ∗t

)
+ t.i.p.

Ĉrt − Ĉkt = − 1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α

(
Ŷt − Ŷ ∗t

)
+ t.i.p.

The solution can be obtained as the solution to a Lagrangian, with an extra constraint to the value of T0

(what the timeless commitment basically sets).

L =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c∆̂

2
t −

1

2
WY

(
Ŷt − Ŷ ∗t

)2
}

+

+
∞∑
t=0

βtµt

[
Π̂t − βEtΠ̂t+1 −

θp 1 + φ

1− α

(
Ŷt − Ŷ ∗t

)]
+

+

∞∑
t=0

βtηt

[
∆̂t +

1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α

(
Ŷt − Ŷ ∗t

)]
(34)

FOCs follow.

−WΠΠ̂t + µt − µt−1 = 0

−W∆c
∆̂t + ηt = 0

−WY

(
Ŷt − Ŷ ∗t

)
− µt

θp 1 + φ

1− α
+ ηt

1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α
= 0
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The FOCs boil down to a single equation.

−WΠΠ̂t −
WY

θp 1+φ
1−α

(
Ŷt − Ŷ ∗t

)
+

1
1−λ̃

1−(1−τ)δ

C̃k
(1− α) 1+φ

1−αW∆c

θp 1+φ
1−α

∆̂t+

+
WY

θp 1+φ
1−α

(
Ŷt−1 − Ŷ ∗t−1

)
−

1
1−λ̃

1−(1−τ)δ

C̃k
(1− α) 1+φ

1−αW∆c

θp 1+φ
1−α

∆̂t−1 = 0 (35)

A.3 Details in Deriving RANK-Optimal Monetary Policy

In this Section, we explain the problem of a RANK central bank.

If all agents are Ricardian, meaning λ = λ̃ = 0, the weights on inflation and output gap defined in ??

simplify to:

WΠ = ψp

1−

(
λ− λ̃

)
1− λ̃

[
1− (1− τ) δ

C̃k

] =ψp

W̃Y Y =
1 + φ

1− α
+

1

2

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k

](
1 + φ

1− α

)2

=
1 + φ

1− α

W̃AY =
1 + φ

1− α
−

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k

](
1 + φ

1− α

)2

−

(
λ− λ̃

)
1− λ̃

γ
1− α
C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k

]
1 + φ

1− α
=

1 + φ

1− α

W̃Y =

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

1 + φ

1− α
=0

WAY = W̃AY +

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

λ̃

1− λ̃
γ

(1− α)

C̃k

1 + φ

1− α
+

+

(
1 + 2

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)(
1 + φ

1− α

)2

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k
=

1 + φ

1− α

WY =
1 + φ

1− α
+

(
λ− λ̃

)
(1− λ̃)2

(
(1− α) (1− (1− τ) δ)

C̃k

)2(
1 + φ

1− α

)2

=
1 + φ

1− α

The welfare function can then be written as follows.

W =
∞∑
t=0

βt
{
−1

2
ψpΠ̂

2
t −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2
}

subject to the Phillips curve

Π̂t = βEtΠ̂t+1 +
θp
ψp

1 + φ

1− α

(
Ŷt − Ât

)
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And the restriction that T0 equals the level attained under OMP, i.e. when solving (34).

The first order conditions follow.

−βtψpΠ̂t + βtµt − βt−1βµt−1 = 0

−βt 1 + φ

1− α

(
Ŷt − Ât

)
− βtµt

θp
ψp

1 + φ

1− α
= 0

Rearranging we obtain the following.

−ψpΠ̂t + µt − µt−1 = 0

− 1
θp
ψp

(
Ŷt − Ât

)
= µt

Finally we obtain a targeting rule for the pseudo optimal policy.

−ψpΠ̂t −
1
θp
ψp

(
Ŷt − Ât

)
+

1
θp
ψp

(
Ŷt−1 − Ât−1

)
= 0

A.4 Wage Rigidity

In this Section, we extend our analysis in an economy with sticky wages. Specifically, we assume that

nominal wages are a geometric combination of past nominal wages and the wage rate that would prevail

in the absence of rigidities.

Wt = Wψw
t−1W

∗
t

1−ψw

W ∗t = χNφ
t YtPt

The wage conditions can be written in real terms.

wt = wψwt−1Π−ψwt w∗t
1−ψw (36)

w∗t = χNφ
t Yt (37)

Notice that this disconnects the relationship between labor share and output gap. The linearization of the

two labor wages equations follow.

ŵt = ψwŵt−1 − ψwΠ̂t + (1− ψw)ŵ∗t (38)

ŵ∗t = φN̂t + Ŷt (39)

A.4.1 Welfare Approximation

We start from Equation (33).

Ut = −1

2
ψpΠ̂

2
t −

1

2
λ̃
(

1− λ̃
)

∆̂2
ct −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

+

(
λ− λ̃

)
1− λ̃

[
ˆ̃Ckt +

1

2

λ̃

1− λ̃
ˆ̃C2
kt +

1

2
ψpΠ̂

2
t

]
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We also report the equations for ˆ̃Ckt.

ˆ̃Ckt =
(1− α) [1− (1− τ) δ]

C̃k
L̂St +

{
1

2

[1− (1− τ) δ] (1− α)

C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]}
L̂S

2

t+

− 1

2

(1− τ) δψp

C̃k
Π̂2
t − γ

1− α
C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]
ÂtL̂St

ˆ̃C2
kt =

[
(1− α) [1− (1− τ) δ]

C̃k

]2

L̂S
2

t − 2γ
1− α
C̃k

[1− (1− τ) δ] (1− α)

C̃k
ÂtL̂St

The substitution of those expressions into the welfare function yields the following.

Ut = −1

2
ψpΠ̂

2
t −

1

2
λ̃
(

1− λ̃
)

∆̂2
ct −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

+

(
λ− λ̃

)
1− λ̃

[
(1− α) [1− (1− τ) δ]

C̃k
L̂St

]
+

+

(
λ− λ̃

)
1− λ̃

[
1

2

[1− (1− τ) δ] (1− α)

C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]
L̂S

2

t

]
+

+

(
λ− λ̃

)
1− λ̃

[
−1

2

(1− τ) δψp

C̃k
Π̂2
t − γ

1− α
C̃k

[
1− [1− (1− τ) δ] (1− α)

C̃k

]
ÂtL̂St

]
+

+

(
λ− λ̃

)
1− λ̃

1

2

λ̃

1− λ̃

[ (1− α) [1− (1− τ) δ]

C̃k

]2

L̂S
2

t − 2γ
1− α
C̃k

[1− (1− τ) δ] (1− α)

C̃k
ÂtL̂St


+

(
λ− λ̃

)
1− λ̃

[
1

2
ψpΠ̂

2
t

]
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We can collect terms and have the following coefficients (for completeness, we report all the coefficients

again).

Π̂2
t : −1

2
ψp

1−

(
λ− λ̃

)
1− λ̃

[
1− (1− τ) δ

C̃k

] ≡− 1

2
WΠ

∆̂2
ct : −1

2
λ̃
(

1− λ̃
)

≡− 1

2
W∆c

Ŷ 2
t : −1

2

1 + φ

1− α
≡− 1

2
W̃Y 2

L̂S
2

t :
1

2

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k

]
≡1

2
W̃LS2

ÂtŶt :
1 + φ

1− α
≡WAY

ÂtL̂St : −

(
λ− λ̃

)
1− λ̃

γ
1− α
C̃k

[
1− 1− 2λ̃

1− λ̃
[1− (1− τ) δ] (1− α)

C̃k

]
≡WALS

L̂St :

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k
≡WLS

W =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c

∆̂2
t −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

+
1

2
W̃LS2L̂S

2

t +WALSÂtL̂St +WLSL̂St

}

We report the New Keynesian Phillips curve second order approximation.

∞∑
t=0

βtL̂St =
ψp
θp
T0 +

∞∑
t=0

βt

{
−

(
1

2
+

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)
L̂S

2

t +
λ̃

1− λ̃
γ

(1− α)

C̃k
ÂtL̂St

}

Multiplying the above expression by
(λ−λ̃)
1−λ̃

[1−(1−τ)δ](1−α)

C̃k
. This transforms the Phillips curve in a very

convenient form.

∞∑
t=0

βtWLSL̂St =
ψp
θp

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k
T̃0+

+

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

∞∑
t=0

βt

{
−

(
1

2
+

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)
L̂S

2

t

}

+

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

∞∑
t=0

βt

{
λ̃

1− λ̃
γ

(1− α)

C̃k
ÂtL̂St

}
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Finally, the welfare function becomes the following.

W =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c∆̂

2
t −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

+
1

2
W̃LS2L̂S

2

t +WALSÂtL̂St

}
+ T0+

+

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

∞∑
t=0

βt

{
−

(
1

2
+

λ̃

1− λ̃
(1− α) (1− (1− τ) δ)

C̃k

)
L̂S

2

t

}

+

(
λ− λ̃

)
1− λ̃

[1− (1− τ) δ] (1− α)

C̃k

∞∑
t=0

βt

{
λ̃

1− λ̃
γ

(1− α)

C̃k
ÂtL̂St

}
(40)

Collecting terms we have the following.

W =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c∆̂

2
t −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

− 1

2
WLS2

(
L̂St − L̂S

∗
t

)2
}

+ T0 (41)

where

WLS2 =
λ− λ̃

(1− λ̃)2

(
1− (1− τ)δ

C̃k
(1− α)

)2

(42)

L̂S
∗
t = −

(1− λ̃)γ
(

1− [1−(1−τ)δ](1−α)

C̃k

)
[1−(1−τ)δ]2(1−α)

C̃k

Ât (43)

A.4.2 Optimal Monetary Policy Under Wage Rigidities

The Lagrangian of the maximization problem is the following:

L =
∞∑
t=0

βt
{
−1

2
WΠΠ̂2

t −
1

2
W∆c

∆̂2
t −

1

2

1 + φ

1− α

(
Ŷt − Ât

)2

− 1

2
WLS2

(
L̂St − L̂S

∗
t

)2
}

+ T0+

+

∞∑
t=0

βtµt

[
Π̂t − βEtΠ̂t+1 −

θp
ψp

(
L̂St − L̂S

∗
t

)]
+

+
∞∑
t=0

βtηt

[
∆̂t +

1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α

(
Ŷt − Ât

)]
+

+
∞∑
t=0

βtψt

[
L̂St − ŵt −

α

1− α
Ŷt −

1

1− α
Ât

]
+

+
∞∑
t=0

βtνt

[
ŵt − ψwŵt−1 + ψwΠ̂t − (1− ψw)

1− α+ φ

1− α
Ŷt + (1− ψw)

φ

1− α
Ât

]
(44)
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The first order conditions follow.

−βtWΠΠ̂t + βtµt − βtµt−1 + βtνtψw = 0

(45)

−βtW∆c∆̂t + βtηt = 0

(46)

−βt 1 + φ

1− α

(
Ŷt − Ât

)
+ βtηt

1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α
− βtψt

α

1− α
− βtνt(1− ψw)

1− α+ φ

1− α
= 0

(47)

−βtWLS2

(
L̂St − L̂S

∗
t

)
− βtµt

θp
ψp

+ βtψt = 0

(48)

−βtψt + βtνt − βt+1νt+1ψw = 0

(49)

The system of equations can be written as

−WΠΠ̂t + µt − µt−1 + νtψw = 0

−W∆c∆̂t + ηt = 0

−1 + φ

1− α

(
Ŷt − Ât

)
+ ηt

1

1− λ̃
1− (1− τ)δ

C̃k
(1− α)

1 + φ

1− α
− ψt

α

1− α
− νt(1− ψw)

1− α+ φ

1− α
= 0

−WLS2

(
L̂St − L̂S

∗
t

)
− µt

θp
ψp

+ ψt = 0

−ψt + νt − βνt+1ψw = 0

A.4.3 RANK-Optimal Monetary Policy Under Wage Rigidities

The RANK-optimal monetary policy problem is one where again the central bank believes λ = 0, implying

that WΠ = ψp as well as WLS2 = 0 in the above equations for optimal monetary policy.

A.4.4 Results of Model under Wage Rigidities

In the model with wage rigidities, the calibration follows the steps as if wage were flexible. We pick ψw =

0.75,33meaning that only one quarter of the gap between flex and rigid wage is closed every period. We

calibrate then γ in the same way as described in Section 2.12, and obtain 2.27.

Below we report the results of all the exercises under the wage rigidity exercise.

33This value is taken from the literature, see Gaĺı, 2015. In “Calvo” setting, this would correspond to readjusting nominal
wages with a 0.25 probability at each quarter.
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Figure A1: Welfare Weights and Redistribution Parameter τ
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Notes: The panels show the four weights as a function of the extent to which dividends are redistributed, governed by τ . All
other parameters are set according to the baseline calibration in Table 1.
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Figure A2: Impulse Response to a Positive TFP shock: Optimal vs RANK-Optimal Policy, with Wage
Rigidity
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Notes: The four panels show the impulse response functions of inflation, output gap, consumption inequality, and labor share
respectively, in percentage points under the fully optimal policy (blue) and the RANK-optimal policy (black dash-dotted).

The y-axis measure the deviation from each variable’s steady state, measured in percentage points.

Table A1: Welfare in Taylor Rules - Standard Parametrization

(1) (2) (3) (4) (5) (6) (7) (8)

τ 0 0 0 0 0.9 0.9 0.9 0.9
γ 0 0 0 0 2.2 2.2 2.2 2.2
φπ 1.5 1.5 5 1.5 1.5 1.5 5 1.5
φy 0.1 0 0 1 0.1 0 0 1

Cons. Equiv. Loss 0.2 0.1 0 0.7 2.3 2 0.6 2.8
Cons. Equiv. W − T0 0.3 0.1 0 0.9 0.8 0.6 0.1 1.1

Inflation 94.8 94.7 91.1 94.8 78.1 75.8 23.4 81
Output 5.2 5.3 8.9 5.2 5 4.9 1.6 5.2

Inequality 0 0 0 0 16.1 18.8 72.9 12.7
Labor Share 0 0 0 0 0.8 0.6 2.1 1.1

Notes: The table reports 1) the consumption equivalent value x, multiplied by 10000 (e.g. 1 means 0.0001 percent of steady
state consumption); 2) the dynamically relevant welfare component; 3) the inflation share of welfare loss; 4) the output share

of welfare loss; 5) the inequality share of welfare loss; and 6) the labor share part of welfare loss.
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Figure A3: Welfare of Optimal vs. RANK-Optimal Policy in Consumption Equivalent Terms

Notes: The panels show the difference of the welfare functions between Optimal Policy and Rank Optimal Policy as func-
tions of parameters. Shaded areas represent the differences by gaps (inflation, output gap, and inequality). The x-axis on left
(right) panel represents τ (γ). The vertical dashed line denotes our baseline calibration.

Figure A4: Welfare Maximization on Taylor Rule
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Notes: The figure shows how welfare changes depending on the Taylor rule parameter on consumption inequality, φc. Each
line corresponds to the four rules evaluated in Table 2, that use a different combination of Taylor rule parameters on infla-
tion, φπ , and output, φy . These are all under our baseline calibration, including using τ = 0.93 and γ = 1.67.
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Figure A5: Impulse Response Functions: Standard and Augmented Taylor rules - Wage Rigidity
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(b) Output Gap
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Notes: The four panels show the Impulse Response Function of, respectively, inflation, welfare relevant output gap,
consumption inequality gap, and labor share. The two lines correspond to two different policies under our baseline

calibration. The black dashed-dotted line corresponds to the Standard Taylor rule using φπ = 1.5, φy = 0.125 and φc = 0,
and the red dotted line corresponds to the Augmented Taylor Rule where φπ = 1.5, φy = 0.125, φc = φ∗c .
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Things we can say about monetary policy and inequality

• Monetary policy can affect the relative distributions of income and wealth, but net effects look to be
small in Australia and overseas.

– In the short run, lower interest rates reduce income inequality by increasing employment (which
boosts incomes by more at the lower end of the income distribution).
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– MP will have more significant implications for the distributions of income and wealth if it affects
the probability of recessions or financial crises (which have longer-lasting effects on economic
outcomes).

• Some channels of monetary policy transmission depend on the distributions of income and wealth.

– The ‘cash flow’ channel depends on the distribution of assets and debt across households and the
sensitivity of households’ consumption decisions to changes in their income.

– The ‘wealth channel’ depends on distrubtion of wealth and strength of the consumption response
to asset price growth.

Households and National Accounts Section
Economic Analysis Department
3 August 2020
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