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Abstract
We study the implications of an increase in the price of necessities, which dis-
proportionally hurts the poor, for optimal income taxation. When the govern-
ment is utilitarian and disutility from labor supply is linear, the optimal nominal
taxes and transfers are unchanged as households supply more labor to secure
their consumption expenditures. Quantitative analyses with convex disutility of
labor supply reveal that, because of positive labor supply effects, keeping aver-
age tax rates constant suffices to optimally react to the asymmetric price shock.
The poorest agents increase their labor supply the most. Thus, optimal income
tax policy in response to asymmetric price changes does not prevent the dis-
proportional decline in the indirect utility of poorer households.
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Introduction
The expenditure share of necessities usually declines in household income.
Hence, the relative price of necessities asymmetrically affects households
across the income distribution1 and a price increase of necessities may
require to adapt redistributive policies in an optimal income tax setting.
Yet, so far, the impact of relative price changes on optimal income tax
policy has remained largely unexplored.

At the same time, implications of a systematic variation in expenditure
shares and prices on income inequality have been widely discussed.2

Figure 1, taken from Gürer and Weichenrieder (2020), highlights price
developments in twenty five EU countries over the period of 2001–15 that
had heterogeneous implications for differently affluent deciles of the popu-
lation.3 Items depicted in red (left panel) experienced a price increase above
the average Consumer Price Index (CPI), whereas blue items (right panel)
had a price increase below the CPI. The darker red (blue) the item, the
higher (lower) the price increase has been. Items that can qualify as neces-
sities, such as “Actual Rentals of Housing,” “Electricity, gas and other
fuels,” and “Food,” constitute a significantly higher fraction of the total
budget for the lower deciles and have been exposed to an above-average
price increase. We label this phenomenon “pro-rich inflation.”

This study explores the implications of pro-rich inflation for optimal income
tax policy. We use a model in which subsistence levels and therefore

Figure 1. Pro-rich inflation in Europe. Notes: Based on unweighted averages across
25 EU countries between 2001 and 2015. Elec.: electricity, gas and other fuels.; Act.
Rent.: actual rentals of housing; Cater.: catering services; Op. Transp.: operation of
personal transport and equipment; Misc.: miscellaneous goods and services; Tele.:
telephone and telefax services and equipment; Vehic.: purchase of vehicles; Cloth.:
clothing; Recr.: recreation and culture. Source: Gürer and Weichenrieder (2020).
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expenditure shares differ across rich and poor households. First, we derive the
comparative statics of a basic model with a linear disutility of labor. Our ana-
lytical results show that an increase in the price of necessities increases house-
holds’ labor supply such that the price increase on the subsistence consumption
can be covered out of the additional market income. Given our assumption of
homogenous preferences and identical prices for households, the additional
gross income requirement is the same for all households irrespective of their
position in the income distribution. Price increases that fall on items with
higher expenditure shares for the poor particularly harm low ability households
because they must work more hours for the same additional income.

In a next step, we use the price data for twelve consumption goods for the
period 1996–2017 and calibrate our model to three European countries that
empirically have been affected differently by pro-rich inflation: Germany,
the United Kingdom and the Czech Republic. Unlike in our first part, this cal-
ibration allows for nonlinear disutility of labor. Our results show that the
optimal government response is to increase net nominal taxation. Average
taxes, on the other hand, hardly respond to asymmetric price changes. Given
that taxes had been optimal before the relative price changes, the mere addi-
tional net nominal taxes (subsidies) on the rich (poor) that arise due to the
increasing labor supplies (and gross incomes) suffice to respond optimally to
the price changes. Still, poorer households increase their labor supply more
and lose a higher percentage of their total indirect utility.

The literature on optimal income taxation as initiated by Mirrlees (1971)
includes only very few contributions that consider the implications of intro-
ducing subsistence levels of consumption. Unlike our study, the existing lit-
erature primarily focuses on the heterogeneity of this subsistence level
across individuals. Rowe and Woolley (1999) provide an example with
four agents. Kaplow (2008) considers heterogeneity in many dimensions
as well as subsistence levels. Judd et al. (2018) simulate optimal income
tax schedules with households that differ with respect to up to five charac-
teristics, including basic needs (subsistence levels).

Another feature of our paper is the attention on the prices of consumption
goods. Again, the literature on this is sparse, but some examples exist. Albouy
(2009) considers the implication of regional price levels on optimal income
taxation. Kushnir and Zurbrickas (2019) build a general equilibrium model
and discuss housing prices for the optimal income tax schedule. Kessing,
Lipatov and Zoubek (2020) study productivity enhancing taxation with
regions that vary in productivity and hence in the price of labor.

The next section introduces the features of the general framework used
throughout the paper. Section “Analytical Results When Disutility of Labor is
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Linear” derives comparative statics over a basic version of the model. Section
“ExemplaryModel Simulations” calibrates themodel to threeEuropean countries
and presents the results. Finally, section “Discussion and Conclusion” concludes.

The Model
Consider an optimal income tax model with multiple consumption goods.
There are discrete sets of agents and goods, indexed by i ∈ I and g ∈ G.
Fractions of agents are denoted by f i, with

∑
i∈I f

i = 1. Every agent i has
a wage rate wi and supplies labor li to earn gross income Y i

G = wili. The
information structure of the model is standard. The government observes
Y i
G but not wi when optimally choosing a nonlinear income tax schedule

T (Y i
G). Following the payment of taxes, agents end up with net income

Y i
N = Y i

G − T (Y i
G). Agents have an identical utility function Ui, which is a

function of consumption goods and labor supply:

Ui =
∑
g∈G

ug(c
i
g − γg)− v(li), (1)

where u′(.) > 0, u′′(.) < 0. Properties of v(.) are introduced as we proceed. In
equation (1), γg is the subsistence parameter for good g. Heterogeneous γg’s
make the sub-utility of consumption nonhomothetic and allow for income-
dependent expenditure shares.

Individual preferences are homogeneous and separable between consump-
tion goods and labor supply. Hence, the uniform commodity taxation theorem
of Atkinson and Stiglitz (1976) holds4 and optimal income taxation is sufficient
to redistribute income. Differentiated consumption taxes are ignored.

An agent’s budget constraint reads:∑
g∈G

pgc
i
g = Y i

N , (2)

where pg represents the price of good g. We use exogenous changes in the
pg’s to generate pro-rich inflation.

The government maximizes a utilitarian social welfare function W by
assigning Y i

G and Y i
N for each i ∈ I :

W =
∑

i∈I
f iU i. (3)

Since allocations must be feasible and incentive compatible, equations (4)
and (5) enter the maximization problem as constraints.∑

i∈I
f i(Y i

G − Y i
N ) = 0, (4)
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Ui ≥ Ui|i′ . (5)

In inequality (5), Ui|i′ represents the utility of the agent with ability wi who is
mimicking the allocations of the agent with ability wi′ , that is, Y i′

G, Y
i′
N . We

assume wi > wi′ , rendering (5) a downwards binding incentive compatibility
constraint.5

It is intuitive to consider two separate stages. First, agents supply labor
and earn gross income. Simultaneously, the government chooses an
optimal nonlinear income tax schedule. Payment of the taxes determines
the net incomes of individuals. In the second stage, agents decide on the
amount of expenditure for each good.

To solve themodel,weproceed backwards.Consideringnet incomes as given,
we maximize the sub-utility of consumption (first term in (1)) with respect to the
budget constraint (2). This yields gooddemands as functions ofY i

N and completes
the solution of the second stage. Substituting the demand functions into (3), equa-
tions (3)–(5) represent a standard optimal income tax problem.

In principle, a change of consumption prices might go along with wage
changes for ability types. The following abstracts from this. A wage invariance
may result if, for example, price changes derive from a foreign sourced input,
say energy, leading to income increases abroad rather than in the country under
consideration. Another justification is that optimal redistribution as a function
of the wage structure is well understood in the literature and the policy discus-
sion in many countries seems to monitor wage developments carefully. The
same cannot be claimed for income dependent inflation effects.

Analytical Results When Disutility of Labor is Linear
To build intuition, this section derives comparative statics for a simple
version of the above model. In the spirit of Stiglitz (1982), there are high
and low productivity agents in the economy, that is, i ∈ {H , L}. They
consume two consumption goods, necessities (cn) and luxuries (cx). pn is
the nominal and relative price of the necessity good as the price of the
luxury good is normalized to unity. Let γn > 0 and γx = 0, so the poor
have a higher expenditure share on necessities.

Agent i ’s utility function reads:

Ui = βnlog(c
i
n − γn)+ βx log (c

i
x)− v

Y i
G

wi
, (6)

where βn > 0 and βx > 0 are marginal budget shares and βn + βx = 1. Note
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that the (Stone-Geary) sub-utility from consumption satisfies usual concav-
ity assumptions. Linear disutility from labor is a simplification introduced
for two reasons6. First, it is analytically convenient and allows closed-form
expressions for optimal net taxes. Second, with linear disutility, price
changes produce an interesting special case and highlight an important
labor-supply mechanism.

As mentioned, the solution starts with the second stage where households
maximize the utility from consumption given the budget constraint
pncin + cix = Y i

N . It yields the following demand functions.7

cin = γn +
βn
pn

(Y i
N − pnγn), (7)

cix = βx(y
i
N − pnγn). (8)

After substituting (7) and (8) into (6), we construct and solve the govern-
ment’s maximization problem represented by equations (3), (4), and (5).
Given the specific utility function in equation (6), the incentive compatibility
constraint of equation (5) reads:

βn ln
βn
pn

yHN − βnγn

( )
+ βx ln (βx(y

H
N − pnγn))− vyHG /w

H

≥ βn ln
βn
pn

yLN − βnγn

( )
+ βx ln (βx(y

L
N − pnγn))− vyLG /w

H .

(9)

Our main interest is to understand how optimal income taxes react to a price
increase in necessities, pn. Proposition 1 summarizes our results.
Proposition 1:

(i)
∂T (Y i

G)
∂pn

= 0, for i = H , L

(ii)
∂Y i

G
∂pn

= ∂Y i
N

∂pn
= γn, for i = H , L

(iii) ∂lL
∂pn

> ∂lH
∂pn

See Appendix section “Proof of Proposition 1” for the proof.

According to (i), the net tax (subsidy) on high (low) type in response to
pro-rich inflation stays constant. (ii) clarifies the reason: agents compensate
the price increase by working more. Both high and low type agents increase
their labor supply to secure their subsistence consumption expenditure: this
corresponds to an increase in net incomes of Δpnγn. The idea of securing
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subsistence consumption is the driving force behind most of the results in
this study. Note that gross incomes of high and low types increase by the
same amount as the net tax and net subsidy stay constant. While agents of
both types require the same additional amount of income, (iii) reveals that
pro-rich inflation has an asymmetric impact on the resulting indirect util-
ities.8 To achieve the same increase in net and gross income, low ability
households must work more due to their lower wage.

Our results do not mean that pro-rich inflation is beneficial for the rich.
Indeed, they face the same pressure (Δpnγn) as the poor do in monetary
terms. Yet, the poor are less capable of coping with this pressure.

Note that the optimal reaction of redistribution to a price increase of neces-
sities is different from the reaction that derives from a wage change. One might
be tempted to presume that as a price increase on necessities disproportionally
hits the low ability type, it is similar in effect to a reduction in the real wage and
the productivity of this type. The policy reaction is different, though, as an exog-
enous reduction of the real wage of the poor indeed would lead to a change in
optimal policy. The reason is that a reduced productivity of the low ability type
reduces the cost of distorting the labor supply of the poor. Hence, a further dis-
tortion becomes optimal to ease the self-selection constraint of the high ability
type. The marginal tax rate of the low ability type increases and the absolute tax
paid by high ability types goes up as well. In the above model, these effects are
absent. Intuitively, the price increase may reduce the consumption value of a
euro of redistribution, but does not affect the relative productivities.

Proposition 1 characterizes an extreme case in which the government
does not change nominal redistribution. This is a result of a linear disutil-
ity of labor. When the disutility on total welfare is linear, the government
is not concerned about the asymmetric changes in the labor supply behav-
ior. What is the extent of governmental compensation in response to
pro-rich inflation when disutility of labor is assumed to be convex?
How would the resulting indirect utilities of different agents change?
The next section offers quantitative evidence from simulation exercises
to answer these questions.

Exemplary Model Simulations
This section simulates the model presented in section “The Model” for
Germany, the United Kingdom, and the Czech Republic using 1996 and
2017 prices. According to Gürer and Weichenrieder (2020, Figure 6),
pro-rich inflation was low to mid-range in Germany, mid to high range in
the United Kingdom, and relatively high in the Czech Republic.
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Our calibrations use the EU Household Budget Surveys (HBSs) of 2010
and the Harmonized Index of Consumer Prices (HICP) for the period 1996–
2017.9 Appendix section “Description of the Datasets” describes these data-
sets. Our analysis keeps everything constant, including wages and wage
structure, and concentrates on price variations. Our results may be viewed
as a worked-out example, based on real-world expenditure structures and
price developments. Therefore, it is more realistic than the highly stylized
model of the previous section.

Using the cross-section of the EU HBSs, we construct agents with differ-
ent income levels in the three countries based on expenditure shares
observed in 2010. Following this, we separately calibrate the model with
the prices of 1996 and 2017.

Calibration
In the simulations, we use four agents (set I) and twelve goods (set G) for
each country. The agents correspond to the 10th, 33rd, 66th, and 90th percen-
tiles (see Appendix section “Construction of Agents and Simulations with
OECD Taxand-Benefit Model” for the construction of agents). The twelve
goods represent the first level of COICOP categories (see table 1 for the
names of the categories).

The utility function is specified as follows:

Ui =
∑

g∈G
βglog(c

i
g − γg)−

Y i
G

wi

( ) 1+1
ε( )

1+ 1

ε

( ) . (10)

Note that in (10), disutility from labor supply is convex for ε > 0: v′(.) > 0,
v′′(.) > 0. Marginal budget shares satisfy

∑
g∈G βg = 1.

Using household data, we perform a linear expenditure system esti-
mation for each of the three countries to recover marginal budget
shares (βg) and subsistence parameters (γg). Appendix section “Linear
Expenditure System Estimation” describes the data work and estimation
procedure.

Table 1 presents the results of the estimations. Note that categories which
can be naively classified as necessities such as “Food and Non-alcoholic
Beverages” and “Housing” have higher subsistence parameters compared
to the rest of the goods. These high subsistence levels are needed for expen-
diture shares that are declining in income levels. For some goods, there are
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negative subsistence levels. Pollak (1971) notes the possibility of obtaining
negative values as a result of LES estimation. He mentions that interpreting
γg as the subsistence level may no longer be valid, if it is negative for all
goods. This is not the case in our results. Kaplow (2008) suggests that neg-
ative subsistence levels can be thought of as endowments, although it is
typical to assume that these levels are greater than zero in Stone-Geary pref-
erences. We prefer to keep negative γg values in our main specification and
stick with the subsistence level interpretation. The reason for this choice is
that, when negative γg values are not allowed, price elasticity of demand is
never greater than one. This outcome is not empirically supported.
Nevertheless, Appendix section “Robustness Checks” shows that our con-
clusions are robust to imposing a nonnegativity condition on γg in the
linear expenditure system estimation (table 7).

Simulations require price observations for each of the 12 categories in
three countries in 1996 and 2017. Table 2 provides the prices (using 2010
as the base year) and their corresponding rates of increase over the period
of interest.

In our main specification, we set the Frisch elasticity of labor supply (ε) to
a widely used value of 0.5. The previous section made it clear that changes
in labor supply can be important for optimal policy reactions. Therefore, the

Table 1. Results of the Parameter Estimation.

CZ DE UK

Good Categories βg γg βg γg βg γg

Food and Nonalcoholic Beverages 0.184 0.311 0.124 0.897 0.120 0.524
Alcoholic beverages and Tobacco 0.031 0.007 0.016 0.151 0.030 0.026
Clothing and Footwear 0.059 −0.065 0.059 −0.061 0.060 −0.212
Housing 0.190 0.554 0.097 3.609 0.179 0.906
Furnishing, Household Equipment 0.074 −0.075 0.068 −0.286 0.073 −0.189
Health 0.023 0.067 0.053 −0.171 0.013 −0.023
Transport 0.135 −0.299 0.186 −0.723 0.166 −0.512
Communications 0.047 0.034 0.024 0.327 0.029 0.133
Recreation and Culture 0.117 −0.088 0.140 −0.272 0.131 −0.313
Education 0.009 −0.024 0.012 −0.049 0.018 −0.112
Restaurants and Hotels 0.058 −0.060 0.066 −0.160 0.100 −0.235
Misc. Goods 0.073 −0.016 0.155 −0.460 0.081 0.051

Notes: Reported values for γg are in annual (000) EUR units.
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choice of ε may play a crucial role for our results. Tables 8 and 9 in the
Appendix replicate results by setting ε to 0.33 (see Chetty 2012) and to
0.75. Our conclusions are robust to the choice of ε.

Next, we determine wage rates for four agents in each country. A
common approach in the literature directly feeds the simulations with
the empirically observed wage rate distributions. With this method, the
net incomes that would be implied by the model are, ex ante,
unknown. However, the estimation of βg and γg requires us to observe
the net incomes of the agents (see also Appendix section “Linear
Expenditure System Estimation”). For consistency, wage rates of the
individuals must yield the gross incomes, which, in turn, would lead to
the empirically observed net incomes upon applying a particular coun-
try’s actual tax rate. Therefore, we use empirically observed yearly
total expenditure values (that represent the net incomes by assumption)
for each country and percentile, and estimate wage rates adopting
Saez’s (2001) approach. This approach solves the first-order condition
of the agent for the wage rate given utility function, its parameters, net
incomes and the actual tax scheme.

Another benefit of this approach is that, as mentioned in Saez (2001),
once the assumptions regarding utility parameters change, implied wage
rates change as well. This is particularly helpful for our purposes because,
as robustness checks, we change our assumptions regarding the subsistence
parameters and the labor supply elasticity.

Agents’ first-order condition with respect to labor supply reads (see
Appendix section “Derivation of the Agents’ First Order Condition for the
Generalized Utility Function”):

1− T ′
a (Y

i
G) =

1

wi

( )
Y i
G

wi

( )(1/ε)

Y i
N −

∑12

g=1
pgγg

( )
(11)

In (11), we already have the information on pg, γg, ε, and Y i
N . Next, we use

the OECD tax-and-benefit model (OECD 2019) to extract information on
the actual tax schedules of three countries in 2010 in order to recover
T ′
a(Y

i
G), Y

i
G. Here, T

′
a(Y

i
G) are the actual marginal tax rates (nonoptimized)

extracted from OECD tax-and-benefit simulations. They differ from the
optimal marginal tax rates, T ′(Y i

G), presented in table 4. Appendix section
“Construction of Agents and Simulations with OECD Tax-and-Benefit
Model” explains the simulations using the OECD tax-and-benefit model.
Table 3 presents the marginal effective tax rates (METRs) and average tax
rates (ATRs) on percentiles of interest in three countries. After substituting
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the relevant variables into (11), it is trivial to obtain yearly wage rates. Note
that, in what follows, we set f i (the fraction of each wage rate type) to 0.25 in
each country.

Results
We now compute the optimal policies for 1996 and 2017 prices. The first
and second panels of table 4 present the optimal policies in 1996 and
2017 for each country. YG, T (YG), τ, T ′(YG), and V denote gross income,
net tax (subsidy), average tax rate, marginal tax rate, and indirect utility,
respectively. V Loss % and l Incr. % represent the percentage loss in indirect
utility and percentage increase in labor supply.

Table 4 presents the optimal policies before (1996) and after (2017)
asymmetric price changes for the four agents in three countries. A com-
parison of the two panels reveals that, after asymmetric price changes, net
nominal taxes (subsidies), T (YG), on richer (poorer) percentiles increase
in all countries. Comparison of τ in the first and the second panel, on the
other hand, suggests that in each country, average tax rates remain almost
unchanged. This outcome can be interpreted in light of the stylized model
presented in the previous section. An increase in the prices of the com-
modities with high subsistence levels trigger disproportionate increase
in the labor supply of low-income individuals (see Proposition 1, (iii)).
When disutility of labor is linear, as in the previous section, a utilitarian
government is not concerned about this asymmetric labor supply
response. However, when the disutility of labor supply is convex, utili-
tarian social welfare can be improved via higher transfers to the poor.

Table 3. Actual Tax Schedules in 2010.

CZ DE UK

Percentiles METR AETR METR AETR METR AETR

10th 0.518 0.097 0.457 0.326 0.353 −6.555
33rd 0.311 0.226 0.524 0.398 0.310 0.213
66th 0.311 0.251 0.469 0.439 0.310 0.254
90th 0.311 0.267 0.469 0.444 0.410 0.303

Notes: METR and AETR, respectively, stand for Marginal Effective Tax Rate and Average
Effective Tax Rate. The results of OECD Tax and Benefit model simulations are reported. See
Appendix section “Construction of Agents and Simulations with OECD Taxand-Benefit
Model” for details.
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Table 4, on the other hand, suggests that increased net nominal taxes on
the rich, arising from an increased labor supply, suffice to provide the
optimal response. Finally, marginal tax rates rise slightly for all agents
(except for the agent at the top10) in order to meet the requirement of
higher net nominal taxation.

Judging by the increased labor supply behavior of, for example, the 10th

percentiles, we can infer that the increased net nominal subsidies do not fully
insure poorer households against price increases. Note that labor supply responses
are still asymmetric. Agents with lower ability increase their supply more in
response to price increases. Moreover, the indirect utility of low ability agents
declines disproportionately. Hence, even an optimal redesign of the income tax
schedule leaves poorer households disproportionally harmed.

Ourmodel does not take into account changes inwage rates.While these rates
are held constant in the model, they certainly have changed during the period
1996–2017. Recent trends in income inequality suggest that wage dispersion
has increased over time in most countries. In addition, labor market reactions
may trigger endogenous wage changes, if the need to work more (following an
increase in necessity prices) faces a less than perfectly elastic labor demand.

Pro-rich inflation implies higher price increases for items with high sub-
sistence levels (such as food and housing). This increases the additional
market income requirement. This said, it should be noted that it is difficult
to make cross-country comparisons with regards to pro-rich inflation. This is
because any result, for example, the magnitudes of declines in indirect util-
ities, depends on three characteristics of a country: agents’ preferences (βg
and γg, in particular), price increases, and distribution of wage rates.
Therefore, our results should be viewed separately for each country.

Discussion and Conclusion
This study investigates the implications of an above average increase in the price
of necessity goods (labelled as pro-rich inflation) on the design of tax policies.

Assuming a utilitarian government and linear disutility of labor, tax policies
are not affected by asymmetric increases in the labor supply across households.
In this simplified case, our comparative statics suggest that each agent increases
its labor supply such that he or she can secure the subsistence consumption expen-
diture. Since the households in a given country are assumed to have the same
price changes and preferences, the additional net income required is identical
for each agent. The increase in labor supply particularly hurts the indirect
utility of low ability agents because they must increase their labor supply more
compared to the others in order to provide the same additional income. At the
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same time, a utilitarian government does not intervene when the disutility of labor
is linear and is thus indifferent to who bears this utility cost.

Next, using the EU Household Budget Surveys and Harmonized Index of
Consumer Prices, we numerically study the effect of an exogenous increase
in prices on tax policies for three European countries (Germany, the United
Kingdom, and the Czech Republic) while allowing a convex disutility of
labor. In this setting, pro-rich inflation increases net nominal taxes on the
rich. At the same time, the average tax rates remain almost unchanged irre-
spective of the country of interest. Hence, increased gross incomes arising
from increased labor supply largely suffice to provide the optimal response
to asymmetric price changes when average taxes are kept constant.
However, the optimal policy does not fully compensate poorer households.
As in the highly stylized model of section “Analytical Results When
Disutility of Labor Is Linear,” the poorest agents are the ones who must
increase their labor supply the most. As a result, the optimal response of
the government in income taxation does not suffice to prevent poorer house-
holds from being disproportionally hurt by such price increases.

It is worthwhile to highlight possible limitations of our analysis. One
assumption is that worktime can be chosen individually. Conversely, a
more active tax policy may be required in inflexible labor markets, in
which individual changes in hours worked are difficult. While our Mirrleesian
framework assumes that wages are private information, some contributions have
argued that not only gross incomes but also wage rates are observable by the gov-
ernment. If this is true, the government can design wage rate specific lump-sum
taxes/transfers and restrict distortions to the intensity of labor supply, which
should provide for a reduced equity-efficiency trade-off. Relatedly, as in almost
all Mirrleesian studies, we assume that the labor supply elasticity is homogeneous
across the distribution to avoid double screening. A further simplification that we
use is that tax distortions apply to the intensive margin only. Usually, adding the
extensive margin via a fixed cost of taking up a job leads to some downward shift
in marginal tax rates, but we expect no significant change of the message from
introducing the extensive margin in our setting.

Price increases may also feed into higher profits and income, which is not
discussed in this study. Gürer (2021) shows that higher prices, if triggered by
higher markups, justify greater corporate taxes and lower income taxes. At
the same time, Gürer (2021) abstract from asymmetric price changes, which
is the main contribution of this study.

Our analysis has excluded further, potentially interesting aspects.What are the
marketmechanisms that generate pro-rich inflation?How importantwould it be to
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allow for endogenously changingwage rates in a general equilibrium framework?
Investigating these issues may be fruitful for future work in this field.
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Notes

1. See Muellbauer (1974).
2. See, e.g., Cage et al. (2002), Crawford and Smith (2002), Garner et al. (2003),

Goni et al. (2006), Arndt et al. (2015), Lluberas (2018), among others.
3. Expenditure shares and prices are simple averages across twenty five EU coun-

tries. See Gürer and Weichenrieder (2020) for further details on the construction
of figure 1.

4. Revesz (2014) studies commodity taxation when households have heterogeneous
expenditure shares. However, agents in his model have heterogeneous preferences.

5. As concave utility and the single-crossing condition apply, it is sufficient to use
only downwards binding incentive compatibility constraints (Hellwig, 2007).

6. See Hamilton and Pestieau (2005), Aronsson and Blomquist (2008) for two
examples of optimal tax analysis with linear disutility from labor supply.

7. Let sin = pncin
pncin+pncix

denote the expenditure share on necessities. Note that ∂sin
∂Y i

N
< 0.

The expenditure share on necessities decreases in net income.
8. The decline in the sub-utility of consumption is equal, in absolute terms, for high

and low type agents. See Appendix section “Decline in Sub-utility of
Consumption” for a proof.
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9. Unlike in Gürer andWeichenrieder (2020), the data used in this paper begin in 1996.
The reason for the differing periods is due to different availability of price data for
different COICOP categories. Gürer and Weichenrieder (2020) use a combination
of Level 1 and Level 2 categories, whereas this study uses only Level 1 categories.

10. This is due to the well-established zero marginal tax rate at the top result.
11. More precisely, we use the “nlsur” command of Stata.
12. We use the modified OECD equivalence scale which assigns 1 to head of house-

hold, 0.5 to each additional adult member, and 0.3 to each child.
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Appendix 1. Analytical Derivations
Proof of Proposition 1. After substituting the demand functions given by (7)
and (8) into (6), and using λ and α, respectively, as the Lagrange multipliers
for the incentive and budget constraints, the Lagrangean of the government’s
maximization problem reads:

L = fH{ βn ln
βn
pn

YH
N − βnγn

( )
+ βx ln (βx(Y

H
N − pnγn))−

vYH
G

wH
}

+ fL { βn ln
βn
pn

YL
N − βnγn

( )
+ βx ln (βx(Y

L
N − pnγn))−

vYL
G

wL
}

+ λ{ βn ln
βn
pn

YH
N − βnγn

( )
+ βx ln (βx(Y

H
N − pnγn))−

vYH
G

wH

− βn ln
βn
pn

YL
N − βnγn

( )
− βx ln (βx(Y

L
N − pnγn))+

vYL
G

wH
}

+ α{ fH (Y
H
G − YH

N )+ fL(Y
L
G − YL

N )} .
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This leads to the following first-order-conditions:

yLN :− αfL + { fL − λ}
βn

(YL
N − pnγn)

+ βx
(YL

N − pnγn)

{ }
= 0, (12)

yHN :− αfH + { fH + λ}
βn

(YH
N − pnγn)

+ βx
(YH

N − pnγn)

{ }
= 0, (13)

yLG:αfL −
fLv

wL
+ λv

wH
= 0, (14)

yHG :αfH − fHv

wH
− λv

wH
= 0, (15)

α:fH (YH
G − YH

N )+ fL(Y
L
G − YL

N ) = 0, (16)

λ:βn ln
βn
pn

YH
N − βnγn

( )
+ βx ln (βx(Y

H
N − pnγn))−

vYH
G

wH

− βn ln
βn
pn

YL
N − βnγn

( )
− βx ln (βx(Y

L
N − pnγn))+

vYL
G

wH
= 0.

(17)

With βn + βx = 1, rearranging (12) and (13) yields:

YL
N = fL − λ

αfL
+ pnγn, (18)

YH
N = fH + λ

αfH
+ pnγn. (19)

After plugging in (18) and (19), equation (16) can be rewritten as:

fHY
H
G + fLY

L
G − ( fH + fL)pnγn −

fH + fL
α

= 0. (20)

We define sub-utility from consumption for high and low types as follows:

Hc = βn ln
βn
pn

YH
N − βnγn

( )
+ βx ln (βx(Y

H
N − pnγn)), (21)

Lc = βn ln
βn
pn

YL
N − βnγn

( )
+ βx ln (βx(Y

L
N − pnγn)). (22)
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Substituting (21) and (22) into (17) and rearranging generates:

YL
G = (Lc − Hc)

wH

v
+ YH

G . (23)

Inserting (23) into (20) and rearranging yields:

YH
G = fL

fH + fL
(Hc − Lc)

wH

v
+ pnγn −

1

α
= 0. (24)

yLG can be derived analogously:

YL
G = fH

fH + fL
(Lc − Hc)

wH

v
+ pnγn −

1

α
= 0. (25)

Note that λ and α are determined completely by exogenous parameters.

More explicitly, solving (14) and (15) yields λ = fH fL(wH−wL)
(fH+fL)wL and

α = v
wL − λv

wH fL
. Hence, (18), (19), (24), and (25) represent the closed-form

solution of the government’s maximization problem. Differentiating (18)

and (19) with respect to pn yields
∂Y i

N
∂pn

= γn.
After substituting (18) and (19) into (21) and (22), it can be shown that

∂Hc

∂pn
= ∂Lc

∂pn
= 0. Hence, differentiating (24) and (25) with respect to pn suffices

to show that
∂Y i

G
∂pn

= γn. This completes the proof of (i) and (ii), where
T (Y i

G) = Y i
G − Y i

N .
Dividing (24) and (25), respectively, by wH and wL gives lH and lL.

Differentiation of lH and lL with respect to pn yields ∂lL
∂pn

= γn
wL and

∂lH
∂pn

= γn
wH . Together with the exogenously imposed condition wH > wL, this

completes the proof of (iii).

Decline in Sub-utility of Consumption. In the next step, we prove the statement
in endnote 10, that the sub-utility of consumption decreases by the same
amount in absolute terms in the optimum for high and low type agents. In
order to see this, insert (18), (19) into (21), (22), respectively. Note that
pn cancels out in sub-utility of consuming luxury goods. Differentiating
the sub-utility of consuming necessity goods with respect pn yields − βn

pn
for both type of agents.

Derivation of the Agents’ First-Order Condition for the Generalized Utility
Function. Optimal demand of individual i for good g with the generalized
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utility function given in equation (10) reads:

cig = γg +
βg
pg

Y i
N −

∑12

g=1
pgγg

( )
. (26)

Substituting (26) into (10) yields:

Ui = βglog
βg
pg

Y i
N −

∑12

g=1
pgγg

( )( )
−

Y i
G

wi

( ) 1+1
ε( )

1+ 1

ε

( ) . (27)

Utilize that Y i
G = wili and Y i

N = wili − T (wili):

Ui = βglog
βg
pg

(wili − T (wili))−
∑12

g=1
pgγg

( )( )
− (li) 1+1

ε( )

1+ 1

ε

( ) . (28)

Differentiating (28) with respect to li and rearranging terms lead to the first
order condition given in equation (11).

Appendix 2. Description of the Datasets
European Union Household Budget Surveys (HBSs) are harmonized
surveys conducted in all EU member states once every five years since
1988. The main purpose is to calculate national weights for the Consumer
Price Index (CPI) and Harmonised Index of Consumer Prices (HICP).
Unfortunately, at the time of this study, only the 2010 wave was available
for researchers. This wave incorporates twenty six countries with more
than 270.000 observations.

EU HBSs provide consumption expenditure data (in euro) on many
aggregation levels (using identical definitions across countries). Goods cat-
egories are represented by the number of digits in the variable code. For
example, the 2-digit expenditure category “Food and Non-alcoholic bever-
ages” is further split into two 3-digit categories, “Food” and “Non-alcoholic
beverages”. Gürer and Weichenrieder (2020) use a combination of 2-digit
and 3-digit level expenditure categories in the analysis. This paper, on the
other hand, exploits only twelve 2-digit categories for the sake of computa-
tional convenience. A list of those 12 categories are provided in tables 1 and
2. All the expenditure values are reported as annual values; hence, there is no
concern about seasonality.
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In order to recover price information corresponding to those twelve cat-
egories, we use a second Eurostat (2019a) dataset, the Harmonised Index of
Consumer Prices (HICP). Taking a given year as the base year (in which
prices of all goods equal 100), HICP provides a comparable measure of
changes in the prices of goods in each country across years. Note that the
breakdown of consumption expenditure categories in HICP is identical
with the one in the HBSs. Hence, there is no additional procedure needed
when mapping HICP to HBSs. The panel in HICP runs from 1996 to
2017. Gürer and Weichenrieder (2020) limit the period of analysis to
2001–15 due to lack of price data in some 3-digit level expenditure catego-
ries. The present paper uses only 2-digit categories, which allows the inclu-
sion of the price information from 1996 to 2017.

Our final data set incorporates the expenditure shares of households in
2010, on twelve categories, together with the prices of these categories in
the period of 1996–2017.

Appendix 3. Linear Expenditure System Estimation
In this section, we describe how we estimate βg and γg values for agents in
three countries.

As mentioned above, we use the expenditure information on twelve
2-digit categories. Although there are 26 countries in our main data set,
we are only interested in three of them for our calibration exercise.
Germany, the United Kingdom, and the Czech Republic have sample
sizes of 53,996, 5,263, and 2,932, respectively. Initially, we investigate
and drop observations with missing or negative values in any of the
twelve 2-digit expenditure categories. As a result, only one United
Kingdom observation is dropped. Next, we make sure that the sum of
twelve 2-digit expenditure categories equals the total consumption expendi-
ture. There are no observations in any of the three countries such that the
sum of the twelve 2-digit categories exceeds or falls short of total consump-
tion expenditure by 10 euro or more. Nevertheless, we rescale the 2-digit
expenditure categories such that they precisely sum up to the total consump-
tion expenditure.

As the next step, we subtract imputed rentals of housing from the 2-digit
category “Housing” and total consumption expenditure. The reason for this
choice is twofold. First, in contrast to the other consumption goods, price
increases in housing do not hurt the agent who, for example, has a large
imputed rent from the dwelling it owns. Second, no data exist on imputed
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rentals for the United Kingdom. Hence, we prefer to entirely exclude this
category from our calculations.

Finally, we calculate the expenditure shares by dividing the consumption
expenditure of any category by the total consumption expenditure and then
merge the resulting data set with HICP. This concludes the preparation for
the LES estimation.

The equation to be estimated is derived by the straightforward optimiza-
tion problem of stage 2 (as mentioned in section “The Model”). Essentially,
we maximize the first term in equation (10) with respect to the budget con-
straint:

∑
g∈G pgcig ≤ Y i

N . The resulting demand functions read:

cig = γg +
βg
pg

Y i
N −

∑
g∈G

pgγg
( )

. (29)

Multiplying both sides with pg /Y i
N yields:

sig =
pgγg
Y i
N

+ βg
Y i
N

Y i
N −

∑
g∈G

pgγg
( )

, (30)

where sig represents the expenditure share of agent i on good g. Note that, in

equation (30), prices enter as a factor that affects the estimation results of βg
and γg . Given that we only have a 2010 cross-section for the estimation and
no price variation on the country-level, we are able to normalize the prices of
all goods to one in 2010. Note that, consistent with this, the price data
reported in table 2 uses 2010 as the base year.

Finally, we use non-linear seemingly unrelated regressions in order to
perform the LES estimation by using household level data and household
weights.11 Estimation results are reported in table 1.

Appendix 4. Construction of Agents and Simulations
with OECD Tax-and-Benefit Model
After completing the LES estimation, we construct the agents (10th, 33rd,
66th, and 90th percentiles) for each country. Note that preferences of the
agents in each country are already determined in the previous section.
This additional procedure is only necessary to arrive at the empirically
observed total consumption expenditure values which are used in OECD
tax-and-benefit model simulations and estimation of the wage rates (as
explained in section “Calibration”).

First, we divide total consumption expenditures of each household by
household equivalence scale.12 Next, we split the population in all three
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countries into percentiles by using the total consumption expenditures
divided by the household equivalence scale. In order to construct four
agents in each country, we group the percentiles 8–12, 31–35, 64–68, and
88–92 so that they represent the 10th, 33rd, 66th, and 90th percentiles, respec-
tively. The reason for this grouping is to keep the sample size of each agent
as large as possible. Finally, we take the mean of the non-equivalized total
consumption expenditures of households in these groups to represent the
total consumption expenditures of households in our model and OECD
tax-and-benefit simulations. The resulting total consumption expenditures
and sample sizes for each agent in each country is given in table 5.

Equipped with the total consumption expenditures, we are ready to
perform OECD tax-and-benefit model simulations in order to recover
actual tax schedules to which agents in our model are exposed. Note that
OECD tax-and-benefit model reports taxation schemes according to the
income in national currencies. In order to have a comparable measure, we
use publicly available data on average gross saving rates (Eurostat 2019b)
—to convert total consumption expenditures into income—and euro
exchange rates in 2010 (Eurostat 2019c). The data used can be found in
table 6. After performing necessary calculations, we arrive at the total
income of each agent in each country.

The OECD tax-and-benefit model requires us to impose some initial
assumptions regarding the demographics of the agents. We perform the sim-
ulations for individuals who are 40 years old, working since they were 18
years old, and single with no child. Moreover, the model only allows the
user to select the income of the agent (whose taxation scheme the user is
interested in) as a percent of mean yearly wage in a given country.

Our strategy is to select the agents in the OECD tax-and-benefit model
such that their total incomes correspond to the incomes we derived for
our simulations. For example, the 10th percentile of the Czech Republic,
according to our calculations, should, on average, earn an income of
155,593 Koruna. This approximately corresponds to the 60% of the mean
yearly wage. Hence, we take the tax schedule of the agent who earns 60%

Table 6. Gross Savings Rate and Euro Exchange Rate in 2010.

Country Savings Rate % Euro Exchange Rate

CZ 12.71 25.28
DE 16.81 1.00
UK 10.94 0.86
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of the mean yearly wage in OECD tax-and-benefit model as the actual tax
schedule of the 10th percentile in the Czech Republic. Note that the
OECD tax-and-benefit model only reports the tax schedules of the agents
who earn between 1% and 200% of the mean yearly wage. In some cases,
e.g., Germany’s 90th percentile, the incomes of the agents we derive
exceeds 200% of the mean yearly wage. In these cases, we use the tax sched-
ule of the agent who earns the highest possible income in the OECD tax-and
benefit model.

Finally, the calculation of the average effective tax rates is straightfor-
ward. That is AETR = (Gross Inc−Net Inc)

Gross Inc . In order to calculate the marginal
tax rates, on the other hand, we need the additional information on the tax
schedule of the agent who earns marginally higher than the agent we
selected. For this, we consider increments of three percentage points relative
to the mean yearly wage in a given country. For example, we already men-
tioned that the 10th percentile of Czech Republic corresponds to the agent
who earns 60% of the mean yearly wage. Additionally, we extract the infor-
mation on the same agent who earns 63% of the mean yearly wage. Finally,
marginal tax rate is calculated as follows:METR = 1− ΔNet Inc

ΔGross Inc. The result-
ing tax schedules for 2010 are reported in table 3.

Appendix 5. Robustness Checks
This section presents the robustness checks with respect a nonnegativity
constraint on the subsistence parameters and different values of labor
supply elasticity (tables 7–9).
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