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ABSTRACT

This paper compares the welfare and distributional implications of fiscal policies aimed at reducing a sudden
and significant increase in the price of energy. A dynamic computable general equilibrium model with
households disaggregated by income groups is used to compare the effectiveness of five energy price-reducing
fiscal policies. The policies are assessed under two financing options, pure government debt and a mix of
debt and windfall taxation on energy companies. Results from simulations demonstrate that targeted demand-
side policies are more effective at reducing overall energy-driven inflation and increasing welfare. Supply-side
policies and mixed demand and supply policies achieve a smaller reduction in the consumer price index but
are more expansionary. Financing the policies partly through windfall taxation does not impact the ranking
of policies but it delivers better distributional outcomes and higher welfare. The results motivate the use
of windfall taxation if governments face high interest rates on debt financing and/ or if households care
sufficiently about the provision of public goods. The optimal policy is likely a mix of supply-side measures
such as production tax reductions or general price subsidies and either targeted energy price subsidies or
targeted income subsidies financed where possible through windfall taxation.

1. Introduction

Beginning in 2021 the world has experienced a dramatic and sudden
increase in energy prices. This ‘energy crisis’ (IEA, 2023) has been
attributed to a variety of factors, including the rapid economic rebound
following the Covid-19 pandemic and Russia’s invasion of Ukraine in
February 2022. Crucially, the energy crises has significantly impacted
the cost-of-living. This is evidenced by the fact that global inflation
increased from 3.1% in 2021 to 7.3% in 2022 whilst world output
growth decreased from 6.2% to 3.4% (IMF, 2023). However, the con-
sequences of this shock have not been felt evenly. On a geographical
level, for instance, some countries such as Germany and Italy, have
been more exposed due to their dependence on gas imports from
Russia. Distributionally speaking, lower-income households have been
disproportionately affected as they typically consume a larger propor-
tion of their income on energy goods compared with higher-income
households (Guan et al., 2023).

To contain the impact of this increase in the price of energy,
governments across Europe have been implementing a litany of fiscal
policies designed to address aggregate and distributional consequences

of the shock (Sgaravatti et al., 2023). These included price subsidies,
either to firms and households, to households only or targeted to low-
income households, income subsidies, and tax reductions on energy.
The policies have been mostly financed by public debt with some
exceptions where the funding has come from taxing energy companies’
extra profits,! the so called ‘windfall tax’. Whilst a broad empirical and
theoretical literature exists, that quantifies the aggregate and distribu-
tional effects of energy shocks and the effects of price subsidies, income
subsidies, and tax reductions, there is limited ability to compare the
welfare and distributional implications of such policies.

The aim of this paper is to analyse and compare the implications of
fiscal policies implemented by European governments to contain the
increase in energy prices on output, prices, income distribution and
welfare. To achieve a like-for-like comparison of the different policies
we develop a dynamic Computable General Equilibrium (CGE) of Ger-
many and the Rest of the EU using the 2020 FIGARO Input-Output
database (Remond-Tiedrez and Rueda-Cantuche, 2019). The focus on
Germany is purely illustrative of a country with a strong dependence on
imported gas. The model considers the production activities of energy
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and non-energy industries where energy industries set energy prices
in a monopolistic environment. Two household income groups are
considered to investigate the distributional implications of the policies.
Using the model, we simulate the introduction of five fiscal policies
(general/ untargeted/ targeted price subsidies, income subsidies, and
production tax reductions) representing the main policies introduced
by European governments following an exogenous energy price shock.
The simulations are performed by either assuming that the policies are
entirely government debt financed or funded through a combination of
debt and windfall taxes on energy profits. This allows us to compare
the welfare implications of the two financing mechanisms.

Using the CGE model, some stylised conclusions can be drawn. First,
targeted income and price subsidies best counteract short-run regres-
sive impacts on consumption and provide the best long-run welfare
outcomes following the energy shock. Second, households targeted and
untargeted income and price subsidies achieve a greater reduction in
inflation. Third, production tax reduction are the most effective policy
to counteract downward pressure on aggregate output in the short run.
Fourth and last, introducing a windfall tax is welfare-enhancing for all
policies as long as households care sufficiently about the provision of
public goods.

2. Background and literature

An extensive economics literature starting with (Hamilton, 1983)
has documented the contractionary and inflationary effects of energy
price shocks (see for example Kilian, 2008; Ven and Fouquet, 2017, for
a review and a historical analysis). The literature highlights how these
shocks may hit energy importing countries more severely (Jiménez-
Rodriguez and Sanchez, 2005; Jiménez-Rodriguez, 2008; Alexeev and
Chih, 2021; Peersman and Robays, 2012), and that impacts may be
heterogeneous at an industrial level (Jiménez-Rodriguez, 2008; Ahmed
et al., 2023; Ferriani and Gazzani, 2023).

Researchers typically find that low-income households are more
adversely affected by energy shocks (Michael, 1979; Hagemann, 1982;
Pizer and Sexton, 2019; Williams et al., 2015; Metcalf et al., 2008; Guan
et al., 2023; Celasun et al., 2022; Turner et al., 2022) for two main
reasons. First, low-income households spend larger proportions of their
income on energy and goods highly dependent on intermediate energy
use. Second, low-income households own proportionally fewer assets
than high-income households. Thus they are less likely to benefit from
increased returns from energy companies’ assets.

An emerging literature is concerned with the distributional impacts
of the recent energy crisis (Celasun et al., 2022; Guan et al., 2023;
Perdana et al., 2022; Turner et al., 2022). Specifically, Celasun et al.
(2022) suggest that in 2022, European households’ cost-of-living in-
creased by 7%. Guan et al. (2023) use an international input—output
framework and estimate total household energy costs to increase by
62.6-112.9% across the world. These effects are found to be dis-
tributed unevenly both within and across countries supporting evidence
from (Celasun et al., 2022). Perdana et al. (2022) evaluate the conse-
quences of the trade sanctions on Russia using a CGE methodology,
mainly from an environmental perspective, but also find reductions
in GDP and Welfare in the EU. Finally, Turner et al. (2022) evaluate
the implications of the cost-of-living crisis using a CGE model of the
UK. They focus on the distributional impacts of £400 energy payments
given by the UK Government to all households and find that the policy
still leaves households on the lowest income £350 worse off than before
the energy crisis.

Although all the papers above provide an assessment of the impact
of the 2022 energy shock, none attempt to compare energy policies
using a unified framework. Guan et al. (2023) and Perdana et al. (2022)
provide insights on the aggregate and distributional impacts of the
energy shock but do not present any fiscal policy measures. On the
other hand Turner et al. (2022) analyse a specific policy introduced
in the UK but do not compare alternative policies and do not consider
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windfall taxation. Celasun et al. (2022) provide the most detailed
discussion on policy options however the discussion is not based on
a single framework and is more qualitative than quantitative.

Thus with our work, we contribute to the above literature by sys-
tematically assessing the welfare and distributional impacts of the main
fiscal policies implemented across Europe to counteract the impact of
increased energy prices as reported in Sgaravatti et al. (2023). The
analysis in this paper provides a strong basis for the assessment of the
strengths and weaknesses of each of the policies in addressing both
welfare and distributional policy objectives under a unified framework.
Although the paper is inspired by the current measures implemented
across Europe, it is designed as a theoretical contribution. Thus, the
focus will be on comparing the policies rather than precisely quanti-
fying the effects of the energy crisis. Equally, the focus on Germany
is purely illustrative of an energy import-intensive country. Germany
makes the ideal case study as 90% of total crude oil, refined petroleum
products and natural gas used in Germany was imported prior to the
beginning of the Ukraine conflict (Eurostat, 2023f). Whilst the results
from this paper are specific to the German case, the methods developed
are directly applicable to any other country. In addition, the results are
relevant for countries with similar dependencies on imported energy or
with similar economic structures and consumption patterns.

3. Model

We compare the welfare and distributional implications of the fiscal
policies by developing and using a multi-region dynamic> Computable
General Equilibrium (CGE) model of Germany and the rest of the EU.
The model is used as a controlled environment to compare the fiscal
policies (Freire-Gonzalez and Ho, 2022). The key building blocks of the
model are discussed below.?

3.1. Production

The model considers the production activities of 22 aggregated
industries including energy industries (ene) and non-energy industries
sectors (nene). Importantly, energy industries are assumed to have an
oligopoly structure with a small set of identical representative firms
competing for the market implying that they have a degree of mar-
ket power and therefore earn non-zero profits. Non-energy industries
operate in perfectly competitive markets, therefore, earn zero profits.

All industries are assumed to maximise profits from the production
of output by using a combination of labour, capital and intermediate
inputs. Capital and labour are country specific whereas intermediates
can be either domestically produced or imported following the classical
Armington (1969) assumption of imperfect substitution. The demand
for intermediates V'R, ; , in every time period 7 by sector j from region
r sector i is defined as:

1
14 pu; 1-p7
4 ARM it ’i
VR, ji= <'Pi,j i " d_> Vija @
)4 rit

In (1) ¥/, and /%M are CES productivity and share parameters respec-
tively, V; ;, is total intermediate use, pv;, is the Armington composite
price of good i and pd, ;, is the domestic price of intermediates.

3.2. Household consumption behaviour and budget constraint

There are two representative aggregated household income groups.*
Low-income households consist of the 75% of households in Germany

2 The model includes 50 periods which can be interpreted as years as these
are based on annual IO accounts.

3 The equations of the model are described in detail in Appendix A.

4 The two-group assumption is made for narrative purposes. We expect the
general conclusions to hold broadly for further household disaggregations as
expenditure patterns are consistent with lower-income households consuming
proportionately more energy and energy-intensive goods as demonstrated in
Appendix B.
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with net incomes below €5000/ month. High-income households con-
sist of the remaining 25% of German households with net incomes
exceeding or equal to €5000/ month.> These groups are defined follow-
ing the convention used in the “Continuous household budget surveys”
available on the Federal Statistical Office website, Germany’s main
statistics collection agency (FSO, 2023b).

Each representative household maximises the discounted value of
time-separable utility functions following Devarajan and Go (1998) so
that:

Up =Y B} - up(Clh). @
=0

In (2), U, R® — R is the intertemporal utility function, u,
R, — R is the time-separable household utility function, C e R,
is households aggregate consumption h € (low, high) is set for the
two household groups low-income (low) and high-income (high) and
B € (0,1) is a Samuelson (1937) discount factor. The time path
of intertemporal consumption and savings is obtained by maximising
Eq. (2) subject to the households’ budget constraint (3).

I =uck, - KSf +w, - LS + 07 - Y M,,,, +TRy,. 3)

ene
Each household receives a capital income (K SH ) at rate (uck,), wage
(w,) income from labour (LS H ) and transfers frorn the government
(T'Ry,).° Crucially, only high-i -income households receive profits in the
form of dividends from energy firms. That is: ehig , = land ng =0.
Household gross income is taxed by the government at a constant
rate.

In each time period, households consume goods and services from
the 22 industries. This is represented using a Stone-Geary utility func-
tion (Stone, 1954; Geary, 1950) which captures the idea of sustenance
consumption of certain necessity goods including energy.” Similarly to
industries, households can either consume domestically produced good
or imported goods (Armington, 1969) as follows:

1

T v

pe; . 1-p!

H crl ¢ hiit i H

CDh 1Lt <l}, : ah,r,i : pd i > CTh it* (4)
rit

In Eq. (4), ThCJ. and aj,; are CES productivity and share parameters
respectively.® pV is a substitution parameter linked to the Armington
elasticity of substitution. CD}’f ;. and CTH I, are household A’s con-
sumption of good i from reglon r and the Armlngton consumption good
for household h sector i. pchi , is the Armington price of commodity i

for household h and pd, ;, is sector i’s sellers price in region r.
3.3. Government

The government receives income from households’ income taxes (7})
and taxes on production (T,.Ft ).

G’ =T+ ) 1k &)
i

This income (G,Y ) is either spent or saved. The government runs a
balanced budget in each period, consumes fixed shares of each sector’s
output (Leontief) and views domestic and foreign goods as imperfect
substitutes (Armington, 1969). The government’s saving rate is fixed
for simplicity.

5 The data used excludes households earning over €18,000, self-employed
households and homeless households.

¢ For simplicity, we assume that wages change proportionately in both
groups however, the initial labour endowment implies distinct wages across
the groups.

7 See equation A.14 in Appendix A for the functional form.

8 The region subscript is dropped for simplicity on the right-hand-side.
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Table 1

Sectoral aggregation and ISIC codes (UN, 2008).
Label Code
Agriculture, forestry and fishing A
Mining and quarrying B
Manufacture of coke and refined petroleum C.19
Manufacturing (excluding C.19) C
Electricity, gas, steam and air conditioning supply D
Water supply; sewerage, waste management and remediation E
activities
Construction F
Wholesale and retail trade; repair of motor vehicles and motorcycles G
Transportation and storage H
Accommodation and food service activities I
Information and communication J
Financial and insurance activities K
Real estate activities L
Professional, scientific and technical activities M
Administrative and support service activities N
Public administration and defence; compulsory social security (0]
Education P
Human health and social work activities Q
Arts, entertainment and recreation R
Other service activities S
Activities of households as employers; undifferentiated goods- and T
services...
Activities of extraterritorial organizations and bodies U

3.4. The labour market

Employment supply is fixed with a pool of unemployed workers. In
the short-run the nominal wage is assumed to be fixed. Following this,
a wage curve determines an inverse relationship between the real take
home wage and the unemployment rate (Blanchflower and Oswald,
1995).

4. Data
4.1. Social accounting matrices

The structural parameters for the model are based on the industry-
by-industry Figaro 2020 input-output tables (Eurostat, 2023b). These
are aggregated to 22 sectors as displayed in Table 1. The Figaro data is
supplemented by household saving rates and tax-to-GDP ratios for all
EU countries to form the baseline Social Accounting Matrices (SAM).
For the household savings rate, the 2020 “Gross household saving
rate” for “Households; non-profit institutions” series is used (Eurostat,
2023d). Finally, household tax rates are calculated using the “Total
receipts from taxes and social contributions” data (Eurostat, 2023e).

4.2. Households income disaggregation

In order to parameterise the consumption block of the model, the
Figaro dataset is disaggregated into the two households groups (‘low’
and ‘high’) by calculating shares of average gross income, net income,
aggregate consumption, sectoral consumption, employment income,
savings and taxes. These shares are used to separate the broad cate-
gories (e.g. gross income) into household-specific categories (e.g. gross
income for low-income households). Average gross income, net income,
aggregate consumption, employment income, savings,’ and taxes are
estimated using the 2021 “Continuous household budget survey” (FSO,
2023c). To estimate the low-income group shares, average values in
each income group are weighted by the extrapolated household weights
provided in the “Continuous household budget surveys” (FSO, 2023b).
As capital income is assumed to be proportional to savings in the model,

9 Savings are defined as net income minus private consumption expendi-
ture.
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Table 2
Household disaggregation based on FSO (2023c) and authors’ shares calculations; low
= low-income households, high = high-income households.

Type Group Low High
Gross 48.0% 52.0%
Capital 33.7% 66.3%
Income Labour 41.4% 58.6%
Profit 0.0% 100.0%
Transfers 70.5% 29.5%
Consumption 57.0% 43.0%
Expenditure Savings 34.2% 65.8%
Taxes 41.0% 59.0%
Other Population weight 74.3% 25.7%
Table 3

Production parameters; ¢/ = Armington (1969) elasticity, X = Elasticity of substitution
between capital and labour, K,,, = Initial capital demand by sector i. Households pa-
rameters; EIS = Elasticity of intertemporal substitution, y,ff, = Stone-Geary sustenance
parameter, CT” = = Sector i Armington good for household h.

hri0
Parameter Sector Value Source
Agriculture 2.7
Energy 2.9 .
v Zof; t al. (2020
% Manufacturing 1.7 ofio et al. ( )
Other sectors 2.2
ok All 0.3 Gechert et al. (2022)
Ener; 0.3-K,
Profit share 8y 70 Assumption
Non-energy 0
EIS: ¢, - 0.1 Yogo (2004)
H
Energy 09- CT}O({',V.A,O
S . ,SG 08-CTH .
ustenance: y; ", high,r,i.0 Assumption
o . H
Non-energy 08 CT’:}"-’v'?O
0.8- CTh:gh,r,t,O

the capital share equals the savings share. Assuming the profit rates and
profits shares in energy firms, government transfers to households then
act as a balancing element in the SAM. The key data used to define
household shares is displayed in Table 2.

For sectoral consumption, the 2021 “Continuous household budget
survey” is used (FSO, 2023a). The survey contains information on
consumption on eleven broad categories. These categories are not all
perfectly matched to the ISIC categories in the Figaro data. Therefore,
a matching procedure is used to provide information on expected
consumption by household and sector. When sectoral consumptions
cannot be matched, shares are estimated by removing matched cate-
gory quantities from aggregate private consumption expenditure. The
resulting shares then ensure that private consumption per household
group is the sum of sectoral consumption for each group. The matched
shares are presented in Appendix C.

4.3. Exogenous parameters

Four sets of behavioural parameters are imposed exogenously. These
are the Armington elasticity of substitution between domestic and
foreign goods (a‘.") (Armington, 1969), the elasticity of substitution
between capital and labour (o-iK ), the households’ elasticity of intertem-
poral substitution (EIS) and the Stone-Geary sustenance parameters
(y;if,.) (Stone, 1954; Geary, 1950). An additional assumption is made to
calibrate the initial markup on energy price for the oligopolistic model.

The parameter values are reported in Table 3. The assumed val-
ues for the Stone-Geary sustenance parameters are set to reflect the
fact that energy consumption is a necessity good especially for the
low-income group. Sensitivity analysis is conducted on all assumed
parameters.
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5. Fiscal policy simulation scenarios

To capture the impact of the initial energy price shock we introduce
an illustrative 200% increase in the price of imported energy in both
Germany and the rest of the European Union (REU). We call this
the no fiscal policies scenario (NFP). We then simulate five fiscal
policies iteratively based on (Sgaravatti et al., 2023) and summarised
in Table 4.

In all the fiscal policy scenarios the government attempts to mitigate
the increase in the energy price for one year using a subsidy z, for a
total cost of 0.2% of GDP. The policies differ depending on whether
they act through the industry energy price, household energy price
or households’ income, and on whether the direct recipients of the
subsidy are industries, all households, low-income households only or
both households and industries. The five policy scenarios are simulated
under two financing mechanisms as explained in Section 5.2. The
technical implementation of the five policies is discussed in the sections
below.

5.1. Modelling the policy scenarios

The production tax reduction (TR) policy is introduced according to
the following expression:

Ti}; :rl€=0~(l -7, - OFNE), (6)

In (6), z}, < 1 is the production tax rate in sector i at time 7,° TiPr=0 <lis
. . . Venesim0 +

the production tax rate in the baseline. 9FVE = Zene Venedi=0 s an) index

of the energy intermediate good cost V,,, ; .- to tota)ilir*zovenue X, for
each sector introduced to ensure that the government targets tax rate
reductions more towards energy-intensive sectors. In this scenario, 7, is
the endogenous tax rate reduction chosen based on the government’s
objective.

In the second fiscal policy scenario, the government introduces
an untargeted energy price subsidy (UPS) to all households. This is
modelled as a reduction to the price paid by households for energy.

cpf

hrit

T v

14 pe, . I-p

_ Cr c hiit i H

=\Fh' H “CTyre ™
pdyiy (=1, 6})

To simulate this, Eq. (7) amends (4) to include a dummy 9;1;. e [0,1]
which defines whether a household is eligible for a subsidy and whether
the sector is an energy sector. In the UPS scenario, all household groups
receive the price subsidy hence, Gfene = 1. In this scenario, 7, is the
percentage reduction in the household energy price chosen based on
the government’s objective.

In the targeted price subsidy (TPS) scenario we use the same expres-
sion used for the UPS (Eq. (7)) but set GZg pene = 0 and 0Il:w,ene =1so0
that the subsidy is only given to the low-income household group. In
both TPS and UPS, the calculation of the CPI is adjusted to include the
subsidised energy price.

The general energy price subsidy (GPS) is targeted to both firms
and all households. For households we use again (7) with 0;’0"8 = 1.
An analogous equation for firm consumption is then introduced by
amending (1) as follows:

1

pu; =
it ) . I/i,j.t' (8)

(-1, -097%)

Vv
_ [ wve | ARM
VR, j:= (!P[,j e vd

rit

10 In cases where the government subsidises sectors, the sign of 5N is
reversed such that the policy increases the subsidy.



G. Duparc-Portier and G. Figus

Energy Economics 130 (2024) 107284

Table 4

Summary of policy simulation scenarios.

Policy Acronym Channel Recipient

Tax reduction TR Industry energy price Industries

Untargeted price subsidy UPS Household energy price All households

Targeted price subsidy TPS Household energy price Lower income households
General price subsidy GPS Industry and household energy price All households and industries
Targeted income subsidy TIS Households’ income Lower income households

In (8), 075 is a dummy defining whether sector i is an energy sector
and 69FS =1 and 995 = 0. In the GPS, 7, is the percentage reduction
in the price of energy households and firms pay.
Zr,j pd,;; VRr,i,j,r (1= eiGPS)

Z/ I/i,j,t .
As pv;, is influenced by the price subsidy, the intermediate good price
index is modified to Eq. (9).

Additionally, we assume that z, is equal for both household and firm
subsidies. This ensures that the per unit energy price subsidy is identical
regardless of the energy consumer.

Finally, the targeted income subsidy (TIS) is introduced by supple-
menting the ‘low’ household group’s budget with an additional subsidy
as follows:

9

pui; =

1 = uck, - KSf +w, - LS+ 0/1 - Y 11, + TRy, + 0 - 4. 10)
1

Eq. (10) is an extension of Eq. (3) where 9;‘ is a dummy capturing
whether a household receives the income subsidy. €ﬁ)w = 1 and
04 , = 0. 4 € R, is the lump sum transfer sent to low-income
households in the period following the shock. As low-income house-
holds have high marginal utilities of consumption following unexpected
payments (Agarwal et al., 2007; Parker et al., 2013), we assume that
the marginal propensity to consume from the TIS is 1."

5.2. Financing the fiscal policies

To gather funds for the fiscal policies, we assume that the gov-
ernment has two options. First, it can borrow at an interest rate ir.
This is the risk-free interest rate assumed in the baseline. It is equal
to the user cost of capital minus the depreciation rate. Alternatively,
the government can use a combination of debt financing and a one-
time windfall tax on excess profits of the energy companies following
the shock to finance the expenditure side fiscal policies. Given that we
are interested in the welfare implications of the policies under the two
funding mechanisms we repeat the simulation of the five fiscal policies
under the two financing options.

5.2.1. Debt financing

For the debt-financed revenue side fiscal policy, the government
can borrow at ir during the first year following the shock and then
repay this in the following 25 years by running a balanced budget and
reducing spending.

Y _ F : G
Gl =T,+ ) T —ir-D¢ - B,
i

G _ nG
D’ =D, ~B
DG
=1
-Gt a»

Eq. (11) extends (5) to capture interest payments and debt repayments.
D,G € R, is the amount of additional debt accumulated by the govern-
ment in period 7. B, € R, is the yearly debt payment. dur € N, is the
number of periods the government will be repaying the debt and it is
set to 25 years.

11 We discuss the implications of this assumption in Section 7.

5.2.2. Windfall tax financing

The government can choose to accompany the debt financing with
a windfall tax on the excess profits of energy firms. In this case the
windfall tax revenue, 7Y, € R,, is added to the government’s budget
Eq. (11):

Gl =T,+ ) TN —ir-D - B+ T",. (12)
i

In Eq. (12), Tt'ﬁl € R, is the total amount of windfall tax revenue
collected in period 1.

T = Y RT oot = RT i) 72 as
ene

Windfall tax revenue is defined in Eq. (13) where rZIT € [0,1] is the

windfall tax rate set by the government on energy firms. The windfall

tax rate is set to 90% which is equal to the rate set in Germany for

electricity.'* Recall that this revenue is collected from high-income

households only.'?

5.3. Welfare

To compare the welfare implications of the five fiscal policies we
define intertemporal welfare as the discounted sum of intratemporal
welfare. This is done using a welfarist approach (Sen, 1970; Boadway
and Keen, 1999) whereby welfare is defined as the sum of households’
utility from the consumption of both private and public goods.

Ury= (=7 275 up(CH) + 7, - 0(G)). 14)
h

In Eq. (14), y, € (0,1] is a population weight for household group &
defined such that Y, y, = 1. v(G,) is the utility of public consumption
for both households. y, is the weight placed on public good utility
relative to private good utility. It is set equal to 0.42 in the baseline
following Schram and van Winden (1989).

6. Results
6.1. No fiscal policy scenario

Results from simulations are reported in Table 5 for the German
case.'* Following the 200% increase in the imported energy price, firms
and households decrease their purchases of foreign energy and increase
their demand for domestic and REU energy. This leads to crowding
out of domestic and European energy supply so that the energy price
increases by 23%.

Average household energy consumption decreases by close to 3%.
This is the result of a 2.9% increase in domestic demand and a 5.4% and
35.1% reduction in REU and rest of the world (ROW) demand respec-
tively. Industries increase their demand for domestic energy relative
to ROW and REU energy as well. Overall, however, production costs

12 This choice is made for narrative purposes and has no impact on the
stylised results of the paper.

13 We assume that energy companies are owned by domestic high-income
households only.

14 Results for the rest of EU as an aggregate are comparatively similar to the
German case, thus omitted for sake of brevity.
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Table 5

Short-run % deviations from baseline of key variables.
Variable % change
Consumer price index 2.7
Energy price index 23.0
Non-energy price index 0.5
Output —1.1
Energy output -2.5
Non-energy output -1.0

Table 6

Short-run % deviations from trend of household variables.

Category Low-income High-income
Consumer price index 2.76 2.55
Real household income -1.39 -1.15
Consumption -1.63 -0.72
Energy consumption —2.64 —4.57
Non-energy consumption —1.54 —0.47
Real household savings —-0.89 -1.53

increase and the demand for intermediate inputs, including energy,
falls.

Domestic energy firms face more pressure to satisfy domestic de-
mand both from households and from other firms. Sectors that are
highly reliant on energy imports from ROW such as manufacturing of
refined petroleum sharply increase their price by 59.1% whilst reducing
output by 11.5%. On the other hand, mining and quarrying, which
has a more domestic supply chain, increases both output and prices
by 68.8% and 58.4% respectively.

With higher domestic production costs, firms in most non-energy
sectors decrease their demand for capital and labour. Hence, on aggre-
gate output falls by 1.1%. Simultaneously, the consumer price index
increases by 3.2% overall, mainly driven by energy price inflation.
This has significant implications for households’ income and purchasing
power.

The adverse aggregate consequences are not distributed evenly
across household income groups as it has also been found by Celasun
et al. (2022), Guan et al. (2023), Perdana et al. (2022) and Turner et al.
(2022) amongst others. This is for two reasons. Firstly, low-income
households spend a higher proportion of their income on energy and
are closer to their sustenance levels of energy consumption so that
energy consumption falls only by 2.64% depleting their disposable in-
come for non-energy consumption. In contrast, high-income households
are much further away from their sustenance levels and are able to
reduce energy consumption by 4.57%. This asymmetric response across
household types means that low-income households have less dispos-
able income for non-energy consumption than high-income households
(see Table 6).

Secondly, high-income households reap the benefits of a 14.8%
increase in energy firm profits. Payments of energy firm dividends to
high-income households partly mitigate the reduction in gross income
of high-income households which falls by 1.15% compared with the
average household income reduction of 1.27%. Low-income households
do not own shares in the energy companies and thus receive no benefits
from the increasing profits. Hence, their income falls by 1.39%.

Overall, in the absence of a fiscal policy intervention, gross out-
put falls whilst prices rise, a result consistent with other recent pa-
pers (Celasun et al., 2022; Guan et al.,, 2023; Perdana et al., 2022;
Turner et al., 2022) and empirical observations (Eurostat, 2023a,c).

6.2. Debt financed policies
Following the energy shock, as discussed in Section 5, the govern-

ment may choose to implement one of the following five fiscal policies:
energy tax reduction (TR), untargeted and targeted price subsidies
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(UPS, TPS), general price subsidies (GPS) and targeted income subsidies
(TIS).

Results from the simulated policies are summarised in Fig. 1 for the
debt-financed case.

We begin by discussing the impact of the five policies on aggregate
output and CPI. As can be seen from panel a, Fig. 1, the TR generates
the greatest output recovery. In fact, in this scenario output recovers
by 17.7% of the distance between the pre-shock equilibrium and the no
fiscal policy scenario. The next closest aggregate output recovery is by
4.0% for the GPS. Both policies reduce the marginal cost of production
by lowering energy costs proportionately to the pre-shock intermediate
energy use. This stimulates demand and leads to a recovery in output.
The recovery is greater in the TR since this policy targets industries only
whereas the GPS targets both industries and households. Interestingly,
the output recovery of energy industries is greater for the GPS as can be
seen in panel b, Fig. 1. This is driven by the fact that both industries
and households benefit from reduced energy prices both directly and
indirectly in terms of energy embodied in production.

The policies targeted directly at households (UPS, TPS and TIS)
slightly exacerbate the contraction in output compared to the no fis-
cal policy (NFP) scenario. This is explained by domestic households
crowding out domestic energy and non-energy markets. Specifically,
as households pay lower prices for energy compared to firms, more
energy and non-energy goods are consumed as final demand rather
than purchased as intermediate inputs. This puts upward pressure on
energy prices and exacerbates the negative impact of the initial energy
price shock.

All policies reduce the CPI, compared with no fiscal policy. UPS,
TPS and TIS reduce the CPI by approximately 1.5 pp. Recall that these
policies reduce directly the price of energy paid by households. The
GPS reduce the CPI by over 0.6 pp by simultaneously targeting the
households and industry energy price. The least disinflationary policy
is the TR which achieves a reduction in inflation slightly under 0.1 pp
but does not target households directly.

The aggregate output and CPI results would suggest that acting
through the households’ energy price is more effective at reducing the
CPI whereas targeting the industry energy price achieves a greater re-
covery, with GPS achieving a good combination of both. If governments
were not concerned about distributional impacts they may prefer GPS
as it achieves a balanced outcome. However, a closer inspection of
distributional impacts reveals a partly different story.

Panel c, Fig. 1 presents real income by household group for each
of the policies. The only policy that fully reverses the regressive effects
of the initial energy shock is the TIS. This is since, unlike the price
subsidies, this policy acts through income rather than the price of
energy. As a result, although its effects on consumption are comparable
to the TPS, its implications for real household income are very different.
All policies except the TIS do little to address real income inequality.
This is because none are designed to work through household incomes.
Thus, the initial regressive effects on real household incomes of the
energy price shock are mitigated but not reversed by the TR, UPS, TPS
and GPS.

Panel d, Fig. 1 summarises the short-run aggregate consumption
by household group under each of the policies. The TR has relatively
weak effects and only increases consumption by around 0.35 pp for
both household groups. The GPS also has a relatively weak effect on
consumption, and although it does not reverse the initial regressive out-
come of the energy price shock it achieves a more progressive outcome
than the TR. The UPS leads to much stronger consumption recoveries
in both groups as consumption increases by around 0.5 and 1.5 pp
respectively in the high-income and low-income consumption groups
under both forms of financing. Despite the fact that the UPS is not
targeted at low-income households, it entirely reverses the short-run
regressive effect of the initial energy shock.

As is expected, the low-income household targeted policies have
much greater redistributive effects on consumption than the untargeted
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Fig. 1. Short-run % deviations from a no-shock baseline for debt-financed policies; NFP = no fiscal policy, TR = firm tax reduction, UPS = untargeted price subsidy, TPS = targeted

price subsidy, GPS = general price subsidy, TIS = targeted income subsidy.

policies. Indeed both the TPS and TIS fully reverse the regressive effects
of the energy shock driving low-income households’ consumption up
by close to 3 pp relative to a no shock baseline whilst reducing high-
income households’ consumption by over 4 pp relative to a no shock
baseline. This result demonstrates the effectiveness of these targeted
policies at redistributing the losses from the energy shock. It also shows
that this may lead to excessive redistribution towards the lower income
households.

6.3. Windfall tax financed policies

In the windfall tax scenarios, between 18% and 21% of the funding
for the five policies is financed by windfall taxes.'® Fig. 2 presents the
results from the scenarios.

The aggregate results of the purely debt-financed and partially
windfall tax financed policies are very similar. In facts, the ranking
of the policies in terms of impacts on output, CPI and redistribution
are unchanged. The impact of the policies on output recovery and CPI
is marginally smaller when the policies are financed by both windfall
taxes and debt. Differences in household outcomes are more notice-
able. Real household income of high-income households decreases by
between 0.08 and 0.09 pp compared with purely debt-financed policies
whereas that of low-income households decreases by less than 0.01 pp.
Consumption of high-income households also falls proportionally more
than that of low-income households. This is consistent with the fact
that the windfall tax directly redistributes income from high-income
households to low-income households.

15 Profits are endogenous and depend on energy sales but they are taxed at
a fixed rate. For this reason the actual amount of tax funded policies varies
depending on the policy.

Crucially, windfall taxation has relevant consequences for long-
run impacts given that it is both an intertemporal and intratemporal
redistributive policy whereas pure debt financing is an intertemporal
redistributive policy exclusively. We discuss this more in detail in the
following section.

6.4. Welfare

To allow for a comparison of the policies that takes into account
both the short-run benefits of the policies and the intertemporal costs
through debt repayments and the effects of the policies we calcu-
late welfare for all the policies according to expression (14). This is
presented in Fig. 3.°

From the figure, it is clear that the TIS and TPS are the best
policies given the welfare definition. This is expected as these policies
drive larger consumption redistributions. Since the marginal utility of
consumption of low-income households is higher than that of high-
income households, the redistributive policies lead to large increases
in welfare. The UPS improves welfare by around 65% compared to the
no fiscal policy scenario and the TIS under debt financing. This welfare
improvement is relatively strong given that the UPS has no direct
redistributive effects. In comparison, the GPS and TR lead to a 23%
increase and a —0.5% decrease in welfare under debt financing. This
result suggests that these policies are relatively ineffective at supporting
households during energy shocks.

Importantly, whilst the ranking of the policies is identical, welfare
is improved for all policies if windfall taxes are employed as long as
the relative weight on the public good y; > 0.14, as presented in
Table 7. The reasons for this are two-fold. First, windfall taxation leads

16 Welfare is normalised such that no fiscal policy is equal to 0 and the best
policy equals 1.
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to a direct redistribution of resources under all policies. As a result,
regressive effects are counteracted under windfall taxation. Second, the
financing collected through windfall taxation has no intertemporal cost
to the government. Thus the government will need to repay a smaller
debt and can afford a higher public good provision in the following
periods. This implies that, as long as households value the provision
of public goods sufficiently and even when the interest rate on debt is
low, windfall taxation is preferable to debt financing.

7. Summary and sensitivity analysis
We summarise the key results of our simulation in Table 8 and

the rank of the policies to show their effectiveness at increasing gross
output, reducing the CPI, improving consumption distribution and

Table 7

Critical value of the government weight parameter in Welfare function.
Policy Debt Indifferent Windfall tax

preferred preferred

Tax reduction (TR) 7, <0.13 7, =0.13 7g > 0.13
Untargeted price subsidy (UPS) 7 <0.14 7, =0.14 ¥, > 0.14
Targeted price subsidy (TPS) 7, <0.14 7, =0.14 7, > 0.14
General price subsidy (GPS) 7, <0.13 7, =0.13 7g > 0.13
Targeted income subsidy (TIS) ¥, <0.14 7, =0.14 7, > 0.14

Table 8

Rank of the policies for each target compared to no policy scenario.
Policy Output CPI Distribution Welfare
Tax reduction (TR) 1 5 5 5
Untargeted price subsidy (UPS) 3 3 3 3
Targeted price subsidy (TPS) 4 2 2 2
General price subsidy (GPS) 2 4 4 4
Targeted income subsidy (TIS) 5 1 1 1

increasing welfare compared to a situation where no fiscal policies are
implemented.

The second column in Table 8 shows that supply-side policies that
affect the industry energy price directly (tax reductions and general
price subsidies) are more effective at mitigating output losses. Energy
firms in Germany are relatively upstream'” and the reduction in cost of
energy used in production driven by the supply side policies is passed
more to the other industries than to consumers. On the other hand, the

17 We have calculated the upstreamness index according to Antras et al.
(2012). Out of 22 aggregated industries Coke and refined petroleum, Elec-
tricity, gas stream and air conditioning supply have the 12th, 17th and 22nd
highest upstreamness respectively.
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third column in Table 8 shows that demand-side policies (untargeted
price subsidy, targeted price subsidy and targeted income subsidy) are
more effective at lowering the CPI. We also note that the CPI ranking
is the reverse of the output ranking for all policies. Thus, although
all policies reduce the CPI compared to a situation where no policies
are implemented, the increase in output acts in the opposite direction.
Hence, in the central case, demand-side policies reduce CPI more than
supply-side policies.

The fourth and fifth columns in Table 8 show that the policies
targeted at low-income households counteract adverse consumption
distribution effects most effectively and improve long-run welfare out-
comes more than all other policies. Although TISs are ranked first for
distributional and welfare outcomes, the effectiveness of these policies
is dependent on a high marginal propensity to consume out of the
unexpected subsidy. Finally, the rankings are unaffected by whether the
policies are purely financed by government debt or by a combination
of government debt and windfall taxation.

We test the sensitivity of our results to the assumed values for
the Stone-Geary sustenance parameter and the profit share for energy
industries reported in Table 3. For the Stone-Geary parameter, we
explore the limiting case where the sustenance parameter is set to
0 for all households'® and the case where the intra-temporal utility
function is a Leontief.!” When the sustenance parameter is set to O for
all households the utility function reduces to a Cobb-Douglas which
implies an elasticity of substitution of 1. In this case, the demand-side
policies become more expansionary than the supply-side policies and
therefore less effective at lowering the CPI. With a high elasticity of
substitution and no constraint to maintain a sustenance level of energy
consumption, households substitute energy with non-energy goods and
this drives a strong recovery for non-energy industries. It is important
to note that such high elasticity is unlikely to be realistic in the short
run, especially for low-income households. Despite this, the ranking of
the policies in terms of distributional outcome and welfare is unaffected
by the change in this parameter. Setting the utility function to Leontief
implies an elasticity of substitution of 0. In this case, none of the
rankings change.

To test the sensitivity of our results to the initial value of profit
shares we test the consistency of the results under higher and lower
profit shares. As can be seen from the results presented in the ap-
pendix,?® this has no impact on the rankings. However, we note that
the welfare impacts of windfall taxation are positively related to the
size of the initial profit share.

Finally, in our modelling of debt policies, we assumed that govern-
ments borrow at a riskless rate. Under higher sovereign default risks,
we may expect interest rates on government debt to increase. Thus, we
expect that the windfall tax will become relatively more attractive the
higher the initial sovereign default risk is.

8. Conclusion

In this paper, we assess the short-run aggregate and distributional
implications as well as the long-run welfare effects of a set of fiscal poli-
cies used to respond to energy price shocks. A 2-region dynamic CGE
model is used to capture the impact of these policies using Germany
as an illustrative example. A shock to the price of imported energy
is introduced and the government is assumed to have a fixed budget
available for all policies aimed at counteracting this initial shock. This
budget could be financed through debt or a combination of debt and
windfall taxation.

Using this model, we find that targeted policies such as targeted
income subsidies (TIS) and targeted price subsidies (TPS) best address

18 Implying a Cobb-Douglas intra-temporal utility function.
19 See full results in figures D.5 and D.6.
20 See figures D.8 and D.9 for results under lower and higher profit rates.
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inflation, distributional and long-run welfare outcomes. Indeed, TIS
and TPS entirely reversed the regressive effects of the initial energy
shock and increased long-run welfare much more than the general price
subsidy (GPS), untargeted price subsidy (UPS) and tax reduction (TR).
Although the TIS and TPS counteract the regressive effects of the energy
shock effectively, these have crowding out effects on output due to the
additional pressure that households demand puts on domestic energy
industries. Supply-side policies such as GPS and TR are less effective
at reducing the consumer price index and achieve a lower welfare.
However, these policies are more effective in reversing output losses.

Importantly, the ranking of policies does not change when windfall
tax financing is introduced. However, with windfall taxation welfare
is improved as long as households care sufficiently about public good
provision or interest rates on debt are not risk-free and this is achieved
with a relatively small cost on aggregate output. This result holds even
when government debt is riskless and when consumers value public
good provision very little. The fact that the aggregate output impacts
and inflationary impacts are only slightly lower under windfall taxation
implies that the redistribution has expansionary effects itself as lower-
income households have a higher marginal propensity to consume than
high-income households.

From a policy perspective, if governments are concerned about
output recovery, supply-side policies such as TR and GPS should be
preferred. A combination of such policies should provide the govern-
ment’s desired output inflation trade-off. However, if the priority is
income equality and welfare, demand-side policies should be preferred.
Targeted policies are especially effective as with relatively low debt
and or windfall tax financing, these can entirely reverse the regressive
effects of energy shocks.?! These should however be carefully chosen
so as not to crowd out the consumption of non-targeted groups.

If possible, governments could also use windfall tax financing to
supplement their budgets as this is welfare-enhancing for all policies
considered as long as households value public good provision a bit.
Even in the absence of public good utility, windfall taxation may be
preferred if governments pay more than a riskless rate on debt and/or
if energy firm profits are owned by foreign households.

Results presented in this paper provide a starting point for gov-
ernments of countries with similar dependence on imported energy.
However, economic structure may play an important role in defining
what policies are ultimately better for any specific country. The meth-
ods derived in this model are directly applicable to other countries
provided that similar data is available. Future research should consider
the replication of this analysis using a different set of countries to
consider the extent to which economic structure drives the impact of
the fiscal policies. Further research may also consider comparing the
environmental implications of the policies.
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