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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) Transmission mechanisms sectoral shocks (necessity vs luxury)

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

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

Utility:

Et
∞

∑
s=0

(β(1 − δ))t+s (U(ct+s)− χ(nt+s))

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 have an idiosyncratic productivity level θ(j).
▶ Households decide on consumption, labour supply and bond

holdings.
▶ Budget constraint household j :

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

ς(j)divk,t ,

where et(j) = ∑k ek,t(j) = ∑k
∫ 1

0 pk,t(i)ck,t(i , j)di .

Extension 1: HtM households
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Households
Key objects (at steady state)

Budget share: sk(j) = ck (j)
c(j)

Marginal budget share: ξk(j) = ∂ck (j)
∂c(j)

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

Pl
ck (j)

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

pk (i)
ck (i ,j)

Super-elasticity: ϵs
k(j) =

∂ϵk (j)
∂pk (i)

pk (i)
ϵk (j)

Markup elasticity: γe,k(j) = Dµk(ek(j))Ek
µk
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Firms

▶ Monopolistically competitive. Maximize expected PV of
profits.

▶ Can adjust their price only with probability 1 − θk .
▶ Production function:

yk,t(i) = Ak,t lk,t(i).

▶ aggregate + sectoral productivity shocks
▶ Demand constraint:

yk,t(i) =
∫ 1

0
ck (pk,t(i), pk,t , ek,t(j)) dj .

Extension 2: Input-output linkages
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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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New Keynesian Phillips Curve: 2 new wedges
case with homogeneous slope across sectors

πcpi ,t = λ
(
Ỹt +NHt +Mt

)
+ βEtπcpi ,t+1,

Ỹt = (
1
σ
+

1
ψ
)(Ŷt − Ŷ∗

t ) (Output gap)

NHt = ∑
k
(ξ̄k − s̄k )(P̂k,t − P̂∗

k,t) (Non-homotheticity wedge)

Mt = ∑
k

s̄k

∫
γe,k (j)

ck (j)
Ck

ĉk,t(j)dj (Endogenous markup wedge)

= ΓŶt +MD
t +MP

t

Homotheticity: ξl (j)− sl (j) = NHt = 0
CES: γe,k (j) = Mk,t = 0. Definitions Other Equations
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Policy implications: analytical results

Two simplifying assumptions:
A1. The NKPC slope λk(1 + Γk) is common across sectors.
A2. There is no s.s. wealth heterogeneity (b(j) = 0).

Result 1 (policy invariance)
NHt , MD

t and MP
t evolve independently of monetary policy.

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

Result 3 (breakdown coincidence under non-CES preferences)
When Mt ̸= 0 there does not exist any inflation index which can
be fully stabilised together with the output gap.
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Cyclicality of the wedges: analytical results

Result 4 (movements in the NH wedge)
When Mt = 0, then NH rises (falls) on impact, in response to a
negative productivity shock to a necessity (luxury) sector.

Can write the NKPC as:

πcpi ,t = λ
(
(1 + Γ)Ỹt +NHt +Mt

)
+ βEtπcpi ,t+1,

where Mt=ΓŶ∗
t +MD

t +MP
t .

Result 5 (movements in the M wedge)
Mt declines following a negative aggregate productivity shock.



11/28

Cyclicality of the wedges: analytical results

Result 4 (movements in the NH wedge)
When Mt = 0, then NH rises (falls) on impact, in response to a
negative productivity shock to a necessity (luxury) sector.

Can write the NKPC as:

πcpi ,t = λ
(
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Illustration
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Model solution

The full model has a block-recursive structure:

▶ Can write as block of 4K + 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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Calibration: steady state
Feed in empirical distributions

nominal wealth
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Calibration outer utility: non-homothetic CES
Follow Comin et al. (2021).
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Inner utility: HARA
Target empirical evidence on markups (ONS) and pass-through (Amiti et al. (2019)).
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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 0.0167
ϕ Taylor rule coefficient 1.5
µ cross-sector elasticity of substitution 1.774
ρR persistence monetary policy shock 0.25
ρA persistence productivity shocks 0.95

Notes: Model period: 1 quarter.
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Parameter values

Sector ϵ̄k η̄k s̄k ξ̄k γ̄c,k θk λk

Food 6.7832 3.8555 0.1551 0.1240 0.0145 0.4100 0.5130
Clothing 4.8346 2.5564 0.0597 0.0245 0.0285 0.3900 0.5761
Electr. & Gas 3.2852 1.5235 0.0619 0.0608 0.0618 0.6400 0.1237
Furniture 4.9751 2.6500 0.0949 0.0773 0.0269 0.4600 0.3836
Transport 5.1674 2.7783 0.2027 0.2496 0.0250 0.2600 1.2681
Recreation 4.0184 2.0123 0.1905 0.1625 0.0413 0.5100 0.2854
Rest. & Hotels 4.7313 2.4876 0.1281 0.1757 0.0298 0.7200 0.0670
Miscellaneous 3.1713 1.4475 0.1071 0.1255 0.0663 0.6700 0.0995

Notes: 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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Effects on different groups
Table 1. Heterogeneous consumption responses & household characteristics.

A shock to:
MP shock Aggregate A shock Food

coef. std.err. coef. std.err. coef. std.err.
constant -0.2804*** (0.0236) -1.6058*** (0.0319) -0.4259*** (0.011)
region
London -0.0254** (0.0149) 0.0028 (0.02) -0.0234*** (0.0069)
Northern Ireland -0.0124 (0.0148) -0.0016 (0.02) -0.0158** (0.0069)
Scotland -0.0272** (0.0125) -0.0234 (0.0169) -0.0211*** (0.0058)
Wales -0.0218 (0.0167) -0.0161 (0.0225) -0.002 (0.0078)
housing
owner - mortgage -0.0651*** (0.0088) -0.0939*** (0.0119) -0.0184*** (0.0041)
renter - private -0.0335*** (0.0091) -0.0527*** (0.0123) -0.0175*** (0.0043)
renter - social -0.0501*** (0.0123) -0.0609*** (0.0166) -0.0534*** (0.0057)
family
couple without child -0.0009 (0.0086) 0.0035 (0.0116) 0.0334*** (0.004)
single with child -0.0116 (0.0146) -0.0109 (0.0197) 0.0306*** (0.0068)
single without child -0.0072 (0.0105) -0.0137 (0.0141) 0.0863*** (0.0049)
age
38-50 0.006 (0.0089) 0.0095 (0.012) -0.0267*** (0.0042)
51-64 0.0259*** (0.0096) 0.026** (0.013) -0.0311*** (0.0045)
>=65 0.019** (0.0108) 0.0236 (0.0145) -0.0558*** (0.005)
race
black -0.0069 (0.0265) -0.0235 (0.0358) 0.0144 (0.0123)
mixed race -0.0068 (0.031) -0.0094 (0.0419) 0.0246* (0.0144)
white -0.0106 (0.0161) 0.0106 (0.0217) 0.0081 (0.0075)
other -0.006 (0.0371) -0.0081 (0.05) -0.0285* (0.0173)

Notes: Regression coefficients of the consumption response in the model, averaged over the first four
quarters, on household characteristics. The omitted category is Eastern/owner-outright/couple with
child/lowest income decile/age<38/asian. Standard errors between brackets. ***: p<0.01, **:p<0.05,
*:p<0.1.
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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(j), j)dj + δ
∞

∑
t0=0

βt0
∫

G(V t0(j), j)dj ,

subject to all remaining model equations, where

V t0(j) =
∞

∑
s=0

((1 − δ) β)s (v (et0
t0+s(j), P1,t0+s , ..., PK ,t0+s

)
− χ

(
nt0

t0+s(j)
))
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Social welfare function

Two assumptions:

i) CB treats steady-state inequality as efficient:

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

)
= 1.

ii) CB weighs households’ utility fluctuations equally:

G ′′ (V t0
ss (j), j) = 0.

⇒ Pareto weight: g(j) = E
ψθ(j)Wn(j)+σe(j)
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Welfare loss
Quadratic approximation

L = (1 − β)∑
s

βs
(
Ll

s + Lπ
s + Ls

s + Lr
s

)
+ Ld

where
▶ LỸ

s : output gap (labor market) distortions
▶ Lπ

s : inflation distortions (within sector)
▶ Ls

s : intratemporal misallocation (between sectors)
▶ Lr

s : intertemporal misallocation of consumption
▶ Ld : distributional motive

Equations
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Analytical results - simple case
Common NKPC slope, no wealth heterogeneity

▶ Monetary policy only trades off output gap versus CPI
inflation; cannot affect other welfare components.

▶ Equivalence to a Homothetic-CES RANK model with markup
shocks.

▶ Under optimal policy, both CPI inflation and the output gap
fluctuate. Can show that when M = 0:

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 - full model
Front-loaded redistribution
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Welfare loss decomposition
Taylor rule
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Conclusion

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

▶ Productivity shocks turn into markup shocks
▶ but with rich dynamics governed by inequality

▶ Specific optimal policy response to cost-of-living crisis
▶ output gap overshooting
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Extension 1 : Hand-to-Mouth households

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

▶ Presence of HtM households may vary across distribution, can
be flexibly calibrated.
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Extension 2 : Input-Output linkages

Generalized production function:

yk,t(i) = Ak,tFk(lk,t(i), Ỹ1,k,t(i), .., ỸK ,k,t(i))

The NKPC becomes:

πk,t = λk

(
ωk Ỹt − ωkPk,t + ωkNHt + sCk Mk,t + Ik,t

)
+ βEtπk,t+1.

where
Ik,t = ∑

l

Pl Ỹl ,k

Pk Ỹk
(Pl ,t −Pk,t) ,
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Debortoli, Davide and Jordi Gaĺı (2017) “Monetary Policy with
Heterogeneous Agents: Insights from TANK models,” mimeo.



7/15

References III

Dixon, Huw David and Kun Tian (2017) “What We can Learn
About the Behaviour of Firms from the Average Monthly
Frequency of Price-Changes:An Application to the UK CPI
Data,” Oxford Bulletin of Economics and Statistics, 79 (6),
907–932.

Engel, Ernst (1857) “Die Productions- und
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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
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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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