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Introduction
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"The challenge at the heart of the EU’s green transition is how we can bring (...)
benefits to all as quickly and as fairly as possible.” J

European Commission, 2021
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Introduction
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Research Question:
@ What are the distributional consequences of the Net-zero emissions policy and which role
plays the fiscal redistribution?
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Introduction Literature Model
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Motivation
The objectives of the European Green deal are:

@ no net emissions of greenhouse gases by 2050 :
@ no person and no place left behind;
But...

@ transition to a Net Zero economy could resemble a permanent inflationary (or deflationary?)
markup-shock = policy intervention needed to avoid regressive distributional effects;

@ wealth-poor households unable to smooth consumption through savings, the larger the
variation of wage income, the stronger the variability of their consumption;

@ carbon revenues can be used to offset detrimental effects = subsidies and transfers (Energy
and Climate Fund, Social Climate Fund).
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Who would pay the highest costs?

The transition can have regressive distributional effects:
@ it raises goods prices (price effect);
@ it alters the return to capital and labor (income effect);
@ it affects the asset values (wealth effect).

High-carbon intensive sectors take a higher share of low-income households’ expenditure.

’IWH’
-

Alessandro Sardone (IWH) Net Zero 29.11.2024 5/42



Introduction Literature Model
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Preview

@ Carbon tax shock leads to an increase in energy inflation and labor supply;
@ redistributing carbon tax revenues to hh reduce income and consumption inequality;

@ in perfect foresight, rational agents learn about trajectory of the tax and anticipate fall in
income: demand effect prevails, the policy becomes deflationary;
@ households transfers and firms subsidies reduce income inequality (but not always
consumption inequality);
Additional:
@ if only energy sector subject to emission reduction scheme, energy price increases
permanently;

@ exogenous green growth reduces output fall; expectation errors add noise but dynamics don’t
change.
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Literature Simulation
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Literature

@ Macroeconomic effects of environmental policies:
» Kénzig and Konradt (2023) and Metcalf and Stock (2023);
@ Distributional effects of carbon tax shocks:
» Berthold et al. (2023), Eurofound (2021), Kanzig (2023), Metcalf (2019), and Zachmann et al.
(2018);
@ TANK and E-DSGE model :
> Bilbiie (2008);
» Annicchiarico and Di Dio (2015, 2017), Carattini et al. (2023), Ferrari and Nispi Landi (2023), and
Heutel (2012).
Contribution: E-DSGE for distributional issue; long-run analysis of transition to net zero economy
in a general equilibrium framework, comparison of different carbon tax revenues redistribution
schemes in terms of inequality. Add: compare diff expectation formation processes. ‘.,w,_ﬂ
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Two-agents E-DGE: Model Overview
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Simulation
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IRF: Temporary Carbon Tax Shock
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Simulation

[e] Je]e]

IRF: Temporary Carbon Tax Shock
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Simulation
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The Net Zero Policy: Transition Dynamic
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Simulation
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Labor Supply and Inequality Measures, Transition Dynamics
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Literature Model Conclusion
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Conclusion

@ Carbon tax shock: temporary increase in energy inflation; lasting slump in production and
consumption;

@ redistributing carbon tax revenues to HM reduces income and consumption inequality (only
temporary); but it's the most detrimental to output and inflation;

@ in perfect foresight, rational agents learn about the full trajectory of the tax and anticipate fall in
income: demand effect prevails and soon the policy becomes deflationary;

@ only HM transfers reduce (temporary) income and consumption inequality;

@ other redistribution schemes (firms subsidies in particular) have little to no effect on income
and negative on consumption inequality.
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Appendix
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Households: "Hand-to-mouth” vs "savers”

Utility maximization problem: maximize w.r.t consumption and labor, s.t. budget balance and law of
motion of capital:

1—c 1+
u (X ht) = e T " Lt where j={HM,S} (1)
o 1= ¢ 1T+ ’
HM budget:
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Households’ consumption basket

CES basket: final good and energy consumption:

€

1 et 1 Cg 1
Xjt = {’Yf Gt + (1 _’Yi)eEj,t ‘ ] (4)
Demand:
1 —€
Cit= — X, 5
it = (pj,t> b ()
E —€
Ee=(1-) (&) X t (6)
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Non-energy producers

Final good production:

Sy
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yi(i) = TFP; [Ufy (VA(N) & +(1 —v)¥ (AE,tEyJ(I)) 37 ] , (7)

where VA(i) = Ay (i) (ky o1 (D) (he(7)' ™ with <1 (8)

and  TFP(i) = (1 - D(esyt)) 9)

Profit function:
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Energy Firms

Energy good E; is a CES aggregator combining renewable and non-renewable energy:

x—1 x—1

E = {y; (EF)T+(1 T (EP) : ]w (11)

Demand functions for the two energy products are:
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Simulation Conclusic Appendix
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Energy producers

Non-renewable Energy production:

A (/P)ME,

s.t. n?P

02
D =D D ,D D D D kD

Non-renewable energy firms face a trade-off between paying an environmental tax on their
polluting emissions or sacrifice a share of their output to abate emissions.
Renewable Energy production:

B = A% (kS,) " (19)

st ngé pPES — (wi — TS)IE — rfkE
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Simulation Conclusion Appendix

Climate Module and Redistribution scheme

@ The climate module describes the interconnection between
» Final good y;, non-renewable energy production EP
» Emissions &/'F
» Abatement effort g(u!’F)

of = (1—u) ), ef = (1—uf) e (EP) (16)
g (€)= 0r ()", wEeo (17)

@ Carbon tax revenues are redistributed to households (transfers) or Green energy firms
(capital/labor subsidies):

T+ T+ TS+ T =1/el + 1P (18)
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Market clearing
Capital market:

Ki—1 = (kY:+¢h + kp} O kG:+¢h) o (19)
Labor market:
(R EY e T Al (1 - Al (20)
Energy market:
E =E +E (21)
Aggregate consumption:
Xt = Dxpm,t + (1 — A)Xs,t (22).,
giwH

< Calibration < back
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Calibration

Table: Model parameters

Parameter Description Value Source

Households

B Discount factor 0.995 Drygalla et al. (2018)

wc Inverse elasticity of intertemporal sub. 1.5 -

@) Inverse Frisch elasticity 1.5 -

®h Inverse elasticity of labor sub. between sectors 1.5 -

€HM Elasticity of subs energy/non-energy good, HM 0.05 Kénzig (2023)

€s Elasticity of subs energy/non-energy good, S 0.275 -

YHM Distribution parameter HM 0.0543 Energy share wpyy = 7.6%, EU-SILC
Ys Distribution parameter S 0.0455 Energy share wg = 5.9%, EU-SILC
b Investment adjustment cost 4 Standard value

A Share of HM households 40% =

Firms

gy Elasticity of sub. between VA and energy {0.02,0.38} Hassler et al. (2021), van der Werf (2008)
13 Elasticity of sub. between intermediate goods 6 Standard value

e Share of capital in value added 13 Eurostat

1—wv Share of energy in non-energy production 0.09 -

bp Price adjustment cost 58.2524 Implied from Ascari and Rossi (2012)
X Elasticity of sub. between energy sources 10 Hassler et al. (2021)

L Weight of renewable energy 0.20 Eurostat

v Weighting parameter of renewable energy 0.1 Implied from «

afp Share of capital in energy production 2/3 -

Qec Share of energy used for consumption by HH 28% -

Qe Energy sector share of total emissions 30% -
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Calibration

Table: Model parameters

Parameter Description Value Source
Environment

YD Energy sector emissions intensity 0.6058 Implied from Qg
Yy Non-energy sector emissions intensity 0.1196 Implied from Qg
dy Damage function constant -0.0076 Gibson and Heutel (2023)
dq Damage function linear parameter 8.1e-6 -

do Damage function quadratic parameter 1.05e-8 -

04 Abatement cost function coefficient 0.074 -

) Abatement cost function exponent 2.6 -

n Pollution decay rate 0.9965 Allen et al. (2018)
Other

oS Mon. pol. response to inflation 1.5 Standard value
om Monetary policy inertia 0.9 =
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Electricity, Gas and Other Fuels Consumption Expenditure by
Income Quintile, EU-27, %

Sources: Eurostat, EU-SILC
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EU CO, Emissions Projections and EU Targets, % of 1990
Sources: European Environment Agency (EEA), 2024
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ETS Spot Price, e/metric Tonne, 2010-2025
Sources: Datastream. Available: LSEG Workspace
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IRF:Temporary Carbon Tax Shock cont.
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Energy Prices, Transition Dynamics cont.
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Labor, Capital and Emissions, Transition Dynamics cont.
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Transition Dynamics with Expectation Errors
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Labor Supply and Inequality Measures, Transition Dynamics with
Expectation Errors
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Energy Prices, Transition Dynamics with Expectation Errors
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Labor, Capital and Emissions, Transition Dynamics with Expectation

Errors
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Transition Dynamics with Exogenous Green Growth
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Labor Supply and Inequality Measures, Transition Dynamics with
Exogenous Green Growth
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Energy Prices, Transition Dynamics with Exogenous Green Growth
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Labor, Capital and Emissions, Transition Dynamics with Exogenous
Green Growth

Labor Green sector Labor Dirty sector Labor non-energy sector

300 0 2 A
20 1
200 7
4 40 0
100
-60 —— ] 1
0 -80 2
2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070
Year Year Year
250 Capital Green sector o Capital Dirty sector Capital non-energy sector
0
200 2 2
150 4 4
40 s
100
8
60
50 T~ -10 3
0 -80
2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070
Year Year Year
Capital interest rate . Real wage 0 Emissions
>
0 N 20
s .
2 . 40
v
4 \ 60
10 ~
6 S, -80

8 15 -100
2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070
Year Year Year

[——Equal Policy —— HM Policy ===-G Policy = = Y Policy |

Alessandro Sardone (IWH) t Zero 29.11.2024 38/42




Appendix

0000000000000V e000

Transition Dynamics with Energy Carbon Tax only
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Labor Supply and Inequality Measures, Transition Dynamics with
Energy Carbon Tax only
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Energy Prices, Transition Dynamics with Energy Carbon Tax only
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Labor, Capital and Emissions, Transition Dynamics with Energy
Carbon Tax only
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