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Abstract

We evaluate the welfare effects of targeted fiscal responses to inflation-
ary shocks, such as sector-specific subsidies and household-specific
transfers. We do so in a multi-sector New Keynesian model nesting
a flexible heterogeneous-household block, matched one-for-one to dis-
tributional data. We derive a micro-founded welfare loss function that
decomposes into macroeconomic and distributional components, as
well as into partial- and general-equilibrium effects. Social preferences
for distributional fluctuations are disciplined using observed tax and
transfer policies over the business cycle. Applying this framework to
the UK’s 2022 cost-of-living package, which combined an energy price
cap with targeted transfers, we obtain three findings. First, the package
reduces welfare, at an average cost of about £150 per household, more
than three times as large as a partial-equilibrium evaluation would sug-
gest. Second, the dominant channel is an unintended redistribution,
with large welfare losses borne by higher-income but heavily indebted
households, who are negatively affected both by rising interest rates
and by the taxes required to finance the package. Third, the standard
central bank practice of “looking through” the mechanical effects of the
energy price cap on CPI inflation amplifies these losses: under a rule
that does not look through the cap, the same package would slightly
raise welfare.
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1 Introduction

When a geopolitical shock sends food and energy prices soaring, governments rarely stand
by. Following Russia’s 2022 invasion of Ukraine, the direct burden of higher food and
energy prices fell most heavily on poorer households, who spend larger budget shares
on these necessities (Jaravel, 2019; Levell et al., forthcoming). Nearly every European
government responded with a fiscal package: energy subsidies or price caps, combined
with special transfers to particular categories of households (Sgaravatti et al., 2021). These
interventions were granular by design, targeting specific sectors and specific groups, and
intended to shield vulnerable households from the shock. Yet whether such packages
actually raise welfare is far from clear, as they affect households heterogeneously, through
a variety of micro- and macroeconomic channels.

How should the welfare effects of such detailed packages be evaluated? We argue that
a comprehensive quantitative tool needs three properties, which are standard practice
in different literatures but are rarely combined. First, it should be matchable directly to
micro data, capturing not only the distribution of income and wealth but also households’
exposures to specific prices and specific policies. Since at least Deaton and Muellbauer
(1980) this has been standard practice in the micro and public finance literatures, where
flexible demand systems matched one-for-one to the data make it possible to weigh,
say, the distributional benefits of an energy subsidy against the distortions it creates in
consumption baskets.

Second, a comprehensive framework should capture not only sectoral, but also macroe-
conomic channels, which matter directly for welfare (Rotemberg and Woodford, 1997).
Sectoral shocks naturally generate macroeconomic effects, for instance by raising the over-
all level of inflation and creating macroeconomic distortions. Fiscal interventions may
either worsen or alleviate these. Moreover, the broader macroeconomic effects of a sec-
toral shock, together with the monetary policy response, give rise to further distributional
consequences. For instance, if an energy shock raises the overall level of inflation and the
central bank reacts by raising interest rates, this redistributes resources across households
depending on their asset positions (Doepke and Schneider, 2006; Auclert, 2019). Indeed,
Pallotti et al. (2024) find that nominal net positions were the key driver of differences in
the welfare costs of the recent inflation surge across euro area households. As a result,
a fiscal package that targets households purely on the basis of their exposure to energy
prices may fail to mitigate the overall redistributive effects of the shock.

Third, any analysis of the redistributive effects of a shock inevitably requires taking a

stance on the welfare consequences of redistribution. This is especially important here,



since the fiscal packages we consider include lump-sum transfers designed precisely to
address the redistributive effects of sectoral shocks. For a framework to be of practical
use to policymakers, it must rest on a social welfare function that adequately reflects the
preferences embedded in real-world policy (Piketty and Saez, 2013; Saez and Stantcheva,
2016; Chetty, 2009). In our case specifically, we aim to avoid assumptions that would
render certain fiscal interventions welfare-improving by design, even in the absence of a
macroeconomic shock.!

This paper provides a framework with all three properties, bridging the gap between
the micro and macro literatures. We nest a flexible heterogeneous-household block into
an otherwise standard multi-sector New Keynesian model, building on Olivi et al. (2026),
and embed two targeted fiscal instruments: sector-specific price controls and household-
specific transfers. The household block can be matched one-for-one to the empirical
distributions of income, wealth and consumption baskets, so that the model captures
precisely the incidence of real-world fiscal packages, of sectoral shocks, and of the mon-
etary policy reaction. At the same time, the model retains macro channels from which
the applied micro literature typically abstracts, and which we find to be quantitatively
important.

To evaluate the welfare effects of fiscal packages, we derive a second-order approxi-
mation to the welfare loss function in this environment and present two decompositions
of it. The first splits the loss by the distortions it operates through: inflation within and
between sectors, the output gap, and redistribution across households. The second splits
it into the direct effects of a package and the macro effects it sets in motion, and therefore
measures how much of the welfare effect a partial-equilibrium evaluation would miss.

To capture real-world preferences for redistribution, we then adapt the principle of
inverse-optimum taxation to second order. Where the standard approach recovers soci-
ety’s valuation of the level of households’ consumption from steady-state policy, studying
fluctuations also requires pinning down how society values fluctuations of the distribu-
tion. We recover this from distributional time series, i.e. from the extent to which the
observed tax and transfer system has dampened income fluctuations for different groups.
If, for instance, taxes and transfers nearly stabilize net income for a particular group of
households, we infer that the planner places a high value on avoiding utility fluctuations
within that group. Estimating these weights on UK data from the decades preceding the
war in Ukraine, we find that for much of the distribution the social welfare function is

IFor instance, a utilitarian welfare function typically implies that it is optimal to eliminate steady-state
inequality entirely through a far-reaching program of lump-sum transfers, even absent any shock. Since we
do not observe such policies in practice, the utilitarian welfare function appears poorly suited to capturing
the objectives of real-world policymakers.



close to a linear one, i.e. a Pareto-Negishi specification.? For the top decile, however, the
UK government places significantly lower weights: it dampens income fluctuations for
high-income households less than a planner with a linear social welfare function would.

With the framework at hand, we show that a sectoral price subsidy may “backfire”:
while it mechanically lowers the prices households pay for certain goods, it may lead to
higher underlying inflation, push output above its efficient level, and raise the interest
rate.’

Underlying the macro responses are demand and supply effects created by the price
subsidy, which manifest themselves through wedges in the aggregate Euler equation and
the New Keynesian Phillips Curve. The demand effect is familiar from the literature: a
temporary subsidy boosts aggregate demand through intertemporal substitution, increas-
ing output and inflation and thereby partly undermining the subsidy. The supply effect is,
to the best of our knowledge, novel: the subsidy increases households’ real wages, which
raises labor supply through a substitution effect.* This, in turn, reduces firms’ marginal
costs, increasing output but lowering inflation, and thereby amplifying the effect of the
subsidy on prices. Both effects thus tend to push up output but pull inflation in opposite
directions. Which one prevails for inflation depends on monetary policy: in a simplified
version of the model, underlying inflation rises when the central bank “looks through”
the mechanical effects of the subsidy and does not respond strongly to the output gap, two
conditions that are likely met in reality. With both the output gap and inflation increasing,
the nominal interest rate rises as well.”

The macroeconomic channels turn out to be key for the welfare evaluation of fiscal
packages, following a negative supply shock that pushes up necessity prices. We illustrate
this point by contrasting the overall welfare effects with those obtained in a more narrow,
partial-equilibrium evaluation of the policy. In such an evaluation, there is a simple
welfare trade-off. On the one hand, the necessity subsidy may mitigate the distributional
welfare losses created by the necessity supply shock, as it compensates households who are
exposed to necessity prices. On the other hand, it creates a distortion in the consumption

basket, as the policy leads to higher consumption of a good that is fundamentally more

2When the social preference function G is linear, social welfare takes the form fl w;V;, where w; is the
Pareto-Negishi weight on household i.

3The macro effects of transfers depend on the cross-sectional relation between the incidence of the policies
and marginal propensities to consume, a point that is well understood in the literature. In our calibrated
model, we find these effects to be relatively minor.

#Since the subsidy is financed via taxes paid by households, the income effect on labor supply is absent,
aside from distributional effects, which tend to be unimportant.

SInterestingly, we show that the interest rate also increases if monetary policy does respond strongly to
the output gap.



expensive to produce, given the supply shock.

However, the policy’s welfare effects may be drastically different in abroader evaluation
that accounts for macro channels. In particular, the distributional benefit of the subsidy
may turn into a loss once we account for the fact that, in response to the inflationary supply
shock, the central bank raises the nominal interest rate, which creates a welfare loss by
redistributing income from borrowers to savers. Moreover, the macro effects created by
the subsidy make this distributional loss even worse since, as explained above, the subsidy
leads to even higher inflation and higher interest rates. Analytically, we show that the
subsidy improves the distributional component of welfare if households differ only in their
consumption baskets, but worsens it if they differ only in wealth. Since there is a large
degree of wealth heterogeneity in the data, we find the latter channel to be particularly
important quantitatively. Beyond redistribution, the movements in headline inflation and
the output gap created by the subsidy may further affect welfare.®

Quantitatively, we use the model to evaluate the UK’s response to the 2022 cost-of-
living crisis, which combined the Energy Price Guarantee, a cap on consumer energy prices
tinanced by the Treasury, with a sequence of Cost-of-Living Payments, some universal and
some targeted to lower-income, elderly, and disabled households. We match the model
to the UK Living Costs and Food Survey, representing every household in the survey as
a household in the model. In line with our analytical results, the package substantially
raises the output gap and the nominal interest rate, while its effect on inflation is positive
at first but later turns negative.

We find that the package reduces welfare, at an average cost of about £150 per house-
hold, more than three times as large as a partial-equilibrium evaluation would suggest,
and driven largely by the price subsidy on electricity and gas.” The largest channel is
not the textbook distortion of energy consumption but the redistribution channel through
interest rates, as described above. In particular, indebted higher-income households help
tinance the package, receive little of it, and absorb the higher mortgage payments triggered
by the monetary tightening that follows the shock.? The effect is particularly severe for
indebted hand-to-mouth households, who are unable to smooth the impact of the shock,
and is further amplified by the demand stimulus from the energy subsidy, which pushes
nominal interest rates up even more.

Finally, we show that the standard central-bank practice of “looking through” the

®In the quantitative model, we find these effects to create further welfare losses, although the magnitudes
are smaller than the losses created by the interest rate channel.

"This result is overall similar under a linear social welfare function, and the losses are larger when the
package is financed by government debt rather than contemporaneous taxes.

8We assume that the taxes financing the package are proportional to steady-state labor income.



mechanical effects of the price cap amplifies these welfare losses. We consider a counter-
factual monetary policy rule that responds to the movements in consumer energy inflation
generated by the cap, just as it responds to core inflation. The nominal rate then falls as
the cap is introduced and rises when it is lifted, which partly offsets the demand wedge
and results in a softer interest rate response, with a modest tightening towards the end.
This path undoes the adverse redistribution towards indebted households without raising
inflation. Under this rule, the same fiscal package would slightly raise welfare rather than
strongly reduce it.

Related Literature. This paper relates to three strands of work. First, we connect to
microeconomic studies evaluating the welfare effects of energy interventions, see, e.g.,
Hahn and Metcalfe (2021) and Costa and Gerard (2021). Within this strand of literature,
the most closely related paper is Levell et al. (forthcoming) who, like us, evaluate the
recent fiscal policy response in the UK. We contribute to this literature by incorporating
macroeconomic distortions into the welfare analysis, and show that these are quanti-
tatively important and depend crucially on the monetary policy response. Moreover,
we show that even when abstracting from the equilibrium effects triggered by the inter-
ventions themselves, accounting for concurrent movements in macroeconomic variables,
such as nominal interest rates, can substantially affect welfare calculations.” Our wel-
fare decomposition relates to Bergman et al. (2025), who decompose the distributional
welfare effects of sectoral shocks into partial- and general-equilibrium components in a
static model with flexible preferences. Our framework instead features nominal rigidities,
household balance sheets and monetary policy, which drive much of the redistribution.
We also relate to a growing macroeconomic literature studying the aggregate effects
of the 2022 energy shock and the role of policy in shaping its transmission, often using
HANK frameworks.!? Auclert et al. (2023) and Bayer et al. (2023) show that energy price
subsidies can stimulate aggregate demand and create international spillovers. Andreolli
et al. (2024) compare the macroeconomic effects of VAT changes on essential versus non-
essential goods in a New Keynesian model with non-homothetic preferences. Relative to

this literature, our framework is distinguished by two features: a one-for-one match to

9Our exercise further differs from Levell et al. (forthcoming) in that we develop a dynamic rather
than a static framework, which lets us capture dynamic distortions, such as those related to consumption
smoothing, that turn out to be important. Moreover, they primarily compare policy designs at a fixed
budgetary footprint whereas we evaluate the realized package against a no-policy baseline, netting out the
taxes that finance it. Finally, they estimate key parameters based on rich transaction-level data, which we
rely upon to parametrize our model.

10See, e.g., Bachmann et al. (2022); Bayer et al. (2023); Auclert et al. (2023); Kharroubi and Smets (2024);
Bobasu et al. (2025); Gnocato (2025); Chan et al. (2024).



micro data, which captures household-level exposures to shocks and policies in as much
detail as the micro literature does; and a welfare evaluation based on a micro-founded
loss function that decomposes cleanly and whose distributional weights are disciplined
empirically.!!

Our normative analysis connects to the literature on welfare analysis with house-
hold heterogeneity, e.g. Davila and Schaab (2025), and to the inverse-optimum taxation
and revealed-preference tradition in public finance (Christiansen and Jansen, 1978; Bour-
guignon and Spadaro, 2012; Bargain and Orsini, 2006; Saez and Stantcheva, 2016; Hen-
dren, 2020). Like this literature, we assume a social welfare function under which the
steady-state distribution is efficient. In our setting, however, fluctuations in the distri-
bution further reduce social welfare. Finally, our paper relates to work emphasizing the
importance of non-homothetic demand for optimal tax design (Jaravel and Olivi, 2021).

2 The Model

In this section we introduce fiscal support packages into a multi-sector New Keynesian
model with generalized, non-homothetic preferences. The production side is standard,
and the household block follows Olivi et al. (2026), which is what allows a one-for-one
match to micro data. New here are the two fiscal instruments: a sector-specific price
control and a household-specific transfer.

Agents. The economy’s production side consists of a finite number of sectors, indexed
by k = 1,2, ..., K. Within each sector, there is a unit mass continuum of varieties, which are
indexed by j. Each of these varieties is produced by a different firm. On the consumption
side, there is a unit mass of heterogeneous households, indexed by i. Finally, there is a
government which conducts fiscal and monetary policy.

Fiscal support packages. We consider two kinds of fiscal instruments. The first is a
sector-specific price control on goods sold to consumers, which takes the form of a time-
varying subsidy 7x;.!> We assume that the price subsidy does not apply to sales of
intermediate goods to other firms. Let pi +(j) denote the wholesale price of variety j in

sector k at time t. We denote the regulated retail price paid by consumers by g ((j) =
Pit (L = Thp)-

'We derive the welfare-relevant New Keynesian Phillips Curve in the spirit of Rubbo (2023).

12Under the Energy Price Guarantee (EPG), the UK government capped the per-unit price of electricity
and gas sold to consumers, but compensated energy suppliers for the difference between the market price
and the regulated price. Therefore, the policy was a time-varying subsidy per unit of electricity and gas.
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The second kind of fiscal policy we consider is a lump-sum transfer to households,
denoted by (;(i). Note that the transfer may vary not only over time, but also across
households. In this way, the model is able to capture that the UK cost-of-living payments
were partly targeted to particular groups: lower-income households, the elderly and the
disabled.!3

Households. We model household preferences and heterogeneity following Olivi et al.

(2026). Utility over consumption is given by u;(c¢(i)), where ¢;(7) = {c1,¢(7), .., cx,+(i)} is a

vector of sectoral consumption bundles and where u;(-) is twice differentiable, increasing,

and concave. This general specification allows for non-homotheticity over sectors as well

as household-specific preference shifters. For simplicity, we assume that preferences over
ek

€r—1 €1

varieties within sectors are CES, i.e. ¢ (i) = ( fo ci (i, j) < d]) , where €y is a constant

but sector-specific elasticity of substitution between varieties. It follows that the wholesale
1

price index for sector k is given by Py; = ( fol prt() ek dj ) @’ whereas the retail price
index is Qg ¢ = Pi (1 — Tg ¢).

In every period, households decide on consumption (c;(i)), effective labor supply
(n¢(i)), and on saving in one-period nominal bonds (b:+1(i)). Moreover, households die
with a probability 6 € [0, 1) in every period, and each deceased household is replaced by
a new household.

Newborn households vary in a number of dimensions. As mentioned above, their
preferences and eligibility for transfers may differ. In addition, they vary in terms of their
labor productivity, denoted 9(i), and in terms of their initial nominal wealth positions.
Moreover, households own the firms and receive their dividends, but their ownership
shares may vary. A household may be either Hand-to-Mouth (HtM) or non-HtM, which
we treat as a permanent characteristic and we denote ¢(i) the share of HtM households
within type i. 4 Finally, households discount the future at a rate 8 € (0, 1).

13In the quantitative version of the model, each household i will correspond to a household in a survey,
in which we observe many characteristics from which it can be determined whether a household received
a certain transfer or not.

4Households also differ by their birth date, which we will denote later by a superscript #y. For now, we
suppress this aspect in our notation.



The decision problem of a non-HtM household can be expressed as:

max B Y (600 (e - i (2550,
s=0

¢ (i),m¢(i),be+1(i) 9() (1)
o bl | . D :
s.t. e(i)+ t;t( ) _ be(i) + Wine (i) + Z ck(D)Divgt + Ci(i).
k
where ¢;(i) = Zlk<=1 e (i) = Zlk<=1 QktCk,t(i) denotes consumption expenditures, % is

labor supply in hours, x;(-) is a function which captures disutility from labor supply,
R} is the nominal interest rate, W; is the nominal wage rate per effective unit of labor,
Divy ; denotes firm dividends from sector k, ¢k (i) is the household’s ownership share of
that sector and (i) is a lump-sum transfer, net of lump-sump taxes. Finally, E; is the
conditional expectations operator. Hand-to-Mouth households face the same decision
problem, but with the additional constraint that b;,1(i) = b:(7), i.e. these households must
consume their current income.

To simplify the expressions, in the remainder of this paper we will assume that the
Elasticity of Intertemporal Substitution (EIS) and the Frisch elasticity of labor supply
are homogeneous across households and denote them by ¢ and 1) respectively.!® For
later use, let us define household i’s elasticity of substitution between sectors as py (i) =
- (81n p,n ci(i) + ci(i)deln ck(i)). We further assume that dividend shares are proportional
to steady-state labor income shares.

Firms. Each firm produces a single variety in a particular sector and is therefore mo-
nopolistically competitive. In every period, a firm j in sector k decides on the amount
of effective labor hired (114 +(j)), as well as on the amount of intermediate inputs, where
Y,k +(j) denotes input bundles from sector I/, which we assume are produced according to
the same CES aggregator as the one used by the households. From this it follows that a
firm’s demand is given by:

. —ek K
Yrt(j) = (p;:((t])) (Cr,t + ; Yiit), (2)

where Cy; = Zfoz_m (1-5) o /01 clt((it(i)di is aggregate consumption, where the super-
script o denotes the household’s birth date. The production function of the firm is given

15This can always be achieved, see Olivi et al. (2026).



by
Vit (7) = Ak Fx(mi e (1), Yiri (), Yo i 1), oo Ykt (1), 3)

Here, vy :(j) denotes output, Fi(-) is a sector-specific production function with constant
returns to scale and Ay, is an exogenous, sector-specific productivity variable, which
evolves according to a stationary stochastic process. The firms’ total cost of production is

given by:
K

TCht(j) = Wenios () + > PriYips(j). ©)
=1

We introduce nominal rigidities into the model by assuming that a firm can adjust its price
only with a probability 1 — 0k in a given period. The firm’s optimal price setting problem
is given by:

max By Z At 4505 (Prt (DY 45 () = (1= )T Cr (7))
pk,t(j)/”k,f+s(j)/{l(l,k,t+s(j)}{<:1 s=0

subject to (2)-(4). Here, At 15 is the firm’s stochastic discount factor.!® In the above
equation, t is a time-invariant, sector-specific cost subsidy which may be used by the
government to correct markup distortions in the steady state.!”

Government. Let us now consider the government, which consists of a fiscal authority
and a central bank. For now, we assume that fiscal policy follows a balanced budget, an
assumption we will later relax in the quantitative analysis. The fiscal authority’s budget
constraint is given by:

1 K 1
/ Ce(i)di + Z (Tk,tpk,tck,t + lk/ TCk,t(j)dj) =0, )]
0 pa 0

Fiscal policy is a time path for {C;(i)}}_, Tk, such that the above constraint is satisfied at
any time period.!®

16We assume that in the steady state A 45 = (1 — 0)°B°, but we do not need to make further assumptions
since we linearize the model around a steady state without inflation.

7The subsidy is funded by a lump-sum tax on households, through C;(i) in 1.

80One could decompose the net transfer as (;(i) = C?amfer(i) - C;ax(i). In every period, the government
adjusts C}(i) to balance the budget, where we assume that, at the individual level, {{**(i) is proportional to
steady-state labor income.



Demographics and Market Clearing. In any period, a fraction 6 of all households dies.
We assume that each deceased household is replaced by a new household of the same
type. A household’s type is pinned down by its birth date o, labor productivity, 9(i),
initial bond holdings, bfg(i), preferences, u; and yx;, transfer eligibility, and HtM status.
Bond market clearing implies that the average wealth of households is zero, and hence
the same is true for deceased and newborn households, due to i.i.d. death probabilities.
Therefore, the wealth given to newborn households can always be financed and the net
inheritance from all deceased households is zero. Clearing in the labor market and the

bond market requires, respectively:

t 1 K 1
Ni=o Y -0 [ ubii= Y /0 ne()dj,
k=1

tO =—00 0

t 1 ©)
6 > (1-0)" / bh(i)di = 0.
tg=—00 0
Goods market clearing requires, for any goods variety:
t 1
5 Y a-on /0 & (i, )i + Fer() = Y (), @)

tp=—00

"\ —€ -
where i +(j) = (%(t])) ‘ Z{i 1 Yk,1,+ is firm demand for variety j in sector k. Finally, in

K 1
RSN R ®
=1

An equilibrium is a law of motion for prices and allocations such that households, firms

every sector:

and the government behave as specified above, and markets clear. Itis worth noting that in
the deterministic steady state of the model, households keep their bond holdings constant
over time.!® The model is thus consistent with any arbitrary steady-state distribution of

wealth, which in the calibration we will take from the data.

3 Macroeconomic Effects of Support Packages

Before evaluating the welfare effects of fiscal packages, we first study their macroeco-
nomic effects. In this section, we show that they create an expansionary effect on both

9Tt can be shown that, in the absence of idiosyncratic income risk and aggregate shocks, the target level
of wealth equals current wealth.
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aggregate demand and aggregate supply. The equilibrium outcomes are determined by
the combination of these effects, which in turn depends on the monetary policy reaction.

To show this, we derive the first-order conditions of agents” optimization problems
and linearize the equations around the steady state, and aggregate appropriately. The
technical details of this can be found in Appendix A, which also provides the full set of
linearized model equations that we use to solve the model quantitatively.

Here, we directly provide the key linearized conditions. To simplify the exposition,
we make the following assumptions, which we maintain throughout Sections 3 and 4 and

relax in the quantitative analysis (Section 5):

Assumption A. Assume that there are no input-output linkages (Yy; = 0); that price stickiness
and within-sector elasticities of substitution are homogeneous across sectors (0 = 0 and €y = €
for all k); and that HtM households are randomly distributed across the population (p(i) = @).

Moreover, monetary policy is assumed to target price stability in the steady state,
and the subsidy ¢ is set to eliminate steady-state markups in all sectors. We use a hat
to denote variables expressed in log deviations from the steady state, whereas variables

without time subscripts denote steady-state values.

Price indices. Before analyzing the macro effects of fiscal policy, let us briefly discuss a
number of important price indices that will enter the equations. First, note that consump-

tion baskets are heterogeneous across households, due to non-homothetic preferences and
idiosyncratic preference shifters. In what follows, we let si(i) = Z"(—(ll)) denote the steady-
state budget share of household i on sector k. The household-level Consumer Price Index

(CPI) weighs sectors by these budget shares. In addition, let us define dex (i) = %ee"(%) as the

household’s marginal budget share. These marginal budget shares capture the allocation
of a marginal unit of expenditure over sectors, see Olivi et al. (2026). These marginal shares
differ from regular budget shares once preferences are non-homothetic. In particular, at
the margin households spend more on luxuries and less on necessities than they do on
average.

Atthe aggregate level, there are four key price indices. The firstis the regular Consumer
Price Index, which is a post-subsidy price index given by Qcpi,t =>3 ka,t, where 5 =
/01 %s k(i)di is the aggregate expenditure weight on sector k. Note that this CPI averages
post-subsidy sectoral prices (i.e. Q) since these are the prices relevant to consumers.
Analogously, we define the Marginal Consumer Price Index (MCPI) as chpi,t =) fekQ ktr
where 9d,¢; = /01 %Qeek(i)di is the aggregated marginal budget share. As discussed in
Olivi et al. (2026), the MCPI is a key index associated with aggregate quantities in the
model. Intuitively, when households make optimal labor supply and saving decisions,

11



they consider on which sectors they spend at the margin.
The third important price index is wholesale CPI, i.e. the CPI before consumer subsi-
dies are applied. This price index is given by lacpi,t = 5Py ;. It will turn out that this

price index will capture the “pure” welfare cost of inflation, caused by markup dispersion

within sectors.Z® Fourth and finally, we define the wholesale MCPI as ﬁmcpi,t =30, eklsk,t.

Aggregate supply effects of a sectoral subsidy. We are now ready to study the aggregate
effects of the fiscal interventions. We first show that a sectoral price subsidy has an
expansionary effect on aggregate supply. This can be observed from the New Keynesian

Phillips Curve (NKPC). Defining wholesale CPI inflation as 7t¢pit = Pcpit — Pepi-1, the
NKPC for this inflation index is given by:

Topie =A@+ DI A NH = Fi )+ (= B, ©)

fiscal wedge

Relative to the textbook NKPC, two wedges appear: a non-homotheticity wedge NHj,
which is highlighted in Olivi et al. (2026), and a fiscal wedge #;, which is new and
captures the aggregate supply effect of a price subsidy. We discuss each in turn below.
Here, A = w is a slope coefficient which depends on the degree of price stickiness.
The NKPC is in terms of wholesale rather than consumer inflation, since it derives from
the price-setting decision of the firms. Like the standard NK model, the NKPC relates
inflation to an output gap, which captures the labor supply distortions created by markups.
In our case, it is given by ﬂt = 1:@ (Wt - ZIk(:l EQM - lele EAk,t)- That is, it

0

captures the gap between households’ marginal rate of substitution between leisure and

consumption (which equals their marginal real wage), and the economy’s marginal rate of
transformation from labor into goods on the other hand. As we will see later, both 7.y ¢
and Y, will capture key macro distortions in the welfare loss function.

Unlike the standard NK model, however, two wedges appear. The first, NH; =
(ﬁmcpi,t - ﬁ;upil t) - (ﬁcpi,t - 13;”./ t) is a non-homotheticity wedge, studied in detail by Olivi
et al. (2026). Here, a star denotes variables in a counterfactual equilibrium with flexible
prices. Note that under homothetic preferences, we obtain NH; = 0, i.e. the wedge drops
out.

The second, a fiscal wedge #; = — (chpi,t - ﬁmcpi,t) = Zl,le Efk,t, is novel and
captures the aggregate supply effect of a subsidy. The subsidy pushes the consumer

DImplicit in our formulation of the model is the assumption that subsidies do not directly reduce markup
dispersion and therefore cannot mechanically reduce the pure cost of inflation.
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price index chpi,t below the wholesale price index pmcpi,t- As a result, the wedge 7;
turns positive. From the NKPC we observe that, given inflation expectations, this reduces
current inflation and/or increases the output gap. Intuitively, a decline in prices increases
households’ real wages,?! akin to a reduction in labor income taxes. This induces them to
increase their labor supply via a substitution effect.?> The increase in labor supply in turn
exerts downward pressure on nominal wages, which lowers firms” marginal costs, which
in turn reduces inflation and/or increases labor demand.

Note that a movement in the fiscal wedge on its own creates a trade-off for monetary
policy, which becomes unable to jointly stabilize inflation and the output gap, i.e. the
“divine coincidence” breaks down. However, if the NH wedge moves as well, then
fiscal policy may be used strategically to offset this wedge. Olivi et al. (2026) show
that following a negative supply shock to a necessity sector, such as energy, the NH
wedge increases. A subsidy increases #; and may then offset this effect, restoring the
divine coincidence,® allowing the central bank to jointly stabilize the output gap and
inflation. Thus, a price subsidy may potentially help to reduce macroeconomic distortions
by facilitating monetary policy. Finally, note that the lump-sum transfers do not matter
for the NKPC.

Aggregate demand effects of a sectoral subsidy. Next, let us turn to the aggregate
demand effects of the subsidy. These effects can be understood from the aggregate Euler
Equation (EE) for the output gap, which can be expressed as:

Y = —G(Rt - Etﬂmcpi,tﬂ + EiFrr1 — F —?;) + EtYii,
[ ———
fiscal wedge

where 7 = ﬁ ZIk(:l (Hba + §k) (EtAk,Hl - Ak,t) is the natural rate of interest, i.e. the
real interest rate obtained under flexible prices. This equation is again very similar to
its counterpart in the textbook NK model, with two main differences. First, the nominal
interest rate is deflated by an inflation index weighing sectors by marginal rather than
regular budget shares (see also Olivi et al. (2026)). The second main difference is that it the
expected change in the fiscal wedge E; %1 — #;, which captures the direct effect of a price

2l As explained in Olivi et al. (2026), household i’s real wage is W, — Zlkil 0 ek(i)Q k¢, SO the wage distortion
created by a subsidy on good k is proportional to the average marginal budget share of k. Subsidies on

necessities (i.e. lower d.ex) generate relatively fewer wage distortions.

22Note that households pay for the subsidy via lump-sum taxes, which eliminates much of income effect
on labour supply, except for a distributional effect.

Z3We show in section 4.3 that this is exactly what a planner would do at the optimum. The planner uses a
flat VAT cut to undo the NH wedge via the ¥ wedge and uses relative subsidies to stabilize relative prices.
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Tlepi

EE+MP

NkPC \

Notes: solid lines illustrate the New Keynesian Phillips Curve and Euler Equation + Monetary Policy
response, before the subsidy. Dashed lines are the curves after the subsidy. Point A illustrates the equilibrium
when the nominal interest rate is kept unchanged, whereas point B illustrates a case in which monetary
policy tightens to fully neutralize the effect of the fiscal wedge in the Euler equation, so that only the supply
effect in the NKPC remains.

Figure 1: Demand and supply effect of a sectoral subsidy on wholesale inflation (7.y;) and
the output gap (Y).

subsidy on aggregate demand. Intuitively, a subsidy mechanically causes a temporary
decline in prices paid by consumers, and hence increases their inflation expectations. The
latter lowers the real interest rate and stimulates aggregate demand today. Unlike the
labor supply effect above, the demand effect has been emphasized in the New-Keynesian
literature on the macro effects of temporary price subsidies (see e.g. Auclert et al. (2023);
Bayer et al. (2023)). Note further that the demand effect may be undone by an adjustment
of the nominal interest rate ﬁt.

Finally, note that the fiscal transfers again do not enter the aggregate Euler equation.
This result breaks down in the full quantitative model, if there is a correlation between
the fiscal transfer and HtM status across households.

Equilibrium effects and the role of monetary policy. From the above discussion it
follows that sectoral subsidies have both a positive aggregate supply effect and a pos-
itive aggregate demand effect. We are now ready to study the aggregate outcomes in
equilibrium (abstracting for the moment from any sectoral productivity shocks). These
outcomes are illustrated in Figure 1, which for simplicity takes expectations of the output
gap (Etﬂtﬂ) and wholesale inflation (EtTtepii+1) as given, which would be the case if the

intervention is purely transitory. The solid lines plot the aggregate supply curve (i.e. the
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NKPC) and the aggregate demand curve, i.e. the EE curve combined with the monetary
policy (MP) response. Solid lines represent these curves before the subsidy, whereas
the dashed lines represent the two curves after a downward price subsidy, keeping the
nominal interest rate constant.

The figure illustrates that, following the subsidy, the EE+MP curve shifts upward due
to the demand effect, whereas the NKPC shifts downward, because of the supply effect.
In the absence of an interest rate response, the new equilibrium is at point A, with the
output gap and wholesale inflation both increasing. Thus, the demand effect dominates
the inflation response in this example.

Point B illustrates a case in which the central bank raises the nominal interest rate, and
does so sufficiently to undo the demand shift completely, so the EE+MP curve remains at
the solid line. The NKPC still shifts down, as the change in the nominal interest rate does
not alter the supply effect of the subsidy. At point B, the output gap still increases, but
inflation now falls.

Let us now study equilibrium outcomes more formally. To this end, let us assume that

monetary policy takes the following form:
IA{t = ?: + (Py«gt + (Pnncpi,t- (10)

where we assume that the coefficients ¢, ¢ > 0 are such that the equilibrium is locally
determinate.’* We assume this rule throughout Sections 3 and 4 (Section 5 presents
quantitative analysis under a more realistic rule with interest rate smoothing). Under the
above rule, monetary policy moves one-for-one with the natural rate, #; and, with some
coefficients, to the output gap and wholesale CPI inflation. Note that with this rule, the
central bank “looks through” the mechanical effects of a subsidy, as typically stated by
central banks in practice.

Let us now consider the effect of a purely transitory subsidy, i.e. #; > 0 and F;41 =

Fi+2 = .. = 0. We can derive the following result:

Proposition 1 (macro effects of a sectoral price subsidy). Under Assumption A and the
policy rule (10), following a purely transitory sectoral price subsidy, the output gap Yy and the
nominal interest rate R; both increase. Wholesale CPI inflation Tt.p; decreases if and only if

Yoy > 1.

This result has a number of immediate implications. First, the response of the output gap
to the subsidy is always positive, that is, Y; > 0. Intuitively, this reflects the fact that both

24t can be shown that determinacy requires (1 — ) 0y + A (1 + %) OG> A (1 + %)
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demand and supply effects push the output gap upward. Second, the nominal interest
rate always increases in response to the subsidy. Indeed, the demand effect dominates the
supply effect at Rp = 0 so both inflation and the output gap are positive (as depicted in
point A). Any stricter rule therefore gives a positive interest rate.?’

Third, the inflation response is negative if and only if ¢, > %: that is monetary policy
must be sufficiently responsive to the output gap to lower inflation, independently of
its sensitivity to inflation. Indeed, monetary policy needs to at least partially undo the
demand effect of the price subsidy (shifting the Euler equation towards point B) to lower
the inflation response. This could be done by responding directly to the fiscal wedge in
the Euler equation?®. However, if monetary policy looks through the subsidy, the output
gap is the right variable to respond to, because it is the only variable the subsidy moves
unambiguously upward, through both the demand and supply channels. In other words,
the output gap is the observable indicator of the demand wedge that the rule otherwise
ignores. In addition, the strength of the response depends on the Frisch elasticity. When
labor supply is elastic (high ¢), most of the subsidy shows up as extra hours and output,
so a mild response to the output gap suffices. When labor supply is inelastic, little of the
boost is supply, so the central bank must correct most of the response of the output gap.
By contrast, a rule that only responds to inflation would impose an interest rate of 0 at
0 inflation. Therefore, mechanically, an inflation rule cannot undo the demand wedge at
0 inflation: the demand effect of the subsidy always dominates and inflation is always
positive.

If we allow the rule to directly respond to the price subsidy (no looking-through), for
example, by directly correcting the demand wedge through

IA{t =7+ cpy)Z + PrTlcpit + Pr (Fr = E¢Fis1),

then monetary policy can lower inflation as long as (1 + %) ¢r + PPy, > 1, that is even
without a strong response to the output gap.

In the Appendix, we generalize Proposition 1 to study persistent subsidies. We show
that, inflation decreases on impact if and only if )¢y, > 1, and that inflation is negative at
all dates for ¢y, > 1.

2To see this more formally suppose the interest rate turns negative. This implies the output gap is higher
than under Rg = 0 so inflation is also higher, since the coefficient on output gap and inflation are non
negative that contradicts a negative rate.

26Which is optimal as shown in section 4.3
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4 Welfare

4.1 Welfare loss function

Having studied the macro effects of the fiscal interventions, our next goal is to conduct a
welfare evaluation of such policies, implemented following a negative productivity shock

to a necessity sector. Let social welfare take the following form, at some initial date t = 0:
W =(1-0) / G(V~ (i), i)di + OEq Z pho / G(Vh(i),i)di, (11)
to=0

where G(-, i) is a differentiable function which captures the social planner’s preferences
over utility levels of different households, which may condition on the household type i.
In the above expression, the first term on the right-hand side corresponds to households
who are already alive at + = 0.2 The lifetime value of these households is given by
V(i) = Eo Xeeo(B( = 0))°(ui(c; (1)) — x(n;(i)/9(i))). The second term corresponds to
households born after time t = 0, where the lifetime welfare of household i born at ¢t is
given by V(i) = By, S20(B(1 — 8)) (ui(e?, (1)) — x(n'",(1)/3()).

Our goal is to derive a second-order approximation to ‘W, as a function of the policy
instruments and equilibrium variables. To this end, we must make assumptions on
the first- and second-order derivatives of the social preference function G. Our first
assumption follows the literature on inverse optimum taxation and implies that the steady-
state distribution is efficient, see also McKay and Wolf (2023). This means that, absent any
aggregate shocks, there is no motive for policy to manipulate distributional outcomes.?
This assumption is implemented via the following condition on the first-order derivative
of G:

G’ (Vto(i)’ Z) 0e0; (efg(l'), Pto) =1,

where v; (e(i), P) = max; ui(c(i)) s.t. Zl,le fol Pr(j)ck(i, j)dj < e(i) is the indirect utility
function of consumption.

While the steady-state distribution is treated as efficient, fluctuations in the distribution
following aggregate shocks still create welfare losses. In order to pin these down, we
must make an assumption on the second-order derivative G” (Vto(i), i), which captures

2’We assume the economy starts from the steady state, so households of a given type i born before t = 0
are identical.

2This is important in our case since, as in the data, the fiscal authority in charge of the relief program
can use lump sum transfers, for example based on steady state income. If the fiscal authority values lower
income households more in steady state, then those transfers should be used even without aggregate shocks.
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social preferences regarding distributional fluctuations. A simple assumption would be
to set G” (Vto(i), i) = 0. In this case, the social preference function is linear (conditional
on type i), which implies that the planner cares equally about utility fluctuations of all
households.?” Alternatively, one could recover G” (Vto(i), i) from the data. This is the
approach we will follow in the quantitative section of this paper. For now, we assume
G” (V(i),i) = 0.

In the Appendix, we derive the loss function for the full model (including input-output-
linkages, non-randomly distributed HtM households, and heterogeneity in price stickiness
across sectors). Since the welfare loss function is a rather large equation with some
relatively unimportant components, we further simplify the model along the following

dimensions:3°

Assumption B. Assume no OLG structure (6 = 0); alinear social preference function (G” (Vto(i), i ) =
0); and no heterogeneity in marginal budget shares (dex(i) = deex).

We now derive the simplified social welfare loss function:

Proposition 2 (welfare loss function). Under Assumptions A and B, the social welfare loss
function is given by £ = LToVithin o prbetween 4 pY y predist yyhere:

nt,within _ tE 2
L B Zﬁ Ancw‘/t

t>0
Ln,between — Z ﬁt Z Sk Z pk,l (Qk,t + Ak,t) (Ql,t + Al,t)
t>0 k I
2
£y =+ )| Y I -n|9 ) B+ (1-9) (1-p) (Zﬁtﬂt)
t>0 t>0 t>0
standard heterogeneous wealth effects
2
£redist — (1 _ ﬁ)(l — (P)/ g(l) (Z ﬁt[t (Z) di + @ Zﬁt / g(l) (-Zl‘ (1))2 di
t>0 t>0
non-HtM HtM

where

2We then obtain the linear form / G(V(i),i)di / G’ (V(i)) V(i)di, where G’ (V(i)) is the Pareto-
Negishi weight.
30The loss function in the general case is presented in Appendix C and derived in Appendix B
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(CRETUEDY ( (si(i) - sk>) Qpr+ 2D (& - (1 - 1) Ocpis - (1 - %) y) ,

o £
80 = T Wate

Qk,t = Pk,t — Tkt

and where y}* = Zf 1 lpf +Z‘/+SkA k¢ is the natural level of aggregate demand, i.e. the level
that would prevail in a version of the economy with flexible prices. Moreover, pi,; =
/01 eld) —&-pk,1(i)di is the expenditure-weighted elasticity of substitution between sectors.

The first component, £L™Within s the inflation distortion in the textbook New Keyne-
sian model. In the presence of aggregate shocks, nominal rigidities create price dispersion
across varieties, which lowers consumer welfare. Note that this term depends on whole-
sale inflation, 7p; ¢, which excludes the mechanical effects of a price control, as such
controls do not affect within-sector price dispersion.

The second term, L™PetWeen captures relative sectoral price distortions. If relative
sectoral prices faced by consumers respond one-for-one to movements in relative sectoral
productivity levels, then this term is zero. A price control directly affects this component.
It captures a common criticism of energy price controls, namely that they induce over-
consumption of energy. The magnitude of this distortion is governed by the elasticity of
substitution between sectors, p; ;.

The third welfare component, LY, captures welfare loss arising from the output gap.
That is, it captures labor market inefficiencies induced by the presence of markups, which
distort real wages. Within this component, the second term captures heterogeneous

b
wealth effects on labor supply. Here, 1 = (1 - %) f ; wm)w di > 0 captures the wedge
ety oe(i)

between individual and representative-agent Hicksian labor supply elasticities. In our
quantitative model, this second term is relatively unimportant.

The fourth component, £t captures welfare losses arising from distributional fluc-
tuations. Within this term, Z;(7) is a distributional variable that is zero on average and
captures changes in household i’s real budget, relative to other households, due to varia-
tions in equilibrium prices and transfers. Moreover, g(i) denotes the weight of household
i in the welfare loss function. Note that under G” (V(i), i) = 0, this weight is declining in
steady-state expenditures and income; that is, poorer households receive a higher weight.

Intuitively, a given income shock reduces expenditure by proportionally more for poorer
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households:?! the same income fluctuations generate larger utility fluctuations and hence
welfare losses for the poor.

Next, note that £ js the sum of two components. The first arises from non-HtM
households, which comprise a share 1 — ¢ of the population, while the second arises from
HtM households. The first term is multiplied by 1 — § and therefore tends to be relatively
small, since the discount factor is close to one. Intuitively, non-HtM households are able
to smooth any flow income gains or losses over their entire lifetime, thereby mitigating
the associated welfare loss. By contrast, HtM households must absorb any current income
changes through current consumption, generating a relatively large utility loss.

Let us now unpack the distributional variable Z;(7), which captures the relative effects of
equilibrium prices and quantities on households’ budgets. It contains several components.
First, C;(i) captures the direct income effect of a government transfer on household i’s
budget. The second component captures redistribution arising from relative sectoral
prices. For example, a household that consumes a relatively large amount of energy
suffers, relative to other households, from an increase in energy prices. Indeed, a key
goal of the cost-of-living policies implemented in practice is precisely to compensate such
households.

The remainder of 7;(i) is related to wealth redistribution (note that the term in large
brackets is multiplied by b(i)). In particular, an increase in the nominal interest rate R;
directly redistributes wealth from indebted households to savers. Given that the variation
in wealth in the data is much greater than the variation in consumption baskets, it may
therefore be the case that the distributional effects of the monetary policy response to
an energy price shock dominate the distributional effects arising from changes in energy
prices and consumption basket heterogeneity. Similarly, fluctuations in the consumer
price level Qcpi,t generate wealth redistribution, although this effect is relatively small,
as it is multiplied by the term (1 — 1/R).3? Finally, fluctuations in the natural level of
output J?; generate a distributional effect related to efficiency considerations. In particular,
households differ in the extent to which they allocate additional income to consumption
versus leisure. During periods of low aggregate productivity, goods are relatively costly
to produce, and it is therefore efficient to redistribute toward households that consume
relatively more leisure at the margin, i.e. indebted households.

31The semi-elasticity of expenditure with respect to income I is d;ln(e(i)) = (e(i) + Wn(i)y/o)~! which
declines with labor income and expenditure.

32This is because valuation effects only matter to the extent that households receive flow income from
an asset or change their asset positions. In the steady state, asset levels are constant. Therefore, valuation
effects operate only through changes in real interest income or payments on the asset.
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Nonlinear social preference function. Under a more general social preference function

that departs from linearity, the individual weight in the loss function is given by:

B E R G”(Vh(i),i) v (e(i)) E
~oe(i)+Wn(i)y R-1 G’ (Vh(i), i)

g(i)

The first term is the same as before, but now a second term is added, which captures
preferences of the planner over fluctuations in the distribution. In Section 5.5 we will
present a method to recover these more general welfare weights from the data, based on
the observed properties of tax/transfer systems over the business cycle.

4.2 Welfare effects of fiscal packages following a sectoral shock

Our ultimate goal is to evaluate and understand the welfare effects of a fiscal package
following a sectoral shock. To understand the welfare effects, we present two decomposi-
tions. To this end, let us adopt sequence-space notation and write the welfare loss function
as a function L(P(A,Z), X(A,Z); A, Z), where A is a matrix containing the time paths of
sectoral productivities (Ay ;), while Z contains the time paths of the fiscal policy variables
(Ct(i), Tk ,¢). Moreover P(A, Z) contains sectoral producer prices (ﬁk,t), while X(A,Z) is a
matrix with the time paths of other macro variables entering the loss function (ﬁt, y])
Both P and X are written here explicitly as functions of the shocks (A) and fiscal policies

(Z), since they determine the paths of the equilibrium objects.>?

4.2.1 Decomposition 1: the roles of distortions

The first decomposition follows directly from the welfare loss function and decomposes
the effect of the fiscal package into the contributions of the various distortions. Let
ALioa = L(P(A,Z),X(A,Z);A,Z) — L(P(A,0),X(A,0); A, 0) denote the difference in the
welfare loss in the baseline version of the model and a counterfactual without the fiscal
package (Z = 0), but with the same shock A. Thus, AL captures the negative of the
welfare effect of the fiscal package, given the shock. From Proposition 2 it immediately
follows that we can decompose it as:

ALotal =A£n’Within + ALR,between + A Ly + A Lredist'

3Here, we treat the nominal interest rate also as an equilibrium variable since we assume the same
monetary policy rule across counterfactuals. At the end of Section 5.5, we consider a different counterfactual
for the monetary policy response.
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With this decomposition, we can evaluate which distortions the fiscal package alleviates

and which ones it worsens, following a shock.

4.2.2 Decomposition 2: partial-equilibrium versus macro channels

A different, complementary way to understand the welfare effect of a fiscal package is to

decompose into the contributions of direct, partial equilibrium effects and macro channels:

ALtotal = ‘E(P (AI Z) ’ O/ A/ Z) - ‘C(P (AI Z) ’ 0/ A/ 0)

Partial Equilibrium (A Lpg)

Macro Exposures (ALumE)

General Equilibrium (ALGg)

This decomposition is helpful in understanding to what extent welfare effects are driven
by the immediate, partial equilibrium effects of a fiscal support package, which are often
at the forefront of policy discussions, and to what extent by macro channels. Note further
that we can also implement the decompositionsjointly, i.e. decompose each distortion term
into PE, ME and GE effects. For instance, we can decompose the effect of a fiscal package
on the within-sector inflation distortion as A L7™1thin = A LT W A pTEwithin g A prwithing
Let us now discuss the components in Decomposition 2 (continuing to make Assumptions

Aand B):

Partial Equilibrium (PE) effect. The Partial Equilibrium effect (or “direct effect”) cap-
tures the effect of the policy in a case in which only prices and productivities change
following the shock. This can be thought of as the welfare effect obtained in a micro-
oriented welfare calculation which ignores any macro effect beyond the shock and the
price changes. Note that ALpg = AL;? ctween ALf,egiSt, because the fiscal policy variables
in Z only enter through those terms. That is, the PE effect purely captures the trade-off be-
tween the consumption basket distortion and the distributional effects of a fiscal package.

Indeed, these two effects are typically central in policy discussions.

Macro exposures. The PE effect abstracts from the fact that, following a sectoral shock,

not only sectoral prices move, but other macro variables as well. This in turn creates redis-
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tributional effects, beyond those arising from sectoral price movements. ALyg captures
these effects. Intuitively, this adjustment captures the extent to which households” indi-
vidual exposures to the macro effects co-vary with the incidence of the fiscal policy. For
instance, following a negative supply shock, the central bank may increase the nominal
interest rate, which benefits savers but hurts borrowers. If it is the case that borrowers
also stand to gain from the fiscal package, then this raises the welfare effect of the package
beyond the direct effect. If not, welfare is reduced.

Note that ALvE = Alﬁgi“, i.e. the macro exposure adjustment enters purely through
the redistribution term. Indeed, this is the only term in which the fiscal policy variables
in Z interact with the macro variables in X. Note further that, within X, only the nominal
interest rate matters for the macro exposures, since the output gap Y: does not enter in
the redistribution term.

General Equilibrium (GE) effects of the fiscal package. The final term of the equation
captures the fact that the fiscal package itself creates welfare effects, which potentially
affects all components of the welfare loss function. For instance, the demand effects of
a sectoral subsidy may increase inflation, leading to a direct welfare loss and additional
redistribution between borrowers and savers. On the other hand, the subsidy may also

dampen the decline in the output gap, which may improve welfare.

Overall welfare effects. The welfare implications of direct effects, macro exposures,
and equilibrium effects are all ambiguous. Hence, the overall welfare effect is generally
ambiguous as well. Yet, based on the positive results in the previous section we can obtain

some insight into under which circumstances a subsidy improves/reduces social welfare:

Proposition 3 (welfare effect of a sectoral price subsidy). Consider a purely transitory,
negative productivity shock to a necessity sector k. Under Assumptions A and B, the policy rule
(10) and (R = 1) (0 + ¢) < 1,3* a small transitory subsidy to the necessity sector has the following
effects on the components of the welfare loss function:

7, between
¢ A‘lz’cotal B 0’

o ALTWHRIN o (it and only if ¢ <1,

total
Y
¢ A‘lz’cotal < 0’

. A.Lfgf;ft < 0if b(i) = b = 0 for every i (only consumption basket heterogeneity),

34This condition is very likely to be satisfied in practice, since R — 1 is close to zero. In our calibrated
model we have (R — 1) (o + 1) = 0.0272.
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. AL{gngt > 0 if sk(i) = 5k for every k, i (only wealth heterogeneity).

The welfare losses from the fiscal package are independent from the size of the subsidy, its gains
turn into losses if the subsidy is large enough.

The proposition implies that the welfare effect of a sectoral price subsidy following a
negative necessity shock is generally ambiguous. On the one hand, it increases welfare
losses from consumption basket distortions (the between-sector component), as it worsens
the misalignment of relative sectoral prices with relative productivity levels. That is, the
subsidy worsens the distortion in consumption baskets. This effect is entirely captured by
the PE channel, i.e. ALZ;tz Ttween = ALgﬁbe‘fWeen > 0.3

On the other hand, absent any wealth heterogeneity, the subsidy may improve the
distributional welfare components, as it directly benefits households with high exposures
to the subsidized sector. In particular, without heterogeneity in nominal wealth (Var(b;) =
0) it holds that ALredist = ALIr)%diSt < 0, i.e. the policy reduces the redistribution losses

total
from the shock, and this effect enters entirely via the PE channel.®

However, once
wealth heterogeneity is taken into account, PE, ME and GE channels all matter for the
redistribution term.

Proposition 3 characterizes the welfare impact of the policy through the macro compo-
nents related to the output gap and CPl inflation. These effects matter purely through the
GE channel, i.e. A.ﬁgﬁthin = ALY ithin < 0 and AL;‘Z ] = A.LgE < 0.% Indeed, a negative
shock in a necessity sector — absent any fiscal stimulus — increases CPI inflation and re-
duces the output gap through the NH wedge (see Olivi et al. (2026)). As a price subsidy
always increases the output gap (see Proposition 1), the subsidy reduces the welfare loss
from the output gap component. However, the output gap gain is only local, for a large
enough subsidy, the increase in the output gap overshoots and the contribution becomes
negative. Proposition 3 also states that the effect of the subsidy on the within-sector in-
flation component depends on the monetary policy response. Unless monetary policy
reacts sufficiently aggressively to the output gap, the subsidy also increases within-sector
inflation, which also reduces welfare. As explained in Proposition 1, without a strong

response to the output gap, the subsidy stimulates aggregate demand and thereby fuels

$With homogeneous price stickiness across sectors, neither fiscal nor monetary policy affects relative
producer prices Isk,t - pgpi,t, so the distortion in consumption baskets is fully captured by the direct impact
of the subsidies on consumer prices. Quantitatively, the PE effect explains most of the between sector
component of the welfare loss with heterogeneous price stickiness.

%This again follows from the homogeneous price stickiness assumption since £t only depends on
relative prices without wealth heterogeneity.

%Note that the fiscal policy variables do not enter directly into these components.
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inflation.

Finally, Proposition 3 makes clear that, in the presence of wealth heterogeneity, a
sectoral subsidy may worsen the redistribution component of the welfare loss function.
Indeed, in the special case without consumption basket heterogeneity (Var(s;) = 0), we
obtain AL{ggilst > (0. The overall effect is a combination of PE, ME and GE channels.
The PE channel, which enters through the CPI Qi , creates a revaluation of nominal
positions, while the natural level ﬁt* redistributes between households based on their
relative dependence on labor versus financial income. These effects tend to be relatively
small, however.38

More important is the ME channel, which incorporates the redistributive effects of the
nominal interest rate. Following a negative productivity shock, the nominal rate increases
which redistributes between borrowers and savers. In addition, the direct impact of
the subsidy is to lower the price level thereby increasing the real wealth of savers. The

subsidy therefore amplifies redistribution towards savers and thereby creates a welfare loss

redist
ME

these losses. As shown in Proposition 1, in response to the subsidy, the nominal rate

through the macro exposures effects: AL > 0. Finally, GE forces tend to exacerbate
increases (which redistributes towards savers) and usually dominates the increase in the
price level (which redistributes towards debtors). This is the case if the central bank
responds sufficiently strongly to either the output gap or inflation, AngiSt > 0.%
Although the overall welfare impact of the subsidy is ambiguous, under monetary
rules responding weakly to the output gap (as is the case in the UK) if the variance of
wealth in the population and the subsidy itself are large enough, the overall impact of the

price subsidy will reduce welfare.

4.3 Optimal Policy

While the main purpose of this paper is to evaluate the welfare effects of existing policies,
it is instructive to understand what the optimal policy would look like in this environment.
We can derive the following result:

Proposition 4 (optimal monetary/fiscal policy). Under Assumptions A and B, the joint-
optimal monetary-fiscal policy consists of a path of transfers, sector-level price controls, and nominal
interest rates such that Y, = Tepit = 14(i) = 0 and Qk,t = —Ak,t — 1 forall t > 0. This is

3¥Note that in the redistribution component of the loss function, both variables are multiplied by (1 — %),
which is a small number.
% A sufficient condition for ALEI > 0is ¢ + (A7 + R) ¥¢y; > R.
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achieved by setting:

Tkt = Pit + Akt + Tt
T = Nq'{t - (Pmcpi,t - P;cpi,t) 7
Rt = 7 + Etmtmepip+1 — ErFre1 — Fr),

)= 3 (Pt -50) Qe =52 (- [1- 1) Qo= [1- ) 9).

k

As mentioned in section 2, the optimal policy uses an economy-wide price control (7;) to
offset the NH wedge in the NKPC, and differentiates the price control across sectors to
correct relative prices (7x:). With the NKPC wedge being offset, monetary policy then
exploits the “divine coincidence” to jointly stabilize CPI inflation and the output gap.
Finally, optimal transfers between households correct any redistributional effects.

Note that under the optimal policy, the central bank does not merely move the nominal
rate to let the real rate mimic its natural counterpart, as in the standard NK model.
Indeed, it actively tightens in response to a temporary downward price control, in order
to eliminate the aggregate demand effect discussed in the previous section. Thus, the
optimal policy does not “look through” the price control.

Arguably, the joint optimal policy is not very realistic as it requires not only coordina-
tion between fiscal and monetary policy, but also complex fiscal transfers. For example,
the optimal transfer redistributes based simultaneously on heterogeneity in wealth and
consumption baskets. Moreover, the implementation of time-varying price controls or
VAT taxes/subsidies in all sectors seems unrealistic. The question is therefore what are
the welfare effects of realistic policies. We evaluate this quantitatively in the next section.

5 Evaluating the 2022 UK fiscal package

We now use the model to quantitatively evaluate the UK’s cost-of-living policies in re-
sponse to the large increase in Electricity and Gas prices following the invasion of Ukraine

in 2022. We evaluate these policies in the full model.

5.1 Calibration

The model contains eight broad COICOP sectors: Food, Clothing, Electricity & Gas, Furniture,
Transport, Recreation, Restaurants & Hotels, and Miscellaneous. The time period is one
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quarter. We discipline the steady-state distributions of the model using micro data from
the UK Living Costs and Food (LCF) Survey, which contains detailed information on
around 6000 households. The modelis sufficiently flexible for us to include each household
in the data as a household in the model (where we use survey population weights for

aggregation).

Steady-state distributions and preferences. The calibration of the steady-state distribu-
tions follows Olivi et al. (2026). That is, we impute nominal wealth at the individual level
(b(i)) from interest payments on mortgages and credit cards, and from interest income.
We then add a constant to ensure that the aggregate net wealth position is zero, as the
model is for a closed economy. Next, we take total expenditures on the 8 sectors (e(7))
from the data, and back out labor income as a residual of the individual budget constraint,
which we then use to calibrate the labor productivity parameter 9(i). The left panel of
Figure 2 plots the joint distributions of steady-state income and nominal wealth.

To parametrize preferences, we estimate a Non-Homothetic CES demand system, fol-
lowing Comin et al. (2021), allowing for idiosyncratic preference shifters, in order to
exactly match consumption baskets in the LCF. We set the elasticity of substitution be-
tween sectors to 0.3, following recent evidence by Levell et al. (forthcoming). We then
back out preference shifters such that the model exactly matches the distribution of con-
sumption baskets in the LCF, at the individual level. For illustration, the right panel of
Figure 2 plots the average expenditure share on energy by income decile, as well as the
range between the 10th and 90th percentile of this expenditure share, within each income
decile. Clearly, poorer households devote a large share of their spending to energy. At
the same time, there is a large amount of variation within each decile, suggesting that
income-based transfers may not be perfectly targeted (Levell et al. (forthcoming)).

For firms, we assume the same elasticity of substitution, which is in the range of
empirical estimates reported by Bachmann et al. (2022). The elasticity of intertemporal
substitution and the Frisch elasticity of labor supply are both set to be common across
households and equal to one. The subjective discount factor is set to f = 0.995, and the
death probability is set to 6 = 0.0083.

The fraction of hand-to-mouth households is calibrated within each types so that the
model exactly reproduces regression evidence in Albuquerque and Green (2022) who
elicit individual MPCs in a survey and regress them on individual characteristics, which
we also observe in the LCF. The calibration of input-output linkages is based on ONS data
on sectoral input-output tables and price rigidities are set following previous empirical
evidence on sectoral price adjustment frequencies in the UK, as in Olivi et al. (2026).
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Figure 2: Steady-state distribution.

Notes: Left panel: histogram of the steady-state distribution of income and wealth. Right panel: steady-
state budget shares on Electricity & Gas, by deciles of total expenditure. Vertical bars denote the 10th-90th
percentile ranges within each total expenditure decile.

The Ukraine shock. We feed productivity shocks to the all sectors the model. We back
out these shocks from the sector-level NKPCs expressed in terms of marginal costs, and
using data on the wage and sectoral prices. We assume that the time path of the shock is

announced at the time of the invasion, i.e. in the first quarter of 2022.

Energy Price Guarantee. Next, we introduce the two fiscal policies, again assuming that
their time paths are announced at the time of the shock. The first policy captures the UK’s
Energy Price Guarantee (EPG), which capped the energy bill for a typical household at
£2,500 for three quarters starting in October 2022. This cap corresponded to about a 95
percent increase in energy prices relative to the Ofgem cap in January 2022, just before the
shock hit. The price cap is implemented as a price subsidy on energy Tenergy such that the
increase in the price of Electricity and Gas faced by consumers is limited to 95 percent, in
line with the policy.*

“0The EPG was financed by the UK government, which compensated energy companies for the difference
between the market price and the capped price. In reality, the EPG was introduced on top of a price cap set
by the UK energy regulator Ofgem. This Ofgem cap, however, is designed to reflect market prices and costs
of production, and therefore is not a subsidy. We can therefore think of the Ofgem cap as the market price.

28



Cost-of-Living payments. The second policy we introduce are the cost-of-living pay-
ments paid over the period 2022Q3-2024Q1. There were a number of transfers, paid out
at different points in time and to different groups of households. They are summarized
in Table 1. First, there were transfers paid out to households who were eligible for certain
pre-existing means-tested welfare programs. Roughly speaking, these transfers were paid
to households in the bottom thirty percent of the income distribution. In the LCF, we
observe whether households are currently receiving certain benefits, from which we can
determine whether they are eligible for these payments. Similarly, cost-of-living payments
were made to disabled people as well as to those at or above the state pension age, and the
payment doubled if the pensioner was aged 80 or above. Since every household type in the
model corresponds to a household in the LCF, we can calibrate directly which households

received a given transfer. Finally, there were two payments made to all households.

Means-tested Disability Pensioner Pensioner All households

Quarter ®) ) (£), n0 80+  (£), 80+ )
202201 0 0 0 0 0
2022Q2 0 0 0 0 0
202203 326 150 0 0 0
202204 324 0 150 300 200
2023Q1 0 0 0 0 200
2023Q2 301 150 0 0 0
202303 0 0 0 0 0
2023Q4 300 0 150 300 0
2024Q1 299 0 0 0 0

Table 1: Notes: Cost of Living Payments and Energy Bill Support by quarter.

Monetary policy. Our assumed monetary policy rule follows Nakamura et al. (2025),
who estimate the following specification for the United Kingdom:

A 1 ~ A

Ri = Qnml, , + Gy + OrRi1 + €1,

Cgr ot 18 annual core inflation. We calibrate the coefficients using the estimates

reported in Nakamura et al. (2025) for the UK (their Table B.2), converted into a rule for
the quarterly interest rate. Accordingly, we set ¢ = 0.17/4 = 0.0425, ¢; = 0.06/4 = 0.015
and ¢r = 0.84. To account for the fact that monetary policy likely did not strictly follow

where 7

this rule in the post-2022 period, we additionally include a sequence of policy shocks, ¢;.
We assume that these shocks are announced in 2022Q1 and calibrate their values so that
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Figure 3: Baseline simulation and counterfactuals.

Notes: See main text.

the model reasonably replicates the observed paths of the nominal interest rate (R;) and
wholesale inflation (7t¢p;,¢) over the sample period.

Modelfit Figure 3 plots the fit of the model. Following the shock, thereis a large increase
in the price of Electricity & Gas. The energy price guarantee significantly limits the price
increase for consumers. Contemporaneously, there is a strong increase in wholesale CPI
inflation (driven largely by the energy price), as well as in the nominal interest rate. The fit
of the model along these dimensions appears reasonable. Finally, the figure also plots the

output gap (not directly observable), which remains positive throughout, dipping briefly
in 2022 before peaking in 2024.
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Social welfare weights. Finally, we parametrize the social welfare weight g(i) in the
quadratic loss function, for each household. The estimation of these weights, an in-
dependent contribution of this paper, is based on cyclical fluctuations in income and
taxes/transfers over the decades before the Ukraine shock. Intuitively, the planner will
adjust transfers to household 7 following shocks more strongly the higher is g(i), allowing
us to infer weights from observed cyclical movements.

The full procedure is described in detail in the Appendix, but the main idea is as
follows. Suppose that both labor productivity 9(i) and the net lump-sum transfer vary
by household over time. Let w denote some bin of the distribution, and let the net transfer
to this bin be given by 7;(w). In the Appendix, we show that the model implies the

following relation between transfers and productivity revisions:

D B8 (@) = y(w) Z B (Stss(@) + 2r1s(w))

+b(w)&s + br(w) Z B (Ress = &y 1resr) + Do(@)Qcpr,

where &; is an unobserved factor with heterogeneous loadings given by b(w), and the
other macro controls capture the redistribution that happens through wealth. The object
of interest is y (w), which captures how large (average) welfare weights are relative to the
linear benchmark G” = 0.*! In the extreme case, if income fluctuations were completely
stabilized for some group, then y (w) approaches infinity.

We use the LCF household-level quarterly data from 2002-2019 to construct labor
income deciles, and estimate a joint VAR of the decile-level and four macro variables: real
GDP, wages, prices and interest rates. We then use the quarterly revisions to estimate
the equation above, which recovers average weights for each decile. Lastly, we recover
the underlying welfare function by expanding the curvature term x (V) evaluated at
the household’s lifetime utility V in a polynomial and fitting it to the estimated decile
moments.*?

The results are shown in Figure 4. The left panel shows the point estimates for each bin
with its 95% confidence interval. For the bottom nine deciles the estimates are close to the
linear benchmark. The exception is the top income decile of the distribution, where the
estimates are significantly below the linear case. The right panel plots each household’s

empirical weight against its labor income. It highlights that while there is a strong negative

[ 8D W"(' n(i|w)di
[ glinear(i) W” l)n( |w)di

1 The exact expression for the coefficient is given by y(w) = which collapses to one in

the case of a linear social welfare function.

“When o = 1, the exact expression is V (e, Wn) = (ln(e) o ¢ T )
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Figure 4: Estimated welfare weights.

Notes: The left panel reports the estimated y(w), i.e. welfare weight relative to the the linear benchmark
(y = 1), for each decile of the residualised labour income distribution, with 95% confidence intervals. The
right panel plots the fitted welfare weight for each household in the 2019 cross-section against its weekly
labor income. The projection returns a negative weight for about 6% of households, which are not shown
here.

gradient with respect to income, a significant degree of heterogeneity still remains.

5.2 Macro effects of the UK support package

Having parametrized the model, we first study the macro effects of the UK fiscal package,
shown in Figure 5. It turns out that the fiscal transfers (yellow line) have relatively limited
macroeconomic effects, and hence the overall effect is mostly driven by the Energy Price
Guarantee (EPG), which drastically limited the increase in the price of energy paid by
consumers. The figure also shows that the EPG had a substantial positive effect on the
output gap and the nominal interest rate, in line with our analytical results. The effect on
inflation is positive (after a small initial dip), but is followed by a negative effect.

To better understand the macro implication of the EPG, Figure 6 plots its demand and
supply effects of the fiscal wedge. These are obtained by shutting down, in turn, the fiscal
wedge in the NKPC and Euler equation for the output gap. As expected, the supply and
demand effects on inflation work in opposite directions, whereas for the output gap the
two forces tend to reinforce each other. Importantly, both effects are quantitatively large,
underscoring the significant macroeconomic implications of the fiscal intervention. Given
the monetary policy rule, the demand effects outweigh the supply effects in terms of the

inflation response.
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Figure 5: Macro effects of the UK support package

Notes: difference between a simulation of the baseline model and a simulation without the full fiscal package
(blue line), and without only the CoL payments (yellow line).

5.3 Distributional effects

Having studied the macro effects, let us now consider the distributional effects of the
Ukraine shock. The blue solid line in Figure 7 plots the effects of these on the budgets
of savers and borrowers with different levels of labor income. Here, the solid blue line
captures the direct distributional effects of the Ukraine shock via prices and productivity,
whereas the dashed blue line captures the distributional effects of the change in the
nominal interest rate. The red lines capture the distributional effects of the fiscal package,
net of the lump-sum taxes required to finance the package.

Interestingly, the group that faced the most negative budgetary hit from the shock
consists of borrowers with high labor income, plotted in the upper right panel. These
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Figure 6: Response to the support package: demand and supply effects.

Notes: Supply and demand effects are computed as the difference between a simulation from the baseline
model and a counterfactual version in which the fiscal wedge ¥ is suppressed from, respectively, the NKPC
and the Euler equation.

households suffered from a decline in labor productivity and from the increase in interest
rate. By contrast, savers with low labor income (a group that includes pensioners), plotted
in the bottom left panel, gained from the shock, as they did not rely much on wage income
but did gain from the increase in interest on their savings.

Next, let us consider the budgetary effects of the EPG and transfers, as well as the taxes
needed to finance these measures. As expected, low income households gain from both
tiscal measures, whereas high income households lose on net, considering that the package
is financed via increased taxes. Thus, for high income borrowers the fiscal package comes
as a double whammy: not only are they hit relatively hard by the decline in wages and
increase in interest rates resulting from the Ukraine shock, they also end up losing on net
from the fiscal package.
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Budgetary Effects, relative to average (£)
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Figure 7: Distributional effects of the shock and support package.

Notes: Average budgetary effects by group, in £ per quarter. Groups are defined by nominal wealth position
and labor income terciles, with their population share given at the top of each panel. The effects of the two
fiscal measures are shown net of the lump-sum taxes.

5.4 Welfare evaluation

We now evaluate the welfare effects of the policies by comparing welfare losses in a baseline
simulation (i.e. the Ukraine shock plus the fiscal response) with those in a counterfactual
simulation without the fiscal measures. In order to understand the effects well, we apply
the decomposition of Section 4.2. That is, we first consider only the partial equilibrium
effects, then we add the effects of macro exposures, and finally we compute the overall
welfare effect of the fiscal package. More formally, recall from Section 4.2 that:

A-LPE =-£(P (A/ Z) ,0; Ar Z) - -£(P (Ar Z) ,0; A/ 0)
ALpg + ALye =L(P(A,Z),X(A,Z);A,Z) - L(P(A,Z),X(A,Z);A,0)
ALPE + A‘-£ME + A-£GE ZL(P (A/ Z) s X (A/ Z) ’ A/ Z) - ‘L(P (A/ 0) s X (A/ 0) y A/ 0)

where A, P, X and Z are defined as in Section 4.2, except that here we add the nominal
wage W; to X since in the general case with input-output linkages it enters the welfare
loss function separately from the output gap. Note also that each of these components we
can further decompose into the contributions of inflation within and between sectors, the
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Figure 8: Welfare effects of the support package.

Notes: See main text.

output gap, and redistribution. The results are shown in Figure 8.

Partial Equilibrium effects. This welfare calculation, most closely in spirit to a typical
evaluation in the applied micro literature, is shown in the top left panel of Figure 8. It
considers only the effects of changes in relative prices and sectoral productivity, shutting
down fluctuations in the output gap and the interest rate, i.e. it sets X = 0, in the loss
evaluation both with and without the fiscal intervention.

For the energy price cap (i.e. the EPG) the main welfare effect is driven by the between-
sector inflation component, which captures the distortion of the consumption basket
created by the subsidy, which encourages energy consumption. Unsurprisingly, this
creates a negative welfare effect. In addition, there are significant redistribution effects
which are on net positive as the price cap benefits exactly those who are most affected by
the increase in energy prices. However, the welfare effect turns out to be dominated by
the consumption basket distortion, so that the overall effect is negative. Finally, there is a
very small output gap term, which arises from heterogeneity in marginal budget shares,
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which affects labor supply responses.

The panel further shows that the PE welfare effect of the Cost-of-Living transfers is
negative, but only slightly so. An important reason for this moderate magnitude of the
redistribution term is that the transfers were based on characteristics such as age or income,
and while these correlated with exposure to energy prices, the correlation in the data is
relatively weak, since there is a large amount of idiosyncratic variation in consumption
baskets in the data. Thus, the transfers are only moderately successful in compensating
households most affected by price changes. In addition, since the transfers were paid
out in particular quarters, they induced consumption volatility among HtM households,
reducing welfare.

Macro exposures. The top right panel of Figure 8 adds the Macro Exposures to the wel-
fare calculation. That is, the panel shows ALpg + ALME = L(P(A,Z),X(A,Z);A,Z) -
L(P(A,Z),X(A,Z);A,0). Importantly, the calculation now includes the redistributive
effects of the nominal interest rate (but not the fact that the interest rate reacted endoge-
nously to the fiscal policy). Interestingly, the redistribution now becomes negative on net,
driven by the HtM households. This is due to the perverse redistributive effects discussed
in Section 5.3: higher-income, indebted households suffered from the Ukraine shock and
the interest rate hike this triggered, and the fiscal package exacerbated this loss as these
households benefited relatively little from the package, while still paying for it through
taxes. This reduces their welfare in particular to the extent that these indebted households
are also HtM.

General Equilibrium effects. Finally, we add the General Equilibrium (GE) effects. We
then obtain the total welfare effect of the fiscal intervention, plotted in the bottom left
panel of Figure 8. This panel shows ALpg + ALvE +ALge = L(P(A,Z),X(A,Z);A,Z) -
L(P(A,0),X(A,0);A,0). Now, the welfare effects of the price cap are even more negative,
driven by the redistribution/smoothing term. As studied above, the package has a stimu-
lative effect on the output gap and inflation, to which the central bank reacts endogenously
through its policy rule by increasing even further the nominal interest rate (see Figure 5).
This in turn creates even larger welfare losses for the most indebted households, who were
already most negatively affected.

Interestingly, welfare loss created by the Cost-of-Living transfers alone is nearly zero,
which is in line with their limited macro effects in our model.

Finally, we note that the overall welfare loss of the fiscal package is about £150 per
household, roughly 3.3 times as large as in the Partial Equilibrium, which underscores the
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importance of accounting for macro channels.

5.4.1 Robustness

In the Appendix, we consider two robustness exercises. In the first, we compute welfare
under the assumption of a linear social welfare function (G” = 0). Results are quantita-
tively somewhat different in this version, but overall very similar to our baseline.

In a second robustness exercise, we allow for the fiscal policy to be financed by gov-
ernment debt. During the 2022 Cost-of-Living crisis, the UK had relatively limited fiscal
space. Accordingly, our baseline model assumes that the fiscal packages are financed
through contemporaneous taxes. We now extend the model to allow the policies to be
financed via an increase in government debt, repaid at some later date.

We find that the welfare effect of the fiscal package becomes even more negative than in
the baseline without government debt, and the welfare loss from the smoothing compo-
nent is also larger. The mechanism runs as follows. Delaying the tax increase stimulates
aggregate demand in the wake of the shock, which raises the output gap and inflation
and, through the monetary policy rule, the nominal interest rate. The higher nominal
rate amplifies the smoothing losses associated with the interest rate increase, and these
dominate the overall welfare effects.

5.5 Looking through the energy price subsidy?

In practice, central banks often state that they “look through” the purely mechanical effects
of fiscal measures on inflation, and our baseline rule does the same by responding only to
core inflation. Our analytical results suggest this practice may be costly. A central bank
that responds to the mechanical inflation induced by the cap offsets the demand wedge,
while leaving intact the deflationary pressure of the supply wedge in the NKPC, and can
potentially lessen the distortions of the fiscal package.

To study this, we consider an alternative rule under which the central bank does not

look through the energy price cap:

A 1 y A — ,1 1
Ri = ¢r ncgre,t + gby% + @R R¢—1 + PrSE (Rgt - nE%t) + &,

1 1 . . .
where ng ; Y and Ey ; denote, respectively, the one-year inflation rates of the consumer and

producer prices in Electricity & Gas, and 5g is the CPI weight on energy. In the absence
Qly _ 1y

Et — Tgu
the cap, by contrast, monetary policy responds to the policy-induced wedge in energy

of a price subsidy, © and the rule reduces to the baseline specification. With
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inflation in the same way as it responds to core inflation, i.e. with coefficient ¢,;, and can
therefore lessen the impact of the demand wedge.

Figure 9 compares simulations under the baseline and the alternative rule. The ad-
ditional term in the alternative rule is negative when the cap is introduced in 2022, as
consumer energy prices fall relative to producer prices, and positive when the cap is lifted
and consumer prices catch up. Since consumer and producer prices end up at the same
level once the cap is removed, this term sums to zero over the episode: in that sense,
not looking through does not tighten or loosen policy overall, but retimes the mechan-
ical interest rate responses. However, through the endogeneous responses (smoothing,
wholesale inflation and the output gap), the nominal rate is sharply lower when the cap is
introduced and slightly higher towards the end. Despite this large initial loosening, nei-
ther the output gap nor wholesale inflation increases, as the supply wedge keeps exerting
downward pressure on inflation. Not looking through therefore allows the central bank
to set a lower path of interest rates early on without creating additional macroeconomic
distortions. Figure 10 shows that this has a large welfare payoff. Under the alternative
rule, the welfare effect of the fiscal package turns from strongly negative to slightly posi-
tive. The improvement runs through the redistribution component: the lower interest rate
path in 2022-2023 limits the rise in debt servicing costs for indebted households, precisely
when they are hit hardest by the shock, thereby reversing the redistribution generated by
the package.

As discussed above, the effects of fiscal interventions depend on how monetary policy
responds to them. In practice, central banks often state that they “look through” the purely
mechanical effects that fiscal measures may have on inflation. In the baseline model, the
monetary policy rule indeed looks through the mechanical effects of the price subsidy, as
it responds only to core inflation, which excludes the Electricity & Gas sector.

In this subsection, we consider an alternative policy reaction under which the central
bank does not look through the energy price cap. Specifically, we augment the policy rule
as follows:

A 1 ~ A _ ,1 1

core,t

Q1ly 1y
Et and T 4

producer prices in Electricity & Gas, and 5g is the CPI weight on energy. In the absence

Qly _ 1y
Et = TEp

where 7t denote, respectively, the one-year inflation rates of the consumer and

of a price subsidy, n and the rule reduces to the baseline specification. With
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Figure 9: Macroeconomic effects of monetary policy “looking through” the price subsidy.

Notes: See main text.

the cap, by contrast, monetary policy responds to the policy-induced wedge in inflation
in the same manner as it responds to core inflation, i.e. with coefficient ¢.

Figure 9 compares a simulation under the baseline rule with one under the alternative
rule (“no looking through”). Under the latter, the nominal interest rate rises by less in
2022-2023 and somewhat more in 2024. Figure 10 reports the welfare effect under the “no
looking through” policy, compared to the baseline. Under the alternative monetary policy,
the welfare effect of the fiscal package is positive. Intuitively, when the central bank does
not look through the mechanical effect, the path of the nominal interest rate is smoother
and less front-loaded, limiting the rise in debt servicing costs for indebted households

and thereby attenuating the adverse redistributive consequences of the shock.

6 Conclusions

In this paper, we evaluate the welfare and macroeconomic effects of household support
packages implemented during the 2022 cost-of-living crisis, with a particular focus on
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Figure 10: Welfare effect of the fiscal intervention: dependence on monetary policy.

Notes: The left bar shows the welfare effect of the fiscal policy in the baseline model. The right bar shows
the same effect, but under an alternative monetary policy rule without “looking through”, as described in
the main text.

the United Kingdom. Using a multi-sector New Keynesian model disciplined by detailed
micro data, we show that sectoral price subsidies (or price caps) and targeted transfers
have substantial aggregate and distributional consequences that extend well beyond their
direct effects on household budgets. While price caps can redistribute toward energy-
exposed households, they also generate sizable macroeconomic adjustments through both
demand and supply channels, especially when monetary policy responds endogenously.
Quantitatively, accounting for these macro equilibrium effects significantly amplifies the

welfare losses relative to partial-equilibrium assessments.
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A Model derivations
A.1 Households

This section lays out the household side of the model, building closely on Olivi et al. (2026). Households have unit mass, are
uniformly distributed, and are indexed by i. Preferences are additively separable over time, with a discount factor  and a death
rate 56 common to all households, while intratemporal preferences over consumption and labor are allowed to differ by type i.
Throughout we impose that dividend shares equal steady-state labor income shares (¢x (i) = Wn (i) /WN). Within each type i, a
fraction ¢ (7) of households is Hand-to-Mouth (HtM), with the remaining 1 — ¢(i) unconstrained.

A.1.1 Unconstrained Households

Unconstrained households can save and borrow through a risk-free bond b;, subject to the natural borrowing limit (equivalently,
a no-Ponzi condition).

1. Time separability lets us write the intertemporal problem of unconstrained households as:

Viiy= sup By ) (B(1=8)) Vi (Ziss, Wivs, Qrss) (12)
{J—t+s/bt+s+1}:0:0 s=0
b s—1
St Tiys = bpys + Z ck (1) Divk,t+s - ;{Hl + Crs (1), lim bt+s/l_[ Rizu=0a.s
* t+s s—00 =0
. . _ Qe — Qg
b (i) = b(i) (1 + Zk:st—Z :
Here ¢ (i) is i’s constant share of dividends (Divy ;) paid by firms in sector k, and (; (i) is the lump-sum transfer (or tax) received

by i. Household i’s initial real wealth is given by b, (i) = b(i) (1 + > Sk ng;Qz ), with Q; the (initial) steady-state consumer price

(so Q; = P;) and 5k the steady-state expenditure share of sector k; this formulation pins real wealth (measured in time-t CPI) of

a household i born at t to its initial value. We assume f01 b(i)di =0. V; (I, W,Q), defined below, is the intratemporal indirect
utility function and depends on intratemporal income 7, the wage W, and the vector of sectoral consumer prices Q = {Qy1, ..., Qk}.

2. The intratemporal problem pins down the optimal allocation of labor n and consumption expenditure e, and in turn
defines V; (I, W, Q):
Vi(I,W,Q) =supv;(e,Q)— xi L sit. e—-Wn=1. (13)
en ‘9(1)

9(i) is (constant) labor productivity, x; is increasing, C?, and strictly convex, and v; (e, Q), defined next, is the indirect utility from
consumption.

3. Last, the indirect consumption utility v; (e, Q) comes from the consumption problem, which allocates expenditure e op-
timally across sectors. Within a sector k, households share a common CES aggregator over varieties: ¢y = ( /0 ck(j) d]) &t

This delivers variety demand c(j) = ((1 - 7x) px(j)/Qk) " cx = (pk(j)/Px) " cx, with sectoral price index

! 1
Qe=@1-1)P=(1-m) (./0 m(j)l-ekdf) T

The consumption problem is then:
L

K 1 1*5](
vi(e,Q) = max u;(cy,ca,...,¢x), St Z Qkcr =€, Qr = (1 —1%) (/0 Pk(]')l_ekd]') (14)
=1

{Ck}k:1

u; is increasing, C2, and strictly concave.

First-order conditions and log-linearization Here we characterize how optimal consumption and labor supply re-
spond to price changes (variety prices, sectoral subsidies, the wage, and the interest rate) in the neighborhood of a steady state
in which variety prices are constant and equal within sectors and the real interest rate satisfies R;' = (1 — 6) B. To keep notation
light, time subscripts are dropped for the consumption and intratemporal problems throughout this appendix unless noted
otherwise, and hats denote log deviations.

Consumption. Problem 14yields a C2 Marshallian demand function ck ; (¢, Q) and expenditure function

ex,i (e, Q) = Qkck,ile, Q).



Sectoral consumption then responds to price and expenditure changes as:

K
i (e, Q) = dee (i) (é -y Si(i)Qz) 5

=
K

+ Z ok, (1) Q1,
=

where

k1 (1) = (Qdimg,ck,i (e, Q) +eri (e, Q) deex,i (e, Q)) /ex,i (e, Q)
denotes the compensated price elasticity of ci, while s;(i) = e;,; (e, Q) /e and Jdeex (i) = deex,i (e, Q) denote, respectively, sector I’s
expenditure share and marginal expenditure.

Applying Lemma 1 of Olivi et al. (2026) gives the derivatives of the marginal value of income J,v; (e, Q), which we use be-
low to pin down the optimal labor supply and consumption expenditure choices in the intratemporal problem:

Qrdg; {devi (e, Q)} = =devi (e, Q) (3 ek (i) = g )Sk(l)) (15)

with o (i) = —d.v; (e, Q) /(edecvi (e, Q)) . u; is renormalized so that, at initial prices, o (i) is the same across households, equal to
o, without altering the demand functions c ; (e, Q).

Intratemporal Problem. Turning to the optimal choice of labor supply, the first-order condition of the intratemporal prob-
lem 13governing optimal labor supply and expenditure reads:

Wo.v;i(e,Q) = S(z) ’(8(1))

Combined with the intratemporal budget constraint, this pins down labor supply n(i) = n; (I, W, Q) and expenditure e(i) =
e; (I, W, Q). Log-linearizing around the optimal allocation gives (see Lemma 2 of Olivi et al. (2026)):

" (i) Y
(i) = () { W Z 2.ex(0y - Lo ()= D s () O (16)
o) .,

n@)\ (n6) (06 g
with ¢ (i) = x/ (9(1)) /(S(i))(l” (s(l))) the Frisch elasticity of labor supply. Going forward we take yx; (S]Zi)) = K (S(l)) with
k; > 0, so that 1; is common across households and equal to ¢. The envelope condition applied to the intratemporal problem

further delivers: )
drVi(Z,W,Q) = devi(e(i), Q) . (17)

Intertemporal Problem. Reintroducing time subscripts, the optimal expenditure path is obtained by log-linearizing the first-order
conditions of the intertemporal problem 12, given by:

8(‘/1 (-Z—t+51 Wt+S/ Qf+S) _
T = B(1 = O0)Ri4sEtss

= 8evi,l.‘+5 = ﬁ(l - 6)Rt+SEt+Sani,t+5+1/

where the second line follows from equation (17), and d,v;; = d.v; (e (Iz, W;, Qt), Q,) is shorthand notation. Lemma 3 of Olivi
et al. (2026) then implies:

(ét(i) - Z Sk(i)Qk,t) =E (ét+1(i) - Z Sk(i)Qk,Hl) —Eio (ﬁt - Z aeek(i)nkQ,Hl) ,
K

k k

aq/z (It+s+l/ Wt+s+1/ Qt+s+1)
aIt+s+1

with ﬂkQ,t = Qkt — Qrt-1-

A.1.2 Hand-to-Mouth households

HtM households spend all of their current income and never adjust their bond holdings. Recall a household of type i born in t

starts with bond holdings by, (i) = b(7) (1 + YK k=15 ng 9 ) Their problem can then be rewritten as:

en

V; (Z;, Wi, Qp) = supv; (e, Qt) — xi (m) st. e-Wim=1, I} = (1 - Rit) by, (i) + Z ck(i)Divi s + Cs (i)
%



Combining the demand function with equations (15), (16), and (17) yields:

K
A 1
A . :ae ; 5, (1) — ] N
Cer (i) ex (i) (et (@) lz:; s1 (1) Ql,t) E
K A
+ Z Pk, (1) Qut

K K
fie (i) = {wt Zaeku)th}——(a(z) Zsko)th),
k=

1 1
é(i)—ZK:s O =—— [R m+Wn(z) W, ZK: +Zg(i)dDiv +dG (i)
¢ 2 k k,t o) + %Wn(i) Ry R t— - 4 k k,t ¢
K K
+ Wiy (Wt = deer (i) Qk,t) = 3" (e(i) (55(0) - 50) Qe
k=1 k=1

K
+ (1 - %) (i) "5k (Qrns ~ Q) )
k=1

A.2 Firms

This section derives the sectoral New Keynesian Phillips Curves. Within each sector, firms are ex-ante identical, operate a
constant-returns-to-scale technology, and produce varieties of good k using labor together with a bundle of sector-I goods
assembled by a representative intermediary. We proceed in three steps: first, the firm’s pricing equation away from steady
state is written as a function of the change in unit marginal cost; second, the firm’s intratemporal problem delivers the resulting
changes in demand for intermediate inputs and labor; third, combining these with market clearing in goods and labor produces
the sectoral NKPCs in terms of sectoral prices and the output gap.

A.21 Intermediate inputs producers

Consider first the competitive intermediaries that produce intermediate inputs. They bundle differentiated varieties into Y using
the same CES aggregator as households, then sell the bundle to firms at price P,{:
o 1 ~ 1 = e
sup PkYk—/ pe(NT()dj  s.t.Y = (/ Ti(j) < d]) .
{gk(j)}osjgl 0 0

This gives P| = (/01 ek(])d]) = Py and §i(j) = (px(j)/Px) " Yi

A.2.2 Goods varieties firms: price setting

Turning to the firms producing individual varieties, let Y = Y; + Cx denote total demand for sector k, so that demand for variety

jis y&(j) = (pk(j)/Px) ™" Yi. Exploiting constant returns to scale in sector-k production, the present value of firm profits can be
expressed in terms of the reset price as:

Pri(j*)

k t+s

—€x
max Ey Z At t+56 { Pk,t(j*) (1 - Lk)MCk (Wt+s/ Pt+s)) ( ) Yk,t+s - Tk,t+s} ’

Pit()

where MCy denotes margmal cost, specified below. The first-order condition yields the standard CES pricing condition:

N € kG
B ) ArpesO; (pk,tu )= o (- WM <wt+s,Pt+s>) (”P” ) Yisss =0.
=0

k,t+s

The steady state satisfies py ss(j*) = Pk,ss = s 1(1 — 1x)MCy (Wss, Pss). A first-order approximation of the optimality condition
around this steady state, using the expressions above, gives:

[se]

Prs () = (1 - BOK) By Z (B6x)° MCp tys,

5=0
using that Ay 14 = [375 in steady state, with ﬁ = (1-0)B =1/R, and that the subsidy satisfies eff 7(1 = 1x) = 1. Since all reset prices
at t coincide, lak,t =(1-06y) 13]’; s Qkﬁk,t_l; denoting ricy; = MACk,t - Isk,t then gives:

Tkt = Agtick s + BEiTte 41, (18)



with A = (1 - f6k) (1 - k) /Ok.

A.2.3 Goods varieties firms: intermediate input choice

The firm’s cost-minimization problem is: minWn(j)+2 Plf/l,k(j) s.t. AiFy (nk(j), Yl,k(j),f@,k(j), el Y/Kk(])) > yk(j). Because
Fy exhibits constant returns to scale, input demand takes the form Y; x(j) = Y x(P, W)yz—(k]), nk(j) = Ne(P, W)yk—(k]), where the unit
demand for input ! by firms in k, Y (P, W), is common across firms in k. This lets us write the change in marginal cost as:

MCy = — Ay. (19)

QN,kW + Z Qk,lpl
1

PrY «(P,W) _ P ~ . .
WP 5K PP — i under equal steady-state variety prices)

and Qy is the length-K column vector of labor shares (Qn x = 1— Zﬁ 1 Q7). Again exploiting CRS in Fy, the change in aggregate
demand for input bundle ! around the steady state with equal variety prices is:

dY’ Za,k (Vi- 4 +TWW+Z7'kPk

Here Q is the matrix of intermediate input shares (Q,; =

= . : . . LR 7~ _ Yl,m a%,m Py = _ Yl,m 8~y1 m W
where 7 is the matrix of aggregate input price elasticities, 7 x = 2., < 0P Vi =2m T oW Y is the vector of wage
_ Y] Kk _ Y, . . . . .
elasticities, and Q; x = 7 K"?[&V[,k. Because intermediary input producers use a CRS technology, market clearing for variety k

requires Yie = sCCk +(1- sc)§k Letting D [s¢] and D [PY] denote the diagonal matrices of consumption-demand shares and

sectoral revenue (s pEY and PtY;),and Y,C, A, P the column vectors of sectoral output, consumption, TFP shocks, and prices,
we get:

(1= D PYT Q"D [PY]) ¥ = D[] € - D[PY] Q"D [PY] A + Ty W + TP,

using [(Id = D [s°]) Qly; = —g = P’Y’ Ql x. It follows that Ty = (Id — D [s°]) Tw and, analogously, 7 = (Id — D [5¢]) T

=
A.2.4 Labour Demand Response

A firm j in sector k likewise demands labor according to ny(j) = Nk(P, W)y;—?. Differentiating and aggregating, the percentage
change in aggregate labor demand can be written:

N =gV ((Y—A)+¢V§VW+TNP),

W [n1(j)dj W [ng ])dl]

with sN = N7 s [81n(w) In(M), ..., Oinw) In (NK)] T, and 77(1\1’ = din(p,) In (N). Substituting the expression

for Y and using the Cost—mlmmlzatlon identity

Wde+ZP1d%,k =0
)

for changes in input prices at fixed unit output gives

-1
The second line follows from [WN, ..., WNk] (Id —DPY] Q™D [py]) = [PY4, ..., PY«].

A.2.5 Labor Market Clearing

Throughout the aggregation, Ex = P Cy = f ex(i)di,E = Y Ex = f e(i)di,and N = f n(i) di denote steady-state quantities. The
markup-offsetting production subsidy and its labor-income-proportional financing imply E = WN and e(i)-Wn(i) = (1-1/R)b(i).

We use E 0 0
- ell el N g
o= g [ Paaidi  pu= [ e,

k

ot = [o0 i, o= [Tt

and




In aggregate expressions without a u or HtM superscript, étto(i ) averages the two household groups with weights 1 — ¢(i) and
(D).

Reintroducing time subscripts, define the operator B ; X;, = (1 - 6)"' X_+6 Zig:O (1 - 6)""" X;,, which averages the variable
Xy, across generations. Aggregating households’ labor supply decisions gives:

K K
Nf =y (Wt B Z Wn(l)a ven(i)diOk ) 1,5 Wn(l) (étt[) (i) - Z sk (i) Qk,t) di.

WN WN
Recall labor demand is given by:

K K py
N; = Z 5kCrt — Z %Ak,t/
k=1 k=1
K

Crr _/ ()& ex (i) Es s (éfo (z)—ZSI (Z)Qlt) dl+Zszta,

=1

where the second line aggregates households’ consumption decisions. Given Y X k=1 5kPk,1 = 0, labor market clearing then yields
. . K K . .
g _ O e(i) YWn(i) At s N A .oy Wn(i) —e(i) A
Y= o+ / E (1 + e()o Es,¢ €, (i) - ; Sk (1) Qe [ di + m ; Tagek(l)dek,t. (20)

where the following definitions were used:

A =(1d-Q)'A,

R K K

Y = a+1,b YW, — ZQeeka,t +Z§kAk,t .
k=1 k=1

Defining the natural level of aggregate demand as the level that would prevail absent markup distortions and consumption
subsidies gives our formula for the output gap:

Y = ZK: (lpﬁk + §k) Ay,
(=

Y W; — Zaek th+Akt)

—

o+1,b

As in Olivi et al. (2026), this corresponds to the welfare—relevant notion of the output gap.

A.3 Sectoral NKPC

Combining equations (19) and (18) with the output gap definition gives:

K
1 1)\ ~ — (A A
Tt = )\k{QN,k (E + J) Y+ On i deel (Ql,t - Pl,t)
=

K K
+On i Z dee (Pu + A - (Pkt + Ay t)) + Z Q1 (pl,t + A - (ﬁk,t + Ak,t)) }
=1

1=1
+ ﬁEtTCk,Hl,
Finally, define

K
NH; = (@eer = 5)(Pri + ALy),
=1

K K
Py = (Prs — Z §iPye) + (Ags — Z§1Alt

1=1 1=1

Pkt —QNkPkt—Zle (Pri —Pryr),
=1

TEZK:(;_ (Qlt_Plt)

=1



Setting Qn x =1 and Py ¢ = ¢k,t recovers the equations of the main text absent the Input-Output structure:

1 1)\ -~ ~
Tkt = Ak ((E + E) Y+ Fi + NH, =Pt | + BB p41.

A.4 Government

A household’s debt obligations are cancelled upon death, so government assets evolve as:
E¢Bii1 =R (1-0)Br +T),

with T; = — f Cr (i) di — Z el (Tk tPrtCrt + Lk f Tth )d]) Linearizing around a steady state with zero government assets
and zero government surplus, and letting B;, T, ; denote the linearized versions of the corresponding variables for notational
simplicity, gives:

= (1-0) (BEBi+1 — By)

K
—/Ct (i)di—Z(Tk,thckﬂk/chk,t () dj).
k=1

The consumption subsidy, firm cost subsidy, and government surplus are assumed to be funded by a tax proportional to
steady-state labor income, so that:

Coli) = T (i) + Wi () Y5 Qe = P = 0 (Z)Z [ dreu

Here dTCy +(j) is the change in the firm’s total cost. Integrating the transfer decomp051t10n and using E = WN yields

/it(i)di = -

A.5 Evolution of the Output Gap
We turn now to the evolution of the output gap. Equation (20) gives:

~ o ~
v = wat—yt

+ 3 ¢Z [ =0 iy,

Let & = / % (1 + lpzv(i;;éi)) Es t (ét[’ (i) - Zk—l sy (i) Qk t) di denote the consumption index associated with the output gap,

and & = [ (1- ¢ (i) % (1 + wzv(l.;lf)) Es (Ato (i) = Sy sk () Ok t) di, with M = &, — E". Aggregating the unconstrained
households’ Euler equations gives:

&y =(1- 5)8t”+(1—6)Et/(1 W))( e(i) ¢v;71$))

R; - Z deex ()7} t+1) di + 6Et8;’+?

with 8” ' the consumption index of households born at ¢ + 1. Applying the lifetime budget constraint of households born at £,
their labor supply decisions, and the aggregate net-dividend identity

dDivs — Z lk/ dTCr(j) dj = Z Ek(pk,t + A~k,t - Wt)
k k

yields:
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Averaging across households gives:
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Letting &/° = E/"" - &} gives:
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Turning to the HtM contribution:
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Letting &'M0 = §/1"M0 _ HIM gives:
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Combining these results, and using the existing combined-gap notation &0 = 8”’0

7 (Geextny -0 ek)) Ok -1

+
' &M” :

+ 8HtM’O, gives:
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The definitions of &; and T; then imply:
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Excluding an explosive homogeneous solution, it follows that 80 (1-1/R)(1 - 6)B;/E, and hence:
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Applying the definition of &; once more yields the Euler equation for the output gap:
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Here the existing natural-rate and marginal-consumption-price inflation notation is

1o e e Q 5= 0 Q )
= EEf(‘yHl - ‘yt ), 7Tmcpi,t+1 = Z a5‘6knk,t+1’ ncpi,t+1 = Z SkTl b1
k

B Loss function derivations

This appendix derives the second-order approximation to the social welfare function of the main text:

=(1- 6)/G(V (i), z)dz+5EOZﬁf0/ (Vi, (i), 7) di

to=0
Household i born at ty has value function:
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Consumption and labor supply, {c}(‘ ot (i), cftt;\fs (i), ng . (D), nﬁi’?(z)} ) 2re chosen optimally (see the derivation appendix).
’ ’ 52>

+ ¢ (i)

The envelope condition gives the derivative of the value function:

. S b i) .
tho (l) = Eto Z ((l - 6)ﬁ)s aevto+s{t(};j—+1()Rto+s + Wt0+swto+snt0+s (l)
s=0 ots
o Pit ' -
+s . . . . .
- Z Clt?to_'_s(l) ((1 T t0+5)/ ( P;)t ) dpl to+s (]) d] - Pl,tO+SdTl,t0+S) + [« (l) levt0+S + Ct0+s (1)}
=1 0+s

+ (1= @ () devtobr, (i) Z 5101,
=

o K
+ @ () By ) ((1=8)B) devigrs (1 : %) biy (1) ) 510110,
ot+s =1

s=0



Net of the government subsidy, the change in dividends, dDiv; = dDiv; — ). ik f dTCy ) dj, is given by:

-5, oo
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+Z/dyk (vkt(f)——

where the change in demand for variety j and total demand for intermediary dYj  are given by:
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In a steady state where prices, consumption, wealth, and labor supply are constant (and equal across generations and across

constrained and unconstrained households of the same type i), and with py (j) = Aik (Nk(P, W)W + Z{i 1 Yk(P, W)P,), this
reduces to
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K K
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with the expenditure-normalized income term:
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We now turn to the second-order approximation of the social welfare functlon itself, again using that in steady state prices,
consumption, wealth, and labor supply are constant (and equal across generations and across constrained and unconstrained

households of the same type i), that G’ (V4, (i), i) devt, = 1, and that py () = Alk (Nk(P, W)W + Z£1 Y k(P, W)Pl).
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and, for dividends net of the production subsidy,

with
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Simplifying with the market-clearing conditions for labor, bonds and goods and steady-state properties, and dropping terms
independent of monetary policy, we get:
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Letting p; | denote the reset price at ¢, we have
R R o i 1-6 o \2 a2
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Since unit demand for inputs is homogeneous of degree 0 in prices and its derivatives satisfy cost-function symmetry, the
expression inside the preceding negative bracket can be rewritten as follows, up to terms involving only productivity shocks:
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Rearranging then gives:
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So we can rewrite the welfare loss as:
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Simplification of the terms involving unconstrained households

In the following product identities we suppress the common factor E multiplying the allocation terms in welfare. It is restored

in the final expression; the normalization G’d,v = 1 and the G”(dV)? terms are unchanged.
We start by reexpressing the terms concerning unconstrained households (second and third line). To do so, we introduce a



variable R; such that R; = Ri41 — R;. Using the Euler equation for the output gap, we have:
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Using the lifetime budget constraint of household i, we have for all ¢:
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Averaging across unconstrained households born at ty, we obtain:
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Plugging the definition of R; we can rewrite the last two lines as:
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So putting everything together, and again preserving the original row order for the line references that follow, we have:
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Simplification of the terms involving Hand-to-Mouth households

We turn next to the terms involving HtM households (fourth and fifth line). Recall:
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+IZ(V\1/A71£;)§_ e()&el(z))A“+(1——) )Z )

oe (i) K P Wn()yy .
T el + WD) ; deer (i) (A” * Q“) T el + oWn(h) .

Direct algebra then gives:
1, N A N A
(5 (EfO’HtM - Z sk (1) Qk,t) + Z deey (i) Qk,t)

N K K .
{It(l)_'_z(Wn(l)_ - &8 el(l))Alt'i'(l_E)%Zglél,fo'kzo%&fek(l)(wt th—Akt)}

___ E
oe(i) + YWn(i)

. H ’
Wn(z)l#ff . e(i) {Z deex (i) (Wt — Qs - Ak,t)}
k=1

. K 2
7 (i) + Z (Wﬂ (l)— — aﬁa e] (Z)) A[,g + (1 - %) % Z 51@1,1;0)

ce(i) + YWn(i) E

K K
+ a? Z dee; (1) (Ql,t + A~I,t) Z deey (i) (Wt — Qs — Ak,t)
k=1

. ~ K
(It i)+ Z (Wn (z)_ e}(_:z)aeel (i)) A+ (1 - %) @ Z EIQI,tO) W
I=1

Averaging across types i and generation t( (again preserving row order for the line references that follow), we obtain:

EoZﬁtEOtffp(l)( (HM Zsk(z>th)+Zaek<z )

K
{J} (i) + Z (Wn (i) _ g@a el (z))AH + (1 - %) % Zs o+ Zg@a ex (i) (W - O —Ak,t)} di
-8B S R j E I y Wn i), e()a A+ 1 (i) § 2
=(1-9) 0; /(P(Z)m t(ﬂ‘*';(w - ez(z)) lt+( __)TZ
2
N 000 - Wn(z)_ e (i) 1\ b (i) A ‘
+6]Eotoz:;)ﬁt tZ:(;R t/@()m(ﬂw (i) + Z;( - —8 o€l (1))Azt0+t+(1 E)T 1lel,t0) di
o0 Wi . K A R ) 2
+E0;ﬁt/¢(i)%% {Zaeek(i) (Wt_Qk,t_Ak,t)} di
+EoZﬁt/(p(1)a—28 el(l)(Qlt"'Alt)Z& ek(z)(Wt th_Akt)d
=0

+E02[3t/¢(1) ft(l)+Z(Wn(l)_ - @8 61(1))Alt

+ 0 Z ﬁfo / (1) —dl Z SlQl,to (1 — %) Z R_twto+t (23)
t=0

let




To simplify further, we first rewrite one term from equation 22 — the last line:

5 f vt

{LOH (i) + Z (s 0 20 ) A a2 Z 101+ Z D e (i) (Wiges — s = Ak,toﬂ)} di.

Averaging this term across generations gives:
> [ (1-00) {ﬂ i)+ Z (st -0 oo A
t=0
+ZK106(1)5 ex (1) (Wt Qi — Ax }
= F
S NIOR ™
+ 525%/ (1-9()) - ;sl idi.

t=0

Focusing on the first term, and using the expression for R;, gives:

W [-p0) {L (z)+Z(W”“)- RPLLLEw (i))A,,t
t=

+Z e (i )9 eer (1) (Wt Qk,t —Ak,t)}di

k=1

Wn(z)_ e (i) R
:(1—(P )a+ = om Zﬁ {/ - ¢ (1) {It(l)-f-Z( —GT&gel(z))Al,t}dz
(1__)5%%}
+iﬁfwt{/ (1-90) {ft(znz(w”(”- %aeez(i))ﬁu}di 1- )6Bt+5}
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> (=M y(i-9f)o (o & - P
+Z,B (Wt_kzz;/(l——go}f)lsaeek(l)dl (Qk,t+Ak,t)
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0 K . . .
“a(1-¢F) ) (Z J O i i QA
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Combining terms in equations 21, 22, 23, 24 lets us show that they cancel. First, combining the second line in 24 with the last in
23 gives:

iﬁfwt {/ (1- () {1; (z)+Z(W” (l)-,—o%aee, (i))A,,t} (1——)68t+%}
t=0
+EOZﬁtWt/(p(z) Z}(z)+Z(Wn(Z)" ?8661 (i))Au di
t=0

o K
= —Z‘BtWt (1 - %) 0B + ZﬁtWt Z (§1 - Gaeel) Al,t-
t=0

2

2
(24)




Next, averaging across generations the last term in the second to last line of 22 gives:

w-ol-3) S Sl )on -3

- NN 1 .. 1 1 Thos
o (o) S S {2
0= §= s=i

Direct algebra gives:

o 1 1 T
Z ﬁ {(1 - E) 6Bt0+s - %} = Bto — (1 — 6)Bt0_1

s=0
Since By = B_1 = 0, the expression in 25 simplifies to:

6 Z ,Bto (1 - _) (Bto (1 6) Bto i %W(ﬁs
s=0

=5 (1 - %) > BB

t>1

Next, combining terms in the last line of 24, the second to last of 23, and the sixth line of 21, together with the remaining
wage—productivity term from the preceding cancellation, and dropping terms independent of policy, gives:

iﬁ Z/ (1- (1) &eek(i)di (Qk,t +Ak,t) Wi
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=0 (1- ot Zﬁ Z{/%&ek(zwe;(z)m

S i e L ]

Next, we combine the terms involving R;, f(t and B; — namely, the last term in the second to last line of equation 22, the term in
the fourth line of equation 24, and the term in the second to last line of equation 21:

1 T

(1——)(1 5)ZRsRSZRs {(1——)53 _E}
" 1 1 Tiyes
_(1—E)6t0§)ﬁ ;ﬁmw;ﬁ{(l—ﬁ)a@w—%}

+iﬁth ((1 - —) 5B — _) Zﬁth Biiq
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Using the same derivations as before we can rewrite the expressions as:

_5(1——)25 RtBt+Zﬁth((l——)6Bt ) Zﬁ TR =0

t>1




Finally, we collect the terms stemming from the revaluation of newborns’ wealth:
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using that / @di =0and R; = R41 — Rr.

Combining all of the derivations above, the loss function can be written as:
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Rewriting directly then yields the formula given in appendix C.

C Model summary

In this section of the appendix, we summarize the evolution of aggregate variables and provide the expression of the loss
function in the general version of the model with non random Hand-to-Mouth households, Input-Output linkages across sectors
and government debt.

Evolution of Aggregate variables

The evolution of government debt, B;, announced at time 0 constrains the aggregate tax levied on housholds T; = - / Cr (i) di—
ZIk(:l (Tk,thCk + Lk f dTCk,t (]) d]) .
EiBit1 =R ((1 - (5) B; + ’I}) .
Imposing B; = 0 for all ¢ gives the model without government debt.
Sectoral Phillips curves determine sectoral inflation:

1 1)\ ~
Tt = Ak {QN,k (; + E) Y+ Qn ok

S0 (G- B
1

with Qp  the share of labor in the total cost of production for firms in sector k, () is the share of intermediate good [ in the
production cost of k and where the wedges are defined by:

+ OnNNH; — Pk,t} + BEs Ttk 141,
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Finally, the aggregate Euler equation determine the evolution of the output gap V;:
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with r; = By =Ly (2K, (9aeer + 5¢) (Aksr - Ars))-

Loss Function

We define the operator Eg (Z¢,) which is the social average over the population of the variable Z; with

L)

R ¢

Eﬁ(ZtO)EEO(l_ﬁ)(l_ll



We can express the loss function as:
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Redistribution "Bang for Buck ”
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Interest Rate Distortions

With O the aggregate input substitution matrix which is of dimension (K + 1) X (K + 1), and given by:
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1- / (1- @(z))e(”
/(1 — (i) D gy

(=p@e@ 5 oo iai J (1= ) ei)deex (D) di [ (1- ¢ (i) e (i) ey (i) di
[ (=) e()di Pecr () (f (1= @) e(i)di) ’
G”(V(i)v'(e(i)E E

g(i) =- (1 _5) G’ (V(i)) * oe(i)+Wn (i)’

1.0 = ek~ 3 (P -50) Qo= ¥ [1- 7 ) SPmn + 52,
k o Ak
Vi, (i) = (1 - 3) ((;} gs—to]'s (@) + E Z §1Q1,t0) ,

1=1
v_(i) = (1) (Z FL.G)|,

5>0

S
B,
By=> =
| u:OE

D Proofs of Propositions 1-4

In this section we provide the proofs of Propositions 1 to 4.

Proof of Proposition 1

Consider a subsidy to the price of sector k good, Qk,t = ﬁk,t — Tk,¢. Under Assumption A, we have 7t,,cpi i = Tiepi, following any
sequence of subsidy so the evolution of the output gap and inflation is summarized by:

Yi=-0 (Rt = Etmtepipr1 — Fr + BiFra1 — ?E) + BtV

1
Tlepit = A ((O + ¢ 1)~yt ) + REtT(cpl t+1

with ¢ = —d.exr+, and where we used (1 — 6)8 = 1/R. Under the monetary rule (10), R; = P+ ql)yﬂt + QnTicpip With
¢y, P = 0 we can rewrite the system as:

o o+
EiTtepitea — (1 +0opy +R (1 +A (1 + J))) Eimtepipr1 + (1 +opy+ /\_1/;%) Rtcpi s

4
=RA ((% - oqby) JeerTis - %Eﬂm,m)
The roots of the associated characteristic polynomial are:
P+ =
(1+o¢y+R(1+/\<1+%))) i\/(0¢y+R(1+/\(1+%)) —1)2—412((1— %)oqby—A(lJr %) (1—¢n))

2

Under the determinacy condition (1 - 1) a¢, — ( %) (1 - ¢=) > 0, both roots lie outside the unit circle, _| > 1. The

roots may be real or complex conjugates: since p,p_ = R (1 +opy + /\%cpn) > 1, complex roots always satisfy this property,

while if the roots are real the condition (which is P(1) > 0, with P the characteristic polynomial defined below) together with
p+ + p- > 2implies p; > p_ > 1. The formulas below hold in both cases as long as p; # p_. Solving forward, we obtain:

—s — o - o_, —
P+P-Tlcpit = Z Z P+SP_uRA ((J - Uﬁby) &eeka,t+s+u - EEtaeeka,t+s+u+1 .

5>0 u>0



We can simplify the formula to:

T A (aqb G)ﬁ T
it == - kCk,t
T rogy e asEe T W)

A » p=* (& (1= p=) + pTlody ) = p7* (5 (1-p7) + 9110%)&_
- — e€kTk,t+s-
1+a¢, + A—U;‘/’ or S p=t —pi! "

Similarly, we have for the output gap:

- o G(Py -3 _—
J/t = 5 —:b,’b 1- 1:_“[} aQEka,t
(1 + O¢y + /\T¢n)
o 1 (Rp= = 1) p=o* (& (1= p=!) + plag )
+ + -1 1 8eeka,t+s
o YR(1+06, + 15 e, ) p=t - p3
o 1 (1-p3'R) p3* (% (1= p3!) + pilagy)
_ DeCk Tk, t4s-
o+ oty 1-p! '
R(1+O'(py +AT¢)H) s>1 P-" — P+
Inspecting the formulas, we have for a transitory shock 7 ¢+s = 0 for s > 0:
/\% _
Tlepi0 = — Yoy —1) deextip
& 1+G¢y+/\%¢n( v 1)%
- o 0Py — 3
W= L4 v 0e€kTk0

O+¢ (1+0¢y+/\%¢n)
Tlepists ﬂt =0 fort>0.

We directly have 7tp;0 > 0 if and only if ¢, < 1 and since oy — 5 <1+ 0y + AZE <¢>n with ¢y, o= 2 0, Yo > 0 for all
¢y, ¢r. Finally using the monetary rule, we have:

R (-7
0=- - €k Tk,0
L+ogy +A% g,

o opy— 7 —

+ Tlpcpy 1- f+ ey Tk
oty (1+a¢y+AT‘”¢n)
Ri=0 fort>0.
We can rewrite ﬁo as
. AGpnt+ody
RO p T o+1p 8 €xTk,o > 0
1+0¢, + A=

which concludes the proof.

Finally consider the extended rule

A

Ry=r; + ‘Pyyt + PnTicpit + P (Fr = BiFre1),

in that case, we have:



AL (1— (1+ %)cih —M)y)—

0eCkTk,0
1+ogy +A% 0,
o [ (1Y) eerve,-1))
Y, = 1- de€xT
0 +1/) ot e€ktk,0
o (1+O'(Py +/\T¢n)
o<¢)y+/\%q§n+<¢>T

(1+06, + A%q)n)

We now generalize the results of Proposition 1 by considering the impact of a subsidy of good k at time t; > 0 announced at

0 on the path of inflation and output gap 7y [t f] , Y [t f]. Note first that since we only consider rules with determinacy, we
have, in response to the subsidy, 7t¢pi = ﬂt = 0fort > tf. Second, denoting the horizon of the subsidy as h(t,tf) =ty —t we

Tlepi,0 =

Ro = el Tk,0

have 7t.p; ¢ [tf] = Tepipr [t}] if h(t’, t}) = h(t, tf) (and similarly for the output gap): the response of the output gap and inflation
only depends on h(t,tf) = t; — t and we denote the response of inflation and the output gap as 7t.p; [] and N [A].

Proposition Al. Assume 1 + RA (1 + %) > R, that the monetary rule has determinacy, and that the roots ps of the characteristic
polynomial are real and distinct, i.e.

A= (a¢y+R(1+A(1+5)) —1)2—4R((1—l)aqf)y—)\(1+z) (1—¢n)) >0
¥ R 4

First, the response of inflation at t to a subsidy Ty occurring at t + h, mp; [1], satisfies:

o Ifi¢py, > 1then mepi [h] < 0 for all h.

e Ifippy, <1, then mep; [0] > 0 and there exists a maximum horizon h* (qi)y, ¢)n) < oo such that mtep; [h] > 0 if and only if h < h*.
Second, the response of the output gap at t to a subsidy occurring at t + h, Y [h], satisfies:

e Y[0]>0.

o Ifpn < Rthen Y [h] <O forall h > 0.

e If g > R there exists a horizon 1 < h* (¢, pr) < oo such that Y [h] < 0 ifand only if 1 < h < h* (¢, Pr).

o Y[h]>O0atall hifand only if ¢ > R (1 + A1) and ¢, > ((1+R) ¢ = R) /(¢ = R (1+A71)).

Remark. The assumption A > 0 is not implied by determinacy and fails for standard calibrations of the rule (e.g. 0 = ¢ =1,
A =0.1,R =1.01, ¢ = 1.5, ¢, = 0.125). When A < 0 the roots are complex conjugates with modulus larger than one, the impulse

responses ;i [1] and N [11] oscillate in h, and the sign patterns above need not hold beyond /1 = 0. The results of Proposition 1
(transitory subsidy, i = 0) do not rely on this assumption.

Proof. Using the derivations of Proposition 1, we directly have, for h > 1:

s —h 1= -1 + -1 _ A—h 1= -1 + -1 -
] = - v r (1=p7) +p='90y) e (L=pe) +pydy) 5=
1+0¢, + A%cpn p=l - p3
andath =0
A% _
n[0] = - (Ydpy — 1) deertk,

1+ 00, + A5  pn

which coincides with the general formula evaluated at /7 = 0. Similarly

P : (Rp=! =1) p= (1= p=t) + pohyn) + (1= pilR) 3 (1= p2) + ) o
- — e 7 = L
THYR (1400, + 1540, pzt - p7!
- -1 — 1+A —
) Pk PR L Sree = — 2 qbﬁl Jeex Ty > 0.
oty ll’(1+aq>y+A"+*”q>n) 1+ 0y + 1%L ¢
Since the roots are real, distinct and larger than one (determinacy), we have 1 > p~! > p7! > 0, so that g = (1 - p3!) + p;'¢ ¢, =

1+ p:' (Yy —1) > 0. If P, > 1 then g_ > g1 and p=" > p;", which implies that 7 [h] < 0 for all h. If gbgby < 1, we have



0 < g- < g+, which implies that 7 [k] > 0 if and only if

pein($) (2],

so that h” is the integer part of the right-hand side, and 7 [0] > 0. This proves the first set of results. For the output gap, recall
that p—, p+ are the roots of:

P(x):xz—(1+oc¢>y+R(1+/\(1+%)))x+(1+o¢y+)\o+¢

4
Since p_ + p4+ > 2R (by the assumption 1 + RA (1 + %) > R) and p4 > p—, we have p; > R, so (1-— p;lR) g+ > 0. In addition,

¢r | R

since R does not exceed the mid-point of the roots, p- > R if and only if P (R) > 0; and since P (R) = ‘W’b (¢ —R), wi
have p- > R if and only if ¢ > R. Therefore (Rp=! —1) g > 0 if and only if ¢ < R. Write the numerator of Y [h] as
p1 {(Rp:l -1)g-+(1-p3'R) g+ (p_/p+)h71}. If ¢ < R the curly bracket is strictly positive, so Y [h] < 0 for all & > 0.
If ¢ > R, the first term in the bracket is negative and the second is positive and strictly decreasing in h, converging to zero;
hence the bracket changes sign at most once and is negative for h large enough, so there exists a horizon 1 < I* (¢, ¢r) < o
such that Y []] < 0if and only if 1 < h < h*(¢y, ¢=). By the same argument, I/ [h] > 0 for all & > 1 if and only if the
bracket is negative at & = 1, i.e. if and only if (Rp=! —1) g- + (1-p7'R) g+ < 0. Dividing by p=! — p7! > 0 and using
P ) _ ) ~ L 1+U¢y+R<1+A(1+ ))
p=t + p3t = (p- + p+) /(p-p+), this expression has the same sign as (1 — ¢, ) + R — (1 — ¢ ¢y) .
the same signas - ¢, (Apr — R (1 + A))+A ((1 +R) Pr = R). For ¢ > R the second term is positive, so the expression is negative
only if Az > R (1 + A). Therefore, since i/ [0] > 0, Y/ [] > O atall & if and only if ¢ > R (1+ A1) and ¢, > (1 +R) p» —R) /
(pr—R(1+171)).

which itself has

Proof of Proposition 2

Let us rewrite the loss function under Assumptions A and B. Recall that under Assumption B d,¢; (i) = ﬂl forall I so &, = 0.
Under Assumption A, we have no input-output linkages so O = 0. Throughout the proofs we normalize the loss by (1 - g), i.e.
the expressions below are (1 — ) times the ones in Proposition 2 of the main text. The loss function becomes:

-5) 26 (1=o) (53]
bi)

~-p) (5 +5) [ 09—t (1 525%)

oe(i)
Wn (i 2
T 1/\71\(]1)1 ;’Vbn((z))lp (1- 5Zﬁ (( ) )
_ﬁ)ZBtZSkZPkl(th+Akt) (Qlt+Alt) Zﬁ Zsk nkt
E Wn(l) e(i)— -
+(1_(P)/ae(i)+Wn(i)¢((1‘ﬁ)Zﬁ If(l“z( E 3@‘”)A“
2
= W”(Z)_ 3() .
(1-8) Zﬁ/ae(z)+Wn(z)gb{I l)+Z( B ael)A”} di
2
_5)25t /L(Z)+Z(Wn(z) 8(1)8 el)Altdz

l-¢ Wn(z)_ e(i)— -
+¢((1—ﬁ)zt:ﬁt/ I(z)+2( D7)

2
di

di




First, we rewrite the output gap terms (.[:y~ , first three lines). We have:

(1+1) Wi ¥ /e(i) (Y +o)Wn(i)

Yo WN 4 +Wne<(zl>)w E oe(i)+Wn(i)y

b(@)

:1_/(1_ﬁ)—1+Wn(z)¢d

oe(i)

where we used e (i) = (1 — B) b (i) + Wn (i). Note in addition that we have:
b(i)

b(z) E ,
/(1_ﬁ)1+wz((zl))¢d G+1,b/(1 p) ) ae(z)+Wn(z)1}1dl>O'

So the output gap loss can be rewritten:

2
; (1.1 y 7 Y
- (a v 5) (1—5)25%—17(@ (1=p) QBT+ (1-9) ((1—13)2/3%)
t t '
with n > 0 (strictly positive as soon as b (i) # 0 for a positive mass of households). Secondly, the between inflation loss is
directly given by:
£n,beMeen — (1 _ ‘B) Z ‘Bt Z 5k Z ﬁk,l (Qk,t + Ak,t) (Ql,t + Al,t) .
k 1

Third, we simplify the within inflation term. We have:

Ln,within — (1 . ﬁ) ;Z‘Bt Z 5 (ﬂk,t)z
k
Z,B ( Tepit +Zsk Tl t _ncplt)z)

Under our homogenous price stickiness assumption, we have that 7ty ; — 71¢pi ¢ is independent from monetary and fiscal policy
(see Olivi, Sterk & Xhani (2026) Proposition 1 for a formal treatment). Indeed:

7

Tt — Tepiy b = -A (pk,t - Iscpi,t + Ak,t - Acpi,t) + BE; (ﬂk,t+1 - ncpi,t+1)
so relative producer prices are a function of (relative) productivity shocks only. Therefore,
Lrowithin _ (1 B ‘B) %Zﬁt (ncpi,t)z
Finally, we rewrite the redistribution terms. First note that / 7; (i) di = 0 (indeed f b (i)di = 0 since bonds are in zero net

supply, f C (i) di = 0 since debt is not used and {; (i) in 7; (i) denotes the transfer net of the lump-sum taxes levied, in proportion

to labor income, to finance the price subsidy (see Appendix B), and f % (sk (i) = 5x) di = 0). This implies that the terms in the
last two lines of the loss function are independent from monetary and fiscal policy. In addition, we have:

/m{ft(mz( D (51 el - ( g)+wv\1]1l\(]i)1,b)ﬂz)ﬁl,t}2di

Z/m{jf“)
g4 )
- [ st (R0~ 00 0%

+(0+9) (Z (&z 3 j_ m (51 + w@z))ﬁu

where the derivation uses again /j} (i)di=0,e(i)=(1-B) b (i)+Wn (i)and J}; = ﬁ W, (51 + ¢9e€l) Aj ;. Since the second




term in the last line is independent from policy, we can remove it from the loss function. Similarly, we have:

__E Wi, _ el
/ae(z’)+Wn(z’)z/;( Zﬁ It(l)+2( - aez)Alt

2
b
/ae(i)+€\/n(i)1,b ((1—,8)2[% (It(z)—(l ﬁ) (l) )) di

t

+(o+¢) ((1 -p) Zﬁt (Zl: (ﬂz - G—|1-¢ (51 +¢ﬂz))fiu

2
di =

so the redistribution term can be rewritten:

2
redist E () .
£ =(1—§0)/Oe(i)+Wn(i)¢((1—ﬁ)§t:ﬁ(ft(z)—(l 2 )) i

E
OV [ s (EO-0 ) 205}
- ge()+Wn(i)y | Bl E '

L= £y +£77,W1th1n+£n,between+£redlst

We therefore obtain

as in the main text.

Proof of Proposition 3

Consider a transitory productivity shock in nece551ty sector k (with s; > R e €k), Ak ¢+ with Ak 0>0, Ak ¢ =0fort > 0. Consider
in addition a transitory subsidy to the same sector Qk ;= Pk ¢t — Tkt With 7 0 > 0 and Tht = =0 fort > 0. In this proof, Ak + denotes

the size of the negative productivity shock, i.e. Ak,t = —Ak,t, so that the terms Qk,t + Ak,t of the loss function read Qk,t - Ak,t, l
denotes any sector [ # k. We consider a small subsidy: for each component of the loss we compute AL exactly and sign it to first
order in 7 o, i.e. we sign dAL/dTk at 79 = 0. When the sign holds for any 74 ¢ > 0 we say so, and otherwise we report the exact
condition on 7x,9. We have:

~9t = -0 (qbyxgt + (PT(T(cpi,t - Etncpi,Hl + E; (T[cpi,t+1 - nnchi,t+l) + E(Et'fk,tﬂ - Tk,t)) + Et«ng
Tlepit = A ((‘7_1 + llb_l)«gt + NH; - feka,t) + ﬁEtncpi,H—l
Tt = Tepip = —A (pk,t = Pepip —(1- S_k)Ak,t) + BBt (k141 = Ticpit+1)
Tt — Tlepit = -A (pl,t - pcpi,t + S_kAk,t) + ﬂEt (Tll,t+1 - 7'fcpi,t-H)

where the non-homotheticity wedge is NH; = (S_k - 838;{) (Ak,t - (ﬁk,t - lsl,t)).
Note first from the last two equations that relative producer prices are independent from the subsidy. Defining:

R(1+A)+1i\/(R(1+A)—1)2+4/\R
pe = /
2

with 0 < u- <1 < p4, we directly have

Py = Pepip = (1 =) At Agg > 0

Py = Pepiy = —siAut 1 Agg < 0

Pro - pcpi,o —Apo+Acpio =1 —sp) (Ap-—1) Agp <0

Pro = Pepip — Arg + Acpio = =5k (Ap— — 1) Agp > 0
both with and without the price subsidy. In particular Py ; — P, = Aut*1 A o, so that NH = (s‘k - E) (1-Au-) Agp and

NH; = - (s‘k - fek) Ayt_”Ak,o for t > 1. To understand the signs of the expressions, note that we have:
2 —(RA+A)+1u-+R=0
(Ape —1) =—%(R+1—y_) <0



since p— < 1. With this derivation we can characterize:

ALTReeEn = (1 p) Zﬁt Z Sk Z Pk,1 (Qk,t - Ak,t) (Ql,t - Az,t)ﬁscal
k I
-B) Z B Z Sk Z Pk,1 (pk,t - A~k,t) (pl,t - Al,t)no el .
k I

First using >, 5kpk, = 0 and ), px,; = 0 (using homogeneity of degree 0 and symmetry of Hicksian demand function), we have:
Z 5k Z Pk,1 (Qk,t - Ak,t) (Ql,t - Al,t) =
k 1
Z Sk Z Pk, (Qk,t —Agy - (Qcpi,t - Acpi,t)) (Ql,t - Ay - (Qcpi,t - Acpi,t))
1

k

Z Sk Z Pk, (ﬁk,t - Ak,t) (pl,t - Al,t) =
% ]

Z Sk Z Pk,1 (pk,t — Agy - (pcpi,t - Acpi,t)) (pl,t —Ap - (ﬁcpi,t - Acpi,t))
k 1
we therefore have:
ALTPetween = (1 _ g) Z Sk Z Pkl (Qk 0= Ao - (Qcpl 0= Acpi o)) (Ql 0—Ao- (Qcpl 0= Acpi o))
k 1
-B) Z Sk Z Pk, (pk,o - Ao - (ﬁcpi,O - Acpi,O)) (131,0 A - (pcpi,O - Acpi,O)) p
k 1
since 13“ - Iscpl-,t = Ql,z - Qcp,-,t foralll, ¢t > 0. Using again the property of Hicksian demand functions, we can rewrite the loss as:
ALTPeween = (1 — g) 5oy k ((Qk,o - Axpo - (Ql,o - Al,o))z - (pk,o — Ak - (131,0 - Az,o))z)

= (l - ﬁ) SkPk k (’[ilo +2Tk,0 (1 - /\p_) Ak,O) >0
since pix > 0. Therefore the fiscal intervention increases the loss due to misallocation across sectors, for any 7y > 0 (not

only to first order).
In addition, note that without wealth heterogeneity, the redistributive terms only depends on relative prices, indeed we have:

] 2
L£redist = (1 - ) / i) +]§/Vn 0 ((1 -B) Zﬁt% Zl: (s1 (i) = 51) Qz,t) di

2
e (i) A .
¢ (1-8) Zﬁ /W{TZ(SZ(O—SHQM} di

Using again that 151 P = ﬁcpi P = Ql P — Qcpi,t forall I, t > 0, we have:

e(z) . -2
| (sk () =50)) ARu- - \\2 ARu- - \?
AL = —¢) / oe(i)+Wn (1)1p) i {((1 ~F) (_Tk’o TR —il— Akfo)) B ((1 K R _i‘— Ak,o) }

e(i)
—+ (s (i) — 5k) _ B
coli-p) [ cEeE(i) W ) w) ai{((~tho + Ap-Aio)” = (- o)}

e(z)
(sk (i) — 5k) AR .
-9 / oe (i) + Wn (i) 1p) di {((1 - B) Tk’o)z -2(1- 5)2 TR —}:1 Ak,o}

2
E (% (56 ()~ 5)
+‘P(1_ﬁ)/ o(e(i)+Wn(i)1jj) i {3 - 2tk (As-Ao)|

A E( 4 (sk(1)-5¢) .

To first order in T4, AL™H = -2 (1 - p) f ie(l)ik—mdl {( -¢)(1-B) = AR ”' + pApu }Ak,ofck,o < 0 as soon as consumption
. 1-9)(1-8 "R"j _

baskets are heterogeneous. Exactly, ALredist < 0 if and only if 749 < {( W)((l ( 1)1;; 5 }Ak,o. That is, the subsidy reduces the

redistribution loss as long as it does not exceed twice a weighted average of the (current and discounted future) increases in the



relative price of k.
Next, we turn to the inflation loss. CPI inflation solves
o +
Eintepipra — |1+ 00, + R{1+A |1+ E Eimtepipr1 + |1+ 00y +/\ Qr | RTtepi
Y

=RA ((E - 0¢y) 8 CrTi,t — —Eta ekaHl)
+ RA((1+ 06,) NH; — ENHion) - RA (1 .2 ) By (Repi st — Tomepipod)

/)

with
Tlepit+1 — Tncpit+1 = — (S_k - aeek) A (1 U ) [JHlAk o, t=0
The roots of the associated characteristic polynomial P (x) (defined in the proof of Proposition Al) still are (they may be real
or complex; we only use |pi| > 1, which holds under determinacy)
p+ =
(1+aq5y+R(1+/\(1+%)))i\/(aqby+R(l+/\(1+ w))—l) —4R(( —%)aqby—A(nﬁ) (1—¢n))
2
Using the same step as in the proof of Proposition 1, we have
RA?Z A(1+06¢y)
¥ y - i
Tlepio = (1= ¢y —p) p- + . Sk = deek | Ak
(p+ = u-) (p- — 1) 1+0¢, + A% o, ( )
Ag ( )_
- 5 lquy -1 8eek'rk,O
1400, + A5  pr
R/\zﬁ
Tlepiyt = (1-ypy — ) utt! (Sk - de ek) Akp.
(p+ = 1-) (p- = 1)
For a transitory subsidy, 7t.p;  only depends on the productivity shock for t > 0, therefore we have
,within _ € fiscal 2 nofiscal 2
ALTW = (1 - p) 1 ((ncpi,o ) - (ncpi,O ) )
2
é /\% -
=(1-8) 7 (¥ dy = 1) deerTro
Mivog, +a%80,
: Ag — RAS A1+0¢y)
€ ¥ v y -
~2(1-p)% —— (00, 1) Deetig (1= 9y —p) -+ (si
A1+o<¢>y+A%‘p¢7Z (p+ —u-) (p- — o) 1+a<¢>y+A%c¢>,T
To characterize the inflation loss, we need to sign the term i (1-¢py —p-) Mitag,)
/ & (=)o) T g
characteristic equations determining ¢ and p4, p—, we have:
Y
(p+ =) (p —u)=—(a¢y+RA¢)u +(0¢y+A ¢r|R >0
(1-), which is positive since either the roots are real

—p-) (p-—p-) =

where the inequality holds because (p+

Using the

and larger than



one while p_ < 1, or the roots are complex and P > 0 on the real line. We then have:
RA?S A(1+0d,)
4 ¢y
(1-¢dy —p-) u-+ e
(p+ — 1) (p- = p-) 1+og, + A% ¢,

RAZE (1= by — ) - 1+ 06y + A0 ) + A (1+06y) (00 (R— i) + RAZE o - RAG |
(ps = 1) (p- = ) (1+ 09y + A5
A (o)’ (R = = RA) + RAGG A S b (1= Aw) + 062 (R — e = RA (1o + 2422
(pr = 1) (p- = ) (1+ 0y + 1552
(AZ% (1-po) e+ /\) RAZL G — RA2S 12
(o = 1) (p- = 1) {1+ 06y + A%
A (06y)° (R = pi-) - + Aoy AZ L GrRit- = 0y ARA (ju- + 542
(ps = 1) (p- = 1) {1+ 06y + A%
Aoy A T b (1= o) o) + (128 (1= oo oo ) RATE

T i) i) [1r 00, 425

opyA (R = i) + RAZEE by — RAZG 2

(p+ = 1) (p- = 1) (1+ 0y + 1520

Under the assumption that the rule satisfies determinacy, we have (1 - %) o¢, + A (1 + 2 ) ¢r > A (1 + 1/}) Since p- < 1,
¢y, n = 0 we therefore have:

+

Mody) (R - o) p + Aoy d =L b Ryt — o AR (H_+%y%)

2/\agbyR‘u_((l—%)agby+)\(1+%)¢ —A(1+Z})) >0

5Py (R - )+R/\27qbn— A2Z u?
2RA((l—%)a¢y+/\(1+%)¢n—)\(l+%))>0
+y +y

Moo T e (1= ) )+ (125 1) o AT o

These derivations shows that under any policy rules satisfying determinacy, inflation increases at t = 0 following a shock in
a necessity sector (without fiscal intervention). We therefore have that

RA%S A(1+a¢y) .
4 _ —u) y o —duer) A
{(m i) (o) YOy L+ o¢y + A% ¢, (5 9ee) Ao > 0

which implies that, to first order in 74 g,

c Ag .
A‘En,within =-2(1- ﬁ et IPQD -1 ﬁka,O nnofzscal/
( )A1+O¢y+/\%¢n( 1% e

so that, for a small subsidy, AL™"ithin > 0 if and only if ¢, < 1 (and AL™WIhIn = 0 if ¢y, = 1). Exactly, ALTWHIM > 0 for any



k0 > 0if ¢, < 1, while if P ¢, > 1 we have AL™™Hi" < 0 if and only if

RA % A(1+0¢,) _ _
¥ _ _ Y _
2 { (r—)(p—i) (1 Yy N—) -+ —1+U¢ Mg?%} (Sk &g@k) Ak
) deey

0< Tk, <
m Wby -

We now turn to the output gap losses. Having solved for the path of inflation direct algebra gives:
RAu- 1
(p+ =p-) (- =p-) 1400y + AT s

Yo = oA¢n (S_k - fek) Ak

opy — ¢ -
O'QU 1- ! L4 8eek7k,0
oty (1+G¢V+A%¢n)
- RA%26¢, -—
Y= p (i — deex ) Axp
(p+ —p-) (p- = p-) ( )

Therefore, the output gap loss is
Y _ l l _ fiscal ~nofiscal 2
ALY = (¢ + G)(l B) (1- n(p)((y ) (yo ) )

-1+ 1) (1-¢) (((l - 2,89 "““’) - ((1 —B) 25 "“"’) )

Itis direct to show that < 1: n = [ & ) Md and o (1-B) b (i) = o (e (i) — Wn (i)) < ge (i) + pWn (i) since Wn (i) > 0.

oe(i)+Wn(i)y
This implies that A = (1 - p) (1-n¢) - (1-¢)n (1 -p)* = (1-B) (1-1) > 0. Note first that:
ynofiscul
0

RAu- 1 - =
= 0A¢n - —deer) A
7 {(m—u—) (p-—n-) 1+o¢y+A"*‘P¢n}(Sk ek) o

((1 ~ §) 0y + A% Hn) R (1= Ap-) - Rip- (1 + %) +o, (1A — )
(ps = 1) (p- = ) (1+ 09y + 152 |
RATE + 06,
(o = 1) (p- = 1) {1+ 06y + A% e |

where the last line uses again (1 — &) a¢p, +1 (1 +g ) Gr > A (1 +g ) and (1 - Ap- —p-) =% (1-p-) > 0. Hence Y,
01if ¢ > 0, while if ¢ = 0 the necessity shock does not move the output gap, y rofiseel — 0 for all t. In addition, we have:

=—0AQy

Sk — aeek) Ak,o <0

< —oAgn (1= A — 1)

nofiscal

RA%0¢ —

ynofzscal _ brd ‘th_',l S — 9 ex Ako

t (p+ —p-) (p- = p-) ( )
2 2 B — ~ ~
where 3, ynofzscul o I;A)cEZ)n - )R - (S_k - 3e€k) Ak, = 0. Since the subsidy only affects Y, we therefore have:
~ 2 G¢y - % —_
ALY = ((1-p) (1=ng) - (1= @) n (1-p)%) 1~ ropy <1580 FeekTho
+0 v + 7 n
opy — 5
% Gll) 1— vy oy 9 ekaO_'_zynoflscul

o+ (1"“7%"‘/\%(]571)

opy = — RA20 2 -
-2n(l-¢)(1- ﬁ)z 1- L4 o€k Tk 0 Pr H Sk — deer | Ak o
Bn o) (o ) K-
(1+G¢y+AT¢n) P+ [’l—) pP- [’l—) H-

To first order in 7%, the term in T% , vanishes and ALY has the sign of A ﬂonofiscal -n(l-¢)(1- ﬁ)z Yis1 ﬁfyt”"f’sc”l

<0



(using A > 0, ﬂonof setl < 0and Disl ﬁtﬂtnof seal 5 0), with strict inequality if and only if ¢, > 0. So ALY <0 for T,0 > 0 small
enough if ¢ > 0. If ¢ =0, ﬂtnofmul =0 forall t and ALY > 0 for any 74 > 0. For a finite subsidy

A L
o+ (1 + oy +A%¢n)

<=2((1=) (1=np) - (1= @) n (1 - p)?) Ty

v ) (- (o

Finally, we turn to the redistribution terms without consumption basket heterogeneity. We start with the welfare impact on
unconstrained households:

. 2
A‘Eredist,u _ (l _ (P)/ =5 +€vn (Z)IP (?) di ( 1 ﬁ ZﬁtH (szscal (R-1) (ch;jctul *)))

2
_(1_(P)/m(b(z)) ( Zﬁm(woﬁscuz (R - 1)(A::f;scuz+y;)))

B U(§k+1{)(9€ek) ~

o+

&eeka,O

(formally, we need ((1 - ﬁ) (1 - T]QD) - (1 - (P) n (1 - 5)2)

) (S_k - E) Ako.)

Using our previous derivations and the policy rule, and noting that r; = Z ?ﬁif * Ay o and Y; =
t > 1),so thatry — (R — 1) Y; > 0, we have:

t+1 Anoflscal *nofzscul * l _l S_k+¢a~
Zﬁ (RP7! = =) (P + 7)) (R+G(1 R)) oy

k0 (both zero for

" 2
(BRI n) R ) 3 RO )|
(p+ = =) (p- = 1) R+ op,+A%E, |17 707
¥ [t
. , §(0nR) (14 ) +Rogy (1) 1 (R(1400y)~6 : . o
We first examine the term - i) n ; - %g+£¢y+;")ﬁ¢3' Using again (p+ —pu-) (p- —u-) = —RAS ph-+

(R - =) opy + RAZE o, we have
§(0n=R) (1-p)" +Rogy (1-p) 1 (R(1+0¢y) - )
(p+ = p=) (p- = p-) R1+0¢,+1 20,
_ 0n00y (RE (1= )"+ (R o) ~RASE ) 4 07 (REAGE (1- )" + RASEE) - RR =D e (00’
R (ps = 1-) (p- = =) (1+ 000y + 1552 6
(-RR-Dp-+RER=1) (1= = Ap) ) oy + R2E(R=1) (1 - - = Ay )
R (ps = 1) (p- = o) (1+ 060y + 152
cpn(( G—URZA““’)( ) - RAZE - R/\"y)

R (ps—p-) (p- — 1) (1 +ody + A%‘Pn)

+




where we used Api- = (1= u-)* = (R=1) (1 - g = Ap-) 2 0. Using (1= &) 0y + 4 (1+ %) 62 > 4 (1+ %) ¢, we have:
£ (¢ —R) (1= )+ Rogy (1- o) 1 (R(1+0¢y) - a)
(p+ = 1-) (- = 1-) R1to¢, + A% ¢n
9009y (§ (=) 4 (1= ) - RATE L) - RR - D - (09,
) R (ps = o) (p- = =) (14 060y + 152
(—R(R—l)y_+R2%(R—1)(1—y_—Ay_))aq5y+R2”(R—l)(l b= Ap)
R (ps = 1) (p- = =) (14 00y + 152
OxR(R-1)(8A%E (1- )+ A% + & (1— -~ Ap )

R (ps = 1) (p- = 1o (14 00y + 152 60)

+

We therefore have:
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where we repeatedly used /\%d)n +(1-%) oy > )\%. Direct algebra then shows that if (0 + ) (R — 1) < 1 then:
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where both the second and last line use the fact the rule satisfies determinacy. Using
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So we need to sign:
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and Y51 B' = 1/(R — 1), since both the nominal rate and inflation do not move in response to the subsidy for t > 0 (and Y, = 0
for t > 1). We have:
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Denote by a the second line of this expression (the bracket in parentheses times (sk -9 ek) Axp). If a > 0 then R"of fseal _

(R-1) ( profiseal | UM ) > 0, since the first line is positive. If a < 0, we show below that Rnoﬁsml (R-1) ( profiseal A ) < 0 for
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First from our previous derivation, we directly have that:

(ﬁfiscal (R-1) szscal) (ﬁnofiscal (R-1) Pnoflscal) >0

cpi,0 0 cpi,0
5 fiscal A fiscal snofiscal snofiscal fiscal _ pnofiscal
(RO (R 1) Qcpz 0 ) (RO (R 1) Pcpz 0 ) (Pcpz 0 cpi,0 ) 20

We therefore have:
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where we used the fact that we previously showed ), p* ( Rrrofiseet -(R-1) ( A::fzscul +Y )) > 0. In the second case, we have:
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which proves that A L™V HIM > 0 Since both AL > 0and AL redlst'H tM > 0 hold for any 74 o > 0, the result on redistribution
without consumption basket heterogeneity does not require the subsidy to be small.

Summary. For a small transitory subsidy txo > 0: ALTbetween 5 () (for any 70 > 0); ALTWIhiIn 5 0 if and only if p¢, < 1;
ALY < 0if ¢pr > 0; ALt < 0 without wealth heterogeneity; and ALt > 0 without consumption basket heterogeneity (for
any 10 > 0, under (o +¢) (R-1) < 1).

Proof of Proposition 4

We now derive optimal joint monetary and fiscal policy in our simple case, assuming that the Planner has access to sector specific
consumption subsidies and type specific transfers. Recall that the loss function is given by:
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We first show that £ > 0. First the matrix [§k ﬁk,l] ;1S symmetric and positive semi-definite (it is minus the expenditure-

weighted matrix of compensated price elasticities, and the Slutsky matrix of Hicksian demand functions is symmetric negative
semi-definite). In addition recall that we have:

2.5 ) pri=0
k 1

Next recall that we have 7 < 1. A direct application of Jensen inequality gives:
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Since the other terms are squares, we therefore have £ > 0. Therefore any policy implementing £ = 0 is optimal. Note first
that:
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where ((i) is a lumpsum transfer. Consider the transfers:
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since b(i) is in zero net supply and f % (sk (i) = 5x)di = 0, so the transfers are implementable (as in Proposition 2, C (i)
is net of the lump-sum taxes, proportional to labor income, that finance the subsidies 74 ) for any Qk t Ry, Y*. Next we have

2ok Sk 21 Pl (Qk,t + Ak,t) (Ql,t + Al,t) =0if Qk/t + Ak,t = Ql,t + A;/t for all I, k (since }}; px,; = 0), and only if when the matrix
[5‘ k ,5k,l] has rank K — 1. Therefore implementing

Tkt = Prp + Agp + 14

gives D1y 5k 23 Pkl (Qk,t + Ak,t) (Ql,t + Al,t) = 0 for any sequence Isk,t,Ak,t, 7;. Finally to implement Y = Tiepip = 0 it is enough



to have:
N?'{t - Z ageka,t =0
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which can be implemented with
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%
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where the expression for T; uses ), de€k Tk, = 2ok el (Isk,t + Ak,t) + 1;. To ensure that Y; = m.pi ¢ = 0 is the unique equilibrium,

the interest rate rule can be augmented with feedback terms that are zero in equilibrium, e.g. +¢nmcpis + qi)yﬂt with (¢, ¢y)
satisfying the determinacy condition. This achieves the proof.

E Empirical and Quantitative Details

E.1 Estimation of Welfare Weights

This section explains how individual welfare weights are recovered from UK data. It first lays out the assumptions needed to
derive an identifying equation. It then details the data construction and each of the estimation steps. It concludes by presenting
the empirical weights and comparing them with those implied by a linear social welfare function.

Identification approach. We estimate empirical welfare weights from observed business-cycle variations of pre and post-
tax income at the household level. Intuitively, when the social function assigns a high welfare weight to a given household,
transfers adjust following shocks to smooth their real income hit. The degree of observed smoothing in the data depends on: (a)
how finely targeted household-level transfers can be, and (b) the degree to which shocks create a trade-off between redistribution
and efficiency (captured in our ‘Bang for buck’ term). For these reasons, a structural approach is required to estimating these
welfare weights from observed data.

We assume that following an unanticipated shock in period ¢, the government can make lump-sum transfers 7;s (w) to group
@ in all future periods s > 0. The granularity of these groups captures how targeted the transfers can be. Let 0; (i) denote the
change in labour productivity at the household level, which captures both changes in aggregate productivity and a potentially
household-specific incidence of the aggregate shock. We assume that all households that belong to a given group w, experience

the same productivity shock 6; (w). The optimality condition for group-specific transfer ;. (w) is given by
~Wn(i) s (A . ) ) / Wn(i)y S A . .
/ g Eﬁ (Br4s (@) + #11s(@)) (i) di CRA T Z B*Orss(@)lilw) di

= ét + bR(CL)) Zﬂs (ﬁtﬁ—s - ngPl,t+s+1) + bQ(w)QCPI,t/
S

(26)

where 7 (i|w) is the steady state distribution of household types (i) in a given group w. A few remarks are in order. First, the
redistribution loss captures lifetime utility changes, so the optimality condition is in present value terms. Second, even though
the government might not be able to fully target household i, the distribution of types within groups matters for the optimal
level of transfers. For example, the coefficient br (w) captures the average group-level exposure to real interest changes, which
follows from the joint distribution of debt and welfare weights in steady state. Third, these present value terms are revisions to
expectations: they capture responses to unanticipated shocks rather than dynamic adjustments to past shocks. Finally, estimating
an equation of this form recovers only the average welfare weight for each group. To recover individual welfare weights we
exploit the expression for g(i), and apply a moment matching procedure. We lay out each step of the estimation in what follows.

Data construction. We allow households with different productivity levels to be hit by (potentially) different productivity
shocks. Balancing concerns for heterogeneous exposure and sample size limitations, our main specifications constructs deciles
from observed data on (pre-tax) wage income. To make this assignment realistic, we also allow for income differences that are
important in the UK context but cannot be accounted for in our model, like regional differences and the age profile of wage
earnings. Specifically, we estimate the following regression at the household level

. 2
In (Labor Income; ) = 1y - Region; ; + fais + ya;, + pit,

where we interpret ;s as capturing permanent differences in earnings potential. We then assign each household to a decile
by using the fitted fi;;. Given this assignment, we proceed to construct group-level averages of income, expenditure, and net
benefits, where we use the sampling weights provided by the LCF to take care of under/over-sampling of households with certain
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Figure Al: Time-series of Present Value revisions

characteristics.*> Given that the group assignment is done on labour income, only households where at least one adult works will
remain in our sample. Furthermore, we exclude part-time workers by restricting the sample to households whose weekly hours
exceed 30. If we do not impose this restriction, part-time workers end up populating the lowest decile of wage earners, while
they are not necessarily low-skill, and might have different motives for working part-time that we cannot capture or control for.

Estimation Procedure. The household-level data come from the LCF survey, which is conducted at quarterly frequency
and which we aggregate to deciles as specified in the previous section. We augment these decile-level variables with ONS data on
quarterly GDP, the price level, nominal wages, and the one-year yield. We estimate a joint VAR of the group-level and aggregate
variables, with the restriction that group-level variables cannot affect aggregate ones either contemporaneously or with a lag.
The baseline specification allows four lags, but the results are robust to varying the number of lags. Note that we do not need to
identify structural shocks, and we work directly with the reduced-form errors. In particular, given the estimated VAR coefficients,
we recover the reduced-form shocks u; and use them to construct the net present-value innovations for each decile-level variable
at every point in time.

Figure A1 plots the revisions to the expected present value of hours worked and of the net transfer rate for each decile over
our sample period. Two features stand out. First, the revisions to net transfers are largest for the bottom decile, as one would
expect given that benefits make up a larger share of its total resources. Interestingly, they have also fluctuated strongly for the top
decile, especially in the run-up to and during the Great Financial Crisis. Second, the revisions are far from perfectly correlated
across deciles. For hours worked, the average correlation across all pairs of deciles is only 0.10, and it is just 0.20 for neighbouring
deciles. Net transfers co-move more strongly, especially among the third to tenth deciles, where the average pairwise correlation
is 0.46. The bottom decile is the exception: its revisions are negatively correlated with those of most other deciles (-0.23 on
average, and —0.33 with the top decile). This heterogeneity matters for identification: a revision that moved all deciles in the
same way would be absorbed by the common factor and the aggregate controls in the regression, so the decile-specific weights
y(w) are identified from the variation that differs across deciles.

Our identifying equation uses revisions to net benefits and productivity at the decile level, but the latter are not directly
observed. In our baseline specification, we measure productivity using revisions to hours worked, which we observe directly
in the LCF. We view hours as a good measure of the group-level productivity shock. As a robustness check, however, we
also consider an alternative specification that recovers productivity from the observed responses of expenditure and total wage
income. This relies on the labour optimality condition for each household, under which labour supply responds to real wage
changes, the productivity shock, and a wealth effect. Since the wealth effect is captured by real consumption changes, we can
remove it using revisions to real expenditure. Both methods yield similar results, and the alternative specification does not
change the overall pattern of how average empirical weights vary across the distribution of households.

#3Gimilar to other household surveys of the same nature, like the CEX, the LCF also struggles to sample households in the
rightmost tail of the income distribution. However, this is unlikely to be a concern for our exercise.
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Figure A2: Average Welfare Weights by Decile

Welfare weight regression. We now have all the ingredients required to recover the empirical welfare weights, and we
proceed in two steps. First, using expectation revisions for productivity, benefits, real interest rates and the price level, we
estimate average weights for different groups by regressing

2 0 @) =y @) 2 (B2 (@) + s (@)) + b (@) & + by @ (Ress =@y 11sn) + b (@) Qi

where we deal with the term b (w) & by using Bai (2009). This expression follows from a simple rearrangement of the optimality
condition given in 26.

Figure A2 plots the estimated y(w), together with the confidence intervals. The coefficients are close to one for the bottom
nine deciles, and fall sharply to about 0.45 for the top decile of households. Note that the coefficient

Wn(z)
y@= [ s )i,

f GeTWn(Y ¢ (ilw)di

collapses to one when the social welfare function is linear ( g(i) =

m), which allows for a clear interpretation of the

results. Specifically, our estimates suggest that on average social welfare weights agree with the individual’s utility cost of
fluctuations for the bottom 90% of the distribution, but underweigh them for the top 10% of households.

Individual weights. The final step is to recover household-level welfare weights. To do so we use the expression for weights
given by

g(e,Wn) = e_l)((V (e, Wn)) +

1
1-R1 e+Wny'
and the estimated averages y (w), to approximate the unknown function x (V (e, Wn)). Note that x (V) = —= R :G”(V) /G (V)
captures the curvature of the social welfare function, with x (-) = 0 being the linear case. Because we only have ten moment
conditions (one for each group), we can approximate x (-) using only a few terms. In the baseline we use a quadratic expansion
which we estimate with a simple OLS. In particular, the decile-level regressors {Z1 ,, Z,»} are given by

Ziw = W?.()Z)V(i)n(ﬂa))di,
Zyw = W?(;)V(z)zn (ilw) di,
where the households steady state lifetime utility is V' (i) = 1= R — (l n(e(i)) - a f:;"(;l (l)) Intuitively, households that have higher

expenditure and more assets (so that they have to work less to maintain a given level of consumption) have higher lifetime utility.
Note that the weight — W"(l) in the regressors comes from the fact that our estimated coefficients are weighted by the labour share.

When constructing the dec1le level regressors we use the distribution of households for 2019, and which is also what we feed in
the model for our quantitative exercise. Finally, we redefine the outcome variable to correct for the denominator in y(w), and to




Decile Y actual Y fit Residual

1 0.0116 0.0782  -0.0666
2 -0.0245 0.0269 -0.0514
3 -0.0511 -0.0064  -0.0447
4 -0.0311 -0.0294 -0.0017
5 0.0146 -0.0361 0.0506
6
7
8

0.0076 -0.0303 0.0378
-0.0251 0.0246  -0.0497
0.0101 -0.0051 0.0151

9 0.0211 -0.1008 0.1219
10 -0.3694 -0.2910 -0.0784

R? =0.7014

Table 2: Decile fit, quadratic specification

remove the linear part from the welfare weights. Specifically, we define the dependent variable as

o Wn(iyy o\ WnGi)
ge= ([ sems v 00) 70~ [ et o

We regress fj, on {Z1,4,,Z,,} and a constant. Table 2 shows that the quadratic approximation provides a reasonable fit
(R? =~ 0.70) of the moment conditions. Given the estimated coefficients, we can now construct individual welfare weights for
every household.**

Figure A3 shows how empirical and linear welfare weights compare. The left panel shows that for either measure, the
average welfare weight decreases with the income decile. This is to be expected since higher deciles tend to earn more income
and consume more. Empirical weights are above the linear ones for the bottom decile, and below the linear case for the top two
deciles, reflecting the quadratic fit, since y(w) drops only for the top decile. They otherwise coincide for the rest of the distribution.
Beyond these averages, the right panel shows that going from linear to (total) social welfare weights is not a one-for-one mapping
as there is quite a lot of variation that is introduced by the individual dispersion in income and expenditure. Finally, note that
for most households (around 80%), the social welfare function assigns a higher weight than their own preferences imply.

#Because we do not impose any other restrictions in the estimation of the social welfare curvature x(-), it is the case that for a
small number of households (= X%) we recover empirical weights that are negative. These cases are theoretically problematic
(though they are not quantitatively relevant), so we impose positive welfare weights when quantifying the welfare losses.
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Notes: The decile-level average welfare weights are weighted by the within-decile labour share. The right panel excludes the
few observations in which we recover a negative weight.

Figure A3: Empirical vs Linear Welfare Weights
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