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A Model derivations
A.1 Households

In this section, we present the household problem. The economy is populated by a mass 1 of households, uniformly distributed
and indexed by i. Household preferences are additively separable across time, have a common discount factor f and a common
death rate 6, while intratemporal preferences — over consumption and labor — can depend on their type i. In addition to intratem-
poral preferences, the type of the household determines its initial wealth and permanent labor productivity. When a household
dies, it is replaced by a household of the same type. We will assume throughout the paper that the dividend shares are equal to
the steady-state labor income shares (i (i) = Wn (i) /WN). For each type i, a fraction ¢ (i) is Hand-to-Mouth (HtM) while the
remaining 1 — ¢(7) is unconstrained. The birth date of a household is denoted by a superscript .

A.1.1 Unconstrained households

Unconstrained households can save and borrow in a risk-free bond b; and are subject to the natural borrowing constraint (or
equivalently a no Ponzi condition). We decompose the household problem into an intertemporal saving problem and an in-
tratemporal consumption/labor supply problem. For now, we omit the superscript ¢y to simplify the notation.

1. Given time separability, the intertemporal problem of unconstrained households born at f is to maximize the flow of intratem-
poral indirect utility V; (Z, W, P), defined below. V; (Z, W, P) depends on intratemporal income Z, the wage W and sectoral prices
= {Py, ..., Px}. The intertemporal problem is given by:

Vili) = sup 137 2 Vi (Zt+s, Wes, Prys) (1)
{If+€rbf+5+1}s =0 5=
b
s.it. Tyys = bpgs + 2 gk Dzvk brs — t+s+l 2
- Rits
b= (i) (1 ff P =P}y Tr.
t= + Z ’ Slgl; brys/ H Ri+y =0 as.
k u=0

Household i earns a constant share, g (i), of d1v1dends in sector k (Divy,). The initial real wealth (in terms of the CPI) of

household 7, born at time ¢t is by (i) = b(i) (1 + Y 5k P""I,EP’: )— where P} denotes (initial) steady state prices and 5 is the steady-

state expenditure share of k This assumption implies that the initial real wealth of a household i born at ¢ is set to its steady-state
value. By assumption fo i)di = 0.

2. The intratemporal problem determines the optimal allocation of labor n and consumption expenditure e and defines the
function V; (Z, W, P):
n
(Z,W,P) = (e, P) —xi | ——
Vi(Z,W,P) ngvl (e, P) — xi (19(1-)
Here, 8(i) denotes (constant) labor productivity, the function x; is an increasing, C? and strictly convex function, and v; (e, P) is
the indirect utility of consumption, defined below.

) st. e—Wn=1I. (3)

3. Finally, the indirect utility of consumption v; (e, P) is defined by the consumption problem which determines the optimal
allocation of expenditure e across sectors. Household preferences for varieties within sector k are defined by a CES aggregator

Gt Gk
(common across households): ¢, = ( Je(j) <k d ]> %!, Utility maximization implies that the demand for variety j is given by

1
ck(j) = (pr(j)/ Pr)* cx where the sectoral price index is P, = ( I pi( j)lfe" d}) =% . The consumption problem can therefore be
written as:

(e P) = Sup U; (C1/C2/ -'/CK)/ s.t. Zpkck:e/ Pk: (/Pk(]) d]> 4 (4)
{extios k=1

where u; is increasing, C2 and strictly concave.

First-order conditions and log-linearization We now derive the optimal responses of consumption and labor supply
to changes in prices (variety prices, wage, and interest rate) near a steady state where variety prices are constant and equal within
sectors, and the real interest rate satisfies R, ' = (1 — &) B. For the sake of readability, for the consumption and intratemporal
problems, we omit time subscripts in this section of the appendix, unless stated otherwise. We denote log deviations of variables
— from the steady state — with a hat.

Consumption. The consumption problem stated in Equation (4) defines a Marshallian demand function ¢ ; (¢, P) and an expen-
diture function ey ; (e, P) = Pyck; (e, P) which are C?. The demand functions are defined implicitly from the first-order conditions
of the consumption problem (9, u; / Py = 9.v; and }_ Pccx = e) and could be expressed in terms of the utility function. However,
it is equivalent and more tractable to take them as primitives of the household problem. The response of sectoral consumption



to a price change is then given by:
. N TR SR W
& (e, P) = deer (i) [ =) si()P | —= +)_ o1 (1) Dy,
=1 s() 5

where p; (i) = (Pedin p,cki (e, P) + €1 (e, P) 0eey (e, P)) /ey (e, P) is the compensated price elasticity of ¢y, and si (i) = ex; (e, P) /
e, and d.ey (i) = 9cex; (e, P) are the expenditure share and marginal expenditure of sector k, respectively.

In addition, we record in the following lemma the derivatives of the marginal value of income 0.7v; (e, P), which are crucial to
characterize the optimal choice of labor supply and consumption expenditure in the intratemporal problem.

Lemma 1. The derivatives of the marginal value of income 9,v; (e, P) with respect to prices are given by:
1
Pcp, {9evi (e, P)} = —0.v; (e, P) <9e€k,z' (e, P) — @ (e, P)) ,

with o (i) = —0,v; (e, P) / (edeev; (e, P)) . In addition, we can always renormalize the utility function u; so that, at initial prices, o (i) is
common across households and equal to o without changing the demand functions cy ; (e, P).

Proof. We have:
Pkapk {Bevi (6, P)} = Pkag {apk?)l' (6, P)} ,
= — P9, {9ev; (e, P) cxi (e, P) },
1
—0.v; (e, P) (aeek,i (e, P) = sk (e, P)) /
1

where the first equality is Schwarz’s identity and the second is Roy’s identity. In addition, redefining i#; = Y; (u;) with Y; (+) =

1—-1
(v;l (-,P)) “/(1- %7), it is straightforward to verify that Y; is increasing so that the demand functions are left unchanged

and that 3; (e, P) = Y; (v; (e, P)) satisfies —0.7; (e, P) / (€0¢e?; (e, P)) = 0. O

Let us briefly comment on the result of Lemma 1. The second term in the expression, 9,v; (e, P) %sk,,' (e, P), is standard: as
the price of sector k increases, the consumption of agent i decreases, increasing the marginal value of income according to the
curvature of v; summarized by 1/0;. The first term is more novel. Recall that 0.v; (e, P) is the utility value of an additional dollar
of income. With this additional dollar, agent i spends on good k according to the marginal budget share d.¢; ; (¢, P). An increase
in the price of good k therefore lowers the amount the household can consume with the additional dollar by —d.ex; (¢, P). To
take an extreme example, for a necessity such that dee ; (¢, P) = 0, a compensated increase in Py does not change the value of an
additional dollar of income as the agent does not spend on k at the margin.

Intratemporal Problem. We now derive the optimal choice of labor supply. The first-order condition for the intratemporal
problem (3) determining optimal labor supply and expenditure is:

1 n
(e, P)= —Xi| == | -
wars ) = 315 (375
Together with the intratemporal budget constraint, this determines labor supply n(i) = n; (Z, W, P) and expenditure e(i) =
n; (Z,W, P). Log-linearizing the above equation near the optimal allocation we obtain the following lemma:

Lemma 2. The change in labor supply in response to a change in wages, prices and expenditures is given by:

L & A w(i) (.. & .
ai) =9 ()W =Y deer (i) p — T [ 2() — Y sk () P | -
k=1 o (i) k=1

where P (i) = X} (%) / (%)d’ (%)) is the Frisch elasticity of labor supply. In addition, using x; (%) = K (%) Y with
x; > 0, we can impose that y; is common across households and equal to \ (while the scaling constant «; / 1.9(1')”% can be used to impose the

steady-state level of labor supply). Finally, the envelope condition gives 07V; (Z, W, P) = 9,v; (e(i), P).

Proof. The proof is direct using Lemma 1, we have:

n(i) o (n(i) .
19(i)X (ﬂ(l))ﬁ(l) _ e(l)affvié(i) +

d A N
). 5 {Pop,vi} P+ W,
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@ =) +
v (563)
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k=1 o (i) k=1

The other items of the lemma are trivial.(]



Intertemporal Problem. We now reintroduce time subscripts and derive the optimal choice of expenditure across time by log-
linearizing the first-order conditions of the intertemporal problem (1) given by:

Vi (Zits, Wiis, Pris) Vi (Zits+1, Wigs 41, Prysi)
= (1 — 9)Ri+sE
0L 1s Al JResEres 0L 1541
= a6271',1f+s = ,5(1 - 5)Rt+let+saevi,t+s+lr

where the second line uses the envelope result of Lemma 2 and for simplicity we denote 0.v;; = 9.v; (e (Zt, Wy, Pt) , Py). We
record the result in the following lemma:

7

Lemma 3. Expenditure near a steady state where R, = (1 — &) B satisfies the following Euler equation:
(ét(i) - Esk(i)pk,t> = <€t+1 Zsk )Py t+l> —oE; (Rt 23 ey (1) 7ty t+l>
k
where we used the fact (from Lemma 1) that the EIS can be common across households.

Proof. The proof is direct. Using Lemma 1, we have:

k

= <ét(i) —Zsk(i)pk,t> = E; <€t+1 Zsk )y t+l> —0E; (Rt Z3e€k Tk t+1> 0
k

Taking stock, the log-linearized version of the unconstramed household problem are summar1zed by the following three equa-
tions (in addition to the transversality condition). The first equation summarizes optimal consumption choices in terms of
income and substitution effects. The second is the marginal rate of substitution between leisure and consumption expenditures.
The third is the individual Euler equation.

. . 1
Chyits (1) = Oeey (i) <6’t+s 251 lt+s> %@ +ZPkl ) s,

( ggv det + Z ng ) det = ,5(1 — 5)th1EtagUi +8 (1 — (5) RIE; ((aggvi) de;yq (l) + Z (agpk ) dpy t+1>

N 1, 1
Wits — Z deex (i) Pepys = @nt-i-s — <€t+s 2 sk (i) Py t+s> ,

<€t+s Zsk i) Py t+s> = (ét+s+1 (i) = ) sk (i) pk,t+s+1> —0E; (ﬁwrs Zaeek Tk t+s+1>

k

A.1.2 Hand-to-Mouth households
HtM households consume all their current income, i.e. they never adjust their nominal bond holdings. Recall that a household
of type i born in t has initial bond holdings b; = b(i) (1 + YK 5 B _ i

) The problem of HtM households can be rewritten as:

K
) b+ ) Gk (i) Divgpys.

n
Vi (Zt4s, Wiys, Prys) = sup v; (€, Pris) — Xi () st. e—=Wipsn =Tiys, Iis = <1 -
k=1

e ()

Rt+s

Using the results of Lemma 1 and 2, we obtain:
K

Chyps (1) = Oeey (i) (ét+s (i) — Y si (i) pl,t+s> @ + Zpkl ) Pris,

=1

R 1, 1 K
Wits — 2 deex (i) Prprs = —firys — - <€t+s — Y s (i) B t+s>
¥ k=1
1 Rt+s s LI A
8t ( Z sk (1) Popys = ——5——— R 1 - E Z Sk (Pt — Prrs) | — Do (e(d) (ki) = 80)) Prss

e(i) + LWn(i) pa =1

1 K4 X N
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A.2 Firms

In this section, we derive the sectoral New Keynesian Phillips Curves. In each sector, ex-ante identical firms with constant-return-
to-scale (CRS) technology produce varieties of good k using labor and a bundle of sector | goods, aggregated by a representative
intermediary as inputs. We first derive the firm’s pricing equation away from steady-state as a function of the change in unit
marginal cost. We then study the firm’s intratemporal problem to derive changes in demand for intermediate inputs and labor.



Finally, using market clearing conditions for goods and labor, we derive the sectoral NKPCs in terms of sectoral prices and the
output gap.

A.21 Intermediate inputs producers

We start with competitive intermediaries producing intermediate inputs. They aggregate differentiated varieties into Y, using
the same CES aggregator as the household aggregator, and sell them to firms at a price P:
o [N o (At N&n
sup Py —/ pe(DFk()dj st Yie = <yk(]) g d]) :
() osjr ‘

1
We therefore have P} = ( Ji pt~(1)dj) ™ = P, (i) = (pi(j)/Pe) ™ Ye.

A.2.2 Goods varieties firms: price setting

We now turn to the firms producing individual goods varieties. Denoting Yy = Y; + Cj total demand for sector k, demand for

variety j is simply yx(j) = (p(j)/Pr)” * Yi. We can write the present value of firm profits in terms of the reset price and using
the fact that production of firms in k has CRS:*

ok —€x
max [E; Z Att1s07  (Pre(77) — (1 = 1) MCy (Wes, Prs)) (p;'t(] )) Yitos — Totes ¢/
Pri(*) o= kt+s

where MCy is the marginal cost, to be specified below. The first-order optimality condition gives the standard pricing condition
with CES demand:

k AN
— (1 = ) MCy (Wiys, Prs) ; Yiers = 0.
€k 1 Pk,t+s

E: ) Apiis6; (Pk,t(j*) -

s=0
In steady state, we have py (/") = Prss = = =42 (1 — 1) MCy (Wss, Pss). Taking a first-order approximation of the first-order
optimality condition and using the expressions above around the steady state we obtain:

0= Y- Avsesth (dpie(7)
s=0

€
£ 1 (1 - Tk)dMCk,H—s)

= pree (i) = (1— PO) Er Y (BO)’ MCpos,
=0

where we used that, in the steady state, At ;s = f5,and = (1—6)8 = L(1-7) =1

Finally, noting that all reset prices at ¢ are identical so that lsk,t = (1-16y) Pk +t GkPk,t,l, and denoting nicy ;s = MC kits — Pk,tJrS,
we obtain the NKPC in terms of marginal costs:

@0

Tt = A pys + PEt T 41,
with Ay = (1 — ‘Bek> (1—6k) /6.

A.2.3 Goods varieties firms: intermediate input choice

The cost-minimization problem of the firm is given by: minWny (j) + 2y P Y k(j)  s.t. AcF (nk(j), Yie (), Yar (), - - -, Yk (7)) >
yx(j). The productlon function F; has constant return-to-scale, so demand for input can be written Y, x(j) = Y, (P, W) U ),

n(j) = Ne(P, W) 2 kU yl (P, W) is the unit demand for input / by firms in k, which is common to all firms in k. Ny (P, W) is the

unit demand for labor by firms in k, common to all firms in k. With these definitions, we can express the change in the marginal
cost as:

K Y (P,W
AMC; = w Z lylk ) — MCiA,,
Ay =
= MCk = (QN,kW + ZQ&[?[) — AAk‘
I
P Y (PW) _ By,

() is the matrix of intermediate input shares ((); = £ in a steady state with equal variety prices),

WN(PW)+ER, PY (W) Pk
Qp a column vector of length K of labor shares (Qn = 1 — Z{il Q). Using again that F; has CRS, we can derive the change
in aggregate demand for input bundle /, around the steady state with equal variety prices, as:

v,
Y,

ZQlk (Yk — Ak) +TWW+ZTkPk



T is the matrix of aggregate input price elasticities such that 7 = ¥, Y%" ag;’,;{"’ %, Tiw =YXm Y{;l'" ag)é\,m % is the column vector

of wage elasticities and Q) = %yl,k. Since intermediary input producers have a CRS technology we can write the (aggregated)

market clearing equation for variety k as Yy = s-Cy + (1 — s{)Y;. We have, denoting D [s°] and D [PY] as the diagonal matrices

with share of consumption demand and sectoral revenue on the diagonal (s¢ K= PEY and PYy), Y,C, A, P the column vectors of
sectoral output, consumption, TFP shocks and prices:

Y= D] €+ (1d = D[s7]) (Q (¥ — A) + TyW + TP),
& (Id —DlPY]'QTD [PY]) Y =D[s]¢—D[PY] ' QTD[PY] A + TwW + TP.

where we use the fact that [(Id — D [s]) Q],, = PY Yo _ PkY" Ql t Note that Ty = (Id — D [s]) Tw and similarly 7T =
k,l PkYk Yk y
(Id—=DI[s))T.

A.2.4 Labour demand response

We can similarly express demand for labor by a firm j in sector k as ni(j) = Ni(P, W)L ( ) . Differentiating and aggregating this
function, we can express the percentage change in aggregate labor demand as:

A

N=sN (Y= A) + Ty W+ TVP),

where sV = [ijl\(]j)dj, s WJ "K } TN = [Bln(w) In (V7)o Oy In (/\/'K)] = Oin(p) In (Ni). One can show that the
change in labor demand will only depend on the change in consumptlon and product1v1t1es as follows:

N =sN ((Id —DIPY]'QTD [py])_1 (D []C = D[PY] ' QTD[PY] A + TwW + Tf’) —A+THW + T%) ,

_ ((Id ~D[PY] ' QTD[PY]) (s - A)) +sN (T{VVW +TNP+ (14— D[PY] ' Q"D [PY]) T (TwW Tf’)) .
Note that, as (1 + yy) (1 — 1) = 1, we have
[WNy, ..., WNK] (Id —DIPY]'QTD [PY]) Py, PYA],
An(w) MW + Zl:aln(PZ)yl,kw =0,

(e NP + Y 0(p) Vi Pt = 0,
m

where Id denotes the diagonal matrix. We thus obtain:

A

KN =sV (Id — D[Py 'QTD [PY]) T (De-A),

K K
=) %G Z
k=1 k=1

B 4.
E

A.2.5 Aggregate consumption response

Let us re-introduce time subscripts. In addition, we denote by a superscript t; the birth date of the household. We can derive
aggregate spending in sector k by simply aggregating individual decisions from the consumption problem (in equation (4):

K
Cri = *lEa t / dc}?, (i) di = Ej, / é )aeek (Ato Zsl ) di+ Y prilyy,
I=1
where g = [ pi; (i) dz is the aggregate compensated price elasticity of sector k with respect to P;. Finally, the operator [E; ;

sums over cohorts at tlme t. For a variable X' which depends on ty, we have:

t
Esi(X0) =06 Y (1—08)foXh.

tg=—00

A.2.6 Labor market clearing

P (i) —lp{wt—

Recall from Lemma 2 that:

_
iagls

R (4 K R
deey (i) Pk,t} 5 (éto (i) — Y sk (D) Pk,t) :



Aggregating over all households labor supply is:

" o [ Wa(i Wn(i - U i
W=¢<m—;;/&£5mmmmﬁ—ﬁm¢dg>Gmg—z%@madL

Recall that labor demand is:

P.Y;
Zskckt 2 ,;SkAkt/
k=

so labor market clearing becomes:

g

Wn(i) [ 4 .. K N A . K N
dsz ) - %]E(S,t Wij(\]) (‘3:0 (i) — k;Sk (i) Pl,t) di = 2 <Sk (Ekt Pkt) - EAk,t> ,

K e(i) s o (s ¥
=) 5 | Esy ?aeek(l) Z 0Py
k=1 k =1

\/T
=

K
di + Pklplt> -) TAk,tr
=1

W, —

' i R S
ey i)y, + 2 . N (;aeek(i) + 2 >> (éﬁ(z) - L)
K
+3) Z ST P
1=1k=1
e(i n(i K N

where we have used the fact that YX_ ¢, (i) (i) = 0 for all 1,i so YK, 56, = 0. Finally, we rescale the technology shocks,
Ak/t, according to:

=
~
S

= (Id - Q)ilAt.
With this rescaling, the aggregate demand index J; can be written:

R o R Ki,\ K Y
N U+¢<¢Wt¢zaeekpkt ;T k>,

K
= aitlj <4’Wt ¢Zae€k1’kt+ ZSkAkt>

where the last line uses the fact that [Ey, ..., E¢] (Id — Q) ™! = [P; Yy, ..., P, Y;]. Rewriting the labor market condition in terms of J;,
we have:

9 e(i) PWn(i)\ (o . g .oy /Wn o
E 1 (i) — Pey | d diPy ;.
V= a+1p 5t/ E < + (o & (i) k;Sk(l) ot l+a+1p Z eek(l) iPys
Defining the natural level of aggregate demand as the level that prevails in the absence of markups distortions (i.e. with flexible
prices) we obtain our formula for the output gap:

i (1/JaT€k + §k) Ay,

k=1

y—‘w We— 3" e (Ps + Ags)
ti(T—l—l/J t eCk \ Lkt It .

See the optimal policy section for a justification of the efficiency of J;. Note that in the absence of markup distortions, it holds
that B ; = W; — Ay ;. We will show later that the output gap shows up in the social welfare function.

A.3 Sectoral NKPC
Recall that:
T = Axtfici + BEt T 1,

K
micky = QN W+ Y O By — Agy — Py,
=1

K
yt:aﬁblp <W ; (Pkt+Akt)>




Combining these equations, we obtain:

11\ K ) K X X X )
T = Ak {QN,k (0 + 1p> Ve+ Qg Y 0eer (Pp+Ap) + Y O By — Agy — Pk,t} + BEs 7ty 141,
=1 =1

1 1) - K - . - K . - . _ "
= M {QN,k ((7 + ¢> Vi+Qni Y 0eer (P4 Ay — (Por+ Ae)) + Y Qs (Prp + Ay — (B + Ak,t))} + BE+ 7ty 141,
=1 I=1

Finally, defining
K E— A ~
NHe =) (0ee; —5)(Pry + Ay),
=1
— A K A ~ K e
Prr = (P — Y 5iPp) + (Age — ) 51A
=1 =1

K
Prt = OngPrr — Y Ot (Pre — Pry)
=1

and noting that Qy x YK | 9ee; + YK, Q) = 1, gives the formula in the model equation appendix B. To obtain the equations of
the main text without the Input-Output structure, we simply set Qp y = 1 and Py ; = Py, and obtain:

1 1\ -~ -
T = Ak ((U + IIJ> Vi+ NH; — Pk,t) + BEt 7T 41

A.4 Distributional Responses

In this section, we derive the dynamic equations characterizing the evolution of averages of individual households expenditures
for arbitrary weights, taking into account the death/birth process. We use these equations to compute the distribution of con-
sumption expenditures in section 4.2. In the next subsection, we use these equations to derive the dynamic equation for the
output gap.

We define the response of real consumption expenditures of household i, born at tg as 6: (i) = éio( ) — XK sl )ﬁkt
Moreover, let w be a vector defining a weight w(i) on each household i, with f i)di = 1. We can thus use w to select and
weight any arbitrary subset of households.

Now consider some moment of the consumption distribution, C;(w) = & Zto oo t fo Jwl(i Ato . For instance, if

we set w(i) = e(i)/E, then this moment corresponds to the response of aggregate real expendltures We could also setw(i) =1

for only one specific household i, and zero for all others. In that case, C;(w) corresponds to the individual consumption response
of a particular household. Alternatively, one can choose w to compute the average response among households with certain

characteristics. In this section, we show that C;(w) is characterized with the following equations:

A A 0 A
EiCri1(w) — CHw) = / (i)diR; — (TZ/ 1)0eey (i)di Eymyp4q + 1= (SC?(w),
where
. E:CY | (w) oo b(i) s K ot o Wali) e
0 _ 1 _ 0 _ z ¥ 0
)~ o5 g = f) @O RpdiR Etl_zlsknk,tHH(HU)/D WO (i) iy

.y L (i) (eg) (si(i) —50) + V\xl(\;)lp e —8,ek>> diby, — 2 Ci(w),

R-1 w(i)
R e(iy/E+Wn(i)/WNL”

and where we defined w?(i) =

To derive these equations , let us denote by C}' ; (w) = 5Z£0=_w (11— [(1—-9@)w()(e (40 (i) — XK s (i )pk,t) di the
contribution of unconstrained (non-HtM) households to the demand index. We have:

EiCli1 () = (1—6)Cf (@) + (1= 8)0Es [ (1= (1) ( zaeek nkm)diwmtc:‘fl()

Here, we use the individual Euler equation, as derived in Lemma 3:

K
(éio(l) - Sk(i>Pk,t> = (é:(-)m i) Z i) Py t+1> — oE; < Z deey (i ”kf+1>

k=1

for households “born” before t + 1. € 111 (w) is the consumption of the households born at t + 1. Note that the lifetime budget



constraint of the households born at t with wealth b(i) (1 + 2115:1 §kpk,t) is

. _ A X1 (b(i) 4 A N
—b(i) ) 5D =Er ) — <1({)Rt+s + Wn (i) (Wigs — At (i) + dDivgys (i) — ei Z sk (i) Py t+s)

oo K
—e(i)Er ), % <é§+s(i) - Sk(i)pk,t+s> :

k=1
Using labor supply decisions, derived in lemma 2, and dDiv; (i) = WWLI(\}) Y« Ex (pk,t + Ak,t — Wt) we obtain:

K . lp [} 1 K
— b(l) Z gkpk,t + (6(1) + O’W”(i)) E; Z s <€A£+S ' Z Pk t+s> =
5=0

b(i) 4

E, Z = (R et (1 - f) Wil e — 3 (e) (sii) = 5¢) + wWn(i) (eei) — eer ) ) Pesss - (1 - ) i Pms)

k=1

-

) K
COREOE ZR@H zsk<i>ﬁk,t+s)—

k=1
> 1 (b(i) K N =—\\ A
E; Z R <1({) (Regs = Tepipst1) + < 1[)) Wi (i) Vegs — Z ( —5¢) + YpWn(i) (aeek(l) — aeek)> Pk,t+s> :
Using the Euler equation, &4 (i) — Zle sk(D) Py = ee(i) — Zk 15¢(D) Py + B Y1 (RHS - Zk 1 9eex (1) 7Ty, t+5+1) so we
obtain:
et(i) — Zsk(i)Pk,t = ! _IP R (b Z Rt+s — Tlepi, trs+1) + <1 + lp) W”l(i)j)wrs)
K e(i) + zWn (1 R v
- %Et i 7 3 ( (sx (i) — 8x) + pWn(i) (aeek(i) - T&k)) Pt
e(i) + =Wn(i) SN 5

[e9)

1
— oE; Z T <Rt+s - Za e (1) 7tk t+s+1>

Averaging across households with the arbitrary weights w, we have:

2 u, 1 W?I(Z) 1_% 1+% ~
G '0( ) — *]Efct+01 (w) = _‘TE]Et/(l — (1)) ( Z deex (i) 7Tk b1+ e(i)+ fV?/n((z) )yt-i-s) di
=@ (1-%) (b0) . K s )
lEt/ o %Wn(i) (R (Ry — ncpi’t+1 k; ( —5;) + yWn(i) (agek(z) — BEek)> Pk,t> di.
Defining C*° (w) = C*° (w) — C¥ (w), we have:
E:Cl, (w) = Cf (w) —l—U]Et/(l — (1) ( Z deer (1) 71y t+1> di + —— T 0 3 Cffl (w),

1 1
C (@) = REC (@) + Cr (w) — Ry (w) =

~

A

; 1
]Et/ — (( g (1 R) (bl({z (Rt = 7epipr1) + (1 + f) Wi (i) — i (e(i) (sk (i) —5¢) + pWn(i) (agek(i) _&k)) Pt

e(i) + LWn(i)

— oz [ (-9 ) @) (R - Dol >nkm) i

i (w) — R(ll_(s)]EtC;’fl (w) + <1 — 1) Cl' (w) =

b (- wli) (1-}) (b(i)

K
= (Re = i) + (1 + i) Wn(i)Di— Y. (e(i) (s¢(i) — §) + YWn(i) (aeek(i) - ﬁk)) Py

>di

) i



Now we consider the contribution of the HtMs. Using our derivations of section A.1.2, we have:
E,CHAM (w) = (1—6) CF™ (w) + 0B C]IM0 (w)
K

S {Amﬂb;? (10 %) WrATr — 3 (o) (560 50+ yn() (et e nk,m} ai

—(1-0)E / m { (1 - 11{) b(i)ncw-,t“} di,

+(1-0)E

~HtM,0
CHIMO (1) — B, CHIMO () =

R
. . K
_ %Et / % {ARtHbg) + (1 n i) Wn())ADs1 — k; (e(i) (s (i) — 5) + pWn(i) (E)eek(i) - ﬁk)) nkm} di

_ %Et / m {_ (1 _ ;) b(i)nc,,im} di
(

+ (1 - ;) E; / % {Rtbg) + (1 + ‘ﬁ) Wn (i) D — k; e(i) (s (i) — 5¢) + pWn (i) <agek(i) - aTek)) ﬁk,t} di

+ (1 - 11{) E; / m {— (1 - }{) b(i)ﬁcpi,t} d
v [ o @ (e + Ewn) (1 %) b0 (B~ kPyiser)

Defining ;"™ (w) = CHMO (w) — CH™M (w), we have:
E;CHM (w) = CA™M (w) + —— T d cfff“ ) + E / 9 (i ‘PWn {— (1— ;)b(i)ncpi,t+1} di
E | % { ot (1 8 Wa)a3 = 1 (600 (400~ 50+ pwinG) (dee) ~ ) nk,m} di,
CHIMO (0 _ 12(11_5) (CHIMO (4, ( ;) CHIM (4, ( ) E | m (1 + l(f) Wn (i) Dedi
(1 - ;) [ % {bg) (R = qsn) = 35 (600 i) =50 + 4 () (2ex(i) ~ ) ) pk,t} di

Putting everything together, we obtain:

E:Ciiq ((U) =Ct (w ( ) + O’]Et (Rt eek 7Tk t+1> di + 9 IEtC?+1 ( ) +
[ % ( (1 +5) WOAT1 = 3 (600 (50) 500 + (i) (sl ~0ec) ) m) ai
(i) w(i) 1\ . .
& (@)~ =5 B @)+ (1- ¢ ) & (@)
o (11 .
=E; / W (bg) (Rt = Tepipi1) + (1 + X > ( —5;) + YWn(i) (aeek(i) —Tﬂk)) pk,t) di,

C(()) (w) = (1 - 5) (/ (e( ) —|-<¢Wn ) ) ) Pcpi,O.



A.4.1 Euler Equation for the output gap.

We now derive the evolution of the output gap. Recall the definition V=Y — )7;‘ ,with ), = ﬁ (tth — Py aTekﬁk ey §kAk t) .

Using the labor market condition 37,5 can be expressed as a special case of the demand index C; (w), with w(i) = ( ) + f V}%\,)
V= s s Ce— m Y | ( ' ) deey (i)diDy ;. Therefore, applying the formulas derived above, we have:

e(i) Wn(i
S ot gl .
]EtytJrl_yt:U]Et/(l_(P(l))m ( Zagek 7Tkt+1> di =

W 1)
0—_|_¢, tZ/(E(EZ > )>a£’ek( )dlnkt+1+1 ]Etyt+1
. b(i Wn(i)  «
erp t/<p(){AR+ R(;S) + (1+Zj) V\’;Z(\;)Aym}dz

- ailplEt /q’(i) {; (eg) (sk(i) —5k) + ¢ WI(\I) (aeek( ) — aeek)> Tlh41 + (1 - 112) bg)ﬂcpi,tﬂ} di,
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. 1 . 1) « Wn(i PN
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/REd_/Z i) —5)di =0,
we obtain:

N 1 N A j oA
y? - mﬁtyf+1 + ( ) yt (71,[7 Z / ( — WZ\?) aeEk(l)dZPk’t =

D) () £ -

Etj}toﬂ =0.

- 1
o1
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Using ¥ = 0 and g1 > 1, we have Y} = 0 for all £. Defining ¢ = [ ¢(i e di, N = [ (i) Y2 gi, we obtain:
A, A, D X 3 5
(1 — <PN) (]Etyt+l - yt) = (1 - (PN) oy (Rf - Z aeekﬂkiﬂ)
k=1
K

+E /a+¢ {R( (ARj11 — o (R—1)Ry) — ? 3 (ki) = 5) — o (ee i) — Deei) ) nk,tﬂ}di

k=1

—E / c+Y { ( R) ) (7-(5}71',1‘-&-1 - Uﬂmcpi,t-&-l) } di.

b(@)

E
By definition, we have r} = L (E; Yy, — V), sorf = IEtg}r—w ((Zkzl Poeer + §k) A1 — Axs )
The evolution of the output gap Vs = Js — J} is given by:

K
(1 - GDN) (EtYip1 — W) = (1 - q0N> olE; (Rt — kz ek Tk p 11 — r?) +
1
K JE—
1Et/ qur(l; {(E) (ARiy1 — o (R=1)Ry) % ; ( —5) — o (Qeer (i) — ag€k)) 7Tk,t+1} di

_E, / rfq: (lz { (1 R> @ (Mepits1 — O mepits1) } di,

which gives the equation of the main text.



A.5 Alternative formulations of the NKPC

In this section, we discuss alternative representation of the NKPC. Instead of expressing the NKPC in terms of the output gap,
we express it in turn in terms of the average marginal cost or in terms of the unemployment gap.

A.51 NKPC in terms of marginal cost
As shown in section A.3, the real marginal cost in sector k is given by:

K
micyy = (QN,kWt +3) Qk,lpl,t> — A — Py
=1

We define the average marginal cost as the average of sectoral marginal costs weighted by sectoral sales:

. PY; i PY; P.Y,
mcy = Z kEk Cit = 2 kEk (QNkWt+ZlePlt> —2 “kTk (Akt+Pkt)
k=1 ki1=1 k=1
A Py, . L .
=W+ Z (lEl 51) Py—3. % (At + Prr)
k=1 k=1

K
= W; — Z Sk (Ak,t + Pk,t) .
k=1

Where the last line uses Zle %Ak,t = Z,Ile s‘kAk,t. Recall that the output gap is defined as:

= (W= Y Ty (B + Ar)
t70+1/1 t P eChk \ Lkt kt) | -

We therefore have that L1
micy = ( + ) Y+ NHy,
vy
where N'H; = Zl 1( ce; — §1) (Pl ¢+ Al ¢) is our non-homothetic wedge. Note that when preferences are homothetic, we have

dee; = §; for all [ so ric; = (% + %) Yt marginal cost is simply a scaled version of the output gap.
With our definition of the marginal cost, the sectoral NKPC can be rewritten as:

Tt = Ak (it — Prt) + BEt 141,

with the definition of Py ; unchanged from before. The non-homothetic wedge simply drops from the Phillips Curve. The Euler
equation for the average marginal cost becomes:

K JE—
(1 —_ @N) (]Em%ctﬂ — ﬂ%Ct) == (1 — (PN) (1 =+ ;) ]Et (Rt — Z E)eekﬂk’tﬂ — 1’?) —+ <1 — (PN) (]EtNHt+1 _NHL‘)
k=1

eli

K
w5 [ 20 {R< (AR o (R-1)R) ~ Y (5(0) — 50) — o (@eeri) — ey) nk,m} di

E

so the non-homothetic wedge now appears in the Euler equation.

A.5.2 NKPC in terms of employment

We first show that without wealth heterogeneity, the employment gap and the output gap coincide. For completeness we then
provide formulas for the employment gap with wealth heterogeneity and express the NKPCs in terms of the employment gap.
Recall from section A.1 and A.2 that individual and aggregate hours worked satisfy:

(i) = { Z deey (i Pkt} L4 ( Z sk (7 )
. e(i) WWn(i . K N A .
Ny = {Wt deey (i lekt} —E; / (E)lpae(i() ) <€t (i) — Z sk (i) Pk,t> di.
From the labor market clearlng Condltlon we have

; K
{ dszt} ZskAkt = /% <1+ lpzz()l)) <ét(i) — Y s (i) ﬁk,t> di.




Without wealth heterogeneity (b (i) = 0), we have Wn (i) = e(i) and we obtain:

[ (a0 o2 ) -y (v {wt— Laan |+ Lad),

k=1

so total employment is given by

Ny = —— (Wi — ) 0eerPy; SkAkt
1+ % k=1 ‘ 1 + 1/:
~ — ¥
In a flexible price economy, we have N} = H—Lﬂ Zszl OcAgp — "lp Zk 1 skAk ¢, so the employment gap is given by:

Ny =N — Nf = Llp Wi — Zﬁek(pk,t + Ays) ¢ =D
1+ k=1

Without wealth heterogeneity, the employment gap and the output gap coincide.

With wealth heterogeneity, the employment gap depends on the lump sum transfers which are implemented in the flexible price
economy. We assume that the transfers in the flexible price economy are efficient (they minimize the loss function derived in

Appendix E). In that case, N " is the efficient level of employment The employment gap is then given by:!

1) 00 ei) b(i) (i) N 5
(1 — Z/ WT ) ll’ 2/ T lan )T <8gek(z) —836k> di (Dey+ Ay) + WE,

To express the evolution of the heterogeneous wealth effects WE}, we define
1 i 1 j oy Wi
SR Gt ) LU / (1= %) b0 (1~ g (0)
e(i) + Lwn(i) J e(i)+ Ewn@) (1—¢N)
With this notation, the evolution of W€ is given by:

EWE 1 — WE — 0 (s]Etwng lek — Bt (mtipy1 + AAypin))
+ 11'}:51& [ 9050 (“g (O = (R = 1) mguenn) ~ I (S (a0 - §k>) nkm) i
- iw]E [owio (2 R S (1 | fg ) gten )
' 1@1&/ ? ()5(9) {;Wﬁﬁ)gzmuﬂ —Zaia e )AA1t+1}d
wel - (11_ . EWEY, | + <1 - }{) WE; =
(1 1)m ) SO0 g (i)
1 E v (1 N 112) Ee / eg;?wbizz) (fggll(l()z‘) N szflzifi)) ;gkAkfd’
1 E g (1 - Ili) E mg 0 (Ue(i)f%)n W) / fg;il(i)i) ae(i)(—Ti-eIE\i/)n myoea ) di) Ay

!Derivations can be provided upon request.



With:

g = [ 10 <(1_ 0 (6)) ey (i) — (=0 ) (@e(i) W) dee (i) di (1 q»(i))%?)di

k 'E oe(i) + YyWn(i) 1—¢M)
L) g0 [0li)__ yWn(i) : (=@ () Wn(i)deey (D) di .
_(1_R) U—FIP/EUE(Z')—}-I[JVVn(i)(l_(P(l)){aeek(Z)_ " }dz
px __ 1 - _ ) _
a0 (P ) (lp;a"e"M"M : gs"AA"'“)
S o) (o5 + ) d (76( ) N
: J @ =¢(i) ((7% + lPWWLI(\})) di ZZ: < / fg W (i) ¢agel (i) dl) E:AALt1

With our definition of the employment gap, we can rewrite the sectoral NKPC as:

% 4 1 7 R -
7Tk,t = Ak QNk llp - Wgt —_ Z/ 7(1) (aeek(i) — ag€k> di (Pk,t + Ak,t)
1 (1-g)o( l)d' )+ lpWI’l E
_&fm%mel

+ A A ONNHe = Prs } + BEi i1
When the NKPC is expressed in terms of the employment gap (which does not appear directly in the loss function), an additional

wedge WE} is introduced. The evolution of WE} is more complex and depends on the heterogeneous impacts of wealth effects
on labor supply.

A.6 Model with a Representative Agent

We derive here the representative agent version of the model. For simplicity, we assume that labor is the only input in production
(no input-output linkages) and that pricing frictions are homogeneous across sectors. Let E; denote total household expenditure,
C+ consumption of good k, and N; total labor supply. As in the main text, we consider a steady state with efficient subsidies, no

inflation and a constant interest rate R = (B(1 —¢ ))71, steady-state variables do not have a time subscript. We denote, as in the
main text, 5x and d.e to be the steady state average and marginal budget share of good k respectively.
Household Behavior. Optimal labor supply is determined by the marginal rate of substitution between labor and expenditure:

th)/ (Et, Pt) = X’ (Nt) .
Log-linearizing around the steady state gives:

K
N)(”Nt = W’O’Wt + W (E‘U”ﬁt - Z Pkapkv’ﬁk/t> .
k=1

Next we have: L
Pkapkvl = Do, (apkv) = —Ev"§k — v/aeek.
So labor supply satisfies:

. A SR vla & 4
Ni =9 (Wi — ) 0eer Py | =L | Er— ) 5k Dy |,
k=1 v k=1
where 0 = —v' (E,P) / (Ev” (E,P)), p = x' (N) / (Nx” (N)) are the EIS and Frisch elasticity.
Consumption growth is governed by the Euler equation:

Z)/ (Et, Pt) = ﬁ(l — 5)Rt]EtU/ (Et+l/ Pt+1) .
Log-linearizing gives:

K K K
E; <Et+l - ) 5 Pk,t+1) - <Et - ) 5 Pk,t) = 0y <Rt — ) deer 7Tk,t+1> :

k=1 k=1
Labor Market Clearing. Labor demand from firms in sector k is N,‘f ¢ = Cyi/ Agyt, with Ay, denoting sector k productivity. So
total labor demand, Nd Zk 1 Nk ; satisfies:
K . . K
S_ 7
k=1 k=1 k=1
From labor market clearing, we obtain:

o R KaiA . K o K R
Wi — P =E; — Py — — S, Ap s
Tty t Z eCk Lkt t Zsk kb Tty Zsk Kt

k=1




So labor supply satisfies:

IV YRS ob ol S I
t_U—I—l/J t k:1ek kt U+¢k:1k k,t
With flexible prices W, — Pk,t = —Ak/t, so efficient labor supply, Nt*, satisfies:
R S
dee 5 Ak
0_+¢Zekkt +lpl;kk,t
Output Gap and Phillips Curve. Defining the output gap as V= N; — Nt* = % (Wt — Zle 0l (ﬁk,t + Ak,t)) the Euler
equation becomes:
K —_
E; (Vip1 — V) = oE; (Rt — Y Oelr i1 —1F
k=1

With 1’;‘ = (T-HIJIEt (Zk 1 1p8 €l -+ Sk) (Ak,t+1 — Ak,t)'
The New Keynesian Phillips Curve (NKPC) for sector k is:

A A 1
T = A (Wi — Py — Agy) + RE 41
Averaging across sectors yields the CPI inflation equation:
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~ . A 1
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—)L< P Yt

K — N\ A - 1
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B Model summary

This section collects the coefficients and equations governing the dynamic evolution of the economy, as derived in Appendix A.
It is intended to serve as a reference for the accompanying MATLAB code.

B.1 Model equations
Coefficients - households

Individual coefficients:

s = %,
i) = G E ) (1 -y where 20) = E i)

HCES)

pei(i) = 3pe(i)/ P+ e(i)/Pideer(i) /P "= (sy(i) = 1- Uk = 1) 7,
where the second equality sign imposes the assumed preferences in the calibration.

Aggregate coefficients:
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Coefficients - firms

Coefficients - equations
NKPC:

Output Gap:
ygap_htm_m = — <(7 (@M —aTel) (1 - q)E> — (s} —35) (1 - goE) - (goE - goN) (UaTel - §l)) :



Sectoral equations.

For every sector k = 1, ..., K we have:

Aggregate equations
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Equations for demand indices.

Coefficients:

- (1+¥ H—D i) ai
chtm_Y, = (1+0)/<¢()e(i)+1§w”(i)w ())d,
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B.2 Non-homothetic utility: examples

This section briefly discusses three widely-used parametric specifications of non-homothetic preferences, including the non-
homothetic CES case that is used in the quantitative application. The other two cases that we discuss here are the log-linear, and
Stone-Geary preferences. The table below collects the functional forms and the main sufficient statistics that arise in the model:
the budget share and the marginal budget share.

Preferences Functional Form Average Shares Marginal Budget Shares
5 P P
Log-linear (c1 +1n(cp)) s1=1-— ?1, Sy = ?1 dee1 =1, 0pep =0
K v K
Stone-Geary %T <H Cr — Cx) ) Peecic + (e Limi b Ql) Qg
k=1 e
K =
Ck n gk
NHCES Vi () =1 Sk sc|\n+ Q=
k; g(U) & i si

Log-linear preferences have the feature that the marginal utility of consumption is constant for one good, while decreasing
for the others. In the table, we illustrate the case with only two goods, though the logic easily extends to any arbitrary number
of goods. These preferences imply that for very low levels of expenditure (¢ < P;), everything is spent on the good with
initially high marginal utility (good 2 in our example). Once a certain level of consumption of the necessity good is reached, the
household starts consuming good 1. From that point onward, any additional expenditure is devoted entirely to good 1, since its
marginal utility remains constant. As a result, for e > P; the budget share is increasing for good 1 and falling for good 2. These
preferences generate the ‘extreme’ case that we use in the main text to illustrate the role of non-homotheticities.

Finally, note that the functional form that we have specified also includes a curvature parameter ¢. This term is added explicitly
here to show that by choosing & one can get any value for the elasticity of intertemporal substitution, while leaving the average
and marginal budget shares unchanged.

Stone-Geary preferences feature minimum consumption levels for each good (¢, > 0) that represent subsistence require-
ments. Otherwise, the preferences take a ‘standard” Cobb-Douglas form, with the power terms «; normalized to sum up to one.
Note that like the log-linear case, we have added a curvature parameter & that can be used to control the EIS without affecting
the goods demand functions for a given level of expenditure and prices. The solution is well-defined only for high-enough
expenditure levels e > Y'X | P¢;. In words, the household must afford at least the subsistence level of consumption at the given
prices. Beyond this subsistence bundle, the household will allocate their additional expenditure according to the Cobb-Douglas
parameters: goods with higher aj will have a higher marginal budget share. In the limit, as expenditure increases towards infin-
ity, average budget shares converge to ay, so that marginal and average shares coincide. This implies that non-homotheticities
are strongest for poor households and diminish as households become wealthier.

Non-homothetic CES (NHCES) preferences feature a constant (compensated) elasticity of substitution given by > and
non-homotheticities in demand that are generated by the good-specific parameters ;. The terms V) are demand-shifters: they
affect the overall level of demand for each good but do not appear directly in the expressions for marginal budget shares or
the elasticity of substitution. These preferences do not allow for an explicit solution to the budget shares, so instead we denote
these objects by s;. The marginal budget shares can, however, be expressed as functions of the average budget shares and the
parameters of the utility function. If the elasticity of substitution is below one, goods with a higher (; are classified as luxuries,
since their marginal share is above their average. Conversely, for # > 1, luxury goods are those with lower values of the {
parameter. It is also straightforward to see from the formula that when the non-homotheticity parameters are identical for all
goods, marginal and average budget shares coincide, reducing the utility function to the standard CES case.

Finally, we show how one can parametrize the function g(-) in order to set an arbitrary value of the elasticity of intertemporal
substitution. Under the non-homothetic CES assumption, the indirect utility function is the solution to the following problem:

n=1
v(P,e)= ma ZVk< ) " —1, and Y Pecp <e,
k

{c1 cz,...cK U}

where g(-) is a monotonically increasing and continuously differentiable function.

aln(ckH/cg) N

2Using the first-order conditions of the cost-minimization problem, it follows that for any two goods k and m TP /B —

—1, where the superscript H denotes the Hicksian demand.



The optimal consumption bundle {ck}llle, together with {U} is the solution to the following K + 1 system of equations:

11

Ck n e
Vi <g(ll)§k> Por 1, for all k,

K N
Y (") =1.
k; g%

Let A be the Lagrange multiplier of the budget constraint, which must satisfy the condition /'\egg/((—g)) YK | Cksx = 1. Differentiating

and re-arranging terms, we get that

1+ edpo <g" ) _ g’(U)) K G 1

g gl YR Cksk o’
d.0

where we have used the definition of the EIS as 0 = — ;5% and the fact that the Lagrange multiplier A is equal to the marginal

utility of expenditure, A = 9,v.

Assume that g(U) = U™ and using the fact that des; = 1 (1 —77) 5 (EK ékg, — - 1) , we have that for any marginal utility of
k=1 Sk°k

income, we can get the desired value of the EIS by setting the parameter 6 such that
2
1 u Y sk — (Zzlf:l @ksk)
f=—-——-1+ (1—mn) 5 )
(Z;Ile @ksk)

o4 €0,V

Log-Linearizing with Stone-Geary

Below we show how to derive the Euler equation when preferences are Stone-Geary. This example is for illustration purposes,
as Lemma 1-3 apply to all well-behaved utility functions, irrespective of whether the indirect utility function has a closed-form
solution or not. Given that this particular non-homothetic utility entails a closed-form expression, a more direct approach can be
taken. We will show how the resulting expression aligns with the more general result.

k(e=X Piar)
Py

Using the the solution to the demand functions ¢ = ¢; + £ , one can explicitly write the indirect utility function as

53

K [ g (e -yK, Plgl>
Py

Q| —

v(e, P) =
k=1
Taking the derivative with respect to expenditure and simplifying, we have that
ov
dev=—"",
e—e

where ¢* = Zle Pic; denotes the subsistence level of expenditure. Taking another derivative to evaluate d,.v, and using the
definition of the elasticity of intertemporal substitution, we get that

EIS = (ee )
1—-7 e

To obtain a first-order approximation of the Euler Equation we first need to evaluate the change in the marginal utility of expen-
diture. For simplicity, we omit time subscripts at this stage. Using the previous result for d,v, and totally differentiating with
respect to prices and expenditure we have

_yvK
d1nde0 = dino — XLz PG
e—e
[ de— Zle dPc;\  de— Z{il dP; (c; — oy (e — €*))
=7 e —e* e — e* ’

I=1

The term that multiplies the real expenditure change is the inverse of the EIS, while the second term weighs price changes
according to the & parameters, which are equal to the marginal budget shares. Finally, we apply this result to the Euler equation

which in log-deviation terms around a stationary steady state is given by d Ind,v; = R + E; [dIn 9,v;,1]. Denoting the elasticity
of intertemporal substitution by ¢, we have that

K K K
(ét - SkPk,t> =E; <ét+l - SkPk,t+1> — 0l <Rt - “k”k,t+1> -
k=1

k=1 k=1
This is exactly the Euler equation that we derived under general preferences in Lemma 3.

e Ko Ko
:—(1—5')6_8* é—ZSlPZ —ZPIIXZ.
= =1



C Proofs of Propositions in Section 3

In this appendix we provide a general statement of Proposition 1 and 2 in economies with Input-Output linkages as well as
proofs of the results and a proof of Proposition 3. In addition, in Propositions C1 we provide closed form solutions for inflation,
the output gap and the non-homothetic wedge under assumption Al and without Input-Output linkages.

C.1 Proposition 1

Proposition 1 (policy invariance of the wedges). Assume that xx = Ay (%7 + %) Qp  is constant across sectors, equal to k. Then
NH; and Py ; evolve independently of monetary policy. Without Input-Output, assuming that xy. is constant across sectors is equivalent to
Al

Proof. Assume without loss of generality that 5x # 0 and denote for 1 <k < K—1, P, = pk,t — Pcpi,t and 7Ty = Tt — Tlepits
the sectoral price and inflation relative to the CPL. We have:

K
Tl = KVt + IIJK 2 dee; (Pt +Apt) — (Por+ Axr)) + Ak Y Oy (P + Arg) — (Per + Axr)) + BEi 11,
=1
oy K B K . . ~
Tlepip = KVt + p kY 0eer | Prod Ay — | Pepip + Y SkAke | |+ Y. MdicQuy (Pre+ Ay — (Pt + Axy)) + BETepifi1-
lP =1 k=1 1<kI<K
This implies, smcePK P — 15 = - Ek i Sk Pk +, that we can write the NKPC for the relative inflation and relative price of k as:
i N K=1 5 — 5 i 5 5 -
e = — | AcPre — ) 51 (M —Ax) P | + Z Me | Qp — aﬂk,K - Z SmAm | Q1 — aﬂm,K P+ PEt Tk 141
1=1 =1 m=1

K K K
- (AkAk,t -y §lAlAl,t> +) (Akﬂk,l -) §m7\m0m,l) Ay
k=1

m=1

Pt = Tt + Prp—1-

Since Ak,t are exogenous, the K — 1 relative prices (and inflation) Isk,t, 7ty ¢ are pinned down by a system of 2(K — 1) equations
which does not involve R; (and initial and final conditions Pyo = 7k, limi—e0 7t s = 0). These variables are therefore indepen-
dent of monetary policy. As the non-homotheticity and relative price wedge can be written in terms of our relative prices:

K
Pit = Pip + Ay — Y 514,

Kl g\ K, -
NH, = Z <ae€l — §,Kae€K> Py + Z (8e€1 - §1) ALt

I=1 I=1
they are independent from monetary policy. [

C.2 Proposition 2

Proposition 2 (divine coincidence index). Assume that for all 1 < ko < K, either Qy x, > 0 or there exists a sequence k, ..., ky such
that O, k,,, > 0and Qy, > 0 (labor is an essential input). Then, the matrix Id — () is invertible. Fluctuations in the output gap can

be eliminated by stabilizing the divine coincidence index tpc; = Zle %m@t where the weights wj are non-negative and are defined as

[ .. wg]=1[9e; .. degl(Id— 0)~! A;l (with Apthe diagonal matrix of Ay). In particular, without Input-Output linkages and
under assumption A.1, the divine coincidence index coincides with the Marginal CPI index rtpc; = ZkK:1 0eCr 7Ty 1.

Proof. Suppose that we have (Id — Q)v = 0 for some vector v # 0 and denote kg = argmax;|vg|. If Qnyg, > 0, we have
(1 — QkOrkO) “Uk0| = ’Zl;ﬁkg Qko,lvl‘ S Zl;ﬁko Qko,l|vl| S Zl#ko Qko,l|vkg| which implies QN,kg =1- Zlel Qko,l S 0, a contradiction.
If QN,ko = 0 then \vk0| = |ZJk1 |, if not, we have (1 - Qkozko) |ZJkO| = ’Zl;ﬁkg Qko,lvl| < Zl;ﬁko Qko,l|vko| which implies |Z)k0| <
Z{;l O, 1|ok,| < |vg, | @ contradiction. By direct induction, we then have |vy, | = |vg, | which implies Qp s, < 0 a contradiction.
Therefore, Id — Q) is invertible. -

Note that by definition of w;, we have Axw; — Z{il Oy A jw] = deg. Summing over k, we obtain Zle Qp Arwy = 1so we have

Aywy = Zle (erk + QNJ&;() Mwj . Therefore, [AMqw] ... Agwglis the Perron-Frobenius (left) eigenvector of the probability

matrix Q ; = O + Qp xde; and therefore has non negative components so wp > 0and Z{il w; > 0.
Now recall that the sector k NKPC is given by:

K
T = Ak {QN,k (We = (Pe+ Axe)) + Y Ot (P + Ary) — (Pes + Ayr)) } + BE 7Ty 41



Given that Qpn =1 — Z{il ) ;, we can rewrite it as:

K
— { (W= (Buy + Aus)) — 3 Qs (W= (B + Au»} + B,
=1

Or in matrix form:
!

[7T1,t/ vy 7TI<,t] = A, (Id — Q) [Wt - (131,,} + Al,t) S ey Wt — (pK,t + AK,t)} + BIE)} [7‘(1],54.1, ey 7TK,t+1} .
Therefore, we have:
1

TTpc, = T Pey ... dex) (Id— Q) AN, (Id — Q) [Wy — (Pry+ Avyp) ooy We — (Pit + k)] + PEi7tpc s,
!
1 R S ~ 8
== | Wi — Y dex (Ps + Axy) | + BEitpe s,
Liw; k=1
1 1 1\ -~ <
= — 4= E .
Yo (a + ¢) Vi + BETpC t41
15
Therefore, stabilizing 7pc ; eliminates fluctuations in the output gap. Finally, without IO, we have () = 0 so 7tpc; = Z,Ile % Tl t
17V 1

If in addition Ay = A for all k, mpc; = YN | deerry . O

C.3 Proposition 3

Proposition 3 (Non-Homotheticity Wedge). Assume that (A.1.) holds and that there are no Input-Output linkages. Following a negative
productivity shock in a necessity (luxury) sector N“H; rises (falls) on impact.

Proof. Denote the gap between MCPI and CPl inflation by 715 = }; (agel — 51) 1+, and analogously define pA,t and A At Note
that N'H; = pA,t + AA,t- Under (A.1) Ay = A for all k. We can write the NKPC for 71 ; as:
Rrps = —AR (Pay+ App) + 7tasia
=
Posi1 — (1+R+RA)Pyy+ RPpy 1 = ARAp,
The eigenvalues of the system are:

R+RA+1£/(R+RA—1)% +4RA
H+ = ’
2

with g4 > R+ RA, u— < 1. We obtain:
t [eS)
R _ 1 .
PA,t =-A Z ﬂt_ s+1 Z TAA,qus-
s=0 u=0 Hy
Therefore, we have:
t <)
_ 1 5 A
NH;=—A Z ]/li st Z T Anuts T At
s=0 u=0 [

Now suppose that we have a negative shock in a necessity (luxury) sector, in that case A ar =0 (A A+ < 0). Assume in addition
that |A A,t‘ < |A Ag’ (the shock is larger on impact), then we have for a shock in a necessity sector

NHy > (1 —Au- Y 1u> App,

u=0 H+
> <1 - %) Ano,
= (1 B R—f—??l){\—l) Ano 2 0.
Similarly for a shock in a luxury sector, we have:
NHy < (1_R+/I\{1/{\—l> AA,O <0.0

In the following Proposition, we provide closed form solutions for the non-homotheticity wedge, CPI and MCPl inflation and the
output gap when shocks are AR(1). We show in particular that under CPI targeting, the output gap falls and CPI inflation rises

on impact following a negative necessity shock. In addition, the derivations are used in the proof of Proposition 6 in Appendix
E.

Proposition C1 (AR(1) Shocks). Assume no Input-Output linkages and that A.1. holds. If shocks vanish at a constant rate p, then
following a negative shock in a necessity sector:



ii.

iii.

iv.

Vi.

There exists a time txry (taryy = 0if pa = 0, tary = 00 if po = 1) such that for NHy > 0 for t < tprey, and NHy < 0fort > tyy.

The gap Ttcpit — Tncpiyt evolves independently of the policy rule. There exists t* (t* = 0if p, = 0, t* = oo if p, = 1) such that
Tepifp = 77:mcpi,tf07’i-L < t*, and Tepip < 7Tmcpi,tﬁ7ri-L >t

Under the MCPI rule Ry = PTnepi + P (with ¢ > 1), we have that Ttycpir = Vi =0,and so Teepip > 0 for t < t*, and 1tep;p < 0
fort > t*.

Under the CPI rule Ry = PTCcpip + 77, there exists a time ty(ty = 0if ps =0, ty = 00 if p; = 1) such that Y < 0 fort <ty,and
37,5 > OfOT’t > ty.

Under the CPI rule Ry = PTcpip + Pi, there exists a level of persistence p*such that for p, < p*, 7tepis > 0 for all t. For p > p*,
there exists tcpy (tcpp = o0 if pa = 1) such that 7tep;y < 0 for t < tcpy, and 7tepip > 0 for t > tepy.

Under the alternative rule Ry = P Tncpit OF Ry = PTcpi, the response of the output gap and both inflation indices at t are simply

shifted up proportionally to pt#5. Normalizing shocks such that # = —1 (equal impact of sectoral shocks on efficient output), we
have that for t < ty (t > ty) and CPI targeting the output gap will be higher (lower) following a shock in a luxury sector rather
than in a necessity sector. In addition, for high enough persistence the output gap will be negative under CPI targeting following a
shock in a necessity sector.

Proof. We now prove each of the items in Proposition C1:

Dynamics of the N/ wedge.

Rewriting NH; = —A Y, pt 51y ﬁAA,qus + Apy, with Ay = pf Ay we have:

1 N

_ — — E_ — - f
NH = s ((R=pa) (1= pa) po — (R—p=) (L= p—) p’) Anp.

(R—pa)(1-

Define t* = In (%) /In (5—1) For t < t*, N'H; has same sign as Apy, and for t > t¥, NH; same sign as —Apyp. Fora

transitory shock t* = 0, while for a permanent shock +* = co.

We now derive the evolution of inflation (CPI and MCPI) and the output gap under some particular interest rules.

5 .
Case Rt = ¢7tycpip + 7.

The system of equations becomes:

ancpi,t = Rk + IE"1.‘7-‘-'mcpi,t+lr

Edipn = =0 (‘ancpi,t - ]Etnmcpi,t—i—l) .

The eigenvalues of the system are:

R R+ Ro+ 1% 1/ (R+ Reo —1)? — 4Rxo (¢ — 1)
+ = .
2

For ¢ > 1, the eigenvalues are larger than 1 in modulus, we therefore have 77, s = Vs = 0 for all t. The evolution of CPI is then

Rncpi,t = R)\NHt + ]Etncpi,tJrl/

RA
Pt — pa) (H— — Pa

TCepip = ( ) ((1 _pll)prtz - (1 - V—) nut—) AA,O'

We have that 7.0 has the same sign as A, ¢ (positive for a shock in a necessity sector, negative for a shock in a luxury sector).

In addition, define t* = In (

(A—p-)
(1—pa)

) /In ({Z—j), for t < t*, 71.p;+ has same sign as AA,O and for t > t*, 71.; + has the same sign as

—Ap . For transitory shock t* = 0, for a permanent shock +* = co.

Case Rt = ¢p7rpir + 7.

The system of equations becomes:

Rncpi,t = RxY; + RANH; + lEtnCpi,t+ll

EVipn—de=0 (477rcpi,t - ]Etnmei,t+1) .

In that case, we have:

epit = (nt — PHI;?V — Pa) { (1 (A - PIZ;{((TK) - Pu>> (1= pa)pa - (1 (A - HR;)“(TZ) - V)) =) Vt_} Aso.

Vi=—

5 RAc¢p (1 —pa) (R—pa) t (I—p)(R=p=) 4\ 3
(14 —pa) (M= — pa) {<A+ —pa) (A —pa) T O ) (A - u)y‘} Aao



RA
Pt —Pa) (H— — Pa

s decreasing in x. From this we deduce that ) initially has the same sign as —A, o (for

Tlepit — Tlmepit = ( ) (1= pa) og—(1—p-) ‘“t—) App.

(=) (R—x)
(p—x)(p——x)

o gk (R—p)(A=p—) (Ay—pa)(A_—pa) Pa % . . ~
t<t:=t'=1In ( "=po)(1=p) (A+—y,)()\,—y,)) /In (V— )) then for t > t* has the same sign as A (for a transitory shock);

has the same sign as A o for t > 0, for a permanent shock, J; has the same sign of —Ap ¢ for all #). This implies that the output
gap is always negative on impact in response to a negative shock in the necessity sector, positive for a shock in a luxury sector.
The response of CPI is more ambiguous and depends on the persistence of the shock. There exist a persistence 0 < v =

R+Rio+1—+/(R+Rko—1)*+4Rke + _ R+RA+1—+/(R+RA—1)2+4RA
2 <p < 2

Apy. In that case, Ttepit and the output gap initially move in opposite direction. If p, > p*, initially cpi inflation has the same sign

Note that the fraction

= p— such that for p; < p*, 71.p;; always has the same sign as

as —Ap o and then switches sign (keeping the sign of —Ay g if p, = 1). In that case, Ttepir and the output gap initially co-move. To

see this consider the polynomial P(x) = ((1 —x) (R —x) — Rkox) (1 —x) — (AL —x) (A~ —x) (1 - M;%) (1—p-).
It is a third order polynomial with a negative dominant term. It is direct to check that P(x) > 0forx < v, P(u—) =0,P(1) =0
and P’'(y—) = 0. This implies P(x) > 0 for x € [0,p*] U [u—,1], P(x) < 0 for x € [p*, u—] withv < p* < u_. Inspecting the
formula for 71, then gives the result. In the extreme case where ¢ — oo, we have 7 p;; = 0, Vi=— %N’ H;: stabilizing CPI
inflation comes at the cost of distorting the output gap. Finally, since by Proposition 1 7 p; s — 7ycpi + is independent of monetary
policy, we have as in the previous case that for a negative shock in a necessity sector, 7.y; ; is initially higher than 77,¢; + and then

lower and the opposite is true for a negative shock in a luxury sector.
Case R; = PTCncpi e
The system of equations becomes:
ancpi,t = Re)r + Etnmcpi,t-&-l/

Et Vi1 — Vi = 0, (‘ancpi,t — Tlmcpip+1 — ?;K) :
In that case, we have:

o Rxo o
mepit = (s — pa) (e —pa) Y
Y o (R—pa) tax
Vi = 7q.
YT s — o) (i —pa)

The response is as in the standard model with 71, s and Yt both increasing in response to a negative shock (sectoral or aggre-
gate) and increase is smaller the stronger the Taylor rule. In addition

RA Rxo
H+ = Pa) (= = pa H+ = Pa) (H= = pa)
Ttepit increases relatively more than 7,,cp; ¢ for t <t* =1In ((17” *)> /ln (ﬁ—i) , (less for t > t*) for a negative shock in a necessity

(1—pa)
sector, relatively less for a negative shock in a luxury sector.

Tepis = | )((1—pa)p£— (1—V—)Vt—)AA,0+( 0475

Case R; = PTTepi -

The system of equations becomes:
Rﬂcpi,t = RKJN})} + RANH; + ]Etncpi,t+lz

Et Vi1 — Vb = OB (¢7epip — Tmepip+1 — 7t -

We have:
o RA B Rxo¢ B - B Rxo¢ B ¢ A
o = G e A T o) 0P (1 G ey ) A s
Rxo fox
=+ pu70/
(A+_Pa)(/\—_Pa)
v RAG¢ (1—pa) (R—pa) t (I-—p)R=—p=) 4+ 2 o (R —pa) tpx
= T =0 G —pa) {w—pam—pa) g <A+—y><A—u>“—}A“+ (s —pa) (A —pa) PO

Using the results of the previous cases, we can directly see that following a negative shock in a necessity sector, the output gap
is lower under targeting than under MCPI targeting. In addition, if we compare the response of a negative shock in a luxury

sector and a necessity sector which have the same impact on efficient output ()} = HL“ Y (wa?el + 51) Aj;), the output gap is

relatively lower in response to the shock in the necessity sector. If the shock is sufficiently persistent the output gap is negative
in response to a shock in a necessity sector (as 7; — 0 when p; — 1). [J



D Calibration procedure and numerical details

D.1 Calibration procedure
Non-homothetic preferences

To calibrate the non-homothetic CES preferences we use the LCF survey, which is the most comprehensive
survey on household spending in the UK. Each member of the household keeps a detailed spending diary
for a period of two weeks, while expenditure information on bigger items (like cars, vacations, housing etc.)
are collected during interviews with the household head. We map these highly disaggregated consumption
data into the standard 3-digit COICOP categories using a mapping table provided by the ONS. Aggregating
these to the COICOP division level forms the basis of our definition of sectors for the UK economy:.

We exclude housing costs from household expenditures by redefining the relevant consumption cat-

egory (COICOP4) to only include expenditure on Electricity, Gas and Other Fuels.> Furthermore, we
exclude the following four sectors from our model: Alcohol & Tobacco, Health, Communication and Ed-
ucation. Health and Education are largely publicly provided in the UK, and only a very small fraction of
households report any private spending in these sectors. The other two sectors account for a small bud-
get share so overall we still capture the vast majority of private expenditure, with the notable exception of
housing.*

We construct household-specific price indices using the observed consumption shares in the 3-digit
subcategories of each COICOP group so that In Py (i) = Ycpm, Smkt(i) In Py i ;. Whenever indices of 3-
digit COICOP categories are not available (only occurring before 2015 and for a small subset of categories),
we use the 2-digit price index of the corresponding group. To guard against any potential endogeneity of
prices (similarly to what is done in ?) we construct Hausman-type price instruments by using the shares of
all other households in the same region and for any given sector. To instrument for total expenditure we
use log disposable income as well as the expenditure quintile of the household.

We impose that the individual parameter shifters take the following form:

k
InV;y = xiBr +v;,
where x; are household demographic characteristics, and v} is an idiosyncratic and time invariant prefer-

ence shifter that satisfies IE [vi‘ x;] = 0. The specific demographic controls include the size of the household
(1,2 + adults), number of children (0, 14 ) and the age of the household head (18 — 37,38 — 50,51 — 64, 65+).
Note that since households are surveyed at different points during the year, we also include quarter dum-
mies to allow for potential seasonal effects in the consumption of different goods. The table below shows
the results across a different set of specifications, with the first column showing our baseline version. For
all estimates in this table, we use Clothing as the base sector and assume an elasticity of substitution equal
to 0.1. We conduct different robustness checks to show that our results do not qualitatively change with
the specific assumptions made in the baseline. The other columns show in turn the GMM results from win-
sorizing the data, adding regional controls (there are 12 regions in the UK) and expanding the sample to
include all years available. For the winsorized sample we mark the households that are in the bottom or top
2% of expenditure shares in each of the eight COICOP categories and then drop them from the estimation.
The GMM results are quite robust to outliers so the exact cut-off does not matter much. Note also that in
specification 4 we add year dummies on top of the quarter dummies that are present in all specifications.
We have also run other robustness checks where we use different instruments or weight the observations
by household expenditure and qualitatively the results are unchanged.

3Note that these are not the only direct expenditure on energy as households who own vehicles will also spend on diesel and
petrol, included in the Transport category.

“The correlation between the three different measures of total expenditure (i.e. the original variable, excluding housing and
excluding housing plus the four sectors) is always greater than 0.966.
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Food 050 046 0.49 0.37
(0.02) (0.02) (0.02)  (0.00)
Electricity & Gas 052 047 051 0.30
(0.02) (0.02) (0.02)  (0.00)
Furniture 121  1.12 1.19 1.20
(0.05) (0.05) (0.05) (0.01)
Transport 090 089 088 1.10
(0.04) (0.04) (0.04) (0.01)
Recreation 123 1.15 1.20 1.11

(0.05)  (0.04) (0.04)  (0.01)

Restaurants & Hotels 0.98 097 0.96 0.99
0.04) (0.04) (0.03) (0.01)

Miscellaneous 086 082 084 0.90
0.03) (0.03) (0.03) (0.01)
N 3,164 2,815 3,164 56,538

These estimates allows us in turn to construct the marginal budget share d.¢;(i) = 7 + (1 — 17)%, where
{(i) is the household specific ‘average’ non-homotheticity measure given by (i) = Y s¢(i)Zx. This implies
that richer households that spend more on luxury goods will have a higher ((i). These preferences also
imply that the compensated price elasticities take the following form:

P (i) = {—;7 (1-s(i) ifk=1L

Elasticity of Substitution Parameter. We set the elasticity of substitution parameter equal to 0.1, following
the ? estimation for their 10-sector model. Here we show that increasing the value of 7 worsens the fit of
the model, as measured by the criterion function of the GMM procedure. Figure 8 plots the criterion value
as we vary the value of the elasticity parameter between 0.05 and 0.9. Regardless which of the sectors we

choose as the base, the fit of the model worsens with higher values of 7. °

Figure Al. Criterion Value for different values of the elasticity parameter.
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Notes: Each panel plots the minimized criterion function for the same GMM procedure for a given base sector.

Finally, figure A2 shows that the estimated preferences reproduce reasonably well the non-homotheticities
observed in the data. In particular, we plot each category’s budget share against total household expen-
diture. The data are binned in 20 equally sized groups by total expenditure, and each dot represents the

>Note that we do not estimate the parameter 7 jointly with the {’s because as the figure shows the estimation would demand
an 7 that goes to zero and so the procedure is not well behaved.



average budget share in that bin. In blue we have the observed budget shares while the red dots represent
the fitted budget shares, and they align quite well for almost all sectors.

Figure A2. Actual vs. Predicted budget shares by household total expenditure.
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Input-Output. To calibrate the parameters relating to the IO part of the model, we use the tables of inter-
mediate input consumption provided by the ONS. These tables of input flows are constructed based on the
CPA classification that defines 105 industries/products and which are different from the COICOP classifi-
cation that we use in our model. To bridge this gap, we construct a mapping between the CPA classification
and the COICOP one starting from the most disaggregated list of product classification (CPC10) of which
there are more than 2000 products, although only 832 are for final consumption. The mapping consists in
two steps. The first is to use the CPC10 to COICOP tables and assign weights to each product using the CPI
weights available from ONS data. For example, if there are four CPC10 goods for a given COICOP category
(we use the most disaggregated one for which we observe consumption weights) that has a weight of 1,
each good will receive a weight of 0.25. Also note that the vast majority of CPC10 goods (more than 80%)
map to a single COICOP category. Another 12% maps to two categories and only less than 5% maps to 3-5
COICOP categories.

Similarly in the other direction, we map the COICOP10 consumption goods to the CPA industry def-
initions using the concordance tables available from the UN’s Statistics Division. ® Unsurprisingly, the
mapping of consumption goods to industries contains fewer one-to-one cases than with COICOP. Nonethe-
less, about 60% of goods only map to one or two CPA industries and another 30% map to 3 or 4.

Closed economy adjustment. The intermediate consumption tables provided by the ONS do not specify
the share of inputs produced domestically vs what is imported. In our closed-economy world it must be
the case that final demand (private consumption) plus intermediate consumption equals to total domestic
output [PY]. To make this identity hold when we calibrate the model to the real-world data we adjust the
vector of domestic total outputs with weights {a1, a3, ..., ax} such that the following holds

[PCli + T[]y = D [a] [PY];,
where the matrix T gives the flow of intermediate inputs and specifically T; ; is the amount of product i
used in industry j. 7 This correction imposes that all production is done domestically (while not distort-

®Note that this has to be done in a few steps that consists of the following chain of mapping CPC10 — ISIC3 — ISIC3.1 —
ISIC4 — NACE2. That final classification contains 626 categories that can be aggregated to the 105 sectors used in the UK’s 10
tables.

7Note that in terms of the () matrix one can write the flow matrix as T = (D [PY] Q)".



Figure A3. Sectoral prices.
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ing the input mix used by different industries as given by T) and hence sectors in which the UK imports
(exports) a lot will have a higher (lower) adjustment factor «.

The table below shows the IO matrix () for the eights sectors in our model. As is standard, we observe
that sectors mostly tend to use goods produced by their own sector and so the diagonal entries dominate.

D.2 2022 experiment: details

In this section, we describe the details of the 2022 experiment presented in Sections 4 and 5. Our goal is to
feed into the model shocks to the Food and Electricity & Gas sectors resulting from the invasion of Ukraine
in the first quarter of 2022. We model these as one-time, unexpected shocks, with the full time paths of
productivity in the two sectors revealed in the initial quarter.

We recover the shocks using the sectoral New Keynesian Phillips Curves (NKPCs) in terms of marginal
cost, as presented in Appendix A.5.1. Specifically, we input time series for sectoral prices (P, for k =
1,...,K) and nominal wages (W;) into the sectoral NKPCs for the two sectors —accounting for input-output

linkages— and then recover the corresponding time paths for productivity (Ay,). Sectoral price inflation
data are provided by the Consumer Price Index series of the ONS, and are shown in Figure A3. Nominal
wages are measured as the average labor compensation per hour worked. All data are measured over the
period 2022q2:2024q3 and normalized relative to 2021q1.

Having backed out the productivity shocks, we smooth using a one-year moving average filter and
extrapolate them five years beyond 2024q3, assuming a decay rate of 30 percent per quarter, i.e. assuming
Ak,tﬂ = 0.7Ak,t for t > 202443. The productivity paths are then fed into the model under the assumption
that they are fully revealed in 2022Q2.



E Additional numerical results

E.1 Model without heterogeneity in price stickiness and markups, and without I-O
linkages

The baseline model includes various features other than non-homotheticities. In this appendix we study
their quantitative importance. First, we shut down sectoral heterogeneity in prices stickiness and steady-
state markups, as well as Input-Output linkages. Concretely, we achieve this by targeting in the calibration
the (unweighted) average markup across sectors, setting all Calvo parameters equal to the average across
sectors, and by setting intermediate input shares to zero.

Figure A4 shows impulse responses under a Taylor rule, with the aforementioned features shut down.
As shown by the figure, we preserve the key result that the output gap declines in the two necessity sectors:
Food and Electricity & Gas. In sector Transport, the output gap now increases. The increase observed in the
baseline model is thus driven by the features that we shut down in this appendix. This is consistent with
the fact that Transport is neither a luxury nor a necessity sector (the luxury index equals zero for this sector).

Overall these results underscore the importance of non-homotheticities and show that our main results
in the baseline model are not driven by sectoral heterogeneity in price setting, markups and I-O linkages.

Figure A4. Responses in the baseline model, but without heterogeneity in prices stickiness and steady-state
markups across sectors, and without Input-Output linkages.
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Next, we study the wedges quantitatively. Figure A5 plots the baseline model. We observe that the N'H
wedge increases following negative shocks productivity shocks in the sectors Food and Electricity & Gas,
and decreases following shocks to Clothing, Furniture, Recreation, and Restaurants & Hotels. We also observe
that the movements tend to be relatively transitory. Finally, we observe that the relative price wedge P
plays a quantitatively important role as well. Recall that this wedge enters the NKPC with a negative sign.
The negative of the wedge increases for following negative shocks to Food, Clothing, Electricity & Gas and



Transport as these are sectors with relatively flexible prices. For the remaining sectoral shocks, the negative
of the wedge falls (on impact). From Table 4 in the main text it can be seen luxury sectors tend to have
stickier prices. Thus, the N'H and the P wedge tend to reinforce each other, although there are exceptions
(e.g. Clothing shocks).

Figure A6 shows the wedges for the baseline model, but without heterogeneity in Calvo probabilities
and without I-O linkages. In this model version, the weighted relative price wedge is zero. The movements
in the N'H wedge is qualitatively similar to the baseline model.

Figure A5. Responses of the wedges in the baseline model.
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E.2 Implementing optimal policy with a Taylor rule plus guidance

We now explore quantitatively the optimal policy responses to various sectoral shocks, and study to what
extent the optimal policy response to shocks in sectors like Food or Electricity & Gas is indeed relatively
loose, compared to a typical policy rule R; = PTicpis (With ¢ = 1.5) and compared to the optimal response
to other shocks. In order to make this comparison quantitatively, we exploit the fact that one can always
implement the optimal interest rate path {R;}{° as a rule Ry = ¢7r.yi¢ + uf where {uf}% is a specific
time path for the deviation from the rule (“optimal guidance”), announced when the productivity shock
initially hits. We simulate the model both under such an interest rate rule and under optimal policy, and
then numerically solve for the guidance path that implements the optimal policy. This path then quantifies
how tight or loose the optimal policy is relative to the simple CPI-based rule. In Appendix E.2 we provide
the details of this procedure.

Guidance is defined as a series of interest rate rule residuals, {uﬁs}:’:o, where uﬁs = Rips — PTTrys.
These residuals are announced at the moment a certain shock hits (this could be e.g. a sectoral or aggregate
productivity shock). The guidance may vary across shocks.

Our goal is to solve for the guidance which, for a certain shock, implements the optimal policy. Let
IRFpp be a column vector containing the Impulse Response Function (IRF) of some variable under optimal



monetary policy, IRFrg the IRF under a Taylor rule, and IRFyp() be the IRF to a purely transitory, unit
5—-1

news shock to the Taylor rule, hitting at date s and announced at date 0. We want to solve for {uf, }s:O

such that

S
IRFop = IRFrR + uﬁ_s Z IRFMP(S) = IRFrR + IRF p1pu
s=0
where S is a truncation date, IRFyp is an S x S matrix containing the IRFs to the monetary policy shocks
on its columns, and u#® is a column vector containing the guidance. We solve for the guidance vector as:

u® = IRF,, (IRFop — IRFrR) .

In our implementation, we use the IRF of CPI inflation to aggregate and sector-level shocks. We set the
truncation horizon to 75 quarters. We verify ex post that the IRFs of variables are close to identical under
optimal policy and the interest rate rule plus guidance.

The left panel in Figure A7 plots the optimal guidance for the aggregate and sectoral productivity shocks
in the full model. In line with the analytical results, optimal policy is initially significantly looser than the
rule following a negative necessity shock. Following negative shocks to luxuries, the optimal policy is also
initially looser than the rule, but less so than following necessity shocks. We thus find that the sectoral
source of the shock indeed has significant quantitative consequences for optimal policy, in line with the
analytical results.®

How important are redistributive motives in driving the optimal policy? In the right panel of Figure
A7 we shut down the redistributive motives of monetary policy. Qualitatively, the results are unchanged,
in the sense that the optimal policy response to negative necessity shocks is significantly looser than the
response to luxury shocks. Quantitatively however, the monetary policy response is tighter without the
redistribution motive. Intuitively this motive pushes towards a front-loaded accommodative (i.e. looser)
policy for all shocks, as this helps to redistribute towards poorer households, who tend to be more heavily
affected in utility terms.

8Consistent with the quantitative results in the previous section, we find that negative shocks to Transport (neither a necessity
nor a luxury) call for a relatively loose optimal policy, which is again due to the low degree of price rigidity in this sector and
the position of this sector in the I-O matrix. Appendix E.1 repeats the exercise shutting down I-O linkages and heterogeneity in
price rigidity. In this case, the optimal policy response to a transport shock is similar to the response to an aggregate productivity
shock, i.e. much less loose.



Figure A6. Responses of the wedges in the baseline model, but without heterogeneity in prices stickiness
and steady-state markups across sectors, and without Input-Output linkages.
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Figure A7. Optimal policy relative to Taylor rule.
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E.3 2022 experiment: additional results

In this section, we present additional numerical results to explore the distributional motive of monetary
policy. To this end, we consider several variations on the 2022 experiment presented in Section 5.

In the first variation, we compare outcomes under optimal policy without a distributional motive to
outcomes under optimal monetary policy that includes a distributional motive, but without any steady-
state wealth. The latter is achieved by simply setting b(i) = 0 for any household i in the calibration. Figure
A8 shows that outcomes are quite similar. This implies that the distributional motive of monetary policy is
implemented mostly via wealth distributions (as opposed to, e.g., changes in relative prices).

Figure A8. 2022 experiment: variation 1

productivity (shocks) CPl inflation (annualized)

or 0.08¢
[r—
- = ~ ~ -
01F — ———— - 0.06
s, 0.04}
(2 F .
% 02 — — A:Food Rd
a — - — - A Electricity & Gas R4 0.02f
803 R4
e 0
0 \~\ 7 \\/
- 4 F
‘~. R4 20.02}
~- ~. '/
05 L ] L i -0.04 L L L i
2022 2022.5 2023 2023.5 2024 2022 2022.5 2023 20235 2024
1 10 Ygap 008" Nominal interest rate (annualized)
05f /\ 0.06}
0 / 0.041
j 2]
05} € 0.02
o
o
1t 8 0
a5} 0.02 M
-2 -0.04
25 : : : ' -0.06 : : : :
2022 2022.5 2023 2023.5 2024 2022 2022.5 2023 20235 2024

Optimal Policy - dist motive but no wealth
Optimal Policy - wealth but no dist motive

In the second variation, shown in Figure A9, we consider outcomes under fully optimal policy (including
the distributional motive) in the baseline versus a version in which we shut down any heterogeneity in con-
sumption baskets, but preserve non-homotheticities. This is achieved by setting the regular and marginal

budget shares equal to their aggregate counterparts (formally: s (i) = 5 and d.ex(i) = 9d,ex). The simulated
paths turn out to be very similar, which implies that while non-homotheticities are important, heterogene-
ity in consumption baskets itself has limited implications for optimal policy. Intuitively, the central bank
has only one instrument, which makes it difficult to manipulate relative sectoral prices.

In the third variation, we compare optimal policy (with and without a distributional motive) in the baseline
model to optimal policy (with a distributional motive) in a version of the model without Hand-to-Mouth
(HtM) households. Figure A10 shows thatdexcept for the initial period of the shockathe latter version
is quite similar to the baseline without a distributional motive. This implies that HtM households are
important in shaping the distributional motive of monetary policy. Intuitively, large fluctuations in interest
rates create large fluctuations in interest expenses (or income) among HtM households, which is especially
costly for them. Optimal policy therefore has a motive to avoid interest rate volatility.



Figure A9. 2022 experiment: variation 2
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Figure A10. 2022 experiment: variation 3
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F Optimal Policy

This section of the Appendix presents the derivations for the optimal policy results. Subsection F.1 provides the solution to the Ramsey problem of optimally setting the
interest rates under commitment. With these results at hand, we then present in subsection F.2 the proofs to the analytical results for optimal policy which are given by
Proposition 4, 5 and 6 in the main text. Finally, in subsection F.3 we derive the second-order approximation of the loss function, and conclude by showing that the initial
steady state is efficient.

E1 Optimal policy: derivations

As noted in the main text, the Central Bank (CB) values the utility of households according to the social welfare function WV defined as:

(1-0o /G i) di+ 0Eq } B /G(vfo (i), 1) di.
:o .

Here, a superscript to denotes the birth date of a cohort (within a household type i) and a superscript  denotes cohorts born before t = 0.° The value of a cohort ¢ in
type i is given by:

[e9) Tlt M () TltO'HtM(i)

. . . . t HtM HtM £
Vo (i) = Eyy ) ((1-6) p)° { (1-9(0)) [ (s ()l () = x ( 50 ) +¢(0) [ (it ()it () — x (;()) ] } ,
s=0

and note that within each cohort/ typea fraction ¢ (i) is HtM, and recall that non-HtM households are denoted by a superscript 1. The value of pre-existing cohorts, V_ (i),
is defined analogously. The CB maximizes VV under the following set of constraints (for any i, j, k, ¢, to):

¢ Optimality of intratemporal consumption decisions:

Py = </ Pk,t(j)lekdj) T ,
v; (6’:0 (i)/Pt) = u; (CT (efoh( ), Pt) -/ CK (Efoh (i), Pt))

for h € {u, HtM}. Here, c} is the solution of the consumption problem defined in the previous sections.

¢ Optimality of labor supply decisions, for h € {u, HtM}:

to g -
/ nto, (Z) 1 . 0r .
X ( 6 ) a0 = Wi (ef f (1),Pt).

¢ Optimality of intertemporal expenditure decisions for non-HtM households (Euler equation and budget constraint):
000; ¢ (eio,u (i) /Pt) = B(1 - 0)R{E; [aevi,t+l (eﬁl{ (i) /Ptﬂ ,

b (i)

7, = bfo’”(i) + nio’ YW + ng )Divyy — eto’ (i),

with b0 (i) = p>"™ (i) = <1+zl (P“O P7>> b(i).

Note that it would be equivalent - to a first order approximation — to differentiate households born before tj according to their date of birth, that is consider the social
welfare function W = 8o Y57 o B [ G (V' (i), i) di.



* HtM consumption:

1 .
(g, = 1) B ) = oM)W+ F (D — M ),
k

¢ Optimal Price resetting:

°° P

ol k,t * .

E; Z B0} <P ) Yiivs <Pk,t(]) -
s=0 kt+s

where the aggregate demand for varieties is defined in the previous section.

€
(1= WMCeal()) =

¢ Labor market clearing:

—
)~y

-0/t ([ a- gm0+ @m ™ @ai) +5 Y- -6/ ([a-g0) *°“<>+¢<>*OHtM<i>di)=:lek<Pt,wt>/(P’““’

dj.
to=0 Ak,t

The firm’s optimal choice of input, the market clearing conditions for intermediate goods and consumption goods, and the government budget constraint will be used
implicitly.

We denote by [E;; (X?) = (1-06)"! X, +0 Ziozo (1—08)f Xfo the inter-generational average of variable Xto at t. We further denote by Z; and fi;; the Lagrange

multipliers on the labor market clearing constraint and optimal price setting constraints, and by A% (i), {{* (i),{} HIM () & (i) and Rl (i), the Lagrange multipliers on

the Euler equation of unconstrained households ( A!° (i)), on the optimality of labor supply decisions ({{** (i), {1 HIM (1)) and on the budget constraints of households
(&} (i) for unconstrained households and R[° (i) for HtM households). The Lagrangian of the optimal policy problem is:

(1-6 /E dz+5IEOZ[3t0/G (Vh (i), i) di
+IEot:ZOﬁ*JE5,t /(1—¢<i>>aevt,z~ (e (i), P) (A () = ReaAp, (i) i

o0 to,u tg,HtM
+E0 L s [ (1= () () (wtagvt,i (e (), 1) = (”fﬂ(i(;)> ()>d +1E02[5]E5t [o® f°HfM<><wtang(et°H’*M<> Pr) X (()) 1.) di

0 to,u
+1E025HEM/(1—¢(1'))5¢§0(z’)(b”Rl() (b“’”()+ 2 Wt+zgk i)Divy — e} (z’)))di
t=0 t

+Eogﬁtﬁé’t/&:0 (i) ¢ (i) ((Rt )bto HtM(Z) (n:o,HtM W, +ng i)Divy; _eto HtM( )>>

1
#3210 ([ = p )0+ 0 @ M0a) +0 12 (=0 ([ (1= 9 @) ")+ 0P M) 3 Ny ) [y

tg=0
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First-order conditions

Let us consider a steady state in which the CB targets zero inflation (and all goods prices and wages are constant), setting R; = 1/f. Recall also that we normalized Ay ; = 1
and that we assumed that elasticities of substitution across varieties are equal for households and intermediate input producers (equal to ;). In such a steady state, wealth,



expenditure and labor supply of households is Constant across time and identical for unconstrained and HtM households of the same type i. We first show that, given the
presence of a subsidy undoing markups, (1 Tk) =1, and the first assumption on the social welfare function, G’ (V;, (i),i)d.v (i) = 1, this steady state is efficient. We
10

do so by first showing that the first-order condltlons to the optimal policy problem hold at the steady state.

end of the subsection) that fiy; = Z; = ;0 "= )1;0 in steady state. After doing so, we perturb the first-order conditions around the steady state, in order to solve for the

optimal dynamics.

To streamline the derivation, we use the fact (shown at the
* First-order conditions for bf”'” (i):

= & (i) = & (i)
where the second line gives the necessary optimality condition in a steady state with constant prices and R; = 1/8.

¢ First-order conditions for the interest rate, R; :

sz ([ - 900 (dcvriss (e85 0, P) i)~y ([ (19 () () 2 0a) ~ s ([ 00800 o fg’HtM(z’)di):o

= s ([ A= ()1 ()3 e 1), >dz)—Iﬂa,t(/<1—sv<i>>&t°<>b( i) - Eﬁf(/q’ g i) =0

where the second line gives the necessary optimality condition in a steady state with constant prices and R; = 1/ (so wealth is constant across time and generations).

¢ First-order conditions for W;. Denoting Q) = V) k=% Y A the matrix of intermediate shares, we have:

0=Eq [ (1- (i) & <>aevu( (i), Pr) di+ Egy [ 9 (0) 0™ (1) 00y (e (1), Py ) di

K t . —€k
k:Zl (1-m) ; " ks ekef 7 (1= )N (P, Wi) (ps;;i])) Vi
. . P = Ne(Pr, W)Y, . St . = Ne(Pr, W)Y,
B [ (- g ()& () ( (i) - ¢(0) zW) G~ By [¥0 ()00 (niO'HfM<z> — (i) zM)
k k,t k k,t

s [ (=0 @) )+ o (00 )t T [ (%52) " awTis () - M i

— & Zaka Pt,Wt)A : _ g, [Nl(Pt,Wt>Y NK(Pt/Wt)YK] Id— Q) [2 Vip Yi ZayK’k Y,
€k,

Ay T Ax t OW ApY;" ™ — OW ApYk

7

where the change in demand for intermediary in response to a change in wage solves:

~ i €k " i ~€k ~
owYs =Y owVik(Pt, Wt)/(pk];t(])> djYer + Y V(P Wt)/ (pkpt(])> djow Yyt
k k '

k,t k,t

We use the market clearing condition for intermediary and the optimal input demand from firms to obtain the expression on the last line. Using the fact that

OWhen we derive the loss function, we also show that the second-order conditions are satisfied.



(1- Tk) Lr =1, we can use:

pis )\ . . € "
( I; ) Vit (pk,t(]) ] f 1 (1= ) MCip45(j )) =0 Vk
kot k

[WN1(P, W)Y, ..., WNg(P,W)Yx] (Id — Q)~! = [PiYy, ..., PYk],

0V k

Wiow N (P, W) + ):Pl =0 Vk

In addition, we define ji; + which constrains the growth rate of sectoral inflation:

v 0 r e ™ € MC * . —€x
Pkt = 7 7k9k Y (1—06)00)" "y Y B —F - (1-7) k(") (Pk,t(] )) ’

=0 s—0 €k — Pt (j*) Prits

and note that around our steady steady state:

.o Bk €k . g _ T—t -
PRt = = g (1= Bog) & - 1(1 k) tg)((l 6)0k)" " fie
T
=5 D (=08 s

Using this, we rewrite the first order condition as:

K
0 =Egs [ (1= ()5 () 00l + Eyr [ 9 (6) S (1) 00 ™ i = Y- Ay Ni(Pr, Wh)
k=1

~Essf [ (1= ()& (i) (n(z') ~ () ZNk(Ps wtm,t) di— By [ (1) 9 () (n(z‘) ~ () ZNk(Ps wtm,t) i
k

k
Using the fact that ¢(i) = n(i) /N, the steady state equation is:

K
0= Eyy / (1= (i) & (i) evydi +1E5t/qo M (1) pvydi — Y Agfig s Nic(Pr, Wh).
k=1
First order conditions with respect to labor supply, nf“’ (i) and, nt“ HtM( ):
1 () deop = i (i) {& — & (1) — G (Viy (D))ol },

= " (i) 00v; = yn(i {Et—ﬁctf’(i)—l}.

io,HtM (z) 9,0 HtM do to HtM {E el (Vtg ( )) HtM,to} )

ti
= [l HtM (; )aevi = yn(i) {dt — R (i) — 1} ’

to,u fo . tot /.
where we used the definition ¢ = x’ <”t (i§1)> / ( ntﬂ (igl) X" (nt ﬁ(igl) )) and the optimality of labor supply decisions. The second and fourth line are the steady state

equations.



* First order condition with respect to expenditure of the non-HtM, e}’ (1)
G(wm>>¢#%+(A()—Rﬁzanaaﬁm+a<>m¢w“°
Z/ (Pl;);t ) (Pt (j) = MCiy) djdi’ (decrs + e Vit

- K WNL(PL W AN Y
_th : k : t)/<p§;;(t])> d](aeck/t+aeyk't):0

vl ()~ [ (- (1) (1) + 9 (1) &

With some abuse of notation, 9, Yy is the Gateaux derivative (keeping prices fixed) of demand for intermediary output with respect to a change in eto’ ( /). Note that
= 1 and the adjustment of the lump sum tax to express the total change in dividends. We have, denoting Ql k= Vii/ A (p Kl )> :
T
V(P W N\ Yk (P,W N\ *
Lk (P, W) / (Pk(]) > djdecs, Y K,ki‘k ) / <Pl;)§(]) ) didcy

oY1, 3. Y| = (1d — O)!
(0.1 4 ( Q) [; AL B, :

— (14— Q)"0 [Aect, s eck]”

we use (1 — 1) == =

Using the fact that variety prices are equal in steady state, we have
K : AN € K
WN(P,W ko o
k( ) / (pk(])> d] (aeck + aeYk) = E Pkang =1.
k=1

P AT Py
Simplifying we have, in steady state:

1 (AR (1) = RA () Beew + E" (1) Waeew + & (i) — & = 0,
Following the same steps, the first order conditions for the expenditure of HtM households, efﬂM (i), s

G (Viy (i), i)2e" HtM to plo )WtaeethMto + o (4) — Eé,t/ ((l —o () &L () + o (") R} ):/ <Pl};t ) (Prt(j) — MCyy) dj (deck s + 0 Yy ) di
k
o & WiNL (P, Wy) G)\ .
H k(Pr, Wi Prt\ ;
— 5 - dj (QeCkt +0e Vi) =0,
Z Aekt / ( Pk,t ) ] ( eClt e k,t)

0.

and in steady state simplifies to:
1+ 0 (i) Woeew + X2 (i) — &

Finally, consider the first order conditions for a compensated change in resetted prices p; ,(j*) (That is, each household receives a transfer in period t +s, s > 0 which
cancels the income effect of the price change. Note that we can alternatively consider an uncompensated change in prices, but the terms corresponding to the income

. T .
effects can then be simplified using the first order condition corresponding to the optimality of expenditure of unconstrained and HtM households.)



pi )\
——PiktZﬁsGk(Pkt ) Yitrs + (
k,t+s T=t
K * Sk k
P (G%) Y,
—(1-6 6,.)° & op. N 4 —_—
( k)Z(ﬁ k) Bt (zzi pN < Prrrs ) W
N1Y; NKYK} oV [ Pr(7) oy Vs (PN "y
—(1-06 0,)° & S ey (Id — ey Y ——L 4
(1 =00 1 (80" Eres (Lxms Ak s Q" Z P \ Prres ALY ; P \ Prres A Yx
~ K N (Prys, Wigs) Plits(J - P;t(]*) o I . -
_(1_9k);(.59k) ut+sl; A ]Eo t+s//< Proes > Prerrs I Chpps (1) + 9y (o) Yipes | djdi
o NilPrio Wiss) P '(Pms(ﬂ)_q o
+(1-6 0,)° &y ks Mids) g o 2k 7.7/ : di | Yires
( k>;(‘3 ) s Aeyt oStk Prtys Pk,t+s(]*) Priys Priys I') et
pi G\
(1= 6) X2 (B0%)" B [ =9 (A4 ()= RA_y () + 8% () W] 2eof2t deerd, ( B ) di)
pi G\
~ (1= 00 (B0 Essrs | [ @ () ZE™ (1) Waroll i Mace it ( By ) dz')
S , S
® [ —€k % [k —€x
o to oo | PEAGT) . . L 1 (P ()
+ (1 —6k) 1; BOk)  Es 41 /(1—4’(1))0‘;0 (1) [( Pkt,t+s ) Chtrs (i) — 6 (i) Op(jr) Divy ) —5/ wiii()biii“mdzskp—k ( P;HS
S to pz,t<]*) o . . . .
+ (1 =00 ) (BO)° | —Esrys /(P Reds P 1t Cr,t45 (1) — 6 () 9p(j«) Divy | | di
s=0 s
(1= X (800" [ —0 T (1=0)p)" [ 98T, (2 (iais, Reen =1L (PlT) -
k s=0 k 1u=0 q) t+u+s i+s k Rt+1¢ Pk Pk,tJrs
with
o 21T ((Praes(Y) =14 T
[9pg(e) Vo By o) Vi _(Pk;s (14-0)'Q| [ [oncldidi,... | [ onctdjdi
Pkt+s(j*)>ek <\ 14 1 /(Pk(j)>_€k 1 .
g PhttsV ) Id — 0, ., —€rEj 1 - ~djilY),..0
( Pk,H»s ( Q) Q kKBS, t+ Pk(]*) Pk Pk ] k

Using the fact that variety prices are equal in steady state, we have:
K K
WA, A .
1 / (aka;Z ( ) —l—apk(]-*)Yl) di = ZE P /apkc? (l di=0
=1

1=1 Al,t



: : () . . S\ MCy s
Ip(j+) Divets = 2// (apk(f*)c?,wrs + apk(j*)Yl,tJrs) (W> (Pri+s(j) — MCypys) didj — €k/ <pkt+(])) (1 - kt+)> Yy pysdi

Ppiys Prtys P t+s (7"
—€k s\ \ €k ; s\ \ €k
Pit+s (] Prt+s(7°) Prirs(j)  MCriyps ey . Prt+s(7*)
+e//< ) < ) < _Pkts Yy gidi _ (PreesU) AR
Pe s Prrrs Pe s Petss 1t+sdid] + Yir1s(f) Peris Zl: kL t+s X1 t+s

Recall that we defined jij 1, which constrains the growth rate of sectoral inflation:
T

—%k 3 ((1-6) 00" i

Using the properties of the steady state, we get:

(1—6) 1 . (1—6k) 1_.39k) 1 1. N Tt YV
0= (1= 8)0) dira) — (1—6) Y (B6) A (-0 0 A BT Y
o D, (Fire — (( ) 61) fle—1) — (1 —6) 5 )" PlkTPk p, Mk (1—6) ]gt (BO%) z; "BY, Ay

~ (-0 L (60" Bores (f [0 =00 (103, ) - RA:(;S 1 00) + £ () W] 0 () e 1)+ () 204 (1) W () e (1)
(1= 00) (00" Esse ([ (10 (0)8% 1) o) = ¢ () ELlai ) =5 [ (1= (1) &7 (1) 4° () i

+(1-0) ¥ (B <E5t+s (/288 0) 5 o) - e B ) 052 © e [ 9 0¥ '>b<i>di§k1}k>.

Taking the difference between the equation at ¢t + 1 times B6; and the equation at t we obtain

5 5 5 5 K9, PYyY
(Bitp1 — (L + (1 =6) B)) fuay + (1 = 8) figr—1) = Aiflie — Y ALt ekl T
= Y A

~Es; ('/ (1= (1) (A () = RAL () + 0" ()] 9ev (1) deei (1) + 9 (1) E1™ (1) 9w (1) Dot () di)

B ([ (1= ()& () + 9 (1)) [ex(i) —c () Eddi ) =6 [ [(1— 9 (0)& () + 9 () St T —LRE (1) ) b () disy.
R u:OR

We can now verify that a steady state with R = 1/, constant wages and prices (chosen such that the good markets and labor market clear, recall that this implies that

to, vi‘o,Hi‘I\/I ~ v Xto _
t /\t - 0/

wealth, expenditure and labor supply of households is constant across time and identical for unconstrained and HtM households) and 7, =& = jlgs =



&t (i) = Rt (i) = R (i) = —1 solves the set of first-order conditions'!

~Esy (1= 9 () AP ()0 (¢ (i), P)) — By ((1 — g (i) " (i) b;)) _Ej, (q) (i) R0 () &b <i)) — 0= Ey (’3@) o,

SO (1) v (1) = (i) {Ze — &0 (i) — 1} {TM (1) 0,0 (i) = yn(i) {E — &0 (i) —1} = 0=yn(i) {1 -1} 0=yn(i){1-1},
Ey / (1— ¢ (i) £ (i) dpv (i) di + Ey / ¢ (i) ZoHM (1) 9,0 (i) di — f Al sNi (P, Wi) =0 =0 =0,
k=1

1+ ()1? (i) — RAD (z')) Do (i) + E0M (1) Waer (i) + &0 (i) — & =0=>1-1=0,
1+ 1 (1)) Wageo (i) + RN (i) =B, =0=1—-1=0,
(ﬁﬁk,t+l - (1 + (1 - 5) ,B) ]:Zk,t + (1 - 5) ﬁk,t*l) = /\kﬁk/t = 0 = 0,

~E;, ( [ =9 @) (A ()= R, () + 0" () W] 060 (1) deer (1) + ¢ (1) £ (1) Wao (1) e (1) di) +Es ( J (=@ )a () + 9 () %0 ) [er(i) — ¢ () E di)
—5/ (1= ()& (1) + ¢ () ¥ (1)) b (i) disPe = 0 = s, (/ lex (i) — Ey] di) + 5/b (i) disy P

Differentiating the first-order conditions

We now differentiate the first-order conditions around the steady state constructed in the previous section. Prices are in log-deviation while Lagrange multipliers are in
absolute deviations.

e First order conditions with respect to bfo’” (i):
Lty /s ot . N
& (1) = &2 (i) + R
t—tp—1
= &' (1) + Z Rig+s
s=0
¢ First order conditions for the interest rate

B ([ (1= g A (D 2co ()4 =B ([ (1= 0 )50 () 2 ) + sy ([ o )80 () b (i)
+Eqy (/ (1- (i) Hfl Rtﬁsbg)di)
5=0

¢ First order conditions for W;:

S\ Fot . , N Paw, 5 .z WowNi .\,
0= ]E(;,t/ ((1 — ¢ (i) I (i) + @ (i) oM (l)) 0ev (i) di — Y Ayl s Ni(Pr, Wt) + Zli}viklrkyk (Pre+A) +) X; LY W
k=1 Kl k

Note that to solve the steady state system we only need & — &% = 1 and Z — X' = 1. It’s direct to verify that choosing any values for &, &/, and R0 that satisfy this
would give the same system of differentiated first order conditions.



¢ First-order conditions with respect to labor supply

V(Z)II)A 1 ~to,u _ ) }
= G’(V(l),l) Vfo(l)+a<et (l) ; ()Plt>+z eer ( Plt
1m@{a MWO—V@f%;%”W%m+$<%WU—; mm> Lo nm}
?Hm%>¢va%:¢m»{ér—M%0—‘“25@@;3J>

%awﬁ(&”M@—z UHJ+Z%@ a}

l l
* First-order condition with respect to expenditure. We only need to re-express the impact of individual consumption on profits

* Log linearizing Y [ (p;;);t ) (Prt () —

MCy ;) dj (decy + 9. Yy) we have:

. (]) —€k . ~
A%y [ [pes()) — MCii] (P57 ) dj (9eck + 06 Y) I R . .
(P W ) . - (Pk,f + Ak — On Wi + ZQk,lpl,t> D(P)(1d— Q)"
Ti S [pee() — MCii] (%2 ™ dj (eci + 2. Ta) z

“1(P) [9ey, ..., deex]”

= [0ee1, ..., deex]" (Id — Q)7 [(pk,t + App — QWi — Zﬂk,lpl,tﬂ
1

= —Wi + ) dee; (Ars+ D)
]

So we have:

> Zaeel Plt‘f'(/\ ()_RAE ())aeev()‘f'gtou()waeev(')
!

t—ty—1

+a (i) + Y Reps — i — ( Zaeel (Alt+Plt)> =0,
s=0
V(i> G" (V(l))ll) o ( ; < ’ 1 Plt0> Zaeel Plt+ (AEO (i>_R)‘§071 (1)> aeeU( )+§t014( )Waeev(')
+5€t0 (i)—dt— ( Zaeel Alt+Plt)> =0.
For the expenditure of HtM households:
O D0, ) L (&)= iy 0 ) - e )+ 80 ) W
’ ]

-HQ;O (i)—ét— ( Za e ( (Alt+Plt>> =0




¢ Finally for resetted prices, note that we have:

<Z(,39k) Dive s — Y (B0 0, )DthrlJrs) Z(/ i) ok (i ) dl+a (i)Y )Pz (P + Ay — MCpy)
1

S

Yk Ok
—k — E
+Pk €k (1— B0y (1— 6y (ﬁ”k,tﬂ 7Tk,t) +d kt

Defining ¢y = e %, we obtain:

. . . P 1Y
(Bt er1 — (L4 (1= 6) B)) e + (1 =) flxe—1) = Al — 2/\ Ii‘zll;l kz‘{(ll l

s ( J 1= (A () = RAL, () + 60" () W] aeo (3) dee (1) + 9 (0) £ (0) Waeo (i) dee (i) di)

t—tg—1

+Bs, ([ (0= @8 )+ 9 (VX () o) — ¢ () B i) + Eiy ( [t —c@E4 1 R+> —5 [ (=g (i) & ()b (i) dis
L (-0p)" [9¥ Op@asg +5 T gr [ 9@ g"
WPp N,

7y YW+ Y Eipr (P + Ars) — PeYad (s — Brigssn)
7

iy PP dp Vi m

a Yo (pl,t + Al,t,) + Z
m

I,m 1

Solving the Labor market equation

The next step is to re-write the (infinite number of) linearized conditions, into a system of a limited number of equations and variables. Our first main equation is the
optimality of the wage

u S PW9 W2,
0=Eg, [ ((1- 9 )" () + 9 ()™ (i) Waeo (i )dz—ZAkyk,szﬁzlAV:y”‘ (Pre+ Ay ) +27kakwt

Let us define the first component as Z; = Es; [ ( — (i) ¢4 ZO (1) + ¢ (i ) o HIM (i )) Wo,v (i) di. Substituting out the Lagrange multipliers gives:
. - o G (V (i N g ' . A I Y
Zy = YWNE; — By / yn(i) v ) o ((z) (z; ) Vi, (i) di + Eg / (1— ¢ (i) yWn(i) {a (efg Y Zsl i) P, to) + Zaee, i) By, — &0 (z)}

+ ¢ (i) pWn(i) {(17 (;{OHfM()—Z ) +Zaeel Plt—NU()}di.
l

¥

Our first goal is to solve for &, &' (i) and R[° (i). Using the optimality of household’s expenditure and substituting the £} (i) term




(A () - RAY, (z’))aev(o—ae(i)MVto (i) — oe (i) (; (éig'“ (i) =Y si <>Pu0>+zaez Pzt()) = " (i) Waeo (i) + oe (i) & (i)

1
(A% () = RAR, (1)) 3c0 (i) = (0 (i) + yn (i) (WV ()= ( (éiS'” () =Ls ()P, ) +L2ea B, ))

1

So using, )\t 4 @) =0, 1 )\to (i) — 0, we have:
0= (0e (i) + $Wn (i) (V(G)CZV((V))(”V (i) e (i) (}, (éigf“ ()~ L (0) B, ) + Yo )R )) + (00 i)+ §Wn () 0 (3)
- (1-%) Ce@ +9pWn () L g —ce) (1- 1) L (wtﬁs L0.er () (s + )) ,

a0 (i) = - LOCCV ) g iy (Lo i)~ i) By ) + Lover (1) By
&V ) 7 :

=1 oe (i) 1\ & N 5
+ ZE) WAQto+l+s + Oy + oe (1) + yn (i) (1 - R) Z RS (Wfﬁs Zaf?el (1) (Apt+s + Pl/toﬂ)) :
= =

Similarly for the budget constraint multiplier of HtM agents,

0= (ce (i) +yWn () (WV (i) - (}, <eig HIM () — Y51 (i) B, ) PREICL) ))

1

+ (oe (i) +yWn (i) (R0 (1) — &) — o ( = L3 (1) (A + t>>
RO (i) = — (V (2,((;;((;)(i))‘7to (i) — }7 < pro M ( 251 Pu) +Zae6’l Pu))
Next, define

Ao = ((1-9 @) (AP () = R, (D) 20 (1))

fo

Using the first-order condition for the optimality of expenditure of unconstrained households to substitute (/\t (i) — R)\to 1 (i )) 0.v (i) and the overlapping generation



structure, the evolution of A, is given by:

/~\t+1—(1_5)/~\t:—(1—5){/(1_€0( ) (ce (i) + pWn (i ))dlAutH"'/ (1—¢(i))oe (AWtJrl Zaeel (Al,t+1+pl,t+1))}di
+5/ (1= (i) A1 (i) 90 (i) di.
Next to derive the evolution of [ (1 — ¢ (i)) ALT1 (1) 9.0 (i) di we define

t+1
A= [ (- () (i) di-
The evolution of A; in terms of A? is simply:

A1 —Ar =~ {/ (1 ¢ (i) (ce (i) + pWn (i) didEr +/ (1= (i) oe(i) <AWt+l — ) 0 () A (A +pl,t+l)> } di+ 7 ’ (5/\0
1

t+1-
While using the definition of A (i) from the FOC for expenditure, the evolution of A is given by:

[ = 9@ AL()3w0 (i) di = (e i) + yWn (i) (V(G)fv((v))(”v (i) - (

+ (oe (i) + yWn (i) (&' (i) — &) — oe (i) (Wt — Y 0ee; (i) (Aps + Pl,t)>
]

% (éi'u (i)=Y s (i) Py t> +Zaeel Plt))

1

= [0 9@ e )+ 4Wn () L iy A0

=1 . ~ A .
+/ (1- e (i) 2 RS (AWt+1+s Zaeel () A (Appia4s + Pl,t+1+s)> di
]

- 1 - 1)\ -
0 0
MR T (1 B R) A
Coming back to Z;, and defining a new variable Z which captures the contribution of the unconstrained households to the variable 7, we can write

Zy = pWNEZ; — IEg,t/tan(i)WVtO (i) di

+Ey [(1-g <z‘>>¢Wn<z'>{f,<éig“' -l Pzt0)+zaeel (i) By, — (z)}+qo(i)1/;Wn(i){

I

Zzzt+/¢(i)¢w;1(i) (W( Zaeez Au“’u)))tﬁ

_/ (1— o (i) YWn(i )diétHE,;,t/(1—<p(i))¢Wn(i){}T(égg“ i) Zsl p,t0>+2aee, ) By, — MWO (i) — il (i)}'

The evolution of Z; is given by (using the fact that the second term in the definition of 7y is independent of ¢ ):

S

<A§OHtM()—Z Plt> ):361 )Py — R ()}di,



Zia = (1=8)Zi = (1-0) [ (1- 9 (i) Wn (i) ydinZ;

+5</<1— (1) pWn(idize o+ [ (19 >>an<>{;<@§3“<1‘>—; <>Plt+1>+Zaeez LI ”(j"((zv))())ml(i)—&f*l(i)}).

The second line correspond to the contribution of unconstrained households born at 4+ 1 to ZH. To characterize the dynamics of this term, we define:

B= [ p@) gzt [(1-g >>¢Wn<>{},<ti%” L Pu+1)+zaeez ) Pre — Wmui)—w“(i)}—zﬂ.

the joint evolution of Z; and Z? is given by:

) 1)
~Zi= [ (1= 9 () W (i) gdinZ o + 12520,

Using the definition of 70 1
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7{ - (1—1(5)122?“ =- (1 - ;) /(1—(p(i))1an( )W ( Za er ( (A1t+Plt>> di — <1 - R) Z.
Finally, define
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dzA
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Z? = Z? + A?.
The dynamics of Z; are characterized by the following two equations:

o
1-5

0
Ziy1— 2y = Zii

1 1 _ 1 . . [ (1= (i) Wn (i) pdi YWn(i) . . . ,
A - g grAn Tt <1 R) o (1 - R) /(1 —o(@)oe(i) <f 1= () (0e (i) + Wn () di e (i) + pWn (i)) (Wt - ;aeel 0 (A +P"t)> o

And we can rewrite our original equation characterizing the optimality of the nominal wage as:
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Next, we derive the evolution of A;. The optimality of R; allows us to express A; in terms of the Lagrange multipliers of the budget constraints of unconstrained and HtM



households:

Define ‘
~ o N b (1) NN\ 1 .
Ape =By (1= ()& () 20 ) 4B, (9 ()80 () 20()).
and &fo derived above, the evolution of A, is given by'

- o N b (i
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Using our formulas for &,°
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+6 [ (-9 ET () + 90X () b ()i
The last line gives the contribution of the newborn households, to characterize its evolution, we define:

A= [(= g &L )+ ()RE D) gb ()i~ Ay

The decisions of households born at t in terms of expenditure at ¢ and their change in welfare at ¢ (using Roy’s identity) are given by:
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s=0 '8 k
) 1 Jb(@i) 4 s
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A 1
=Y s ()Py = —0) —— R ( Zaeek > t+s+1>
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1

1-% N . .
+ (Ue((i) mn 1?3\/2(1)) {Zés (17;) (Rets = Tepiprsin) + Wn(i)Wiys — ; (e(i) (sk(i) — 8k) + YWn(i)deex (i) Prpys + Wn (i ; t+s> —b (i );ngkO}
Using these expressions, &! can be rewritten as:
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The evolution of Ah ¢ and Ag ; is therefore characterized by:
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Using the relationship between A; and &4, we obtain:
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And the original wage equation in terms of Z; and Ay ; is
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Solving the Price Setting equation

The second set of main equations are given by the optimality of price setting:

. . . PV 1Y
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As in the previous subsection the goal here is to derive the dynamics of the components of these equation using only a finite number of variables.
First note that we have
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Next, we solve for Ly ; = Es (f [(1 —¢ (i) (/V\:O (i) — R)v\:(ll (1)) + Z;U’” (z)] 0,00,€) (i)), that we can re-express as:
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The resetting equation becomes

(Bl 1 — 14+ (1 =06)B)) fixe + (1 = 0) flgep—1) = Arfigs — 2/\ IZ%W-L t+/(P i) deerypn (i —|—1/JW7’Z ( Zaeez Alt"‘Plt)) di
[ 0 g )2 () { (W 3 (- (g 4 8,)) - 4 O B fi"i)wwii% &

J (1= ¢ (i) deey (i) oe (i) di N\
CJO=¢®) (e <>+¢Wn<>>dz/<—4’<> ( Zaeez (Au+Pz,t>>dz

+u~:5,t(/(<1qo())oc?(z)w(zmiou)[ekog()Ek]dz)5/1 (i) & (i) b (i) disy

‘ Lo R
—0 L (1=)p)" [ o)’ (i) dis S5y ﬁ/q}(z)b(z)d@k L
u=0 u=0

R - WP.0 N ~ R -
+) Y (P +Ap) + ) kAfk LYW + Y Eipr (Pre+ Apy) — Yid (M — Brig 1)
m ; ;

Next note that we have
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Using the evolution of the wage (derived from the output gap Euler)
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The resetting equation becomes
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Optimal Policy Equations: summary
We now collect and slightly simplify the optimal policy equations derived above.'?> We obtain a system of 6 + K * 6 equations in the following variables: W, Z;, Z?,

Apts Ag cand Ay ; and My, flg s, Lis, Lg and Aek't, e,t- These replace the interest rate rule. Note that the evolution of W; is given by
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12We also derived these equations in a different way, starting from the welfare loss function derived in the next appendix.
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The Price resetting equation becomes
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F2 Optimal policy: proof of analytical results in Section 5

In this section, we provide the proofs for section 5.

F2.1 Proposition 4

Proposition 4 (simplified optimal policy problem). We provide a slightly more general result than in the main text. We show that under (A.1) and if b (i) = 0, optimal policy attempts
to jointly stabilize the output gap Vi and an inflation index 70 = YK skﬁk T p (with © = YK | 5:0;), in the sense that optimal policy can equivalently be derived by solving:

o, B (g oo ()

s.t. Byl — R = —RA <(17 + ;) Vi — ROV!

where, denoting By = By + Agy, WY = Y&, (@k - %) By s, and WY is independent from monetary policy. If ey are equal across sectors, then 7t¥ is simply the CPI index and

= N'H;. Under the optimal policy, we have Vo = —/\19718, and Y, partially absorbs the wedge: if Wf > Qatall t then Yy < 0at all t. In addition, when 8 goes to infinity, keeping all
other parameters fixed, we have Y = — A?OW? and 19 = 0: the output gap fully absorbs the wedge. Inversely, when © goes to 0, Y; = 0: the inflation index fully absorbs the wedge.
Proof. Note that if b (i) = 0, we have A;; = Ab . = Oforall t, and since e (i) = Wn (i), Z; = Z? = 0 for all t. Defining ji; = YK | fixs , we can rewrite the Labour Market
equation as:

Afiy = =Y.
The system of price resetting equations becomes
Mk,t = PV‘k,t - (1 - 5) I’Vlk,tflr
BEiMyty1 — Myt = =818 (7 — PEi 7Ty r41)

K K o
+ Aiflir — ek Y Ayfiyp + OeekA Y fipp + 0eex Vs — Ligy + Aoyt
=1 =1

o A« - e(i . N g, = = e A
+) 51 (Pre+Apy) — ) (/ (T)aeek (i) Qeey (i) di — aeekaeez) (A +DPy) .
] ]
Note that we have:

K
Y Ly =27,
k_

K

Zf—’ ) ouk (i Z 5101k

k=1 k=1
K

K
Z Sk Z Z J ek
k=1 k

=1
We therefore have Zle Ly = lele Agt = 2521 Agk,t = 0. Defining M; = Zk:l My 4, we have

M = jiy — (1 —0) iy,

K
BEiMysi1— My = — Y 550 (7 — PEi 7T 1) -
k=1



Defining;

v = Z gkl9kl
k=1
K =
5,0
=y W,
k=1
K _
= 59
W =Y <3e€k - kl9k> Pyy,
k=1
the evolution of the output gap under optimal policy is determined by:
j)t = 7/\17”/

jir = (1= 6) jiy—1 = 67,
1 1) < .
E;ml 4, — Ry = —RA (U + ¢) Vi — RAAY.

Note that we would obtain the same system of equations if the central bank were instead to solve:

oy 02 gﬁ (Utpwyf“’( )>

s.t. Byl — Rmf = —RA (U + ¢> Vi — RAAY.

In the special case in which & are common across sectors, we obtain the problem stated in Proposition 4. Denoting by Bi; the Lagrange multiplier on the NKPC, the
first-order conditions are:

j)t = _R/\ﬁf/
97} = Rt — B~ 1.

Redefining ji; = Rji; we obtain:

Vi = —Afly,

fir = (1= 08) i1 = o717,
;) — R = —RA <¢17 + ;) Vi — RV,

which is the same system.
Note that under (A.1) the wedge WV¢ evolves independently of monetary policy. The OP system can be rewritten as

E Vi1 — ((1 —J0)+R (1 + U‘i”q)ﬁﬁ)) Vi — (1 =68)RY,_1 = RAZONY.

Defining

2
(1—(5)+R(1+{ﬁ’¢191< ) \/((1—5)+R<1+U"+“’¢19K2)) —4(1-6)R
Ht = 5 ’
and noting that we have 0 < y_ <1—06 < R < p4, we have

efflP

OO
) t+1—s —uUyAH0
Ve=— Z H- 2 My s+u:
u=0



< o+y
infinity keeping all other parameters fixed, we have

We directly obtain that if W¢ = 0 for all ¢ then yt = 0 for all t. In addition we have limg_,o pil =limg soopy- =0and u_ = (1-90)/ ( o9 19K) +0(1/9), so as ¥ goes to

- Ala
V="MW
Inversely when ¢ goes to 0, the output gap goes to 0 and 7! fully absorbs the wedge W9 O

F2.2 Proposition 5

Proposition 5 (signs of responses under OP). In addition to (A.1) and b (i) = 0, we now assume that sectoral shocks in k vanish geometrically Ay = pt Ay o. We derive analytical
formulas for the evolution of Yy, Tenepi,t and 7t and characterize their sign. First note that for aggregate shocks, we have Yy = Tnepit = ) = 0. If deex < % (note that if Oy are equal
across sector the condition simply characterize necessity), following a negative shock in sector k, Yy is negative on impact and there t* such that for t > t*, Yy is positive. Tty + is negative
on impact and there t* such that for t > t*, T0ycp; 1 18 positive 7t¥ is positive on impact and if & is small enough there exists t* such that for t > t*, 7t is positive. In net present value term,

we have Zt>0 77 Vi, Zt>o R Tmepip > 0 andzt>0 7 nt < 0 following a negative shock in k with d,e < S"&"

Proof. We have that the exogenous wedge is given by:
WY 2:21 (aeek Sk;k) (Ags+ D)
Denoting P* = yX | (ﬂk - %) By, AD =YK (@k - %) Ay, The relative price P/ satisfies
E:Pf, — (14 R (14 7)) PP + RPP = RApL AR

Denoting the roots of this polynomial as v+, we have

14+ R(1+4)£,/(1+R(1+A))? —4R

Ve = ’
2
with0 < v_ <1 < R < v4. The solution to P2 is given by:
RA
pA — _ L i) A4S,
C T T =0 (vs —pa) (v -ait) 4

PP is independent of policy and always has the same sign as — Ay g. The wedge is then given by:
1 A
R—v)(1-v- R —pa) (1—pa) ph) Af-
(1/_ _ pa) (V+ _ Pa) (( ) ( ) ( pﬂ) ( pﬂ)pa) 0
Noting that (R — x) (1 — x) is positive and decreasing on [0, 1], we conclude that the wedge (independently of policy) initially has the same sign as A for t < +* (with t*

the smallest ¢ such that (R — ;) (1 —pa) ph > (R—v_) (1 —v_)vt if ps > v_, or (R—pa) (1 —pa) o} < (R—v-) (1 —v_) vt if p, < v_ ) and has the same sign as — Ay
for t > t*. Note that t* = 1for transitory shocks, t* = oo for permanent shocks.

W =

Plugging this formula in our general expression for the output gap and using the NKPC for the indices 7f and Timepit, @and the definition of the nominal interest rate,



we obtain:

3= a0 Ve ey i G e

ot = e e o (R - e} - <v(_R = <(3__—V u> REE R e
= o T e ey (6~ 0 e = =0}~ GRS (e ()i — e~ 00 A
Re=— g (e Esenn — s (1= o) AR

1 RA?9 { (R—pa) (1 —pa) t+1 t+1 (R—v-)(1—v) t+1 t+1 }AA
- = — U U — 1—v v —(1—u_)u’” A
o T p (o0 U~ (pa ) LA™ = (L)) = P i A v = ()i
+ RA?9 { (1—pa) (R—pa) { Rxpa it — Ricp— ‘ut+1} _ R-v )(d-v) { Ricv— e Ricp— Vtﬂ}}/\@-
(v— —pa) (v —pa) L(pa—py) (o —p-) \R=pa*  R—p. "7 (ve—p)(ve=p-) \R=v—"  R—p "~
For aggregate shocks we have A@ =0,50); = Tnepit = 7'[? =0.
Evaluating these expressions on impact, and simplifying, we obtain:
- RA?9 .
yO = - (1/+ _pu) (l’l+ _pa) (,qu — 1/7) (_R+PaV— — KU+ (Pa +V—) +]’l+ (R+ 1))AOA’
(RA)? 0 R A
Tnepi0 = — —1) Ay,
" () (e pa) (e v R DA
RA "
g =~ (—R+pav— — iy (pa +v-) + s (R+1)) Af.

(v = pa) (s = pa) (g —v-)
Note that since p;, v— < 1, p+ > R, we have:
—R+pav— —py (pa+v-) +pr (R+1) = py (R+1—(pa+v-)) =R+ pav-

>R(R+1—(ps+v-)) =R+ pav_

=(R—-ps)(R=v-) =0
Yo, Ttmepio 2 0 and 7'[0 s 0if AOA < 0. In addition, Yy = —Aﬂng. Note in particular that if ¢, = € across sector, we have nf = Tlepit and AtA = 25:1 (Teek — §k) Ak/t: AtA is
positive (negative) for negative shocks in necessity (luxury) sectors.
In the medium run, the behavior of ), nf, TCnepiyt @ priori depends on which of the parameters p,, y— or v_ dominates. If o, > y_,v_ , we have:

S RA*® (R=pa) (1 —pa) 41124 t
= 0= p0) (v =) w —1iz) (oa = pyPe 0+ (pi)
o (R/\)zl% (1_Pa) t+1 AN t
oncpit = [0 po) (v —pa) (e — i) (pa — )Pt A0 0 (oa)
L P U ) (g — (1 0)) b +0 (1)

(v = pa) (V4 = pa) (P2 — pt) (Pa = -
for t large enough we have Yy, 7,0t = 0if A2 = 0. ¢ 2 0 (n? < 0)if A> = 0and p; < (1 —06) (0z > (1 —6)). Similarly, if v_ > u_, p, , we have:
24 g pit £ 0 < t £ PSS 0 < P P Y P—rp



- RA%Y (R—v_)(1—v_)

_ JHLAD 4 oyt
I T s —pa) (- — ) ey - Ao
o (R)\)Zﬁ (1-v) STLAD 1oyt
Tonenit = =0 g (v —pa) (0 — ) (v ) - 0 o)
2 — RA R=vo)A=vo) () 1= g)) vt AB 4 o(ut),.

(v —Pa)(V+—Pa)(V——#+)(——H )
for t large enough we have J;, Tonepiyp 2 0 if A@ = 0. ﬂf 20 ( < 0) if AA 2
-)

. RA%20  A29R (R + pav
Vi =

andv_ < (1—9) (v— > (1—90)). Finally, if u_ > v_, p,:

0 (1
TO(R—pa) (R—v-)

(v+ = 0a) (00 = pi) (0a — p—) (V- — p+) (v —
+ (
p-) (
)

)#t“fi@ +o(uh),

(RA)? 9k A219R(R+pa )+6(R—ps) (R—v-) 1
(V4 = pa) (pa — 14) (Pa (V- —pg) (v —p—) R—p—
RA /\219R(R+p1/ +5(R—p)(R— v_) -
nd = — a a - (1=0)ut AL +o(ub).
f = ) o =T =) - ) ] (= (=)Ao +olks)
Recall that p_ <1—z5sowehaveyt,7rmcplt,7rt 01fA

Finally we derive the net present value of ), TCmepits nt under optimal policy. We have:

Toncpit = Vt+1A0A + O(,ut—)/

(R/\)219 R(ps+ —1) za
IEO;)Rtyt (v —pa) (s —pa) (s —v—) R—p_ Ao
(RA)? 9k R , o . i :
IEOt;ORtT[mCPlt (V+_Pa) (s — pa) (py —v_) (R_]/‘—)z(R—pa)(R—v_) {R (u+ (R—09)—R)+IR (Pa+v,)—l—(y, (R-=1)+6R )Pan},
R*A(R—(1-9)) e —1 ;0
]E();)Rt = s —p0) (s —pa) (s —v ) R—pi_ 0"

Note that iy > R, 0 < p;,v— < landasf(1—-6)R =1, R—6 > 150 R*>(us (R—6) —R) + 0R?* (pa + v—) + (p— (R—1) + 6R?) p,v— > 0. We therefore have that
Yt0 g1V Les0 7 Tmepip 2 0and Yo g7t S 0if A < 0.0
F.2.3 Proposition 6

Proposition 6 (optimal policy versus inflation targeting). We show that following a negative productivity shock in a necessity sector, optimal policy is relatively loose compared to a
strict CPI targeting policy, both initially and in present value terms.



Proof. Under the assumption that €} are equal across sector then nf = Tlepit- Using the results of the previous subsection, we have:

Vo=~ s —pa) (yf)\_)\‘i) (s —v) (=R + pav— — piy (pa +v-) + uy (R+1)) Ag,
2 _
D (I S e
Tepi0 = = = pa) (y+R_Apa) (s —v) (=R +pav— — p+ (pa +v-) + s (R+1)) A,
2 _ _ _
EODZO RETPH T (- §>A éi —%) <i)+) S ylA

Note that using (¢4 — 1) (p+ — R) — RAOkp4 =0and —R + p,v— — p4 (pa +v—) + p4+ (R+1) > 0 we have:
Jp= A =) (e = R) (CRApav — iy (patv) 4 (RE1)) 44

© (Vs = pa) (14— pa) (s —v) pt v
- Al (#+ —1) (4 —R) (=R+pav— —p4 (pa +v-) + 4+ (R+1)) | 24
Vo] = Ap
K (V4 = pa) (Bt = Pa) (e —v-) py
Al (=1 (i =R (= (patv) + (RAD) s | 4
K (V4 —pa) (H+ = pa) (h —v—) ot
_ AR+ (pat+v-) (bt —1) (4+—R)
K (V+ — Pa) (et = pa) (44 —v-)
AR+1—(patv-) |24
: K (V+ — Pa) 4ol
where the last line uses the fact that p;, v— <1 < R. Similarly, using (y— —1) (y— — R) — RAd%xu_ = 0, we can show that:

ZRM AR (=1 (A—p) 44

= k(v —pa) (e —pa) (g —v) Y
AR (=) (=p) e
K (Ve = pa) (#4 = Pa) (3_1/ [/ )
A R .
E ¥y ——  _|A8].
°§0R“ K (ve —pa) 170

where the second line uses piyy— = R (1 —J) = 1/ and the last line uses B —v_p_>1—v_pu_>1—pu_andp, <1.
Under strict CP1 targeting we have 7.,;; = 0 at all dates, and
1

- A
= A= -
e DIy

((R = pa) (1= pa) ph = (R—v-) (1 —v-)vl) A,
So under strict CPI targeting:

- A 1 A
=——S———~(R+1—(pa+v-)) Af,
Yo K(V+—pa)( (pa +v-))
AR
E Ve=-S——A}
Otg(:)Rt T K(V+—Pa) 0

Denoting with a superscript CPI the variables under CPI targeting, OP the variables under optimal policy we therefore have after a negative shock in a necessity sector:



PEPI < JOP < g,

1 - 1 -
Eo ) iV <Eo} 77 <0,

>0 20
oP CPI _
ncpi,() > ﬂcpi,O =0,

L _or L _cpr
]EO Z EnCpl‘,f > ]EO Z ﬁn—CPl‘,t = 0.
>0 t>0
Monetary policy is more accommodative after a negative shock in a necessity sector than strict inflation targeting. After a shock in a luxury sector, we have:
YEPL > 3OP <,

1 - 1 -
]EOZEthPI>]EOZEytOP>OI

>0 t>0
oP CPI _
ncpi,O < ncpi,O =0,
1 _or 1 _cpr
]EO Z ﬁﬂcpi’t < ]E() Z ﬁncpi,t = O,
t>0 t>0

i.e. monetary policy is more strict.[]



E3 Welfare loss function

In this appendix, we derive the second order approximation of our social welfare function:

- (1—5)/G(V_ (i), i) di+ 0Fg Y ﬁfo/c(wo (i), i) di.
to=0
Recall that the value function of household i born at tj is given by:
HIM (; HIM iy 16 (1)
(Cl to+s (@), cx to+s (1)) —X 8(1) ,
HtM

) ) . )
Vi) =B, 1 (1 - {(1 @) | (s (), gy ) — X ( - )
where the quantities {ck to+s (1) reqgtes (), m 4 (1), my (1)} Lo e chosen optimally, as described in the derivation appendix. Applying Roy’s identity (and using the fact
4 s

+¢ (i) U

Htm

that in steady state consumption and labor supply is constant across constrained and unconstrained households of the same type i) , the derivative of the value function is
given by:

. > b i ) . !
dVy, (i) = Ey, Z (1= 0) B)’ Qevty+s {tolzﬁl()Rtws + Wto+swtg+s7’lto+s Z ) t0+s / (W) dpitgts () dj + ¢ (i )leUto+s}
s—0 to+s 1,tg+s
K [eS) 1 K
+ (1 — ¢ (7)) 9evtyby, (i Z 5101y + @ (1) Bty ) (1—6) B)° ety <1 - Rt+) Z 181,
1=1 s=0 0TS 1=1

with the first order change in div1dends given by:

1 X K A
dDivy = Z /yk (dpkt (7) — A, <Nk(Pt, WH)dW; + Y Vi (Py, Wi)dPy  — (Nk(PtrWt)Wt+ Y Vik(Py, Wt)Pl,t> Ak,t))

I=1

I=1

1 K
+ Z/dyk (Pkt j)— A <Nk(Pt,Wt)Wt+ Zyl,k(Pt/Wt)Pl,t>> ,

where the change in demand for variety j is given by:

ans ) = (222) ks, ( [-a ( Pl [ (Pl ) T (), ) (1= 9 (@) () + 9 () fs™) + (1~ 9 (1) delo () + g (7) defy™) di)

Prt (7) Pis (J )

pkt(j))_ek dpis (7) (Pkt(] ))1 ek de "
+ : —€ L — . +dYes |,
< Pt ¢ it (7) / Pt Pit ( bt bt

and demand for intermediary dYj ; solves the system

TEDY <8Wykl(Ptr Wi)dW; + 2 apmykl(Pf/Wf)det> Yir + Zykl (P, Wi)dYy s,
1 m=1

dYjr = /dykt )dj.
Around a steady state where prices, consumption, wealth and labor supply are constant (and equal across generation, constrained and unconstrained households of the



, this simplifies to

N—

same type i) and with p (j) = & (N (P,W)W + YK, V1 (P,W)P,

[eS) b(i K 1 K R .
dVi, (i) = 900 (i) By, Y, ((1—0) B)° { ;{)Rf0+5 + Wig s W (i) = Y e (1) Py ys + 6 (i 2 P Yy (Pk s T 4P (WNk(Pt, W) Wiggs + Y Plyl,k(Pt/Wt)Pl,t> + Ak,t0+s> }
5=0 I=1

=1 k=1
K A
+ 000 (i Z 50,4,
i s[b@) (4 K K 4 S
=00 () Bty ) (1=0) )" 5~ | Riots = 1o 81sgssn | = D€ (i) (51 (6) = 81) Plagrs + Wi (i) Y 51 A g s ¢ -
5=0 =1 1=1 I=1

Next, we derive the second order approximation of the social welfare function. We use the fact that in steady state, prices, consumption, wealth and labor supply are constant

(and equal across generation, constrained and unconstrained households of the same type i) , G’ (Vj, (i),i) dcvt, = 1 and pi (j) = & (Nk(P, W)W + YK V(P W)PZ>.

Using clearing of the bond market, we have:

d2W:(1—5)/G”()(dV_()) di + 6E, ZﬁfO/G” (dVy, (i))2 di

to=0
o0 NL.K . K K
—Eo ) B'Esy / (1—9¢(i) ( (Ato : Zsk ) P t> + Zaeek ) B t> {blg)Rt =Y (e()s; (i) —Wn (i)5) Py +Wn (i) ) 5141 4+ Timgob (i) ) szPz,to} di
t=0 =1 =1 =1
> NNy b(i), &, . LS 1 o
—Eo ) B'Esy /qo (1) (0 <et0' Zs Pkt) ZaeEk Pkt) {RRt =Y (e(i)si (i) —Wn (i)5) Py +Wn (i) ) 54, + (1 - R) b(i) ) 5D l‘o} di
t=0 : =1 =1 =1

o gt pre()\ 2 th NS
+ Ey Zﬁ AW dN; — cht b, dp; (j) dj +d“Div; +IEOZ[% Es q) —5 b(i)di Zslpl,to ,
=0 / =1

/d { (pl;l,(tj) ) h } dpis () dj = _el/ (pl;z,(tj) ) - dpus () (ﬁlrt (/) - plrt) ’

d?Div; = —dW; AN — Z dthdet - Z thd P+ Z /dyk (dps () + PeAry) dj
k=1

with

and

Ky,
+ Z v Ni(Py, Wi)dW + Zylk Py, Wi)dPy; — | Ni(Py, W) Wi + Zylk Py, Wi)Pyy | Axy | Ay
t 1=1 1=1

=1
Simplifying — using market clearing conditions for labor and markets and properties of the steady state — and removing the terms independent of monetary policy, we have:

. . 1 K oA .
+kZ /dyk () <d?9k,t (j) — AL (Nk(Pt/ W) dW; + ) Vii(Py, Wt)dP,,t> + Pri (])Ak,t> dj.
1 y



—¢
thdNt Z / { (pllslt > } dpl,t0+s (]) d] + dZDiZ)t = — ZPdekrt (Wt — Pk,t — 2Ak,t)
k

1 A N - 1 N N L -
- (Z EPkYzawyk,z Wi (W — By —2A5,) + ) EPlePm,taPmyk,l (W — Dy — 2Ak,t)>
k1 k1m

K
W By = Y P [ (s ) = Pu) Pre ()
k k=1 :
Next we have, noting py , the reset price at ¢

]EOZﬁ / Pt (1) = Prs) Prs () dj

I

s
o
[7e

'*
i
o

= y 1 (1-6) (5 2 A2
— IEot;O,Bf { =0, (1= 60 (ﬂk,t)z —l—ZWTEktht 1+ T 5(5]{ (Pk,t—l) — (Pk,t) }
— - t 9k 2 97]( R 5 ﬂ 0
a IEO t;()ﬁ { (1 - ,Bek) (1 - Gk) (nk't) 1-— ‘BGk (Pk’til) + (1 _ ,Bek) (Pk,t) }

- 0
= IEO;)ABt (1 — ﬁ@k)k(l — 0 ) (nkt)

We therefore have

e .
Eo Z gt {thdNt Z/ { (pllilt > } dpy () dj + dZDivt} =-Eo) B Zpkdck,t (Wi — Prr — 2A44)

t=0

—Ey tZ(;)ﬁt <§ PYyWow Ve Wi (W, — By — 2A44) + klZ: 7PmPlePm 19p, Vg (Wi — Py — 2Ak,t)>
= m

[ee)

Okex , )
(1= o) (1—60) " t;)ﬁ (7)™

+Eo Z B'Y EcWiAr; — PeYi

Let us first slightly rewrite the terms coming from substitution in production. We have:

1 PN . -
- <Z EPlewaWyk,th (Wi — Dy —2A50) + ) yy PkPmYIPm 19p, Vi) (Wi — Dy — 2Akt)>
Kl

kIm

1 A A - A ~ " 1 . ~ N ~
-y XIYIWzaleWtZ - EPkYzwawyk,ZWt (P +Ay) =), EWYI (Pt + Ary) Pop NW: — Y EPmPkYI (Pt + Apit) 00, Vit (Pt + Axy)
Kl Kl kLm
where we used

Y PdwVis = —WowN,,
k

Y Pdp, Vi = —Wap, N,
k

owlk1 = Ip N,
9p,, Vi1 = Op, V-



We define

We have

1 ~ 2 1
- ZEYlwaW/\/IWt - ZfTI

k.l

Note that we have

with

So rearranging, we obtain:

1
N (W,P) = ZEY,NZ (W, P),
1

1
Ve (W, P) = ZEYlyk,l (W, P).
]

A ~ 1 A - " 1 N - " ~
PYyWow Vi Wi (Des + Agy) — ) EWYI (Pt + Ayy) Pop NJW, — ) EPmPle (Pt + Anit) 90, Vit (Pt + Axy)
k1 k,1m

— —W2WNW — Y PWow VWi (Pes + Agy) — Y WP N (Pey + Agy) Wi — Y " PiPOp Vi (Pr + Axy) (P +Ayy) .
k k Kl

PdCyy = By ( [ (1= 9 0) Pedell i) + o (1) Piacly ™ >)),

Pedcd, (i) = e (i) Deey (i ( Zsk Pkt) + e (i) ) o (i) Py
7

L _ 1/(. o i
PedCyy (Wi — Py — 2Ax,) = 1E5t/ (to Zsk Pkt) (i) Qe (i) di (Wy — Py — 2Ax ;)

=Y EeY iy (D + Al,t) (Des + Axy) -
% ]
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Simplification of the terms corresponding to the expenditure of unconstrained households
Here we simplify the second line of the expression. To do so, define
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where of = [ ¢(i)%; o) g N = f p(i WN) di. Let us first rewrite the first term of this expression. We have:
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Putting everything together, we have:
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Define the variance covariance matrix of marginal propensities to spend as:
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Simplification of the terms corresponding to the expenditure of HtM households

Here we simplify the third line of the of the social welfare function. Recall that we have
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First note that we have, up to terms independent from monetary policy:
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Next, we gather all the terms of the form [Eq Y_5° ; B! x;z, that is:
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Following the same step as above, we rewrite the third line as:
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Gathering the terms, we obtain:
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Social Welfare Function
Note that we have, as E; X; 1 — Xy = R,
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In addition, for any variable x;, z;, we have
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Finally, we denote for any variable Z;,
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the social average over the population of the variable Z; (Note that if Z; is constant, we have [E B (Zty)
after normalization — the social welfare function as:

= Z). Using this facts and the previous derivations, we can write —
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where O denotes the aggregate input substitution matrix which is of dimension (K +1) x (K+ 1), and givenby O = N N
_ Pop N py, Pop i
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The last five lines constitute the redistributive motive. The first term ("Redistribution") is standard and is 0 when households are compensated for their loss of income.
The second term("Bang for Buck") is an adjustment taking into account that it is relatively more efficient to compensate households who consume more in relatively more

productive sectors. The last four terms are adjustments taking into account that HtM households cannot smooth their consumption.
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Without HtM households and IO, the loss function simplifies to:
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Defining P, = D + A5, the markup in k, and using J; = > + P ( — Y 0ce; (P, ¢ + A; ;) ) we can re-express the loss function directly in terms of the output gap :
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System of Equations without redistributive motive:

We now derive the system of optimal equation when the central bank ignores redistributive motives (last three lines of the loss function for the full model). It is possible to
show that if CB had access to lump sum transfers (that depends on time, the birth cohort of a household and whether or not the household is Hand-to-Mouth) then at the

optimum, these terms of the loss function would become independent from monetary policy. Defining:
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The central bank solves
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Denoting by jii ; the lagrange multiplier on the NKPC of sector k and My ; the lagrange multiplier on the price evolution equation and taking derivatives with respect to

(1 - 90N> (EtYigr — W) =
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Taking derivatives with respect to the price of k at ¢ gives:
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Efficiency of the Steady State

For first order change in prices, the change in welfare is
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Using the fact that G’ (V (i)) d.v (i) = 1 and that the market for bonds clear, we have that
aw =0,

for any change in prices (subvariety prices, wage and interest rate). Therefore, there is no change in monetary policy that can improve upon the steady state. It is also direct
to verify that there are no taxes at any date ¢, financed by a lump sum at f than can improve the steady state. To see this, consider for example a wage subsidy in sector k at

t subsidized by an arbitrary lump sum. The total impact on welfare is given by
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Using again G’ (V (7)) d.v (i) = 1 and [ ¢ (i) di = 1, this subsidy has no impact on welfare. Similarly, wage subsidy to workers, input taxes and commodity taxes have no

impact on welfare. The economy is therefore constrained efficient: the only inefficiency is the uninsured death risk which could be corrected through an annuity market

but neither through monetary policy or through taxes (if the government cannot have debt).

We now verify that the second order approximation of the Welfare Function is always negative. This will imply that a steady state with 0 inflation and output gap is a local

maximum. First, note that a direct application of Cauchy-Schwartz gives that for any variable x; and any weight 0 <« <1,
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Given the definition of [Eg we have that Y&y f°Xs = Eg [Le>y, BF~10X,] so we can rewrite the average labour distortion term (which we denote by L1) as
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We can re-write the term that appears in the dispersion of wealth effect as
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where the second term is always weakly negative and hence
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Putting these results together we have that
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where the last line follows from our preliminary Cauchy-Schwartz result.
Next consider the term
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s>to s>to

BB T (Bt A () B (-8 (P (s ) ) (028 £ A0 ) )

SZtO SZtO

(- B, ¥ (P e (1-) ( Y B (B + Ak,s>)) (P A (L= ) Y B (Bt Al,u>)

SZtO SZtO
Since £ is a variance-covariance matrix it is positive semi-definite, therefore:

Zﬁswszl {(pk,s +Ags) (Ps + Aps) — Eg ((1 B) <Z B0 (Ps + Aps ) ( B) Y. B (B +flz,s)>>} >0
(1-¢F)o
pYs

Next, we have:
Z (pk,s + Ak,s) (pl,s + Al,s) >0,

k 1
WowN o PV Wowdk o N . VPO Ve  n n o a o
2/55{ W DT T e (P + A Yy DO By + Bg) W+ 0 B S (P ) (P + Ay) 0 20,
k,1

since both the substitution and the transformation matrix are negative semi- deﬁmte.



Finally, we can rewrite the redistribution terms as

" / ~ 3 2
+IEg (/ _G(l(_(l;)))g/ Ee ((zl))E (wo(l) +(1—-p) Sgo peh Zl;e(l)sl (i) A, dz)
+1E,a< 1- ;0/ - ()+EWn( o <vto(z)+ 1-p L (; ), (1) Ay —eer (1) Als>> dz)

Note that

CB) T BN (i) = vy (1),

S:to

. 2
Eﬁ{(l—ﬁ);ﬁs‘“ (/ 1—g(i { +;eg —Z‘TEE(Z)aeel(i)A,,sD }
. 2
Ep{(/(lqo()){wo +(1-§) ;ﬁs t02< Ls %(l)aeel (i)Al/s>}di> }20_

Therefore, all terms in the social welfare function are positive: there are no second order deviations in prices, wage and interest rates improving on the steady state.

So
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