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Abstract

This paper examines how environmental externalities and fiscal policies aimed at
reducing emissions affect the conduct of monetary policy in a two-sector (clean and
dirty) environmental dynamic stochastic general equilibrium (E-DSGE) model. We ana-
lyze the optimal response of monetary policy to sector-specific inflationary shocks under
different environmental policy regimes and compare the performance of standard and
non-standard monetary policy rules. Our findings highlight three key results. First, the
existence of environmental policies introduces distortions in relative prices, which in turn
affect the conduct of (Ramsey) optimal monetary policy. Second, compared to a standard
Taylor rule targeting aggregate inflation, a non-standard monetary rule that accounts
for sector-specific inflation can mitigate more effectively these policy-induced distortions,
reducing output, inflation and emissions volatility. Third, while a non-standard mone-
tary policy rule improves welfare across all environmental policy scenarios, it leads to
higher emissions except under a cap policy, where emissions remain unchanged by design.
These results highlight the complex interactions between monetary and environmental
fiscal policies and the trade-offs involved in designing optimal policy frameworks.
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1 Introduction

Since the Paris Agreement of 2015, climate policies have become central to the global eco-
nomic agenda. In addition to governments and (supra)national public bodies, monetary
authorities have also begun to express concern about the economic consequences of climate
change, and they see the need for their proactive involvement. Speeches given in 2015 by
Mark Carney, former governor of the Bank of England, and in 2019 by Mary C. Daly, presi-
dent of the Federal Reserve Bank of San Francisco, are examples of this: both warned that
the green transition poses severe risks to economic development and financial stability, and
could ultimately affect the conduct of monetary policy to achieve the goals of full employ-
ment and price stability. More recently (July 2021), the European Central Bank approved a
new monetary policy strategy, claiming that central banks should commit to including the
impact of climate change in their policy frameworks and be supportive of policy initiatives
addressing environmental issues.

What effects do these developments have on monetary policy, particularly when fiscal en-
vironmental policies target specific sectors and introduce distortions in relative prices? Many
central banks around the world have recognized the implications that climate change may
have for financial stability, envisioning macroprudential policy measures. However, less atten-
tion has been given to how environmental fiscal policies, such as carbon taxation or emission
caps, which affect clean and dirty sectors differently, impact business-cycle stabilization and
the design of monetary policy rules.

In standard real business cycle (RBC) models, monetary policy plays no role. In RBC
models with an environmental externality (Heutel 2012), which are often used to describe
the impact of climate change on the economic system, an optimal environmental policy is
designed to offset the negative externality. This usually takes the form of a carbon tax, as
making emissions costly is considered the most efficient way to reduce them (Nordhaus [1977)).
In an RBC model with an environmental externality and nominal frictions (Annicchiarico and
Di Dio [2015)), monetary policy is introduced to address nominal rigidities. In multi-sector
New Keynesian models, monetary policy faces additional trade-offs due to sectoral hetero-
geneity. Rubbo (2023) introduces the “Divine Coincidence index,” an inflation measure that
eliminates these trade-offs by exploiting differences in technology, price stickiness, and sec-

toral relevance. In light of this existing literature, this paper examines how monetary policy



should respond to standard shocks (e.g., cost-push shocks) in the presence of sub-optimal (ex-
ogenous) environmental policies. We consider a setting with two symmetric sectors, identical
in technology, nominal price rigidity, and aggregate weight. In this setting, it is not structural
asymmetries but rather environmental fiscal policies that create distortions in relative prices
and sectoral dynamics and thus affect the optimal conduct of monetary policy.

Our analysis begins with a Ramsey optimal policy benchmark, which reveals that envi-
ronmental fiscal policies — such as carbon taxes and emission caps — introduce relative price
distortions that alter the optimal monetary policy, in response to sectoral cost-push shocks.
In light of this, we compare a standard Taylor rule — targeting aggregate inflation — with
a non-standard monetary rule that accounts for sector-specific inflation. We show that the
non-standard rule more effectively mitigates these policy-induced distortions, reducing out-
put, inflation and emissions volatility and improving welfare. While previous studies have
studied the policy outcome of distinguishing between sectoral inflation (see Del Negro et al.
(2023) and Rubbo (2023))), we extend this analysis to a setting where asymmetries arise pri-
marily from environmental fiscal policies rather than from structural differences. We further
explore whether monetary policy can balance the trade-off between welfare maximization and
emission reduction when environmental policies create sectoral imbalances.

To address these questions, we develop an environmental dynamic stochastic general equi-
librium (E-DSGE) model featuring a clean (green) and a dirty (polluting) sector. The model
incorporates fiscal policies such as emission caps and carbon taxes, which distort relative
prices by altering production costs, affecting the transmission of monetary policy. Within a
Taylor-rule-based framework (Taylor (1993 1999), we allow the central bank to differentiate
between clean and dirty good inflation when setting its policy. Our analysis shows that the
optimal calibration of monetary rule parameters depends on the type of environmental policy
in place and on the sector affected by the shock, highlighting the extent to which monetary
policy can mitigate the distortions induced by environmental fiscal policies.

In this paper, we want to contribute to two main strands of the literature. The first is
that of environmental macroeconomics, particularly work employing environmental DSGE
(E-DSGE) models that combine business cycle analysis with environmental issues. The sec-
ond is that related to optimal monetary policy and the interaction with (environmental) fiscal
policies. The bridge in the literature between general equilibrium models and the environ-

ment is the integrated assessment model (IAM). The pioneering work of William Nordhaus



(Nordhaus (1977, |2010; Nordhaus and Sztorc 2013|), with his Dynamic Integrated model of
Climate and the Economy (DICE), can be considered the forerunner of the wide strand of
literature developed in recent decades around IAMs. DICE is an analytical model, designed
as a policy optimization tool, that tries to represent the interconnection between the climate
and the global economic system. In addition to the neoclassical economic growth theory,
on which it is grounded, the "negative natural capital" of carbon concentrations is included
(Nordhaus 2010). Environmental policies that aim to reduce anthropogenic emissions are
therefore intended as investments to reduce this negative capital. A strand of literature com-
bining environmental issues with the real business cycle theory is also based on the early
work of Nordhaus. Heutel (2012)) formally stresses the importance of business cycles in driv-
ing public policies: his idea is that, in order to design focused interventions to address climate
change, it is important to build a model in which climate policies are explicitly integrated
with macroeconomic fluctuations. He develops an E-DSGE model in which pollution appears
as a stock variable that negatively affects the economy.

The early E-DSGE literature focused primarily on the different effects of specific public
environmental policies on the business cycle. Extensions of the model constructed by Heutel
(2012)) have been created by adding uncertainty (Hassler and Krusell 2018), New Keynesian
nominal rigidities (Annicchiarico and Di Dio 2015; Annicchiarico and Dio|2017) and financial
(Carattini et al. 2023) or labor-market frictions and migration (Chan 2019; Gibson and
Heutel 2023). More recently, attention has shifted to the interaction between monetary and
environmental fiscal policies and the possible extension of the tools available to central banks.
These works extend the broader literature on the relationship between optimal monetary
and fiscal policies (see for example Chari and Kehoe (1999) or Gali and Monacelli (2008).
Examples of this are the works by Chen et al. (2020) and Chan (2020)), who develop a
climate-augmented monetary policy rule by adding an emission target to the standard Taylor
equation. They find that such a monetary policy can create a conflict between welfare and
climate objectives, as emission reductions can be recessive. Nakov and Thomas (2023) analyze
the implication of what they define as a climate-conscious (Ramsey optimal) monetary policy
when the carbon tax is initially set at a sub-optimal level, showing that Central Banks’
conventional interest rate policy is an inefficient instrument for reducing CO9 emissions. Del
Negro et al. (2023)) show how climate policies can create a trade-off between inflation and

output stabilization in the presence of a shock to the carbon taxation, and how this result



depends on the difference in price flexibility between a dirty and a green sector. Economides
and Xepapadeas (2025) highlight the interplay between climate shocks, energy prices, and
productivity in a New Keynesian DSGE model with a climate module. While their approach
emphasizes climate-induced productivity shocks and optimal Ramsey policies, this paper
focuses on the macroeconomic effects of carbon taxation and the monetary policy responses
required to manage these distortions, employing a specific monetary policy rule. Other
scholars instead focus on the composition of central banks’ balance sheets, developing models
with financial frictions in which clean-quantitative easing programs are enforced (Diluiso et
al. 2021} Ferrari and Nispi Landi 2023)).

We contribute to this literature by showing how monetary policy should be conducted
when environmental policy and climate frictions affect the business cycle, in the presence of
standard shocks. We also address the question of whether monetary policy should actually
be concerned with aggregate price stability or whether central banks’ optimal responses to
price changes in clean and dirty sectors should be asymmetric.

Our main results are as follows: first, the existence of environmental policies introduces
distortions in relative prices, which in turn affect the conduct of (Ramsey) optimal monetary
policy. Second, compared to a standard Taylor rule targeting aggregate inflation, a non-
standard monetary rule that accounts for sector-specific inflation can mitigate more effectively
these policy-induced distortions, reducing output, inflation and emissions volatility. Third,
while a non-standard monetary policy rule improves welfare across all environmental policy
scenarios, it leads to higher emissions except under a cap policy, where emissions remain
unchanged by design.

The paper is organized as follows: in section [2] we design our E-DSGE model by inte-
grating a two-sector DSGE model with climate damage and introducing environmental fiscal
policies. In section 3] we conduct an analysis of the impulse response functions (IRFs) in the
E-DSGE model: first, we simulate the optimal Ramsey monetary policy in different environ-
mental policy scenarios; then, we restrict our attention to a single environmental policy (tax
policy) and simulate the model under different monetary regimeﬂ In section |4}, we analyze
the optimal monetary policy rule parameters in response to inflationary shocks, considering

both symmetric and asymmetric cases. In the first step (subsection [4.1)), we compare in-

'For completeness, the results of simulations conducted under alternative environmental regimes are
shown in the appendix.



flation, output gap, and emissions volatility under the standard and non-standard monetary
policy rules when exogenous shocks affect the economy simultaneously. In the next step (sub-
section [4.2)), we examine optimal monetary policy rule coefficients, welfare loss, and emission

variation when shocks impact the economy asymmetrically. The last section concludes the

paper.

2 Environmental-DSGE model

In this section, we describe our two-sector DSGE model augmented with environmental ex-
ternalities. Building on the work of Annicchiarico and Di Dio (Annicchiarico and Di Dio
2015; Annicchiarico and Dio 2017) and Ferrari and Nispi Landi (2023), we integrate the
Environmental-DSGE model of Heutel (2012) with New Keynesian nominal rigidities and an
intermediate firm level. In this model, three types of firms operate in the economy: a final-
consumption-good producer, which bundles "clean" and "dirty" outputs and operates in a
perfectly competitive market; two intermediate firms aggregating, respectively, "clean" and
"dirty" differentiated goods using a CES aggregator technology; and the "dirty" polluting
ﬁrmaﬂ and "clean" non-polluting firms operating in a monopolistically competitive regime.
The latter employ capital and labor as production factors. A sketch of the model is shown

in Figure [T}

2.1 Households

Households are all identical and indexed by i € [0,1], they consume a consumption good
and supply differentiated labor and capital. The utility of the representative infinitely lived

household is:

I S (= e 1)
a tt:O 1 —¢c 1+ ¢ ’

where [; represents working hours and ¢; is per-capita consumption (at time t); the period
utility is characterized by a constant relative risk aversion (CRRA), where ¢, is the inverse
elasticity of intertemporal substitution; 1) weighs the disutility of working; ¢; is the inverse
of the Frisch elasticity; and 3 is the intertemporal discount factor. Households maximize the

lifetime utility (equation ) subject to the budget constraint. For the budget of households,

2 Although in Heutel (2012) all firms pollute, in our model, only dirty firms pollute.
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Figure 1: Scheme of the E-DSGE model.

we differentiate capital, labor and wage by sector such that

Bu(i) + euli) +ie(8) = b () D (I Ok @) + 2 (W @OEO) e+ T ()
J J
where j = {C, D} stands for clean and dirty sectors. Here, b; represents bond holdings, i;
represents investment, b;_17:_1 denotes revenues from holding bonds, 7 is the consumer price
index (CPI) inflation rate; rf g k:;zfl is the income from sector-specific capital service and wg li
is the income from sector-specific labor; t; is a lump-sum tax and 7; represents profits from
firms ownership (equal to zero because of the perfect competition regime in which the firms
operate). All variables are expressed in real termsﬂ Following the example of Christiano et
al. , we also consider the existence of implicit adjustment costs in investmentﬂ which
makes adjusting the investment level in response to a departure of capital from its optimal
level costly. By doing this, investment is smoothed over time. Households can also choose

whether to invest in green or dirty sector capital. The law of motion of capital with quadratic

3Lowercase letters denote real variables, uppercase letters nominal variables.

4In their work, Christiano et al. do not specify a functional form for the investment adjustment
cost; instead, they specify some properties that the function should have. The functional form we choose is
in line with those properties.



adjustment costs is

. . 4 G 2
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where ¢; > 0 denotes the investment cost parameter. Investment and labor supply for the

two sectors aggregate according to the following equations:

() = [P @) + (15 @)] (4)

(i) = [if’ (1) + i (§)] (5)

Individual labor supply varieties are aggregated using the Dixit-Stiglitz function (Dixit and
Stiglitz [1977)).

fw
. (/01 (zg(i))gvaw_ dz’) T (6)

where &y is the elasticity of substitution between individual labor supply. The latter is

defined as a function of individual to aggregate wage share

Joa\ ¢
1) = (“’ﬁ”) i, (7)

Wy

such that the aggregate intermediate wage reads

wl = < /0 1 wt(i)l—ﬁvvdz) . (8)

Additionally we introduce sectoral nominal wage rigidity in the form of quadratic adjustment

costs a la Rotemberg (1983)E|:

: J(; S
ACY (i) = 2 (V;V(()) - fr) i, ©

which is added to the left-hand side of the budget constraint . Here ¢y represents the

nominal wage adjustment cost parameter. Households’” utility maximization problem yields

®As an alternative, we could have employed the model of pricing of Calvo (1983), but we opted for
Rotemberg’s model because it is a more parsimonious model. Moreover, Rotemberg and Calvo models deliver
equivalent dynamics when they are log-linearized around a zero-inflation steady state (Ascari and Rossi|2012]).



the following first-order conditions (FOCs) with respect to ¢;(i), wi (i) and ki ():
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where:
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and mrs] is the inverse of the marginal rate of substitution between consumption and leisure;

m w, is the sectoral wage inflation; ¢; measures the marginal value of capital with respect to

consumption and is known as Tobin’s ¢q. From the FOC for b;, we obtain the Fuler equation:

T
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where inflation 711 is defined as
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Lastly, the FOC with respect to zi yields
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From equation (15]), we can write the real interest rate r| as
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2.2 Firms
2.2.1 Final-good firms

Final good firms employ clean (y¢) and dirty (y{) intermediate goods as inputs in a constant

elasticity of substitution (CES) aggregator function:

e—1

ye=|(1-A)c (4°) = +Ac@wP) |, (19)

where ytc and yP are goods from industry C and industry D, respectively, A is a weighting pa-
rameter and € represents the elasticity of substitution between the twdﬂ. The final-good firm

solves an intratemporal maximization problem to determine the optimal input combination:

max  piYs — [Ptcytc + PPyp ],
v P

where PtC and PtD are sector-specific prices and p; represents the aggregate price index (CPI).

This problem yields the following demand functions:

c PENT
Y =ye(1—A) ; (20)
Y2
PPN
vt =y (t> : (21)
Pt
The aggregate price is
1—e 1—e 11
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We define pto = %C and pf) = %D as the price of clean and dirty goods in terms of the
aggregate CPL.

Both demand functions are increasing in terms of the final good production and price and
decreasing in terms of their own price. Both demand functions depend on the composition of
y, which is given by the exogenous value of A. For simplicity, we set A = 0.5, such that the

economy is split into two perfectly symmetric sectors. We define intermediate goods C and D

as an aggregation of intermediate inputs ytc D (1) produced by a continuum of monopolistically

A unitary elasticity of substitution yields the classic Cobb-Douglas function; instead, we choose a value
€ > 1, which makes the two inputs imperfect substitutes.



competitive firms indexed with ¢, with constant elasticity of substitution:

| it
&1 &1
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where §£ is the sector-specific elasticity of substitution parameter and yg is the Dixit-Stiglitz
aggregator. fg is also a stochastic process that describes a markup shock to the inflation

equation, as defined by Smets and Wouters (2003)). It evolves following an AR(1) process:

lnfg = pe lngg_l + (1 = pe) Ingi — eé’t, (24)

with 0 < p¢ < 1 and eé , ~ ia.d.N (0, aﬁM), where € is the steady-state level of the elasticity

parameter and e¢; is an exogenous markup shock. The intermediate input demand is

Lo\ €
yf@):A(Piﬂ.”) . (25)

By substituting the values of ytc D from equations and into the intermediate input

demand function (equation ([25))), we obtain

0= (52) - () (26)

PF Pt
D
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The zero-profit condition for intermediate-good firms then requires the aggregate intermediate

1 1

. ; _ ¢l

P = ( / P,(i) ¢ di)l “ (28)
0

2.2.2 Clean and dirty intermediate-input firms

price index to be

Clean and dirty firms employ sector-specific labor and capital in their production; addition-
ally, the TFP in both industries is negatively affected by pollution. Dirty-good firms differ
from clean-good producers in that they face a trade off between paying a tax on their negative

externalities and using only a fraction of their production to abate their polluting emissions.

10



The production function of the two sectors is

11—«

i) = Al (H.0)" (o) (29)
and Al = (1—Dy(z))al, (30)

where A{ is the total factor productivity (TFP) net of the damage function Dy, and ag is the
industry-specific technology factor; « represents the input share parameters. Technology in

both sectors evolves following an AR(1) process:
log(a]) = (1 = pa)log(@’) + palog(ai_,) + €l (31)

where @’ is the steady-state level of technology and el is a sector-specific exogenous produc-
tivity shocK}
The linkage between production and the climate is expressed via the damage function

and abatement spending. Here, we define the functions that make up the climate module:

Dy(2¢) =do + dyxy + doz?, (32)
Ty =Nxi—1 + e + eﬁOW, (33)
er =(1— p)h(y (i), with p € [0,1], (34)
2 =gyl (i), (35)

The damage D, is a quadratic function of the pollution stock x;. The pollution stock is

ROW. ;
t 3 NS

a function of domestic emissions e; and emissions from the rest of the world e
a parameter describing the decay rate of atmospheric pollution. Domestic emissions are a
function of polluting firms’ production and abatement; p; is the fraction of emissions abated;

and z; represents the total abatement spending. In addition, we define two auxiliary functions,

h(yP (i) =y (yP@) ", with 12 <0<y <1, (36)

9(pe) =012, (37)

such that industrial emissions are an increasing and convex function of the output.

"This is the standard expression for TFP in DSGE models; however, in this paper we abstract from
technology shocks.
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Nominal price rigidities are modeled again by introducing quadratic adjustment costs
(AC(i)) a la Rotemberg (1983)), which intermediate firms pay whenever they adjust their
price with respect to the steady-state level of inflation:

P (i ’
Acj(i) = 2 (“ - fr) yiP. (39)
2 \P i1 (1)
In both sectors, firms pay the price adjustment cost and maximize their profits, expressed in
terms of the CPI level p;. The profit function of dirty-good producers is as follows:
PP(i) p ACP (i)

17 (i) = o (z‘)—n%‘)et(z')—ztu)—thLf’(i)—rf’Dk&(i)T, (39)

where TIP (i) is the dirty-firm profit and 7/ is the carbon tax on industrial emissions that
polluting firms pay to the central fiscal authority. From the profit maximization problem for

polluting firms, we get the following FOCs with respect to k, [P and u:

a—1 —a
i =mep AP a (KP21)* (P, (40)
wp =mel AP(1—a) (k24)" (17) (41)
o (yP) " = 0165077, (42)

where mcP is the sectoral Lagrangian multiplier related to marginal costsﬂ The dirty Phillips

curve is

P _7) = BE, [)\t+1PtD+1?J£rl D (7B, —7)

m (m — 7 N W”tﬂ i1 =T ]
& |mef & -1 g W) ™ ue
+2= - +7 (L= p)n(l =72)—F5—+0 5|, (43)
o | pf P pP

8Since in symmetric equilibrium all firms within the same sector choose the same price, we can drop the
index ¢
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where: 4

J
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=i
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_ ij Pt Pt—1
Pt -1 P |

and pP is the relative price of dirty good. Note that since dirty and clean firms incur different
costs, they will not set the same price even in equilibrium; hence, we cannot simplify the price
variables P and p;. Marginal costs depend on the degree of elasticity between intermediate
goods within the same sector.
For clean-good producers, the resource constraint is
P o ACE (i)

7 (@) = =2 () = wf L) = rp Ok () = === (45)

As before, the profit maximization problem yields the following FOCs with respect to k¢ and

ltC:
i = mefATa (k7)™ A7) (46)
wi =mef A7 (1 - @) (k1)" ()7 (47)
The clean Phillips curve is
_ A1 DY s) ] € mee f -1
r° (7th —7t) =PE, Tt%yzcﬂﬂgl (7‘(,56_;_1 -7)| + jp ptcf — tftc (48)

2.3 Public sector and market clearing

Government consumption g; is financed by both income ¢; and emissions taxes. The public

sector budget constraint with a zero net supply of bonds is

gt :tt+TtEet+bt — (L4 ri—1) b1, (49)

where t; = wy;. (50)
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t; is defined as a fixed share of the income y;, which is determined by the parameter w. The

good-market clearing condition implies that
‘ b A 2 . bW s N2
ye = ¢t + g + iy + 2 + Z {ZP (77{ — 7rt> ylp] + 5 (ﬂ%‘,’t — 7r> Hw]| . (51)
J

2.3.1 Standard monetary policy rule

The monetary authority follows a feedback rule of the Taylor rule claseﬂ to set the nominal

interest rate in response to changes in the inflation rate. The standard TR is

1—pm

- @) .

where 7 and 7 represent the corresponding Ramsey steady state of the nominal interest

=3

rate and inflation; y* is the flexible price outpu@; pm denotes the degree of monetary policy
inertia. The ratio 5—2 is the output gap and represents the deviation of output from its flexible

counterpart. ¢, and ¢, denote the response of the interest rate to inflation and output gap

variation.

2.3.2 Non-standard monetary policy rule

Given the structure of our model, we propose an alternative monetary policy rule, in which
the inflation target is replaced by two targets, which correspond to the relative inflation of
the two sectors. So, while maintaining the usual mandate of price stability, the central bank
can set its policy rate taking into account the relative changes of PtC and PP instead of the
general level of the price p;. By doing so, the coefficients of the monetary policy rule can be

set independently. The non-standard TR reads
1-p

e @ @ e

where ¢C and ¢ denote the response of the interest rate to the sector-specific inflation

variation.

9The choice of a monetary policy rule stems from the fact that this type of rule-based policy is readily
implementable and easy to communicate to the public. In contrast, a socially optimal policy designed by a
Ramsey planner is not directly operational. Schmitt-Grohé and Uribe (2007)) have shown that the outcomes
of the two approaches, in terms of welfare maximization, can be extremely close.

10The output level obtained in the absence of of wage and price nominal rigidities.
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2.4 Environmental dynamics and policies

In RBC studies with an environmental production externality (e.g., Heutel (2012)), an opti-
mal carbon tax is derived that can compensate for this externality. But what if an optimal
carbon tax is not feasible? In this work, we define three environmental regimes characterized

by different policies:

1. baseline: the government does not impose any tax on polluting emissions, nor there is

the incentive for firms to abate, such that 7/ = y; = 0;

2. tax policy: the government levies an emissions tax whose value is fixed such that 7f = 7,

and abatement is constant T}

3. cap policy: the government set a permanent limit on emissions based on a fixed amount
of pollution stock, i.e. e, = Z(1 —n) — €"%; tax and abatement adjust accordingly.
This policy is basically a simplified version of the cap-and-trade system implemented
within the EU, in which the carbon budget is determined periodically by the relevant
authorities and the price of carbon permits (the carbon tax) is determined by market

demand.

In all three cases, the emission tax represents the major instrument used to offset the environ-
mental friction. Note that 7. is predetermined by the government and does not correspond
to an efficient Ramsey taxE[ This means that it may not completely internalize the environ-
mental externality, as it is not optimized to do so. In this work, we focus on an economy with
sub-optimal climate policies, such that the intervention of monetary policy, besides being
necessary to offset nominal frictions (as in a standard NK-RBC model), can contribute to
offsetting the distortion caused by the environmental damagﬁ

When no climate policy is set, we shut down the environmental tax and the abatement

effort, such that 77 = gz = 0. In doing this, the public sector is not endowed with any

"1n Heutel (2012) the carbon tax is procyclical.

2Many countries, including the U.S., set their carbon tax equal to the social cost of carbon (SCC), that
is, the marginal cost to society (e.g., economic or human health costs) associated with the emission of an
extra unit (tonne) of greenhouse gas. However, the carbon price is susceptible to political decisions, as the
estimation of the SCC is dependent upon the public administration in charge. This explains why we have
seen the SCC in the United States drop from $36 under the Obama administration to $7 during the Trump
administration.

131n a keynote speech at the ILF conference on Clean Banking and Clean Central Banking, the President
of the ECB, Christine Lagarde, stated that "Relying on just one solution, or on one party" (in our case, the
environmental tax of the fiscal authority) "will not be enough to avoid a climate catastrophe" (Lagarde |2021]).
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policy instruments to correct the distortion, and dirty firms do not internalize their negative
externalities; they keep producing at the same pace regardless of the amount of CO5y they
emit. However, setting the emission tax equal to 0 and keeping the value of the weighting
parameter A the same affects the steady-state level of the pollution stock, which increases

significantly.

2.5 Calibration and steady state

The model is calibrated at a quarterly frequency in the U.S., mainly relying on the parametriza-
tion commonly used in the RBC and New Keynesian literature. The parameter ¢ is calibrated
such that the steady state labor supply is equal to 0.33 (1/3 of a day or 8 hours). Other
specific ratios observed in the data are met, like the investment/output ratio (around 25%)
and the government expenditure to GDP ratio (ca. 10%). Climate module parameters are
updated according to the most recent available data, following Gibson and Heutel (2023]) and
Carattini et al. (2023). In their work, Gibson and Heutel (2023) employ the updated version
of Nordhaus’ DICE 2016R2 model to estimate the parameters of the damage, emissions and
abatement cost functions. There is an extensive discussion in the literature about the magni-
tude of the damage. According to some experts, Nordhaus’ damage function underestimates
the impact of the pollution stock on the economy (Howard and Sterner [2017). In addition,
temperature increases due to environmental degradation would affect different parts of the
world asymmetrically and would even benefit some countries in the northern part of the globe
(Kalkuhl and Wenz 2020). Nevertheless, investigating the nature of the damage function is
beyond the scope of our work, so we follow the standard approach from the E-DSGE liter-
ature. The magnitude of the shocks is set to standard levelﬁ. We set the standard error
of the markup shock to -0.18, to induce a (negative) variation of the parameter £ by one
unit. The calibrated parameters are reported in Table 2] For comparison, we report in Table
the steady-state values of some variables of interest in E-DSGE models under the three
environmental policy scenarios. We fix A = 0.5, such that the intermediate goods sector is

equally split between clean and dirty ﬁrmﬁ In this way, we want to isolate the transmission

40One of the objectives of the paper is to show how the asymmetric monetary policy rule performs with
respect to the standard TR, rather than finding the exact response parameters. Hence, although estimated
shocks would fit reality better, they would not alter the nature of the results.

15 According to the U.S. Environmental Protection Agency, the economic sectors that contribute the most
to greenhouse gas (GHG) emissions in the United States are transportation, utilities, industry and manufac-
turing, commercial and residential, and agriculture. The sum of the GDP shares of these sectors for 2021
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mechanism of monetary policy from the sector composition. The steady-state value of 77
is numerically determined such that the initial amount of carbon stock is equal to ca. 880
GtCOs (similar to the level of global atmospheric carbon stock over the last decade, according
to the update version of Nordhaus’ DICE model) and A = O.ﬂ This value is common to all
the environmental regimes considered here. For the baseline scenario only, Z increases to ca.
1120, in order to keep emissions intensity and the parameter A constant. The steady-state
value of the emission tax is 0 with no environmental policy, and it is 0.0066 otherwise. It
is expressed in the arbitrary units of the model. Total environmental tax revenues to GDP
amounts to 0.30% (it was around 0.35% in the US in 2022). When no environmental policy is
implemented, production and prices of dirty and clean goods are the same in the two sectors,
since they are perfectly identical and face the same marginal costs. On the contrary, in the
model with a positive emission tax, dirty production is lower and the price of dirty goods is
higher than that of clean goods. The comparison of welfare level reveals that, at the steady
state, the introduction of a positive carbon tax increases welfare by 3.46%. This is due to
the smaller pollution stock in the presence of environmental policies and, consequently, lower
environmental damage/GDP ratio. If we exclude climate damage from the framework, the

distorting environmental fiscal policies lower welfare in the steady state by 1.27%.

Table 1: Steady-state variables for the E-DSGE model, baseline (no-policy) vs environmental
(tax/cap) policy scenario

Variable Description Baseline  Tax/Cap Policy
c/y Consumption to GDP ratio 65.01% 64.73%
iy Investment to GDP ratio 24.99% 24.93%
g/y Government exp. to GDP ratio 10.00% 10.30%
D/y Damage to GDP ratio 3.41% 1.76%
e Emissions 0.6536 0.5133
pP Dirty good relative price 1.0 1.0026
p¢ Clean good relative price 1.0 0.9974
mcSP Clean/Dirty marginal cost 0.8333 0.8312
Te€ Environmental tax to GDP ratio 0.0% 0.30%
x Pollution stock 1120.40 880
%14 Welfare -448.72 -433.18
W% Welfare variation wrt baseline / +3.46%
(W — D)% Welfare variation (excluding D) / -1.27%

(data from the U.S. Bureau of Economic Analysis) amounts to 35%.

1Here, we follow an approach similar to that taken by Ferrari and Nispi Landi (2023). In their work, the
authors fix the initial level of carbon stock and the emission tax such that the value of A is 0.35. This value
reflects the intermediate input composition in the EU, accounting for the current level of air pollution, which
was calculated by Papoutsi et al. (2021).
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Table 2: Model parameters

Parameter  Description Value Source
B8 Discount factor 0.9975 RBC literature
Ve Inverse elasticity of intertemporal sub. 2 Carattini et al. (2023)
] Inverse Frisch elasticity 1 —
Ew CES parameter of labor supply 6 Calibrated
ow Wage adjustment cost 59.553 Implied from &w (Ascari and Rossi|[2012)
1) Disutility of work 9.893 Implied from I =1/3
1) Capital depreciation 0.025 RBC literature
oi Investment adjustment cost 10 NK-DSGE literature
I3 Elasticity of sub. intermediate goods 6 NK-DSGE literature
€ Elasticity of sub. dirty vs clean goods 2 Carattini et al. (2023)
A Weight of dirty good 0.5 Arbitrary
Op Price adjustment cost 59.553 Implied from £ (Ascari and Rossi [2012)
« Share of capital in production 1/3 RBC literature
do Damage function constant -0.026 Carattini et al. (2023)
di Damage function linear parameter 3.6613e-5 —
da Damage function quadratic parameter 1.4812e-8 -
0, Abatement cost function coefficient 0.0334 -
02 Abatement cost function exponent 2.6 -
Y1 Shifter of emissions function 1 Gibson and Heutel (2023|)
Y2 Emissions elasticity 0.4 -
n Pollution decay rate 0.9965 Allen et al. (2018
D Mon. pol. param. clean/dirty inflation 1.5 NK-DSGE literature
fo3s Mon. pol. param. inflation 1.5 -
by Mon. pol. param. output gap 0.5 -
Pa Persistence of TFP/markup shock 0.95 —
pe Persistence of markup shock 0.95 -
Py Public spending persistence 0.8 -
Pm Mon. pol. inertia 0.2 —
U%D SD of sector-specific markup shock 0.18 Calibrated
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3 Impulse responses in the E-DSGE model

We simulate our E-DSGE model to track the dynamic response of the endogenous variables
to temporary negative sector-specific markup shockﬂ In what follows, first, we simulate
the optimal Ramsey monetary policy in different environmental policy scenarios; then, we
restrict our attention to a single environmental policy (tax policy) and simulate the model
under different monetary regimes. The same simulation is also conducted with alternative
environmental policies, and the results are displayed in Appendix [E] The model is solved by
computing the first-order Taylor approximation around the deterministic steady state of the
linearized model, using the perturbation method. The model is solved using the MATLAB

pre-processor Dynare (Adjemian et al. 2024)).

3.1 Ramsey Monetary Policy with Alternative Environmental Regimes

Unlike the TR, with Ramsey optimal policy the social planner maximizes the household’s
utility by choosing the value of a specific policy instrument (in this case 1), under the
equilibrium conditions of the decentralized economy and contingent on the observation of
the nature of the shock, but not (necessarily) on the specific variables showing up in the
policy rule. It is common in the literature to use simple rules because they are closer to the
actual policies of central banks. The use of a Ramsey policy in this section is for illustrative
purposes, to show how the optimal response of a social planner changes depending on the
shock (the affected sector) and the environmental fiscal policy. In figures and ﬂ we
observe the impulse response of some aggregate variables to a clean and a dirty cost-push
shock, respectively. All the three environmental policy regimes are represented here. The
central bank interest rate is the key variable (shown in details in figure [3)). We observe that
the response of r; on impact varies across environmental regimes and between the two shocks.
Regardless of the emissions policy, the interest rate adjustment is more pronounced following
an inflationary shock in the clean sector, with the largest decrease — more than double —
occurring under an emissions cap. Comparing environmental regimes, a clean shock leads
to the most significant interest rate change under an emissions cap, whereas a dirty shock

results in the largest adjustment under a tax policy.

17 A negative shock implies that the elasticity of substitution ff between intermediate inputs, within each
sector, goes down, meaning the overall markup is higher and increases inflation.

19



These differing monetary policy responses also have significant implications for the sector
not directly affected by the shock. After a clean shock, inflation in the dirty sector rises
sharply, particularly under a cap policy. This occurs because the clean shock raises inflation
in the clean sector, making clean goods relatively more expensive and shifting demand toward
dirty goods. However, under a cap policy, emissions cannot increase, which drives up the
marginal cost of producing dirty goods and amplifies their price increase. Conversely, after a
dirty shock, inflation in the clean sector is more pronounced under tax or no-policy regimes
compared to a cap policy. In this case, the absence of rigid emission constraints allows for a
more moderate interest rate response, which, in turn, leads to greater spillover of inflationary
pressures from the dirty to the clean sector. Under a cap policy, the tighter monetary stance
contains these pressures, resulting in lower inflation in the clean sector.

The effects of these dynamics are also evident in consumption. While consumption ini-
tially declines more sharply when the dirty sector is affected by the cost shock, it recovers
and is slightly higher a decade later, particularly under a cap policy. This is driven by the
tighter monetary response under the cap regime, which helps stabilize inflation and output

over the long term, thereby supporting higher levels of consumption.

3.2 Tax Policy with Alternative Monetary policy rules

We distinguish four scenarios: in the first one, the central bank sets its monetary policy
according to a standard TR with an aggregate inflation target. In the next two scenarios,
the monetary policy rule employed is the one with sectoral inflation targets, as described in
equation : these two scenarios differ in that in one regime, the central bank targets only
clean inflation (¢¢ = 1.5, 2 = 0), while in the other, it targets only dirty inflation (¢S = 0,
#P = 1.5). For simplicity, we will call these rules "clean rule" and "dirty rule", respectively.
In the last scenario, the Ramsey planner chooses the value of the monetary policy instrument.
The IRFs are plotted in figures [{a] and (b

While the interest rate declines sharply when the policy rate is chosen by the Ramsey
planner (as detailed in the previous section), the initial reaction is positive or null when a
monetary policy rule is employed. In all scenarios, the interest rate gap nearly closes by the
end of the simulation period, except when a non-standard monetary policy rule is applied.
Depending on the sector affected by the shock, two opposite outcomes emerge. Under a dirty

shock, the dirty rule keeps the interest rate persistently above its steady state. The opposite
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Figure 2: Impulse responses across shocks and environmental regimes with a Ramsey Policy
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Figure 3: Interest rate across shocks and environmental regimes with a Ramsey Policy

occurs when the shock hits the clean sector.

Regarding the dynamics of output and emissions, the Ramsey policy minimizes output
reductions compared to other monetary policy rules due to its welfare-maximizing design.
However, as welfare depends on consumption, higher demand for goods implies increased
production and consequently higher emissions. Thus, from an emissions control perspective,
the optimal Ramsey policy may not be the most effective. In that sense, a non-standard
Taylor Rule (TR) outperforms the Ramsey approach. The most significant output contraction
occurs when the monetary policy rule specifically targets the inflation of the sector affected
by the shock (e.g., a clean rule under a clean markup shock or a dirty rule under a dirty
shock). This leads to a sustained positive interest rate, cooling the economy more effectively
and reducing emissions.

In detail, a clean markup shock increases the price of clean inputs, reducing their demand
while boosting demand for cheaper dirty goods, regardless of the monetary policy. This
raises emissions as dirty sector production expands, while leading to increased dirty infla-
tion. Given the imperfect substitutability between the two goods, a clean sector supply shock
translates into a demand shock for the dirty sector. Except Ramsey’s, the largest emissions
increase occurs when a dirty rule is applied. In this scenario, the central bank’s moderate
reaction (owing to negative dirty inflation) results in weak interest rates, initially mitigating
output contraction but sustaining higher emissions and associated damage. When the shock

originates in the dirty sector, differences in emissions across monetary regimes are less pro-
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nounced. Targeting dirty inflation causes a persistent interest rate rise, reducing production
and GHG emissions.

Overall, monetary policy plays a crucial role in shaping sectoral markup shock dynamics.
Targeting inflation in the affected sector leads to stronger output and emissions reductions
but compromises welfare. Instead, since Ramsey optimal policy maximizes welfare, it may
conflict with emissions reduction goals. As discussed in the next section, although emissions
are included in the welfare calculation through their impact on firm productivity (via the
damage function), welfare gains from lower emissions are offset by the higher production costs
and lower income (due to the carbon taxation). This trade-off highlights the misalignment

between welfare maximization and emissions minimization objectives.

4 Optimal monetary policy rule

Following the approach proposed by Schmitt-Grohé and Uribe (2007), we compute the op-
timal monetary policy rule (equations ((52|) and ) that maximizes the expected welfare
of a representative household, conditional on it being in the steady statelﬁ In the first part
(section , we analyze the case in which a clean and a dirty (independent) markup shock
occur simultaneouslyﬂ. In the second part (section , we will see what happens to the
optimized TR parameters when the shock hits only one of the two sectors. In section [C] of
the appendix, we perform a sensitivity analysis to assess the impact of key parameters on

the optimal TR.

4.1 Symmetric shocks

In the symmetric shock case, both sectors are hit by uncorrelated cost-push shocks occur-
ring simultaneously. We optimize the parameters of both standard and non-standard TRs

against welfare maximization, and compare the results under the three environmental policy

8For the simulations, we derive a second-order Taylor approximation to the policy function of the model
around its deterministic steady state, using the perturbation method. The model is again solved with Dynare.
For numerical optimization from here on, we employ a finite element grid with steps of 0.1, and 3 as the upper
bound of the policy rule coefficients, as in Schmitt-Grohé and Uribe (2007)).

19As emphasized earlier, the inflation target for both sectors is the same (which is also the aggregate
inflation target). It is determined by the equilibrium conditions of the model, such that in the steady state
prices do not vary (zero trend inflation). Our objective is to observe how the optimal coefficients of the
monetary policy rule for each sector vary in response to fluctuations in the level of sectoral inflation. Setting
a different inflation target for each sector would not change our experiment, since the coefficients would still
be determined by the percentage change in the price level (which would not change) and not by the starting
point.
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Figure 4: Impulse responses under different monetary policy rules
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scenarios. In figure [5| we plot the trade-off between inflation and output gap volatility.

In each panel, the red dots represents pairs of standard deviation (SD) values of inflation
and output gap for all combinations of output and inflation-gap coeﬂicient@. The blue dots
indicate all pairs of SDs corresponding to possible combinations of the non-standard TR.

The area below the red dots indicates that there are combinations of the non-standard
TR parameters for which both inflation and output gap volatility are reduced. The non-
standard TR performs better than the standard one, achieving a reduction in output gap
volatility of around 1.78% when comparing their lowest achievable values across all three
environmental scenarios (slightly lower with a cap policy). In terms of inflation volatility,
the reduction ranges from 4.83% (tax policy) to 5.11% (cap policy) when comparing the
lowest inflation volatility achieved with the standard TR to the minimum value achievable
with the non-standard TR at the same level of output gap reduction@ Alternatively, if we
compare the lowest inflation volatility achieved with the standard TR to the minimum value
achievable with the non-standard TR, the reduction ranges from 22.85% (baseline) to 22.89%
(tax policy). However, it should be noted that the non-standard TR allows for a broader
range of parameter configurations, which may contribute to this improved performance.

In figure [6] we show the trade-off between inflation and emissions volatility?2} In the
baseline and tax policy scenario, the emission volatility is reduced by 1.71% in the baseline
case and by 1.53% in the case of a fixed carbon tax, when monetary policy targets sectoral
inflation separately. With a carbon tax policy, the volatility of emissions is zero (by construc-
tion), regardless of the TR employed. Thus, in general, a non-standard TR may be superior
in terms of inflation, output gap, and emissions volatility when welfare is maximized, even
though there are no significant differences between existing environmental fiscal policieﬁ.

But what are the optimal parameter values for the two TRs across the three environmental

20The optimization exercise is performed by testing all the finite combinations of the inflation and output
gap coefficients, which we recall have an upper limit of 3, so as to obtain the corresponding values of inflation,
output, and emission volatility.

21To calculate it, simply take the lowest value of std, with standard TR, (in red) and calculate the corre-
sponding (vertical) distance with the lowest point of std, with non-standard TR (in blue).

22 Although emissions minimization is not an explicit goal of central banks, examining the trade-off between
inflation and emissions volatility is justified for two reasons. First, as mentioned in the introduction, central
banks have a clear interest in climate issues, as it can hinder economic and financial stability. Second,
emissions are a by-product of output, which aligns with the traditional trade-off between inflation and output
gap that central banks consider when formulating their policy.

231t is important to note that different environmental regimes involve different dynamics in emissions and
outputs. However, the deviation of actual output from flexible output (the output gap) does not vary. This
is because y; represents the optimal output (at flexible prices and wages), but not efficient (monopoly power
is not cleared), and is affected by the same cost-push shocks as y:.
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Figure 5: Inflation — Output Gap Volatility Trade-Off, Standard vs Non-standard Taylor
Rule
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Note: trade off between inflation and output gap volatility, standard (red) vs non-standard (blues)
TR; different environmental policy scenario with simultaneous markup shocks.
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Figure 6: Inflation Gap — Emissions Volatility Trade-Off, Standard vs Non-standard Taylor
Rule
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Note: trade off between inflation gap and emissions volatility, standard (red) vs non-standard (blues)
TR; different environmental policy scenarios with simultaneous markup shocks.
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policy regimes? Table |3 reports these coefficients. Notably, the optimal parameters of the
standard TR, are almost unchanged across the different environmental regimes. However,
for the non-standard TR, the coefficients exhibit asymmetry especially under the cap policy
regime. Specifically, the output gap parameter (¢,) is lower (1.1 versus 1.25), and the sum
of the inflation parameters (¢¢ and ¢P) is reduced (1.9 versus 1.95), with the clean inflation
parameter (¢¢) being the smaller of the two.

This difference arises due to the stricter emission constraint under the cap policy. By
limiting the total emissions, the cap policy reduces the room for economic adjustments in re-
sponse to shocks affecting the entire economy (stemming from simultaneous sectoral shocks).
A lower ¢, reflects the reduced sensitivity of the interest rate to the output gap, as the cap
already imposes a significant restriction on output. Similarly, the lower weight on clean in-
flation (¢¢) may stem from the fact that the cap policy amplifies the relative price increases
in the dirty sector, reducing the effectiveness of targeting clean inflation for stabilizing the
economy.

In terms of welfare, the highest level is achieved with an optimal non-standard TR under
a cap policy@. Nonetheless, when comparing the optimal standard TR with the optimal non-
standard TR within each environmental policy regime, the percentage variation in welfare
remains negligible. However, the percentage reduction in emissions is more pronounced,

highlighting the environmental benefit of sector-specific inflation targeting.

Table 3: Optimal monetary policy rule coefficients with symmetric shocks

Env. Policy  Standard TR Non-standard TR W A% E A%
G by OT S 4y

Baseline 1.95 1.25 0.95 1.0 1.25 -6.64e-05 -0.0013
Tax policy 1.95 1.2 0.95 1.0 1.2 -6.58e-05 -0.0015
Cap policy 1.95 1.2 0.9 1.05 1.2 5.98e-05 0

First column specifies the environmental regime. From second to sizth col-
umn, optimized parameter of the standard and non-standard TR are dis-
played. Last two columns on the right represents welfare (W) and emissions
(E) percentage variation (A%). The welfare variation quantifies the benefit
of adopting the two-sector inflation-targeting rule compared to the standard
TR. This variation is expressed in terms of consumption equivalent (CE),
which represents the percentage increase in consumption that would be re-
quired in the baseline scenario to achieve the same level of welfare as in the
alternative (non-standard) scenario. A positive value indicates that welfare
(emissions level) is higher when a non-standard TR is implemented.

24Heat-map chart showing the level of welfare for each triplet of policy parameter values is available in

Appendix E see figure @

28



4.2 Asymmetric shocks

So far, we have analyzed the optimal response of monetary policy, through the lens of a
monetary policy rule, when both (intermediate) economic sectors are hit by an inflationary
markup shock. However, it is plausible to expect that not all sectors are affected in the same
way or at the same time. We have already seen in [3.1] that the optimal interest rate response
changes with the sector affected by the shock and the environmental policy in place. This
was evident when monetary policy was decided by a Ramsey social planner. Now, as in the
previous section, we analyze what happens to the parameters of the TRs when the shock hits
the two intermediate sectors asymmetrically.

The analysis is conducted as follows: first, a sectoral shock is simulated (i.e., affecting only
one of the two sectors) and the optimal two-inflation-target TR coefficients are calculated.
The procedure is repeated for each sector and each environmental policy scenario. Then, we
perform the same procedure by replacing the previous monetary policy rule with a standard
TR with a general inflation target. Finally, we compare the levels of welfare and emission
resulting from the implementation of the two optimized rules (see Appendix for a full
derivation). Households’ welfare variation is expressed as a percentage of the steady-state
consumption variation, or consumption equivalent (CE). A positive value indicates that the
implementation of a non-standard TR results in higher welfare (or emissions). The resulting
optimized parameters, welfare and emission cost are displayed in Table [l Here, we focus on

the extreme cases in which the shock hits only one of the two intermediate sectors at a time.

When a standard TR is employed, the monetary authority reacts positively to both
inflation and output gap. The value of the output gap coefficient varies significantly between
environmental scenarios and (sectoral) shocks, while the inflation gap parameter is more
stable. Even in the baseline scenario, coefficients are not the same regardless of the sector
affected by the shock. This suggests that the presence of the environmental externality
(damage) alone can still induce an asymmetric reaction of the monetary policy rule to sectoral
inflation. With a tax or a cap policy scenario, and thus when a positive emission tax is
introduced in the model, the asymmetric reaction to sectoral shocks is even stronger (the
strongest asymmetry is observed with a cap policy regime). In addition to the environmental
damage, the presence of an emission tax distorts also the relative prices of the two goods

(clean and dirty) and consequently the level of production, calling for a different reaction of
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Table 4: Optimal monetary policy rule coefficients with asymmetric shocks

Env. Policy  Shock Standard TR~ Non-standard TR W A% E A%
P Py ¢S PP Py

Baseline C-Markup 195 1.3 0 2.65 0  0.0466  0.0947

D-Markup 1.95 12 275 0 0 00429 0.1061

Tax ool C-Markup 195 1.3 0 2.65 0  0.0466  0.0947

AXPOIY D Markup 195 115 27 0 0  0.0445  0.1289
Can volic C-Markup 2.0 145 0 2.6 0  0.0473 0
PPOIY D Markup 1.9 1.0 285 0 0 0.0404 0

First column specifies the environmental regime. The letters C (clean) and D (dirty)
in the shock column indicate in which sector the shock occurs. From third to seventh
column, optimized parameter of the standard and mon-standard TR are displayed.
Last two columns on the right represents welfare (W) and emissions (E) percentage
variation (A%). The welfare variation quantifies the benefit of adopting the two-sector
inflation-targeting rule compared to the standard TR. This variation is expressed in
terms of consumption equivalent (CE), which represents the percentage increase in
consumption that would be required in the baseline scenario to achieve the same level
of welfare as in the alternative (non-standard) scenario. A positive value indicates
that welfare (emissions level) is higher when a non-standard TR is implemented.
monetary policy depending on the sector affected by the shock.

The stronger asymmetry observed in the output gap coefficient is mainly due to the
nature of the sectoral shocks and their impact on output, together with the design of the
standard TR. A clean shock increases the price of clean goods, making them relatively more
expensive and shifting demand towards dirty goods. This leads to significant distortions in
production levels between the two sectors, amplified by environmental policies. For example,
a cap policy introduces a binding limit on emissions, raising the marginal cost of producing
dirty goods and increasing the output distortion. Similarly, a tax policy increases production
costs in the dirty sector, further distorting relative output levels. Instead, aggregate inflation
is less directly affected by these dynamics. As a result, the monetary authority responds
more strongly to stabilize the output gap, leading to the observed asymmetry in the reaction
coefficients.

When a non-standard TR is implemented, the reaction to the output gap is muted across
all scenarios. The central bank instead reacts solely to the inflation of the sector not directly
affected by the shock. For instance, when a clean markup shock occurs, only the dirty
inflation parameter (¢2) differs from zero. The intuition behind this is as follows: a clean
markup shock increases inflation and reduces output in the clean sector. In response, final-

good firms demand more dirty intermediate goods, driving up dirty sector inflation. This

dynamic creates a supply shock for the clean sector but a demand shock for the dirty sector.
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Since monetary policy generally responds more strongly to demand-driven rather than supply-
driven inflation, the optimal coefficient on dirty inflation is higher.

Similarly, in the case of a dirty markup shock, only the clean inflation parameter (¢$)
differs from zero. The coefficients are symmetric with respect to the sector in which the
shock originates, except under the cap policy scenario, where the coefficient for a dirty shock
is higher. This occurs because the cap policy imposes a rigid emission limit, raising the
marginal cost of producing dirty goods and amplifying the distortion in relative prices and
output levels.

By allowing the monetary policy rule to differentiate between sectors based on the origin
of the shock, the reaction to the output gap can be effectively neutralized. This approach
stabilizes the distortions caused by sectoral shocks more efficiently and leads to an overall
improvement in welfare compared to a standard TR (see column 8 of table . The welfare
improvement arises from the ability of the non-standard TR to target sector-specific dynam-
ics, particularly price distortions and production imbalances caused by environmental policies
and damage.

We now evaluate the percentage variation of emissions and welfare from the non-standard
to the standard optimal TRs. The non-standard TR consistently achieves higher welfare levels
compared to the standard TR, with welfare gains ranging between 0.0404 and 0.0473% in
terms of consumption equivalent. Although the size of these gains depends strongly on the
size of the shock, the positive sign shows how the mechanism of a two-sector TR can improve
welfare by allowing the central bank to discriminate between clean and dirty inflation.

However, the effects on emissions vary. Contrary to the symmetric shock case, the non-
standard TR leads to higher emissions compared to the standard TR in all scenarios except
under the cap policy, where emissions remain constant by design. The increase in emissions
ranges between 0.0947 and 0.1289%, reflecting the trade-off between higher production (nec-
essary for welfare gains) and environmental outcomes. Intuitively, achieving higher welfare
requires higher consumption, which in turn demands an expansion in production. Since the
two intermediate goods are imperfect substitutes, this expansion involves both clean and
dirty inputs, leading to an overall rise in emissions.

In summary, while the non-standard TR enhances welfare across all regimes and max-
imizes the potential of monetary policy, its implementation — apart from the cap policy

scenario — results in a modest increase in emissions due to higher production levels.
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5 Conclusions

The relevance of climate change for economic stability has prompted all actors, including
central banks, to review their policies concerning growth and business cycle stabilization. In
this paper, we have investigated the interaction between monetary policy and environmental
fiscal policies in the context of a two-sector E-DSGE model.

Our results highlight that fiscal environmental policies, such as carbon taxes and emission
caps, alter the optimal conduct of monetary policy. In our Ramsey benchmark, we observe
that these policies introduce relative price distortions that affect the optimal calibration of
monetary policy. Building on this insight, we compare a standard Taylor rule-targeting aggre-
gate inflation-with a non-standard rule that distinguishes between clean and dirty inflation.
We find that the non-standard rule improves output, inflation and emissions stabilization by
responding asymmetrically to clean and dirty inflation (being closer to an optimal Ramsey
policy). The asymmetry arises in particular from the distortionary fiscal policies, while envi-
ronmental damage itself plays a minor role (although not negligible). While environmental
damage depends on the long-run pollution stock, monetary policy operates as a short-run tool
for business-cycle stabilization, limiting its influence on long-term environmental dynamics.
Thus, improvements are due to the ability to mitigate distortions caused by environmental
policies.

Instead, welfare gains are almost exclusively observed in scenarios where shocks affect
only one sector (clean or dirty), rather than when both sectors are affected simultaneously.
In particular, when a fixed cap on emissions is applied, the non-standard rule provides greater
welfare without increasing emissions, while reducing fluctuations in prices and output.

Although our analysis focuses on environmental fiscal policies, similar distortions could
arise from other fiscal measures targeting specific sectors, potentially amplifying asymmetries
in monetary policy responses. Further studies along these lines would be desirable. Future
research should also study how heterogeneous agents influence the transmission of monetary
policy, the welfare-emissions trade-off, and the coordination between monetary and fiscal
policies during transitions. Exploring the role of redistributive fiscal policies and green inno-
vations in this framework could further enhance our understanding.

While many countries remain cautious about adopting strong environmental policies, cap

policies have been widely implemented in Europe and some U.S. states, proving effective in
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reducing emissions. An asymmetric monetary policy rule that differentiates between price
changes in distinct sectors could thus offer additional benefits in stabilizing inflation and
output without compromising environmental objectives. As Harold James has noted, "Not
all price increases are the same, and some are desirable" (James|2021). Although the practical
implementation of such a rule depends on the central bank’s ability to accurately identify
the source of price changes, our findings suggest that a non-standard monetary policy would
provide additional support to stabilize inflation, output and emissions within the business
cycle. This responds to the need for central banks to integrate the effects of climate change
and environmental policies into monetary policy, thereby reinforcing their commitment to

economic stability in an evolving environment.

33



Bibliography

Adjemian, Stéphane, Michel Juillard, Fréderic Karamé, Willi Mutschler, Johannes Pfeifer,
Marco Ratto, Normann Rion, and Sébastien Villemot (2024). Dynare: Reference Manual,

Version 6. Dynare Working Papers 80. CEPREMAP.

Allen, Myles R., Opha Pauline Dube, and William Solecki (2018). “Framing and context”. In:
Global Warming of 1.5 °C. An IPCC special report on the impacts of global warming of
1.5 °C above pre-industrial levels and related global greenhouse gas emission pathways, in
the context of strengthening the global response to the threat of climate change. Intergov-

ernmental Panel on Climate Change.

Annicchiarico, Barbara and Fabio Di Dio (2015). “Environmental policy and macroeconomic
dynamics in a new Keynesian model”. In: Journal of Environmental Economics and Man-

agement 69, pp. 1-21. DOI: [10.1016/j . jeem.2014.10.002.

Annicchiarico, Barbara and Fabio Di Dio (2017). “GHG emissions control and monetary

policy”. In: Environmental and Resource Economics 67, pp. 823-851.

Ascari, Guido and Lorenza Rossi (2012). “Trend inflation and firms price-setting: Rotemberg
versus Calvo”. In: The Economic Journal 122.563, pp. 1115-1141. 1ssN: 0013-0133. pDor:

10.1111/7.1468-0297.2012.02517 ..

Calvo, Guillermo A. (1983). “Staggered prices in a utility-maximizing framework”. In: Journal
of Monetary Economics 12.3, pp. 383-398. 1SSN: 0304-3932. DOI:/10.1016/0304-3932(83)

90060-0.

Carattini, Stefano, Garth Heutel, and Givi Melkadze (2023). “Climate policy, financial fric-
tions, and transition risk”. In: Review of Economic Dynamics 51, pp. 778-794. ISSN:
1094-2025. DOI: https://doi.org/10.1016/j .red.2023.08.003. URL: https:

//www.sciencedirect.com/science/article/pii/S1094202523000492.

Chan, Ying Tung (2019). “Optimal environmental tax rate in an open economy with labor
migration—an E-DSGE model approach”. In: Sustainability 11.19, pp. 1-38. URL: https:

//ideas.repec.org/a/gam/jsusta/v11y2019i19p5147-d269532.htmll

Chan, Ying Tung (2020). “Are macroeconomic policies better in curbing air pollution than

environmental policies? A DSGE approach with carbon-dependent fiscal and monetary

34


https://doi.org/10.1016/j.jeem.2014.10.002
https://doi.org/10.1111/j.1468-0297.2012.02517.x
https://doi.org/10.1016/0304-3932(83)90060-0
https://doi.org/10.1016/0304-3932(83)90060-0
https://doi.org/https://doi.org/10.1016/j.red.2023.08.003
https://www.sciencedirect.com/science/article/pii/S1094202523000492
https://www.sciencedirect.com/science/article/pii/S1094202523000492
https://ideas.repec.org/a/gam/jsusta/v11y2019i19p5147-d269532.html
https://ideas.repec.org/a/gam/jsusta/v11y2019i19p5147-d269532.html

policies”. In: Energy Policy 141, p. 111454. 1ssN: 0301-4215. DOI: |[10. 1016/ j . enpol .

2020.111454.

Chari, V.V. and Patrick J. Kehoe (1999). “Chapter 26 Optimal fiscal and monetary policy”.
In: vol. 1. Handbook of Macroeconomics. Elsevier, pp. 1671-1745. DOI: https://doi.
org/10.1016 /S1574-0048(99) 10039-9. URL: https://www. sciencedirect . com/

science/article/pii/S1574004899100399.

Chen, Chuanqi, Dongyang Pan, Raimund Bleischwitz, and Zhigang Huang (2020). “The op-

timal mix of monetary and climate policy”. In: MPRA Paper 97718.

Christiano, Lawrence J., Martin Eichenbaum, and Charles L. Evans (2005). “Nominal rigidi-
ties and the dynamic effects of a shock to monetary policy”. In: Journal of Political
Economy 113.1, pp. 1-45. 18sN: 00223808, 1537534X. URL: http://www. jstor . org/

stable/10.1086/426038.

Del Negro, Marco, Julian Di Giovanni, and Keshav Dogra (2023). “Is the green transition
inflationary?” In: FRB of New York Staff Report 1053.

Diluiso, Francesca, Barbara Annicchiarico, Matthias Kalkuhl, and Jan C. Minx (2021). “Cli-
mate actions and macro-financial stability: The role of central banks”. In: Journal of En-
vironmental Economics and Management 110, p. 102548. 18SN: 0095-0696. DOIL: https:
//doi.org/10.1016/j.jeem.2021.102548. URL: https://www.sciencedirect.com/

science/article/pii/S0095069621001066.

Dixit, Avinash K. and Joseph E. Stiglitz (1977). “Monopolistic competition and optimum

product diversity”. In: American Economic Review 67, pp. 297-308.

Economides, George and Anastasios Xepapadeas (2025). “Monetary policy stabilization in
a new Keynesian model under climate change”. In: Review of Economic Dynamics 56,
p. 101260. 1ssN: 1094-2025. DOI: https://doi.org/10.1016/j.red.2024.101260. URL:

https://wuw.sciencedirect.com/science/article/pii/S1094202524000498.

Ferrari, Alessandro and Valerio Nispi Landi (2023). “Whatever it takes to save the planet?
Central banks and unconventional green policy”. In: Macroeconomic Dynamics, pp. 1-26.

DOI: [10.1017/51365100523000032.

35


https://doi.org/10.1016/j.enpol.2020.111454
https://doi.org/10.1016/j.enpol.2020.111454
https://doi.org/https://doi.org/10.1016/S1574-0048(99)10039-9
https://doi.org/https://doi.org/10.1016/S1574-0048(99)10039-9
https://www.sciencedirect.com/science/article/pii/S1574004899100399
https://www.sciencedirect.com/science/article/pii/S1574004899100399
http://www.jstor.org/stable/10.1086/426038
http://www.jstor.org/stable/10.1086/426038
https://doi.org/https://doi.org/10.1016/j.jeem.2021.102548
https://doi.org/https://doi.org/10.1016/j.jeem.2021.102548
https://www.sciencedirect.com/science/article/pii/S0095069621001066
https://www.sciencedirect.com/science/article/pii/S0095069621001066
https://doi.org/https://doi.org/10.1016/j.red.2024.101260
https://www.sciencedirect.com/science/article/pii/S1094202524000498
https://doi.org/10.1017/S1365100523000032

Gali, Jordi and Tommaso Monacelli (2008). “Optimal monetary and fiscal policy in a cur-
rency union”. In: Journal of International Economics 76.1, pp. 116-132. 1sSSN: 0022-1996.
DOI: https://doi.org/10.1016/j . jinteco.2008.02.007. URL: https://www .

sciencedirect.com/science/article/pii/S0022199608000573.

Gibson, John and Garth Heutel (2023). “Pollution and labor market search externalities
over the business cycle”. In: Journal of Economic Dynamics and Control 151, p. 104665.
ISSN: 0165-1889. DOI: https://doi.org/10.1016/j.jedc.2023.104665. URL: https:

//www.sciencedirect.com/science/article/pii/S0165188923000714.

Hassler, John and Per Krusell (2018). “Environmental macroeconomics”. In: Handbook of
Environmental FEconomics. Ed. by Partha Dasgupta, Subhrendu K. Pattanayak, and
V. Kerry Smith. Vol. 4. Amsterdam: Elsevier. Chap. 8, pp. 333-394.

Heutel, Garth (2012). “How should environmental policy respond to business cycles? Optimal
policy under persistent productivity shocks”. In: Review of Economic Dynamics 15.2,

pp. 244-264. 18SN: 1094-2025. DOI: [10.1016/j.red.2011.05.002.

Howard, Peter H. and Thomas Sterner (2017). “Few and not so far between: a meta-analysis

of climate damage estimates”. In: Environmental & Resource Economics 68.1, pp. 197—

225.

James, Harold (2021). “Good inflation”. In: Project Syndicate. URL: https://www.project-

syndicate.org/commentary/good-inflation-price-signals-can-improve-behavior

by-harold- james-2021-06.

Kalkuhl, Matthias and Leonie Wenz (2020). “The impact of climate conditions on economic
production. Evidence from a global panel of regions”. In: Journal of Environmental Eco-
nomics and Management 103, p. 102360. 1SSN: 0095-0696. DOI: 10.1016/j . jeem.2020.

102360.

Lagarde, Christine (Jan. 25, 2021). Keynote speech by Christine Lagarde, President of the
ECB, at the ILF Conference on Green Banking and Green Central Banking. URL: https:
//www .ecb.europa.eu/press/key/date/2021/html/ecb.sp210125"f87e826cab.en.

html.

36


https://doi.org/https://doi.org/10.1016/j.jinteco.2008.02.007
https://www.sciencedirect.com/science/article/pii/S0022199608000573
https://www.sciencedirect.com/science/article/pii/S0022199608000573
https://doi.org/https://doi.org/10.1016/j.jedc.2023.104665
https://www.sciencedirect.com/science/article/pii/S0165188923000714
https://www.sciencedirect.com/science/article/pii/S0165188923000714
https://doi.org/10.1016/j.red.2011.05.002
https://www.project-syndicate.org/commentary/good-inflation-price-signals-can-improve-behavior-by-harold-james-2021-06
https://www.project-syndicate.org/commentary/good-inflation-price-signals-can-improve-behavior-by-harold-james-2021-06
https://www.project-syndicate.org/commentary/good-inflation-price-signals-can-improve-behavior-by-harold-james-2021-06
https://doi.org/10.1016/j.jeem.2020.102360
https://doi.org/10.1016/j.jeem.2020.102360
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210125~f87e826ca5.en.html
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210125~f87e826ca5.en.html
https://www.ecb.europa.eu/press/key/date/2021/html/ecb.sp210125~f87e826ca5.en.html

Nakov, A and C Thomas (2023). “DP18308 Climate-Conscious Monetary Policy”. In: CEPR

Press Discussion Paper No. 18308. URL: https://cepr.org/publications/dp18308.

Nordhaus, William D. (1977). “Economic growth and climate: the carbon dioxide problem”.

In: American Economic Review 67.1, pp. 341-346. 1SSN: 00028282.

— (2010). “Economic aspects of global warming in a post-Copenhagen environment”. In:
Proceedings of the National Academy of Sciences of the United States of America 107.26,

pp. 11721-11726.

Nordhaus, William D. and Paul Sztorc (2013). DICE 2013R: Introduction and User’s Man-
ual. Version 2. URL: http://www.econ.yale.edu/ nordhaus/homepage /homepage /

documents/DICE_Manual_100413r1.pdfl

Papoutsi, Melina, Monika Piazzesi, and Martin Schneider (2021). “How unconventional is

green monetary policy”. In: JEEA-FBBVA Lecture at the ASSA (01).

Rotemberg, Julio J. (1983). “Aggregate consequences of fixed costs of price adjustment”. In:

American Economic Review 73.3.

Rubbo, Elisa (2023). “Networks, Phillips Curves, and Monetary Policy”. In: Econometrica
91.4, pp. 1417-1455. DOI: https://doi.org/10.3982/ECTA18654. URL: https://

onlinelibrary.wiley.com/doi/abs/10.3982/ECTA18654.

Schmitt-Grohé, Stephanie and Martin Uribe (2007). “Optimal simple and implementable
monetary and fiscal rules”. In: Journal of Monetary Economics 54.6, pp. 1702-1725. 1SSN:

0304-3932. DOI: |10.1016/j . jmoneco.2006.07.002.

Smets, Frank and Raf Wouters (2003). “An estimated dynamic stochastic general equilibrium
model of the Euro area”. In: Journal of the European Economic Association 1.5, pp. 1123—

1175. 18SN: 1542-4766. DOI: [10.1162/154247603770383415.

Taylor, John B. (1993). “Discretion versus policy rules in practice”. In: Carnegie-Rochester
Conference Series on Public Policy 39, pp. 195-214. 1ssN: 0167-2231. DOI:110.1016/0167 -

2231(93)90009-L.

— (1999). “A Historical Analysis of Monetary Policy Rules”. In: Monetary Policy Rules.

University of Chicago Press, pp. 319-348. URL: http://www.nber.org/chapters/c7419.

37


https://cepr.org/publications/dp18308
http://www.econ.yale.edu/~nordhaus/homepage/homepage/documents/DICE_Manual_100413r1.pdf
http://www.econ.yale.edu/~nordhaus/homepage/homepage/documents/DICE_Manual_100413r1.pdf
https://doi.org/https://doi.org/10.3982/ECTA18654
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA18654
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA18654
https://doi.org/10.1016/j.jmoneco.2006.07.002
https://doi.org/10.1162/154247603770383415
https://doi.org/10.1016/0167-2231(93)90009-L
https://doi.org/10.1016/0167-2231(93)90009-L
http://www.nber.org/chapters/c7419

Appendix

A E-DSGE Model Derivations
A.1 Households

The Lagrangian function for the household utility maximization problem is
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A.2 Intermediate Firms: Dirty and Clean Phillips curves
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we derive the dirty Phillips curve by taking the FOC with respect to PP (i):

oL [P o (PPONT oy [PPG) ] PPl
aPP(z‘)'At{m( gt)< PD> PP, (i) | PP, (i) no
D (; —&0-1 D —&P-1
repmebolly (P0) T o e () T
Dy1—2 &P (r2—1)—1
=7l @)1 = () (yP)s (2 = 1) [P;té)] }+
yt+1Pt+1 Ptﬂ)l(') _ Pt?u(z) _
e Al {(bp Pe+1 PP (i) PtD(z’)Q} =0

38



At this point, we can drop the index 4, since we are in a symmetric equilibrium, and simplify

the equation:
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By rearranging the terms and employing the definition of relative inflation as in equation

[44] we obtain the dirty Phillips curve:
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We follow the same procedure to derive the clean Phillips curve. We write the clean

Lagrangian function as

& [Pew (ﬂﬁ*(ﬁwvff
z—Et;;M{ (=) ( po )

_wtlt()_ TR (2

N € /PO &
Fmef ) A2 (€20)" 0F0)" ™ w0 - 8) () () ]}.<A®

oL PEOY F o
OPL (i) N {pt (1_£t)< Pf > - Ptgf(i)

=810

PE (i)

C
yt+1Pt+1
Pt+1

PELG) | _
PE(i)°

+Aer18E {%

Then, we drop the index ¢:
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After rearranging the equation, we obtain the clean Phillips curve as follows:

_ At41 pc 1yf1 e} C _ fc mef’ §C -1

A.3 Optimal monetary policy: consumption equivalent variation

The optimal monetary policy is computed by maximizing households’ utility function, and

the welfare variation is measured in terms of the consumption equivalent as follows:
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Here, T stands for the welfare cost of implementing a specific policy rule — denoted as optimal

(0) — vs the baseline (b) policy, in terms of the CE.

B E-DSGE steady state

Output
y=1 (B.1)
Capital stock
T=7T (B.2)
Dirty relative price
p"” =pP (B.3)
Technology
P =a (B.4)
Cost-push/elasticity of substitution
P =¢ (B.5)
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Carbon tax

Income tax

Public consumption

Inflation

Nominal interest rate
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Tobin’s q
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Damage function
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Dirty wage

Clean wage

Aggregate capital

Aggregate labor

Investment C
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Abatement spending

Households’ consumption
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C Sensitivity analysis

UNDER REVIEW

D Welfare

Figure D.7: Optimal Welfare level with Non-standard Taylor Rule
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(b) Tax policy
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(c) Cap policy

Note: Welfare level (color bar) of each possible combination of non-standard TR parameters; different
environmental policy scenarios with simultaneous markup shocks. The values of the parameters ¢2
and ¢S are reported on the x and y aves respectively (range between 0.5 and 3). Each layer of the
surface plot is associated with a value of ¢, (range between 0 and 3), with the lowest at the bottom.
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E Additional IRF plots on comparison of monetary policies: cap and base-

line regimes

Cap policy
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Figure E.8: Clean markup shock — impulse response function under different monetary policy
rules.
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Figure E.9: Dirty markup shock — impulse response function under different monetary policy
rules.

45



Baseline
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Figure E.10: Clean markup shock — impulse response function under different monetary
policy rules.
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Figure E.11: Dirty markup shock — impulse response function under different monetary policy
rules.
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