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ABSTRACT

The climate transition has long been considered as a long-term challenge, and the tools used to
analyse it have been long-term models. At short- to medium-term horizons, forecasting models
generally focus on demand effects of such a shock through the purchasing power of houscholds. In
this paper, we bridge the gap between these two approaches in order to study the effect of the Fit-
for-55 package of the European Commission on the French economy by 2030, using an energy-
augmented two-sector real model, FR-GREEN, as a source of shocks for the nominal forecasting
model FR-BDF. We show that the benefit of reducing emissions implies some macro costs during
the transition. In the short run, inflation increases substantially because of the direct effect of taxes
levied on households. In the medium run, most of the total impact on output and inflation is due to
large real supply effects from FR-GREEN. These supply effects come from a loss of apparent
productivity implied by the transition from brown to green technologies, in the absence of any
favourable assumption regarding technological progress potentially driven by the transition.
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NON-TECHNICAL SUMMARY

The paper addresses a significant challenge: understanding the economic effects of the climate
transition induced by government policy, not only in the distant future, but also in the next few years.
Historically, the climate transition has been treated as a long-term issue, with economic models
focusing either on far-off outcomes or short-term factors like its impact on purchasing power and
consumer spending. But these separate approaches miss the joint impact of the low-carbon transition
on the economy in the medium- and long-run.

To bridge this gap, we combine two types of economic models: a new real micro-founded general
equilibrium model called FR-GREEN that looks at how different types of energy (clean vs. dirty)
and technological choices affect the economy; and a more detailed nominal forecasting model for
France called FR-BDF, in the spirit of the FRB/US model of the Federal Reserve Board, that
accounts for short-term dynamics like inflation and demand. Using this approach, we assess the
impact in France by 2030 of the Fit-for-55 package, modelled as a carbon tax. We enrich this tax
scenario in FR-BDF with shocks on total factor productivity (TFP) and on the share of consumption
devoted to fossil fuel energy obtained from a simulation of FR-GREEN and intended to capture
channels missing in FR-BDF, i.e. the usage of energy as an input by firms, reallocation of production
across sectors and composition effects within consumption.

We find four key results (see Figure 1):

e The shift from fossil fuels to green energy technologies leads to lower supply of output. In
a model where these energies are not modelled explicitly, this corresponds to an apparent
productivity loss during the transition, in the absence of any favourable assumption regarding
technological progress potentially driven by the transition.

e  Carbon taxes raise inflation in the short run, peaking at around 0.5 percentage points higher,
at first due to the direct effect of these taxes on final consumer prices and afterward mostly
due to supply effects related to higher energy costs for firms.

e Total output falls, by about 1.0% by 2030, primarily due to supply-side disruption as
industries adjust to cleaner technologies.

e These results depend on the response of monetary policy. Keeping real interest rates
constant, as assumed in the baseline scenario, leads to a moderate inflation surge and output
losses. By worsening output losses, a more aggressive monetary response could limit inflation
in the medium run, in line with the Phillips curve mechanisms embedded in the model.

This paper provides a more complete picture of how transition policies can ripple through the
economy. It shows that while such policies are necessary to fight climate change, they can have
substantial economic effects that policymakers must prepare for.

Figure 1. Simulated output level and inflation in a combined approach based on FR-BDF
and FR-GREEN following carbon tax shocks, under constant fiscal and monetary policies
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Combler le fossé dans 1'analyse
macroéconomique de la transition
énergétique : combiner les approches a
moyen et a long terme

RESUME

La transition climatique a longtemps été considérée comme un défi de long terme, analysé
en utilisant principalement des modéles de long terme. A court et moyen terme, les
modeles de prévision se concentrent généralement sur les effets d’un tel choc sur la
demande, notamment a travers le pouvoir d'achat des ménages. Cet article comble le fossé
entre ces deux approches en utilisant un modele réel d'équilibre général a deux secteurs
augmenté par I'énergie, FR-GREEN, comme source de chocs pour le modéle nominal de
prévision FR-BDF. Nous appliquons cette approche pour étudier les effets du paquet Fit-
for-55 sur I’économie francaise a horizon 2030. Nous montrons que les bénéfices de
réduire les émissions impliquent des colts macroéconomiques. Les résultats indiquent que
l'inflation augmente substanticllement a court terme en raison de l'effet direct des taxes
imposées aux ménages. A moyen terme, la majeure partie de l'impact total sur la
production et l'inflation est due a d’importants effets d'offre issus de FR-GREEN. Ces
effets d'offre proviennent notamment d'une perte de productivité apparente générée par
la transition des technologies brunes vers les technologies vertes, en I’absence d’hypothese
favorable de progres technique potentiellement induit par la transition.

Mots-clés : énergie, climat, transition, taxe carbone, équilibre général
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1 Introduction

Climate change has long been seen as a long-term issue that does not impact the short-term
economic performance nor the engines of growth (e.g. education, technology, institutions).
However, as pointed out in Pisani-Ferry (2021), climate policy is macroeconomic policy: any
policy capable of affecting climate change will also have notable macroeconomic effects beyond
the energy sector due to e.g. the enormous need for re-investment in both firm capital and
household durables. The longer we wait to implement ambitious environmental policies, the
more massive the impact of these policies will be, especially in the short run.

This extra investment will come at a cost, with fewer resources available for other uses,
particularly consumption. In the presence of price rigidities, this additional demand may result
in higher inflation. Furthermore, some of the existing capital stock cannot be converted or
upgraded to operate with low carbon emissions and might remain unused, turning into stranded
assets. This obsolescence may affect both firms and households directly through their stocks
of capital and durable goods (e.g. housing and vehicles), leaving them with lower wealth levels
and pushing demand down. Finally, labour market disruption may occur as some workers’
occupations vanish and their skills become obsolete.

Thus, the energy transition is first and foremost a macroeconomic problem, as emphasized
by Schubert (2017). More precisely, in examining the role of environmental issues in macroe-
conomic research, she highlights the distinction between short-term and long-term approaches.
She emphasizes that environmental considerations are largely absent from short-term macroe-
conomics. When they are addressed, the primary focus has been on the macroeconomic effects
of oil price shocks and energy price fluctuations (Kim and Loungani, 1992; Bodenstein et al.,
2011). More recently, a small body of literature has emerged exploring the short-term costs
of environmental policies, particularly carbon taxes and cap-and-trade systems (Heutel, 2012;
Annicchiarico and Di Dio, 2015a).

In contrast, long-term macroeconomic models have partially integrated environmental fac-
tors. Early growth models, such as those of Solow (1956) and Ramsey (1928), ignored environ-
mental constraints. The integration of natural resources into growth theory began in the 1970s
following the oil crises (Dasgupta and Heal, 1974; Stiglitz, 1974). More recent studies focus on
the transition to a low-carbon economy and the conditions under which green growth can be
achieved (Acemoglu et al., 2012a; Smulders et al., 2014).

From a medium- to long-term perspective, Integrated Assessment Models (IAMs) have been
developed to couple economic and climate models, helping policymakers assess the impact of
climate policies. The seminal DICE model by Nordhaus (1991, 1994, 2008) remains influential.
However, IAMs have faced criticism for their assumptions and limitations (Pindyck, 2013, 2017).
In parallel, dynamic stochastic general equilibrium (DSGE) and real business cycle (RBC) mod-
els have increasingly incorporated environmental factors to evaluate the macroeconomic effects
of carbon pricing and other environmental policies (Fischer and Springborn, 2011; Dissou and
Karnizova, 2016). For France, Henriet et al. (2014) have developed a DSGE model in which
energy is explicitly considered as a factor of production.

On the short-term side, semi-structural models are widely regarded as effective tools for

short- to medium-term forecasting, as they rely on empirical relationships and are less dependent



on detailed structural assumptions. However, they are not well-suited for studying long-term
dynamics such as the energy transition. This limitation arises because semi-structural models
typically lack explicit representations of the energy sector on the supply side and fail to capture
key complementarities between capital, labour, and energy.

The approach proposed here seeks to bridge the gap between short term and medium term
approaches by leveraging the strengths of a semi-structural nominal model for inflation forecast-
ing while incorporating insights on the macroeconomic effects of the energy transition from a
real DSGE model. More precisely, we introduce a total factor productivity (TFP) wedge into
the production function that forms the real core of a semi-structural model and a time-varying
share of consumption devoted to fossil fuel energy into the basket used for defining consumption
prices of households. This wedge and this share, derived from a structural real DSGE model with
explicit energy-sector dynamics, serve as proxies for the structural changes associated with the
energy transition, allowing us to analyse its macroeconomic implications within a semi-structural
nominal framework.

First, the dynamics of the transition and the macroeconomic consequences of climate change
policies are computed at the business-cycle frequency through a novel macroeconomic model, the
FRance General-Equilibrium Energy-augmented model (FR-GREEN). Recent papers analyzing
the optimality of climate policy are typically built such that there is no explicit transition in
terms of adapting production and consumption technologies, as for instance firm capital stock
is assumed homogeneous irrespective of how polluting its use is and emissions are assumed to
depend only on the level of output and abatement effort.! Thus the transition in these models
is in fact typically just from one level of production and emissions to the other, so that the
macroeconomic consequences materialize primarily in the form of cost of abatement.

To accurately capture the costs of transitioning to a sustainable economy, a model must in-
corporate real rigidities that prevent the seamless conversion of high-emission (“brown”) capital
and durable goods into their low-emission (“green”) counterparts without additional costs. A
conceptually straightforward way to introduce these features is by assuming capital and durable
goods heterogeneity—explicitly distinguishing between brown and green types—along with in-
vestment irreversibility. That is, firms and households cannot simply liquidate stranded brown
capital to reinvest in new green capital without incurring substantial costs. The FR-GREEN
model, a real DSGE model calibrated for France, incorporates these essential characteristics.
Specifically, it differentiates between two types of firm capital and household durables—green
and brown—each representing distinct technologies.

Our analysis is then based on applying our new real model, FR-GREEN, together with
the semi-structural nominal model FR-BDF? to simulate the dynamics of the French economy
following carbon tax shocks. More precisely, the modelling strategy is to develop all the addi-
tional channels (notably two-sector setup and energy use) needed to study resource reallocation
during the energy transition in a satellite real model, FR-GREEN, where we keep the demand
side simple as in a traditional DSGE. We then link this real model to FR-BDF, which has a

Most work in the E-DSGE literature, e.g. Annicchiarico and Di Dio (2015b), does not consider the transition
for capital and durables, focusing on a model economy which responds to the climate issue solely with emissions
abatement, while the ITAM literature is focused on very low-frequency questions.

2See Lemoine et al. (2019) for a detailed description of FR-BDF.



much richer and more realistic demand side, built around a real core consisting of a simple one-
sector CES production function with only capital and labour factors and without any energy
input. The TFP wedge and the share of fossil fuel energy in consumption that we take from
FR-GREEN and introduce into the real core and the price block of FR-BDF then allow us to
simulate FR-BDF while accounting for the effects of these additional channels of the multi-sector
energy-augmented real model FR-GREEN.

This two-model approach mitigates the limitations of each individual model. While FR-
GREEN captures the real economic consequences of the climate transition at an aggregate level,
it lacks nominal dynamics and, as a calibrated DSGE, remains inherently stylized. Conversely,
FR-BDF, by design, offers a more granular representation of the economy, particularly on the
nominal side, but does not model energy use on the supply side and abstracts from key features
of the low-carbon transition by aggregating capital stock and production sectors into a single
market sector. Combining the two models avoids the long process of building a multi-sector
version of FR-BDF, with energy-augmented production functions, and re-estimating it.

Together, these models offer a comprehensive view of the transition’s economic consequences
in France. In a first step, we feed FR-GREEN with a carbon tax designed to approximate the
European Commission’s Fit-for-55 policy package. While this package includes various fiscal and
non-fiscal measures—such as regulations and subsidies—our simplified framework interprets it
as a linearly increasing tax on fossil fuel use combined with a subsidy on investment. In a
second step, we apply sequences of shocks—carbon tax shocks, the wedge and the share derived
from FR-GREEN simulations—in FR-BDF. In these simulations, we assume constant economic
policies: on the fiscal side, the government budget balance remains unchanged by fully rebating
carbon tax revenues to households and firms, while on the monetary side, the interest rate moves
one-to-one with inflation to maintain a constant real interest rate. Additionally, we assume that
the carbon tax shock is symmetric across the euro area and that carbon tax policies remain
unchanged in the rest of the world.

Our key findings indicate that the Fit-for-55 package would have significant real and nom-
inal effects. By 2030, it would lead to a —1% output loss in France and a peak inflationary
impact of 0.5 percentage points relative to a no-policy baseline scenario. These effects primar-
ily result from the shift from polluting to clean technologies, which entails a substantial loss
in apparent productivity, in the absence of any favourable assumption regarding technological
progress potentially driven by the transition. The direct effect of the tax and the induced pro-
ductivity decline drive price increases, despite some downward pressure from the recessionary
impact of the shocks. In the short run, tax-driven price increases notably affect consumer prices
and demand, while medium-run inflationary impact as well as output losses stem mainly from
supply-side effects. Importantly, our assumption of a constant real interest rate influences the
inflation response; a tighter monetary policy would mitigate inflation at the cost of exacerbating
the output loss.

The remainder of the paper is organized as follows. Section 2 provides a non-technical
overview of the FR-GREEN model. Section 3 details our simulation methodology using the

two-model approach. Section 4 presents our findings, and Section 5 concludes.



2 Bird’s-eye view of the FR-GREEN model

We present here a general overview of the key features and the parametrization of the FR-
GREEN model (for technical details about the model, see Appendix A). The model is based
on a standard DSGE framework with a representative household who owns and invests into
durables for his own use and into capital rented to firms, drawing from Henriet et al. (2014).
Our framework further includes some non-standard features. First, the household derives utility
from holding wealth, the so-called “wealth-in-utility” in the style of Michaillat and Saez (2021).
Second, a key novelty compared to the textbook DSGE is the inclusion of two types of energy,
clean and dirty, which both households and firms combine with a matching durable or capital
good. The clean energy good, intended to represent electricity, is produced domestically using
a specific type of capital, e.g. nuclear plants or wind turbines, while the dirty energy good,
intended to represent all fossil fuels, is imported. Notice that we assume exogenous technical
progress and we therefore make the conservative assumption that transition policies do not lead
to favourable effects on innovation.

Our model hence encompasses two types of durables owned by the households, clean and
dirty, each type needing to be combined with the corresponding (clean or dirty) type of energy to
be used. Similarly, households can invest in three different types of capital, namely clean capital
used for production combined with clean energy, dirty capital used for production combined to
dirty energy, and clean electricity capital, used to produce clean energy. Similarly, the production
side of the economy consists of two sectors, clean and dirty, each of them using only one specific
type of energy and capital, with several production layers that aggregate energy, capital and
labour into a final good. Labour also consists of two different types imperfectly substitutable
and used, respectively, by the clean and the dirty production sector. Importantly, in the version
of the model used in this paper, we assume that the firms are monopolistically competitive, but
do not face nominal rigidities. Indeed, FR-GREEN will be used for generating wedges applied
to long-run targets of FR-BDF', which are free from nominal frictions. Similarly, we assume that
the labour packers who sell aggregated labour to firms are monopolistically competitive but set

wages flexibly.

The household
The representative household maximizes his intertemporal utility by choosing his labour sup-
ply, a consumption bundle, investment into capital and durables, and a stock of bonds that
appears directly in the utility function as wealth (see below for details). The consumption bun-
dle is a Constant Elasticity of Substitution (CES) aggregate of the non-durable consumption
good and the durable consumption bundle. The durable consumption bundle is in turn a CES
aggregate of the clean and dirty durable consumption bundles, which are in turn CES aggregates
of the available stock of the clean (resp. dirty) durable good and clean (resp. dirty) energy good.
Figure 1 represents this consumption structure.
The household owns all types of capital and durables, which follow standard laws of motion
under capital adjustment costs in the style of Hayashi (1982). All types of investment are also
subject to irreversibility, meaning that installed capital and durables of one type can not be

converted either into nondurable consumption or any other type of investment goods. This
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Figure 1: The structure of household consumption in FR-GREEN

assumption is important to account for the difficulties of reallocating capital from dirty to clean
sectors along the climate transition.

In the style of Smets and Wouters (2007), the household sells labour to labour packers who
operate in a monopolistically competitive market, leading to wages that include a markup. Note
that we assume that this wage setting is not subject to any rigidities. Labour packers aggregate
the labour into two types, clean and dirty, under imperfect substitutability in the style of Boehm
(2020). This aims at capturing reallocation difficulties in the labour market.

The representative household can buy or sell domestic bonds that yield a real interest rate.
We assume that the household derives direct utility from these holdings, namely, they have
Wealth-in-Utility (WIU). This assumption is consistent with setups considered by Rannenberg
(2021) and Michaillat and Saez (2021). As emphasized by Michaillat and Saez (2021), WIU
is supported by a broad literature documenting that individuals seek to achieve high social
status, and wealth accumulation is a common pathway to attaining it (see for instance Weiss
and Fershtman 1998, Heffetz and Frank 2011, Fiske 2010, Anderson et al. 2015, Cheng and
Tracy 2013, Ridgeway 2013, Mattan et al. 2017).

The inclusion of WIU in the model has important implications for household decision-making
and macroeconomic dynamics. This feature reduces the excess forward-lookingness and con-
sumption smoothing of the standard Euler equation, mitigating the influence of future events
on current consumption and savings choices (see Appendix E). As demonstrated by Michaillat
and Saez (2021), this adjustment helps resolve the forward guidance puzzle, while Rannenberg
(2021) shows that WIU moderates the effects of future income shocks on current consumption.
The WIU assumption thus amplifies the focus on short-term outcomes by allowing wealth to
directly contribute to current utility. This reduces the incentive for agents to accumulate wealth

based solely on future returns or long-term benefits, effectively rationalizing a higher discount-



ing of future periods for a given interest rate. Consequently, WIU dampens the forward-looking
nature of expectations in models, aligning predictions more closely with observed short-term
decision-making, while still permitting a degree of forward-looking behaviour. In addition to
the widespread empirical evidence showing deviations between observed data and the predic-
tions of standard full-information rational expectations models, dampening the emphasis on
future outcomes in current decision-making is particularly relevant in the context of the energy
transition. This relevance arises from two key factors. First, the lack of prior experience with
climate transitions significantly limits agents’ ability to form expectations about the long-term
consequences of future policy shocks. Second, the credibility of long-term policies is often un-
dermined by political uncertainty, raising doubts about the permanence of these policies and

further discouraging forward-looking behaviour.

Production

Figure 2 represents the production structure. It consists of multiple layers of nested CES
production functions. The domestic final good producers operate in perfect competition and
aggregate intermediate good varieties produced by monopolistically competitive intermediate
good producers not subject to nominal rigidities. The production process of the varieties is less
standard, with two alternative technologies to produce each variety, either using dirty capital
combined with dirty energy and labour, or using clean capital combined with clean energy and
labour. Dirty energy is imported from abroad, while clean energy is produced domestically using
a specific capital labelled clean electricity capital and a fixed factor called Land. Every step of

this variety production takes place in perfect competition.

Exports and trade balance
The home country exports the domestically produced good in exchange for the import of the
dirty energy (fossil fuels) under fixed terms of trade (small open economy assumption), in a

quantity ensuring balanced trade.

Government policy
The policy instruments set by the government are taxes on the use of fossil fuels by both
households and firms. As FR-GREEN does not feature nominal price dynamics, the behaviour

of the central bank and the nominal interest rate are left unmodelled.

Calibration

The model calibration combines parameter values derived from French data with elasticity
estimates and more standard DSGE parameters drawn from the literature. The CES share
parameters, clean electricity production parameters, and wealth-in-utility parameters are cal-
ibrated using ratios that reflect structural characteristics of the French economy, such as the
fossil fuel expenditure-to-GDP ratio, the clean-to-dirty energy use ratio, the durables-to-output
ratio, the capital-to-output ratio, and the electricity capital-to-output ratio. Elasticity parame-
ters, such as substitution elasticities between labour, capital, energy, and durables, are informed

by empirical studies to capture realistic dynamics in production and consumption. A detailed
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description of the calibration procedure, including the data sources and empirical references

used, is provided in Appendix B.

Model behaviour

Before using FR-GREEN for the permanent carbon tax shock considered in this paper, Ap-
pendix C illustrates the behaviour of FR-GREEN in response to standard, persistent but tem-
porary shocks. We consider a temporary 1% increase in the carbon tax, as well as a temporary
1% increase in aggregate production technology and a temporary 1% increase in the household
discount factor. As expected, the carbon tax increase is recessionary, triggering a decrease in
output and consumption. Dirty capital, dirty durable stocks and dirty labour decrease, while
clean ones increase (see Figure 10 in Appendix C). FR-GREEN also exhibits a standard re-
sponse to a technology shock, with an increase in output, consumption and investment (more
so for dirty than clean capital and durables). The increase in energy use is mostly concentrated
on dirty energy, as clean energy supply requires clean electricity capital and is therefore less
elastic (see Figure 11 in Appendix C). Last, following an increase in the household discount
factor, future consumption substitutes for current consumption: in the short run, consumption
temporarily decreases while investment increases. In the medium run, the higher levels of capital
reached then allow for higher levels of production, which in turn allows for higher consumption.

The increase in energy use is again concentrated in dirty energy (see Figure 12 in Appendix C).

3 Combining the FR-BDF and FR-GREEN models

In this section, we present our combined approach based on the joint use of the FR-GREEN
and FR-BDF models.

FR-BDF, described in detail in Lemoine et al. (2019), is a semi-structural, large-scale macroe-
conomic model for France, based on the Polynomial Adjustment Costs (PAC) framework and
allowing for several types of expectations, either based on a small Vector Auto-Regressive (VAR)
model or model-consistent. This style of modelling is described in Brayton and Tinsley (1996),
who discuss the construction of the FRB/US model of the Federal Reserve (Fed). The ECB-
BASE model of the European Central Bank (ECB) as presented in Angelini et al. (2019) is also
based on this approach.

The PAC framework models the optimizing behaviour of agents via the minimisation of
cost functions over lifetime choices for certain variables of interest, such as consumption and
investment. These cost functions are assumed to be a weighted average of the square of the
mt-order difference of the decision variable and a quadratic deviation of this variable from its
so called target, typically determined using a separate equation strongly based on economic
theory. One can then determine from the first order condition of this minimisation a dynamic
equation which describes the dynamics of the variable with a role for expectations of the target.

The target variables of the PAC framework derive, among other things, from a CES produc-
tion function with aggregate labour and capital and the associated first-order conditions. Thus,
FR-BDF can be thought of as a detailed behavorial nominal demand-side model built around

an underlying neo-classical real supply-side core.



Whereas FR-BDF is very detailed in its description of the French economy—e.g. the mod-
elling of household behaviour, the financial sector and foreign trade is very rich—it has not
been built to model phenomena related to the energy transition and climate-related questions.
More concretely, while energy plays a direct role on the demand side within the consumption
of households, the three supply channels of energy transition—as modelled in FR-GREEN—are
missing from FR-BDF. First, the production function—primarily used to determine potential
output—does not include any direct role for energy use. Second, because of this unmodelled
feature, firm costs depend on costs from other production factors (labour and capital) but not on
those from energy. Third, as FR-BDF does not distinguish between the clean and dirty sectors,
it cannot take into account any composition effects related to the energy transition.

We address these omissions with a framework where the FR-GREEN and FR-BDF models
are used jointly to quantify the macroeconomic impact of climate policy. In this dual-model
approach, we extract from FR-GREEN sequences of shocks, or wedges, that we apply to FR-
BDF. The first shock is a total factor productivity (TFP) wedge. We compute this TFP wedge as
the ratio of value added simulated with FR-GREEN with a carbon tax shock, to a counterfactual
value added based on the production function of FR-BDF computed with aggregate non-energy
factors (aggregate labour and capital of all sectors). This wedge measures two effects arising
from the structure of FR-GREEN: the reduction in total energy use leading to lower supply and
a change in the structure of the economy—the technological shift from the dirty sector toward
the clean sector. Then, in order to account for these negative supply effects, we feed FR-BDF
with this wedge as a multiplicative factor to the production function used in the definition of the
potential output of the model. We also multiply the target of the value added price of FR-BDF
by the inverse TFP wedge, in order to take into account corresponding increases in firm costs.

We also extract from FR-GREEN energy taxes and prices as well as the energy share in
consumption, to be used as additional shocks in FR-BDF. First, they play a role for setting
shocks on the VAT rate of FR-BDF, which is applied to the household consumption deflator,
taking into account the change in fossil energy share over time. Second, the shocks have a direct
impact on energy HICP.

Figure 3 presents an overview of the way the two models interact with each other. The key
input into FR-GREEN is the path of the carbon tax paid by firms and households, whereas as
output we obtain paths for the wedges described above. These wedges together with assumptions
with respect to carbon tax revenue allocation and the path of monetary policy (described in
subsection 4.2) are used as inputs in FR-BDF to produce an assessment of the macroeconomic
impact on France of the transition policy.

We assume that agents in the FR-BDF model are backward-looking and rely on VAR-
based expectations. This assumption is better suited to the application of this study than
model-consistent expectations under perfect foresight. While the two-step approach—using a
forward-looking DSGE framework to compute shocks and then embedding these as wedges in
a backward-looking VAR model—introduces potential consistency issues, these are mitigated
by the wealth-in-utility (WIU) assumption featured in the DSGE model. As discussed earlier,
the WIU specification inherently implies a high discounting of future utility, which aligns the

behaviour of agents in the DSGE model more closely with the myopic tendencies typically as-
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Figure 3: Interaction of FR-GREEN and FR-BDF in producing simulations of the impact of
climate policy

sociated with VAR-based expectations. This reduces the forward-looking nature of the DSGE
model, smoothing the transition between the two frameworks and enhancing the overall coher-

ence and applicability of the combined approach.

4 Simulation of a Fit-for-55 scenario

Using the modelling approach described above, we simulate a Fit-for-55 scenario. This section
describes the implementation of this simulation procedure in detail and provides quantitative

results.

4.1 Simulating FR-GREEN

Increasing carbon taxes
Our carbon tax trajectory is inspired by the European Commission’s Fit-for-55 agenda, which
aims to reduce the Union-wide net and gross carbon emissions by 55% and 50% respectively
by 2030 in comparison to 1990. Given that French gross emissions have already decreased by
around 25% in 2022 compared to 1990 (HCC, 2023), achieving the 50% target means a further
decrease by around 30% compared to their 2022 level. While the Fit-for-55 policy package is
very detailed and consists of a broad variety of measures both in the form of explicit tax-like
policies (e.g. the changes in the Emissions Trading System (ETS)), regulations (e.g. on land
use through “Land-Use, Land Use Change and Forestry”, i.e. LULUCF) and subsidies (e.g. the
social climate fund), we model this process as a linearly increasing tax on fossil fuels, symmetric
on both households and firms.
We assume that at the initial steady state, intended to represent the first quarter of 2024,
the tax level is at €90 per tCOqe (ton of CO2 equivalent), which corresponds to the level of the
Effective Carbon Rate (ECR) computed by the OECD for France. The level is then assumed to
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Figure 4: The path of the carbon tax (left panel) and fossil fuel use (right panel) in FR-GREEN

increase with a constant slope calibrated such that, by the end of 2030 fossil fuel use and hence
gross emissions will have decreased by 30%. The tax is then assumed to keep increasing at the
same pace until 2050 after which it remains constant.

As can be seen in Figure 4, the implied tax levels are roughly €275 per tCOge in 2030 and
€830 per tCO4e at the beginning of 2050 (in 2024 euros). We assume that the tax is the same for
both firms and households. Furthermore, as FR-GREEN is simulated under perfect foresight,
the path of the tax beyond e.g. 2030 or 2050 matters: agents make their choices regarding e.g.
investment into capital or durables based on their expectations for the full future path.

Within FR-GREEN we make the additional simplifying assumption that half of the proceeds
of the carbon tax is rebated through lump-sum transfers to households and that investment
subsidies to firms are adjusted so that the government budget remains balanced. See Appendix
Section A.5 for further implementation details.

To put our carbon tax into perspective, other authors have found tax levels in similar ranges
to have similar consequences. Examples include the report from the Quinet commission (Quinet
et al. (2019)), which notes that a French tax in the range of €175 per tCOze to €250 per tCOze
(in 2018 euros) could achieve the same goal of 30% emission reduction since 2022, and the
Network for Greening the Financial System (NGFS), whose Phase V scenarios (NGFS (2024))
indicate that reaching net zero emissions by 2050 would require a carbon tax of $ 200 per tCOqe
(in 2010 dollars) in 2030 at the global level. They also find that reaching zero net emissions by
2050 would require a carbon tax of roughly $ 750 per tCOgze (in 2010 dollars). Using a model
similar to FR-GREEN-—i.e. a DSGE—Coenen et al. (2024) find that a tax level of €375 (in
2024 euros) per tCOge implies a 25% reduction in emissions in the euro area.

The transition in production and consumption from dirty to clean technologies can be seen
on Fig. 5. On the durable side, the share of clean durable stock of households increases by
almost 20pp. On the capital side, the share of clean capital (including clean energy capital)
also increases, but this increase, by around 4pp, is smaller. This contrast between durables
and capital stems from the difference between production and consumption structures. The
energy-capital bundle is combined with sector-specific labour (clean or dirty). When firms wish
to expand clean production, they can adjust not only by reallocating capital but also by shifting

labour from the dirty to the clean sector.
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Figure 5: Paths of shares of clean capital stock (including clean energy capital) and clean
durables stock within total stocks in FR-GREEN

In these FR-GREEN simulations, we observe a decline in value added of 5% in 2030.% This
loss results from a combination of supply-side effects, where costly reallocation and energy
reduces overall apparent productivity, and demand-side effects, as lower income leads to reduced
consumption and investment. While the supply effects are likely to be a reasonable estimate,
the demand effects are more uncertain for several reasons. First, FR-GREEN does not account
for foreign trade adjustments. Second, forward-looking agents perfectly anticipate large future
losses related to the increase of the tax in the longer run (until 2050), while the empirical
literature generally finds a low degree of forward-lookingness of expectations. Third, the model
is calibrated and, hence, should have a weaker fit to short-term dynamics of French data than
estimated models. FR-BDF provides a more accurate description of short-term dynamics, and is
able to incorporate a high energy price in consumer prices, which is why we rely on it, combined
with wedges from FR-GREEN in order to take into account supply and composition effects, for

short- and medium-run responses.

Computation of wedges in FR-GREEN
The TFP wedge (presented in Figure 6) is computed as the ratio

C(rrp = QFR-GREEN/QFR-BDF (1)

of simulated value added from FR-GREEN, Qrr_green, relative to simulated value added
Qrr-ppr computed using the FR-BDF long-run production function. On the one hand, the
value added from FR-GREEN is computed from production Y and intermediate consumption
of fossil fuel by firms Oy with the formula Qrr—green =Y — P,O¢/Py, which also uses the
relative price of oil (excluding tax) compared to output price P,/Py.* On the other hand, we

compute value added based on the FR-BDF production function with the following formula:

o
o—1

Qrr-spr =7 |aK™ +(1—=a) (D) |7 (2)

3For a more detailed analysis of macroeconomic responses to the carbon tax shock in the FR-GREEN model,
see Appendix D.

4As this relative price does not vary over time (see Appendix A.3), value added is automatically measured at
constant prices.
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Figure 6: The FR-GREEN TFP wedge (left panel) and shares related to energy use (right panel)

where K and L are the aggregate capital and long-run labour stocks of the different sectors in
FR-GREEN. This production function has a CES functional form with capital and labour as
factors of production but no role for energy whatever its type. This implies that the wedge
measures the loss of output due to the change in energy use and the composition effects related
to capital and labour usage in both sectors, all of which are included in the computation of
value added in FR-GREEN but not in FR-BDF. More concretely, the aggregation of labour
and capital implies that their distinct technological roles and capabilities are omitted from the
FR-BDF simulation, together with the fall in energy use.

There are two prices in FR-BDF which are affected by the carbon tax shocks: the energy
component of the Harmonised Index of Consumption Prices (HICP) and the deflator of household
consumption (which is not disaggregated into energy and non-energy components). We extract
from FR-GREEN two tax shocks that we apply to these prices in FR-BDF. First, we compute
the growth rate in the end-user price of oil (tax included) in FR-GREEN and weight it by the
share of fossil fuels in total energy use in order to compute the shock on energy HICP. Second,
we weight this energy price shock by the share of total energy use in total household expenditure
to obtain the shock on the consumption deflator. The shares applied in this computation are
presented in Figure 6.

Finally, we compute from FR-GREEN the changes in the shares of nominal energy expen-
ditures in total consumption to obtain a time-varying weight to be used in the computation of
total HICP inflation from energy and non-energy HICP components.

As can be seen from the left panel of Figure 6, the carbon taxes lead to a 1.5% loss in
apparent TFP at the end of 2030. There are two main channels for this effect. First, the taxes
lead to a reduction in total energy use, which implies a fall in supplied output for given levels
of labour and capital inputs. Second, there is a technological transition from polluting to clean
technology, i.e. a change in the composition of inputs to a bundle that produces less output.
Notice that our assessment of this loss in apparent TFP relies on the conservative assumption
that transition policies do not lead to favourable effects on innovation. Furthermore, while
Figure 6 also indicates a significant reduction in the share of fossil fuels in total energy use
from almost 70% to around 50%, the share of fossil fuels in the total expenditure of households
remains essentially constant due to the increase in their price, which largely offsets the drop in

their volume.
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4.2 Simulating FR-BDF

Implementation of wedges and shocks in FR-BDF
The TFP wedge (rrpp affects FR-BDF directly in two ways. First, a direct effect affects
potential output of FR-BDF through the CES production function:

el
o—1
o

Q" = Crwpy [0K T+ (1-a) (BLY) 7 |7 (3)
where K and L* are the capital stock and the potential labour of FR-BDF. As shown in its
formula, the TFP wedge is applied as a multiplicative shock on the production function.

Second, an additional effect is transmitted through the factor price frontier, itself derived
from the production function. As detailed in Lemoine et al. (2019), the desired target of the
value added price P follows:

;o\ 1-0
pat:“u_a)l"a[uaff(%) ]VV (4)
CTFPY Y
where Q) is the return on capital and W is the efficient cost of labour. As shown in its formula,
the inverse of the TFP wedge is applied as a multiplicative shock on the price frontier. The
effects of this TFP shock, which is applied in these two equations, will later on be jointly referred
to as “supply effects” given that the shock influences the model through the production function
and production costs.

The direct demand effects of the carbon tax on the HICP are modeled by relating the
apparent rate for the Value Added Tax (VAT) appearing in the equation determining the level
of the energy HICP to the fossil fuel price from FR-GREEN. The apparent rates for other
components of the HICP are kept at their baseline values. This modified energy HICP is
then aggregated with other HICP components to obtain total HICP, using time-varying shares
from FR-GREEN. Similarly, the apparent rate used to determine the VAT paid by households
through a tax rate applied to the deflator of their consumption (and collected by the government
as revenue) is adjusted with the fossil fuel price of FR-GREEN;, as explained above. In what

follows we call these effects “non-supply effects”.

Additional changes to FR-BDF
We further assume that half of the carbon tax receipts are redistributed to households as
transfers and that investment subsidies to firms are adjusted so that the government budget
remains balanced. Investment subsidies are modeled as a decrease in the investment price paid
by firms. To implement these redistribution assumptions, we relate the amount of household
transfers and of firm subsidies to VAT receipts. Thanks to this, when the shock on the VAT
rate endogenously generates some fiscal receipts, these receipts are also endogenously allocated
to households and firms.
As FR-BDF is a model for the French economy, with no explicit modelling of the rest of the
euro area, in its baseline version monetary policy is exogenous.® In these simulations, we modify

the policy rule for the nominal interest rate so that it keeps the real interest rate constant, i.e.

See Aldama et al. (2022) for an extension of FR-BDF that accounts for these questions.
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it reacts one-to-one to French inflation. This means that we implicitly assume that the effect of
the climate policies on consumer prices is similar across the euro area. Furthermore, consistently
with this last point, we also endogenize the export prices of other euro area member states by
assuming that they behave as the price of French exports. Similarly, we assume foreign demand
from other EA countries to behave as French imports. These last assumptions imply that, for a
symmetric shock in the whole euro area and with a symmetric transmission, the French economy

would not lose competitiveness with respect to its euro area partners.

4.3 Quantitative results
4.3.1 Headline variables and the role of supply effects

We present here the main results for headline variables, namely output and inflation, in our
simulation exercise with FR-BDF. We also describe the relative role of supply and non-supply
effects. To do so, we present and analyse three different scenarios that allow us to disentangle

and highlight specific channels of the model:
1. A scenario with the full set of shocks
2. A scenario with only the non-supply component of the shocks
3. A scenario with only the supply component of the shocks

Figure 7 presents an overview of our key results in the form of dynamics of output and
inflation in these three scenarios in deviation from the shock-free baseline scenario. First, in the
medium run, the effects of non-supply shocks on output (and more broadly on the real economy,
as will be seen later) are relatively modest compared to the effects of the supply shocks, which
by themselves lead to -0.9% out of a total loss of output of -1% in 2030. Second, the non-supply
shocks have a sharp but declining impact on inflation. The sharp response is due to the fact that
non-supply shocks affect the relevant price indices directly and without any lags. This response
is then progressively reduced by the decreasing share of fossil fuel in household expenditures
as well as the negative impact of the fall of output on inflation. Third, the effect of supply
shocks on inflation materializes much more slowly, but is also more persistent. This is because
the supply shocks affect firm price setting through the factor price frontier. Furthermore, such
moves in the price frontier affect consumer prices only gradually due to the price stickiness in
FR-BDF.

To reiterate earlier points, our key findings in our main scenario with the full set of shocks
are that these carbon taxes are notably inflationary, leading to a peak effect of 0.5pp in 2027,
and cause a significant output loss of -1% in 2030 compared to the no-policy baseline scenario.
In the long run the effects are primarily due to the supply shocks. The rest of this section will
proceed by first presenting and analyzing the outcomes of the main scenario with the full mix
of shocks, and then study the two decompositions to explain in further detail the main results

and the channels at play.
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Figure 7: Simulated output level and inflation in a combined approach based on FR-BDF and
FR-GREEN following carbon tax shocks, under constant fiscal and monetary policies

4.3.2 Transmission channels of the full cocktail of shocks associated with the car-

bon tax

In order to have a more detailed analysis of the transmission of carbon tax shocks, Figure 9
presents the responses of several key nominal and real variables in our main scenario 1. Similar
detailed results are presented for the two other scenarios 2 and 3 in Appendix F. In broad terms,
Figure 9 illustrates the macroeconomic costs of the carbon taxes on the nominal economy®, in
the form of increases in most prices and a deterioration of price competitiveness, and on the real
economy in the form of falling consumption, investment and employment.

On the nominal side, the rise of production costs generates an increase in the deflator of value
added by roughly 1.5% in 2030Q4. The deflator of household consumption shows a stronger
increase (by around 4% in 2030Q4), because it is pushed upward both by this cost channel and
by the direct effect of the tax on final prices. The rise in production costs also pushes export
prices upward, leading to a deterioration of price competitiveness, as import prices increase less
due to extra-EA exporters not being subject to the carbon tax shock. The investment price of
households increases less than the price of value added. Because the investment good comprises
domestic and foreign production, its price moves much less than that of value added. The
investment price of firms is even decreasing, because of the investment subsidy rebated to firms.
Finally, because of the recessionary effect of the shocks detailed below, demand falls, putting
some downward pressure on prices and attenuating their increase.

On the real side, due to the only partial wage indexation, the real wage is decreasing. Total
real household income also decreases, but less so, due to the full indexation of some transfers
like pensions and to the part of carbon tax receipts rebated to households through transfers.
Consequently, the shocks primarily affect the consumption of households, as well as their in-
vestment, because of this fall in real income, even if households partly smooth consumption
through a decrease in their saving rate. The carbon tax increase also favors net exports by
pushing imports down — due to the drop in internal demand — more than exports, which fall
because of the deterioration of price competitiveness. The fall in aggregate demand generated
by household spending and net exports also implies a decrease in business investment and a

rise of unemployment (due to the lack of labour demand). This rise in unemployment finally

5Such costs are motivated by the unmodelled benefits of reducing emissions related to fossil fuel consumption.
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amplifies the drop in real income of households and in aggregate demand.

On the fiscal side, the carbon tax shock delivers tax receipts amounting to roughly 1.5%
of GDP in 2030. In our simulation setup, by definition, half of these receipts are allocated
to transfers to households. In order to ensure ex post a balanced budget, firm subsidies are
also increased by a similar amount. As the rise in the nominal short-term interest, equal to
the rise in inflation, has a limited effect on the nominal long-term interest rate under backward-
looking expectations, the response of interest payments is muted. Due to price indexation, other
components of Government expenditure, which correspond to spending such as intermediate
consumption, increase by around 0.6% of GDP. This extra spending is almost entirely financed
by a similar effect on the tax side: revenues other than those from the carbon tax, such as the
personal income tax or social contributions, have a similar increase due to the partial indexation

of wages on prices.

4.3.3 Alternative monetary policy approaches

In our earlier analysis we focused on the case where the central bank sets the nominal interest
rate such as to keep the real interest rate constant by reacting one-to-one to inflation. In doing
so, we attempted to model a situation where monetary policy is as stable as possible. In this
section, we consider two alternative cases embodying more active stances: a policy that follows
a Taylor rule and a policy calibrated exogenously such as to bring inflation back to target in the
medium term”.

In the first case we assume that instead of the policy rule set out in Lemoine et al. (2019)

the policy rate r; follows a simple rule with conventional coefficients defined as
0.5 .
ry = 1.5m—1 + 4 Vi (5)

where 7; and 9 refer to French headline inflation and the French output gap, respectively, i.e.
we retain our earlier assumption of the euro area having the same response to the climate policy
shocks as France. Notice that we divide the coefficient of the response to the output gap by
four, as our model variables are expressed in quarterly terms for the nominal interest rate and

inflation®

, not annualized or measured year-on-year unlike in the original definition of the rule
as set out in Taylor (1993).

We also retain the assumption of similar macroeconomic dynamics in France and the rest of
the euro area in our second alternative exercise. In this case we also assume—as in our baseline
experiment—that the policy rate reacts one-to-one to French headline inflation with no weight
on the output gap. However, in this experiment the short-term interest rate is also subject to an
initial exogenous shock of 200bp, calibrated such that inflation returns to target in the medium
term. The shock materializes at the start of the simulation and persists until the end. Note that
our simulations of FR-BDF are fully backward-looking and hence the persistence of the shock

after the considered time sample has no impact on the results.

"As we use a version of FR-GREEN with flexible prices and wages, its simulated wedges are insensitive to
monetary policy assumptions and we do not need to change anything in FR-GREEN for these alternative monetary
policy experiments.

8In contrast, in all graphs of the paper, we plot inflation and interest rates in annualized terms for the ease of
the reader.
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Figure 8: Simulated output level and inflation in a combined approach based on FR-BDF and
FR-GREEN following carbon tax shocks, under different monetary policy approaches

Figure 8 presents a comparison of output and inflation between the baseline and these al-
ternative scenarios together with a plot of the short rate. As can be seen, the outcomes under
a Taylor rule are relatively close to the baseline—as the response of the short rate is stronger,
the fall in output is also stronger, while the increase in inflation is weaker. Furthermore, the
plots demonstrate the output-inflation tradeoff. In particular, in the second alternative case
the instantaneous 200bp increase in the interest rate is enough to stabilize inflation, but at a
significant output cost, as this policy leads to an additional fall of output of roughly 0.5pp in
2030. An implication of this simulation is that the neutral interest rate—the rate that keeps

inflation at target—increases by around 200bp during the climate transition.

5 Conclusion

This paper presents an analysis of the macroeconomic impact of climate change policies on
France using a two-model approach, based on the new Banque de France DSGE, FR-GREEN,
which is applied as a source of wedges and shocks for the Banque de France semi-structural
model, FR-BDF. First, our results show significant short-run effects on inflation arising directly
from taxes imposed on households, i.e. ignoring any structural effects relating to e.g. supply.
Second, we also find that most of the total medium-run impact on output and inflation is
due to the supply effects extracted from FR-GREEN, i.e. structural change, particularly in
production, induced by the carbon tax. These supply effects come in particular from a loss of
apparent productivity generated by the technological adjustment, triggered by the transition
from brown to green technologies, in the absence of technological progress potentially driven by
the transition.

In further research, we envisage to deal with four additional issues. First, we would like
to explore the sensitivity of results to alternative assumptions with respect to expectations.
We could in particular study the possibility of having hybrid expectations, i.e. respectively
forward- and backward-looking expectations for financial and non-financial agents, instead of
assuming that all agents are backward-looking. Second, we could refine the modelling of the
euro area, in order to have a refined analysis of expectations with respect to euro area monetary
policy. Third, we could explore alternative fiscal policies, notably the sensitivity of the results
to different usages of tax receipts. Fourth, we could enrich FR-GREEN in several dimensions,

like incorporating hand-to-mouth agents for redistribution purposes and enriching foreign trade
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for taking into account exchange rate dynamics.

20



References

AcemocLu, D., P. AGHION, L. BURSZTYN, AND D. HEMOUS (2012a): “The Environment and
Directed Technical Change,” American Economic Review, 102, 131-166.

(2012b): “The Environment and Directed Technical Change,” American Economic Re-
view, 102, 131-166.

AIRAUDO, F., E. PAPPA, AND H. SEOANE (2022): “Greenflation: The cost of the green tran-

sition in small open economies,” Tech. rep.

ALpamA, P., G. GAULIER, M. LEMOINE, P.-A. ROBERT, H. TURUNEN, AND A. ZHUTOVA
(2022): “The EA-BDF Model and Government Spending Multipliers in a Monetary Union,”
Working papers 883, Banque de France.

ANDERSON, C., J. A. D. HILDRETH, AND L. HOWLAND (2015): “Is the Desire for Status a

Fundamental Human Motive? A Review of the Empirical Literature,” Psychological Bulletin,
141, 574-601.

ANGELINI, E., N. BokAN, K. CHRISTOFFEL, M. CICCARELLI, AND S. ZIMIC (2019): “Intro-
ducing ECB-BASE: The blueprint of the new ECB semi-structural model for the euro area,”
ECB Working Paper 2315, European Central Bank.

ANNICCHIARICO, B. AND F. D1 D10 (2015a): “Environmental Policy and Macroeconomic Dy-

namics in a New Keynesian Model,” Journal of Environmental Economics and Management,
69, 1-21.

—— (2015b): “Environmental policy and macroeconomic dynamics in a new Keynesian

model,” Journal of Environmental FEconomics and Management, 69, 1-21.

BArsky, R. B., C. L. HOUSE, AND M. S. KIMBALL (2007): “Sticky-Price Models and Durable
Goods,” American Economic Review, 97, 984-998.

BODENSTEIN, M., C. J. ERCEG, AND L. GUERRIERI (2011): “Oil Shocks and External Ad-

justment,” Journal of International Economics, 83, 168—184.

Boenm, C. E. (2020): “Government consumption and investment: Does the composition of

purchases affect the multiplier?” Journal of Monetary Economics, 115, 80-93.

BRAYTON, F. AND P. TINSLEY (1996): “A Guide to FRB/US: A Macroeconomic Model of the
United States,” Finance and Economics Discussion Series 96-42, Board of Governors of the
Federal Reserve System (U.S.).

CHENG, J. T. AND J. L. TRACY (2013): “The Impact of Wealth on Prestige and Dominance
Rank Relationships,” Psychological Inquiry, 24, 102-108.

COENEN, G., M. LozEJ, AND R. PRIFTIS (2024): “Macroeconomic effects of carbon transition
policies: an assessment based on the ECB’s New Area-Wide Model with a disaggregated

energy sector,” European Economic Review, 167, 104798.

21



COENEN, G., R. PrIFTIS, AND M. LOZEJ (2023): “Macroeconomic Effects of Carbon Transition
Policies: An Assessment Based on the ECB’s New Area-Wide Model with a Disaggregated
Energy Sector,” Working Paper.

Dascupta, P. AND G. HEAL (1974): “The Optimal Depletion of Exhaustible Resources,”
Review of Economic Studies, 41, 3-28.

Dissou, Y. AND L. KARNIZOVA (2016): “Emissions Cap or Emissions Tax? A Multi-Sector

Business Cycle Analysis,” Journal of Environmental Economics and Management, 79, 169—
188.

EBERLY, J., S. REBELO, AND N. VINCENT (2008): “Investment and Value: A Neoclassical
Benchmark,” NBER Working Papers 13866, National Bureau of Economic Research, Inc.

FERNANDEZ-VILLAVERDE, J. AND D. KRUEGER (2011): “Consumption and Saving Over the

Life Cycle: How Important Are Consumer Durables?” Macroeconomic Dynamics, 15, 725—
770.

FISCHER, C. AND M. SPRINGBORN (2011): “Emissions Targets and the Real Business Cycle:
Intensity Targets Versus Caps or Taxes,” Journal of Environmental Economics and Manage-
ment, 62, 352-366.

Fiske, S. T. (2010): “Interpersonal Stratification: Status, Power, and Subordination,” in
Handbook of Social Psychology, ed. by S. T. Fiske, D. T. Gilbert, and G. Lindzey, Hoboken,
NJ: Wiley, 941-982.

HavasHi, F. (1982): “Tobin’s marginal Q and average Q: A neoclassical interpretation,” Econo-

metrica: Journal of the Econometric Society, 213-224.

HCC (2023): “Acter I'urgence, engager les moyens,” Rapport annuel pour le climat, Haut

conseil pour le climat.

HEFrFETZ, O. AND R. H. FRANK (2011): “Preferences for Status: Evidence and Economic
Implications,” Handbook of Social Economics, 1A, 69-91.

HENRIET, F.; N. MAGGIAR, AND K. SCHUBERT (2014): “A Stylized Applied Energy-Economy
Model for France,” The Energy Journal, 35, 1-38.

HEeUTEL, G. (2012): “How Should Environmental Policy Respond to Business Cycles?” Review
of Economic Dynamics, 15, 244-264.

Kim, I.-M. AND P. LOUNGANI (1992): “The Role of Energy in Real Business Cycle Models,”
Journal of Monetary Economics, 29, 173-189.

KoeTse, M. J., H. L. DE GrooT, AND R. J. FLORAX (2008): “Capital-Energy Substitution
and Shifts in Factor Demand: A Meta-Analysis,” Energy Economics, 30, 2236-2251.

LABANDEIRA, X., J. M. LABEAGA, AND X. LOPEZ-OTERO (2017): “A Meta-Analysis on the
Price Elasticity of Energy Demand,” Energy Policy, 102, 549-568.

22



LEMOINE, M., H. TURUNEN, M. CHAHAD, A. LEPETIT, A. ZHUTOVA, P. ALDAMA,
P. CLERC, AND J.-P. LAFFARGUE (2019): “The FR-BDF Model and an Assessment of

Monetary Policy Transmission in France,” Working Paper 736, Banque de France.

MaTTAN, B. D., J. T. KUBOTA, AND J. CLOUTIER (2017): “How Social Status Shapes Person

Perception and Evaluation: A Social Neuroscience Perspective,” Perspectives on Psychological
Science, 12, 468-507.

MiCHAILLAT, P. AND E. SAEZ (2021): “Resolving New Keynesian anomalies with wealth in
the utility function,” Review of Economics and Statistics, 103, 197-215.

NGFS (2024): “Climate Scenarios for central banks and supervisors - Phase V,” Tech. rep.,

Network for Greening the Financial System.

NorpHAUS, W. (1991): “To Slow or Not to Slow: The Economics of the Greenhouse Effect,”
The Economic Journal, 101, 920-937.

(1994): Managing the Global Commons: The Economics of Climate Change, MIT Press.

(2008): A Question of Balance: Weighing the Options on Global Warming Policies, Yale

University Press.

OcAkI, M. AND C. M. REINHART (1998): “Measuring Intertemporal Substitution: The Role
of Durable Goods,” Journal of Political Economy, 106, 1078-1098.

PAPAGEORGIOU, C., M. SAAM, AND P. SCHULTE (2017): “Substitution Between Clean and
Dirty Energy Inputs: A Macroeconomic Perspective,” Review of Economics and Statistics,
99, 281-290.

PinDYck, R. (2013): “Climate Change Policy: What Do the Models Tell Us?” Journal of
Economic Literature, 51, 860-872.

(2017): “The Use and Misuse of Models for Climate Policy,” Review of Environmental
Economics and Policy, 11, 100-114.

P1saNI-FERRY, J. (2021): “Climate policy is macroeconomic policy, and the implications will

be significant,” Policy Briefs PB21-20, Peterson Institute for International Economics.

QUINET, A., J. BueB, B. LE Hir, B. MEsQui, A. POMMERET, AND M. COMBAUD (2019):

“La valeur de I'action pour le climat,” France stratégie, 3624—3648.
RAMSEY, F. (1928): “A Mathematical Theory of Savings,” The Economic Journal, 38, 543-559.

RANNENBERG, A. (2021): “State-dependent fiscal multipliers with preferences over safe assets,”
Journal of Monetary Economics, 117, 1023-1040.

RIiDGEWAY, C. L. (2013): Why Status Matters for Inequality.

SCHUBERT, K. (2017): “MacroA@conomie et environnement,” Revue de I’OFCE, 0, 133-150.

23



SMETS, F. AND R. WOUTERS (2007): “Shocks and frictions in US business cycles: A Bayesian
DSGE approach,” American economic review, 97, 586—606.

SMULDERS, S., M. TomaN, AND C. WITHAGEN (2014): “Growth Theory and &aGreen
Growtha,” Ozford Review of Economic Policy, 30, 423-446.

SorLow, R. M. (1956): A Contribution to the Theory of Economic Growth, vol. 70.

SticLITZz, J. (1974): “Growth with Exhaustible Natural Resources: Efficient and Optimal
Growth Paths,” Review of Economic Studies, 41, 123-137.

TAYLOR, J. B. (1993): “Discretion versus policy rules in practice,” in Carnegie-Rochester con-

ference series on public policy, Elsevier, vol. 39, 195-214.

VARGA, J. AND W. ROEGER (2021): “E-QUEST: A Multi-Region Sectoral Dynamic General
Equilibrium Model with Energy Model Description and Applications to Reach the EU Climate
Targets,” .

WEIsS, Y. AND C. FERSHTMAN (1998): “Social Status and Economic Performance: A Survey,”
FEuropean Economic Review, 42, 801-820.

24



A The FR-GREEN model

A.1 The household

The consumption structure

The structure of the household consumption bundle is described in equations (6) to (9)

1 el 1, wo1\ el
Co=|xNy ¥ +(1=X)~Zny (6)

L el 1 0=1\ 7T

Zus = (i + (0= 2en)? 2T ™)
1oe1 L =1\ 1
3 3 z 3

Zent = <Vc D;+(1— Vc)EEch,t> (8)
1ogm1 =
3 13 z 13

Zans = (i Dufa + (1= i)t 0,5 ) )

where C; denotes the consumption bundle, IV; the non-durable consumption, Zj; the durable
consumption bundle, Z.,; the clean durable consumption bundle, Zg,; the dirty durable con-
sumption bundle, D, ;1 the available stock of the clean durable good, Dg ;1 the available stock
of the dirty durable good, Ej,; the clean energy and Oy, the dirty energy.

Equations (10) to (13) define the prices of the corresponding bundles.

1

poe = (xpift“’ +(1- x)plzz‘;) o (10)
Pzht = (’YZhPIZ;i({,t +(1- 'VZh)plzfﬁ’L,t) e (11)
PZcht = (chif;i (1- Vc)p;g) e (12)
PZdht = <Vdp5115§t + (1 = ve)(pos + Toh,t)l_f) e (13)

The numeraire is defined as the price of the consumption basket, including the price of durables:

_ pyit(Jar + Jeir + Ne) + (Dot + Tont)Ont + PetEchy

1 14
(Jat+ Jep + Ne) + Ont + Ecny (14)
Laws of motion for durables and capital
The accumulation process for clean (resp. dirty) durables is :
Dyi = (1 — 6D)Dy,t—1 + Jy,t, Yy € {C, d} (15)

with Jy ; the investment in durable goods of type y at period ¢ and ép the rate of depreciation
of durables.

Similarly the law of motion of the three types of capital is:
Ky =1—-0k)Kys—1+1y:, Vye{cd cE} (16)

where I, ; is the investment in capital goods of type y at period ¢ and ¢ the rate of depreciation
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of capital.
The household faces adjustment costs for each type of durables and capital, specified in terms

of capital as:

X 2
ACy 4y = % <th - 1> Xyi—1 Yz edh, f},Vy e {c,d,cE}, VX € {K, D}
yvt_l
The household budget constraint
The numeraire is the price of the consumption bundle P;. the budget constraint expressed in

real terms at period ¢ is then:

Py Nt +pyider +pviedar +ovie (1 —714) Loy + v (L —Tre) Iy + pye (1 — 714) Iept
+ (Dot + Toht)Ont + PeEent + by + pyt(AChas + AChet + ACtar + ACtcr + ACtcps) (17)
=wi Ly + praiKai—1 + PreiKet—1 + PrepiKepi—1 + T + Ty + 1 1b 1

where b; denotes domestic real bond holdings and variables in lower case are expressed in real
terms, 74 is the real interest rate earned on domestic bonds from period ¢ to ¢ + 1, wy the real
wage, Po, is the real price of oil, py, + the real user cost of capital of type x, AC,,; is the real
adjustment cost for dirty (y = d) or clean (y = c) capital (z = f) or durables (z = h). Ton¢ is a
real excise tax on dirty energy consumption by households. Households revenues include labour
income, capital income, firms’ real profits I't and real lump-sum transfers from the government
T;.

The household’s utility is specified as a CRRA function and includes external habits in

consumption and wealth in utility as in equation (18).

Cy — hc_'t_llidj L%—H/L atl_"b

U(Cta Lta bt) =

where a; is the total real wealth accumulated by the households, including bonds b; but also

capital and durable stocks.

Household program and first-order conditions

The program of the household can be written as follows:

)
max E 5tU(Ct,Lt,bt) (18)
Ct,Nt,Zn ¢, Zch,t>%dn,t>De,t,Da e, Ket,Ka o, Ko bt P

subject to equations (6) to (17) and the transversality condition and lim tht =0. Let Ay
t——+oo Hs=1"s

be the Lagrange multiplier associated with the budget constraint at date ¢t. Equations (19) to

(26) are the first order conditions derived from the household program.
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Equations (19) is the Euler equation with respect to domestic bonds. Equation (20) is the

first order condition with respect to labour supply. The first order conditions with respect to

clean and dirty durables are defined in equation (21), while equations (22) and (23) define the

price of durables and capital, which can also be interpreted as their user cost. Finally, equations

(24), (25) and (26) are the first order conditions with respect to non-durables, dirty energy and

clean energy.

A.2 Production

Final good producer—perfect competition

The final good Y is a standard CES aggregate of varieties Y;, with elasticity of substitution n <

1. We assume a continuum of fully competitive final good producers who purchase their inputs

from monopolistic intermediate goods producers. The final good producer’s profit maximisation
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By solving this maximisation program, we can derive the relative demand functions and the

price index of aggregate output, as described in equations (29) and (30):

th—Yt<p”> B (29)

Dyt

1
1 o\ 1T
Pyt = (/ pit "dz) (30)
0

The variety producers aggregate intermediate goods, capital and labour via a series of nested
CES functions described in equations (31) to (35).

Variety i producer

1 e—1 1 el (e—1)
Yie = \ 15 2150+ (L= 1) 214 (31)
%1d
I1g—1 1 Uzd 1 ojg—1
Zidfit = (%dld Zarit + (1= Na) 71 Ly ) (32)
_%d
L 2d 1 gg=L\ og—1
Zafit = < Va dzt 1t (1 ="a)7e Oflt ) )
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L old— 1 1 Gld 1 o1d 1
Zict it = ( Z Zopy (L= ye) e LG ) (34)
1 oq—1 1 a—1
Zefit = % Kc,it—l + (=) E 75 (35)

This implies the expression for the real marginal cost mc;; presented in equation (36):

1
1—e

mei = (Mplz;j,t +(1- u)plz,_dj,t) (36)

and the price includes a mark-up:

Pye = —ni mei (37)
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where

Pgp it = (Vzdplz;f",éd + (1 - 'nd)wéfld) o (38)
PZiept = (%cplz;fﬁd +(1- %c)w;‘”d) = (39)
Pyt = (’de}{d? + (1 =) Pors + Tof,t)l_al> = (40)
PZt = (%p}g‘,’ﬁ + (1= ve)pey ”d) o (41)

wet and wq, are the real wages in the clean and dirty sectors respectively.

Labour market
Labour is only imperfectly substitutable between the clean and dirty sectors, so that the total

labour supply has to be equal to an aggregate of clean and dirty labour demand.

L

np—1 np=1l\ np-1
Li={L.* + L (42)
The relative wages are defined by the following first order condition:
I 1
dt \ "L We,t
—at — &t 43
< Lc,t > Wq,t ( )
And the average wage is:
1
Wi= (W™ Wy ) (44)

Clean energy producer
The production of clean energy takes place competitively using clean energy capital K g

and land Lag. The quantity of land is fixed at 1. The production function is:

Jec

1 gee=l 1 Gee=l\ o1
Ec,t =ap | s7e KcEgetcfl + (]_ _ S) gec La’t oec (45)

Solving for the profit maximisation of the clean energy producer, we can define the relative

demand for capital and land, and the price of clean energy as follows:

Kept 1 P e
cEt—1 _ 8( kcE,t) (46)

Ec,t ap De,t

A.3 Trade balance

Fossil fuels are entirely imported. Their real foreign (producer) price p, is exogenous and

constant through time, so that the real domestic price of fossil fuels is as follows:

Pot/Py = @D, (47)
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The term @ is a fixed ratio which represents the steady state ratio of prices of foreign and
domestic GDP goods expressed in domestic currency py=;/py;.
The home country exports the domestically produced good in quantity X; at each date as

to ensure the equilibrium of the trade balance in equation (48).
Py Xi = poOr (48)

A.4 Market clearing

Clean energy and dirty energy
The imported dirty energy is used by the domestic firms and households. The clean energy

produced domestically is also used by domestic firms and households.

O; = Oy + Opy (49)
Ec,t = Ech,t + ch,t (50)

Consumption and investment good

Yi=Ne+Jag+Jep+1gp + ey + Ieps + Xi + AChq s + AChey + ACtes + ACtqs + ACrep
(51)

A.5 Government budget constraint

In the simplified version of FR-GREEN used in this paper, the government has one single tax
instrument available, namely the excise tax on consumption of fossil fuels, that is set at the
same level for both intermediate consumption by firms and final consumption by households.
In addition the government can subsidize firm investment. We assume that this subsidy 77
is determined endogenously such that half of the additional tax revenue collected by changing
the fossil fuel tax is allocated to these subsidies, while the other half is allocated to lump-sum
transfers 7} to the household,ensuring a balanced budget. The government real budget constraint

is as follows:
Ty +pyye ag + Loy + 1eet) 10 =TohtOnt + Topt O (52)

while the change in tax revenues Rev,; is determined as deviation from revenues in the initial

steady state Revg as
Revy = ToptOpy + To1,: O — Revg (53)
implying that transfers are determined with
Ti = (1 — S1+) Revy + Revy (54)

where St is the exogenous share of investment subsidies, set to zero in the initial steady state

and 0.5 afterwards.
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B Calibration of FR-GREEN

Both the production and the consumption are modeled using Constant Elasticity of Substitution
(CES) functions, parameterized by expenditure share parameters (technical coefficients) and an
elasticity parameter. While the technical coefficients can be easily derived from data through
simple ratios (as discussed later), the elasticities require external empirical estimates from the

literature, which are more challenging to compute.

Elasticities drawn from the literature

The production structure incorporates six key elasticities. First, € represents the elasticity
between clean and dirty labour-capital-energy bundles. Second, o4 reflects the substitution
elasticity between labour and capital-energy bundles, assumed to be the same for clean and
dirty bundles. Third, o4 captures substitution between energy and capital types, again assumed
equal for both bundles. Finally, 0., measures substitution between the green factor (land) and
clean electricity capital. Estimates for € in the literature are sparse. Acemoglu et al. (2012b)
consider values of 3 and 10, noting that lower values slow the green transition, while Varga
and Roeger (2021) calibrate this parameter at 6. For the aggregation of clean and dirty energy,
Papageorgiou et al. (2017) estimate a range of 1.8 to 3, however this does not exactly correspond
to our elasticity € between the entire clean and dirty bundles instead of just the clean and dirty
energies. Overall, a plausible range for € lies between 3 and 10. For the substitution between
labour and the capital-energy bundle, 0y4, estimates using French data from Henriet et al. (2014)
suggest a value of 0.5, consistent with Varga and Roeger (2021). Similarly, Koetse et al. (2008)
report values around 0.4, and Airaudo et al. (2022) use 0.35 in their calibrations. A reasonable
range for o;4 is therefore between 0.4 and 0.5. Regarding capital-energy substitution, o4, Henriet
et al. (2014) and meta-analyses like Labandeira et al. (2017) converge on estimates around 0.5,
suggesting a plausible range of 0.4 to 0.5. Finally, substitution between the green factor and
clean electricity capital, oe., varies between 0.25 in Coenen et al. (2023) and 0.42 in Airaudo
et al. (2022), indicating a plausible range of 0.25 to 0.42.

The consumption side of the model involves another CES structure where the final con-
sumption good C' is an aggregate of non-durable goods and a durables bundle. The durables
bundle itself combines energy and durable goods, classified as either clean or dirty. The elastic-
ity w governs the substitution between non-durables and the total durables bundle. According
to Ogaki and Reinhart (1998), w is generally estimated to be greater than 1, consistent with
theoretical work by Barsky et al. (2007), Fernandez-Villaverde and Krueger (2011), and Henriet
et al. (2014), which often use w = 1. Within the durables bundle, the elasticity g determines the
substitution between the clean and dirty energy-durables bundles, analogous to € in production.
Theoretical and empirical studies suggest high elasticity values, with a plausible range of 3 to
10. Finally, the elasticity £ measures the substitution within the bundles combining energy and
durables. Estimates by Labandeira et al. (2017) and Henriet et al. (2014) suggest values ranging
from 0.4 to 0.5, consistent with Koetse et al. (2008). A plausible range for ¢ is therefore 0.2 to
0.5.
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B.1 Calibrated parameters

Production function technical parameters
The shares in the CES functions and the parameters of the clean electricity production func-
tionare calibrated based on ratios derived from French data. Specifically, the following parame-

ters are included in this calibration:

o CES share parameters: x, V.h, i Vd, Vs Vid> Vies Ve, Va

e Clean electricity production parameter: ap, s

This calibration ensures that the model reflects key structural features of the French economy.

The targeted ratios are summarized in Table 1.

Table 1: Fixed Targets used for calibration

Target Value Description

P,OJY 0.05 Fossil fuel spending as a share of GDP.
K.Y 0.03 Capital in clean electricity as a share of GDP.
D./Dy 0.56 Clean to dirty durables ratio.

DY 0.50 Durables as a share of GDP.

(K. +Kg)/Y 3 Total capital scaled by GDP.

Kq/K. 1.31 Dirty to clean capital ratio.

O¢/0 0.75 Share of oil used by firms.

E./O 0.60 Clean energy relative to oil.

E.t/E. 0.77 Clean energy share for firms.

Lg/L. 1.27 Dirty labour over clean labour.

Tn 1.02 Gross real interest rate (annualized)

The ratios are derived using datasets from SDES, French National Accounts, PEFA, WIOD,
and Household Expenditure Surveys. Fossil fuel spending over GDP (P,0/Y) is estimated at
5% using 2022 data from SDES. Imports of gas, oil, and coal amount to 110 billion euros, with
a GDP of 2.35 trillion euros. Capital over GDP is calculated from French National Accounts,
using investment data and a 5% depreciation rate, yielding a ratio of approximately 3. For
electricity capital, WIOD data indicate 1.7% of total capital in 2014, equivalent to 5% of GDP;
adjusting for clean electricity components gives (K.g/Y ~ 3%). The parameter P, is set at 1.

Energy use is classified into clean and dirty categories using PEFA data. Dirty energy in-
cludes coal, manufactured gases, and petroleum products, while clean energy comprises nuclear,
biofuels, and electricity. These classifications provide estimates for ratios such as E./O, E.f/EL,
and Of/O. Clean and dirty capital shares are derived by assuming that energy shares in pro-
duction sectors mirror capital shares (E./K. = Eq/Ky within each sector). Aggregating across
sectors yields K./K; and Ly/L.. For households, durable and non-durable consumption data
are obtained from expenditure surveys. Durables are defined as items such as housing repairs,

appliances, and vehicles. Total durables are calculated as investments divided by depreciation,
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which is assumed equal to 0.1, scaled by the number of households, and normalized by GDP to
estimate D/Y. The clean-to-dirty durables ratio (D./D,) is assumed proportional to clean-to-
dirty energy use by households.

Wealth-in-utility parameters

The wealth-in-utility parameters -, and 7, are calibrated as follows. First, we set n, = 0 as
done by Michaillat and Saez (2021). Second, we follow Rannenberg (2021) in setting the value
of v, and 3, given the values of the steady state inflation and interest rate. We also target a
discounting wedge # = 7 and set it to 1 when there is no wealth in utility, and to 0.96 when
there is wealth in utility, as in Rannenberg (2021). This implies a value of the discount factor
equal to 0.9964 without WIU and equal to 0.9565 with WIU. The Euler equation at steady state
then defines the value of v, = 0 without WIU and 7, = 0.0012 with WIU.

Other parameters

Other parameters are more usual in the DSGE literature. Eberly et al. (2008) estimate the
investment adjustment cost parameter, denoted as & in their work, to be 0.4 under a single-
regime generalized Hayashi specification and 4.0 under a simpler Hayashi framework. In our
setup, these correspond to x values of 0.8 and 8.0, respectively. Given this range, we opt for
k = b as a reasonable midpoint, balancing the estimates provided by their analysis. There are
very few estimates of elasticities of substitution between clean and dirty labour. We take these

as very substitutable.

B.2 Recapitulation of values of parameters

Parameter | Description Value
€ Elasticity of substitution (clean/dirty bundles in output) 10
oq Elasticity of substitution (capital/energy in clean/dirty bundles) | 0.3
o1d Elasticity of substitution (capital-energy and labour) 0.5
Oec Elasticity of substitution (clean electricity capital/land) 0.2
w Elasticity of substitution (durables/non-durables) 0.9
g Elasticity of substitution (clean/dirty durable bundles) 10
13 Elasticity of substitution (energy/durables) 0.3
I} Household discount factor 0.9
Y CRRA utility parameter 1

h Habit persistence 0.6
vy, labour disutility 2
nL Elasticity of substitution between labour types -5

n Demand elasticity for good varieties 6
op Durables depreciation rate 0.1
0K Capital depreciation rate 0.05
KD Adjustment cost for durables 5
Kk Adjustment cost for capital 5

33



Parameter | Description Value
taXnom Nominal carbon tax on firms 0.42
taXnom,, Nominal carbon tax on households 0.42
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C Impulse responses of FR-GREEN to standard temporary shocks
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Figure 10: Impact of a temporary carbon tax shock in FR-GREEN

Note: All variables are in percentage deviation from the baseline except the real interest rate
that is in percentage points deviation from the baseline.
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Figure 11: Impact of a temporary aggregate productivity shock in FR-GREEN

Note: All variables are in percentage deviation from the baseline except the real interest rate
that is in percentage points deviation from the baseline.
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Figure 12: Impact of a temporary discount factor shock in FR-GREEN

Note: All variables are in percentage deviation from the baseline except the real interest rate
that is in percentage points deviation from the baseline.



D Simulation results of Fit-for-55 scenario with FR-GREEN for

headline variables

Figure 13 presents plots of an FR-GREEN simulation subject to our carbon tax shock. The tax
shock is calibrated to trigger a decline in fossil fuel use equal to -30% by the end of 2030. It causes
a notable decline in output. This loss results from a combination of supply-side effects, where
costly reallocation and energy reduce overall apparent productivity, and demand-side effects, as
lower income leads to reduced consumption and investment. As we also obtain a reduction in
the imports of fossil fuels and an increase of the domestic production of clean energy due to
the change in their relative price, the fall in the French value added calculated as output net of
these imported fossil fuels is smaller than the output loss.

The transition in production from dirty to clean has some consequences in terms of reallo-
cation of durable and capital stocks, as well as labour. On the durable side, the clean durable
stock of households increases by more than 30% and the decrease in the dirty durable stock is
even greater (around -40%). The total stock of durables is decreasing due to the fall in aggregate
income. On the capital side, we also get a fall of the total stock, due to the fall of output, and a
composition change in favour of clean capital (including clean energy capital), but the stock of
clean capital is not increasing. This contrast between durables and capital stems from the differ-
ence between production and consumption structures. The energy-capital bundle is combined
with sector-specific labour (clean or dirty). While firms wants to expand clean production, they
can adjust not only by reallocating capital but also by shifting labour from the dirty to the clean
sector. Indeed, the simulation shows such a composition shift of labour. Similarly to capital,

the decrease in output also implies a decrease in total labour.
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Figure 13: The effects of the carbon tax shocks on the French economy in FR-GREEN simulation

Note: All variables are in percentage deviation from baseline except the real interest rate that
is in percentage points deviation from the baseline.
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E Sensitivity of FR-GREEN to the calibration of wealth-in-
utility

In this section we evaluate the importance of our calibration of the WIU-related parameter
v on FR-GREEN properties. We contrast three cases: the baseline, where v, = 0.0012 and
two alternatives, where 73 is set higher to 0.003 (as implied by setting 5 = 0.9) and lower to
0, i.e. the ordinary no-WIU case. The results of this comparison are presented in two figures,
which present the same results at different horizons — Figure 14 displays results until 2050, while
Figure 15 zooms in on 2024-2030. Our simulations are similar to those seen in Appendix D,
but in order to emphasize how WIU changes the intertemporal dynamics of agent’s choices, we
study an experiment where the carbon taxes are announced in 2024, but only implemented with
a delay at the beginning of 2031. This implies that there is an anticipatory period where the
agents adjust their choices to the tax increase not yet in effect.

As illustrated below, a notable impact of WIU on e.g. consumption choices is the reduction
of consumption smoothing when faced with shocks that have long-term consequences. This
feature allows dampening the strong forwardlookingness, which occurs with a standard utility
under perfect foresight. As shown by Rannenberg (2021), the WIU-augmented Euler equation
(19) can be loglinearized as

Gt = OF G 1 — 0T (55)

where 6 = 57 < 1 accounts for the effect of WIU due to the calibration of . Thus shocks that
affect future consumption ¢;4; and shocks that affect the contemporaneous real rate r; have a
weaker effect on current consumption than in a WIU-less calibration.

In order to understand the short-run impact of the WIU calibration, it is useful to start with
an explanation of its impact at longer horizons. The anticipatory increase in consumption is
due to the fact that the agents are aware that once the tax increase materializes, they will wish
to reduce their investment; this leads them to reduce investment already during this period by
several percent to avoid a portion of the adjustment costs. Notably this reduction in investment
is the greatest in the case of high WIU. A key mechanism behind this phenomenon is the fact
that the higher the WIU, the higher the long-run impact of the carbon tax on the real interest
rate, investment and output, as can be seen from Figure 14 and hence the greater the need for
anticipatory disinvestment.’

These dynamics are also behind the differences in consumption across calibrations in the
short run: without WIU, the anticipatory increase in consumption is smaller as the far-future
drop in consumption matters relatively more for current consumption than in the case with WIU.
Figure 15 shows the economic impact arising at the 2030 horizon from the expected upcoming
shock. The differences between the three calibrations are particularly visible in the case of
consumption and the real interest rate, where e.g. in the case case of consumption, moving
from a no-WIU calibration (dashed line) to a high-WIU (, = 0.003) calibration (dotted line)
amplifies the impact in 2030Q4 from 0.16% to 0.26%, i.e. by over 50%. That is, the higher the
WIU calibration, the stronger the impact of the carbon taxes on consumption in the anticipatory

period, i.e. the less consumption smoothing.

9The real interest rate does not reach its final steady state in 2050 as the carbon tax has not yet converged.
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Figure 14: The effects of a pre-announced carbon tax shock on the French economy in FR-
GREEN simulation, 2024—-2050.

Note: All variables are in percentage deviation from baseline except the real interest rate that
is in percentage points deviation from the baseline. The solid line refers to the baseline case
v = 0.0012, the dotted line to v, = 0.003 and the dashed line to ~, = 0.
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Figure 15: The effects of a pre-announced carbon tax shock on the French economy in FR-
GREEN simulation, 2024-2030.

Note: All variables are in percentage deviation from baseline except the real interest rate that
is in percentage points deviation from the baseline. The solid line refers to the baseline case
Y = 0.0012, the dotted line to v, = 0.003 and the dashed line to v, = 0.
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F FR-BDF scenarios with subsets of shocks

Figures 16 and 17 present plots similar to Figure 9 in the scenarios focusing on the non-supply
and supply shocks, respectively. As these simulations consist of just a part of the whole cocktail,
in general the effects are smaller in magnitude.

In the case of only non-supply shocks affecting the economy—presented in Figure 16—the
most notable difference is the decrease of the price of value added, driven by the fall in output,
which is significantly reduced, and by the loss of household purchasing power. This move of
the value added price, together with a fall in the price of imports, yields a decrease in the price
of investment, that in the case of firms is already notably reduced by the government subsidy.
This leads to an investment boom in the medium to long term. Furthermore, even if we assume
a symmetric shock across the euro area (EA), this fall in the output price translates into extra-
EA price-competitiveness gains, which dampens the decrease in exports compared to the one of
imports.

Figure 17 shows results of the other alternative scenario, the case of supply shocks. In this
case the outcomes are in general more in line with those seen in Figure 9, reflecting the fact that
the majority of the effects of the shocks, particularly on the real economy, arises from this subset
of shocks. Notably the dynamics of the price of firm investment is now increasing instead of
decreasing, as in this case as investment is not subsidized and there is no demand effect arising

from the tax shock, meaning that the price is only affected by the negative supply shock.
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