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Abstract

I develop and estimate a New Keynesian macro-climate model with energy that
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inflation and a significant drop in economic activity. To account for the gradual
decline in emissions, I introduce fossil energy adjustment costs into the model, cap-
turing constraints in reducing fossil energy use. In addition, a low substitutability
between green and fossil energy allows the model to replicate the sharp increase in
headline inflation and the fall in economic activity. The estimated model suggests
that monetary policy can substantially mitigate GDP losses from carbon pricing
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inflation targeting a welfare-improving strategy in this context.
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1 Introduction

Climate change has become an increasingly urgent global challenge, prompting gov-
ernments to implement ambitious policies to transition toward a low-carbon economy. As
carbon pricing policies expand, a growing body of research has developed environmental
DSGE models to assess their macroeconomic implications (see for instance Annicchiarico
and Di Dio (2015), Diluiso et al. (2021), Coenen et al. (2024), Sahuc et al. (2025)).
However, there remains significant uncertainty regarding the actual effects of carbon
price increases on the macroeconomy, particularly in light of concerns about "greenfla-
tion"—the inflationary pressures resulting from higher energy costs (Schnabel, 2022). To
effectively design and evaluate monetary policy responses to macroeconomic dynamics
caused by carbon policy initiatives, it is crucial to have a model that accurately captures
the empirical effects of carbon pricing.

In this paper, I develop and estimate a two-agent New Keynesian macro-climate model
with energy that accounts for macroeconomic effects of carbon price increases in the euro
area observed in the data. I assess the macroeconomic impact of carbon price increases
on the EU Emission Trading System (EU ETS) carbon market using local projections.
For this I use the carbon policy shock series constructed by Känzig (2023), which iden-
tifies unexpected changes in ETS emission allowance future prices. My findings suggest
that carbon policy shocks effectively reduce GHG emissions, though the reduction is not
immediate. Instead, emissions decline gradually, likely due to technological constraints
and infrastructure limitations that prevent an instantaneous shift away from fossil en-
ergy. However, the emission reduction comes at an economic cost for the euro area. The
carbon policy shock triggers a sharp increase in energy prices, which is then passed on to
consumer prices, leading to an immediate rise in headline inflation. Higher energy costs
raise production expenses for firms and increase households’ energy bills, causing a de-
cline in economic activity. The fall in wages, stemming from firms’ higher energy-related
costs, further reduces household income, amplifying the drop in consumption and aggre-
gate demand. This downturn is potentially exacerbated by monetary policy tightening,
as central banks respond to inflationary pressures by raising interest rates.

To accurately capture these empirical dynamics, I estimate my model using Bayesian
impulse response matching. This methodology involves minimizing the distance between
the dynamic responses of my model to a carbon policy shock and analog objects in the
data obtained from the local projections. My model accounts well for the key features of
the estimated impulse response functions: a gradual decline in emissions, an immediate
surge in headline inflation and a significant drop in economic activity. The following
parameter specifications are key features for the success of the model fit:

The first non-standard feature of my model is the introduction of quadratic adjust-
ment costs for fossil energy producers, preventing an immediate reduction in fossil energy
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use following a carbon price shock. The posterior mode of the adjustment cost parameter
suggests that these costs are significantly positive. These frictions reflect real-world tech-
nological constraints and infrastructure limitations, ensuring that the delayed decline in
emissions observed in the data is replicated in the model. Second, the estimated elasticity
of substitution between green and fossil energy is below unity in my model, indicating
that these energy sources are complements rather than substitutes. This contrasts with
much of the literature, where substitution elasticities typically range between 1.8 and 3.
The low substitutability in my model is essential to capturing the strong pass-through
from fossil energy prices to aggregate energy prices. Higher substitutability would im-
ply a weaker inflationary response, leading to an underestimation of the observed rise in
consumer prices and the associated decline in aggregate demand. Third, there is very
strong complementarity of energy in production and consumption. The model assumes
that energy is a crucial input for both firms and households, making it difficult to sub-
stitute away from energy consumption. This amplifies the economic effects of carbon
price shocks, as it makes households and firms more vulnerable to higher energy prices
following carbon policy shocks.

Having a model that accurately accounts for the macroeconomic effects of carbon
policy shocks is essential for meaningful policy analysis. I assess the role of monetary
policy in mitigating the economic costs of carbon pricing. Specifically, I evaluate how
different monetary policy rules influence the macroeconomic response to a large and
permanent carbon price shock, consistent with expected future increases in EU ETS
prices. The results suggest that a monetary policy rule targeting core inflation instead
of headline inflation can significantly reduce GDP losses from carbon price shocks. By
focusing on core inflation, the central bank effectively “looks through” the temporary surge
in energy inflation, avoiding excessive monetary tightening. While this approach leads
to a somewhat larger initial increase in headline inflation, this effect is not persistent.
In contrast, the mitigation of GDP losses is substantial, making core inflation targeting
a welfare-improving policy choice. However, this policy trade-off comes with a small
reduction in the effectiveness of carbon pricing in lowering emissions.

This paper contributes to the growing literature on macro-climate DSGE models by
providing an empirically grounded framework for assessing the macroeconomic effects of
carbon pricing in the euro area. As climate policies become more ambitious, understand-
ing these dynamics is crucial for designing effective policy frameworks, especially with
regard to the design of monetary policy in response to inflationary pressures and GDP
losses caused by carbon policy initiatives.

Related Literature. This papers contributes to both empirical and theoretical lit-
erature on the macroeconomic effects of climate change mitigation policies and potential
implications for monetary policy. First, my paper is related to a growing strand of
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empirical literature assessing the macroeconomic effects of carbon price increases. The
empirical part is closely related to Känzig (2023). Känzig uses high-frequency identifica-
tion of regulatory events on the European carbon market to construct a carbon policy
surprise shock series and study the effects on the euro area economy and on emissions.
His findings suggest that an increase in the EU ETS carbon price is effective in reduc-
ing emissions, but entails economic costs as it creates inflationary pressures and a fall
in employment and real activity. Metcalf and Stock (2023) analyze the macroeconomic
implications of European carbon taxes. Interestingly, they find that while carbon taxes
reduce emissions, they do not lead to a significant reduction in GDP. Similarly, Konradt
and Weder di Mauro (2023) do not find evidence for significant inflationary pressures
caused by carbon taxes using data from European and Canadian carbon tax regimes.

I contribute to this literature by assessing the impact of EU ETS carbon price in-
creases on emissions and the macroeconomy and using these results to estimate a New
Keynesian macro-climate model with energy using Bayesian impulse response matching.
Gagliardone and Gertler (2023) use a similar methodology to estimate a model to match
the impulse responses to an oil shock. Their findings suggest that strong complementarity
of oil in production and consumption are key to account for the macreconomic dynamics
following an oil price increase. Sahuc et al. (2025) estimate a simple New Keynesian
climate model without an explicit energy sector to analyze long-term transition scenarios
under different climate policy regimes.

The second related strand of literature focuses on developing New Keynesian models
with energy to assess the impact of carbon price increases on inflation and the conduct
of monetary policy. Coenen et al. (2024) extend the ECB’s New Area-Wide Model with
a disaggregated energy sector to assess the impact of different carbon transition paths
on the euro area economy. Their results suggest an increase in headline inflation and a
fall in aggregate demand during the transition due to the increase in energy prices. Simi-
larly, Olovsson and Vestin (2023) find that it is optimal for euro area monetary policy to
see through increasing energy prices and focus on stabilizing core inflation, which leads
to an increase in headline inflation. However, their results suggest that this increase is
modest as long as the carbon tax path is pre-announced. Del Negro et al. (2023) de-
velop a two-sector model to study how the green transition affects the central bank’s
trade-off between keeping prices stable and closing the output gap. Nakov and Thomas
(2023) study Ramsey optimal monetary policy in a model with climate externalities and
how it is affected by different environmental policy regimes. I estimate a model with
energy that is able to account for the gradual response in emissions, inflationary pres-
sures and the significant fall in economic activity following a carbon policy shock to assess
the implications of climate change mitigation for the macroeconomy and monetary policy.

Structure. The remainder of the paper is structured as follows: Section 2 presents
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empirical evidence on the macroeconomic effects of a carbon policy shock in the euro
area. Section 3 introduces the New Keynesian macro-climate model with energy. Section
4 outlines the estimation methodology, presents the results and discusses key parameter
specifications. Section 5 evaluates the impact of alternative monetary policy rules on the
macroeconomic implications of carbon policy shocks. Section 6 concludes.

2 Empirical Analysis

In this section, I assess the macroeconomic implications of an increase in the EU ETS
carbon price in the euro area. The EU ETS operates as a carbon market where a fixed
number of emission allowances are issued, granting firms the right to emit greenhouse
gases (GHGs) into the atmosphere. Firms can buy, sell, and trade these allowances,
creating a market-driven price for carbon emissions. To identify changes in the ETS
price, I rely on the carbon policy shock series developed by Känzig (2023), which captures
unexpected variations in emission allowance futures prices using high-frequency surprise
changes. It is a monthly shock series that spans from 1999 to 2019. I estimate the effects
using simple local projections:

yi,t+h = βih,0 + γihCPShockt + βih,1yi,t−1 + ...+ βih,pyi,t−p + ϵi,t,h, (1)

where CPShockt is the ETS carbon policy shock series. Thus, γih captures the effect of
a carbon policy shock on variable i at horizon h. I use quarterly euro area data from
1999Q1 to 2019Q4 to asses the impact of carbon price increases on prices, GHG emissions
and real activity. Specifically, I use the following set of variables:

y12×1
t =



log(real fossil energy pricet)
HICP energy inflation (annualized)t

HICP inflation (annualized)t
HICP inflation excluding energy (annualized)t

EONIAt

log(GHG emissionst)
log(real GDPt)

log(real consumptiont)
log(real investmentt)

log(real wagest)
log(hourst)

capacity utilizationt



.

The real fossil energy price is constructed as a weighted bundle of the Brent crude oil
price and the HICP component for gas, deflated by headline HICP. The EONIA interbank
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interest rate is used as a proxy for the ECB policy rate, since the interest rate has been
at the zero lower bound for a large part of the sample. As data on GHG emissions is only
available at an annual frequency, I construct a quarterly measure of emissions using code
from Quilis (2024) on Chow-Lin temporal disaggregation with indicators. As quarterly
indicators I use the energy component of HICP and industrial production, following
Känzig (2023). I aggregate the monthly carbon policy shock series up to a quarterly
frequency to match the frequency of the data. I use three lags of the dependent variables
as controls in the local projections (p = 3).

Figure 1: Impulse responses of prices and emissions
The solid line is the point estimate, the dark and light shaded areas are 68 and 95 % confidence bands.

The shock is normalized to increase the real fossil energy price by 1%.

Figure 1 presents the impulse responses to a carbon policy shock for the first set
of variables, prices and GHG emissions. The shock is normalized to increase the real
price of fossil energy by 1% on impact. The confidence bands are computed using the
lag-augmentation approach from Montiel Olea and Plagborg-Møller (2021). The carbon
policy shock leads to an immediate increase in fossil energy prices, and therefore also in
aggregate energy prices. Energy inflation increases by almost 1.5 percentage points on
impact. The pass-through of energy prices to consumer prices appears to be strong, as
headline inflation increases by about 0.25 percentage points on impact. Higher energy
prices also lead to a small increase in inflation excluding energy on impact, since they
also increase the production costs of firms, which is passed on to consumers. The nominal
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interest rate increases by about 2 basis points at its peak during the first year following
the shock, which implies that monetary policy seems to react these inflationary pressures.
Finally, the carbon price increase appears to be effective in reducing emissions. The shock
leads to a peak reduction in GHG emissions by about 0.2 percent. Interestingly, this
reaction does not happen immediately with the increase in fossil fuel prices, but the peak
is only reached after almost two years. In terms of both direction and magnitude, these
results are consistent with Känzig (2023) as well as previous evidence on different energy
price shocks, such as oil shocks (Känzig (2021), Baumeister and Hamilton (2019)).

Figure 2: Impulse responses of macroeconomic aggregates
The solid line is the point estimate, the dark and light shaded areas are 68 and 95 % confidence bands.

The shock is normalized to increase the real fossil energy price by 1%.

The above results indicate a strong pass-through from fossil energy to consumer prices.
Figure 2 displays the response of several macroeconomic aggregates to the same carbon
price shock to understand its macroeconomic implications. The shock leads to a signif-
icant decline in real GDP with a peak reduction of about 0.15 %, driven by a fall in
both consumption and investment. Moreover, the shock leads to a decline in real wages,
hours worked and capacity utilization in production. Higher energy prices from carbon
policy innovations directly impact disposable income of households and firms, leading
to a decline in consumption and investment expenditure. This in turn leads to lower
output, which provides an incentive for firms to lower their labor costs. This can be
seen from the delayed but significant decline of wages and hours worked in figure 2. The
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resulting reduction in labor income leads to an additional decrease in aggregate demand.
Contractionary monetary policy in response to the inflationary pressures from higher en-
ergy prices poses another possible channel impacting the decline in aggregate demand.
According to Känzig (2023), these indirect general equilibrium effects account for over
2/3 of the aggregate effect on consumption, explaining the significant response of the real
economy to the carbon policy shock. The decline of capacity utilization in response to
the carbon policy shock indicates that firms cut down production since they face higher
costs for their energy use.

3 The Model

The model is a two-agent New Keynesian (TANK) framework extended by an energy
sector. The economy is populated by ricardian and hand-to-mouth households, final good
producers, intermediate good producers as well as producers of green and fossil energy.
The production of fossil energy generates carbon emissions, while green energy production
is carbon-neutral. A bundle of green and fossil energy is used for both intermediate goods
production and final consumption of households. Carbon policy is modeled as a surcharge
on the price of fossil energy. The model also features a climate change externality, such
that carbon emissions negatively affect total factor productivity.

3.1 Households

The model features two types of households: Ricardian agents, denoted by subscript
R, and hand-to-mouth agents, denoted by subscript H. R agents perform intertemporal
optimization, have access to financial markets and supply capital. Their preferences are
specified as:

E0

∞∑
t=0

βt

{
log(ct,R − bcR,t−1)−

h1+φt,R

1 + φ

}
, (2)

where ct,R represents final consumption, ht,R represents hours worked, β ∈ (0, 1) is the
discount factor, b controls the degree of habit formation and ϕ is the inverse Frisch
elasticity.
The R household’s budget constraint is defined as follows in nominal terms:∑

j

Ptct,R + P I
t i
j
t +Bt+1 = Wtht,R + (Rk,j

t ujt − a(ujt)P
I
t )K

j
t−1 +Rt−1Bt + Tt,R +Πt. (3)

Here, Pt is the price of final consumption goods and P I
t is the price of investment goods

ijt , j ∈ (Y,G,B). Investment is allocated across three different sectors: capital goods
for intermediate goods production kYt , green energy production kGt and fossil energy
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production kBt . Rk
t is the nominal rental rate of capital and ujtK

j
t denotes the household’s

supply of capital services in the given period, where ujt is the capacity utilization rate.
a(ujt) denotes cost of capacity utilization in units of investment goods. R households can
invest in one-period risk-free bonds Bt+1, where Rt−1Bt denotes the revenue from holding
bonds. Wtht,R is household R’ labor income, Tt,R are lump-sum transfers directed towards
R agents and Πt are firm profits.

Following Christiano et al. (2005), R households face quadratic adjustment costs in
investment, so that investment is smoothed over time. This results in the following capital
law of motion for each sector:

kjt = (1−δ)kjt−1 +

[
1− κI

2

(
ijt

ijt−1

− 1

)2]
ijt , j ∈ (Y,G,B) (4)

where κI denotes the investment adjustment cost parameter.
Labor supplied by individual households is differentiated, which yields the following

expression for aggregate labor supply:

ht,R =

(∫ 1

0

ht,R(i)
εW−1

εW di

) εW
εW−1

, (5)

where εW is the elasticity of substitution between individual varieties.
Ricardian households are assumed to set wages in a Calvo-style staggered fashion.

Each period household i is able to reoptimize its nominal wage rate with probability
1 − θW . The remaining fraction of households cannot reoptimize, such that Wt(i) =

Wt−1(i) with probability θW .

The second type of households are hand-to-mouth, meaning they do not perform
intertemporal optimization and have no access to financial markets, but instead consume
all disposable income in a given period. Their budget constraint reads as follows:

Ptct,H = Wtht,H + Tt,H ,

where Tt,H are transfer payments directed towards H households. For simplicity, I assume
that H agents have no bargaining power and do not optimize their hours worked, but
instead work the same hours as R agents, ht,H = ht,R to earn economy-wide wage Wt

following Erceg et al. (2024). Including hand-to-mouth agents is crucial to account for
potentially large demand-side effects of energy price shocks (see Auclert et al. (2023),
Chan et al. (2024), Känzig (2023)).

To capture the energy consumption of households, final consumption ct,j is modeled
as a CES bundle of energy (cEt.j) and the manufactured good from final good production
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(cXt,j), such that

ct,j =

(
γ

1
ϱc
c (cEt,j)

ϱc−1
ϱc + (1− γc)

1
ϱc (cXt,j)

ϱc−1
ϱc

) ϱc
ϱc−1

, j ∈ {H,R}. (6)

Here, γc determines the share of energy in final consumption1 and ϱc is the elasticity of
substitution between energy and the manufactured good. The resulting demand equations
for energy and the manufactured consumption good are:

cEt,j =γc

(
PE
t

Pt

)−ϱc

ct,j, (7)

cXt,j =(1− γc)

(
PX
t

Pt

)−ϱc

ct,j, (8)

where PE
t and PX

t are their respective prices. The CPI can therefore be defined such that
it captures both goods and energy prices:

Pt =
(
γc(P

E
t )

1−ϱc + (1− γc)(P
X
t )1−ϱc

) 1
1−ϱc . (9)

This specification makes it possible to explicitly define a measure for core inflation πXt ,
which, in contrast to headline inflation πt, excludes fluctuations in energy prices:

πXt =
pXt
pXt−1

πt, (10)

where pXt denotes the manufactured good price in terms of domestic CPI.
Similarly, energy inflation is defined as follows:

πEt =
pEt
pEt−1

πt. (11)

3.2 Final good firms

The representative final-good firm uses the following CES bundle to produce the final
good yt:

yt =

(∫ 1

0

yt(i)
ε−1
ε di

) ε
ε−1

, (12)

1For now I assume that the share of energy in the households’ final consumption expenditure is
identical between ricardian and hand-to-mouth agents. Although there is evidence that low income
households spend a larger fraction of their aggregate expenditure on essential goods like energy, Känzig
(2023) shows that this channel is of secondary importance regarding the distributional consequences of
energy price shocks. The heterogeneous income incidence of these households is the key driver of the
consumption response to energy price increases. However, I am working on introducing households with
heterogeneous energy expenditure shares.
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where yt(i) is an intermediate good produced by intermediate good firm i and ε is the
elasticity of substitution between intermediate goods. The profit maximization problem
of the final good firm reads as follows:

max
yt,{yt(i)}i∈[0,1]

PX
t yt −

∫ 1

0

PX
t (i)yt(i)di (13)

s.t. yt =

(∫ 1

0

yt(i)
ε−1
ε di

) ε
ε−1

. (14)

Here, PH,t(i) is the price of the intermediate good produced by firm i in the home country.
The problem yields the following intermediate input demand:

yt(i) =

(
PX
t (i)

PX
t

)−ε

yt. (15)

3.3 Intermediate good firms

A continuum of intermediate goods yt(i) is produced by price setting firms that are
optimizing under monopolistic competition. The production function of these firms is a
CES aggregator in energy and value added from a Cobb-Douglas bundle of capital and
labor, following Hassler et al. (2021):

yt(i) = AYt

[
(1− γY )

1
ϱY

(
(uYt k

Y
t−1(i))

α(hYt (i))
1−α) ϱY −1

ϱY + (γY )
1

ϱY (eYt (i))
ϱY −1

ϱY

] ϱY
ϱY −1

, (16)

where eYt (i), uYt kYt−1(i) and hYt (i) respectively is the energy, effective capital and labor
demanded by firm i, α is the capital share in the value added from capital and labor, γY is
the energy share in intermediate goods production and ϱY is the elasticity of substitution
between energy and the capital-labor bundle.

Firms set their price PX
t and choose input factors capital, labor and energy to maxi-

mize profits subject to their production technology (16) and the demand of the final good
firm (15).The firms set prices in Calvo-style staggered contracts, such that each firm faces
a constant probability 1− θP of being able to adjust its price. The remaining firms that
are not able to reoptimize set their price according to PX

t (i) = PX
t−1(i).

3.4 Energy sector

A representative energy firm combines two different energy sources, green energy eGt
and brown (fossil) energy eBt , to provide energy services to households and for intermediate
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goods production. The energy inputs are bundled using the following CES aggregator:

et =
(
(1− ζ)

1
ξ (eGt )

ξ−1
ξ + ζ

1
ξ (eBt )

ξ−1
ξ

) ξ
ξ−1

, (17)

where ξ is the elasticity of substitution between green and fossil energy and ζ determines
the share of fossil energy in energy production.

Both energy inputs are produced using a Cobb-Douglas bundle of sector-specific cap-
ital and labor services kjt and hjt , j ∈ {B,G}:

ejt = Ajt(u
j
tk
j
t−1)

αE(hjt)
1−αE , j ∈ {B,G}, (18)

where ujt is the sector-specific rate of capacity utilization.
Fossil energy production generates carbon emissions mt, such that:

mt = ϑeBt , (19)

where ϑ determines the carbon content of fossil energy production.
The profits of the energy firm are defined as follows:

ΠE
t = pEt et − pBt (1 + τt)e

B
t − pGt e

G
t − Φ

(
eBt /et

eBt−1/et−1

)
pEt et, (20)

where the carbon policy rate τt is modeled as a surcharge on the price of fossil energy. I
choose to model carbon policy as a carbon tax for simplicity, because both carbon taxes
and cap-and-trade systems like the EU ETS increase the price of fossil fuel use to reduce
emissions. The carbon tax rate follows an AR(1) process:

log(τt) = (1− ρτ ) log(τ) + ρτ log(τt−1) + ϵτt , (21)

where ϵτt is an exogenous carbon policy shock and τ is the steady state carbon tax rate.
Furthermore, energy producers face quadratic adjustment costs in the share of fossil
energy, similar to the adjustment cost function defined in Coenen et al. (2024):

Φ

(
eBt /et

eBt−1/et−1

)
=
κE
2

(
eBt /et

eBt−1/et−1

− 1

)2

. (22)

These costs are crucial to account for the slow adjustment of fossil energy use following
a carbon price increase, for instance due to long-term contracts with fossil fuel providers
or the lack of appropriate infrastructure to switch to renewable energy sources. This
cost implies a trade-off for energy firms. Higher carbon prices create an incentive for
energy firms to reduce fossil fuel use to lower production costs. However, the firms face
adjustment costs, preventing large and abrupt cuts in fossil energy use.
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3.5 Monetary and fiscal policy

The fiscal authority levies the carbon tax on energy firms and rebates the revenues
to households via lump-sum transfers. This seems to be the most neutral assumption for
revenue use, as the revenues from the EU ETS are supposed to either finance environ-
mental projects or be rebated to households. I abstract from the existence of public debt
and assume the fiscal authorities run a balanced budget at all times. The government
budget constraint takes the following form:

τtp
B
t e

B
t = Tt + pXt g, (23)

where government spending g is assumed to be constant.
The central bank follows a Taylor rule to set the nominal interest rate rt:

rt
r
=
(rt−1

r

)ρr [(πt
π

)ϕπ (gdpt
gdp

)ϕy ( gdpt
gdpt−1

)ϕ△y
](1−ρr)

, (24)

In the baseline analysis, the central bank is assumed to respond to deviations in headline
HICP inflation, GDP and GDP growth.

3.6 Climate change

I introduce a climate change externality as in Golosov et al. (2014) into my model to
capture negative effects of increasing atmospheric carbon on the economy. The externality
creates a two-way interaction between the economy and climate change. In the benchmark
model, fossil energy production generates carbon emissions, which feed into the stock of
atmospheric carbon. The stock of atmospheric carbon evolves according to the following
process:

St = (1− δS)St−1 + (mt +mrow) , (25)

where δS,0 is the depreciation rate of carbon dioxide from the atmosphere and δS,1 is the
percentage of carbon emissions that enter the atmosphere. The global stock of atmo-
spheric carbon is fueled by domestic euro area emissions mt and emissions from the rest
of the world mrow, which is constant over time, because I assume no climate policy action
in the rest of the world.

The extended model now introduces a feedback effect, such that the environmental
damage from higher atmospheric carbon reduces total factor productivity.2. Following

2Antoher approach of some environmental DSGE models is to include the pollution externality di-
rectly into the utility function of households (see Acemoglu et al. (2012), Benmir et al. (2020), Barrage
(2020)). However, Nordhaus (2008) and Heutel (2012) argue that such a modeling choice would be more
appropriate for conventional pollutants that directly affect health rather than greenhouse gases.
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Golosov et al. (2014), total factor productivity in each production sector is then modeled
as follows:

Ait = aite
−ψSt , i ∈ {Y,G,B}, (26)

where ψ is the damage parameter that determines the size of the externality and ait, i ∈
{Y,G,B} is the total factor productivity that would prevail in each sector without the
environmental externality.3

3.7 Market clearing and functional forms

The labor and energy market clear such that:

ht = hYt + hBt + hGt , (27)

et = λcEt,H + (1− λ)cEt,R + eYt , (28)

where λ denotes the share of hand-to-mouth agents.
Aggregate investment is defined as follows:

it = iYt + iBt + iGt . (29)

Aggregating firm profits implies:

Πt = ΠY
t +ΠF

t +ΠG
t . (30)

The resource constraint of the economy is then obtained by plugging the government bud-
get constraint and the profit functions of intermediate goods firms and energy producers
into the weighted sum of household budget constraints:

pXt yt = pXt c
X
t + pIt it + pXt g +

∑
j

a(ujt)k
j
t−1 + Φ

(
eBt /et

eBt−1/et−1

)
pEt et, j ∈ {Y,B,G}. (31)

Real GDP is measured as follows:

gdpt = ct + pIt it + pXt g, (32)

where aggregate consumption is defined as:

ct = λct,H + (1− λ)ct,R. (33)

3For simplicity, this is set to ait = 1 in each sector.
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The capacity utilization adjustment cost function is defined as:

a(u) =
1

2
σ0σau

2 + σ0(1− σa)u+ σ0

(
1

2
σa − 1

)
, (34)

where σ0 is set such that a(1) = a′(1) = 0 in steady state. The parameter σa controls the
curvature of the adjustment cost function, such that a higher σa indicated larger costs
for changing capacity utilization.

A full set of equilibrium equations as well as the steady state of the model is listed in
appendix A.

4 Estimation Results

I estimate the key parameters of the model by matching the dynamic responses to a
carbon policy shock in the model with the estimated impulse responses from the data
presented in section 2 using Bayesian impulse response matching. First, I calibrate a
set of parameters and then estimate the remaining parameters conditional on the set of
calibrated parameters.

4.1 Estimation methodology

For the estimation I follow the limited information Bayesian methodology developed
in Christiano et al. (2010) that minimizes the distance between the dynamic impulse
responses to the carbon policy shock ϵτ in the model and the analog responses in the
data. The impulse responses from the data are estimated using local projections in
section 2. I use ten of the variables considered in the local projections for the estimation
procedure: real fossil energy prices, energy inflation, headline inflation, nominal interest
rate, emissions, real GDP, real consumption, real investment, real wages and capacity
utilization.

The estimation procedure relies on the assumption that the structural model correctly
describes the data-generating process. Let θ0 denote the true values of the model param-
eters, and let ψ(θ) represent the mapping from the parameter space to the model-implied
impulse responses. Then, ψ(θ0) corresponds to the true impulse responses, which are
estimated from the data as ψ̂. Under standard asymptotic sampling theory, when the
number of observations T is large, the empirical impulse responses satisfy:

√
T
(
ψ̂ − ψ(θ0)

)
d∼ N(0,W (θ0, ζ0)). (35)

Here, θ0 represents the true values of the model parameters, while ζ0 denotes the
true values of shocks that are not explicitly estimated. The vector ψ̂ includes the con-
temporaneous and 11 lagged responses of the 10 variables used for the estimation. The
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asymptotic distribution of ψ̂ can be rewritten as:

ψ̂
d∼ N(ψ(θ0), V ), (36)

where V = W (θ0, ζ0)/T . In practice, I use a consistent estimator for V , considering
only diagonal elements, as suggested by Christiano et al. (2010).

To estimate the model parameters, I treat ψ̂ as observed data and specify prior dis-
tributions for θ. Using Bayes’ theorem, I compute the posterior distribution of θ given ψ̂
and V . The likelihood function for ψ̂ given θ is approximated by:

f(ψ̂|θ, V ) = (2π)−N/2|V |−1/2 exp
[
−0.5(ψ̂ − ψ(θ))′V −1(ψ̂ − ψ(θ))

]
. (37)

Maximizing this function provides an approximate maximum likelihood estimator for
θ. The likelihood function is derived from the asymptotic distribution of the impulse
responses and accounts for estimation uncertainty. I obtain parameter estimates by max-
imizing the posterior density and use a Markov Chain Monte Carlo (MCMC) algorithm
to sample from the posterior distribution.

4.2 Calibrated parameters

Table 1: Calibrated parameters

Parameter Description Value Source
ωe,c Energy share in consumption bundle 0.1 Eurostat, HICP weight
ωe,y Energy share in production 0.07 Coenen et al. (2024)
ζ Green energy share 0.15 Eurostat
β Discount factor 0.995 Standard value
π Steady-state inflation rate 1.005 ECB target 2% annual rate
φ Inverse Frisch elasticity 1 Standard value
α Capital share in production 0.3 Standard value
αE Capital share in energy production 0.3 Standard value
δ Depreciation rate 0.025 Standard value
µP Price mark-up 1.2 Standard value
µW Wage mark-up 1.2 Standard value
λ Share of HtM households 0.25 Dossche et al. (2021)
δS Decay rate of atmospheric carbon 0.9983 Hassler et al. (2020)
ψ Damage coefficient 0.00002698 Hassler et al. (2020)
ϑ Carbon content of fossil energy 1 Hassler et al. (2020)

The model is calibrated to the euro area at a quarterly frequency. All calibrated
parameter values are shown in table 1.

The quarterly discount factor is set to β = 0.995, which implies an annual steady-
state real interest rate of 2%. The steady-state inflation rate is calibrated to match an
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annual inflation of 2% for both core and headline inflation. The substitution elasticity
between intermediate goods is set to ε = 6, which is a standard value in New Keynesian
models, implying a price mark-up of µP = ε

ε−1
= 1.2. The wage mark-up is also set to

µW = 1.2. The capital share in production is set to α = 0.3 and capital depreciates at a
rate of δ = 2.5% each quarter. The inverse Frisch elasticity is set to φ = 2. The share
of hand-to-mouth agents is set to λ = 25% following the estimates from Dossche et al.
(2021) for the euro area.

The energy-related parameters are calibrated to match euro area data in steady state.
The share of energy in the consumption bundle ωe,c is calibrated to match the weight
of energy expenditure in euro area HICP, which is approximately 10%. The distribution
parameter γc is then calibrated to ensure this expenditure share of every value of pE and
ϱc in steady state:

γc = ωe,c(p
E)ϱc−1. (38)

Similarly, ωe,y matches the share of energy in production of about 7% in the euro area
following Coenen et al. (2024). such that:

γc = ωe,y

(
pE

pX

)ϱy−1

. (39)

The share of green energy in aggregate energy production is set to ζ = 15%, reflecting
the average value for the euro area for the sample period of 1999 to 2019.

Finally, for the calibration of the climate module, I follow the estimates from Hassler
et al. (2020). The damage function coefficient ψ is estimated to specifically capture
damages from carbon-induced temperature increases in Europe.

4.3 Estimated parameters and results

Conditional on the calibrated parameters, I then estimate the remaining sixteen model
parameters. Table 3 reports the prior and posterior distributions of the estimated pa-
rameters. This section discusses the estimated parameter values and their implications,
with a particular focus on the energy-related parameters.

First, the results imply strong complementarity between energy and other inputs in
production as well as energy and non-energy goods in consumption. This complementar-
ity is a standard assumption in macro climate models with energy with values usually
ranging between 0.2 and 0.5 (Hassler et al. (2021), Coenen et al. (2024), Diluiso et al.
(2021)). My estimates are lie slightly below this range with ϱc = 0.13 and ϱy = 0.06.
The 90% interval is also on the lower end of estimates in the literature. Such a high
degree of complementarity makes households and firms very vulnerable to carbon policy
shocks, because the sharp increase in energy prices will increase their energy bills, leading
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Table 2: Priors and Posteriors of Parameters

Parameter Prior Posterior
D, Mean [5-95%] Mode Mean [5-95%]

Energy complementarity firms, ϱy G, 0.5 [0.13 1.07] 0.06 0.08 [0.01 0.16]
Energy complementarity households, ϱc G, 0.5 [0.13 1.07] 0.13 0.16 [0.07 0.26]
Substitution green and fossil energy, ξ G, 2 [0.89 3.47] 0.72 0.80 [0.49 1.11]
Fossil energy adjustment cost, κE U , 50 [5 95] 35.27 40.23 [28.56 70.39]
Habit persistence, b B, 0.6 [0.34 0.83] 0.50 0.47 [0.29 0.66]
Calvo wage stickiness, θw B, 0.6 [0.34 0.83] 0.87 0.88 [0.80 0.96]
Investment adjustment costs, κI G, 5 [1.27 10.73] 1.92 2.69 [0.79 4.55]
Capacity utilization adjustment costs, σa G, 1 [0.15 2.46] 0.40 0.66 [0.03 1.29]
Calvo price stickiness, θp B, 0.6 [0.34 0.83] 0.72 0.67 [0.46 0.81]
Taylor rule inflation coefficient, ϕπ G, 1.6 [1.14 2.12] 1.76 1.78 [1.29 2.27]
Taylor rule output coefficient, ϕy G, 0.1 [0.01 0.26] 0.005 0.01 [0 0.03]
Taylor rule output growth coefficient, ϕ△y G, 0.1 [0.01 0.26] 0.08 0.13 [0.01 0.27]
Interest rate smoothing, ρr B, 0.8 [0.62 0.94] 0.96 0.96 [0.94 0.98]
Autocorr. carbon shock, ρτ U , 0.5 [0.05 0.95] 0.85 0.86 [0.82 0.90]
Std.Dev. carbon shock, στ G, 0.2 [0.09 0.41] 0.27 0.27 [0.23 0.31]

Notes: Posterior mode and parameter distributions are based on a standard MCMC algorithm with a
total of 500,000 draws (5 chains, 50 percent of draws used for burn-in, acceptance rate about 27%).

B,G and U denote beta, gamma and uniform distribution, respectively.

to a significant drop in consumption and investment expenditure. These results are in
line with Gagliardone and Gertler (2023) who estimate strong complementarities of oil
in production and consumption using an oil price shock.

Second, the posterior mode of the substitution elasticity between green and fossil
energy is ξ = 0.72. As this value is below unity, this suggests that green and fossil en-
ergy sources are complements rather than substitutes in aggregate energy production. In
addition, the 90% confidence interval suggest an upper bound of 1.1. The estimation re-
sults therefore suggest that green and fossil energy are complements or weak substitutes.
Standard values for this parameter usually range from 1.8 to 3, suggesting higher substi-
tutability (Papageorgiou et al. (2017), Coenen et al. (2024)). The substitution elasticity
is a key parameter for determining the effectiveness of carbon pricing policies.

Finally, the posterior mode of the fossil energy adjustment cost parameter is signifi-
cantly positive with κE = 35.3. These types of adjustment costs are non-standard in New
Keynesian climate models, implying a value of κE = 0. My results suggest that including
adjustment costs in the share of fossil energy is crucial to match the lagged response of
emissions following an increase in the ETS carbon price. Section 4.4 provides a detailed
analysis of the implications of the parameter estimates for ξ and κE.

The remaining parameters, that are not directly related to the energy sector, fall
within a reasonable range for standard macroeconomic models. The degree of price stick-
iness suggests that prices are adjusted every four quarters on average, while wages remain
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unchanged for about eight quarters on average. Habit persistence b = 0.5 is close to the
estimate of the New Area Wide Model (Coenen et al. (2018), henceforth NAWM II).
Investment and capacity utilization adjustment costs are a little lower than suggested by
the NAWM II. The estimated Taylor rule coefficients suggest a high degree of interest
rate smoothing and a small coefficient on output growth, while the output gap coefficient
is close to zero, which is also in line with the NAWM II. The persistence of the carbon
policy shock is approximately ρτ = 0.85.

Figure 3: Impulse responses to carbon policy shock: Model vs. Data

Figure 3 compares the dynamic impulse responses from the model, depicted by the
blue line, to the responses estimated from the data in section 2, depicted by the black
line. The grey areas are the 95% confidence intervals from the local projections. The
model adequately captures the dynamics observed in the data following a carbon policy
shock. As aggregate energy prices are a bundle of fossil and green energy prices, the
carbon price increase leads to a surge in energy inflation. This leads to a rise in headline
inflation, both due to a direct increase in households’ energy expenditure and due to
firms passing on higher production costs to consumers. Higher energy bills directly lead
to lower consumption and investment expenditure. The increase in production costs of
firms leads to a decline in wages and capacity utilization. Lower wages in turn further
decrease aggregate demand. The negative effects on aggregate demand are amplified by
the rise in real interest rates as monetary policy leans against inflationary pressures.
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4.4 Counterfactual analysis

This section highlights the the crucial role of two key parameters—the substitution
elasticity between green and fossil energy ξ and the fossil energy adjustment cost param-
eter κE in accurately capturing the economy’s response to a carbon policy shock. These
parameters govern how flexibly firms and households can adjust their energy consump-
tion and how smoothly the economy transitions away from fossil energy in response to
policy changes. To demonstrate how these two parameters are identified, I fix all esti-
mated model parameters at their posterior mode (as reported in table 3) and simulate
two counterfactual scenarios: (i) the absence of fossil energy adjustment costs (κE = 0)
(ii) higher substitutability between green and fossil energy (ξ = 3). Figure 4 compares
the resulting impulse responses to the baseline responses in figure 3.

Figure 4: Impulse responses to carbon policy shock: Counterfactual analysis

Scenario (i) is depicted by the dashed red line. The most pronounced effect is observed
in aggregate energy prices, with energy inflation surging nearly 4 percentage points on
impact, which is more than twice the estimated response from the data. This short-run
spike in energy prices transmits directly to headline inflation, which rises by nearly 0.5
percentage points on impact, amplifying the economy-wide cost pressures. Consequently,
household real income declines sharply, as higher energy prices directly increase energy
expenditures. The resulting strong demand contraction prevents the model from captur-
ing the more gradual decline in consumption observed in the data. Furthermore, since

19



firms can immediately substitute away from fossil energy, emissions drop sharply on im-
pact. However, this implies that the model fails to reproduce the observed gradual decline
in emissions following a carbon policy shock. In reality, infrastructure limitations, supply
constraints, and technological adoption barriers slow the transition away from fossil fuels,
making the emission response less immediate and more persistent.

The dash-dotted yellow line depicts scenario (ii). A higher value for ξ implies that
energy producers can more easily substitute away from fossil energy, which mutes the
strong impact response of aggregate energy inflation. Consequently, the surge in headline
inflation is notably dampened, easing the burden of higher energy costs on households.
This results in a considerably smaller contraction in consumption compared to the base-
line estimated model. Additionally, greater substitutability accelerates the transition to
green energy, leading to a more pronounced decline in emissions than observed in the
data following a carbon policy shock.

5 Monetary Policy

The transition to a low-carbon economy poses important challenges for monetary pol-
icy. While central banks do not play a direct role in climate change mitigation, they
must respond to the inflationary pressures and GDP losses that result from rising carbon
prices. This section analyzes how different monetary policy rules influence the macroe-
conomic effects of a carbon policy shock. While the estimation analysis is based on a
small and transitory shock, future carbon price increases under the EU ETS are likely to
be large and permanent, reflecting the EU’s commitment to ambitious climate targets.
Understanding how monetary policy should respond to such shocks is therefore crucial.

Figure 7 presents the impulse responses to a permanent carbon price increase, which
leads to a 5% increase in real fossil energy prices. The figure compares the outcomes
under two different monetary policy frameworks: the baseline scenario (solid blue line)
and an alternative scenario in which the central bank targets core inflation instead of
headline inflation (dashed red line). In the baseline scenario, the carbon price shock
leads to a gradual and persistent reduction in emissions, with a peak reduction of 2%.
However, this reduction comes at a cost: the rise in fossil energy prices induces a sharp
increase in headline inflation, as energy costs directly feed into consumer prices. Core
inflation also increases, but to a much smaller extent, as firms face rising marginal costs.
In response, the central bank raises interest rates, leaning against inflationary pressures.
However, this monetary tightening amplifies the decline in real GDP.

The dashed red line in Figure 7 illustrates an alternative policy: the central bank tar-
gets core inflation instead of headline inflation in the Taylor rule. Under this framework,
the central bank effectively "looks through" the rise in energy prices. As a result, the
nominal interest rate does not increase as aggressively, which strongly mitigates the fall
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in aggregate demand. The contraction in GDP is almost halved at peak compared to
the baseline scenario. The increase in core inflation becomes larger and more persistent,
leading to a headline inflation spike that is approximately 0.3 percentage points higher
on impact. However, despite this stronger initial rise, headline inflation does not remain
persistently elevated. One year after the shock, the inflation dynamics under both sce-
narios are nearly identical, suggesting that the long-term inflationary consequences of
targeting core inflation are limited.

By mitigating the economic downturn, targeting core inflation constitutes a welfare
improvement relative to targeting headline inflation4. The more moderate contraction in
GDP means that household income and consumption decline less, reducing the welfare
costs associated with the carbon price shock. However, there is a trade-off in terms
of emissions reduction: the peak decline in emissions is somewhat smaller under core
inflation targeting, reaching 1.5% at peak instead of 2% in the baseline. This is because
the milder economic contraction leads to relatively higher production and consumption,
slightly offsetting the emissions reduction induced by the carbon price increase.

As a robustness check I re-estimate the model with a Taylor rule that targets core
instead of headline inflation, leaving the rest of the model unchanged. The results are
presented in Appendix B The estimation with the alternative Taylor rule results in a
similar model fit as the baseline estimation, and does not change the implications of this
exercise.

Figure 5: Impulse responses to a permanent carbon policy shock: Headline vs. core
inflation stabilization

4Social welfare is defined as the population weighted average of Ricardian and hand-to-mouth house-
holds’ utility and specified in consumption equivalent terms.
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6 Conclusion

In this paper, I develop and estimate a New Keynesian macro-climate model that suc-
cessfully captures the macroeconomic effects of carbon price shocks in the euro area. Using
local projections, I document three key empirical responses to carbon price increases: a
gradual decline in emissions, a sharp rise in headline inflation, and a significant drop in
economic activity. To replicate these dynamics, I introduce two non-standard features
into the model, fossil energy adjustment costs and low substitutability between green
and fossil energy, both of which are essential for matching the observed responses. The
estimated model closely aligns with the data, providing a robust empirical framework
for analyzing the economic trade-offs of carbon pricing. With this empirically grounded
framework, I assess the role of monetary policy in shaping macroeconomic outcomes fol-
lowing carbon price shocks. My results show that a central bank focusing on core rather
than headline inflation can significantly reduce GDP losses following a permanent carbon
price shock. These insights contribute to the macro-climate modeling literature by pro-
viding a framework that accurately captures the macroeconomic effects of carbon policy.
This framework could also be used in future research to evaluate optimal monetary pol-
icy responses to carbon shocks or to analyze how carbon pricing interacts with standard
macroeconomic fluctuations and monetary policy transmission. As carbon pricing be-
comes an increasingly central policy tool, models that accurately reflect these dynamics
will be essential for designing effective economic and monetary policies.
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A Model details

This appendix presents the full set of equilibrium conditions. The model is described
by a total of 57 equations and 57 endogenous variables {ct, ct,R, ct,H , cEt,R, cEt,H , cXt,R, cXt,H , λt, rt,
πt, π
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and an exogenous process for τt.

Households:
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(
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− 1

)2
)
iBt (A.14)
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B
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B
t (A.15)
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) 1
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ct,H (A.21)
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) 1
1−εw (A.22)
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KW
t

FW
t

(A.23)
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t = (wεWt ht,R)
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(1+ϕ)εWKW

t+1 (A.24)

FW
t = wεWt ht,Rλt + θWβ(πt+1)

(1+ϕ)εW−1FW
t+1 (A.25)
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1
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wt = mct ((1− γY )ytdt)
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Y
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Y
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(A.28)

eYt =

(
pEt
mct

)−ϱY
γY ytdt (A.29)

Price setting:
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θP (p

X
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∗
)1−ε

) 1
1−ε (A.30)
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∗
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ε

ε− 1

Kt

Ft
pXt (A.31)

Kt = ytmct + θPβ
λt+1

λt
(πXt+1)

εWKt+1 (A.32)

Ft = ytp
X
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λt+1

λt
(πXt+1)

ε−1Ft+1 (A.33)

27



dt = (1− θP )
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pXt

∗

pXt

)−ε

+ θP (π
X
t )
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Energy firms:
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1
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((
ζ
et
eBt

) 1
ξ

− Φ′
(

eBt /et
eBt−1/et−1

))
(A.37)

eGt = (1− ζ)

(
pGt
pEt

)−ξ
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B
t−1 (A.43)
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G
t e

G
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πEt =
pEt
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πt (A.45)

Climate change:
St = (1− δS)St−1 + (mt +mrow) , (A.46)

AYt = aYt e
−ψSt (A.47)

ABt = aBt e
−ψSt (A.48)

AGt = aGt e
−ψSt (A.49)

Aggregation, Market clearing and policy:

rt
r
=
(rt−1

r

)ρr [(πt
π

)ϕπ (gdpt
gdp

)ϕy ( gdpt
gdpt−1

)ϕ△y
](1−ρr)

, (A.50)

(1− λ)ht,R + λht,H = hYt + hBt + hGt (A.51)

it = iYt + iBt + iGt (A.52)
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et = eYt + λcEt,H ++(1− λ)cEt,R (A.53)

ct = λct,H + (1− λ)ct,R (A.54)

pXt yt = pXt c
X
t + pIt it+ p

X
t g+

∑
j

a(ujt)k
j
t−1+Φ

(
eBt /et

eBt−1/et−1

)
pEt et, j ∈ {Y,B,G} (A.55)

gdpt = ct + pIt it + pXt g (A.56)

pIt = pXt (A.57)

Exogenous processes:

log(τt) = (1− ρτ ) log(τ) + ρτ log(τt−1) + ϵτt (A.58)
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B Robustness

To assess the robustness of my results, I re-estimate the model with an alternative
Taylor rule, in which the central bank target core instead of headline inflation:

rt
r
=
(rt−1

r

)ρr [(πXt
πX

)ϕπ (gdpt
gdp

)ϕy ( gdpt
gdpt−1

)ϕ△y
](1−ρr)

. (B.1)

The results of this estimation suggest a similar model fit as in the baseline version, also
implying that the central bank can mitigate GDP loss following carbon policy shocks by
targeting core instead of headline inflation, as discussed in section 5.

Table 3: Priors and Posteriors of Parameters

Parameter Prior Posterior
D, Mean [5-95%] Mode Mean [5-95%]

Energy complementarity firms, ϱy G, 0.5 [0.13 1.07] 0.06 0.09 [0.01 0.19]
Energy complementarity households, ϱc G, 0.5 [0.13 1.07] 0.13 0.16 [0.06 0.28]
Substitution green and fossil energy, ξ G, 2 [0.89 3.47] 0.74 0.81 [0.47 1.18]
Fossil energy adjustment cost, κE U , 50 [5 95] 39.29 46.35 [32.62 77.51]
Habit persistence, b B, 0.6 [0.34 0.83] 0.51 0.47 [0.25 0.69]
Calvo wage stickiness, θw B, 0.6 [0.34 0.83] 0.86 0.86 [0.75 0.96]
Investment adjustment costs, κI G, 5 [1.27 10.73] 1.64 1.95 [0.31 4.15]
Capacity utilization adjustment costs, σa G, 1 [0.15 2.46] 0.60 0.86 [0.03 1.99]
Calvo price stickiness, θp B, 0.6 [0.34 0.83] 0.70 0.68 [0.49 0.80]
Taylor rule inflation coefficient, ϕπ G, 1.6 [1.14 2.12] 1.78 1.87 [1.29 2.49]
Taylor rule output coefficient, ϕy G, 0.1 [0.01 0.26] 0.02 0.03 [0 0.05]
Taylor rule output growth coefficient, ϕ△y G, 0.1 [0.01 0.26] 0.09 0.11 [0.02 0.22]
Interest rate smoothing, ρr B, 0.8 [0.62 0.94] 0.89 0.86 [0.74 0.96]
Autocorr. carbon shock, ρτ U , 0.5 [0.05 0.95] 0.86 0.86 [0.82 0.91]
Std.Dev. carbon shock, στ G, 0.2 [0.09 0.41] 0.27 0.27 [0.23 0.32]

Notes: Posterior mode and parameter distributions are based on a standard MCMC algorithm with a
total of 500,000 draws (5 chains, 50 percent of draws used for burn-in, acceptance rate about 27%).

B,G and U denote beta, gamma and uniform distribution, respectively.
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Figure 6: Impulse responses to carbon policy shock: Model vs. Data

Figure 7: Impulse responses to a permanent carbon policy shock: Core vs. headline
inflation stabilization in model estimated on Taylor rule with core inflation
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