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Abstract

How much a household suffers from inflation depends on what it consumes. We show
that this simple observation links household expenditure behavior to inflation inequality,
welfare losses, and poverty. Building on a non-homothetic CES demand system, we derive
household-specific exact cost-of-living indexes and apply them to the 2022 European
energy crisis in Spain and Italy. Using household expenditure microdata, we estimate non-
homothetic preferences and show that the same expenditure patterns governing Engel
curves also determine households’ welfare sensitivity to inflation. Consequently, poorer
households face substantially larger welfare losses than would be implied by inflation
differentials alone, while Italian households exhibit systematically greater welfare sensitivity
than comparable Spanish households. Under an anchored poverty line, a common price
deflator conceals 1.6 million newly poor in Spain, while in Italy it is nearly innocuous,
because the shock is already large enough to push the same households below the line.
Our results caution against relying on a single representative-agent price index to assess
the distributional consequences of large relative-price shocks.
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1 Introduction

How much a household suffers from inflation depends on what that household consumes. This simple
observation, long central to the economics of the household, acquired dramatic policy relevance during
the European energy crisis of 2022, when the disruption of Russian gas supplies pushed energy prices
to unprecedented levels across the European Union (Martinez-Garcia et al., 2023; Ari et al., 2022).
Because energy is a necessity and its budget share declines steeply with total expenditure, the same
aggregate shock translated into very different cost-of-living increases across households. Aggregate
indicators such as the CPI, built on a single representative basket, conceal this heterogeneity entirely.
The purpose of this paper is to understand how a large relative-price shock propagates through
heterogeneous consumption patterns into unequal inflation, welfare losses, and poverty, and how these
outcomes are linked through household preferences.

To address this question, we develop a tractable general-equilibrium model with non-homothetic
constant elasticity of substitution (NHCES) preferences, following Comin et al. (2021). The key
insight is that the same preference structure that generates Engel-curve responses also determines how
changes in purchasing power translate into welfare losses.'

Our specification belongs to the long tradition of estimating household consumption patterns from
household expenditure data (Balli and Tiezzi, 2010) and is closely related to recent macroeconomic
models of energy shocks in New Keynesian and HANK environments (Gnocato, 2025; Bobasu et al.,
2025). Because preferences are non-homothetic, expenditure shares respond systematically to changes
in total expenditure (see also Cardullo and Sechi (2026)), generating the Engel-curve patterns observed
in household surveys. Energy is imported at an exogenous world price and enters household welfare
both directly, through energy consumption, and indirectly, as an intermediate input into domestic
production. The model delivers household-specific exact cost-of-living indexes in the sense of Koniis
(1939) and Diewert (1976). Unlike expenditure-share weighted averages of CPI subcomponents
commonly used in the recent literature (Jaravel, 2021), these indexes are derived directly from the
expenditure function and therefore translate consistently into welfare losses and welfare-based poverty

measures.

IThroughout the paper, “Engel-curve responses” refer to the sensitivity of household expenditure shares to changes in

total expenditure.



We take the framework to household expenditure microdata for Spain and Italy, two large Southern
European economies that faced the same global shock with very different intensity. Both countries
rely heavily on imported natural gas, but Italy entered the crisis with a much greater dependence
on Russian gas and a more gas-intensive electricity system, whereas Spain benefited from a more
diversified generation mix, Europe’s largest LNG import capacity, and, from June 2022 onwards, the
Iberian exception, which capped the gas price used for electricity generation (European Commission,
2022; Hidalgo-Pérez et al., 2024; Ruiz et al., 2026; Lou et al., 2026). As a result, between 2021 and
2022 household-energy prices rose by roughly 31 percent in Spain and by more than 85 percent in Italy.
The household microdata reveal an equally important difference: the energy budget share falls from
9.8 to 2.6 percent across expenditure ventiles in Italy, compared with a decline from 7.4 to 2.5 percent
in Spain. Thus, poorer Italian households were doubly exposed: they faced a larger energy-price shock
and devoted a larger fraction of their budgets to energy. The two countries therefore provide an ideal
setting for studying how the same global energy shock generates different distributional consequences
through household consumption patterns.

Three sets of results emerge. First, the energy shock generated regressive inflation in both
countries, but substantially more so in Italy, where the gap in household-specific inflation between the
poorest and richest expenditure ventiles exceeded three percentage points, compared with little more
than one percentage point in Spain.

Second, the welfare consequences of inflation are even more unequal than inflation itself. Within
the NHCES framework, households’ Engel responses identify their utility elasticity of expenditure.
The same preference characteristic that governs how expenditure shares respond to income therefore
also determines how changes in purchasing power translate into welfare. This mechanism has different
implications. Within each country, poorer households adjust their expenditure shares more strongly
following changes in income and therefore experience larger welfare losses than would be implied by
household-specific inflation alone. Moreover, the estimated preference structure implies systematically
stronger expenditure-share responses for Italian households than for comparable Spanish households at
every point of the expenditure distribution. Consequently, even if Italian and Spanish households faced
the same inflation rate, Italian households would experience larger welfare losses. The larger welfare
costs of the 2022 energy crisis in Italy therefore reflect the interaction of two distinct mechanisms: a

larger increase in household energy prices and a systematically higher welfare sensitivity to that price



increase.

The third result of our paper concerns the implications of heterogeneous inflation on poverty. In
Spain, household-specific inflation substantially increases the measured poverty headcount relative to
a common deflator (by 3.3 percentage points, about 1.6 million individuals) because many households
lie close to the poverty threshold. In Italy, by contrast, the aggregate shock is so severe that most of
the same households fall below the threshold even under a representative price index. These findings
have an important implication for poverty measurement. Deflating all households’ expenditures with
a common price index, standard practice in official statistics, can substantially understate the poverty
effects of a relative-price shock in some settings (Spain) while being nearly innocuous in others
(Italy). Only household-specific, welfare-consistent cost-of-living indexes can distinguish between
these cases.

Our paper also speaks to two further literatures, beyond the demand-system tradition and the
energy-crisis background already noted above. A large body of work quantifies the unequal incidence
of inflation across households: Jaravel (2021) reviews this literature broadly, covering price-index
theory, the empirical evidence linking inflation to income, and its policy implications; Kénzig (2023)
shows that shocks raising energy costs are inherently regressive, and Zhang et al. (2023) document their
global consequences for basic household needs. For the 2021-2023 European episode specifically,
Pallotti et al. (2024) measure the welfare costs of the inflation surge across the largest euro-area
countries, Sologon et al. (2025) provide a cross-national decomposition of its regressivity, and Amores
etal. (2025) assess the offsetting role of fiscal measures; country studies sharpen the picture for our two
economies, with Corsello and Riggi (2026) documenting a record surge in Italian inflation inequality
in 2022, and Ferreira et al. (2026) and Ux6 et al. (2025) decomposing its Spanish incidence into wealth,
income, consumption, and firms’ pass-through channels. Relative to this literature, our contribution
is threefold. First, we provide a common welfare-consistent framework to compare the incidence of
a major energy-price shock across two countries. Second, we jointly analyze household inflation,
welfare, and poverty within a single demand system. Third, we show that the same preference
characteristics that govern Engel curves also identify households’ welfare sensitivity to inflation.

We also contribute to the literature on poverty measurement under household heterogeneity.
Previous work has shown that conventional poverty measures may misclassify households when

heterogeneity in resources or intra-household allocation is ignored (Liang et al., 2024; Petrov and



Romaguera-de-la Cruz, 2025). We highlight a complementary source of misclassification: hetero-
geneity in household-specific cost-of-living changes. Deflating all households with a common price
index may substantially understate the poverty consequences of large relative-price shocks. More-
over, its bite depends on the empirical distribution of households around the poverty threshold rather
than on the size of the shock alone. The remainder of the paper is organized as follows. Section 2
presents the model. Section 3 describes the data and calibration and presents the quantitative results on

household-specific inflation, welfare, inequality, and poverty in Spain and Italy. Section 4 concludes.

2 Theoretical Framework

Our objective is to quantify how an energy-price shock affects inflation, welfare and poverty across
households with different consumption patterns. To this end, we build on the non-homothetic CES
(NHCES) demand system proposed by Comin et al. (2021), which allows expenditure shares to vary
systematically with income. Since the analytical properties of the NHCES framework are well estab-
lished, we present only the ingredients required for the quantitative analysis. Complete derivations,

proofs and additional theoretical results are reported in the Online Supplementary Material.

2.1 Households

The economy is populated by a continuum of households that differ in labor productivity, denoted by

z;. Household welfare depends on both consumption and labour supply and is represented by
V; =log(U;) — Wi (n:), )

where U; denotes consumption utility, n; labour supply, and W¥;(:) is an increasing and convex
disutility-of-labour function.

Each household consumes three goods: imported energy (Qf), traded at the exogenous world
price pg, and two domestically produced composite goods (Qn and Qp), sold at prices py and pyr,
respectively. Preferences are assumed to be non-homothetic, implying that expenditure shares vary
systematically with income. In the quantitative analysis, parameters are calibrated so that energy and

the domestic good N behave as necessities, whereas the domestic good L behaves as a luxury.



Consumption preferences follow the NHCES specification of Comin et al. (2021):
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where o is the elasticity of substitution, Y, > 0 are share parameters, and &, > 0 governs the degree of
non-homotheticity of good g. The latter parameter plays a central role in determining how expenditure
shares evolve with income and, ultimately, how households are affected by changes in relative prices.
The NHCES specification nests the standard homothetic CES utility function as a special case. Indeed,
ife, =eforall g € {E,N, L}, equation (2) can be solved explicitly for U;, yielding the conventional
CES aggregator.

Household nominal income is

X; = wzin; + Hi, (3)

where w denotes the wage rate and II; capital income. The budget constraint is

PEQEi + PNON,i +PLOL,i = X;. 4)

The expenditure function associated with (2) is
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Hicksian (compensated) demand is obtained from Shephard’s lemma:
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Let wg,; = =5-*= denote the expenditure share of good g. The NHCES expenditure-share system can

be written as |
YgUl.( _U)Egpgl_o'
(I-o)ex 1-0 (6)
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forall g € {E, N, L}. Following Comin et al. (2021), define

We,i =

B= ) wgife (7
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that is, the expenditure-share-weighted average non-homotheticity parameter of household i’s con-
sumption basket. Log-differentiating (6) with respect to total expenditure yields
%41—0)(%—1), (®)
Equation (8) shows that, for 0 < o < 1, goods satisfying &, < &; behave as necessities because
their expenditure shares decline with income, whereas goods with &, > &; behave as luxuries. If
all goods share the same non-homotheticity parameter, &, preferences become homothetic and the

NHCES specification collapses to the standard CES utility function.

2.2 Household-specific Cost of Living and Welfare

The expenditure function naturally defines an exact household-specific cost-of-living index. Let
Pl = (pOE, p(])v, p%) denote a base-period price vector and U? the corresponding utility level. The
exact cost-of-living index of household i is

_EWU;p)

Pi(p,p%;U}) = E00 )
i’

©)

that is, the ratio of the minimum expenditure required to attain the reference utility level at current
and base-period prices.” Since households differ in their expenditure shares, the cost of maintaining
a given standard of living generally differs across households. Using the expenditure function (5), the

exact price index can be written as

-0 | 1-

p

Pip.p% U = | ), wg,,.(—i’;) ’ 1o
ge{E.N,L} Dg

where wg, ; denotes the household’s expenditure share in the base period. This representation is
particularly convenient empirically because the exact cost-of-living index depends only on observed
expenditure shares and relative price changes.

The expenditure function also provides a simple relationship between changes in nominal expen-

diture, consumption utility, and the cost of living. Log-differentiating equation (5) yields

dlogx; = & dlogU; + dlog P;. (11D

2 An exact cost-of-living index is defined as the ratio of minimum expenditures required to attain a given utility level at

two different price vectors. Standard references are Koniis (1939); Diewert (1976); Deaton and Muellbauer (1980).



Equation (11) shows that changes in household welfare depend jointly on changes in nominal
expenditure and household-specific inflation. The parameter £; governs the mapping between these
changes: for a given change in nominal expenditure and in the cost of living, households with
different values of &; experience different welfare changes. As shown in the quantitative analysis, this
mechanism plays a central role in generating heterogeneous welfare losses following an energy-price
shock.

Holding prices fixed, equation (11) implies that the utility elasticity of expenditure is

0logU; :l (12)
alogxi p éi.

Equation (12) gives &; a direct economic interpretation. Beyond summarizing the non-homotheticity
of the household’s consumption basket, its inverse measures how strongly consumption utility responds
to a proportional change in expenditure. Households with a lower &; therefore experience larger pro-
portional utility changes following a given proportional change in purchasing power. Since &; is
an expenditure-share-weighted average of the good-specific parameters &g, it tends to be lower for
households that devote larger expenditure shares to goods with relatively low values of &4, which
correspond to necessities in our calibration.

The first-order condition for labour supply is
Wi (n) = wzidi, (13)

where A; = 0V;/0x; is the marginal utility of income. The condition equates the marginal disutility
of labour with the utility gain from the additional labour income generated by supplying one more

unit of labour.

2.3 Production and General Equilibrium

The economy is small relative to world markets. Imported energy is available at the exogenous world
price pg, while domestic goods may be traded internationally. International capital is perfectly mobile,
so the rental rate of capital r is pinned down by the world interest rate. We focus on a benchmark with
balanced trade, in which expenditure on imported energy equals the value of net exports of domestic

goods.



The two domestic sectors, N and L, produce differentiated composite goods using capital, labour

and energy according to the Cobb—Douglas technology
Yo = AKgCHECEY,  ge{N,L},

where @, + S, + ¥, = 1. Firms operate under perfect competition and choose inputs to minimize

production costs,

. a B b%
(mn, Ko+ wH+ppEy st Yo < AKSHY B (14)

Cost minimization implies that producer prices equal unit costs,

K
Pg = A—gragwﬂgp?, g€ {N,L}, (15)
g

where k, = @, % ,Bé:ﬁ Ve % Conditional factor demands satisfy
rKg = agpely, wHg = BepgYy, PEEg = ygpg¥s.

General equilibrium combines household optimization, firms’ cost minimization and market clear-
ing. Given the exogenous energy price pg and world interest rate r, equilibrium determines domestic
prices (pn, pr), the wage rate w, household allocations, firms’ input demands and production levels.

Domestic goods satisfy the market identities
Ye= > 0gi+NX,,  g€{N,L},
i

where NX, denotes net exports, while the external sector satisfies the balanced-trade condition

PE (Z QE,i +EN + EL) = pNNXN +pLNXL.

Finally, the labour market clears: }; z;n; = Hy + Hf.
Under standard continuity assumptions, a static equilibrium exists. The formal statement and

proof are reported in the Online Supplementary Material.



2.4 Energy-price Shocks and Household-specific Inflation

We now characterize how an increase in the world price of energy propagates into household-specific
inflation. The objective is not to solve the quantitative model, but to identify the economic channels

through which an energy-price shock affects the exact cost-of-living indexes introduced above.

Proposition 1 (Energy-price shocks and household-specific inflation). Suppose the imported energy
price pg increases exogenously. The elasticity of the exact cost-of-living index of household i with
respect to the energy price is
dlog P;
QOB WE,i + YNWN,i + YLWL,i + 1w (,BNwN,i +,3LwL,i) ’ (16)
dlogpe

dlogw
dlog pge

where 1,, = denotes the elasticity of the equilibrium wage with respect to the energy price.

The proof is reported in the Online Supplementary Material.

Equation (16) highlights three channels through which an energy-price shock affects household-
specific inflation. The first is the direct energy-consumption channel: households with larger energy
expenditure shares experience larger increases in their cost of living. The second is the production-cost
channel: because energy is used as an intermediate input, higher energy prices increase the production
costs, and therefore the prices, of domestic goods. The magnitude of this effect depends on the energy
intensities of the two sectors, measured by vy and yy . Finally, the general-equilibrium wage channel
captures the indirect effect of wage adjustments on domestic production costs. Since expenditure shares
differ across households under non-homothetic preferences, the same aggregate energy-price shock
generates heterogeneous inflation rates across the income distribution. The quantitative importance

of these channels is assessed in the next section.

3 Quantitative Analysis

We apply the framework to the 2022 European energy crisis in Spain and Italy. Combining household
expenditure microdata with observed price changes for the three consumption aggregates, we quantify
the effects of the shock on household-specific inflation, welfare, and poverty. Our objective is not to
explain the origin of the energy shock or the aggregate inflation process, but to study how observed

price movements are transmitted across households with different expenditure baskets.
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The benchmark analysis focuses on the short-run incidence of the shock. Nominal wages and
labour-market quantities are held fixed, consistently with the sluggish adjustment of European wages
following adverse shocks.> Under this assumption, heterogeneity in household outcomes arises from
differences in consumption patterns and from the resulting household-specific cost-of-living indexes.

We subsequently assess the robustness of the results in a general-equilibrium extension with
endogenous wages and labour supply. This comparison allows us to distinguish the immediate
distributional effects of heterogeneous inflation from the additional adjustments operating through

labour income and household behavior.

3.1 Data

The quantitative analysis combines household expenditure microdata with official price statistics for
Spain and Italy. Household expenditure data refer to 2021 and are drawn from the Household Budget
Surveys conducted by the Spanish National Statistical Institute (INE) and the Italian National Institute
of Statistics (ISTAT).* The benchmark calibration and simulation exercises use twenty expenditure
ventiles, which capture the main heterogeneity in household consumption patterns while keeping
the quantitative analysis parsimonious. The poverty analysis instead exploits the original grouped
data based on €50 expenditure intervals in order to represent more accurately the lower tail of the
expenditure distribution.

Household expenditures are reported at the COICOP level and are aggregated into the three
goods introduced in Section 2: household energy (E), non-energy necessities (N), and luxury goods
(L). Household energy consists exclusively of COICOP category 04.5 ("Electricity, gas and other

domestic fuels"), whose price increased dramatically during the 2022 energy crisis.” The remaining

3Wage rigidity in European labour markets reflects staggered bargaining, collective agreements, and other institutional
features that delay nominal adjustment; see, among others, Babecky et al. (2010); Fabiani et al. (2010); de Walque et al.

(2010).
4Spanish data come from the 2021 Household Budget Survey (Encuesta de Presupuestos Familiares, EPF) conducted

by the Instituto Nacional de Estadistica (INE). Italian data come from the 2021 Household Budget Survey (Indagine sulle

spese delle famiglie, HBS), kindly provided by the Istituto Nazionale di Statistica (ISTAT) - Scientific use Files (SUFs).
3As a robustness check, we repeated the calibration and the quantitative analysis under alternative definitions of the

household energy composite, (for instance including transport fuels (COICOP code 07.2.2). The resulting inflation, welfare,
and poverty profiles are quantitatively very similar to those reported in the paper and do not affect our qualitative conclusions.

The corresponding results are available from the authors upon request.
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Figure 1: Expenditure shares by expenditure ventile in Spain and Italy. Sources: INE and ISTAT (SUFs).

COICOP categories are classified as necessities or luxuries according to whether their expenditure
shares decrease or increase with total household expenditure.

Figure 1 confirms the non-homothetic nature of household expenditure patterns. In both countries,
the expenditure share devoted to household energy declines with total expenditure, while the share
devoted to luxury goods increases. The decline in the energy share is noticeably steeper in Italy,
implying that poorer Italian households are more exposed to increases in household-energy prices.

Figure 2 reports the price dynamics of the three consumption aggregates. The 2022 energy crisis
generated a much larger increase in household-energy prices than in the prices of necessities and
luxury goods, especially in Italy. Between 2021 and 2022, household-energy prices increased by

31.4% in Spain and 85.3% in Italy, while the prices of the two non-energy aggregates rose much more
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Figure 2: HICP Price dynamics of the three consumption aggregates in Italy and Spain (2016=100). Source:
(Eurostat, 2024a).

moderately.

The different sectoral price dynamics also translated into distinct aggregate inflation paths. During
the first half of 2022, headline HICP inflation evolved similarly in the two countries, reaching about
10.7% in Spain in July. Thereafter, the two paths diverged markedly. Inflation continued to increase
in Italy, peaking at approximately 12.6% in October 2022, whereas it declined steadily in Spain and
remained systematically below the Italian rate throughout late 2022 and early 2023. This divergence
partly reflects the temporary cap on natural gas prices used for electricity generation (the “Iberian
exception”), which mitigated the transmission of the European energy crisis to Spanish consumer

prices.’

3.2 Calibration

Table 1 summarizes the calibration. We combine an externally calibrated elasticity of substitution,
production parameters identified from observed price changes, and NHCES parameters estimated
from household expenditure shares. Prices are normalized to one in the benchmark year, p% = p?v =
p% = 1. The calibration proceeds in two steps. We first recover the transmission of the energy shock

to the prices of the two domestic composites and then estimate the preference parameters governing

6See European Commission (2022), Hidalgo-Pérez et al. (2024) and Linares and Gémez San Roman (2023).
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Parameter Spain Italy  Description Identification

o 0.56  0.56 Elasticity of substitution Finlay and Williams (2025)
YN 0.245 0.066 Energy pass-through to necessities Observed price changes

YL 0.171 0.044 Energy pass-through to luxuries Observed price changes

g 0.01 0.01  Energy non-homotheticity Minimum distance (boundary)
EN 0.523 0.386 Necessity non-homotheticity Minimum distance

&L 1 1 Luxury non-homotheticity Normalization

&l 0.581 0.452  Average non-homotheticity, ventile 1 Model implied

€20 0.663 0.578 Average non-homotheticity, ventile 20 Model implied

Table 1: Benchmark calibration.

non-homothetic expenditure patterns. Further details on the estimation procedure and the complete
set of fitted expenditure shares are reported in the Online Supplementary Material.
As concerns the price transmission, notice that, under the benchmark assumption of fixed nominal
dl
dlz: 5 £ =y, forg € {N, L}, so the pass-through parameters
are directly recovered from the observed changes in sectoral prices. The resulting estimates are reported

wages, the unit-cost equation (15) implies

in Table 1. In both countries, the estimated pass-through is larger for necessities than for luxury goods,
reflecting the greater energy intensity of the necessity sector.

Household-specific inflation in equation (10) depends on observed base-period expenditure shares
and on the elasticity of substitution . The remaining NHCES parameters become relevant only
when inflation is translated into welfare through equation (11), because they determine the household-
specific statistic &;. Following Finlay and Williams (2025), we set o = 0.56.

The non-homotheticity parameters are estimated separately for Spain and Italy using expenditure
shares across the twenty ventiles. Following Comin et al. (2021), we normalize 7, = 1 and define
g = j—i, and g € {E, N}. Using the luxury composite as the reference good, the expenditure-share

equations can be written as

logwg i =ag+ (1-0)(¢pg —1)logx; + ¢glogwy ;, g €{E,N}, (17)

"Results for o = 0.3 and o = 0.8 are reported in the Online Supplementary Material. The qualitative incidence of the
shock is robust, although welfare magnitudes and the contribution of heterogeneous inflation to poverty are more sensitive

too.
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where ag collects preference weights and normalized prices. The model provides forty moment
conditions (two expenditure-share equations for each ventile) and four unknown parameters, namely
ag, an, ¢, and ¢n. We estimate them by minimizing the squared distance between observed

8 The estimates are

and model-implied expenditure shares over the entire expenditure distribution.
constrained to satisfy 0 < ¢g < 1 and 0 < ¢ < 1. In both countries, the unconstrained estimate
of e is extremely close to zero. We therefore impose the lower bound e = 0.01, with a negligible
effect on the model’s fit.

The resulting estimates satisfy eg < &y < &r, consistent with household energy being the
strongest necessity, the non-energy necessity composite displaying an intermediate degree of non-
homotheticity, and the residual composite behaving as a luxury.

The calibrated model reproduces the observed expenditure shares closely: the root mean squared
error is below one percentage point for every consumption aggregate in both countries.’

The final two rows of Table 1 report the expenditure-share-weighted non-homotheticity parameter
&;, defined in equation (7) for the poorest and richest ventiles. In both countries, &; increases with
expenditure because richer households allocate a larger share of their budgets to luxury goods. Its
level is substantially lower in Italy, particularly among poorer households, reflecting their greater
concentration of expenditure on energy and other necessities. Through equations (11) and (12), this

difference amplifies the welfare losses experienced by poorer Italian households.

3.3 Simulations
3.3.1 Inflation and Welfare Effects

We now quantify the short-run distributional consequences of the 2022 energy-price shock in Spain
and Italy. The baseline simulations use the observed changes in the prices of household energy,

non-energy necessities, and luxury goods. Since nominal expenditure is assumed to remain fixed in

8In other words, we substitute the observed expenditure shares and total expenditures into equation (17) The minimum-
distance procedure then searches for the values of the four unknown parameters that minimize the squared differences

between the left-hand side and the right-hand side of equation (17) across all expenditure ventiles.
12

2
The root mean squared error is defined as RMSE, = [% 2%21 (wg‘}’“ - w??del) . For Spain, we have RMSEE =

0.40, RMSEN = 0.72, and RMSE;, = 0.71 percentage points. The corresponding values for Italy are 0.67, 0.82, and 0.73

percentage points.
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Spain Italy

Inflation (%) Welfare (x100) Inflation (%) Welfare (x100)

Poorest ventile 8.08 -13.5 9.87 -22.8
Richest ventile 6.92 -10.1 6.18 -11.0
Gap (V1-V20) 1.16 3.4 3.69 11.8

Table 2: Distributional effects of the 2021-2022 energy-price shock.

the short run, households are affected exclusively through changes in their household-specific exact
cost-of-living indexes.

Table 2 summarizes the main results, while Figure 3 reports household-specific inflation and
welfare losses across the twenty expenditure ventiles.

The energy shock generates regressive inflation in both countries. In Spain, household-specific
inflation declines from 8.1 percent for the poorest ventile to 6.9 percent for the richest. In Italy,
the corresponding values are 9.9 and 6.2 percent, producing an inflation gradient more than three
times larger than in Spain. As discussed in Section 3.1, this difference reflects the combination of
a larger energy-price shock and a stronger concentration of household-energy expenditure among
lower-expenditure households.

Figure 3 shows that welfare losses are substantially more unequal than inflation itself. In Spain,
welfare declines from approximately —13.5 for the poorest ventile to —10.1 for the richest, whereas
in Italy it falls from —22.8 to —11, implying a welfare gap of about 12 points, compared with about
3.4 points in Spain. Moreover, welfare losses are larger in Italy than in Spain for every expenditure
ventile.

To understand these differences, recall that under the benchmark assumption of fixed nominal

expenditure (d log x; = 0), equation (11) reduces to
1
dlogU; = ——dlog P;. (18)
&i

Equation (18) shows that, for a given increase in the household-specific cost of living, welfare losses
are inversely proportional to &;. The economic intuition is provided by equation (12), which shows

that 1/&; is the household’s utility elasticity of expenditure. Standard consumer theory implies, by
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Figure 3: Household-specific inflation and welfare losses by expenditure ventile in Spain and Italy.

the envelope theorem, that the welfare effect of a price increase is proportional to the marginal utility
of expenditure.'? Since households with a higher utility elasticity of expenditure also have a higher
marginal utility of expenditure, a given reduction in purchasing power induces a larger welfare loss.

Notice that, within the NHCES framework, the same preference structure that governs the utility
elasticity of expenditure also determines how expenditure shares adjust to changes in total expenditure.
Within each country, poorer households devote a larger fraction of their budgets to necessity goods,
resulting in lower values of the expenditure-share-weighted non-homotheticity parameter &; and,
therefore, greater welfare sensitivity to a given increase in the cost of living.

Our estimates also reveal a systematic difference between countries. Italian households exhibit
lower values of £; than comparable Spanish households throughout the expenditure distribution
(see Online Supplementary Material), implying a higher utility elasticity of expenditure at every

expenditure level. Therefore, even if Italian and Spanish households experienced the same household-

10See for instance Deaton and Muellbauer (1980).

17



specific inflation rate, Italian households would still incur larger welfare losses. The larger welfare
costs of the 2022 energy crisis in Italy therefore reflect the interaction between a larger increase in
household-specific inflation and a systematically greater welfare sensitivity to any given increase in

the cost of living.

3.3.2 Poverty and the Role of Heterogeneous Inflation

We next examine how the energy shock affects expenditure poverty. We use an anchored poverty
line equal to 60 percent of median annual household expenditure in 2021. Unlike a contemporaneous
relative poverty threshold, this line remains fixed after the shock and therefore measures households’
ability to maintain their pre-shock standard of living. A relative poverty line would instead adjust
endogenously to the post-shock expenditure distribution. Consequently, a sufficiently large decline in
median expenditure could mechanically reduce the poverty threshold, partly or even entirely offsetting
the measured increase in poverty.

The poverty exercise uses the original grouped expenditure data based on €50 expenditure intervals
rather than the twenty ventiles employed in the calibration. This finer partition allows us to identify
more precisely the expenditure classes that cross the poverty threshold after the shock. In both
countries, median annual expenditure is approximately €15,300, implying an anchored poverty line
of z = €9, 180. Since nominal expenditure remains fixed in the benchmark simulation, post-shock

i

real expenditure is B where P; is the household-specific exact cost-of-living index. A household is

classified as expenditure-poor whenever &
L

Table 3 shows that the shock substantially increases expenditure poverty in both countries. In Spain,
the poverty rate rises from 15.7 to 22.0 percent, an increase of 6.3 percentage points corresponding
to approximately three million additional expenditure-poor individuals. In Italy, it rises from 16.5
to 22.7 percent, implying an increase of 6.2 percentage points and about 3.7 million additional
expenditure-poor individuals.

These estimates differ from official relative-poverty indicators, which did not increase in either
country in 2022. The discrepancy reflects the use of different welfare concepts: official measures
are generally based on equivalized disposable income and on a contemporaneous relative threshold,
whereas our indicator is expenditure-based and holds the poverty line fixed at its pre-shock level. By

contrast, the increase in ISTAT’s absolute-poverty rate in 2022 is qualitatively consistent with our
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Panel A: Household-specific price index

Before (%) After (%) Increase (p.p.) New poor (M)
Spain 15.7 22.0 6.3 2.97
Ttaly 16.5 22.7 6.2 3.67

Panel B: Counterfactual, average Laspeyres price index

After (%)  Increase (p.p.) Extraincrease (p.p.) Extra poor (M)

Spain 18.7 3.0 33 1.56
Italy 22.7 6.2 0.0 0.00

Table 3: Expenditure-poverty effects of the 2021-2022 energy-price shock. “Extra” columns report the
additional effect attributable to heterogeneous inflation relative to the common Laspeyres deflator. M

= millions.

finding that inflation reduced households’ purchasing power and increased material hardship.'!

To isolate the role of heterogeneous inflation, we compare the benchmark results with a counter-
factual in which all households are deflated by the same population-weighted Laspeyres price index. In
Spain, the common deflator raises poverty by only three percentage points, compared with 6.3 points
under household-specific price indexes. Heterogeneous inflation therefore accounts for an additional
3.3 percentage points of poverty, equivalent to approximately 1.6 million individuals.

The result differs sharply in Italy. There, the average Laspeyres index already pushes the same
expenditure classes below the poverty threshold as the household-specific indexes, so heterogeneous
inflation does not generate any further increase in measured poverty. This contrast shows that the
poverty effect of inflation heterogeneity depends not only on the dispersion of household-specific

inflation rates, but also on the position of expenditure groups relative to the poverty line.

3.4 General-equilibrium Extension

To assess the importance of endogenous income adjustments, we embed the benchmark demand system

in the small-open-economy general-equilibrium model described in Section 2. Firms employ labour,

11See Instituto Nacional de Estadistica (2023), Istituto Nazionale di Statistica (2023a), and Istituto Nazionale di Statistica
(2023D).
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Panel A: Aggregate effects

Energy shock (%) Wage (%) Py (%) Pr (%) Yn (%) Yr (%) Labour (%)

Spain 31.36 -0.51 7.56 5.24 -5.99 -7.88 0.60
Italy 85.34 -2.24 5.12 3.30 -5.24 -8.15 0.98

Panel B: Distributional effects

Inflation (%) Welfare

Poorest Richest Poorest Richest

Spain 8.64 7.69 -14.56 -11.17
Italy 10.74 7.00 -25.67 -13.31

Table 4: General-equilibrium effects of the energy-price shock. Py, Pr: price of necessities/luxuries. Yy, Y :

output of necessities/luxuries.

capital, and imported energy to produce necessities and luxuries under Cobb—Douglas technologies.
The world interest rate is exogenous, while the additional production-side parameters are calibrated
using Eurostat national accounts. Calibration details are reported in the Online Supplementary
Material.

Table 4 shows that the benchmark conclusions remain remarkably robust. In both countries, poorer
households continue to experience higher inflation and larger welfare losses than richer households,
although the magnitudes differ somewhat because wages and labour supply adjust endogenously.

The transmission mechanism is straightforward. Higher energy prices increase firms’ production
costs, reducing labour demand and putting downward pressure on equilibrium wages. Households
respond by supplying slightly more labour in an attempt to offset the resulting decline in labour income.
This additional labour supply partly compensates for the reduction in labour demand, so equilibrium
wages fall only moderately (—0.5% in Spain and —2.2% in Italy), implying relatively small changes
in nominal expenditure.

Consequently, the dominant transmission mechanism continues to operate through household-
specific cost-of-living changes rather than through labour-market adjustments. Producer prices in-
crease by about 5-8 percent and output declines in both sectors, with the contraction being larger in

Italy because of the stronger energy-price shock.
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Unlike the benchmark specification, welfare now incorporates both consumption utility and the
disutility associated with endogenous labour supply. Quantitatively, however, the latter plays only
a minor role: labour disutility reduces welfare by roughly 0.2 points across ventiles in Spain and
by between 0.1 and 0.7 points in Italy. The larger welfare losses in the general-equilibrium model
therefore continue to be driven primarily by changes in consumption utility.

Allowing for endogenous production, wages and labour supply modifies the magnitude of the
results but leaves their qualitative implications unchanged. Household-specific inflation remains the

dominant source of distributional inequality following the energy-price shock.

4 Conclusions

This paper develops a tractable general-equilibrium framework to study the distributional consequences
of large relative-price shocks. The key insight is that, under the NHCES preference structure, the
same household expenditure patterns that identify non-homothetic demand also identify households’
welfare sensitivity to inflation. We exploit this connection to jointly analyse inflation inequality,
welfare inequality, and poverty following the 2022 European energy crisis in Spain and Italy.

Three results stand out. First, the energy shock generated substantial inflation inequality in both
countries, with poorer households facing higher cost-of-living increases than richer ones; the gradient
was considerably steeper in Italy than in Spain, reflecting both a larger energy-price shock and a more
energy-intensive consumption basket among low-expenditure Italian households.

Second, welfare losses are substantially more unequal than inflation itself. Within the NHCES
framework, households with lower values of the expenditure-share-weighted non-homotheticity pa-
rameter &; exhibit a higher utility elasticity of expenditure, so that a given loss of purchasing power
translates into a larger welfare loss. Within each country, poorer households have lower values of
&; because they devote a larger share of their expenditure to necessity goods. Consequently, welfare
inequality substantially exceeds inflation inequality.

Moreover, the estimated preference structure implies systematically lower values of &; for Italian
households than for comparable Spanish households throughout the expenditure distribution. There-
fore, even under an identical household-specific inflation rate, Italian households would experience

larger welfare losses. The larger welfare costs observed in Italy thus reflect both a larger price shock
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and a greater welfare sensitivity to that shock.

Third, when mapped into an anchored expenditure-poverty measure, the shock raised the poverty
headcount substantially in both countries, but whether household-specific, welfare-consistent inflation
added to poverty over and above a common deflator depended entirely on the position of households
relative to the poverty line. In Spain, heterogeneous inflation pushed an additional expenditure class
into poverty, revealing 1.6 million individuals that a common deflator would have missed; in Italy,
the aggregate shock was large enough that a common deflator classified the same households as poor
regardless.

More broadly, our analysis shows that household expenditure data contain information not only
about consumption behavior but also about households’ welfare sensitivity to inflation. Under the
NHCES framework, the same preference structure that governs Engel-curve responses also deter-
mines how changes in purchasing power translate into welfare. Household-specific inflation, welfare
inequality, and poverty are therefore distinct but closely related manifestations of the same underlying
interaction between relative-price shocks and household preferences.

The general-equilibrium extension and the sensitivity analysis confirm that our main conclusions
are not driven by the benchmark assumptions. Endogenous wage and labour-supply adjustments
mitigate, but do not overturn, the regressive incidence of the shock, while the ranking of households
by inflation and welfare losses remains robust across a wide range of substitution elasticities.

From a policy perspective, our results suggest that the distributional consequences of relative-price
shocks cannot be assessed using representative price indexes alone. Household-specific, welfare-
consistent cost-of-living indexes provide a more appropriate basis for evaluating both welfare losses
and poverty, particularly when inflation differentials are sufficiently large to affect measured poverty.

Future work could extend the framework to dynamic settings with household saving and borrowing,
richer labour-market heterogeneity, and additional European countries, allowing a broader assessment

of how institutional differences shape the distributional consequences of large relative-price shocks.
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SUPPLEMENTARY MATERIAL

5 Guide to the Online Supplementary Material.

This Online Supplement provides the technical material supporting the analysis presented in the main
paper. The Supplement is intended to ensure the transparency and reproducibility of the quantitative
analysis while allowing the main paper to focus on the economic mechanisms and principal findings.

The remainder of the Supplement is organized as follows. Section 6 derives the main theoretical
results presented in the paper, including the properties of the non-homothetic CES expenditure func-
tion, the household-specific welfare equation, and the comparative-statics results. Section 7 presents
the formal existence proof for the general equilibrium together with the proof of the comparative-
statics proposition. Section 8 reports additional details on the calibration procedure and compares
the observed and fitted expenditure shares. Section 9 provides the complete simulation results for
all expenditure groups together with the robustness analysis for alternative values of the elasticity of

substitution. Finally, Section 10 describes the calibration of the general-equilibrium extension.

6 Analytical Proofs and Derivations

This section provides the analytical derivations underlying the household demand system, welfare
measure, calibration equations, and comparative-static results presented in the main paper. Equations
derived locally in this Supplement are numbered (S.1), (S.2), and so forth. References to numbered

equations or propositions in the main paper are explicitly identified as such.

Income Effects on Expenditure Shares

This appendix derives the income elasticity of expenditure shares in the nonhomothetic CES frame-

work. Recall that expenditure shares are given by

YgUi(l_U)sgpé_a
(l1-o)ex 1-0° (19)
Zke{E,N,L} YkUi P

a)g,i =

Define

ax = YkUi(l_a')akp}(_‘T,
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so that

ag
Wei= ——.
T Yrak
Log differentiation Taking logs,
logw,,; =loga, —log (Z ak) . (20)
k

Differentiating with respect to log x; yields

dlogwg, alogag Z
0logx; B 0logx; 6logx, - 4k

A standard identity implies

0 ag a'?logak
G_IOg(Z ) ZZ,a] ox

Applying this identity with x = log x; gives
0 o0logay
1 .
0logx; °8 (Z ) Z Whi'g log x;

Income derivatives Since only U; depends on income,

0logag dlog U;
= -0)er———=—

0logx; dlogx;

Substituting into the previous expression,

0 0logU;
1 =(1- i . 21
Jlogx 0g (Zk:ak) (1-0) (Zkl W, 8k) logx; (21

Consider the expenditure-weighted average

éi = Z Wk, i€k- (22)
k

Using (20) and (21) yields

dlogwg, 0 log U;

dlogx;

=(1-0) (g5 — &) (23)

0log x;
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Conside the expenditure function:

EWip) = Y YU mTEpler) (24)
g€{E,N,L}

Totally differentiating this equation we obtain

U(l a')ag

dlog E(U;; p) :ZS
610gU,~ 2 Z Y U(l 0')‘91

III
C0|

g
where the second equality is obtained using the expenditure shares equation (19). Inverting this

relationship and recalling that Recall that x; = E(U;; p) gives

OloglU; 1
glogYi =—. (25)
dlogx; &
Combining this equation with (23) we obtain
dlogwg ; &g
—=(1- ——-1].
dlogx; (1-0) ( i
This completes the derivation of equation (7) in the main paper.
Derivation of the Household-specific Price Index
The exact household-specific cost-of-living index is
E(U 9, p)
Pi(p, p°;UY) = 26

Using the NHCES expenditure function,

Pi(p,p%UY) =

5 Ye(UD! - pp e |7
T YUY 0% (p)) =

Since

1-0o
. o |P
Py 7 = (PP’ ”(p—ﬁ) :

g
we can write

1

—C - 1- 1-
pi( 0. UO) B Z Yg(U?)(l T)Sg(pg)l o p_g o
i\p,pP 5 Y; ~ ZkYk(U?)(]_o_)gk(pg)]_(r g
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The fraction multiplying each relative-price term is the base-period expenditure share,

Y (UO) =) (p0)1 =7

0
WY = . 27
S YU T () <0
Therefore,
1-o ﬁ
p
Pi(p, p"sUD) = | Do, (—ﬁ) : (28)
g Pg
Derivation of the marginal utility A;
Consider the household’s indirect utility:
Vi =log(U;) — ¥i(mi), (29)
We have:
1= oV,  dlogU;
T Bxi B axi '
Using equation (25), we easily get:
ol ; 1
2 = 2108l (30)

' Oox i X iéi '
Derivation the Household Welfare Equation

This appendix derives the local relationship between nominal expenditure, utility, and the exact

household-specific cost-of-living index. We take logs of the expenditure function (24):

1 1- _
logx; = 7—— log > XU T pl 31)
ge{E,N,L}

Define
Agi =Y, Ui(l_a)ggpl'_g

Then, from equation (19):

Totally differentiating (31) gives

1
dlogx; = 1o ng,idlog Ag.i.
g
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Since

logAg; =log Y, + (1 —0)eglogU; + (1 — o) log pg,

we have

dlogAg ;= (1 -0)egdlogU; + (1 —o)dlog p,.

Substituting into the previous expression yields

1
dlogx; = 7—— > wei [(1 = 0)egdlogUs + (1 - 7)d log p]
8

= (Z wg,l-sg) dlogU; + Z wg idlog pg.
g g

Using the definition of &; in equation (22),

dlogx; = &dlog Ui + ) wg idlog pg. (32)
8
Now we show that
dlogP; = ) wgdlogpg 33)
8

Consider first the definition of P;(p, p°; U?) in equation (9) in the paper. Since the denominator is

evaluated at the base price vector p?, it is constant when current prices change. Hence,

dlog P; = dlogE(U?;p). (34)
By Shephard’s lemma,
JE(UYp) .,
_— = (U7 p).
P Q,.:(U;sp)
Therefore,
IE(UYip) p
dlogEWUsp) = ) — gt i—dlog py (35)
gE{E,N,L} pg (Ul’p)
= Z wgidlogpg, (36)
ge{E,N.L}
since

ngz,i(U&P)
w. = 8%gir i
&t E(U?;p)
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is the expenditure share of good g evaluated at the reference utility level. Substituting equation (33)
into equation (32) yields
dlogx; = & dlogU; + dlog P;,

which is equation (11) in the main text.

Derivation of the Calibration Equation

Starting from equations (24) and (19) and using the identity x; = E (U;; p), we obtain

wgi = YgUi(l_a-)ggpé_a—x?_l~ (37)

Let L be the base good. Rearranging equation (37) for g = L gives

_o\ /e
a)L,ix} 0-)

ul-o =
Yop, @

1

Substituting this expression into equation (37) for any good g # L yields

Wg,i = le’i’_api(l_a)%XEI_G)(%_I)“’I%’
where ¢, = j—i and Q, = %. Taking logs gives

logwg ;i =1logQq + (1 —0)logpe — (1 —0)pglogpr + (1 =) (g — 1) logx; + g logwy ;.
Since prices are common across households in the same year, we define:
ag =logQe + (1 -0)logpe — (1 —0)pglogpy. (38)
Therefore, for g € {E, N}, we obtain
logwg ;i =ag+ (1 -0)(¢pg—1)logx; + ¢glogwy ;.

This is the equation used in the calibration. This completes the derivation of equation (16) in the main

paper.
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7 Existence of Equilibrium

All the numbered equations we refer to appear in the main paper.

Definition 1 (General Equilibrium). Given the exogenous energy price p g and interest rate r, a static

general equilibrium is a collection of allocations

{Qg,i’ ni}? {Yg’ Kga Hg7 Eg}g E{N,L}v

and prices (pn, prL, w) such that:

1. For each household type i, the vector (QE.i, On.i» OL.i,» ni) maximizes utility in (1) subject to

the budget constraint 4;

2. For each sector g € {N, L}, the vector (Kq, Hg, Eg) solves the firm’s cost minimization

problem 14, and prices satisfy the unit-cost conditions 15;

3. Domestic goods-market identities hold: Y, = 3,; Qq.i + NXg, where NX, denotes net exports
of domestic good g € {N, L}.

4. The economy satisfies the balanced-trade identity
PE (Z Opi+EN+ EL) =pNXN +pLXL.

5. The labor market clears, i.e. },; zin; = Hy + Hf.

Recall that the exogenous variables of the model are the imported energy price pg, the interest
rate r, sectoral productivity parameters {Ag } ¢ c (v, production elasticities g, B¢, ¥4, and household
productivity levels {z;};. The economy is open. The world energy price pr and the interest rate r
are exogenous, while net exports adjust endogenously to satisfy the external-balance identity. The
endogenous variables are:

{Qg,i’ ni, Yg, K¢, Hg, Eg, pg, W} .

The key observation is that, conditional on the wage w, all other endogenous variables are pinned

down recursively.
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Step 1: Prices as functions of the wage

Given the exogenous variables (pg, r), firms’ cost minimization implies

1
Pe(w) = rgr®swhsplf. g e {N.L},
4

where
_ g n=PBg Vg
Kg =g “Bo Tyg "

Hence, for any candidate wage w > 0, the vector of goods prices

p(w) = (pe.pn(W), pL(W))

is uniquely determined and continuous in w.

Step 2: Household optimization

Given the wage w and the associated price vector p(w), each household solves

max U,' - ‘Pi(n,-)
{Qg,i}s n;

subject to

PEQE i +pNW)ON.,i + pL(W)Q L = wz;n,.

Functions U; implicitly defined in equation (2) in the paper and W¥; (n;) satisfy standard assumptions
- continuity, strict monotonicity, and strict quasi-concavity of preferences together with strict convexity
of labor disutility - the household problem admits a unique solution. Therefore, for every w > 0,

household demands and labor supply are well-defined:

Qg.i(w), ni(w).

Moreover, these functions are continuous in w. Aggregate labor supply is therefore

HE (w) = Zzini(w).
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Step 3: Domestic production and net exports

For every candidate wage, household demands determine domestic absorption of goods N and L.
Sectoral outputs are then determined recursively through the production side of the model. Net

exports are obtained residually from
NXo(w) =Ye(w) = > 0gi(w),  ge{N,L}.
i

Energy imports are equal to }}; Qg ;(w) + En(w) + Er(w). Since the economy is open and small
compared to the world economy, energy imports and net exports adjust endogenously to satisfy the
external-balance identity, while the world price of energy remains exogenous. Consequently, sectoral
outputs and net exports are continuous functions of the wage.

Step 4: Factor demands

Given outputs and prices, firms’ optimality conditions imply
WHg(W) = ﬁgpg(W)Yg(W)’

rKge(w) = agpe(w)Ye(w),

pEEg(W) =YgPg (W)Yg(w)~

Thus,
Hg(w) _ ﬁgpg(":})yg(w),
Ky = P20,
Eg(w) _ YgPg (;V;Yg (W)

Aggregate labor demand is therefore
H?(w) = Hy(w) + HL(w).

Since prices and outputs are continuous in w, aggregate labor demand is also continuous in w.
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Step 5: Excess labor demand

Define excess labor demand as Z(w) = H%(w) — H*(w). A competitive equilibrium is a wage w*
such that Z(w*) = 0. Once w* is determined, all remaining endogenous variables are uniquely pinned

down by the previous equations.

Step 6: Existence

Since both labor demand and labor supply are continuous in w, the excess demand function Z(w) is
continuous. Suppose there exist two wages wy and wg such that Z(wy) > 0 and Z(wpg) < 0. By
the Intermediate Value Theorem, there exists at least one wage w* € (wy, wg) such that Z(w*) = 0.

Therefore, at least one general equilibrium exists.

Proof of Proposition 1

Consider the unit-cost equation:

K
Pg = A—gr“gwﬁgpég, g€ {N,L}, 39)
g

where k, = @, % ,B&:ﬁ ¢y, . Differentiating (39) with respect to log p yields

dlogp, ~ dlogw

= + Yo, e (N, L).
dlogpr  fdlogpr ¢ g iN.L)

Letn,, = jlg(;g;; denote the elasticity of the equilibrium wage with respect to the energy price. Then
dlo dlo
COEPN  pyn N el = g (40)
dlogpg dlogpg

Substituting these expressions into the differential representation of the exact cost-of-living index

derived in equation (33) immediately gives

dlog P;

= wEg,i + WN,i (YN + Bniw) + wr i (YL + BLnw)
dlogpe

= WE,; +YNON,i + YLOL,: + Tw (BNON,i + BLwL ;) -
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8 Calibration

8.1 COICOP Categories and Consumption Baskets

To analyze the distributional impact of the 2022 price shock, we aggregate household expenditures
into three mutually exclusive consumption baskets: Energy (E), Luxuries (L), and Necessities (N).
Table 5 details the mapping between these analytical baskets and the standard COICOP (Classification
of Individual Consumption According to Purpose) divisions used in both the Spanish and Italian
household budget surveys.

We adopt a narrow definition of energy for our baseline descriptive statistics, restricting the
Energy basket strictly to domestic electricity, gas, and other heating fuels (COICOP 04.5). The
Luxuries basket comprises non-essential goods and services, including furnishings, communication,
recreation, restaurants, and miscellaneous services (COICOP 05, 08, 09, 11, and 12).

Finally, the Necessities basket is derived as a residual category (N = Total Expenditure — F — L).
As aresult, it encompasses all basic subsistence expenses such as food, clothing, and health, as well as
broader household needs like water supply, dwelling services, and transport fuels, which are excluded

from our narrow baseline energy definition.
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Table 5: Composition of Consumption Baskets by COICOP Categories (Spain and Italy)

Consumption Basket

COICOP Divisions and Classes

Luxuries (L)

Energy (E)

Necessities (V)

05 (Furnishings, household equipment and routine household
maintenance), 08 (Communication), 09 (Recreation and culture),
11 (Restaurants and hotels), 12 (Miscellaneous goods and ser-

vices)
04.5 (Electricity, gas and other fuels)

Calculated as residual (N = Total Expenditure— E —L). Primarily
includes: 01 (Food and non-alcoholic beverages), 02 (Alcoholic
beverages, tobacco and narcotics), 03 (Clothing and footwear), 06
(Health), 07 (Transport), 10 (Education), plus non-energy compo-

nents of division 04 (e.g., rentals, water supply, dwelling services).
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8.2 Results of the Minimum Distance Procedure

"Vent" | "E*obs" | "E*fit" | "E*err" | "N*obs" | "fit*N" | "err*N" | "L*obs" | "fit*L" | "err*L"
1 0.0741 | 0.0682 | 0.0059 | 0.7297 0.7357 | -0.0060 | 0.1962 | 0.1961 | 0.0000
2 0.0662 | 0.0608 | 0.0054 | 0.7258 0.7264 | -0.0005 | 0.2080 | 0.2128 | -0.0048
3 0.0646 | 0.0571 | 0.0075 | 0.7097 0.7206 | -0.0109 | 0.2257 | 0.2223 | 0.0034
4 0.0609 | 0.0546 | 0.0063 | 0.7184 0.7163 | 0.0021 | 0.2207 | 0.2291 | -0.0084
5 0.0587 | 0.0530 | 0.0057 | 0.7135 0.7133 | 0.0002 | 0.2278 | 0.2338 | -0.0059
6 0.0551 | 0.0509 | 0.0042 | 0.7103 0.7093 | 0.0010 | 0.2346 | 0.2398 | -0.0051
7 0.0514 | 0.0501 | 0.0014 | 0.7134 0.7075 | 0.0059 | 0.2352 | 0.2424 | -0.0072
8 0.0520 | 0.0489 | 0.0030 | 0.7035 0.7051 | -0.0016 | 0.2445 | 0.2460 | -0.0014
9 0.0494 | 0.0475 | 0.0018 | 0.6981 0.7019 | -0.0038 | 0.2525 | 0.2506 | 0.0019
10 0.0472 | 0.0464 | 0.0007 | 0.6991 0.6993 | -0.0003 | 0.2538 | 0.2542 | -0.0005
11 0.0465 | 0.0454 | 0.0012 | 0.6898 0.6966 | -0.0069 | 0.2637 | 0.2580 | 0.0057
12 0.0439 | 0.0438 | 0.0001 | 0.6850 | 0.6925 | -0.0076 | 0.2712 | 0.2637 | 0.0074
13 0.0416 | 0.0430 | -0.0014 | 0.6892 0.6906 | -0.0014 | 0.2692 | 0.2663 | 0.0028
14 0.0418 | 0.0419 | -0.0001 | 0.6953 0.6874 | 0.0079 | 0.2630 | 0.2707 | -0.0077
15 0.0375 | 0.0401 | -0.0026 | 0.6786 0.6820 | -0.0034 | 0.2840 | 0.2780 | 0.0060
16 0.0369 | 0.0393 | -0.0024 | 0.6746 0.6798 | -0.0052 | 0.2885 | 0.2809 | 0.0077
17 0.0332 | 0.0380 | -0.0048 | 0.6677 0.6755 | -0.0077 | 0.2991 | 0.2865 | 0.0126
18 0.0319 | 0.0362 | -0.0043 | 0.6779 0.6692 | 0.0087 | 0.2902 | 0.2947 | -0.0044
19 0.0302 | 0.0342 | -0.0039 | 0.6560 | 0.6618 | -0.0058 | 0.3137 | 0.3040 | 0.0097
20 0.0245 | 0.0299 | -0.0054 | 0.6654 0.6439 | 0.0215 | 0.3100 | 0.3262 | -0.0161

Table 6: Observed and fitted expenditure shares by income ventile: Spain.
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"Vent" | "E*obs" | "E*fit" | "E*err" | "N*obs" | "fit*N" | "err*N" | "L*obs" | "fit*L" | "err*L"
1 0.0976 | 0.0849 | 0.0128 | 0.7827 0.7994 | -0.0167 | 0.1197 | 0.1157 | 0.0039
2 0.0871 | 0.0751 | 0.0120 | 0.7839 0.7885 | -0.0046 | 0.1290 | 0.1364 | -0.0074
3 0.0786 | 0.0710 | 0.0076 | 0.7818 0.7825 | -0.0007 | 0.1397 | 0.1465 | -0.0068
4 0.0772 | 0.0689 | 0.0083 | 0.7777 0.7791 | -0.0013 | 0.1451 | 0.1520 | -0.0069
5 0.0754 | 0.0659 | 0.0095 | 0.7728 0.7736 | -0.0008 | 0.1517 | 0.1604 | -0.0087
6 0.0704 | 0.0638 | 0.0066 | 0.7680 | 0.7694 | -0.0014 | 0.1616 | 0.1668 | -0.0052
7 0.0690 | 0.0627 | 0.0063 | 0.7690 | 0.7671 | 0.0020 | 0.1619 | 0.1702 | -0.0083
8 0.0640 | 0.0607 | 0.0033 | 0.7661 0.7625 | 0.0036 | 0.1700 | 0.1768 | -0.0069
9 0.0622 | 0.0586 | 0.0036 | 0.7486 0.7574 | -0.0088 | 0.1891 0.1840 | 0.0051
10 0.0600 | 0.0571 | 0.0029 | 0.7535 0.7535 | 0.0000 | 0.1865 | 0.1894 | -0.0029
11 0.0576 | 0.0557 | 0.0019 | 0.7450 | 0.7498 | -0.0048 | 0.1974 | 0.1944 | 0.0029
12 0.0547 | 0.0542 | 0.0006 | 0.7357 0.7453 | -0.0096 | 0.2096 | 0.2005 | 0.0090
13 0.0522 | 0.0527 | -0.0005 | 0.7320 | 0.7408 | -0.0088 | 0.2158 | 0.2065 | 0.0093
14 0.0464 | 0.0512 | -0.0048 | 0.7393 0.7362 | 0.0031 | 0.2143 | 0.2126 | 0.0017
15 0.0461 | 0.0498 | -0.0038 | 0.7214 0.7315 | -0.0101 | 0.2326 | 0.2187 | 0.0139
16 0.0447 | 0.0479 | -0.0032 | 0.7216 0.7245 | -0.0029 | 0.2337 | 0.2276 | 0.0061
17 0.0418 | 0.0465 | -0.0047 | 0.7201 0.7192 | 0.0009 | 0.2381 | 0.2343 | 0.0038
18 0.0390 | 0.0443 | -0.0052 | 0.7132 0.7101 | 0.0031 | 0.2477 | 0.2456 | 0.0021
19 0.0332 | 0.0416 | -0.0084 | 0.7018 0.6981 | 0.0037 | 0.2650 | 0.2603 | 0.0047
20 0.0256 | 0.0356 | -0.0100 | 0.6918 0.6673 | 0.0246 | 0.2825 | 0.2971 | -0.0146

Table 7: Observed and fitted expenditure shares by income ventile: Italy.

8.3 Recovery of the preference weights

The minimum-distance procedure presented in section 3.2 in the main paper identifies the transformed

parameters ag and ap . defined as

Y
ag = logY—i +(1-0o)logpe — (1 —0)¢pglogpr.
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Figure 4: Observed and fitted expenditure shares by expenditure ventile. Panels (a)—(c) report the results for

Spain, while panels (d)—(f) report the results for Italy.

We get ap = 1.5 and ay = 3.1 for Italy, and ag = 1.3 and ay = 2.7 for Spain. To recover the
preference weights Y, for g € {E, N, L} we use the normalization adopted by Comin et al. (2021).
Define Q, = ;?gg. We normalize Yy = 1, so that Q, = Y,. Moreover, because benchmark prices are
normalized to unity, pg = py = pr = 1, equation (41) implies Y, = e“, for g € {E, N}. These
parameters ensure that the model exactly reproduces the average expenditure shares implied by the

estimated NHCES demand system. They have no independent economic interpretation because they

depend on the normalization of both utility and prices.
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8.4 Utility elasticity of expenditure across expenditure ventiles

2.2 —e— Spain

Italy

2.14

2.01

1.9 A1
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Utility elasticity of expenditure, 1/¢;
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Figure 5: Utility elasticity of expenditure across expenditure ventiles. The figure reports oTosx; ~ E°

for

each expenditure ventile in Spain and Italy.
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9 Additional Simulations Results

Expenditure Ventile Inflation (%) Change in log utility (x100)

1 8.08 -13.51
2 7.87 -12.91
3 7.77 -12.59
4 7.69 -12.38
5 7.65 -12.25
6 7.59 -12.07
7 7.56 -12.00
8 7.53 -11.90
9 7.48 -11.78
10 7.45 -11.68
11 7.42 -11.59
12 7.37 -11.45
13 7.35 -11.38
14 7.31 -11.28
15 7.25 -11.11
16 7.23 -11.05
17 7.19 -10.93
18 7.13 -10.75
19 7.06 -10.57
20 6.92 -10.15

Table 8: Household-specific inflation and utility changes by expenditure ventile in Spain.
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Expenditure Ventile Inflation (%) Change in log utility (x100)

1 9.87 -22.85
2 9.15 -20.41
3 8.85 -19.40
4 8.69 -18.89
5 8.47 -18.16
6 8.32 -17.64
7 8.24 -17.38
8 8.08 -16.88
9 7.93 -16.38
10 7.82 -16.01
11 7.72 -15.69
12 7.60 -15.31
13 7.48 -14.96
14 7.38 -14.62
15 7.27 -14.29
16 7.12 -13.83
17 7.02 -13.50
18 6.85 -12.97
19 6.64 -12.34
20 6.18 -10.97

Table 9: Household-specific inflation and utility changes by expenditure ventile in Italy.
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9.1 Sensitivity on the elasticity of substitution

Country o n VDl nV20 Welfare VI Welfare V20 A poverty rate  Heterogeneous &

Spain 0.30 843 6.81 -12.24 -8.83 6.34 3.34
0.56 8.14 6.96 -14.84 -10.84 6.34 3.34
0.80 7.72 7.09 -18.18 -13.76 3.00 0.00
Italy 030 12.02 5.76 -23.25 -8.74 6.19 3.51
0.56 9.84 6.15 -20.68 -10.28 6.19 3.22
0.80 8.34 6.69 -30.83 -16.39 6.19 0.00

Table 10: Sensitivity to the elasticity of substitution. Inflation 7 and welfare are reported for the poorest (V1)
and richest (V20) expenditure ventiles. The last two columns report the increase in the poverty rate

(percentage points) and the share attributable to heterogeneous household-specific inflation.

As a robustness check, we repeat the quantitative analysis of the baseline model presented in section
3.3 for alternative values of the elasticity of substitution. We set o = 0.3 and o = 0.8 instead of the
benchmark value o~ = 0.56. Table 10 reports the main results for Spain and Italy.

The qualitative conclusions of the paper are robust to alternative assumptions on substitution
possibilities. In both countries, the energy shock generates higher inflation, lower real expenditure,
and larger welfare losses for poorer households under all parameterizations. Moreover, the ranking of
households is unchanged: the poorest ventiles always experience the highest inflation and the largest
welfare losses.

The magnitude of these effects, however, differs across outcomes. Household-specific inflation is
only mildly affected by the choice of o-. As substitution becomes easier, inflation differences across
households narrow because consumers can more readily adjust their expenditure baskets in response
to relative-price changes. Nevertheless, the inflation ranking remains virtually unchanged.

By contrast, welfare losses are considerably more sensitive to the elasticity of substitution. Chang-
ing o affects welfare through two distinct channels. First, it alters households’ ability to substitute
across goods following the energy-price shock. Second, because the preference parameters &, for each
value of o, it also changes the average non-homotheticity parameter &; = ., w;g&g, Which governs

the relationship between inflation and utility (see the welfare equation (11) in the main paper). The
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calibration results show that &; changes substantially across alternative values of o, although not
necessarily in the same direction across countries. Consequently, variations in o affect welfare both
through households’ substitution responses and through the recalibrated non-homothetic demand sys-
tem. Welfare losses are therefore considerably more sensitive to the assumed elasticity of substitution
than household-specific inflation.

Finally, the role of heterogeneous inflation in explaining poverty proves to be highly sensitive to
the elasticity of substitution. When substitution possibilities are limited (o = 0.3), household-specific
inflation makes a substantial additional contribution to the increase in poverty. By contrast, when
substitution is sufficiently easy (o = 0.8), inflation rates become much more similar across households
and the additional contribution of heterogeneous inflation to poverty becomes negligible in both Spain
and Italy.

Overall, the sensitivity analysis confirms that the central message of the paper is robust. Regardless
of the value of o, energy-price shocks generate substantial inflation inequality and disproportionately
large welfare losses for poorer households, although the quantitative importance of heterogeneous

inflation for poverty depends critically on households’ ability to substitute across goods.

10 Calibration of the General Equilibrium Extension

The general equilibrium extension preserves the household side of the benchmark model presented
in Section 3.2 of the main paper. Consequently, the parameters governing household preferences
(namely, the NHCES expenditure-function parameters Yg, Yn, Y1, &g, En, €L, 0) are identical to
those employed in the benchmark calibration. As a result, household-specific expenditure shares,
expenditure elasticities and exact cost-of-living indices are unchanged. The additional calibration
concerns only the production side of the economy and the labour market. Table 11 summarizes the
additional parameters introduced by the general equilibrium extension together with their empirical
sources.

Recall from section 2 in the main paper that the production side consists of two domestic sectors,
producing necessity and luxury goods using Cobb—Douglas technologies with capital, labour and
imported energy. The labour and energy cost shares are calibrated using official Eurostat (2024b)

and Eurostat (2024c) National Accounts. Following the accounting identity for gross output, we
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Parameter Spain Italy Source

Labour cost share (8 = 81) 0.25 0.20 Eurostat (2024c¢)

Energy cost share (yn = yr) 0.03 0.03 Eurostat (2024b)

Inverse Frisch elasticity (¢) 1 1 Chetty et al. (2011)
Sectoral output ratio (Vi /Vr) 2.81 3.39 Eurostat (Eurostat, 2024d)
Residual price shifter (Ex) 1.07 1.04 Authors’ calibration
Residual price shifter (E) 1.05 1.02 Authors’ calibration

Household labour-income profile (8w ;) 20 ventiles 20 ventiles Household Surveys

Table 11: Additional calibration parameters of the general equilibrium extension. Household surveys:

Instituto Nacional de Estadistica (2023) and Bank of Italy (2024).

measure the energy cost share as the ratio between firms’ expenditure on energy products and total
gross output (variable P1). Energy expenditures are obtained from the Eurostat (2024¢) Input—Output
Tables , while gross output is taken from the National Accounts. This yields benchmark energy cost
shares of approximately 3% for both Spain and Italy immediately before the energy crisis.'”> The
labour cost share is computed using Eurostat National Accounts (dataset Eurostat (2024b)) as the ratio
between compensation of employees (variable D1) and gross output (variable P1). This measure is
conceptually consistent with the Cobb—Douglas production function, since both labour compensation
and energy expenditures are expressed relative to total output. The resulting benchmark labour shares
are approximately 25% for Spain and 20% for Italy.

Unlike the benchmark model, the production block requires benchmark values of sectoral gross
output. These are identified using two restrictions. The first is the observed Eurostat ratio between
the values of gross output in the necessity and luxury sectors,

_ PNYN
pLYL

nv (42)

2The Eurostat (2024c) Supply and Use Tables report energy expenditure relative to intermediate consumption rather
than gross output. Since intermediate consumption represents only a fraction of total production costs, these ratios are
substantially larger and are therefore not directly comparable with the Cobb—Douglas production shares used in our model.

We therefore calibrate y, using energy expenditure relative to gross output.
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The second restriction is provided by the benchmark external-balance identity, which implies
(I=yN)pNYN + (1 =yL)pLYL = in-
i
The first equation determines the relative size of the two sectors, while the second pins down their
aggregate scale. Together they uniquely determine benchmark gross output:

Zixi
(I=yn)nv + (1 =)’

pLYL = PNYN =nvpLYL.

Benchmark output quantities follow immediately from

Y,
Y, = Pg g
Dg

while benchmark net exports are recovered residually from the goods-market identities.

The labour-market extension requires calibrating the composition of household income. Unlike
the benchmark model, where household expenditure is taken as exogenous, the general equilibrium
model determines household income endogenously through factor payments. Specifically, households
receive labour income w(Hy + Hy) by supplying labour to domestic firms and capital income
r(Ky + Kp) through their ownership of the aggregate capital stock. Since labour supply responds
endogenously to changes in wages, the relative importance of labour and capital income becomes a
key determinant of the distributional consequences of the energy shock.

For this reason, the model requires information on the fraction of household income that originates
from labour earnings. We obtain this information from nationally representative household surveys'>.
In both countries households are ranked according to equivalised disposable income using the official
equivalence scale and then divided into population ventiles taking sampling weights and household

size into account. For every ventile we compute the observed labour-income share,

labour income;

9 — .
W equivalised disposable household income;

Since aggregate labour income obtained from the household surveys differs slightly from aggregate

labour compensation implied by the production side, the observed labour-income profile is rescaled

13For Spain we use Instituto Nacional de Estadistica (2023), referring to household incomes received in 2022. For Italy

we use Bank of Italy (2024).
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proportionally so that aggregate household labour income exactly matches labour compensation in the
benchmark equilibrium'#.

Residual household income is interpreted as non-labour income and determines household-specific
ownership shares of aggregate capital income.

Pre-shock labour supply is normalized to one for every household, n; = 1, fori = 1,...,20.
Consequently, from equation (3) in the paper, household-specific labour endowments are recovered

directly from observed labour income according to

Ow ix;
i = .
wn;

Since wages are normalized to unity, this simply implies z; = 6w ;x;.

Labour disutility is assumed to take the isoelastic form ¥;(n;) = l)i—';pnl}w, where ¢ denotes the
inverse Frisch elasticity. Following the empirical evidence summarized by Chetty (2012) and the
benchmark calibrations in quantitative macroeconomic models (for instance, Heathcote et al. (2017)),
we set ¢ = 1, corresponding to a Frisch elasticity equal to one.

Recall that the first-order condition for labor supply is
Wi(ni) = wzidi, (43)

where A; = dV;/0x; is the marginal utility of income. Evaluating equation (43) at the equilibrium,

where n; = 1, and using equation (30) gives

WZi

Xi = wzidi = —.
EiXi

Finally, the parsimonious production structure only captures the direct effect of imported energy
prices on firms’ production costs. To reproduce the observed producer-price inflation experienced
during the energy crisis, we introduce sector-specific multiplicative price shifters, 2y and Ey. These
residual shifters summarize inflationary forces not explicitly modelled by the production block—
including supply-chain disruptions, imported intermediate inputs other than energy, and other sector-
specific cost pressures. They are calibrated so that, holding benchmark factor prices fixed, the model

exactly reproduces the observed producer-price increases in both sectors.

14The detailed procedure is available on request.
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The model is closed as a small open economy. The world rental rate of capital is taken as
exogenous, while wages adjust endogenously to clear the labour market. Benchmark exports are kept
fixed at their observed levels, whereas international capital flows adjust endogenously to accommodate
changes in domestic capital demand. Any remaining current-account imbalance is absorbed through

foreign borrowing, which is zero in the benchmark equilibrium.
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