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Cost-of-Living Crisis

Source: ONS.
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This paper
1) New-Keynesian model with:
▶ Multiple, heterogeneous sectors

▶ Heterogeneous households
▶ Generalized, non-homothetic preferences

▶ heterogeneous consumption baskets, inflation rates, real
interest rates, real wages

▶ heterogeneous demand elasticities

2) Analytical characterisation (“sufficient statistics”)
▶ NKPC wedges
▶ additional price index: Marginal CPI
▶ transmission of sectoral shocks (necessity vs luxury)

3) Optimal policy
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Households
Unit mass of households, indexed by i . Die with probability δ.
Idiosyncratic productivity level θ(i). Born with some initial level of
wealth, b(i).

K goods sectors, indexed by k = 1, 2, ... Continuum of symmetric
varieties within each sector, indexed by j .

Utility:

Et
∞

∑
s=0

(β(1 − δ))t+s (U(ct+s(i))− χ(nt+s(i)/θ(i))

where
U(c) = U(U1(c1), ...,UK (cK))

▶ Outer utility function U is weakly separable in products
produced in different sectors, and twice differentiable.

▶ Inner utility function Uk is concave, symmetric and twice
Fréchet differentiable.
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Households

▶ Households decide on consumption, labour supply and bond
holdings.

▶ Budget constraint household i :

et(i) + bt(i) = Rt−1bt−1(i) + nt(i)Wt + ∑
k

ς(i)divk,t ,

where et(i) = ∑k ek,t(i) = ∑k
∫ 1

0 pk,t(j)ck,t(i , j)di .
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Hand-to-Mouth households

▶ Within each household “type”, a fraction of households lives
hand-to-mouth, setting bt(i) = bt−1(i).

▶ Presence of HtM households may vary across distribution, can
be flexibly calibrated.
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Households
Key objects (in steady state)

Individual Aggregate

MPC: MPC(i) = ∂et (i)
∂bt (i)

Budget share: sk (i) = ek (i)
e(i) s̄k = Ek

E

Marginal budget share: ∂eek (i) = ∂ek (i)
∂e(i) ∂eek =

∫ e(i)
E ∂eek (i)di

Cross-price elasticity: ρk,l (i) = ∂ck (i)
∂Pl

Pl
ck (i)

ρ̄k,l =
∂Ck
∂Pl

Pl
Ck

Demand elasticity: ϵk (i) = − ∂ck (i ,j)
∂pk (j)

pk (j)
ck (i ,j)

ϵ̄k =
∫ ek (i)

Ek
ϵk (i)di

Super-elasticity: ϵs
k (i) =

∂ϵk (i)
∂pk (j)

pk (j)
ϵk (i)

ϵ̄s
k = ∂ϵ̄k

∂pk (j)
pk (j)

ϵ̄k
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Firms

▶ Monopolistically competitive. Maximize expected PV of
profits.

▶ Can adjust their price only with probability 1 − θk .
▶ Production function, allowing for I-O linkages:

yk,t(j) = Ak,tFk(nk,t(j), Ỹ1,k,t(j), .., ỸK ,k,t(j))

▶ aggregate + sectoral productivity shocks
▶ Demand constraint:

yk,t(j) =
∫ 1

0
dk (pk,t(j), pk,t , ek,t(i)) di + d̃k (pk,t(j), pk,t , ) Ỹk,t .
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Government & Market clearing

▶ Fiscal policy eliminates steady-state markups.

▶ Monetary policy rule:

R̂t = ϕπcpi ,t + uR
t .

alternatively: optimal policy

▶ Markets for goods, bonds and labor clear.

▶ Deceased households are replaced by their steady-state
versions
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Output gap
Case without HtM

Output gap:

Ỹt = Et Ỹt+1 − σEt
(
R̂t − πmcpi ,t+1 − r̂ ∗t

)
where πmpci ,t ≡ ∑k ∂eek πk,t is the Marginal CPI index.
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New Keynesian Phillips Curve
sector k, no I-O linkages

πk,t = κk Ỹt + λk (NHt +Mk,t −Pk,t) + βEtπk,t+1,

Ỹt = Ŷt − Ŷ∗
t , (Output gap)

NHt = ∑l (∂eel − s̄l )(P̂l ,t − P̂∗
l ,t), (Non-homotheticity wedge)

Mk,t = ∫ γe,k (i)
ck (i)
Ck

ĉk,t(i)di − Γk Ỹt , (Endogenous markup wedge)

Pk,t = (P̂k,t − P̂cpi ,t)− (P̂∗
k,t − P̂∗

cpi ,t), (Relative price wedge)

κk = λk (
1
σ
+

1
ψ
)(1 + σψ

σ + ψ
Γk ),

Homotheticity: ∂eel − s̄l = NHt = 0
CES: γe,k (j) = Γk = Mk,t = 0
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Non-Homotheticity wedge
Intuition

▶ Workers consider on which goods they spend at the margin.

▶ Labor supply optimally increases following an increase in the
relative price of necessities:

Ŷ∗
t = − 1

1 + ψ/σ
P̂∗

cpi ,t −
ψ

1 + ψ/σ
P̂∗

mcpi ,t

▶ Following a negative shock to necessities, price stickiness
dampens relative increase in necessity prices.
▶ negative output gap.
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Ŷ∗
t = − 1

1 + ψ/σ
P̂∗

cpi ,t −
ψ

1 + ψ/σ
P̂∗

mcpi ,t

▶ Following a negative shock to necessities, price stickiness
dampens relative increase in necessity prices.
▶ negative output gap.



13/33

Endogenous markup wedge
Case without HtM

Mk,t = Γk Ŷ∗
t +MP

k,t +MD
k,t

where

MP
k,t =∑

l
Sk,l

(
P̂l ,t − P̂k,t

)
MD

k,t =EtMD
k,t+1 − ∑

l
σM

k,l (R̂t − Et πl ,t+1)−
δ

1 − δ
EtM0

k,t+1

M0
k,t−1 =

1
(1 − δ)R EtM0

k,t +
∫

γb,k (i)
b(i)
RE di

(
R̂t−1 − πcpi ,t

)
−∑

l
∫ γb,k (i)(

e(i)
E (sl (i)− s̄l ) +

ψWn(i)
WN (∂eel (i)− ∂eel ))diP̂l ,t−1

−R − 1
R MD

k,t−1
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Policy insights: analytical results

Two simplifying assumptions:
A1. The NKPC slope κ is common across sectors.
A2. There is no s.s. wealth heterogeneity (b(i) = 0).

Result 1 (policy invariance of the wedges)
NHt , Mk,t and Pk,t evolve independently of monetary policy.

Result 2 (divine coincidence under CES preferences)
When Mk,t = 0, fluctuations in the output gap can be eliminated
by stabilising the Marginal CPI index πmpci ,t ≡ ∑k ∂eek πk,t .

πmcpi ,t = κỸt + βEtπmcpi ,t+1.

Result 3 (breakdown coincidence under non-CES preferences)
When Mk,t ̸= 0 there does not exist any inflation index which can
be fully stabilised together with the output gap.
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Illustration
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Model solution

The full model has a block-recursive structure:

▶ Can write as block of 5K + 3 core equations
▶ keeps track of relevant distributional objects.

▶ Straightforward to solve for dynamics distributions and
aggregates.

▶ Quantitative implementation: discipline with data from the
Living Costs and Food (LCF) survey.
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Full model (incl. I-O linkages and HtM households)
Steady-state distributions
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Outer utility

Following Comin et al. (2021), we assume a non-homothetic CES
form:

K

∑
k=1

Vk(i)
(

ck(i)
g(U(i))ζk

) η−1
η

= 1.

▶ Preference shifter: lnVk(i) = βkx(i) + vk(i),
▶ We set η = 0.1 and estimate ζk following Comin et al.

(2021), but with data on household-level expenditures from
the LCF for the years 2001-2019.

▶ We then compute distribution of marginal budget shares,
∂ek(i).
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Budget shares
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Inner utility

▶ Assume HARA form:

ϵk(i) = ak +
bk

ek(i)
.

▶ Calibrate {ak , bk}K
k=1 to target (given the distribution of

expenditures):
▶ ONS estimates for markups by sector.
▶ Average pass-through of 60 percent (Amiti et al., 2019).
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Distribution of demand elasticities
histograms
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Parameter values

Parameter description value
β subjective discount factor 0.99
ψ Frisch elasticity 1
σ elasticity of intertemporal substitution 1
δ death probability 0.0083
ϕ Taylor rule coefficient 1.5
η cross-sector elasticity of substitution 0.1
ρR persistence monetary policy shock 0.25
ρA persistence productivity shocks 0.95

Notes: Model period: 1 quarter. Model calibrated to Input-Output matrix
reported by the ONS. Calvo parameters target price durations reported by.
Dixon and Tian (2017).
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Responses to aggregate and sectoral shocks
Full model with IO linkages and HtM households
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Effects across the distribution
Response of consumption in first year following the shock
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Optimal monetary policy

Replace the rule for Rt by an optimizing CB who maximizes:

W = E (1 − δ)
∫

G(V 0(i), i)di + δ
∞

∑
t0=0

βt0
∫

G(V t0(i), i)di ,

subject to all remaining model equations, where

V t0(i) =
∞

∑
s=0

((1 − δ) β)s
(

v
(
et0

t0+s(j), P1,t0+s , ..., PK ,t0+s
)
− χ

(
nt0

t0+s(i)
θ(i)

))
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Social welfare function

Two assumptions:

i) CB treats steady-state inequality as efficient:

G ′ (V t0(i), i) ∂ev
(
e(i), P̂1, ..., P̂K

)
= 1.

ii) CB weighs households’ utility fluctuations equally:

G ′′ (V t0
ss (i), i) = 0.

⇒ Dynamic welfare weight: g(i) = E
ψθ(j)Wn(i)+σe(i)
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Optimal policy: analytical results
under assumptions A.1-A.2

Result 7 (comparison to basic NK model):
If θk , ϵ̄k and ϵ̄s

k are equal across sectors, then the optimal policy
problem can be expressed as:

min
{Ỹt ,πcpi ,t}∞

t=0

E0
∞

∑
t=0

βt( σ+ψ
σψ Ỹ2

t + ϑ̃π2
cpi ,t)

s.t. πcpi ,t = κỸt + β(1 − δ)Etπcpi ,t+1 + λ(Mt +NHt),

where ϑ̃ = ϵ̄θ
(1−θ)(1−βθ)

, and where the wedges Mt ≡ ∑K
k=1 s̄kMk,t

and NHt evolve independently of monetary policy (Result 1).

→ heterogeneity matters for optimal policy!
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Optimal policy
under assumptions A.1-A.2

Result 8 (dynamics under optimal policy)
The responses of the output gap and inflation to necessity and
luxury shocks have the opposite sign under optimal policy, both in
the short and in the medium run. The signs of the responses are
summarised in the following table:

Y gap CPI MCPI NH wedge
Necessity shock (short run) - + - +
Necessity shock (medium run) + - + -
Luxury shock (short run) + - + -
Luxury shock (medium run) - + - +
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Optimal policy
under assumptions A.1-A.2

Result 9 (comparison to strict CPI targeting)
Compared to a strict CPI targeting policy, the optimal policy is
initially relatively loose (tight) following a negative necessity
(luxury) shock, and relatively tight (loose) later on.

→ Delayed tightening during a cost-of-living crisis
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Optimal policy - full model
Including I-O linkages and HtM households

▶ Q. Is Optimal Policy looser or tighter than a rule
R̂t = ϕπcpi ,t , in particular following necessity shocks?

▶ Idea: can implement optimal policy as an interest rule +
“guidance” (=announced deviations from rule).

▶ Solve numerically for “guidance”.
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Optimal policy - full model
Including I-O linkages and HtM households

0 2 4 6 8 10 12

quarter

-1.5

-1

-0.5

0

0.5

1
without redistributive motive

0 2 4 6 8 10 12

quarter

-1.5

-1

-0.5

0

0.5

1

R
 d

ev
ia

tio
n 

(%
-p

oi
nt

s)

with redistributive motive

Prod. shock: aggregate
Prod. shock: Food
Prod. shock: Clothing
Prod. shock: Electricity and Gas
Prod. shock: Transport
Prod. shock: Furniture
Prod. shock: Recreation
Prod. shock: Restaurants and Hotels
Prod. shock: Miscellaneous

tighter policy

looser policy

tighter policy

looser policy



32/33

Optimal policy - full model
Including I-O linkages and HtM households
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Conclusion

▶ Tractable multi-sector NK model with inequality and
generalized preferences
▶ realistic heterogeneity in income, wealth and expenditures

▶ Productivity shocks turn into markup shocks
▶ but with rich dynamics governed by inequality
▶ transmission highly dependent on sectoral source of the shock

(necessity vs luxury)

▶ Emergence of marginal CPI as complementary metric for
policy

▶ Optimal policy is relatively accommodative during
cost-of-living crisis
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Consumtionsverhältnisse des Königreichs Sachsen,” Zeitschrift
des Statistischen Bureaus des Koniglich Sachsischen Ministerium
des Inneren, 8-9.

Gornemann, Nils, Keith Kuester, and Makoto Nakajima (2016)
“Doves for the Rich, Hawks for the Poor? Distributional
Consequences of Monetary Policy,” Working Paper 12-21,
Federal Reserve Bank of Philadelphia.

Guerrieri, V., G. Lorenzoni, L. Straub, and I. Werning (2022)
“Macroeconomic Implications of COVID-19: Can Negative
Supply Shocks Cause Demand Shortages?” American Economic
Review, 112 (5).

Hamilton, Bruce (2001) “Using Engel’s Law to Estimate CPI
Bias,” American Economic Review, 91 (3), 619–630.



5/14

References V

Herrendorf, B., R. Rogerson, and A. Valentinyi (2014) “Growth
and Structural Transformation,” Handbook of Economic
Growth, 2, 855–941.

Houthakker, H.S. (1957) “An International Comparison of
Household Expenditure Patterns, Commemorating the Centenary
of Engel’s Law,” Econometrica, 25, 532–551.

Jaravel, X. and A. Olivi (2021) “Prices, Non-homotheticities, and
Optimal Taxation The Amplification Channel of Redistribution,”
Working paper.

Kaplan, Greg, Benjamin Moll, and Giovanni L. Violante (2017)
“Monetary Policy According to HANK,” American Economic
Review, 108 (3), 697–743.

LaO, J. and A. Tahbaz-Salehi (2019) “Optimal Monetary Policy in
Production Networks,” Working paper.



6/14

References VI

Le Grand, F., A. Martin-Baillon, and X. Ragot (2021) “Should
Monetary Policy Care About Redistribution? Optimal Fiscal and
Monetary Policy with Heterogeneous Agents,” Working paper.

McKay, A. and C. Wolf (2023) “Optimal Policy Rules in HANK,”
Working paper.

McKay, Alisdair, Emi Nakamura, and Jon Steinsson (2016) “The
Power of Forward Guidance Revisited,” American Economic
Review, 106 (10), 3133–3158.

Melcangi, D. and V. Sterk (2019) “Stock Market Participation,
Inequality and Monetary Policy,” Working paper.

Nuno, G. and C. Thomas (2022) “Optimal Redistributive
Inflation,” Annals of Economics and Statistics, 146, 3–64.

Pasten, E., Schoenle R., and M. Weber (2020) “The Propagation
of Monetary Policy Shocks in a Heterogeneous Production
Economy,” Journal of Monetary Economics, 116, 1–22.



7/14

References VII

Portillo, Rafael, Luis-Felipe Zanna, Stephen O’Connel, and Richard
Peck (2016) “Implications of Food Subsistence for Monetary
Policy and Inflation,” Oxford Economic Papers, 68 (3), 782–810.

Rubbo, E. (2023) “Networks, Phillips Curves and Monetary
Policy,” Econometrica, 91 (4), 1417–1455.

Werning, Iván (2015) “Incomplete markets and aggregate
demand,”Technical report, National Bureau of Economic
Research.

Xhani, D. (2021) “Correcting Market Power with Taxation: a
Sufficient Statistic Approach,” Working paper.



8/14

Literature
New Keynesian +

▶ Multiple Sectors: Pasten, R. and Weber (2020); Rubbo
(2023); LaO and Tahbaz-Salehi (2019); Baqaee, Farhi and
Sangani (2021); Guerrieri, Lorenzoni, Straub and Werning
(2022), etc.

▶ Heterogeneous households: McKay, Nakamura and
Steinsson (2016); Gornemann, Kuester and Nakajima (2016);
Challe and Ragot (2016); Auclert (2019); Werning (2015);
Kaplan, Moll and Violante (2017); Debortoli and Gaĺı (2017);
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Definitions

λk = (1−θk )(1−βθk )
θk

ϵ̄k−1
ϵ̄k−1+η̄k

γe,k(j) =
(

1 − ϵk (j)
ϵ̄k

(1 + ϵs
k(j))

)
1

ϵ̄k−1

ϵ̄k=
∫ ek (j)

Ek
ϵk(j)dj

η̄k=
(
−
∫
(ϵk(j)− ϵ̄k)

2 ek (j)
Ek

dj +
∫ ϵs

k (j)
ϵk (j)

ek (j)
Ek

dj
)

/ϵ̄k

s̄k= Ek /E
ξ̄k =

∫
j

ϑ(j)Wn(j)∫
j ϑ(j)Wn(j)ξk(j)dj

Γ =∑k s̄k
∫

γe,k(j)ξk(j) e(j)
Ek

dj
MD

t = s̄k ∑k MD
k,t

MP
t = ∑k s̄k ∑l

∫
j

ek (j)
Ek

γe,k(j)ρk,l (j)dj ·
(
P̂l ,t − P̂k,t

)
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Endogenous markup wedge
Tractable distributional dynamics

Mk,t = MP
k,t +ME

k,t

ME
k,t = ΓŶt +MD

k,t

MP
k,t = ∑

l
Sk,l

(
P̂l ,t − P̂k,t

)
ME

k,t = EtME
k,t+1 − γ̄e,k σ̄M

k R̂t + ∑
l

γ̄e,k σ̄M
k,l Et πl ,t+1 −

δ

1 − δ
EtM0

k,t

1
(1 − δ)R M̂0

k,t = M̂0
k,t−1 −

∫
γb,k (j)

b(j)
RE dj

(
R̂t − ∑

l
s̄l πl ,t+1

)

−
(

1 + ψ̄

σ̄

) ∫
γb,k (j)

wn(j)
WL djŶt +

R − 1
R M̂E

k,t

− ∑
l

∫
γb,k (j)

(
e(j)
E (s̄l − sl (j)) +

wn(j)
WL (ψ̄l − ψl (j))

)
djP̂l ,t
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Output gap
Output gap:

Ỹt = (
1
σ̄
+

1
ψ
)(Ŷt − Ŷ∗

t )

Aggregate demand index:

Ŷt = Et Ŷt+1 − σ̄
(
R̂t − Etπcpi ,t+1 − Et π̃NH,t+1

)
,

where

π̃NH,t =
K

∑
k=1

(
σ̄k + ψξ̄k

σ̄ + ψ
− s̄k

)
πk,t

Flex-price agg. demand index:

Ŷ∗
t = ∑

k

ψξ̄k + s̄k
1 + σ̄

Âk,t
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Welfare loss
Assumptions A1-A2 and M = 0

LỸ
s =

ψ̄

1 + ψ̄
σ̄

{
Ỹ2

s − C Ỹs
}

Lπ
s = ∑

k
ϑs̄k · π2

k,s

Ld
s = Eδ

∫
g (j)

(
τt0 (j) + ∑

k
∑

s≥t0

R − 1
Rs+1−t0

e(j)
E sk (j)Ak,s

)2

dj

− 2Eδ

∫
ξ(j)

1 + θ(j)Wn(j)ψ
e(j)σ

τt0 (j)∑
k

∑
s≥t0

R − 1
Rs+1−t0

Ak,sdj)

where

τt0 (j) =
(

1 − 1
R

)
∑

s≥t0

1
Rs−t0

(
b(j)
RE (Rs − πcpi ,s+1)− ∑

k

e(j)
E (sk (j)− s̄k )

)

C Ỹs = Eδ

∫ (
1 − 1

R
) b(j)

E

1 + θ(j)Wn(j)ψ
e(j)σ

(
∑

s≥t0

R − 1
Rs+1−t0

(
Ỹs − ∑

k

(
ξ(j)− ξ

)
(Pk,s − P∗

k,s )

))2

dj

Back



13/14

Welfare loss
Assumptions A1-A2 and M = 0

LỸ
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Welfare loss
general

LỸ
s =

ψ̄

1 + ψ̄
σ̄

∫ e(j)
E

(
Ŵs − ∑

k
ξk (j)

(
P̂k,s + Âk,s

))2

dj + C Ỹ
s

Lπ
s = ∑

k
s̄k ϑk π2

k,s

Ls
s = −∑

k
s̄k ∑

l
Sk,l

(
P̂l ,s + Âl ,s

) (
P̂k,s + Âk,s

)
Lr

s =
σ̄

1 + ψ̄
σ̄

∑
k,l

Ek,l
{(

P̂k,s + Âk,s
) (

P̂l ,s + Âl ,s
)
− Cr

k,l
}

Ld = Eδ

∫
g (j) τ̂t0(j)

2dj + Cd
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