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Abstract

We study optimal monetary policy when a central bank takes inequality concerns into account,
in line with Rawls’ Difference Principle. Using a tractable heterogeneous-agent New Keynesian
model, we describe the optimal policy of a Rawlsian central bank that prioritises the welfare
of hand-to-mouth households. Relative to a utilitarian central bank, the Rawlsian central bank
places substantially greater weight on stabilising wage inflation, as wage dispersion increases
firm profits that accrue mainly to savers, thereby widening inequality. Counterfactual simu-
lations with a medium-scale version of the model estimated on U.S. data show, however, that

the quantitative differences between the utilitarian and Rawlsian policy approaches are minor.
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1 Introduction

Social and economic inequalities are to be arranged so that they are to the greatest benefit of the least advan-

taged members of society. Rawls, John B. (1999). A Theory of Justice: Revised Edition. p.266

Economic inequality has been a central concern in both academic research and policy discussions.
One of the fundamental questions in this area is how monetary policy influences inequality and,
conversely, how inequality affects the transmission and effectiveness of monetary policy. As a
result, a fast-growing literature (e.g., Kaplan et al., 2018; Auclert, 2019; Bilbiie, 2024) has studied
the role of monetary policy through the lenses of heterogeneous agent New Keynesian (HANK)

models, which capture the consequences of monetary policy on different households.

In most of the literature on monetary policy, the central bank’s objective traditionally consists of
a utilitarian welfare function that treats all agents” utility equally. However, this approach may
not adequately address concerns related to inequality, as it implicitly assumes that the benefits of
macroeconomic stabilisation are distributed proportionally across all households. An alternative
perspective, inspired by Rawls” Difference Principle, suggests that policies should maximise the

welfare of the least advantaged members of society.

We build on this idea by examining how central banks can incorporate inequality considerations
into their monetary policy framework within a stylised, tractable HANK (THANK) model as in
Bilbiie (2024).! The model consists of two types of households, savers and hand-to-mouth house-
holds, who have no access to financial markets. For this reason, they cannot smooth their con-
sumption over time. Households switch from one type to another according to a Markov chain.
Thus, a precautionary savings motive arises for savers who face an idiosyncratic risk of becoming
hand-to-mouth. Importantly, we assume that wages are sticky, following Erceg et al. (2000), in
which individual households set wages for their own differentiated labour types subject to Calvo
frictions. This assumption implies that wage dispersion generates heterogeneity in hours worked

across households: low-wage households supply more labour, while high-wage households sup-

1We do not study optimal fiscal policy under a Rawlsian planner because, in our framework, such a planner would
use fiscal instruments to transfer virtually all profit dividends from savers to hand-to-mouth households, making it an
excessively extreme and unrealistic scenario.



ply less. Firms reallocate demand towards cheaper labour types, thereby lowering their average
marginal cost and increasing aggregate profits. Since savers own the firms, they receive the prof-
its, while hand-to-mouth households rely primarily on labour income and government transfers.>
Therefore, wage dispersion effectively causes a redistribution of hand-to-mouth households to

savers, increasing inequality between the two types.

In such a context, we analyse the implications of a Rawlsian central bank, which deviates from
the standard utilitarian objective as it places relatively more weight on the welfare of hand-to-
mouth households than on savers. More specifically, we derive a second-order approximation
of the welfare loss function under a non-utilitarian central bank. Due to the presence of sticky
wages, the welfare loss function features three terms, namely squared price inflation, squared
wage inflation and square output gap. We find that a Rawlsian welfare loss function has a larger
weight on wage inflation and output gap stabilisation compared to a utilitarian welfare loss func-
tion. From a quantitative perspective, we find that, both under a Rawlsian and a utilitarian central
bank, the weight on wage inflation is substantially larger than that on price inflation (one order of
magnitude smaller) and on output gap (three orders of magnitude smaller). The reason a Rawl-
sian central bank focuses more strongly on mitigating wage fluctuations is that wage dispersion
increases firms’ profits, which accrue mainly to savers, thereby reducing the welfare of hand-to-

mouth households whose primary source of income is labour.

We then test these theoretical predictions using a medium-scale THANK model, following Bilbiie
et al. (2023), estimated on U.S. data with both standard macroeconomic series and measures of
inequality. The model extends the baseline THANK framework by adding physical capital accu-
mulation together with further nominal and real frictions. These elements are essential for captur-
ing business cycle dynamics in line with the data and for assessing how monetary policy affects
inequality. At the same time, the richer model remains tractable and provides a realistic setting
for counterfactual policy experiments, allowing us to examine how the economy and inequality
would evolve if either a Rawlsian or a utilitarian central bank followed the optimal policy under

commitment. In line with our theoretical analysis, the numerical results suggest that a Rawlsian

2Transfers to hand-to-mouth households are fully financed by taxes on firm profits. However, because transfers
are lump-sum and do not respond to the distributional consequences of wage dispersion, they do not fully offset the
increase in inequality.



policy delivers lower wage volatility, though at the cost of greater variability in price inflation
and the output gap. It also reduces the volatility of inequality measures. However, the counter-
factual analysis also points out that, from a quantitative perspective, the differences in outcomes
between the utilitarian and Rawlsian optimal policies are negligible, as both substantially reduce
the volatility of macroeconomic aggregates and inequality measures relative to the actual data.
We conclude that, provided monetary policy is conducted optimally, the conventional utilitarian

approach does not lead to worse outcomes in either macroeconomic performance or inequality.

1.1 Related Literature

Our paper builds on three main strands of literature. The first strand focuses on the development
of two-agent New Keynesian (TANK) and HANK models to understand how agent heterogene-
ity affects the transmission of business cycle shocks and economic policies, particularly monetary
policy. Seminal contributions include McKay and Reis (2016), Kaplan et al. (2018), and Auclert
(2019), who explore how household heterogeneity impacts macroeconomic dynamics. Iacoviello
(2005) investigates credit constraints and house prices in monetary transmission in a model with
savers, borrowers, and entrepreneurs. More recently, Debortoli and Gali (2024) showed that a
well-calibrated TANK model, abstracting from idiosyncratic income risk, can approximate the
aggregate effects of heterogeneity and its main transmission channels. Bilbiie et al. (2023) de-
velop and estimate a medium-scale New Keynesian model with tractable household heterogene-
ity, showing that inequality amplifies economic downturns through a precautionary saving mo-

tive.

The second strand of literature studies optimal monetary policy within TANK and HANK models.
This is a fast-growing field with many important contributions. Bilbiie (2008) examines optimal
monetary policy in a TANK model where a fraction of agents are hand-to-mouth and have lim-
ited access to bond markets. More recent papers by Bilbiie (2020, 2024) build on this framework.
Nistico (2016) examines optimal monetary policy in a setting where all agents are non-Ricardian.
The paper finds that under both discretionary and commitment-based policies, price stability may

no longer be optimal. The seminal work of Bhandari et al. (2021) analyses optimal monetary and



fiscal policy in a quantitative HANK framework. Challe (2020) studies optimal monetary policy
in a HANK model with labour market frictions and idiosyncratic unemployment risk. In this set-
ting, contractionary cost-push or productivity shocks increase precautionary savings and reduce
inflation, necessitating an accommodative monetary policy response.® Similarly, Bilbiie and Ragot
(2021) argue that price stability is suboptimal when households self-insure against idiosyncratic
risk using scarce liquid assets. Davila and Schaab (2022) show that in HANK models, discre-
tionary monetary policy exhibits an inflationary bias, as a utilitarian planner has an incentive to
redistribute towards indebted households with higher marginal utility. Nufio and Thomas (2022)
study optimal monetary policy under commitment in an economy with uninsurable idiosyncratic
risk, long-term nominal bonds, and inflation costs. Their model introduces two key transmis-
sion channels: a Fisher channel, where inflation influences bond prices and redistributes wealth
between debtors and creditors, and a liquidity channel. The paper finds that optimal policy in-
volves front-loaded inflation and significant consumption and welfare redistribution compared
to a zero-inflation benchmark. Acharya et al. (2023) study optimal monetary policy in an ana-
lytically tractable HANK model with rich cross-sectional heterogeneity. In their model, the plan-
ner’s objective function explicitly includes reducing consumption inequality, alongside inflation
and output stabilisation. When income risk is countercyclical, optimal policy mitigates output
declines during recessions to curb rising inequality. McKay and Wolf (2023) study optimal pol-
icy rules in business cycle models with nominal rigidities and heterogeneous households. They
argue that even a central bank with an explicit distributional mandate would not deviate much
from conventional policy prescriptions. Bilbiie et al. (2024) highlight the interconnected nature of
stabilisation and redistribution in models with heterogeneity, imperfect insurance, and nominal
rigidity. Their analysis suggests that fiscal and monetary policies are inherently linked in aggre-
gate demand management. Le Grand et al. (2024) also study whether monetary policy should
care about redistribution in a HANK model with rich cross-sectional heterogeneity. They find that
the importance monetary policy should place on redistribution crucially depends on fiscal policy.
Bonciani and Oh (2025) analyse optimal monetary policy at the ZLB in a TANK framework where

the central bank employs both quantitative easing and forward guidance.

3Bonciani and Oh (2021) examine a zero-liquidity HANK model akin to Challe (2020) and find that market incom-
pleteness does not significantly amplify business cycle fluctuations at the zero lower bound.



Finally, from a methodological perspective, our analysis builds on established techniques for
studying optimal policy in macroeconomic models (Rotemberg and Woodford, 1997; Khan et al.,
2003; Woodford, 2003; Schmitt-Grohé and Uribe, 2004, 2007). In particular, we follow Benigno and
Woodford (2004, 2005) to derive a second-order approximation of the welfare loss function under
anon-utilitarian central bank. As in models with a distorted steady state, the assumption of a non-
utilitarian planner introduces a non-zero linear term in the approximated welfare loss function. To
eliminate this term, we employ a second-order approximation of the equilibrium condition linking
inflation and output (i.e., the nonlinear New Keynesian Phillips curve). The resulting quadratic
loss function retains the standard terms for inflation and output stabilisation and an additional
“inequality-relevant” output gap term. Hence, we show that the Rawlsian central bank faces a
different trade-off between inflation and output stabilisation compared to the canonical utilitarian

central bank.

The remainder of the article is structured as follows. Sections 2 and 3 develop the baseline THANK
model, derive the social welfare function, and characterise the optimal behaviour of a central bank
that follows Rawls’ difference principle. In Section 4, we extend this framework to a medium-scale
HANK model. Section 5 presents the quantitative results from counterfactual analyses, comparing

alternative monetary policies. Section 6 provides concluding remarks.

2 Baseline Heterogeneous Agent New Keynesian Model

This section introduces a baseline THANK model (see, e.g., Bilbiie, 2024) to study the interaction
between monetary policy and inequality. Unlike Bilbiie (2024), we account for wage stickiness a
la Erceg et al. (2000) in addition to price stickiness, which generates real wage dispersion under
decentralised wage setting. Together with household heterogeneity, this setting allows us to cap-
ture the distributional consequences of monetary policy. Therefore, this framework enables us to

study optimal monetary policy under a Rawlsian central bank.



2.1 Households

The economy consists of two types of households: savers (denoted S), who constitute a fraction
1 — A of the population, and hand-to-mouth households (denoted H), who make up the remaining
fraction A. Each household group h € {S, H} maximises its utility, which depends on consump-

tion Cj; and labour supply Nj;. The period utility function for a household of type h is given

by:
G ()1 N ()

Up,: (7)

where ¢ is the coefficient of relative risk aversion, v is the inverse of the Frisch elasticity of labour

supply, and ¢, is a disutility parameter specific to each household type.

All intertemporal decisions are assumed to be made by a representative family head, who max-

imises the weighted average welfare of both household types, defined as:

Wi = (1—-A)Us; + AUpns + BEWiyq, (2)

where B is the discount factor. This assumption simplifies the aggregation of preferences while
preserving heterogeneity in consumption and saving behaviour. Moreover, it is assumed that the
family head faces limits to risk sharing: they can freely transfer resources across members of the

same household group (after idiosyncratic uncertainty is realised), but not across groups.

S-type households have access to financial markets and can smooth consumption by holding one-

period nominal bonds Bg ;. Their budget constraint is:

1
PCsy+ Bst = sRy—1Bs—1 + (1 + ) /0 Ws () Nsyt () dj + PiDi + PyTsy, 3)

1-A

where P, is the aggregate price level, R; is the gross nominal interest rate, W; is the nominal wage,
D; represents firm profits distributed to S-type households, and Ts; is a lump-sum transfer. s is
the probability of an S-type household remaining an S-type in the next period. All savers share
the interest income from the fraction s of time t — 1 bonds. The remaining 1 — s fraction of t — 1

bonds is held by those H-type households who used to be S-type in t — 1. Moreover, 7, = {y isa



subsidy that offsets steady-state distortions.

H-type households consume their entire income each period and do not participate in bond mar-

kets. Their budget constraint is:

1 . N g A
PCits = (L+7%0) [ Wits (1) Nt 1) + PTiss + 7= (1=5) RiaBn, @)

where Tp; is a lump-sum transfer.

Households supply differentiated labour varieties Ny, ; (j), facing demand:

Nit (j) = <Wh't V) ) o N1, (5)

_gw
where W),; = ( fol Wit ( ])7$ d]) is the aggregate wage index and ¢, is the wage markup.
Following Erceg et al. (2000), wages are set in a Calvo framework, with a fraction 1 — 0,, resetting

optimally each period.

2.2 Firms

The production side of the economy consists of two types of firms: final goods firms and in-
termediate goods firms, operating under monopolistic competition with Calvo (1983)-style price

stickiness.

Final goods firms’ output Y; by aggregating intermediate goods Y; (i), using a constant elasticity

of substitutions technology:

1 1 1+§P
Y, = (/0 Y, (i) di> , (6)

where ¢, is the price markup. The demand for each intermediate good is:

N e
= (T2) Ty ”)



and the aggregate price index is:

S

1 1 -
P = ( JIONG dz‘) ®)

A continuum of intermediate goods firms produce output using labour as the sole input, with a
linear production function:

Yi (i) = Ay (Lsy (i) + Lu, (), )

where Ly (i) is the labour input hired by firm i. Firms face Calvo-type price stickiness, where
each period a fraction 1 — 6, of firms can reset their prices optimally, while the remaining 6, keep
their prices unchanged. An optimising firm chooses its reset price P! (i) to maximise its expected

discounted profits:

rlf,k?’)‘ Er Y 0,"B* Aspix (14 7p) Pf (1) Yigk (1) — MCriieYosk () — Togk) (10)
¢\ k=0

subject to its demand (7). MC; denotes the nominal marginal cost. 7, = {, is a subsidy offsetting

steady-state distortions, and T; are lump-sum taxes. The aggregate price level evolves as:

1

1 1N\ %
b= ((1—9p)Pf V40P g”) : (11)

2.3 Government

The government balances its budget through lump-sum transfers Ts; and Ty, to S-type and H-

type households, respectively, financed by taxing firm profits. The transfers are defined as:

1 W,
Tsy = —deDt - Tw%NS,h (12)
1 W
Thp = yTaDr — Tw%NH,t, (13)



where 7 is the tax rate on profits D;. The government budget constraint ensures:
(1-=A)Tst+ATh: =0, (14)

implying that transfers redistribute income between household types.

2.4 Market Clearing

The model is closed with market-clearing conditions for goods, labour, and bond markets.

The goods market-clearing condition is given by:
Yi = (1—=A)Cst+ AChys, (15)

stating that output should equal aggregate consumption. The labour markets clear with labour

supply from each household type:

1 1 1+Cw 1
-2 ([ N a) = -MNg = Lo = [ L, a9)

1 1 1+§w 1
A (/0 Np,p (j) 7w dj) = ANpt = Luy = /0 Ly (i) di. (17)

It bears noting that due to price dispersion, induced by the Calvo pricing assumption, actual

production is adjusted by a dispersion term A;:

1/ P* (i *1?&

: 14

A = / (l‘(l)> di. (18)
0 by

Therefore, the aggregate production function becomes:

AYy = At (Lgy+ L), (19)

10



Finally, we assume that bonds are in zero net supply:

Bs; = 0. (20)

3 Analytical Instights

3.1 Welfare-Theoretic Loss Function

This section presents the non-utilitarian welfare loss function derived from the model. We start by
defining the welfare function as a weighted average of the utilities of S-type and H-type house-
holds. Then, we derive a second-order approximation of the aggregate utility function (Woodford,

2003, Gali, 2015, and Benigno and Woodford, 2004, 2005):

0 UcC . & .
Wo =Eo Y B (1= ") Us+ A'Uny) = ——5-Eo ) B+ tip +O (), @
=0 =0

where A* > A denotes the weight that the central bank attaches to the H-type households” utility,
IL; is the period t loss function, t.i.p. are the terms independent of monetary policy, and O (||||?)
denotes all relevant terms that are of third or higher order. Under a utilitarian central bank, A* = A,
so each household’s utility is weighted by its population share. Under a Rawlsian central bank,
A* > A, meaning that the central bank places relatively more weight on the welfare of hand-to-

mouth households. We can then write the period-t welfare loss as follows:

46 1+&,
ILt - iﬂprtz + b 7Tw,t2 + (1/ + (7) g% + A (1 — )\) (0’ (CS,t — CH,t)Z +v (”S,t — TZH,t)2>
Tr Yw

RANK: Standard Volatility HANK (Utilitarian): Inequality Volatility (A) (22)

1 1
+2 (/\* — A) (CS,t —CHr —Nsy + N+ E (1 — 0’) (Csltz — CH,tz) — 5 (1 + 1/) (Tls,tz — nH,t2)>,

HANK (Rawlsian): Inequality Level (B)

where 714, 714, and #; denote the log-deviations of price inflation, wage inflation, and the output
gap from their respective steady-state values. Similarly, lower-case variables (e.g., cy ;) represent

log-deviations from steady state.
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Equation (22) highlights how the Rawlsian welfare loss function implied by our model relates
to the standard formulations in both representative agent New Keynesian (RANK) and HANK
settings. In a canonical RANK framework, the period-t welfare loss depends solely on the volatil-
ity of price inflation, wage inflation, and the output gap. In a HANK model with a utilitarian
central bank, the welfare loss function is slightly more complex, as it also contains a term cap-
turing the volatility of inequality between savers and hand-to-mouth households. This inequality
term arises from fluctuations in the consumption gap and hours-worked gap between the two
household types, as shown in Bilbiie (2024). Under a Rawlsian objective, the welfare loss func-
tion further includes a term reflecting the level of inequality itself. In other words, a Rawlsian
central bank seeks not only to dampen cyclical fluctuations in inequality but also to reduce its
level, thereby improving the welfare of the least advantaged households (i.e, the hand-to-mouth

households).

As shown in Appendix A, the period loss function IL; can be rewritten as:
— 2 2 ~2
L= &pTlpt + Wy Tt + XyYi, (23)

where the coefficients «, a,, and &, are defined as follows:

46
148w
- A— AY—A
Ay = i‘ﬂ (1+( Argl)(—)\) )(1—|—V)>, (25)
A—1)? A*— A
leE(l/-i-(T) <1+5\(1—Td))\)1/0<1+/\<1_/\)>>, (26)

each representing the relative welfare cost of fluctuations in price inflation, wage inflation, and

the output gap, respectively.*

From Equations (25) and (26), we notice that a Rawlsian central bank (A* > A) will place more

4Note that the additional variance terms of Dyt = 1yt — BEt7Ty ¢41 have a minor effect on welfare loss qualitatively,
compared with the variance terms of price inflation, wage inflation, and the output gap. For simplicity, we ignore these
terms.
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Table 1: Baseline Calibration

Parameter Description Value
B Discount factor 0.99
A Share of H-type households 0.2
o Risk aversion 1
v Inverse labour supply elasticity 1
s Probability of remaining S-type households 0.96
¢p Price markup 0.1

Gw Wage markup 0.1
0y Price stickiness 0.75
0w Wage stickiness 0.75
T4 Tax rate on profits 0.1

weight on stabilising wage inflation and the output gap compared to a utilitarian central bank.
The weight on price inflation &), (Equation (24)) is instead independent of A* and, hence, will be

the same under Rawlsian or a utilitarian central bank.

3.2 Rawls’ Difference Principle

To simplify the interpretation of the loss function’s coefficients and get a sense of the orders of
magnitude, Figure 1 shows how «,, a;, and a, change as we vary the welfare weight on hand-to-
mouth households A*. The results are obtained using the calibration shown in Table 1, in line with

Bilbiie (2024).

As mentioned above, a, (Panel 1(a)) does not depend on A*. In contrast, a, and a, (Panels 1(b)
and 1(c)) increase with A*, meaning that the more weight the central bank places on the utility of
hand-to-mouth households, the greater the weight it assigns to stabilising wage inflation and, to

a lesser extent, the output gap.

The increasing weight on wage-inflation stabilisation arises from the real distortions introduced by
nominal wage rigidity under decentralised wage setting. In our model, each household supplies
a differentiated type of labour and sets its nominal wage subject to Calvo frictions. Because only
a fraction of households can reset their wages in any given period, the resulting staggered wage

setting leads to persistent real-wage dispersion. Firms, facing a CES labour aggregator, reallo-

13



129.5 3000 2.8

129 2500 2.6
128.5 ) 24
S) . & 2000 Sh
128 2.2
127.5 1500 2
o\ =)
127 1000 1.8
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
A* A A*
(a) Price Inflation (b) Wage Inflation (c) Output Gap

Figure 1: Welfare Loss Coefficients and the Central Bank’s Preference for H-type Households. A*
is the social welfare weight attached to H-type households. &, &, and &, are the coefficients in
the welfare-loss function associated with price inflation, wage inflation, and the output gap. The
analysis is conducted using the calibration in Table 1.

cate demand towards relatively cheaper labour types, which reduces their average marginal cost.
This generates intratemporal misallocation, whereby the marginal rate of substitution between
consumption and labour differs across households, even within the same type. At the second or-
der of approximation, this wage dispersion also raises aggregate firm profits, as lower marginal
costs translate into higher mark-ups. Crucially, these profits accrue mainly to savers, who own
the firms, while hand-to-mouth households depend almost entirely on labour income. Conse-
quently, higher wage dispersion redistributes income from workers to capital owners, widening
inequality between the two household groups. As the Rawlsian planner attaches greater welfare
weight to the least advantaged—namely the hand-to-mouth households—the planner internalises
this unequal effect of wage-inflation volatility. Hence, stabilising wage inflation becomes essen-
tial not only to reduce allocative inefficiencies in the labour market but also to limit the income
redistribution towards savers, which exacerbates inequality. It should also be noted that, while
both coefficients «;, and &, are increasing in A*, the size of these coefficients is completely differ-
ent. ay is significantly larger than «), and «y. In particular, «, is roughly 3 orders of magnitude
smaller than a,,. Hence, we conclude that stabilising wage inflation is much more important than

stabilising price inflation and the output gap.
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4 Medium-Scale Heterogeneous Agent New Keynesian Model

This section extends the baseline THANK model presented in Section 2 into a medium-scale
framework that incorporates additional real and nominal frictions, as well as richer household
heterogeneity, to study optimal monetary policy under Rawls’ difference principle. The medium-
scale model builds on the two-agent structure with savers (S) and hand-to-mouth (H) households
while introducing capital accumulation, investment adjustment costs, wage and price stickiness
with indexation, and a monetary policy rule. This setup allows us to estimate the model using both
aggregate and inequality data, following methodologies akin to those in Justiniano et al. (2013)
and Bilbiie et al. (2023), and to evaluate the implications of Rawlsian monetary policy through

counterfactual exercises.

The motivation for this extension is twofold. First, a medium-scale model captures key business
cycle dynamics, such as the interaction between investment, labour supply, and consumption.
This is critical for understanding and quantifying how monetary policy affects inequality. Second,
it provides a tractable yet realistic framework to operationalise Rawls” difference principle, i.e.,
maximising the welfare of the least advantaged (here, the H-type households). Through the lens
of this model, we are able to assess how countercyclical income risk and precautionary savings

(key drivers of business cycle amplification) interact with a Rawlsian monetary policy stance.

4.1 Households

The economy consists of two household types: S-type households, with a population share 1 — A,
and H-type households, with a share A. Each household type h € {S, H} maximises utility over
consumption Cy; (j) and labour supply Nj; (j), where j indexes individual household members

within each type. The period utility function is:

) ' Nh , (]')1-0—1/]1
Up () = be [ 1og (Che () — 71Che-1) — sl (27)
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where b; is a preference shock, ¢; is a labour taste shock, 7, captures external habit formation
specific to each type, v}, is the inverse Frisch elasticity of labour supply, and ¢, is the disutility of

labour. Habit formation generates persistence in consumption dynamics.

To maintain tractability, we assume a representative family head maximises the weighted in-

tertemporal welfare of both household types:
Wi = (1-A)Us; +AUps + BEW, 14, (28)

where B is the discount factor, and Uy, ; = fol Uy, (j) dj aggregates utility within each type. This
family head assumption simplifies the analysis while preserving heterogeneity in consumption
and saving behaviour across groups. This family head, however, faces limits to risk sharing: they
can freely transfer resources across members of the same household group (after idiosyncratic

uncertainty is realised), but not across groups.

S-type households have access to financial markets, allowing them to smooth consumption in-

tertemporally via nominal bonds Bs; and physical capital Ks ;. Their budget constraint is:

1 —_
P.Cs; + Pilss + Bsy = s:lr_1Ry_1Bs_1 + / W, (j) Ns, (j) dj + RKuRs
0 (29)
—Pta (I/lt> KS,tfl +

T 1D+ PiIsy,

where P, is the price level, Is; is investment, R; is the nominal interest rate, {; is a risk premium
shock, W; (j) is the nominal wage for labour variety j, RX is the rental rate of capital, u; is the

capital utilisation rate with cost a (u;) = 2 (ex(m=1) _1q , D; is firm profits distributed to S-type
p X p YP

1
households, and Ts; is a lump-sum transfer. The term s; = s (g/fgét 4) ' governs the fraction of

bond returns retained by S-type households, with X; as GDP explained below, reflecting cyclical

risk. g4 = A‘?ﬁ - denotes the technology growth rate, and g4 is its steady-state value. Capital

evolves according to:

_ _ K I 2
Kgy = (1—10)Kss—1+ pit (1 — EI ( St _ 1) ) Isy, (30)

Ist—
where ¢ is depreciation, y; is an investment-specific technology shock, and «; captures adjustment
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costs. Effective capital is as follows:

KS,t = MtKS,t—l- (31)

H-type households consume all income each period, lacking access to bond or capital markets.
Their budget constraint is:

1 ) N A
P.Cyy = /O Wi (7) N () dj + P + = (1= 50) Ri_1Bs 1, (32)

where the last term reflects interest income from savers who transitioned to H, scaled by pop-
ulation shares. This setup captures the high marginal propensity to consume (MPC) of H-type
households.

Households supply differentiated labour varieties Ny, ; (j), facing demand:

_ 1+§w,t

. W ] Sw,t
Nyt () = <€\;h(t])> Ny, (33)

1 *gw,t
where W), = < fol Wit (j) Get d]> is the aggregate wage index, and ¢, is a time-varying
wage markup shock. Wages are set in a Calvo framework, with a fraction 1 — 6, , resetting opti-

mally each period, according to the indexation rule:

Wit (7) = Wis1 () (T _1a1)™ (TIga) ™, (34)

by

where I'l; = o

is price inflation.

4.2 Firms

Firms operate in two sectors: final goods firms aggregate intermediate goods Y; (i) into output Y;

using a CES technology:

1 1 1+‘:Prt
y, = ( [ v di) , (35)
0
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Tp 1 —Cpt

ielding demand Y; (i) = () e Y, and price index Py = ( [ P (i) o di
y g 2 p 0

Intermediate firms produce using a nested CES production function:

=

Y; (i) = (wAt Lis (i)’ + (1 — w) (xag Ky (i)° + (1 — a) A Ls, (i)@ﬁ) _ A, (36)

where Ly, ; (i) is labour input from type h, K;(i) is capital input, A; and ax; are technology shocks,
F is a fixed cost, 6 and ¢ govern the elasticity of substitution between inputs. Prices are set under

Calvo pricing, with a fraction 1 — 6, resetting optimally, according to the indexation rule:

P (i) = Pr_q (i) TT;_¢TT 7. (37)

4.3 Government

The government balances its budget via lump-sum transfers and taxes:
(1-A)Tst + ATt + G =0, (38)

with a transfer rule:

T
Qi+ Thy _ (QHt ) , (39)

/ -
Qs+ Tsy Qs Qg

where (), ; is pre-tax income. This rule parametrises fiscal redistribution’s impact on inequality.

Public spending is determined exogenously as a time-varying fraction of output:

G = (1 - g1t> Y, (40)

where g; is a government spending shock.
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4.4 Central Bank

Monetary policy follows a Taylor rule:

¢ Px 1=pr
() (1o T _x v @
R R Dk ga*Xi_y4 Rt

where (g is a monetary policy shock, I} is an inflation target shock, and ¢, and ¢x reflect re-

sponses to inflation and GDP growth, where GDP is defined as:

Xt = Ct + (1 — )\) IS,t + Gt. (42)

4.5 Market Clearing

Goods market clearing is:

Yt = Ct + (1 — /\) IS,t + Gt + (1 — /\) a (Mt) Ks,t—ll (43)

with C; = (1 — A) Cgt + ACp. Capital and labour markets clear as follows:

1
(1—A)Ks; = / Kq (i) di, (44)
0
1 1 14+Gu,t 1
(1-4) (/0 Ns ¢ (j) Hews df) =(1=A)Nsy = Ls; = /0 Ls, (i) di, (45)
1 1 1+Cw s 1
A </0 Nt (j) et dj) =ANp: =Lt = /0 Ly, (i) di. (46)

Total hours worked N; in the economy are defined as the population-weighted sum of hours
supplied by two households:
N; = (1—A) Ng;+ ANp. (47)
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Moreover, the aggregate hourly wage W; is computed as the weighted average of wages paid to

each household type, normalised by total hours worked:

(1—A)WsNg;+ AWg Ny t

W, =
t N,

Finally, the net supply of bonds is zero in equilibrium:

BS,t = 0

4.6 Exogenous Processes

(48)

(49)

The model contains eleven exogenous variables: technology growth (g4 ), a preference shock (b;),

a risk premium (;), investment-specific technology shock (y;), capital technology shock (ak ),

wage and price markup shocks (Cw, and ¢, ), government consumption (g;), a monetary policy

shock (¢r+), an inflation target shock (I1}), and labour taste shock (¢;). These exogenous variables

evolve according to the following processes:

loggas = (1—pg,)logga + pg,loggas1+0g,eq,ts

log by = pplog bi—1 + opey,
log {+ = prlog Ci—1 + ozez s,
log pr = pylogps—1 + ouept,
log ax = Pay 10g ax,t—1 + OuyCay s
log (1+ ) = log (1+Cw) + 0z, ec,,t/
log (1+ &) = (1= pg, ) log (1+) +pg, log (1+&pe1) + 0,6,
log gt = (1 —pg) log g + pglog gi—1 + Tgeg,

log SRt = Opgig ts
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(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)



log IT} = (1 — prr+) log IT* + prr+ log IT;_; + o111+ ¢, (59)

log g1 = pglog @11+ Tpey,. (60)

5 Numerical Results

5.1 Bayesian Inference

In line with Bilbiie et al. (2023), we estimate the model using data on both aggregate economic
indicators and measures of inequality over time. The aggregate variables include: (i) the growth
rate of per capita real GDP, (ii) real consumption, (iii) real investment, (iv) the logarithm of per
capita hours worked, (v) and (vi) two measures of the growth rate of real hourly wages, (vii)
the (GDP deflator) inflation rate, and (viii) the federal funds rate. The inequality measures are
the cross-sectional standard deviations of the logarithm of (ix) pre-tax labour earnings and (x)

disposable income.

Notably, following Justiniano et al. (2013), we utilise two wage measures to filter out high-frequency
wage fluctuations that are unrelated to macroeconomic trends. The data that we use are hourly
employee compensation measures from the U.S. Bureau of Economic Analysis and average hourly
earnings of employees from the U.S. Bureau of Labor Statistics. Since our model maps two dis-
tinct wage series to a single theoretical wage concept, we introduce a loading coefficient, I', for
the second wage series. Further, we allow for measurement, or observation errors when matching

these series to the model’s theoretical wage construct as follows:

Alogw 1 Oy €
WL _ Alogw; + | & o

Alogws r gy Cront

where w; ; and w;; denote the two measures of real wages from the data, w; refers to wage in our
model, and ey, ; and ey, ; are i.i.d. observation errors with distributions N (0,1). Similarly, we

assume that our inequality series are observed with some noise — hence, we allow measurement
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error in estimation.’

Series (i) through (v), (vii), and (viii) are available at a quarterly frequency from 1954Q3 to 201904,
while our additional measure of real hourly wages spans 1964Q2 to 2019Q4. The inequality series
(ix) and (x) are only available at an annual frequency, from 1967 and 1978 respectively, to 2019.

Appendix E provides detailed information on data sources and construction.

We estimate the posterior distribution of the parameters by combining the likelihood function of
the log-linearised model with prior information. The likelihood function is evaluated using the
Kalman filter, which can handle the mixed-frequency nature (quarterly and annual) of the aggre-
gate and inequality data. Based on the observed data, the Kalman filter and smoother estimate the
historical paths of the unobservable variables in the model, including potential and optimal out-
put as well as the underlying shocks. These serve as key inputs in the counterfactual experiments

regarding optimal policy in Section 5.2.

The population of the two types of households, as well as their transition from one type to the
other, are governed by parameters that are assumed to be fixed. First, the share of H-type house-
holds (A) is set to 0.2, consistent with the empirical consensus on the average marginal propensity
to consume out of transitory income shocks (Kaplan et al., 2014; Bilbiie et al., 2023). The steady-
state probability with which S agents stay S, s, is set to 0.987 to align with properties exhibited
in the microdata on the annual changes in individuals” incomes (Bilbiie et al., 2023). Further, the
quarterly depreciation rate of capital (9) is fixed to 0.025 and the steady state ratio of government

spending to GDP (1 —1/g) to 0.2, corresponding to conventional values used in the literature.

The priors on the other parameters are reported in Table 2. They are generally diffuse and in
line with the literature (e.g., Smets and Wouters, 2007; Justiniano et al., 2010, 2011, 2013, and Bil-
biie et al., 2023). For each parameter, the table reports the mean, standard deviation (SD), mode,
median, and the 5th and 95th percentiles of the posterior distribution. We assume beta prior distri-
butions for the parameters between 0 and 1. These parameters include those that govern income

shares in the production function & and w (hereafter referred to as KORV (Krusell et al., 2000)

5As in Bilbiie et al. (2023), the variance of the measurement error is set to 1/16 of the variance of each series con-
structed from the data.
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Table 2: Prior distributions and posterior parameter estimates

Prior Posterior

Parameter Description Dist Mean SD Mode  Median 5% 95%
b KORYV share parameter B 0.5 025  0.1993 0.209 0.1809  0.2432

w KORYV share parameter B 0.5 025 0.0888  0.0978 0.067 0.131
(1-6)"1 KORYV elasticity G 2.56 2 5.1286 5.492 4.6778  6.3611
(1-0)7t KORY elasticity G 2.56 2 0.9013  0.8726  0.8028  0.9297
Cp SS price markup N 015 0.025 02499 02503 0.2118 0.2885
Ip Price indexation B 0.5 0.15 0.045 0.053 0.0166  0.0961
0p Price stickiness B 0.66 015 0.6842  0.6833 0.64 0.7251
100(8~1 — 1) Discount factor G 0.25 0.1 0.1291  0.1309  0.0491 0.2273
1s Habit formation (S) B 0.5 0.1 0.8163  0.8094 0.7442  0.868
NH Habit formation (H) B 0.5 0.1 0.5242 0.5 0.3574  0.6382
1001log(Lss) SS log hours N 0 05 -0.1029 -0.1054 -0.9163 0.7075
Vg Inverse Frisch (S) G 3 2 2.2499 2.706 1.157  4.5571
VH Inverse Frisch (H) G 3 2 3.9737 53462 17956  9.6492
X Util. cost elasticity G 5 1 3.9448  3.8827 2321 55776
K] Investment adjustment cost G 4 1 21004 24556  1.5333  3.4916
% + 551 Risk elasticity B 0.5 025 07985 05784  0.1555 0.9628
L Wage indexation N 015 0.025 0.1486  0.1456 0.105  0.1864
Ow,s Wage stickiness (S) B 0.5 0.15 0.1014  0.1127  0.0449 0.1899
Ow,H Wage stickiness (H) B 066 015  0.6085 0.61 0.5219  0.6946
100(r — 1) SS inflation B 066 015 09247 09203 0.8969 0.9422
PR Interest rate inertia N 0.5 0.1 0.5041 0.5037 0.346  0.6618

Pr Monetary rule inflation reaction B 0.6 0.2 0.7119 0.7224 0.65 0.788
Px Monetary rule output gap reaction N 1.7 03 2.3256 2.367 2143  2.6027
T Cyclical redistribution N 0.3 0.3 0.6343  0.6654 04895 0.8495
r Loading coef. 8} 1 0.58 02449 02594 0.1974 0.3252
100g 4 SS technology growth U 1 058 02122 02124  0.1903  0.2356
O34 Autocorr. neutral tech. N 1 0.5 0.6443  0.6167  0.4707 0.7748
Qax Autocorr. capital tech. N 0.5 0.025 04102 04047 03571 0.4531
Og Autocorr. govt spending B 0.4 0.2 0.4807 0.465 0.3234  0.6032

Ou Autocorr. investment B 0.6 0.2 0.9251 0.8535  0.3926  1.107
07 Autocorr. risk premium B 0.6 0.2 09967  0.9956  0.9909  0.9996
Op Autocorr. discount factor B 0.6 0.2 0.862 0.829 0.75 0.9015
Pg, Autocorr. price markup B 0.6 0.2 09788 09739  0.9452  0.996
Pg Autocorr. labor preference B 0.6 0.2 0.1865  0.2161 0.047  0.4159
Oga Std neutral tech. B 0.6 0.2 0.9945  0.9942  0.9885  0.9989
Tay Std capital tech. B 0.6 0.2 0.972 0.9682  0.9456  0.9874
Oex Std monetary policy IG1 1 1 0.6151  0.6203  0.5032  0.7398

og Std govt spending IG1 0.5 1 0.1754  0.2042  0.1067  0.328

oy Std investment IGl 015 1 0.1941  0.1959  0.1793 0.2131
o7 Std risk premium IG1 1 1 0.3612  0.3638  0.3376  0.3908

oy Std discount factor IG1 1 1 3.7442 43141 3.0942 5.701

oz, Std price markup IG1 0.5 1 0.1395 0.15 0.1137  0.1911
oz, Std wage markup IGl 015 1 0.1531  0.1482  0.1092  0.1828
fogs Std inflation target IGl 015 1 0.1095  0.1094 0.0849  0.136
o Std labor preference IGl 015 1 0.0645  0.0789  0.0344 0.1349
Ogun Std measurement error 1 IGl1  0.05 0.03  0.0498 0.0507  0.0375  0.065

Notes: B stands for Beta distribution, G for Gamma, N for Normal, U for Uniform and IG1 for Inverse Gamma.
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Figure 2: Unconditional variance decompositions of macroeconomic variables and inequality
measures.

share parameters), price and wage indexations ¢, and iy, the Calvo parameters 6, 0,5, 0,1 and
autocorrelation coefficients. For the parameters that govern the elasticity of substitution between
H-type labour, capital, and labour from S-type households 6 and ¢ (hereafter referred to as KORV
elasticity parameters), we assume a gamma distribution as the prior. We assume the prior of 7,
the pass-through from pre-tax to disposable income inequality, to be a uniform distribution on
[0,2]. We use inverse gamma prior distributions for the shocks’ standard deviations, while for all

other parameters, the priors are either normal or gamma.

Figure 2 shows the unconditional variance decomposition of key macroeconomic and inequality
variables, highlighting the contribution of each structural shock to overall fluctuations. Investment-
specific technology shocks account for a large share of the movements in output growth, invest-
ment growth, hours worked, price inflation and labour earnings inequality. Neutral technology
shocks are also an important driver of consumption growth, output growth and price inflation.

Price markup shocks are important for hours works and disposable income inequality.

5.2 Rawls’ Difference Principle

Next, we carry out some numerical exercises using the estimated model and compare the out-
comes to those under various counterfactual optimal policies, varying the weight that the central

planner assigns to the utility of H-type households. To evaluate these counterfactual policies on
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Table 3: Standard deviations

Actual Utilitarian Rawlsian
(A*=0.2) (A*=0.9)

Panel A. Macro variables
Price inflation 0.566 0.508 0.515
Wage inflation 0.775 0.607 0.592
Output gap 4.791 3.850 3.883
Panel B. Inequality variables
Consumption 5.210 3.724 3.647
Labour earnings 3.929 1.062 0.972
Disposable inc. 1.270 0.740 0.714

Notes: This table reports the standard deviation of the output gap, price inflation, and wage inflation series,
the series of the consumption gap between H-type and S-type households, the labour earnings gap, and
the disposable income gap under the actual policy and each respective transfer policy.

historical data, we use state estimates obtained from the Kalman smoother.

Panel A of Table 3 reports the standard deviations of the output gap, price inflation, and wage
inflation under different monetary policies. The first column reports moments of the actual data.
The various alternative policies that we consider include the utilitarian optimal policy, where A*
equals the actual population share of H-type households (A = 0.2), and two Rawlsian optimal

policies, where A* is set to either 0.5 or 0.9.6

As shown, the Rawlsian optimal policies lead to greater volatility in the output gap and price
inflation compared to the utilitarian case but lower volatility in wage inflation. The higher output

gap volatility and lower wage inflation volatility are consistent with the small-scale model.

This result is in line with our theoretical predictions. As explained in Section 3.2, a Rawlsian
central bank aims to limit wage volatility because higher wage inflation leads to greater wage
dispersion, which raises firms’ profits and widens inequality between savers and hand-to-mouth
households. The mechanism arises because firms respond to wage dispersion by shifting labour
demand towards lower-wage workers, which lowers their average marginal cost and boosts prof-
its. Since these profits mainly go to savers, wage dispersion raises inequality between households,

which calls for a more aggressive stance on wage inflation by the Rawlsian central bank.

6Setting A* higher than 0.9 leads to equilibrium indeterminacy in our model.
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Figure 3: Macroeconomic variables. Actual, utilitarian, and Rawlsian output gap, price and wage
inflation.

In line with Justiniano et al. (2013), who show that, in estimated medium-scale RANK models,
optimal monetary policy features no meaningful trade-off between stabilising inflation and stabil-
ising the output gap, our results point in the same direction. In particular, we also find that such

a trade-off is quantitatively negligible.

Panel B of Table 3 presents similar information for the inequality variables. As expected, Rawlsian
monetary policies lead to lower volatility in the inequality indicators. Although inequality is
countercyclical and, as shown above, Rawlsian policies increase output gap volatility, they also

reduce wage inflation variability, resulting in lower volatility of inequality indicators over time.

Next, we use our estimated model to run a set of counterfactual exercises and gain insights into
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how the data would have looked if the central bank had followed the optimal policies discussed
above. Results for the macroeconomic variables and the inequality indicators are displayed in Fig-
ures 3 and 4. In particular, each figure shows the actual data (black lines) alongside the counter-
factual data under utilitarian (blue) and Rawlsian (dashed magenta and red dotted lines) optimal

policies.

As shown also in the table above, the actual data, especially for the macroeconomic variables
(Figure 3), are significantly more volatile than the counterfactual ones. The output gap (bottom
panel) shows significant volatility in the actual data, particularly before the Great Moderation
period, reflecting larger fluctuations in economic activity. Under the optimal policies, the output
gap is more stable, with smaller swings during both expansions and contractions. Interestingly,
while Table 3 showed the Rawlsian optimal policies to increase the output gap volatility compared
to the utilitarian policy, Figure 3 displays that the two policies actually deliver an almost identical

output gap path.

Similar results are found for price inflation and wage inflation. The actual data display greater
fluctuations, especially prior to the 1990s, but the differences between the utilitarian and Rawlsian

policies are quantitatively negligible.

Figure 4 presents the inequality variables (consumption inequality, labour earnings inequality, and
disposable income inequality) again comparing actual data with counterfactuals. Consumption
inequality in the actual data is strongly countercyclical, with a notable surge during the Great
Recession. Compared to the actual data, the utilitarian and Rawlsian policies reduce both the
average level and volatility of consumption inequality. This is particularly evident when looking

at the smaller increase in inequality during the Great Recession.

Labour earnings inequality follows a similar countercyclical pattern. However, average inequality
is lower in the actual data than in the counterfactuals. The counterfactual series under the optimal
policies exhibit significantly lower volatility over the full sample. This is particularly evident in
the late 1990s and early 2000s, when labour earnings inequality declined in the data, whereas
under the optimal policies it would have remained somewhat higher. Conversely, these policies

would have prevented inequality from rising after the Great Recession.
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Figure 4: Inequality variables. Actual, utilitarian, and Rawlsian consumption gap, labour earnings
inequality, and disposable income inequality.

Finally, disposable income inequality in the actual data remains fairly stable compared to inequal-
ity in consumption or labour earnings. Similarly as for the other measures of inequality, the coun-

terfactual policies would have significantly mitigated the variability of inequality.

6 Conclusion

This paper studies how inequality considerations could shape monetary policy, drawing on Rawls’
Difference Principle, which argues that policies should focus on improving the conditions of the
least advantaged members of society. We explore this idea by analysing optimal monetary policy

in a simple HANK model, where the central bank prioritises the welfare of hand-to-mouth house-
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holds over that of savers. We derive a second-order approximation of the welfare loss function
and show that a “Rawlsian” central bank would place greater emphasis on stabilising wage in-
flation rather than stabilising price inflation or the output gap. The rationale is that higher wage
inflation, by generating greater wage dispersion, raises aggregate firm profits at the second or-
der of approximation. Since these profits accrue mainly to savers, inequality between saver and
hand-to-mouth households increases. Consequently, stabilising wage inflation helps to reduce

both allocative inefficiencies and inequality.

We then extend the analysis to an estimated medium-scale HANK model to conduct a quantitative
assessment of how a Rawlsian monetary policy affects both business cycles and inequality. The
results confirm the theoretical insights from the simpler framework. In particular, the quantitative
analysis shows that a Rawlsian policy reduces wage inflation volatility, but at the cost of higher
variability in price inflation and the output gap. The numerical exercises further demonstrate that
optimal Rawlsian and utilitarian monetary policies deliver nearly identical macroeconomic and

distributional outcomes.

From a policy perspective, our results suggest that, within this relatively stylised environment, the
optimal monetary policy chosen by a utilitarian central bank already aligns closely with the policy
preferred under a Rawlsian objective. In this sense, placing explicit additional weight on hand-
to-mouth households does not lead to large quantitative changes in policy. However, it should
be noted that our framework abstracts from wealth inequality and focuses on income differences
arising from wage dispersion. A richer HANK environment, in which households differ in asset
holdings, may alter our policy implications. Moreover, we do not analyse optimal fiscal policy un-
der a Rawlsian planner, as in our model such a planner would rely on fiscal instruments to transfer
all profit dividends from savers to hand-to-mouth households, making it an excessively extreme
and unrealistic scenario. We view our analysis as a first step in understanding how inequality
considerations may shape optimal monetary policy, and extending the framework to incorporate
wealth inequality as well as to study the joint design of monetary and fiscal policy constitutes an

important direction for future work.
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Appendices

A Second-Order Approximation of the Aggregate Utility Function

We follow Woodford (2003) in deriving the utility-based loss function. We take a Taylor expansion

of each term of the following utility function:

U= (1—-A")Usy + A Upnt = U(Csyt,Cht) + V (Nsy, Nuy)

_ oy (Csa 7= (Cu -1 oy (oo BuNs N AN
=4 “(1_0 SR R o A s v R A e b
(A1)

Taking a second-order expansion around the steady state, we obtain

1
U (Cs,t, Crip) = U (Cs, Crr) + Uc, (Cst = Cs) + 5 Ucgcs (Cst = Cs) |
(A2

1 .
+Uc, (Cht — CH) + EUCHCH (Ch¢—Ch)* +tip.+0 (I1e11%)

where O (||€]]®) represents all relevant terms that are of third or higher order, and t.i.p. denotes

all the terms independent of monetary policy. Then, we take a second-order Taylor expansion of

CS,t and CH,tZ
1
Cst = Cs <1 + s+ 2Cs,t2> +0(lg]1°), (A.3)
1
Chy =Cy (1 +cpp + ch,}> +0 (¢]P), (A4)

where cs; = log Cs; — log Cs and cp s = log Cp ¢ — log Cpy. This implies:
1
Cst — Cs = Cscgst + ECSCS,tz +0(l1e]P), (A.5)

1
Cut — Cx = CHClt + ECHCH,t2 + O (||¢] !3) . (A.6)
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Substituting Equations (A.5) and (A.6) into Equation (A.2) gives:

1 1
U (Cst,Chy) = U(Cs,Ch) + Uc,Csesr + EUCS Cscs® + EUCSCS Cs’cs i
(A7)

1 1 .
+Uc, Crep s + 5uCHchH,,F + EUCHCHCHZCH,E + ti.p.+ O (||¢]]?)

Note that U (Cs, Cy) is independent of monetary policy. We rewrite (A.7) as:

1 1U, C
U (Csyt, Chyt) = Uc,Cs <CS,t + ECS,tZ + ZC&CSSCs,t2>
1 11U C - (A8)
+Uc, Ch | cme+ ~cms® + *MCH,IF + ti.p. 4+ O (|[¢] ’3) .
2 2 U,

“1s . Ucyc C u C
From the utility function, we have — == = —CHzH 1
Uc, Uc,,

= —o0. Thus, we obtain:

1 1 )
u (CS,t/ CH,t) = UCSCS (CS,t + E (1 — 0') CS,t2> + UCHCH <CH,t =+ E (1 — O') CH,tZ) —|—t.l.p. +0 (HgH?)) .

(A9)
Using the aggregate consumption C; = (1 — A) Cs; + ACp ¢, we rewrite:
U (Csy, C Uc,C 1 Uc, C 1 ,
ot BG5S (corr 5 (1= 0pes? ) + 5 (enst 5 (=) ens ) +tip.+O ().
(A.10)
From the economy’s resource constraint Y; = (1 — A) Cs¢ + ACp ¢, we obtain:
L 3 I > L 2 3
yr+ oy = (1—A) (est+ Ses | Al cHr+ SCHL )+ O (|1g11°), (A.11)
_ o . UcCs * Ue, Cn i
where y; = logY; —logY. Substituting Equation (A.11), 2= = 1 - A%, and —f'= = A” into
Equation (A.10) gives:
U (Csy, C 1 1
U (Cs Crr) =Yty — 50 (1=2) cs”+ /\CH,tz)
UcC 2 2
1 1 (A.12)
— (A" =A) (CS,t +5(1=0)es® —cp—5(1-0) CH,t2> +tip.+0(|[E]F°) -
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Now, we also take a second-order Taylor expansion of V (Nst, Np ¢, Aw ).
1
%4 (NS,t/ NH,t/ Aw,t) =V (NS/ NH/ Aw) + VAw (Aw,t - Aw) + VN5 (NS,t - NS) + EVNSNS (NS,t - NS)Z

1 .
+VNH (NH,t — NH) + EVNHNH (NH,t — I\IH)2 +tip. + @) (||€||3) p
(A.13)

The second-order approximation of Ay ¢, Ns, and Np ; is:

Awt = Dy (1+0uy) + O (|[E]P), (A.14)
1

Ng¢ = Ns <1 + 15+ 2”5,t2> +O([l2]P), (A.15)
1

Np; = Ny <1 + g+ an,f) +0(/gIP), (A.16)

where 6, ¢ = log Ay —log Ay, ns s = log Ns; —log Ng, and np ¢ = log Ni ¢ — log Ny. This implies:

Dat = Ao = Dobus + O (|12]P), (A.17)
1

NS,t — Ng = Nsi’ls,t + ENS”SJZ +0 (||§||3) , (A18)
1

Ni:— Ny = Nyng; + 5NHnH,tZ +0(|lel]?) - (A.19)

Substituting Equations (A.17), (A.18), and (A.19) into Equation (A.13) gives:

1 1
V (Nst, Nut, Awt) =V (Ns, N, Aw) + Va, Awdwt + VNgNsnigp + EVNSNSnS,tZ + EVNSNSNSZ”SJZ

1 1 )
+VNHNH71H,£ + EVNHNHnH,tZ + EVNHNHNHZnH,tZ + tip. + O (‘ |é‘ ’3) .

(A.20)
Note that V (Ns, Ny, Ay) is independent of monetary policy. We rewrite (A.20) as:
1 1V, N
V (Nst, Nt D) = Va,Dwbuws + VgNs ( 15 + ~ns” + *M”s,tz
2 2 Vn,
1 1V N (A.21)
+Vn Ny (np + s + 58y 2 tip.+ O (J1E]1°)
2 2 Wy,
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. 1+v 1+v VNeNe Ns V; N . .
Since V), = — (1 — A%) (gas I\{Sﬂ ) —A* ((pH Nﬂv ), e = N’{}Z[H % = v, we rewrite Equation
S H

(A.21) as:

N51+V NHl-H/ 1 )
V (Nst, Np g, Dwr) = — | (1 =A%) | ¢s + A" | on Ow,t + VNgNs <”s,t + 5 (1+v)ng, >

1+v 14+v
1
+VNHNH (TlH,t + E (1 + 1/) nH,t2>

+tip.+ 0 (|[¢]]?) .
(A.22)
Now, recall that Ng = Ny = N =Y = C = Cs = Cy = 1 and ¢s = ¢y = 1. From the household’s

labour supply relations, we have:

N51+V NH1+1/ 1
_ * * = A.2
(1 /\)<¢Sl+v>+A <¢H1+v 1+v (A-23)
Vg Ns
— =1-A%, A24
VNy NH
— = A% A.25
UcC (A.25)
Therefore, we have:
V (Ns;, Ny, A 1 N 1 1
( S,tllcg/t w) =1 V(Sw,t —(1-=A%) (nS,t + 5 (1+v) n51t2> —AF <nH,t + 5 (1+v) nH,t2>
+tip.+0 (\ 2| ]3) .
(A.26)
From the labour market clearing condition Ny = (1 — A) Ng; + ANy, we obtain:
1 1 1
ny + Entz = (1 — A) (nslt + 2715}) + A <7’1H,t + ZnH,t2> +0 (| ‘§| ’3) . (A27)
Substituting Equation (A.27) into Equation (A.26) gives:
V (Nst, Ny, A 1 1 1
( Sy THE w,t) = — 5w,t — Ny — *l’ltZ — =V ((1 — )\) ns/tz + )\nH,tZ)
ucC 1+v 2 2
1 1 (A.28)
+ ()\* — )\) <715,t + E (1 + 1/) 1’15,,52 —NnHt — E (1 + 1/) nH,t2> —+ tlp —+ @) (||§H3) .
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From the production function A, ;Y; = A;N;, we have:

ny = (Sp,t + Yt — ag. (A29)

Substituting Equation (A.29) into Equation (A.28), we rewrite:

V(NS,t/ I\IH,t/A ,t) 1 1 2 1 2 2
ucc w = _5p,t — m(sw’t — yt — E (yt — Zytﬂt) — EU ((1 — /\) Tls/t + /\TIH,t )
N 1 1 _
+ (A" = A) (nS,t +5 (1+v)ng® —nps— 5 (1+v) nH,t2> +tip.+ 0 ([|€]).
(A.30)
Combining Equations (A.12) and (A.30), we obtain:
U; U (Csyt,Cryt) +V (Nst, Nut, Awyt) 1
= : : - . Tt = =0, — —0
UcC UcC pET Ty Owt T Y
1 1
—=0 ((1 — )\) Csltz + /\CH,tz) — =V ((1 — )\) TZS,fZ + )\TZH,tZ)
2 2
1 , 1 , (A.31)
— (A" =A7) (cs,t t3 (1—0)csy™ —chyp — 5 (1—0)cmy )

1 1 ~
+ (A =A) <nS,t T3 (1+v)ng® —npy — 5 (1+v) ”H,f2> +tip.+0([1g]P) -

Then, we can rewrite:

u;

1 1
T Swt +yrar — =0 (1= A) cg® + Acp?) — SV (1= A)ng® + Anp )

= 3y — >

1
1+v
—()\*—/\)<05t+165t2—ﬂ5t—HStz—CHt—cht2+TlHt+1nHt2

T A AT AT

(0 (cs2 = chu) +v (s — nH,ﬂ))) +rip.+0(|[2]P).
(A.32)

1
2
From the households’ budget constraints, we have:

CS,t + Ecs't = W¢ + Ewt + nS,t + Ens,t + wtns,t — ﬁ Wt + Ewt + 5p,t + wtyt — Wiay — ytat

+ip. 4+ 0 ([12]P°),
(A.33)

1L 1 1 2 4 1 5
CHt+ 5CHt = Wi + S W +ng+ SMH +winpy — | W+ S Wt + Op,t + WY — Wiar — Yy

2 A

+tip.+0O (]|¢]]?) -
(A.34)
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Combining Equation (A.33) and (A.34), we have:

ot + 1 5 2 1o 1. 9
St 55 —Nst = SNst” = CHt — 5CHE THH T SNH
=w; (nsy —nyy) — T4 <wt + Ewtz + Opp + Wy — wray — ytﬂt) +ti.p.+O (||¢]P) .
Substituting Equation (A.35) into Equation (A.32), we rewrite:
- —Cpt — L(Swt +yar — 0 (1= M) cs® + Acps®) — 11/ (1= A) ng® + Anp?)
UcC S ' 2 ’ '
A— 1
_ ()\* _ /\) (wt (T’IS,t — TlH,t) — )\(:l—TL;\) <wt —+ Ewtz + 5;7,1‘ + wt]/t — Wiy — yﬂh)
1 .
~5 @ (es =) +v ns? =) ) +tip+0 (|EIF)
(A.36)
From the wage New Keynesian Phillips curves, we have:

1
Wy = Vhgy +0csp — — Dy,

w

(A.37)
1
Wy =Vipt+0CHr — —Du,

w

(A.38)
where @,y = 71+ — BE;7Ty ¢+1. Combining Equations (A.27), (A.29), (A.37), and (A.38), we have:

1
wt:V<5p,t+yt—ﬂt+2

(ytz —2ysa; — (1= A)ng > — /\nH,tZ)>

1 1 .
+0o (yt + 5 (yt2 — (1 - /\) Cs,t2 - ACH,t2)> — — Pyt +Lip.+0 (||€H3) .
w

(A.39)
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Substituting Equation (A.39) into Equation (A.36), we rewrite:

U 1 1 1
ﬁtC = —Opt — 0wt + Yt — EU ((1 —A) CS,t2 + )\CH,tz) — 5V ((1 —A) ”S,t2 + )U’lH,tz)

1
— (A* — /\) <(V (yt — Elt) + oYt — ’Yqu't) (nS,t — l’lH,t)

A—T, 1
_,\<1_d/\)< <pt+yt+ (v* —2yea: — (1 )‘)nS,tZ_)\nH,tZ)>

1 1 1 1 2
o (yt + - (P — (1= A)cs” — /\CH,tz)> ——®y+ 5 <v (¢ —ar) + oy — <I>w,t>
2 Yw 2 Yw

1 1
+opt + <V (ve —ar) + oy — Wq)w't) Yt — <(V +0)yr — ,)/q)w,t> ar — ytﬂt>

w

1 .
-5 (0 (cs® —cpi®) +v (ng> — nH,tz))) + ti.p.+O (||¢]]) .
(A.40)
Then, we take the expected discounted sum over time, we obtain:
BB

UCC UcC
= 1 1 1

=Eo Y B —0pt — ——0uws+yar — 50 (1= A) e + Acps®) — v (1= A) ng® + Anp i)
= 1+v 2 2

w

A—T, 1
_ﬁ <1/ <5p,t tyet s (v = e — (1= A)ns? /\nH,tZ))

= =) (v = ) o= @) G = )

w

1 1
+5p,t + <U (]/t — ﬂt) + oYy — ch,t) Y — ((1/ + 0') Yr — q)w,t> ar — ytat>
Yw Yw

(o5~ en®) +v (s~ nH,ﬁ))>> L tip. O ().
(A41)

1 1 1 1 2
(yf + - (A= (1—A)cs® — AcH,t2)> —— Dy + = (v (e —ar) + oy — <I>w,t>
07 2 Yw

When prices are staggered as in the discrete time Calvo (1983) fashion, Woodford (2003) shows

that:
o ﬂ
Blop: = (11E11%), (A42)
t;() $ 2 710
a 1(1+v) e o |
Y B6us = 57&’ Y Bt + tip. + O (|[E]]°) - (A43)
=0 Tw =0
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(1-04)(1-6.p)

where v, = M and vy, = (1T ) Therefore, we can rewrite:
v “lw
1+§P 1‘H§w
Wo o gt 17¢ 2 17% 2 1 2 2y 1 2 2
—— =ELE o - o -0 ((1-A A —sv((1-A A
U.C ot;:)ﬁ ( 27, Tpt” = 5 oy T + yia 20(( ) es,i” + Acr i) v (( ) 1s” + A i)

1
— (A" =A) ((v (ye —ar) + oy — 7<I>w,f> (ngt —npy)

148,
A—Ty 17 5 1 5 5 )
TAA—A) (V (2 ,),’; Tpt” T Y+ 5 (v* = 2ysar — (1 = A) ng” — Anp”)

1 1 1 1 2
+0o <]/t + 5 (%2 —(L—=A)cs® — ACH,t2)> — — Py + 5 (V (yt —at) + oy — q’w,t)
TYw 2 Yw
1 1
+5p,t + (V (yt — lz'lt) + oYt — q)w,t) Y — <(1/ + U) Y — pr,t> ar — ytat)
Yw Yw

! (o (CS,t2 — cH,tz) +v (n5,t2 — nH,tz))>> +ti.p.+ O (|[¢] ]3) )

2
(A.44)
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B Second-Order Approximation of the New Keynesian Phillips Curves

B.1 Price New Keynesian Phillips Curve

We follow Benigno and Woodford (2004, 2005). The price New Keynesian Phillips curve can be

written as:

P 148K
t

=L — B.1
P 1—|—Tp F’ (B1)

p

where 7, = ¢, to eliminate the steady state distortion. The aggregate price level can be rewritten

as:

R AN
# — Opllpt™
= | —F . B.2
We can substitute Equation (B.2) into Equation (B.1):
e, Tk
— P
i e 20 S (B.3)
1-06, Fpi
Taking logs gives us:
1
1—6,I1,:%
_é’p ].Og W = ]Og Kp,t - log Pp,t- (B4)

A second-order Taylor series for the left-hand side of Equation (B.4) can be written as:

1-6,0L,7 ) 6, 11 , ;
10g(19p) W(”WF 2(1-06,)¢, p,t>+0(|\é\)- (B.5)

It remains to derive similar second-order approximations for log K, s and log F,, ; on the right-hand

side. The definitions of K, ; and F;; imply the following second-order expansions:

1 i —t [~ 1
ks + 5kni = (1= 0B) Er ) (6,8)" (kw + ﬁ) +0 (I[¢IF). (B.6)
T=t
1 d ~ 1
fp,t + Efp,tz = 1 - pﬁ Z N (fp,t,T + 2]?3;1) +0 (‘ ] |3) ’ (B.7)
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where k, 1 and f;,; T are given by:

—~ ~ 1+¢ T

kp,t,T =KpT + 2 Z Tp,ss (BS)
gp s=t+1

ﬂ,t,T fp T+ Z TTp,ss (B9)

gp s=t+1

where kr and ]?T are defined as:

@,T = —0c¢s,r + YT +Wr —ar, (B.10)
for = —0csT +yr. (B.11)

Substituting Equation (B.5) into Equation (B.4) yields:

11 , 1-86, .
a1-0)g " T e, (Kpt = fpt) +O (I1EIP) - (B.12)

7Tp,t +

where k,; = log K, ; —log K, and f,; = log F,,; — log F,. We can use Equations (B.6) and (B.7) to
obtain a second-order expansion for the right-hand side of Equation (B.12). Subtracting Equation

(B.7) from Equation (B.6), we obtain:

1 1
Kps = Fot = (1= 0,) E z OB)"™ (Rosr = Foer + 5 (Bur = For) ) =5 (ko = o) 0 (1EIF)
(B.13)
We rewrite:
> 1
pt_fpt— 1_9;7/3 Etz (ptT fPtT+2(ptT fptT)) (kprt_frht) (kprt+fprt)+o(||‘:||3)'
T=t
(B.14)
Using Equation (B.12), to first order, we have:
0 2
fpt Qpﬂ'pt—FO(HCH ) (315)
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Moreover, using Equations (B.6) and (B.7), to first order, we have:

kpi+ for = (1—6,8) ©pr + 0 (||E]), (B.16)
where:
r=E Z ( ptT + fp,t,T) : (B.17)
Therefore, substituting Equations (B.15) and (B.16) into Equation (B.14) yields:
1 1 0
—for=(1-0,B)E Z (6 pﬁ) < ptT — fptT+2 ( ptT fptT)) 5 (1-6,8) ﬁn—p,t®p,t
+0 (|I21P).
(B.18)

We can use the definitions of %p ¢, and J/(;),t,T to further expand the first term on the right-hand side

of Equation (B.18). We obtain:

00 = 0 = R o _ T
E: Y. (6,8) (kp,t,T ptT) = Z (kp,T _fp,T> +E Y (6,8) " Y 7 (B19)
T=t T=t T=t s=t+1
Then, we rewrite:
<) RN . 00 R R 1
E; Ygt (GP:B)T t (kp,t,T — fP,t,T) =E; Ygt (GF’:B)T t <kp,T — fp,T) + mﬂp,t. (B20)
where:
Qe =E Y, (6,8) ' mpr (B.21)

T=t+1

Moreover, we obtain:

3B L O (Bur=Fur) = 38 L 0f) (B i)

= 2
T 1+‘:p l/\ T 2+§p 0 T 2
+Et Z (6,8) < Z, % épfp,T> S:Zt;rl pst 3 ( ) Z:: (s %1 Ttp,s
(B.22)

T=t
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We can rewrite:

1 1 00 - 00 a
5 5 O (Bur—Fr) = 35 @8 (Br-Fr) +8 5 @9 it
1 2+¢&p o
+21_Cpp[3 th;rl( pB) Tt (7t +20)
(B.23)
where:
d 1 ~
T, =E Z (6,8)" *( Jgf’“kﬂ fp,T>. (B.24)

Substituting Equations (B.20) and (B.23) into Equation (B.18), we obtain:

kpt_fprt:(1_9pﬁ)Et7>i(9pﬁ)T_t< pr+1< pr))

+E i (GPIB)T% p,r+ (1 - 6,B) Er i (Qpﬁ)Tit 7,1l
T=t+1 T=t+1
1/2+ i 1
43 (CE2) B Y 0 o (o +205) = § (1= 6,8) - m@p + O ().
p T=t+1 P (B25)

This can be written recursively as:

1 -~ =~ 1
ks = fpa+ 5 (1= 0B) 1 pnp@pt—( ~08) (Ros — s+ 5 (Ba - 721))

+§p
Cp

1 0
+0pPE: <kp,t+1 — fpr1t+ 5 (1-06,p) 1_’797Tp,t+1@p,t+1> +O(l1g11°) -
p

+9p,BEt7Tp,t+1 + (1 — QP‘B) p,BEtTfp t+11”p 41t = > ( > Gp,BEtnp,t-i—l (7Tp,t+1 + ZQp,H—l) (B.26)

Using Equation (B.12), we rewrite:

1 1 1
Tty + 2(1-0,)¢, (:p”p,tz T3 (1—=6,B) 7,1 Ops =7 < pe =it ( fpt))
2+
(1= 0,) BErmyn-+ (16,) (1= 08) Etpralpsin + 5 (5 ) (1= 85) BETpisn (Tpisn +2000)
p
+0,BE: | 71 + léﬂ 1 +1 (1=60,B) mpr1911 | + O (|[E]1°) -
p P, 2 (1 _ 9;9) gp P 2 p P,

(B.27)
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(1-6,) (1-6,p)

where 7, = e, We can furthermore eliminate I';; by observing that Equation (B.24)

implies that:

B Tt (1+Ep~ 1~ 1. & T—t 243Gy
Iy =E Z( »B) < g kP,T_(;Tfp,T :EEtZ(Gp,B) pT+pr+ 7 < pT_pr)
p P T—t p
1.2 24¢ 24
T—t (T ~ “T6p ‘:p

S Et 0,0 <k 4T+ forr + T — forT )-Q ¢

2 T;t( 14 ) p P gp ( p- P ) 1— 9;7‘5
1 1 22@7 ZJng
- _ 14

(B.28)

By substituting Equation (B.28) into Equation (B.27), we obtain:

1 1 1 . ~ .
ot L0y = (o 3 (R )

11+§p
2 &y

7Tp,t +

~—LBEim, 142 + O (|1E]) -
(B.29)

1 1
+BEi Tty 141 + Eﬁ( Et7ty 41 2+ ﬁ (1—0,B) Et7tp 110y 01 +

1_9P) gP

This can be integrated forward:

% ~ ~ 1 11+
Voo =m1Eo L F' (kn—fp,t+z (B = T )) b e Y 20 (IEF), (B30
t=

2 G =0
where:
1 1 1 11+¢
Wpt = 7Tpt + = Wﬂpt + = (1 — p‘B) 7Tp t®pt + = > gp 2P 7Tp,t2- (B31)
Using Equations (B.10) and (B.11), we have:
Kpi — for = wi —ay, (B.32)
%p,t +J?p,t =2(—0csi +yt) +wi — ay. (B.33)
Therefore, we can have:
> 2 1l o 1
kp,t — fp,t + E <kp,t — fp,t) = Wt — at + E (wt — th) (2 (_UCS,t + yt) + wr — Elt) . (B34)
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Substituting Equation (B.34) into Equation (B.30), we finally obtain:

> 1
VP,O = ’)/PEO Z :Bt (wt — a; + E (wt — ﬂt) (2 (_UCS,t +yt) + wy — ﬂt))
t=0

11+c - (B.35)
57 PE0 Y By +tip.+ O (I[E]]) -
p t=0
Then, we rewrite:
o 1 1+8p 1
V0= 7pEo Z,Bt (237-[;7,152 +wr —ay+ 5 (we —ar) (2(—0csp+y) +we —ar) | +tip.+0 (‘ ’€||3) ,
t=0 p
(B.36)
The expression above can be reformulated as:
1 1 1+¢p » 1
W,tETf,t‘l‘* + TTp t + = 1-9,5 7T,t®,t/ (B37)
p p 2((1—9;])5;7 Z, > p 2( pB) 7p,1Op
where:
) T
T—
Opr =Er Y (6,B) ! (2 (—ocsr+yr) +wr—ar+ Y 7Tp,s> ) (B.38)
T=t s=t+1

B.2 Wage New Keynesian Phillips Curve

We follow Benigno and Woodford (2004, 2005). The wage New Keynesian Phillips curve can be

written as:

wh , (B.39)

# 1
Wit _ (1 + Cw Kw,h,t) ez
,t

Wh,t 1+ Tw F w,h,t

where 1, = {y to eliminate the steady state distortion. The aggregate wage level can be rewritten

1\ —Gw

— Cw

Wt = (1 Dol ) . (B.40)
w

as:

We can substitute Equation (B.40) into Equation (B.39):

1 *gw 1
1 _gwnwtﬁ <Kwht> 1+Vlzﬂ
e N ) hy B.41
( 1-— 9w Fw,h,t ( )
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Taking logs gives us:

1
1— 61Ty, %0 1
—Zwlog ( ] = GZ ) =1 N vlgéw (log Koyt —log Fyy i) - (B.42)
A second-order Taylor series for the left-hand side of Equation (B.42) can be written as:

1
log | = | = = s+ 55 Tt ) + O : B.43
Og( 1=0 ) (1-60) 8 \ " " 2(1—00) G0 (1115) (B43)

It remains to derive similar second-order approximations for log K, ;, ; and log F,, , ; on the right-

hand side. The definitions of K, ;, s and F,, , ; imply the following second-order expansions:

1
kw,h,t + Ekw,/’l,tz = (1 — ew‘B) Z ( wﬁ) < wh t, T + kwh t T> + O (| |€| ‘3) , (B44)
T=t
1 ad —~ 1
fwnt + 5 foni® = (1—0,8)E Z - < fopet + 2f120,h,t,T> +0 (|¢]P), (B.45)

where k;, ;7 and f,, , 1 T are given by:

t % 1420
kot = kot + (14v) Y Ttws, (B.46)
W os=t+1
fwhtT—fth+ 2 TCw,s, (B.47)
W s=t+1

where Ew/h,T and ﬁulh; are defined as:
Kopr = (1 +v) myr, (B.48)

J?w,h,T = —0Cp,r + WT + N7 (B.49)
Substituting Equation (B.43) into Equation (B.42) yields:

1 2 1 - 91(; 1
TCw,t =
0w 14v

7Tw,t + =

Zm 1}_@” ( w,h,t fwht)‘f’O(HCH ) (B.50)
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where ks = log Kyt —log Ky, and fo,; = log Fyr — log Fy . We can use Equations (B.44)
and (B.45) to obtain a second-order expansion for the right-hand side of Equation (B.50). Subtract-

ing Equation (B.45) from Equation (B.44), we obtain:

[ee]

1
wht_fwht_ 1— wﬁ Z wﬁ <whtT_fwhtT+2(Eu,h,t,T‘fz%,h,t,T))

T=t (B.51)
1
5 (kand® = fund®) +O (II2IP).
We rewrite:
wht fwht—( _GZU,B)EtZ( ﬁ) whtT fwhtT+ (kwhtT fw,h,t,T)
=t (B.52)
1
_E( w,h,t fwht)( wh,t+fw,h,t)+o(‘|§’|3)‘
Using Equation (B.50), to first order, we have:
(9 1+
bans = fans = 1o (10 EE ) g +0 (1E1F) (B:53)
— b Gw
Moreover, using Equations (B.44) and (B.45), to first order, we have:
kw,h,t + fw,h,t = (1 - Gwﬁ) ®w,h,t + O (| |§| ‘2) s (B54)
where:
Ount = Bt Y (60B)" " (o + Fuper) (B.55)
T=t
Therefore, substituting Equations (B.53) and (B.54) into Equation (B.52) yields:
ad 1
kwnt = font = (1 —0) E Z (whtT_fwhtT+2(Eu,h,t,T_fzzu,h,t,T>>
1 . 6 14¢ (8:56)
_E (1 - gw,B) ﬁ <1 +v gw w> 7Tw,t®w,h,t + O (| |§H3) .
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We can use the definitions of fw,h,t,T and fw,h,t,T to further expand the first term on the right-hand

side of Equation (B.56). We obtain:

E; i (6.8)"" (Ew,h,t,T - fw,h,t,T) =E ]i 0.,8)" " ( wh,T — ﬁuhT)

T=t
1 + Cw i i = T—t L
+ <(1 + V) 7510 g ) ; wﬁ) s:;;l Tlw,s-

(B.57)

Then, we rewrite:

) N . o) (1 +v ) 1+§w _ 1
Er ), (0uB)" " (kw,h,t,T — fw,h,t,T) =E) (0 wB) ( T — fal, T) + T g o Qo t-
T=t T=t - w:B
(B.58)

where:

[oe]

Quui =E Y. (0uB)" ' 1. (B.59)

T=t+1

Moreover, we obtain:

E ; zUlB T t( w,h,t,T J?zzu,h,t,T) - g W.B T t( w,h,T J}ZJ,h,T)
) T
+E Y (6.8)" ((Hv)lggw wh T — fth> Y. Tws  (B.60)
T=t w s=t+1
1 148 1 148, 1\ p @ ot [ )
+2 ((1 +v) Z §w> ((1 +v) c. + §w> EtTZ::t(Ow,B) <S§1 nw,5> )

We can rewrite:

[} 1 © _
°E, X OB (R = Fanar) = 5 Y 0B (Br— Pot) +Ee Yo (008) gt Tur
T=t T=t T=t+1

(i) (a5

>E Y (0uB) " T (T + 2000 1),

_|_,
2 1—0.,p T=t+1
(B.61)
where:
S T— 14 &pr 1~
Tune = Er ) (6,8) ! ((1 +v) ﬁkww - — fw,h,T) ) (B.62)
T=t Cw Cw
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Substituting Equations (B.58) and (B.61) into Equation (B.56), we obtain:

kot — fuont = (1 —60B) E Z( pﬁ) < whT — fanT + 5 (kth fz%,h,T))

+ <<1+u> Sl —1) Y (0uf) ™ Tt (1—0u) B Y (0uB)™ mwtTunr

Cw Gw T=t+1 T=t+1

+ ((1—|—1/) 1;)5“’ _Clw) ((1+ )1;)5“’ + Cw) E Y (0 wB)' ™ 7w (7w T +20u7)

(1 —0up) {

w

(1 +v ‘é’wgw) nw,t@)w,h,t + O (| ‘6‘ ‘3) .
(B.63)

This can be written recursively as:

1 ) 14+¢ 1
ke nt — fwht+2(1—9w,5)1_w9w <1+V éww>7fwt®wt—(1_ w,B)<wht fWht+2(wht fwht))

+ <(1 +v) 1}‘5” - ; ) 0wBEitw 11+ (1 — 00B) OuwBEiTwt 11T i1
+% <(1 +v) ! —gfw - (:1w> (( v) ! —gwéw Cw> OwBEt T p+1 (Tt p41 + 20 1 t41)

14 Cw
Gw

) 7Tw,t+1®w,h,t+l> +0 (||CH3) :
(B.64)

1
+9wﬁEt<wht+1_fwht+l+ (1- wﬁ)l—@ ("H’

Using Equation (B.50), we rewrite:

1 1 1
7Tw,t+2(1_9w)§w7'fw,t2+2(1_910[3)7Tw,t®w,h,t:')’w<wht fwht+ (wht fwht)>

(1 00) BB + L 2 07 0ub)

ﬁEtnw,t+1rw,h,t+1

1 _|_ 145‘(:10
1 1+ 1
E <(1 +v) g cu + 5) (1 —0w) BEt7tw 141 (w41 + 200 i p41)
w w
1 1 1
'f‘ewﬁEt <7Tw,t+1 + Emnw,t—&-lz + E (1 - 610,5> 7Tw,t+1®w,h,t+l> +0 (‘ |C’ |3) :

(B.65)
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where v, = (9 v 11 éﬁ’f;) We can furthermore eliminate I';,; by observing that Equation (B.62)
implies that:
Fw,h,t = Et Z (9w,8> ((1 + V) (: gw wh T — fwh T)
T=t w
1. - 1+ 1\ /2 ~ 1+ 1
=35 L 0™ (040 25 = ) (R o)+ (00 5 ) (Runr = )
1. ¢ . 1+ 1Y\ /=~ ~ 1+ 1Y\ /=~
= EEté(ew'B)T ' <<(1 +v) gwéw - érw> (kw,h,t,T ‘|‘fw,h,t,T) + <(1 +v) gwgw + Cw) (kwhtT — Fonpt >
1+Cw 1 148w
_((1+v) o _éT) ((1+v) =+ ‘:“’>Q
1— Gwﬁ w,h,t
1+§w _ 1 43w 1
2 ‘fw gw it 2 (1 - ) (1 - wﬁ) “
((1+v) 1+§w _ %) ((1+1/) Lo 4 A >
_ w w Q
1 _ GZU‘B w,h,t

(B.66)
By substituting Equation (B.66) into Equation (B.65), we obtain:

1 1 1
TFw,t‘f‘Emﬂw,tz‘i‘i(l—ewﬁ) Tt O, t :'Yw< wht = fwht"‘2 ( wht fwht>>

1 1 1
+5Etnw,t+l + *ﬁiEtn—w,t+12 + *,B (1 - 9105) Et”w,t+1®w,k,t+l
2" (1= 6u) Cw

1 +§u]
§(1+ V) 3

BEi 41> + O (H‘:H )
(B.67)

This can be integrated forward:

Vaono = eFo 1B (Ros ~ Fons-+ 5 (Boas = Foas) ) +3 (14 0) =B 1+ O (I2IF),

(B.68)
where:
1 1 1+
Ww,h,t = 7Tw,t + Emﬂ'w,tz + E (1 — Qwﬁ) nw,t@w,h,t + E (1 + 1/) ngw nw,tZ- (B69)
Using Equations (B.48) and (B.49), we have:
7<\w,h,t - ﬁu,h,t = Vlpt + 0Cpp — Wy, (B.70)
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Ew,h,t + ﬁuh,t =2 (—(TCh,t + nh,t) +vny 4+ ocpr + Wy (B.71)

Therefore, we can have:

,\ 1
Kot — fwht+2(wht fwht):V”h,t+(7Ch,t—wt
(B.72)

1
+=

5 (vips+ocpy —we) (2 (—ocp +npy) + vy + ocy s + wy) .

Substituting Equation (B.72) into Equation (B.68), we finally obtain:

d 1
Voo = YwEo ) _ B (vnh,t +ocp —wi+ 5 (vip s+ ocpy — wi) (2 (—0ocp s + npp) + vigs +ocp e+ wt)>
=0

1+ Cw
Gw

+%(1+ V) EZﬁnwt +tip.+0([1EP) .-
(B.73)

Then, we rewrite:

140w
o 1(14v) =2
Voo = Yoo ) B (25 Tl + Vit + OCp — Wt
t=0 Tw (B.74)

1 .
= (vaps +ocns —wr) (2 (—0cpp + 1) + vy + ooy + wt)> +tip.+ 0O (||§||3) ,

5 (

The expression above can be reformulated as:

1 1 148\ o 1
A\ = | 1 ~(1-06 (@) , B.75
wit = Tt + 5 ((1 —0u) &w (1) Cuw ) Tt” + 5 (1= 60f) Moty (B.75)
where:
) T—s T
Ount =Et Y (0uB) " | 2(—0cnr +npr) +vipr +ocpr +wr+ Y Tws | - (B.76)
T=t s=t+1
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Finally, we aggregate two wage New Keynesian Phillips curves using mrs; = vng; + 0cs; =

vng: + 0Ch t:

Vo= 1-A)Vys0+AVy o

1+Cw
1+v) =,

ZO" 1
w0 =0 P (2 Yw

1
Tl > + mrsy — wy + 5 (mrsy —wy) (2 (—oc + ny) + mrsy + wt)>

+tip.+ 0 (|[¢]]%) .

(B.77)
The expression above can be reformulated as:
1 1 1+ 1
Vi = wi + E <(1_9w)‘:w + (1 + V) €w§w> 7Tw,t2 + E (1 - ew,B) 7Tw,t®w,t/ (B.78)
where:
) T
Ou: = E; Z (Gwﬁ)T_t (2 (—ocr 4+ nt) + mrst + wr + Z nw,5> . (B.79)
T=t s=t+1
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B.3 Aggregation

We recall the second-order price and wage New Keynesian Phillips curves:

1+€P
> 1 1 )
V0 = 7pEo Z[Bt (2 Ii” np,tz +wy —a + > (wy —ar) (2(—ocge +ye) +wr —ay) | +tip.+O (] ](;"||3) ,
=0 P
(B.80)
l+§'il/
e (1(1+v)=F 1
Va0 = YwEo Zﬁt (27@07@%2 4+ mrsy — wy + > (mrsy —wy) (2 (—ocy + ye — a) + mrsy + wt))
t=0 w
+tip.+0 (|[¢]]%) .
(B.81)
We combine Equation (B.80) and (B.81):
1 1
Yr Yw
1+§7’ 1+§w
© 1 1(1+v) == 1
=E) B> b TTp° + S b g P bmrsy—ag+ = (mrsy — ar) (2 (—ocsy + yi) + mrsy — ay)
=0 2 Y 2 Yw 2
—o (mrsy —wy) (cr — cs)) + tip. + O (||€]P)
(B.82)
Using Equation (A.39), we have
46y 148,
& 17 1(1+v) 7=
W — E t - 14 T 2 + - w T 2
0 0;},3 (2 f)/p pt 7 T w,t

1+¢,

1 1 1

4y (2 lil’ 7Tp,t2 +ye+ E (]/tz — zytat — (1 — )L) nsltz — )LTlH/tZ)) +0o <]/t + E (ytz - (1 — A) CS,t2 - /\CH,t2)>
P

+-((v+)yr—(1+v)a) 2(—ocsp+yr) + (v+o)yr — (14+v)ar) — iéw,t (yr —csy) | +tip.+0 (||¢§H3)
Yw

(B.83)

N —
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C Fully Quadratic Utility-Based Welfare Criterion

In this Appendix, we derive a fully quadratic expression of the welfare function. Recall Equations

(A.44) and (B.83):

L%V ig” 1+¢w 1 1

0 2 Cw 2 2 2 2 2
——EE — = T + — = 1—-A + A — = 1—A +A
UCC 0 ‘B 2 7p Tr 2 Yw wt Y 20- (( ) Csi CHt ) ZV (( ) st nH )

1
— (A" =A7) <<V (ye —ay) + oy — ,yq)w,t> (ngy —npy)

1+&,
A—T, 1 1
d (v (2 ,ip 7Tp,t2 Ty + 2 (ytz —2ysa; — (1= A) ns* — A”H/f2)>
P

TA(1-A)

2

1 1 1
(yt +35 (}/t —(1=A)csy® - )\CH,tZ)> - T(Dw,t + 5 < (yr —ar) + oy — 7q)wt

w

%
—I—1 p nptz + <v (ye —ag) + oy — 1<I>wt) Vi — <(1/ +0)y — i<I>wt — Yy
2 v ’ Yo Yw
1
-5 (0 (cs® —cnp?) +v (ng* — nH,tz))>> +tip.+ 0 (||¢]P).

(C1)
1+§P 1 (1 +1/) 148w

OZ,B ( 2"‘577607%,3

w

1+¢,
1 1
v (2 ,i Tpt” Y+ 5 (y,e2 — 2y — (1= A)ng® — AnH,tz)) +o <yt 5 (0 = (1= A)es® - Ach))
p

+% (v+ o)y = (L +v)ar) (2(=oesi+y1) + (v +0) yr = (1 +v)ar) = Wiﬂbw,t (ye — cs,t>> +tip.+O0(|EIF)-
(C.2)

We can multiply Equation (C.2) by W and subtract from Equation (A.41), and use the

following equations:

B v(A—1) viv+1)(A—1) v(A—1)
= (1) e T T et €

_ V(A —1) viv+1) (A — 1) v(A—14)
CH,t_ (1+A> t— )L(V+U) ai’_/\,)/w (V+U)©ZU,tl (C4)

_ o (A=) oc(1+v)(A—1) o(A—1)
o= (12050 o= (RS ) o Tt €9
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ngt = <1 — 0'()\/\—'[}1)) Yy — <1 — v (1;_(11//)—’(_/\0—)_ Td)) ar + /m@w,t. (C6)

Moreover, note that the variance terms of ®,; have a minor effect on utility qualitatively, com-
pared with the variance terms of price inflation, wage inflation, and the output gap. Thus, we

omit these terms. Accordingly, the welfare function can be rewritten as:

W, = 15 1 e 1 (A — 1)
— E [ . 4 2 - 6w 2 - 1 — 2 2(1
U ~ 4P | T2, Tt < " A(1—A)W> v+ oy =20 +v)ya)

T 2 Yo 2
1A —T) (A=A A+ e . , 1(A—m)? (/\*—7‘)1/0((1/+0) 2 2(1+v)yay)
2 A=A Yo T2 A2(1-AY v Yl
+tip.+0 (|[¢]]%) .
(C.7)
Therefore, we can rewrite:
Wo Losg| & o ¢< (A—7) A = A) ) 2
—— =—=E —— T+ = |1+ 14v)|m
UcC 2 Or;JlB ( Yp Pt Yw A(1=A) ( ) ) s
(C.8)
(A —1)? *—A 5 . 3
1+ — —4 1+ — A.p. .
+(v+o0) ( +A(1_A)va +/\(1_A) g | +tip.+0(||C]]°)
where 7y = y; — yf and y§ = %at. Finally, we can simplify the expression as:
Wo _ _1 o ot ; 3
UeC = 2E0t§)5lt+t.z.p.+0(||é|| ). (C.9)
The average period t welfare loss is thus given as:
L = ap7tps” + o Tw® + ay i, (C.10)
where:
1+¢p
_  &p
ay = , (C.11)
p Y
_ o A=) (A= A)
= 1 1 , 12
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— 2 *
ay = (v+0) (1 + Mva <1 + M)) . (C.13)

N[ —

ng 1+Cw (A T )2
—”np,tz 4w Tl + (v+o) |1+ 7_‘11/(7 X2
p Yw A (1 A) (C.14)

+

. 2
Ty (707 g (o~ BT =20 0) % (s~ Em‘”’t“)>>
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D Medium-Scale Model

Detailed derivations of the medium-scale model follow Bilbiie et al. (2023). Below, we report the

equilibrium conditions and the welfare criterion.

D.1 Nonstationary Equilibrium Conditions

by
Agp =/ —————— D.1
17 Csp—15Cs 1 ©DH
R
Asi = BCtEt (sp11As 41 + (1 —5p41) Apegn) B (D.2)
t+1
X\
_ (X D.
St = S0 < Xt*) (D.3)
k rk x(ur—1) 7
Qg = wsNgy + | rius — X (6 - 1) Ksi—1+ Ds (D.4)
(1-A)Dsy =Y — (1 —A) r‘uRg ;1 — (1 — A) ws;Ns; — Awp Ny s (D.5)
wg
wh, = —* (D.6)
Wg 4
_ 48wt
n wgt ee) ot 1+v
ws; = @s (1 + Guw,t) brops w75t Ng; %
' (D.7)
B ) *(1+V )1+§w,t
+ 0, sBE: wgrf (HgA>1 lw (Hngrf)lw T wh
w, w§,t+1 HH_l S,t+1
4 _ 1+§w,t 4 _ Prgw,t 1 1
p wS ; Sw,t wS ; Suw,t (HgA) —lw (HtgA t)lw Sw,t i
wht, = A —2= Ng;+6 E : . w
St = Ast (ws,t st + 0w sBE: F . St+1
(D.8)
1
_ 1 _ 1 H 11w H _ B Lw Syt
ws ¢ Swt — (l — les) wg,t St +9w,5 (wS/t1< gA) (II: 18A 1) ) (D.9)
1— 1 (At I, w1 Ise \° +BrIE As i1 Isp1 Is )\’
= ! Iss1 &4 Isp—1 2 \Isi—1 &4 It As fr+1pi Is; &4 Is
(D.10)
rkexX(=1) — yk (D.11)
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A ﬁ x(u=1) _q + (1 — 5) Je+1 (D.12)
g = PE = 7k — — (e
a As,t X

2
K Ise > I (D.13)
K - = A St
Kst = (1—6)Ksp—1 + pt (1 > (Is,t—l g >
R (D.14)
Ks; = utKs i1

by (D.15)

At = Cut —naCH—1
(D.16)

Opt = wyiNp
A (D.17)
P w?—l,t

1+§wt

_(1+VH) é’f’rt’

# w,

) b wH/t NH’t1+VH
Wi = ¢u (14 Guwt) bigr Wit (D.18)
1 L —(1+vn) 125)1»
—lw w
Wiy (Tga)' ™ (Tigay) > Wi
+ OBl w?—l,t—ﬁ—l I 41
1
1+§w, ) —m
# _1?7” w?{t >_ ézu,tt ((HgA)llw (HtgA,t)[ > ; w?{ o
w,t : ,
ZUH,t 9 Et H 1
R C ) B I . D1)
| 1
w\ Cwt

— (Iga)' ™" (IL_1ga-1)' > (D.20)
wH,f%“ = (1= Ouu) Wiy, ™ + 04 | Wi I |
(D.21

Cht = wH Nt + THyt

SIE

¢4 (1—a) A ((1—A) Ngy)?) ')g — A

AYYy = (@A (ANi) + (1= @) (aaics (1= 2) Ksg)? + (1 - ) A, 2
o1 —A)Ksp)® !

. 4 (1) AP ((1-A) Nso)) e age (1
= (1= w)amer (MY + AF)" " (aaxs (1= A) Ks)®+ (1— ) Ay (D.23)
0ol

(1—w) (1 —a)mey (A)Yi+ AF)' " (wage (1—A)Ksp)®+ (1—a) A (1= A) Ns,)?)
Wsp = (1 —

A ((1—A)Ng;)? !

(D.24)
- 6-1 (D.25)
WHt+ = WHICt (AfYt + AtF)l Ate ()\NH,t)
pf = Pi (D.26)
Copd
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1+§p/t

Asper (TIVWIL P Ot
pi = (1+&ps) merYy + 0,BE; e o o

1
A I |171P| [,'r T
d S,t+1 t d
=Y, +0,8E;—~
Pi t + 0pPE; s, < T > Pi+1

1

1 T %I\~ %pt

1= (1-6,)pt W e, ()
t

_ 1+§p,“

_Hpt | G § R T
AV = (1=0) pf ' +6, < I, > A,

(1 - )\) TS,t + )\TH,t + Gt =0

On+ T _ - (QH,t/Qs,ff)Tl
Qsi+Ts; 0\ Qu/Qs

Ce=(1—-A)Cst+ ACphy

k
Cit (1= A)Ig;+ G+ (1—A) % (e?d”f*l) - 1) Rsi1 =Y

X, =Ci+(1-A)Igi + Gy
1
Gt: <1—> Yt
8t

D.2 Welfare

D.2.1 Savers
- 14vg

NS,t (l)
1+v

NS,t (i)l-H/s
14+ vg

VS,t (1) = by log (Cs,t - 775Cs,t—1) - §Dsbt§0t

1
Ws s = brlog (Csp — 175Cs p—1) — §05bt§0t/0

1+§w,t

Ng 0 1 fwe, (1)~ T
Ws = brlog (Cs i — 115Csp—1) — @sbroy St /0 ( S’t()> t di+ BE:Wg 41

1 + Vs '(/Usrf

1+vg

N
Ws = bilog (Cs; — 175Cs 1) — @sbipiAY, Si + BEsWs ;11

1 Vs
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E Data

We estimate our model using ten data series. Below, we present a detailed description of the
sources and definitions of each series. With the exception of the two real wage series, the source
and construction of the series closely follow Bilbiie et al. (2023). We take the eight aggregate
macroeconomic indicators from the FRED database of the Federal Reserve Bank of St. Louis. The
series” availability spans from 1954Q3 to 2019Q4. Details on the raw data are reported in Table
E.1.
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Table E.1: Raw Data Sources

Name Source Code”? Label
Macro Data

Gross Domestic Product FRED (BEA) GDP GDP

PCE: Nondurable Goods FRED (BEA) PCESV Services
PCE: Nondurable Goods FRED (BEA) PCND Nondurables
PCE: Durable Goods FRED (BEA) PCDG Durables
Gross Private Domestic Investment FRED (BEA) GPDI Investment
GDP Implicit Price Deflator FRED (BEA) GDPDEF Deflator
Effective Federal Funds Rate FRED FEDFUNDS FFR
Civilian Non-Institutional Population FRED (BLS) CNP160OV

Total Economy: Compensation of Employees ~ FRED (BEA)  W209RC1Q027SBEA Comp 1
Hourly Earnings of Employees FRED (BEA) AHETPI Comp 2
Total Economy: Hours of All Persons BLS Link: BLS Total Hours
Data to Construct Inequality Measures

Salary ASEC (CPS) INCWAGE Salary
Non-Farm Business Income ASEC (CPS) INCBUS Non-Farm Income
Farm Business Income ASEC (CPS) INCFARM Farm Income
Total Income ASEC (CPS) INCTOT Total Income
Federal Income Tax Liability Before Credits ASEC (CPS) FEDTAX Fed Tax
State Income Tax Liability Before Credits ASEC (CPS) STATETAX State Tax
Social Security Retirement Payroll Deduction ~ ASEC (CPS) FICA Soc. Sec. Ret. Pay. Deduct.
Earned Income Tax Credit ASEC (CPS) EITCRED Income Tax Credit
Tax Data before 1991

Federal Taxes TAXSIM FIITAX

State Taxes TAXSIM SIITAX

Social Security Retirement Payroll Deduction TAXSIM FICA

Notes: a) For data used to construct inequality measures, Codes refer to IPUMS acronyms.

The population series (labelled as “Population Trend”) we use to express the macroeconomic ag-
gregates in per capita terms is the Hodrick-Prescott trend (with smoothing parameter equal to
1600) of the logarithm of the Civilian Non-institutional Population series. The series of hours
worked comes directly from the Total U.S. Economy Hours & Employment data file, available on

the Bureau of Labor Statistics website.

We then apply the following transformations to the raw data:

1. Growth rate of real GDP per capita:

GDP
100 x A log <Poulation Trend x Deﬂat0r>
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. Growth rate of real consumption per capita:

100 x Alog < Nondurables + Services >

Population Trend x Deflator

. Growth rate of real investment per capita:

I D 1
100 x Alog < nvestment + Durables >

Population Trend x Deflator

. Log of per capita hours:

100 x log ( Total Hours )

Population Trend

. Growth rate of real hourly wages 1:

Comp 1
1 Al
00 Alog <Total Hours x Deﬂator)

. Growth rate of real hourly wages 2:

Comp 2
100 x Alog <De ﬂanr)

. Inflation rate:

100 x Alog Deflator

. Short-term nominal interest rate expressed as a quarterly rate:

FFR

i

To estimate our model, we also include two measures of inequality in labour earnings and dis-
posable income. We construct these using data from the Annual Social and Economic (ASEC)
supplement of the Current Population Survey, as reported by IPUMS. As in Heathcote et al. (2020)
and Bilbiie et al. (2023), we drop households with any member in the armed forces, or having
zero or negative ASEC weight, or reporting no hours worked but non-zero earnings, and house-

holds with no reference person or without any member between 25 and 60 years of age. We then
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construct the series of household labour earnings as (using the labelling described in Table E.1):

Salary + (2/3) x [Non-Farm Income + Farm Income]
Number of Adult Equivalents

and disposable income:

Total Income — Tax Liabilities
Number of Adult Equivalents

where the “Number of adult equivalents” follows the definition in Heathcote et al. (2010). Tax liabilities

after 1991 are calculated as:
Fed Tax + State Tax + Soc. Sec. Ret. Pay. Deduct. — Income Tax Credit.

Prior to 1991, IPUMS does not provide tax information. For this reason, we compute tax liabilities using
Taxsim, which estimates Federal Taxes (FIITAX), State Taxes (SIITAX, available starting in 1977), and Social
Security Retirement Payroll Deduction (FICA). The details closely follow the procedure of Bilbiie et al.
(2023).

The two inequality series are defined as the standard deviation of per-adult-equivalent pretax labour earn-
ings and disposable income for each survey year. To construct these series, we discretise the labour earnings
distribution using its 15" (P15), 351 (P35), 45t (P45), 55t (P55), 651 (P65), 751 (P75), 85t (P85), and 95t
(P95) percentiles. We then take the logarithm of these percentiles and compute their weighted standard
deviation for each year. Since the series display an upward trend, which the model cannot account for, we
apply a band-pass filter to isolate fluctuations with periodicities of 30 years or less. Our results align closely

with those of Bilbiie et al. (2023).
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