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Abstract

Does a shift to ambitious climate policy increase financial fragility? In this paper,

we develop a quantitative macroeconomic model with carbon taxes and endoge-

nous financial crises to study such ”Climate Minsky Moments”. By reducing as-

set returns, an accelerated transition to net zero exerts deleveraging pressure on

the financial sector, initially elevating the financial crisis probability substantially.

However, carbon taxes improve long-run financial stability since permanently lower

asset returns reduce the buildup of excessive leverage. Quantitatively, we find that

the net financial stability effect of ambitious climate policy is positive for low but

empirically plausible social discount rates.
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1 Introduction

Does the net zero transition increase financial fragility and, if so, by how much? Answer-

ing these questions is crucial for financial regulation over the next decades, which will be

characterized by a large shift away from emission-intensive technologies. Ambitious taxes

on carbon emissions negatively affect the macroeconomy and asset prices by triggering

a sharp and permanent drop in the productivity of emission-intensive assets. Climate

policy can then give rise to ”Climate Minsky Moments”, in which a sudden reduction in

asset prices raises the concern that financial intermediaries are unable to repay depositors,

triggering a financial crisis.1

In this paper, we quantitatively assess the threat of ”Climate Minsky Moments”. We

develop a nonlinear quantitative macroeconomic model with endogenous financial crises

and carbon taxes. Our model is centered on the notion that financial intermediaries are

run-prone in the spirit of Diamond and Dybvig (1983). Specifically, the possibility of

a systemic run on the financial system is fully endogenous and depends on the macro-

financial environment. Based on the seminal work by Nordhaus (2008), we incorporate

carbon emissions into the production process, carbon taxes, and endogenous emission

abatement. Using our macro-finance-climate model, we evaluate how climate policy con-

sistent with net zero emission affects financial stability in the short- and long-run. By

providing a structural and quantitative perspective, we can conduct policy experiments

focusing on different characteristics of climate policy, such as the transition speed, the

shape of the tax path (e.g., front or back-loading of tax hikes), and the role of subsidies.

The two key building blocks of our framework are the financial sector with endogenous

financial crises and firms’ emission abatement that depends on climate policy. Financial

intermediaries are subject to an endogenous time-varying leverage constraint based on

Adrian and Shin (2014) and Nuño and Thomas (2017). Importantly, the financial sector

faces occasional runs, which depend on the state-dependent willingness of depositors

to roll over intermediaries’ liabilities, similar to Gertler et al. (2020). The probability of

such a self-fulfilling run depends on the financial sector’s leverage and the price of capital,

which is directly affected by climate policy.

Climate policy enters the model through the production sector. Firms emit greenhouse

gases during the production process. Unabated emissions are taxed by the fiscal authority,

but we allow for costly abatement to reduce their emission intensity (Nordhaus, 2008).

The tax bill is given by the amount of unabated emissions times the carbon tax. Emission

abatement costs and the carbon tax bill jointly drive a wedge in the marginal product of

capital that monotonically increases with the carbon tax (Heutel, 2012). We embed this

framework in a New Keynesian general equilibrium setup.

Climate policy affects financial stability through two opposing mechanisms. Increasing

1The term ”Climate Minsky Moments” was coined by Carney (2016).
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the carbon tax reduces the marginal product of capital. This reduces the market value

of assets held by the financial sector, which endogenously tightens the financial sector’s

leverage constraint.2 Since net worth only moves slowly into the financial sector, this puts

downward pressure on the price of capital and increases the partition of the state space

supporting a run on the financial sector: the probability of ”Climate Minsky Moments”

increases. On the other hand, by reducing the marginal product of capital, higher carbon

taxes reduce the incentives to accumulate capital.3 This requires households to absorb

less capital during downturns and has a positive effect on the price of capital. Downturns

are less likely to result in a systemic financial crisis: the probability of ”Climate Minsky

Moments” decreases.

Which of these opposing mechanisms dominates is, therefore, a quantitative question.

To answer this problem, we match the model to salient features of financial cycles and the

macroeconomic effects of climate policy. Solving our model in its nonlinear specification

with global methods allows us to calculate the crisis probability during the transition to

net zero. Our quantitative analysis reveals that both mechanisms matter, but at different

time horizons.

As a first result, we show that permanently higher carbon taxes enhance financial

stability in the long-run. The reason behind this perhaps surprising result is that the

capital-to-GDP ratio is smaller in the long-run for an economy with high taxes. The

social value of financial intermediation is smaller since households are willing to hold a

larger share of the capital stock. Consequently, the financial sector is smaller and less

leveraged: intermediaries can deleverage more easily in a downturn without having to

sell capital at fire sale prices that would justify the existence of the run equilibrium.

The probability of financial crises declines from around 2% in the long-run equilibrium

without climate policy to 1.5% in the long-run equilibrium with full abatement.

Second, the long-run financial stability gain comes at the cost of an elevated crisis

probability in the early stages of the transition to higher carbon taxes. To appropriately

quantify the adverse financial stability effects of the transition in the short-run, we first

define a reference scenario, to which we refer to as business-as-usual. In this scenario, we

extrapolate the European Union’s emission reduction path from 1990 to 2023. Emissions

declined almost linearly by one percentage point per year over this period. Linearly

extrapolating this path implies that net zero would be reached in 2090 under the business-

as-usual scenario. Full abatement is reached for a carbon tax of 143 dollars per ton of

carbon ($/ToC) in our baseline calibration.

The ambitious policy scenario assumes that, in 2025, the economy suddenly shifts to a

2Jung et al. (2024) show that ambitious climate policy induces loan portfolio losses between 1 and 6%
for US banks. More generally, institutional investors are aware that a shift towards ambitious climate
policy has detrimental effects on asset values (Krueger et al., 2020).

3Kaenzig (2023) provides evidence that positive carbon tax shocks decrease aggregate investment.
Berthold et al. (2023) show that such positive carbon shocks also tighten financing conditions.
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carbon tax path that increases linearly to the full abatement level in 2050. This carbon

tax path is consistent with the Paris Agreement and with recently announced transition

plans by the European Union. The implied emission reduction under the ambitious

path is around three percent annually, which is a considerable increase compared to the

business-as-usual path.4 The gradual but permanent increase of carbon taxes renders the

pre-transition financial sector leverage unsustainable: the (annualized) crisis probability

increases to slightly more than 2.6% before slowly declining to its long-run level of 1.5%.

Our non-linear model reveals that a monotonic transition path can have non-monotonic

financial stability effects. The net financial stability effect is, therefore, ambiguous.5

To jointly measure the financial stability net effect of ambitious climate policy, we

introduce a metric of financial stability along different transition paths. The excess crisis

probability is defined as the average difference between the crisis probability under an

ambitious policy path and under the business-as-usual path. This average is computed

from the initial period (2025) to some cut-off period, which we vary in a robustness test.

Our baseline model predicts an excess crisis probability close to zero over the period 2025

to 2070 for the carbon tax path consistent with net zero by 2050. The inflection period

- the point in time in which the excess crisis probability turns negative - corresponds to

2069.

We then analyze how changing the speed and shape of the ambitious policy path affects

the occurrence of “Climate Minsky Moments”. First, we assume that net zero carbon

taxes are implemented in 2045, i.e., we increase the speed of the transition. This improves

short-run financial stability by allowing intermediaries to deleverage over a longer period.

At the same time, the lower long-run crisis probability is reached at a later point in

time. Quantitatively, these opposing effects offset each other, such that the excess crisis

probability from 2025 to 2070 is effectively independent of variations in the transition

speed. The implications for climate policy sharply contrast the approximate irrelevance

for financial stability since slow transition paths are characterized by substantially ele-

vated levels of atmospheric carbon in 2070, i.e., 45 years after the shift onto the ambitious

policy path and 20 years after net zero emissions are reached.

While our baseline ambitious policy path imposes a linear increase of carbon taxes,

we also consider differently shaped carbon tax paths, i.e., we allow for front- or back-

loading climate action. In the case of front-loading, the crisis probability spikes early

but at a higher level before rapidly converging to lower levels. Consequently, the excess

crisis probability turns negative in 2066 already. In contrast, if ambitious climate policy

4The EU transition plans represent a reasonable upper bound for the speed of the net zero transition,
such that our results for the initial increase in financial fragility represent an upper bound.

5Throughout the analysis, we abstract from adverse financial stability consequences of delayed climate
policy associated with elevated physical risks. Partialling out such additional channels allows us to
cleanly attribute all financial stability consequences to the time path of abatement costs. However, our
framework can be augmented by physical climate risks in a conceptually straightforward way.
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is deferred to the future, but still committed to reaching net zero by 2050, the crisis

probability peaks later, but remains elevated essentially for the entire transition path.

The inflection period at which the excess crisis probability turns negative increases to

2073.

Our quantitative results soften frequently articulated concerns about a trade-off be-

tween financial stability and ambitious climate policy - provided that policymakers place

a sufficiently high weight on future periods. Crisis probabilities peak early and at com-

paratively high levels if climate policy is ambitious and front-loaded, before converging

rapidly to their lower long-run level. Under sufficiently small time discount rates, ambi-

tious climate policy has a positive net financial stability effect. In contrast, a present bias

by the regulator might imply that delayed action is preferred. For example, an annualized

time preference rate exceeding 2.5% renders a back-loaded transition optimal. The time

pattern of crisis probabilities implied by our model bears a striking resemblance to the

time pattern of costs and benefits of ambitious climate policy action more generally.6

Lastly, we also allow for the possibility of abatement subsidies. We assume that all

carbon tax revenues are rebated to firms as a subsidy for their abatement costs. Since the

subsidy has to be financed entirely by carbon tax revenues, the long-run equilibrium is not

affected because the carbon tax base is zero under full abatement. While emissions are

substantially smaller if abatement subsidies are in place, they turn out to be detrimental

to financial stability along the transition. The subsidy initially cushions the financial

sector from losses, consistent with empirical evidence by Bauer et al. (2023). But, the

subsidy also sustains a large incentive to accumulate physical capital, such that it merely

shifts the deleveraging pressure into future periods. Once a tight climate policy is in

place and carbon tax revenues start to fall, the subsidy declines quickly, which forces

intermediaries to sell assets, while households still incur a large cost from managing them.

”Climate Minsky Moments” are particularly likely towards the end of the transition such

that te inflection point increases to 2081. Again, taking a general equilibrium perspective

allows us to cleanly assess the implications of different policy options. Even though

subsidies may address the adverse side effects of climate policy on the financial sector by

stabilizing asset returns, they do not fundamentally solve the problem that the costs of

the net zero transition have to be borne eventually.

Related Literature. Our paper is connected to the fast-growing literature that uses

fully-fledged DSGE models with climate policy and frictions in the financial sector (e.g.,

Diluiso et al., 2021; Annicchiarico et al., 2023; Carattini et al., 2023a; Comerford and

Spiganti, 2023; Frankovic and Kolb, 2024; Nakov and Thomas, 2023; Airaudo et al., 2024).

Closely related, Carattini et al. (2023b) demonstrate that carbon taxes can negatively

6The horizon of policymakers in the context of climate policy and financial risks of breaking the
”Tragedy of the Horizon” were brought into the discussion by Carney (2015).
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affect financial intermediaries’ net worth and induce a credit crunch. Barnett (2023) shows

how financial frictions can give rise to fire sales of carbon-intensive assets. In contrast,

our paper explicitly considers the systemic dimension of climate policy, i.e. implications

for financial stability at the aggregate level. Giovanardi et al. (2023) and Giovanardi

and Kaldorf (2023) model idiosyncratic default and risk-taking in the firm and banking

sector. Our paper differs from these studies as we incorporate the possibility of runs

into an climate DSGE model. As a result, we can study the impact of climate policy on

endogenous financial crises.

To incorporate the possibility of such ”Climate Minsky Moments”, we build on the

recent advancements in the macro-finance literature that incorporated endogenous finan-

cial crises in macroeconomic models, as in Brunnermeier and Sannikov (2014), Gertler

and Kiyotaki (2015), Boissay et al. (2016), Moreira and Savov (2017), and Amador and

Bianchi (2024). Our macro-finance model block builds upon Rottner (2023), which com-

bines pro-cyclical leverage dynamics with self-fulfilling runs, as in Gertler et al. (2020)

to reconcile key features of financial cycles.7 Our paper contributes to this literature by

incorporating the role of climate policy in this type of model.

We also relate to the literature on the interactions between financial stability and

climate policy that uses analytically tractable models. Jondeau et al. (2021) address the

risk of fire sales of emission-intensive assets. Döttling and Rola-Janicka (2022) analyze

jointly optimal climate and financial policy in the context of our paper. Our contribution

is to build a quantitative model, which opens up the possibility to analyze the impact of

different climate policies on financial stability through a quantitative lens.

An alternative approach to evaluating the financial stability effects of climate policy

is the conduct of stress-tests. Acharya et al. (2023) provide a summary and outlook for

climate change stress tests. Specific examples are Jung et al. (2024) and IMF (2022a),

who evaluate the effects of specific climate change scenarios on the loan portfolio for the

US and UK, respectively. Brunetti et al. (2022) review the results of climate stress tests

conducted in several jurisdictions. By taking a general equilibrium perspective, our paper

allows us to fully endogeneize the responses of the different economic agents during the

transition to net zero.

2 Model

The model consists of three building blocks related to the financial sector, climate policy,

and the macroeconomy, respectively. The financial sector follows largely the setup of

Rottner (2023), which embeds an endogenous leverage constraint (Adrian and Shin, 2014;

Nuño and Thomas, 2017) in a model with endogenous financial crises as in Gertler et al.

7The framework features, for instance, ”credit booms gone bust” dynamics (Schularick and Taylor,
2012) and the volatility paradox (Brunnermeier and Sannikov, 2014).
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(2020). The climate block follows the framework of Heutel (2012), in which firms emit

greenhouse gases during the production process. Unabated emissions are subject to a

carbon tax, but firms can undertake a costly abatement effort to reduce their emissions.

This representation of financial fragility and climate policy is embedded into an otherwise

standard New Keynesian setup.

Time is discrete and denoted by t = 1, 2, ..., there is a representative household and

a representative financial intermediary that is funded by runnable deposits. Households

and intermediaries can invest in claims on manufacturing firms. Nominal rigidities enter

the model through monopolistically competitive retail firms that differentiate and sell

the output of manufacturers to households. The model is closed by a monetary policy

rule and the assumption that carbon tax taxes are rebated to households in lump sump

fashion.

Household The representative household consists of workers and managers that have

perfect insurance for their consumption Ct. Workers supply labor Lt and earn the wage

Wt. Mangers run financial intermediaries which return their net worth to the household

with a probability of 1− θ. New intermediaries enter each period and receive a transfer

from the household, who owns non-financial firms and receives their profits. The variable

Tt captures all transfers from the public sector.

Households save in terms of one-period deposits Dt which promise to pay the gross

interest rate of R
D

t next period. However, in case of a run, households receive then only

the fraction x?t of the promised return, to which we refer as the recovery ratio. The

realized gross return RD
t depends on the realization of a run in period t:

RD
t =

R
D

t−1 if no run takes place in period t ,

x?tR
D

t−1 if a run takes place in period t ,
(1)

where x∗t is the recovery rate on deposits which we derive below. Additionally, households

and intermediaries can invest in the production sector by purchasing capital KH
t and KB

t ,

respectively, that give them ownership in the intermediate good firm. The rental rate on

capital is denoted by Zt, while its market price is denoted by Qt. Total end-of-period

securities are given by Kt = KH
t + KB

t . Households maximize utility subject to the

following period budget constraint:

Ct = WtLt +Dt−1R
D
t −Dt + τt −QtK

H
t +

(
Zt + (1− δ)Qt

)
KH
t−1 . (2)

Capital Management Costs for Households We assume that households are less

efficient in managing securities than intermediaries (Brunnermeier and Sannikov, 2014).

As in Gertler et al. (2020), households incur a utility cost from managing capital. The
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otherwise standard period utility function is given by:

u(Ct, Lt, K
H
t ) =

C1−γC
t

1− γC
− L1+γL

t

1 + γL
− ωF

2

(KH
t

Kt

− γF
)2

Kt . (3)

Inspecting the capital management cost function ωF
2

(
KH
t

Kt
− γF

)2

Kt, we observe that:

∂costt
∂KH

t

= ωF

(KH
t

Kt

− γF
)

and
∂costt
∂Kt

=
ωF
2

(
γF − KH

t

Kt

)(
γF +

KH
t

Kt

)
.

Holding aggregate capital Kt constant, management costs increase in KH
t as soon as

household capital holdings exceed the target share (
KH
t

Kt
> γF ), up to a certain cost level

ωF
2

(1−γF )2Kt at which households manage the entire capital stock. Furthermore, for any
KH
t

Kt
> γF , management costs decrease in aggregate capital Kt. This reflects the notion

that investing a large amount of assets is easier for households in deep financial markets,

which allow for diversification and trade on comparatively liquid financial markets.

To provide intuition on the financial stability effects of climate policy, it is also helpful

to consider the cross-derivative of the cost function with respect to the total capital stock

Kt and the household capital share
KH
t

Kt
:

∂2costt

∂
KH
t

Kt
∂Kt

= ωF
(KH

t

Kt

− γF
)
> 0 if

KH
t

Kt

> γF , (4)

The cross-derivative is positive if the share managed by households
KH
t

Kt
is larger than γF ,

which holds throughout our numerical simulations. This implies that the capital manage-

ment cost increases by more if the economy has accumulated a large amount of capital.

Consequently, the capital demand function is steeper, such that the associated capital

price drop is larger when households have to acquire capital from financial intermediaries.

Financial Intermediaries and Risk-Shifting Incentives Financial intermediaries

convert their capital holdings into ωt efficiency units, either using a safe or a risky tech-

nology. While the safe technology converts capital into one efficiency unit (ωt = 1), the

risky technology is subject to idiosyncratic productivity shocks ω̃. The shock is i.i.d. over

time and intermediaries and follows a log-normally distribution:

log ω̃t
iid∼ N

(
−ξ2

t − ψ
2

, ξt

)
, (5)

where ψ < 1. The good technology is superior as it has a higher mean and a lower

variance due to ψ < 1 (see also Adrian and Shin, 2014 and Nuño and Thomas, 2017).

The risky technology is characterized by higher upside risk due to the possibility of a
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large idiosyncratic shock realization ω̃. The volatility of idiosyncratic productivity shock

ξt is an exogenous driver of financial cycles and an important trigger of financial crises in

this model. In the spirit of Christiano et al. (2014), ξt is exogenous and follows an AR(1)

process:

ξt = (1− ρξ)ξ + ρξξt−1 + σξεξt , where εξt ∼ N(0, 1). (6)

The intermediary earns the return RK,j
t which depends on the stochastic aggregate return

RK
t and (potentially) also on the realized idiosyncratic shock realization if the interme-

diary invested into the risky technology ω̃jtR
K
t . The aggregate return depends on the

price of capital Qt and the profits per unit of capital RK
t = [(1− δ)Qt + Zt]/Qt−1. The

threshold realization ωjt where the intermediary can exactly cover the face value of the

deposits is given by

ωjt =
R
D

t−1D
j
t−1

RK
t Qt−1K

Bj
t−1

. (7)

Limited liability protects the intermediary in case of default, which distorts the intermedi-

ary’s technology choice. If the productivity shock realization is below ωjt , the intermediary

declares bankruptcy. In this case, households seize the intermediaries’ assets instead of

receiving the promised deposit value. For this reason, the intermediary has an incentive

to invest in the risky technology. Intermediaries profit fully from the upside risk, while

limited liability eliminates the downside risk. The gain from limited liability for the risky

technology is:

Ωj
t =

∫ ωjt+1

−∞
(ωjt+1 − ω̃)dFt(ω̃) > 0. (8)

In contrast to this, the gain from limited liability due to idiosyncratic risk is zero for the

good technology. This creates a trade-off between the good technologies’ higher mean

return versus the gains from limited liability for the risky technology.

This results in an maximization problem, in which the financial intermediary maxi-

mizes the franchise value subject to an incentive and participation constraint. While we

summarize the problem here, the full derivation is relegated to Appendix A. The incentive

constraint ensuring that intermediaries only invest in the good technology enters as an

additional equilibrium condition:

(1−πt)ENt
[
Λt,t+1R

K
t+1(θλjt+1+(1−θ))

(
1−e

−ψ
2 −Ωj

t+1

)]
= πtERt

[
Λt,t+1R

K
t+1

(
e−

ψ
2−ωjt+1+Ωj

t+1

)]
.

(9)

where πt is the probability of a run in period t+ 1. The expectation operators ENt [·] and
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ERt [·] are conditioned on the absence of a run and the occurrence of a run in period t+ 1,

respectively. The trade-off between a higher mean return (1 − e−ψ
2 ) and the upside risk

Ωj
t+1 can be seen on the LHS. In case of a run, there is an additional gain of investing in

the risky technology, as displayed on the RHS. The risky technology offers the possibility

of having positive net worth despite a run if the idiosyncratic shock exceeds ω̃it > ωt.

λjt on the LHS of eq. (9) is the multiplier on intermediaries’ participation constraint,

which we derive next. The return on deposits needs to be sufficient such that households

are willing to provide deposits to intermediaries. While households earn the predeter-

mined interest rate R
D

t in normal times, households recover the gross return on capital

if a run takes place. As the return on deposits in a run is lower, an increase in the run

probability πt increases intermediaries’ funding costs. The participation constraint can

be written as:

(1− πt)ENt
[
βΛt,t+1R

D

t D
j
t

]
+ πtERt

[
βΛt,t+1R

K
t+1QtK

Bj
t

]
= Dj

t . (10)

Note that it turns out that the incentive constraint and the participation constraint do

not depend on intermediary j specific values, so that we can drop the subscript j. Thus,

we can just sum up over the intermediaries to obtain aggregate values.

Runs and Equilibrium Selection In our model, a systemic financial crisis corre-

sponds to a state in which households are not willing to roll over deposits. Runs are

self-fulfilling in the sense that households’ expectations about a low liquidation value of

financial intermediaries’ assets induce them to withdraw deposits, which forces interme-

diaries to sell assets at fire sale prices, justifying households’ expectations. The systemic

nature of runs in our model is reflected by the idea that it destroys the entire net worth of

the financial system, i.e. NS,t = 0. Newly entering intermediaries and households are the

only agents left to acquire assets, which induces the price of capital to fall dramatically.

We denote the fire sale price of capital by Q∗t to determine whether a self-fulfilling run is

supported and define the recovery ratio

x∗t+1 ≡
(
(1− δ)Q∗t + Zt

)
KB
t−1

Rt−1Dt−1

. (11)

Runs are possible if x∗t+1 < 1 (Gertler and Kiyotaki, 2015). If the run equilibrium is

possible, we select equilibria using a sunspot shock επt , following Cole and Kehoe (2000).

The sunspot shock takes the value one with probability Υ and zero otherwise. The run

probability follows as

πt = prob(x∗t+1 < 1) ·Υ . (12)
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Intermediate Good Producers and Climate Policy Emissions enter the model at

the stage of intermediate good producers, who emit greenhouse gases during the produc-

tion process. All firms use a Cobb-Douglas technology Yt = AKα
t−1L

1−α
t and are subject

to emission taxes τt. We follow Heutel (2012) in assuming that emissions are proportional

to production Yt, but can be abated at a cost.8 Denoting the abatement share by ηt, total

emissions are therefore given by (1− ηt)Yt while the total carbon tax paid in period t is

given by τ ct (1 − ηt)Yt. In most policy experiments, we assume that carbon tax revenues

are rebated to households in a lump sum fashion. In Section 4.5, we also consider a policy

in which carbon tax revenues are used to subsidize firms’ abatement costs.

Following Heutel (2012), abatement costs are proportional to output:

B(ηt, Yt) =
b1

b2 + 1
ηb2+1
t Yt , (13)

with b1, b2 > 0. Since emission and abatement costs are proportional to output by

assumption, the optimal abatement effort solves the following per-unit cost minimization

problem

min
ηt

(1− ηt)τ ct +
b1

b2 + 1
ηb2+1
t

The optimal abatement effort η∗t is given by

η∗t = min

{(
τ ct
b1

) 1
b2

, 1

}
. (14)

The abatement effort is increasing in the current carbon tax and capped by one, i.e. we

do not allow for the possibility of net negative emissions.9 Since climate policy directly

affects the accumulation and pricing of capital in our model economy, it is helpful to define

the policy-induced wedge into the return on capital. Plugging-in the optimal abatement

effort η∗t into the abatement cost function, ξt+1 summarizes all expenses per unit of capital

from carbon taxation and abatement:

ξt+1 ≡ τ ct+1

(
1− η∗t+1

)
+

b1

b2 + 1

(
η∗t+1

)b2+1
. (15)

The realized return on investment is given by RK
t = [(1 − δ)Qt + Zt]/Qt−1 and we can

8Golosov et al. (2014) explicitly model energy usage in the aggregate production function. Since
ambitious climate policy yields to an increase in the cost of energy in the medium-run, this framework
would yield a comparable decline in the aggregate return on capital.

9An alternative interpretation is that firms switch to an emission-free but less productive technology
(see also Comerford and Spiganti (2023) and the references therein). Under this interpretation, it is
reasonable to assume that some technologies, such as aviation, cement, or steel production are very
costly to substitute, justifying the convex functional form assumption on abatement costs and also
implies a decline in the aggregate return on assets.
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write the maximization problem as

max
Kt−1,Lt

Et
∞∑
s=0

Λt,t+s
(
(pt+s − ξt+s)Yt+s +Qt+s(1− δ)Kt+s−1 −RKt+sQt+s−1Kt+s−1 −Wt+sLt+s

)
Taking the price of the intermediate good pt as given, the first-order conditions for capital

and labor are:

Zt = (pt − ξt)α
Yt
Kt−1

, and Wt = (pt − ξt)(1− α)
Yt
Lt

, (16)

Since emissions and abatement costs are proportional to total output, the carbon tax

does not affect the optimal capital share in the production function but instead depresses

total factor productivity.

Retailers Monopolistically competitive retail good firms buy the intermediate goods

and transform them into a differentiated final good Y j
t . Households’ final good bundle

Yt, which is given by a CES-aggregate over all final goods varieties, and the price index

are:

Yt =

[∫ 1

0

(Y j
t )

ε−1
ε dj

] ε
ε−1

, and Pt =

[∫ 1

0

(P j
t )1−εdj

] 1
1−ε

, (17)

where the demand for the final good variety j negatively depends on its relative price:

Y j
t =

(
P j
t /Pt

)−ε
Yt . (18)

Retailers set prices to maximize profits subject to Rotemberg price adjustment costs:

Et
∞∑
s=0

Λt,t+s

[(P j
t+s

Pt+s
− pt+s

)
Y j
t+s −

ρr

2
Y j
t+s

( P j
t+s

ΠP j
t+s−1

− 1
)2
]
, (19)

where Π is the inflation target set by the central bank. Since their production function

is linear in the intermediate good, retailers’ marginal cost are simply given by the price

of the intermediate good MCt = pt. The New Keynesian Phillips curve follows as:(
Πt

Π
− 1

)
Πt

Π
=

ε

ρr

(
MCt −

ε− 1

ε

)
+ Λt,t+1

(
Πt+1

Π
− 1

)
Πt+1

Π

Yt+1

Yt
. (20)

Investment Good Producers Investment good producers transform It units of the

final good into (a1(It/Kt−1)1−a2 + a0)Kt−1 units of the investment good, which they sell

at price Qt. Solving the maximization problem

max
It

Qt

(
a1(It/Kt−1)1−a2 + a0

)
Kt−1 − It , (21)
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yields an investment good supply function. The law of motion for capital is given by

Kt = (1− δ)Kt−1 + Γ (It/Kt−1)Kt−1.

Monetary Policy and Resource Constraint The monetary authority sets the in-

terest rate RI
t using a Taylor Rule subject to the zero lower bound:

RI
t = max

{
RI

(
Πt

Π

)κΠ
(
MCt
MC

)κy
, 1

}
, (22)

where deviations of marginal costs from its deterministic steady state MC reflect the

output gap. To connect this rate to the household, there exists one-period bond in zero

net supply that pays the riskless nominal rate RI
t . The associated Euler equation governs

the pass-through from the monetary policy rate to the macroeconomy:

Et
[
Λt,t+1R

I
t /Πt+1

]
= 1 . (23)

The resource constraint includes the price adjustment and abatement costs:

Yt = Ct + It +G+
ρr

2

(Πt

Π
− 1
)2

Yt +
b1

b2 + 1

(
τ ct
b1

) b2+1
b2

Yt , (24)

where G is government spending. From (24), we observe that resources spent on abate-

ment reduce GDP, similar to a negative shock total factor productivity.

Lastly, carbon emissions (1 − ηt)Yt accumulate into a stock of atmospheric carbon

according to

Et = δEEt−1 + (1− ηt)Yt , (25)

where δE < 1 is the decay factor of atmospheric carbon. Even though or model does

not feature a climate block linking emissions to economic damages through increases in

global temperatures, the stock of atmospheric carbon is a key metric for climate policy.

In the quantitative analysis, we will show its evolution along different transition paths.

3 Calibration and Solution

3.1 Parameter Choices

We parameterize our model to match salient features of the macroeconomy, the financial

sector, and climate policy. This results in a general calibration strategy that can easily

adapted to potential country use cases. When we target specific non-climate related

moments, we use the economy without a carbon tax, e.g. τ c = 0. An overview of the
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parameterization is given in Table 1.

The discount factor β is chosen to account for a risk-free rate of 1.0%. The Frisch

labor elasticity is set to γL following Chetty et al. (2011), while we use log utility for

consumption (γC = 1). We normalize output via the long run TFP level A and target a

government spending-to-output ratio of 20%. The capital share α is set to 0.33 and the

deprecation rate δ to 0.025. Our Rotemberg pricing parameter ρr is set to 178, which

would imply a duration of 5 quarters in the related Calvo framework. The investment

adjustment cost parameters a0 and a1 are set to normalize the asset price and investment

output. The curvature of the investment adjustment cost parameter is set in line with

Bernanke et al. (1999). The central bank targets an inflation rate of 2%, while the

response to the output gap κy = 0.125 and inflation κπ = 2.0 are set to conventional

choices.

The parameters related to the climate policy block of the model are set to match

key properties of carbon emissions and the macroeconomic impact of carbon taxes. The

functional forms follow the DICE model of Nordhaus (2008). The curvature is set to

θ2 = 1.6 (Ferrari and Nispi Landi, 2023) and the slope to θ1 = 0.05, which is in line with

Heutel (2012). The abatement costs parameter are subject to considerable uncertainty.

For this reason, we consider for robustness reasons also different values for the slope and

curvature parameters of the abatement cost function (13) in Appendix C. We set the

quarterly decay rate of atmospheric carbon to 0.0021, implying that δE = 0.9979.

Since the carbon tax is expressed in terms of abstract model units, which are hard to

interpret, we transform the tax rate into carbon prices. To do so, we relate output yt and

emissions et in our model’s initial stationary (i.e. without abatement) to current world

GDP (yworld = 105 trillion USD in 2022, at PPP, see IMF, 2022b) and current global

carbon emissions (eworld = 33 gigatons in 2022), respectively. Since output and emissions

are normalized to one in the model, the carbon price in dollars per tonne of carbon

($/ToC) associated with a given tax τ ct is then given by yworld

eworld τ
c
t . Under our baseline

value for θ1, we obtain a full abatement tax of τ ct = 0.05 which corresponds to a carbon

price of 143$/ToC. While this tax appears quite small compared to currently observed

emission permit prices in the EU emission trading scheme, it has to be noted that all

emissions are taxed in our macroeconomic model, while only a limited share of emissions

is subject to emission trading or carbon taxes and firms receive a considerable amount of

free allowances in practice.

The financial sector parameters are set to target salient features of financial cycles

and systemic financial crises. We target an intermediary asset share of 1/3, implying

that one-third of securities are funded by runnable deposits. For this reason, we set

the target share of the household’s asset holdings to γF = 0.38. The leverage of the

financial intermediaries is set to 15, in line with equity to capital holdings in the financial

sector of 6.67%. This value is obtained by setting households’ intermediation cost to
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Table 1: Calibration

a) Conventional parameters Value Target / Source

Discount factor β 0.9975 Risk free rate of 1.0% p.a.
Frisch labor elasticity 1/γL 0.75 Chetty et al. (2011)
Risk aversion γC 1 Log utility for consumption
TFP level A 0.407 Output normalization
Government spending G 0.2 Govt. spending to output ratio of 20%
Capital share α 0.33 Capital income share of 33%
Capital depreciation δ 0.025 Depreciation rate of 10% p.a.
Price elasticity of demand ε 10 Markup of 11%
Rotemberg adjustment costs ρr 178 Calvo duration of 5 quarters
Investment cost intercept a0 -.008 Normalization of Γ(I/K) = I
Investment cost slope a1 0.530 Asset price normalized to 1
Investment cost curvature a2 0.25 Bernanke et al. (1999)
Target inflation Π 1.005 Inflation target of 2%
MP response to inflation κΠ 2.0 Conventional value
MP response to output κy 0.125 Conventional value

b) Climate policy parameters Value Target / Source

Abatement cost slope θ1 0.05 In line with Nordhaus (2008)
Abatement cost curvature θ2 1.6 In line with Nordhaus (2008)
Pollution decay rate δE 0.9979 In line with Nordhaus (2008)

c) Financial sector and shock parameters Value Target / Source

Slope intermediation cost HH γF 0.38 Share financial sector
Target intermediation cost HH ωF 0.04 Leverage multiple of 15
Mean risky technology ψ 0.01 Rottner (2023)
Survival rate ζ 0.885 Credit spread of 90bp
Persistence risk ρξ 0.96 Rottner (2023)
Std. dev. risk shock σξ 0.0031 Financial crisis probability = 2%
Sunspot shock probability Υ 0.5 Normalization

ωF = 0.045. The parameter controlling the mean return of the risky of technology

follows Rottner (2023). The intermediary survival probability is set to a rather low value

of ζ = 0.885, which is helpful to incorporate runs in this type of model and is in line with

the credit spread of 90 basis points over the risk-free rate (Gertler and Kiyotaki, 2015).

The parameter that governs the initial endowment to new intermediaries is implied by

the other parameters of the model. We set the standard deviation of our volatility shock

to match an annual run frequency of 2%, a value that is well in line with the evidence on

financial crises in the macrohistory database of Jordà et al. (2017). The persistence of the

shock follows Rottner (2023). The probability governing the sunspot shock is normalized

to Υ = 0.5, so that we attribute to both equilibria the same likelihood, conditional on

their existence.
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3.2 Global Solution Method

We solve the model using global solution methods. This is paramount to capture the

nonlinear effects of financial crises on the macroeconomy and to allow for non-monotonic

effects of climate policy on the likelihood of financial crises. Specifically, we use time

iteration with linear interpolation on a discretized state space. The model has two en-

dogenous state variables, total capital Kt and financial sector net worth Nt, and one

exogenous state, the exogenous risk affecting the payoff profile from the risky technology

εξt .

Transition paths are solved by backward induction starting from the terminal long-

run equilibrium under full abatement. While the initial change in the transition speed is

an unexpected shock, we account for uncertainty along the transition path as agents are

aware of the materialization of shocks. Our solution method in principle allows us to solve

the equilibrium for any non-linear carbon tax path, although we restrict our attention to

monotonic tax paths in the quantitative analysis. For details on the numerical solution

method, we refer to Appendix B.

4 Quantitative Analysis

In this section, we use our calibrated model to study the financial stability implications

of climate policy, proceeding in two steps. First, we demonstrate how carbon taxes affect

financial stability in the long-run. Second, we study the transition dynamics from a

slow transition path (business-as-usual) to an ambitious climate policy path, which is

consistent with emission reduction goals specified in the Paris Agreement.

4.1 Carbon Taxes: Long-Run Effects

Figure 1 demonstrates how varying carbon taxes affects the macroeconomy and financial

stability in the long-run. We solve the model economy for different time-invariant carbon

tax levels, ranging from zero to 143$/ToC, which implies full abatement in our baseline

calibration. The share of abated emissions implied by a given long-run tax is shown

in the upper left panel. The dashed red line indicates a value of 27$/ToC. This tax

implies an abatement share of 33%, corresponding to the empirically observed emission

reduction from 1990 to 2023. As an additional reference point, the dotted green line

refers to a value of 54$/ToC, which implies an abatement share of 55%, consistent with

the European Union’s emission reduction target in 2030.10

10Under an array of climate policy measures, labeled ”Fit for 55”, announced in 2021, the European
Union aims to reduce emissions by 55% relative to 1990. For details on the ”Fit for 55” legislation, we
refer to this link. Reports on the European Union’s progress in achieving climate policy objectives are
available under this link.

15

https://ec.europa.eu/commission/presscorner/detail/en/ip_23_4754
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/progress-made-cutting-emissions_en


Figure 1: Carbon Taxes and Financial Stability in the Long-Run

0 50 100

Carbon Tax ($/ToC)

0

0.5

1
Abated Emissions (%)

Status Quo

EU Target 2030

0 50 100

Carbon Tax ($/ToC)

0

0.005

0.01
Tax Revenue/GDP (%)

0 50 100

Carbon Tax ($/ToC)

0

0.005

0.01

0.015

0.02
Abatement Cost/GDP(%)

0 50 100

Carbon Tax ($/ToC)

1.4

1.6

1.8

2
Crisis Probability (%)

Notes: The crisis probability is computed based on a simulation with 100.000 periods with 10.000 burn-in
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The upper right panel shows that abatement costs increase in a concave fashion towards

full abatement. In the bottom left panel, we demonstrate how the carbon tax bill per

unit of capital is affected. Consistent with standard public finance theory, tax revenues

exhibit a concave Laffer curve shape. Revenues vanish once full abatement is reached

since the tax base is zero in this case. Note that abatement costs are convex, which

implies that the decline in the tax bill does not compensate the increase of abatement

costs. Consequently, the wedge ξt+1 in the marginal product of capital is an increasing

function of the carbon tax.

The bottom right panel of Figure 1 reveals that the annualized crisis probability de-

clines from around 2% to less than 1.5% under the 143%/ToC tax consistent with full

abatement. It has to be stressed that the positive effect on financial stability does not

follow from a reduction in emission damages form which we abstract throughout the anal-
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ysis. Instead, they stem from an equilibrium effect operating through the relative size

of the financial sector. Since carbon taxes reduce average productivity of the economy,

aggregate capital is smaller in the long-run. Consequently, households have to manage

fewer assets and incur a smaller utility loss from doing so. Put differently, the social value

of the financial system declines.

A smaller financial system affects the crisis probability in the long-run: households

have to acquire less capital if financial intermediaries need to sell assets in order to reduce

their leverage ratio. It follows from their period utility function (3) that they are willing

to pay a higher price for holding capital, ceteris paribus. Thus, intermediaries are more

likely to be able to service depositors even at the fire sale price. This reduces the partition

of the state space supporting the run equilibrium and, thereby, reduces the run frequency.

4.2 Financial Stability Along the Transition to Net Zero

We now evaluate the impact of carbon taxes on financial stability during the net zero

transition. Specifically, we consider an unanticipated shift from lenient to more stringent

climate policies. We first describe the lenient tax path, to which we will refer to as

business-as-usual, before discussing different ambitious policy paths which are in line

with climate policy objectives from the Paris Agreement. Our construction of different

climate policy scenarios is in the spirit of NGFS (2022), as we also compute carbon tax

paths that give rise to specific decarbonization objectives in our model.

The business-as-usual path is constructed based on actual emission reductions in the

European Union from 1990 to 2023. Emissions declined almost linearly over this period

and the average emission reduction relative to 1990 amounts to almost exactly one per-

centage point. Our business-as-usual path simply extrapolates this emission reduction

until net zero is reached, which would correspond to 2090. We can compute the carbon

tax path that gives rise to such a linear emission reduction from firms’ optimal abatement

effort (14). The implied carbon tax path is convex by the functional form assumption on

the abatement cost function (13) and represented by the dashed black line in the upper

left panel of Figure 2.

We then construct an alternative carbon tax path that represents a plausible bench-

mark scenario of ambitious climate policy. In this scenario, the carbon tax path linearly

increases until it is large enough to induce net zero emissions (η∗t = 1) in period Tmax. For

our benchmark ambitious policy path, we set Tmax = 2050. We interpret the year 2025 as

the initial period T0 in which the economy unexpectedly shifts from the business-as-usual

onto the ambitious policy path. This carbon tax path is reflected by the solid blue line

in the upper left panel of Figure 2. The tax path exhibits an annual increase in carbon

taxes by five percentage points relative to 2025, which is in line with ambitious climate

policy paths in multi-sector general equilibrium models (Jorgenson et al., 2018).
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Figure 2: Baseline Transition Path to Net Zero
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end of the transition period are indicated by vertical lines.

First, we discuss the implications of different carbon tax paths for carbon emissions.

The upper right panel of Figure 2 demonstrates how carbon taxes affect the stock of

atmospheric carbon, which is directly related to climate change damages. The stock of

carbon declines if the carbon stock decays faster than current emissions. We normalize

emissions to 100 in 2025, i.e. the last period prior to the shift towards ambitious climate

policy. Under the business-as-usual scenario, there is a net increase of atmospheric car-

bon until around 2050, while the stock of carbon peaks around 2040 in the ambitious

policy scenario. Once net zero is reached, the emission stock merely decays over time.

Consequently, cumulated emissions are substantially smaller under the ambitious policy

path than under the business-as-usual path at any given period after 2025. In 2070, for

example, cumulated emissions would be 12% above their 2025 level if carbon taxes follow
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the business-as-usual path, while they would decline by 27% under ambitious policy.

The next step is to evaluate the impact of the transition on financial stability, as

measured by the crisis probability. An important element in our analysis is that our

framework is stochastic. To account for this, we simulate the economy along a given

carbon tax path for 100.000 times, where the risk shock and the sunspot shock are drawn

randomly such that the volatility of idiosyncratic productivity shocks follows (6) and

the sunspot shock selects the equilibrium if multiplicity is possible. We then average

over all economies to calculate the crisis probability.11 We first focus on a representative

average path before highlighting how transition dynamics depend on the financial cycle by

considering above- and below-average realizations of the risk shock in the next subsection.

The solid blue line in the upper right panel of Figure 2 shows the crisis probability

along the transition. It increases from around 2.2% on the initial path to around 2.7%

at the beginning of the transition. At this point in time, the economy experiences an

unanticipated shock to the carbon tax path and, thus, a negative permanent shock to

the marginal product of capital. This event puts deleveraging pressure on the financial

system. Notably, the crisis probability peaks several years into the transition and only

slowly converges to its lower long-run level. Since capital and net worth are endogenous

state variables, our model features a large degree of endogenous propagation. As the

bottom right panel of Figure 2 demonstrates, the crisis probability under the ambitious

transition path drops below the level in the business-as-usual case in 2045 and stays

lower until the business-as-usual economy also converges to net zero, approximately in

2100. Clearly, there is a net financial stability gain from a faster convergence to the

new stationary long-run equilibrium. Appendix D additionally displays how several key

variables evolve during the transition, highlighting the outlined dynamics.

Evaluating the Net Financial Stability Effect To facilitate a comparison of the

financial stability implications of different transition paths, it is necessary to define a

suitable metric. One candidate is the maximum crisis probability over the transition

path, which is typically attained within a dozen quarters after the transition starts.

However, this metric does not take into account the number of periods with a high crisis

probability. It also does not capture the transition dynamics to the long-run equilibrium

that is associated with a smaller crisis probability (see Figure 1).

To take these two features into account, we define the excess crisis probability (ExCP):

ExCP (Tpost, β̃) =
1

Tpost − T0

Tpost∑
t=T0

β̃t
(
πt(amb policy)− πt(business-as-usual)

)
, (26)

11In order to enhance the readability of our graphs, we apply a cubic spline filter to the crisis probability.
All numbers and moments are always computed based on the unfiltered simulation output.
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where πt(amb policy) is probability of a financial crisis in period t on the ambitious

policy path, while πt(business-as-usual) corresponds to crisis probability in period t on

the business-as-usual path. We compute the difference from T0 until the cut-off period

Tpost, allowing for the possibility of discounting future financial stability gains via the

parameter β̃. We fix the policymakers’ time preference at unity, that is β̃ = 1, for the

moment and discuss the role of reducing the time preference rate below one at the end

of this section.

The ExCP allows to compare the financial stability impact of different climate poli-

cies and is closely connected to the notion of ”Climate Minksy Moments”. Since financial

crises also occur in the absence of climate policy in our model, an appropriate quantifi-

cation of the threat of ”Climate Minksy Moments” requires us to take ”Ordinary Minsky

Moments” unrelated to ambitious carbon taxes into account. The ExCP is conceptually

related to the area between the crisis probability under the ambitious policy path and the

business-as-usual path, respectively, and is displayed in the bottom left panel of Figure 2.

Due to the non-monotonic transition dynamics, it initially grows as the truncation point

Tpost increases. As soon as the crisis probability under the ambitious policy drops below

the business-as-usual economy, the ExCP decreases. For all transition paths that we

consider in our policy experiments, this period is reached around 2070.

Furthermore, the ExCP turns negative eventually in all ambitious scenarios that we

considered, because the lower long-run level of the crisis probability is reached much faster

than in the business-as-usual economy. The net financial stability effect in the long-run

is, therefore, positive and we can compare different carbon tax paths by the inflection

period at which the ExCP turns negative. In the very long-run, the ExCP converges to

zero by definition, as all economies eventually converge to the same long-run level.

4.3 The Role of the Financial Cycle

The possibility of a ”Climate Minsky Moment” depends jointly on the (exogenous) cli-

mate policy stance and the (endogenous) loss-absorbing capacity of the financial sector,

i.e. its net worth. We illustrate how the loss-absorbing capacity shapes the financial sta-

bility implications of climate policy action. We focus on the same ambitious policy path

as before but condition our simulation on specific realizations of the risk shock, which

endogenously affect the financial sectors’ loss-absorbing capacity.

First, we evaluate the baseline transition path under the assumption that a sequence

of negative (one standard deviation) risk shocks realizes in two quarters prior to the

climate policy shift. This period of low volatility induces high leverage and a credit

boom, capturing a volatility paradox in the spirit of Brunnermeier and Sannikov (2014).

Once the surprise climate policy shift arrives, the financial sector is highly leveraged and

lacks loss-absorbing capacity. As a consequence, the annualized crisis probability spikes
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Figure 3: Baseline Transition Path to Net Zero: Financial Cycle
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to slightly more than 5% and stays elevated way into the transition. The dashed red line

in the right panel of Figure 3 shows the run probability in the high risk case.

The opposing path, that is a sequence of positive (one standard deviation) risk shock

realizations, forces the financial sector to deleverage by tightening credit supply. When

the climate policy shift arrives, the financial sector is much better equipped to accommo-

date the sudden productivity loss without selling securities at a fire sale price. The crisis

probability, displayed as the dotted green line in the right panel of Figure 3, declines

substantially. The crisis probability remains persistently low, as the capital accumula-

tion channel of climate policy dominates in the medium-run. This analysis outlines that

a careful design of the transition to net zero should take vulnerabilities in the financial

system into account. The threat of a “Climate Minsky Moment” after the climate policy

shift depends to a substantial degree on the vulnerability in the financial sector.

4.4 Speed and Shape of the Transition

In the following, we provide two key comparative static exercises with respect to the

shape of ambitious policy path.
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Transition Speed First, we vary the speed of the transition to net zero, as shown

in Figure 4. While full abatement is reached after 25 years in the baseline ambitious

policy, net zero is achieved in the alternative transition scenarios either after 20 years

(Tmax = 2045) or after 30 years (Tmax = 2055), respectively. As before, we assume that

carbon taxes increase linearly until the terminal period. Consistent with the prediction

from similar DSGE models, such as van der Ploeg and Rezai (2020), and recent empirical

evidence (Kaenzig, 2023), a faster transition induces a stronger output contraction and

larger asset return wedge ξt in the short-run (bottom right panel of Figure 4).

The upper right panel shows how the transition speed affects the crisis probability over

time. The more ambitious transition, indicated by the dotted green line, features a larger

crisis probability in the first five to ten years, relative to the baseline transition discussed

before. After peaking at slightly above 3% p.a., the crisis probability rapidly shrinks

towards the new stationary equilibrium. In contrast, the dashed red line represents an

economy that reaches net zero after 30 years. In this economy, the crisis probability

peaks at around 2.7%, but reaches the stationary long-run equilibrium later, such that

the crisis probability is larger in the medium-run. The net financial stability effect of

accelerating the transition is ambiguous. At the same time, accelerating the transition

has a clearly positive effect on cumulated emissions, as demonstrated by the bottom left

panel of Figure 4.

Transition Shape Second, we allow for a front- and a back-loaded transition. Here,

we fix the terminal period at Tmax = 2050 and vary the curvature of the tax path. For

the back-loaded tax path, we assume that the carbon tax in period t > T0 is a linear

combination between the tax in the business-as-usual scenario τ baut and the tax in the

ambitious policy scenario τambt that is consistent with net zero in 2050. We define a weight

wt ≡ t
Tmax−T0

for any t ∈ [T0, Tmax] that gives rise to a back-loading of the tax path:

τ backt ≡ (1− wt)τ baut + wtτ
amb
t .

As the dashed red line in Figure 5 reveals, the back-loaded path features a rapid increase

in the carbon tax in the last periods before reaching net zero. Such a scenario is sometimes

referred to as ”disorderly transition”.12 We also define a front-loaded transition path that

adds the (time-varying) difference between baseline and back-loaded taxes (τambt − τ backt )

to the baseline path, resulting in a front-loading:

τ frontt ≡ τambt +
(
τambt − τ backt

)
.

12Note that the steep portion of the back-loaded tax path is anticipated as soon as the economy shifts
to the new tax path and that the policymaker is fully committed to this path.
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Figure 4: Comparative Statics: Transition Speed
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The upper left panel of Figure 5 compares these paths to the linear benchmark transition

path, again indicated by the solid blue line. All paths reach net zero in 2050. The shape

of the tax path has a substantial impact on financial stability, highlighted by the lower

panel of Figure 5. The front-loaded policy features substantial additional fragility in the

first five years due to the fast tax increase. The crisis probability peaks at almost 3.5%.

However, financial fragility already reaches a lower level than the business-as-usual in

2040, substantially faster than our baseline. In contrast, the crisis probability peaks close

to the end of transition for the back-loaded policy tax path. While the initial increase in

instability is substantially mitigated, the crisis probability grows over time, peaks close

to the end of the transition, and rapidly converges then to the stationary equilibrium.

Again, the net financial stability effect is ambiguous.
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Figure 5: Comparative Statics: Transition Shape
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Notes: This figure is obtained from simulating the model 100,000 times with a burn-in period of 200
quarters. Cumulated emissions are normalized to 100 in 2025. Crisis probabilities are annualized. We
remove the sampling error from the crisis probability using cubic spline smoothing. The beginning and
end of the transition period are indicated by vertical lines.

From varying speed and shape of the transition path we conclude that, relative to

the business-as-usual scenario, an ambitious transition to net zero is characterized by

a temporarily elevated crisis probability and a subsequent convergence to a lower crisis

probability in the long-run. More ambitious paths are generally characterized by a lower

crisis probability in the medium-run, which comes at the cost of considerable financial

fragility during the first years of the transition. Which of these opposing effects dominates

is, thus, a quantitative question. In contrast, front-loading climate action has a substan-

tially positive effect on cumulated emissions, while the economy’s climate performance is

much worse under back-loaded climate action.

Inspecting the first row of Table 2, we observe that the maximum crisis probability is

largest under the most ambitious scenario. In the second row, we are also factoring in
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Table 2: Carbon Taxes and Financial Stability: Comparative Statics

Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Maximum Crisis Prob (%) 3.22 3.07 2.89 3.76 3.07 2.93
Excess Crisis Prob (%) -0.02 0.00 0.00 -0.04 0.00 0.02
Inflection Period 2067Q4 2069Q3 2069Q2 2066Q1 2069Q3 2073Q3
Cum. Emissions in 2070 -37.2 -33.3 -29.3 -48.0 -33.3 -28.3
(Rel. to bus.-as-usual, in %)

Notes: All moments are based on 100.000 tax paths with 200 burn-in periods per path. The ExCP is
computed with respect business-as-usual transition path. The cut-off period Tpost for the ExCP is set
to 2070.

the medium-run gains of the transition by comparing the excess crisis probability when

setting Tpost = 2070. When using this cut-off period, the ExCP takes into account that

the crisis probability converges to its lower long-run level more quickly if the tax path is

steeper. The inflection period in the third row is inversely related to the ExCP and is

reached earliest (2066) for the front-loaded transition path while it takes until 2073 to

reach ExCP = 0 under a back-loaded transition.

Not surprisingly, the last row of Table 2 reveals that cumulative emissions in 2070, i.e.

forty-five years after the shift in climate policies and 20 years after net zero is reached

under the ambitious policy path, are substantially lower if carbon taxes increase faster

or are front-loaded. Taken together, our comparative statics experiments raise doubt on

the common narrative of a trade-off between maintaining financial stability and achieving

climate policy objectives - provided that policymakers are sufficiently forward-looking to

take the positive long-run financial stability gains of the net zero transition into account.

Discounting Long-Run Gains As a last step, we discuss the implications of dis-

counting long-run financial stability gains from the net zero transition. Specifically, we

compute the excess crisis probability until Tpost = 2070 for different policymaker discount

factors β̃, see Equation (26). It should be stressed that β̃ does not affect the equilib-

rium of our model. The left panel of Figure 6 compares the discounted ExCP for the

accelerated, baseline, and slow transition path. For low discount rates, the fast transition

path has the smallest discounted ExCP since the long-run financial stability gains receive

a high weight, consistent with the left panel of Table 2. This reverts for discount rates

exceeding 0.7% p.a., for which policymakers prefer a slow transition due to the low weight

placed on the long-run financial stability gains.

The right panel of Figure 6 shows the corresponding result for back-loading the tran-

sition. While the magnitudes are generally larger in this case, a very similar picture

emerges. For annualized discount rates above 2.5%, the discounted ExCP of the front-

loaded transition exceeds discounted ExCP of the back-loaded transition. Put differently,
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Figure 6: Net Financial Stability Effect: The Role of Discounting
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for policymaker discount rates below 2.5%, front-loading climate action simultaneously

improves financial stability and the economy’s climate performance.

4.5 The Role of Abatement Subsidies

In the last section, we study the financial stability effects of abatement subsidies through

the lenses of our model. So far, we assumed that carbon tax revenues are rebated to

households in a lump sum fashion. Now, the carbon tax revenue is used as an abatement

subsidy for firms.13 Specifically, firms receive a flat subsidy per abated unit of emissions

ηtYt. The subsidy is financed with the carbon tax revenue so that the per-unit subsidy

is given by ((1− η∗t )τ ct )/η∗t . Here, η∗t is the aggregate level of abatement since firms take

the size of the subsidy as exogenously given when choosing their individual abatement

effort. The per-unit cost minimization problem becomes:

min
ηt

(1− ηt)τ ct +
b1

b2 + 1
ηb2+1
t − (1− η∗t )τ ct

η∗t
ηt .

13While climate policy has usually focused on carbon pricing and R&D subsidies for emission-free
technologies, policymakers have recently started to subsidize the adoption of low-emission technologies
at a large-scale. Examples include the ”Inflation Reduction Act” in the US and the European Unions
”Green New Deal”.
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Differentiating with respect to ηt and imposing ηt = η∗t , we obtain the following optimal

abatement effort:

η∗t = min

{(
τ ct
b1

) 1
b2+1

, 1

}
, (27)

which exceeds the optimal abatement effort without subsidies (14) for any given carbon

tax. The associated wedge in the return on capital simplifies to ξt+1 =
τct+1

b2+1
. As long as the

tax is positive, the wedge is always smaller than under the assumption of tax rebates to

households. We compute the transition dynamics in the presence of abatement subsidies

for the ambitious policy path consistent with net zero in 2050. As before, we compare its

financial stability implications to the business-as-usual scenario consistent with a linear

emission reduction until 2090 but without abatement subsidies.

The dashed orange line in the bottom right panel of Figure 7 shows that the shift

towards ambitious climate policy induces a temporary fall in the asset return wedge.

This follows from the assumption that there is no abatement subsidy in the business-as-

usual scenario. After the initial drop, the return wedge linearly increases until 2050, i.e.

when net zero is reached. Cumulated emissions since 1990 are 39.0% smaller in 2070 than

under business as usual if an abatement subsidy is in place. This is substantially larger

than in the case without subsidies (-33.3%) and even exceeds the gains from accelerating

the transition and from front-loading climate action (-37.2%, see Table 2).

The top right panel of Figure 7 shows that the crisis probability increases very slowly

over the first ten years of the transition without dropping below its initial level. The

subsidy cushions intermediary net worth against rapid drops of the return on their as-

sets, which entails a short-run financial stability gain. At the same time, this makes

the downward adjustment of capital more sluggish. Therefore, the economy operates

a larger capital stock well into the transition, compared to the case without subsidies

(solid blue line). Consequently, households incur larger costs from managing capital once

intermediaries experience deleveraging pressure, resulting in elevated crisis probabilities.

As we have shown in Figure 1, carbon tax revenues follow a Laffer curve and shrink to

zero once full abatement is reached. Consequently, the subsidy becomes small towards the

end of the transition, such that intermediaries face pressure to sell capital, which is still

costly for households to absorb. The crisis probability, thus, remains above the baseline

path throughout the transition and only drops below the business-as-usual scenario in

2048. This results in an excess crisis probability of 0.08% over the period 2025 to 2070,

which is substantially larger than in the benchmark transition without subsidies. The

inflection period at which the ExCP turns negative is 2081Q3, compared to 2064Q3 in the

benchmark. Our analysis suggest that subsidies - a popular alternative policy instrument

to accelerate the net zero transition - conflict to some extent with financial stability
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Figure 7: Transition Path to Net Zero: Carbon Tax Rebates
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objectives.

5 Conclusion

In this paper, we have shown that climate policy has non-trivial effects on financial stabil-

ity. We propose, solve, and calibrate a DSGE model with carbon taxes and endogenous

financial crises and derive three main results. First, climate policy is not detrimental

to financial stability in the long-run, since climate policy reduces long-run capital and,

thereby, requires households to absorb fewer assets from the financial sector in an eco-

nomic downturn. This reduces the asset price drop in a downturn and makes systemic

financial crises less likely. Second, financial stability decreases in the short-run as the
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economy moves unexpectedly onto an ambitious carbon tax path. In response to such

a shock to the return on their assets, financial intermediaries face deleveraging pressure

which induces them to sell assets quickly, potentially at fire sale prices. This makes a

systemic financial crisis more likely.

Third, we evaluate transition risk over the entire transition path, measured as excess

crisis probability, and show that ambitious, front-loaded climate policy has a positive

net effect: the excess crisis probability declines in climate policy ambition. At the same

time, emission reductions are larger. Notably, the crisis probability peaks early and at

high values for front-loaded and ambitious transitions. If policymakers are subject to

substantial present bias or even myopia, non-trivial trade-offs between financial stability

and emission reduction arise. However, for a sufficiently patient policymaker, there is no

trade-off between achieving climate policy goals and maintaining financial stability.
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A Financial Intermediaries

In this section, we outline the maximization problem of financial intermediaries, which

follows Rottner (2023).14 The financial intermediary j maximizes its franchise value V j
t

subject to an incentive constraint and a participation constraint. The incentive constraint

ensures that the intermediary only invests in the good technology. The participation con-

straint ensures that the return on deposits is sufficient that households provide deposits

to the intermediary. The maximization problem reads as follows:

V j
t (N j

t ) = max
KBj
t ,Dt

(1− πjt )βENt Λt,t+1

[
θV j

t+1

(
N j
t+1

)
+ (1− θ)(RKt+1QtK

Bj
t −D

j
tΠ
−1
t+1)

]
,

(A.1)

s.t. (1− πjt )ENt

[
Λt,t+1θVt+1

(
N j
t+1

)
+ (1− θ)

(
1− b

j
t

RKt+1Πt+1

)
RKt+1QtK

Bj
t

]
≥ (A.2)

βΛt,t+1Et

Λt,t+1

∫ ∞
b
j
t

RKt+1Πt+1

θVt+1

(
N j
t+1

)
+ (1− θ)

(
ω − b

j
t

RKt+1Πt+1

)
RKt+1QtK

Bj
t dF̃t+1(ω)

 ,
(1− πjt )βENt [Λt,t+1QtK

Bj
t b

j
tΠ
−1
t+1] + πjtβE

R
t [RKt+1QtK

Bj
t ] ≥ Dj

t . (A.3)

We define D
j

t = RtD
j
t and b

j

t =
(
RtD

j
t

)
/ (QtKt). As shown step-by-step in Rottner

(2023), Appendix B, we can use a guess and verify approach to derive the incentive and

participation constraint:

(1− πt)ENt
[
Λt,t+1R

K
t+1(θλt+1 + (1− θ))

(
1− e

−ψ
2 − Ωt+1

)]
= πtERt

[
Λt,t+1R

K
t+1

(
e−

ψ
2 − ωt+1 + Ωt+1

)]
,

(A.4)

(1− πt)ENt
[
βΛt,t+1R

D
t Dt] + πtERt [βΛt,t+1R

K
t+1QtK

B
t

]
= Dt . (A.5)

Note that the incentive constraint and the participation constraint do not depend on

intermediary j specific values. The multiplier for the incentive constraint (κt) and par-

ticipation constraint (λt) are given as:

κt =
β(1− πt)ENt Λt,t+1 [λt − (θλt+1 + 1− θ)]

(1− πt)ENt Λt,t+1

[
(θλt+1 + 1− θ) F̃t+1(ωt+1)

]
+ πtERt Λt,t+1

[
(θλt+1 + 1− θ)

(
1− F̃t+1(ωt+1)

)] ,
(A.6)

λt =
(1− πt)ENt Λt,t+1R

K
t+1[θλt+1 + (1− θ)](1− ωt+1)

1− (1− πt)ENt [Λt,t+1RKt+1ωt+1]− πtERt [Λt,t+1RKt+1]
. (A.7)

B Global Solution Method

We solve the model with global methods to account for the runs on the financial sector

and the stochastic transition path to a net zero economy. We extend the global solution

14We also refer to Adrian and Shin, 2014 and Nuño and Thomas, 2017.
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method of Rottner (2023), which can solve the type of run models studied here, to feature

stochastic transition paths. Incorporating this feature is key to evaluating the financial

stability impact of climate policies during the transition and in the long-run.

The state variables are previous period capital, current period net worth, the risk

shock and the sunspot shock, that is Xt =
{
Kt−1, Nt, ε

ξ
t , ε

π
t

}
. We also condition the

solution on the carbon tax path {τ cl }∞l=t to allow for changing carbon taxes. In particular,

we consider two distinct cases for the tax path in the model.

1. Long-run equilibrium: The tax path is constant. This case is relevant once the

transition is completed or before agents anticipate future carbon taxation. The tax

sequence is then constant for all periods, that is τ ct = τ c,∀t.

2. Transition dynamics: The tax path follows a commonly known path with time-

varying taxes. Specifically, the tax path consists of two parts: First, the tax rate

changes over time until its terminal level is reached in period Tmax, that is {τ cl }
Tmax
l=t .

This part reflects the transition. Once the maximum tax rate is reached, the tax

remains constant, that is τ ct = τ c, ∀t > Tmax. At this level, we are back in the first

case denoted as long-run equilibrium.

While the tax path is constant and known by the agents, the economy is subject to shocks.

Therefore, we are analyzing stochastic transition dynamics, in which the agents expect

the materialization of shocks.15 The remaining parameters of the model are summarized

as θP .

To find the model solution, we solve the policy functions for the asset price, consump-

tion, the multiplier on the participation constraint, a measure of the promised repay-

ments, and inflation. The policy function in period t depends on the state variables, the

parameters, and the sequence of carbon shocks from period t onwards:

Qt(Xt; {τ cl }∞l=t,ΘP ), Ct(Xt; {τ cl }∞l=t,ΘP ), bt(Xt; {τ cl }∞l=t,ΘP ),

Πt(Xt; {τ cl }∞l=t,ΘP ), and λt(Xt; {τ cl }∞l=t,ΘP ).

We also solve for the law of motion of net worth and the probability of observing a run

next period:

N ′t(Xt, ε
ξ
t+1; {τ cl }∞l=t,ΘP ), and πt(Xt; {τ cl }∞l=t,ΘP ),

where εξt+1 are the risk shock realizations next period. Once we have solved for these

objects, we can back out all other variables.

The solution algorithm uses time iteration with linear interpolation (see e.g. Richter

et al., 2014). We also use an additional piecewise approximation of the policy functions

15The framework can be easily extended by tax paths that are subject to shocks themselves. In such
a case, the shock component of the tax rate enters as a state variable.
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by deriving separate policy functions to approximate the run and normal equilibrium

as discussed in detail Rottner (2023). The expectations are approximated with Gauss-

Hermite quadrature.

Our global solution algorithm is summarized below:

1. We first define a grid for the state variables (without the sunspot shock): X ∈
[Kt−1, Kt−1] × [N t, N t] × [σt, σt] × [At, At]. Using Gauss-Hermite quadrature, we

set up integration nodes for the expectations with respect to the risk shock ε ∈
[εξt+1, ε

ξ
t+1]. We denote the considered tax path by {τ cl }∞l=t.

2. We guess the piecewise linear policy functions to initialize the algorithm. This

includes a separate guess for the policy function for each different carbon tax level.

As an example, we have the following set of policy functions for the asset price:

{Qt(Xk; {τ cl }∞l=t,ΘP )}∞t=t0

While this would result in an infinite set of policy functions, we can exploit that

policy functions are time-invariant once the terminal tax rate is reached. Therefore,

we can simplify the set of policy functions that we need to solve for the two different

cases that we consider:

(a) Long-run equilibrium: The tax path is time-invariant. As a consequence, the

policy function is not path-dependent. We then have:

Qt(Xt; {τ cl }∞l=t,ΘP ) = Q(Xt; {τ cl }∞l=t,ΘP ) = Q(Xt; τ
c,ΘP ), ∀t

(b) Transition dynamics: At the beginning, the tax path changes over time, while

it then converges to the terminal rate. Therefore, we have two different prob-

lems at different stages in time:

∀t ≤ Tmax : {Qt(Xt; {τ cl }∞l=k,ΘP )}Tmaxt=t0
= {Qt(Xt; {τ cl }Tmaxl=k ,ΘP )}Tmaxt=t0

,

∀t > Tmax : Qt(Xt; {τ cl }∞l=t,ΘP ) = Q(Xt; {τ cl }∞l=t,ΘP ) = Q(Xt; τ
c
Tmax ,Θ

P ).

This notation highlights that we can use a time iteration algorithm to solve for the

policy functions. If we are in an infinite time horizon, that is either the long-run

equilibrium or at the terminal tax rate, we solve the problem using policy function

iteration. We can divide the transition dynamics in a finite horizon problem during

the transition and an infinite horizon problem with the terminal tax rate after

t > Tmax. We first solve the infinite horizon problem using policy function iteration

as before. We can then use this to conduct backward induction to solve the finite

horizon problem of the transition.
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While we discussed this for the specific asset price policy function, this generalizes

to all policy functions that we need to solve. In particular, we need a guess for

all policy functions, the probability that a run occurs next period, and the law of

motion of net worth. The latter N ′t(Xt, ε
ξ
t+1; ΘP ) provides a mapping from state

variables today into net worth next period at each integration point coming from

Gauss-Hermite quadrature.

3. We solve for all time t variables for a given state vector and tax path ahead focusing

on the no run equilibrium. We use the law of motion for net worth and the run

probability from the previous iteration j as given. We also need to calculate our

next period values using policy functions. In the infinite horizon problem, we use

the guess of the policy function iteration from iteration j − 1. In the finite horizon

problem, we use the policy function from period t+1, i.e. Qt+1(·). Expected values

are computed using Gauss-Hermite quadrature. We then use a numerical root finder

to minimize the error of these equations. The inputs are the time-invariant policy

functions in the infinite horizon problem and the period t policy functions for the

finite horizon problem:

err1 =

(
Πt

Π
− 1

)
Πt

Π
−
(
ε

ρr

(
MCt −

ε− 1

ε

)
+ Λt,t+1

(
Πt+1

Π
− 1

)
Πt+1

Π

Yt+1

Yt

)
,

err2 = 1− βEtΛt,t+1
RI
t

Πt+1

,

err3 = (1− πt)ENt
[
βΛt,t+1RtDt

]
+ πtERt

[
βΛt,t+1R

K
t+1QtK

B
t

]
−Dt,

err4 = (1− πt)ENt
[
Λt,t+1R

K
t+1(θλt+1 + (1− θ))(1− e

−ψ
2 − Ωt+1)

]
− πtERt

[
Λt,t+1R

K
t+1(e−

ψ
2 − ωt+1 + Ωt+1)

]
,

err5 = λt −
(1− πt)ENt Λt,t+1R

K
t+1[θλt+1 + (1− θ)](1− ωt+1)

1− (1− πt)ENt [Λt,t+1RK
t+1ωt+1]− πtERt [Λt,t+1RK

t+1]
.

4. We now take our policy functions as well as the law of motion for net worth and

the run probability from iteration j − 1 as given. Using these objects, we calculate

the variables for the period t and (t+ 1) variables. We use these points to calculate

Nt+1 across the integration nodes and update the law of motion for net worth:

Nt+1 = max
[
RK
t+1QtK

B
t −RtDt, 0

]
+ (1− θ)ζKt. (B.1)

To determine whether the run equilibrium is supported on a specific node, we

compute

RK
t+1QtK

B
t −RtDt ≤ 0. (B.2)
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which evaluates to one if a run is possible.16 This can be now used to evaluate the

probability of a run next period based on Gauss-Hermite quadrature.

5. We repeat the steps 3 and 4 focusing also on the run equilibrium in the current

period.

6. We update the policy functions, the law of motion for net worth, and the run

probability using a weighted combination of our results from iteration j and the

previous guess.

7. We repeat the steps 3 - 6 until the errors of all functions (policy functions, law of

motion of net worth, and the probability of a run) are sufficiently small at each

point of the discretized state space.

8. The infinite horizon problem is solved at this stage.

For the finite horizon problem, we redo the steps 3 - 7 for all periods backwards, i.e.

in the order of Tmax−1, Tmax−2, ..., t0 +1, and finally t0. Furthermore, we also need

to calculate one additional object. The law of motion that gives the mapping from

the period t0−1 without the tax path and the period in which the transition arrives

unanticipated: N ′t0−1(Xt0−1, ε
ξ
t0 ; {τ cl }∞l=t0−1,Θ

P ). For this, we use step 4 using the

old policy functions for the period t0 − 1 (e.g. the previous long-run equilibrium)

and the newly obtained policy functions for period t0 − 1.

We can now use the obtained functions to simulate our model and calculate our tran-

sition dynamics.

C Robustness

In this section, we demonstrate that our key results are robust to empirically plausible

variations in the abatement cost parameters, which are subject to considerable parameter

uncertainty.

Robustness with respect to b1 Figure C.1 shows the long-run financial stability

effects of changing carbon taxes for different values of the slope parameter b1 in the

abatement cost function. In the upper panel, we set b1 = 0.03, which implies that net

zero is already reached at a carbon tax of 86$/ToC. Similarly, a tax of 33$/ToC suffices to

16The equation implies a zero and one indicator, which is a very unsmooth object. As a consequence,
we use the following functional forms based on the exponential function to determine the run probability

in this state of the world: exp(ζ1(1−Dt+1))
1+exp(ζ1∗(1−Dt+1))

where Dt+1 =
Rk

t+1

RD
t

φ
φ−1 at each calculated Nt+1. We set ζ1

to 500 which ensures sufficient steepness. While this approximation induces smoothness, it is still very
close to an indicator function with 0 and 1 values.
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reach the EU’s 55% emission reduction target in 2030, which is indicated by the vertical

red line.

Figure C.1: Carbon Taxes and Financial Stability in the Long-Run for Different
b1
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Notes: The crisis probability is computed based on a simulation with 100.000 periods with 10.000 burn-in
periods.

The lower panel presents the results from setting b1 = 0.06. Under this parameter, a

carbon tax of 171$/ToC implements net zero while a 66$/ToC is necessary to induce an

emission reduction of 55% relative to 1990. The carbon tax necessary to achieve a given

emission reduction increases in the slope parameter since exercising abatement effort is

more costly if b1 is high. This is also reflected in the different ranges on the x-axis in

the upper and lower panel of Figure C.1, respectively. The results are qualitatively and

quantitatively very similar to our baseline calibration of b1 = 0.05.

When constructing transition paths under different parameterizations of the abate-

ment cost function, we still maintain the assumption that the business-as-usual path is
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Table C.1: Financial Stability along the Transition for Different b1

b1 = 0.03 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Maximum Crisis Prob (%) 3.00 2.70 2.69 3.16 2.70 2.70
Excess Crisis Prob (%) -0.04 -0.03 -0.03 -0.06 -0.03 -0.02
Inflection Period 2064Q3 2065Q1 2065Q4 2061Q3 2065Q1 2066Q4
Cum. Emissions in 2070 -37.1 -33.2 -29.1 -37.9 -33.2 -28.2
(Rel. to bus.-as-usual, in %)

b1 = 0.06 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Maximum Crisis Prob (%) 3.36 3.14 2.98 3.94 3.14 2.90
Excess Crisis Prob (%) -0.02 -0.01 -0.01 -0.04 -0.01 0.04
Inflection Period 2068Q2 2068Q2 2069Q3 2066Q2 2068Q2 2075Q1
Cum. Emissions in 2070 -37.3 -33.4 -29.3 -38.0 -33.4 -28.3
(Rel. to bus.-as-usual, in %)

Notes: All moments are based on 100.000 tax paths with 200 burn-in periods per path. The terminal
carbon tax corresponds to 143$/ToC. The baseline transition path reaches net zero within 25 years, in
2050. The ExCP is computed with respect business-as-usual transition path which reaches net zero in
2090. The cut-off period Tpost for the ExCP is set to 2070.

characterized by a linear emission reduction over 100 years and we adjust the tax path

accordingly. For the ambitious policy path, we choose the terminal carbon tax level

such that it implies net zero after the specified terminal period Tmax, respectively. The

model-implied carbon tax consistent with a 35% emission reduction in 2025 is given by

τ c = 0.00559 (16$/ToC) for b1 = 0.03 and by τ c = 0.0112 (32 $/ToC) for b1 = 0.06,

respectively, which is indicated by the vertical blue lines in the left panel of Figure C.1.

In Table C.1, we report the financial stability implications of the net zero transition

for b1 = 0.03 and b1 = 0.06, respectively. Consistent with the baseline results, the ExCP

computed from 2025 to 2070 and the inflection period are approximately independent of

transition speed. However, front-loading climate action has a slightly positive effect on

financial stability. The effects of changing transition speed and shape are also quantita-

tively similar to the baseline calibration.

Robustness with respect to b2 We also perform a robustness check for the curvature

of the abatement cost function. The model-implied carbon tax consistent with a 35%

emission reduction from 1990 to 2025 is given by τ c = 0.0115 (33 $/ToC) for b2 = 1.4

and by τ c = 0.007756 (22 $/ToC) for b2 = 1.8, respectively. An abatement share of

55% is induced by τ c = 0.0115 (33 $/ToC) for b2 = 1.4 and by τ c = 0.007756 (22

$/ToC) for b2 = 1.8, respectively. Notably, the curvature parameter does not change the

carbon tax consistent with full abatement. However, even a small tax provides substantial

abatement incentives if b2 is large, as the left panel of Figure C.2 shows. Conversely, a
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Figure C.2: Carbon Taxes and Financial Stability in the Long-Run for different
b2
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Notes: The crisis probability is computed based on a simulation with 100.000 periods with 10.000 burn-in
periods.

higher curvature b2 implies that the wedge in the return on capital is quite small for

low carbon tax levels, since abatement is not very costly initially, but increases rapidly

towards the end of the transition.

In Table C.2, we show how changing the speed of the transition and front-loading

climate action affect financial stability for different values of b2. Again, changing struc-

tural parameters also affect the business-as-usual tax path that gives rise to a linear

emission reduction, such that the financial stability effects of climate policy for the cases

of b2 = 1.4 (upper panel) and b2 = 1.8 (lower panel) can not be directly compared with

each other and to the baseline calibration. However, within each parameterization, there

are modest financial stability gains from accelerating the transition and substantial gains

from front-loading climate action. Specifically, the inflection period in which the ExCP
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turns negative is around three years earlier under front-loading while it is more than five

years later under back-loading. These results are even stronger than under the baseline

calibration.

Table C.2: Financial Stability along the Transition for Different b2

b2 = 1.4 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Maximum Crisis Prob (%) 3.15 2.93 2.78 3.55 2.93 2.72
Excess Crisis Prob (%) -0.02 -0.02 -0.02 -0.04 -0.02 0.03
Inflection Period 2067Q2 2067Q2 2068Q1 2065Q2 2067Q2 2074Q3
Cum. Emissions in 2070 -36.8 -32.7 -28.5 -37.3 -32.7 -27.9
(Rel. to bus.-as-usual, in %)

b2 = 1.8 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Maximum Crisis Prob (%) 3.41 3.18 2.95 3.81 3.18 2.98
Excess Crisis Prob (%) -0.04 -0.02 -0.02 -0.06 -0.02 0.02
Inflection Period 2066Q4 2067Q4 2067Q4 2064Q1 2067Q4 2073Q1
Cum. Emissions in 2070 -37.8 -34.1 -30.2 -38.8 -34.1 -28.7
(Rel. to bus.-as-usual, in %)

Notes: All moments are based on 100.000 tax paths with 200 burn-in periods per path. The terminal
carbon tax corresponds to 143$/ToC. The baseline transition path reaches net zero within 25 years, in
2050. The ExCP is computed with respect business-as-usual transition path which reaches net zero in
2090. The cut-off period Tpost for the ExCP is set to 2070.

Robustness with respect to Tpost In Table C.3, we complement our main numerical

results on the net financial stability of the net zero transition (Table 2) by considering

different cut-off periods Tpost for the ExCP and the cumulated emission reduction. No-

tably, the maximum crisis probability and the inflection period are not affected by the

choice of Tpost. Consistent with the results from setting Tpost = 2070, we observe that

the ExCP is largely independent of the transition speed, while emission reductions are

much stronger in the economy with an accelerated transition path. Furthermore, front-

loading climate action does not pose a trade-off between financial stability and climate

performance, irrespective of Tpost.
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Table C.3: Financial Stability along the Transition for Different Tpost

Tpost = 2050 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Excess Crisis Prob (%) 0.31 0.34 0.26 0.29 0.34 0.40
Cum. Emissions in 2050 -16.9 -11.8 -7.2 -17.9 -11.8 -5.1
(Rel. to bus.-as-usual, in %)

Tpost = 2060 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Excess Crisis Prob (%) 0.08 0.10 0.10 0.07 0.10 0.14
Cum. Emissions in 2060 -27.8 -23.3 -18.6 -28.6 -23.3 -17.5
(Rel. to bus.-as-usual, in %)

Tpost = 2080 Speed Shape

20 Years 25 Years 30 Years Front Linear Back
Excess Crisis Prob (%) -0.07 -0.06 -0.07 -0.09 -0.06 -0.04
Cum. Emissions in 2080 -45.4 -42.1 -38.5 -46.1 -42.1 -37.7
(Rel. to bus.-as-usual, in %) 2067Q4 2067Q4 2067Q4

Notes: All moments are based on 100.000 tax paths with 200 burn-in periods per path. The terminal
carbon tax corresponds to 143$/ToC. The baseline transition path reaches net zero within 25 years,
in 2050. Excess crisis probabilities are computed with respect business-as-usual transition path which
reaches net zero in 2090.

D Illustrating the Non-Linear Effect of Carbon Taxes

To illustrate the workings of our non-linear model, we first discuss how a sudden shift from

one monotonically increasing tax path to a steeper, but still monotonic, tax path can have

non-monotonic effects on the crisis probability. In Figure D.1, we show the distribution

of several key endogenous variables at different points of the baseline transition path.

The last quarter prior to the shift onto the ambitious policy path, i.e. the last period on

the business-as-usual path, is indicated by solid black lines. Dotted red lines represent

the distribution 10 quarters into the transition, while the dotted green lines correspond

to the first quarter at which taxes reach their terminal level.

The top left panel shows total capital, which declines from its initial distribution in

a quite monotonic fashion towards the long-run equilibrium. In the top right panel, we

show the household capital share. Note that its mean of 66% is a calibration target for

the initial steady state. We focus on the right tail since financial crises are associated with

households holding almost the entire capital stock. As the dashed red line shows, there

are more states in the beginning of the transition (2027Q1) in which the household capital

share is close to one due to relatively high crisis probability. As the dotted green line

shows, the household asset share is slightly larger towards the long-run equilibrium since

households face a smaller capital management cost. In contrast, we observe a smaller

mass in the right tail towards the end of the transition (2050Q1, dotted green line).
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Figure D.1: Baseline Transition Path to Net Zero: Non-Linearities
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Notes: The distribution of endogenous model objects at different stages of the transition are obtained
from simulating the model 100,000 times with a burn-in period of 200 quarters. Capital holdings are
expressed relative to quarterly GDP. The 5%-quantiles are indicated by vertical lines for the asset price.

As the bottom left panel reveals, the financial sectors’ net worth is lower, relative

to total capital, towards the new stochastic steady state. This is consistent with the

larger household asset share and reflects the smaller social value of having a financial

system in a less productive economy. As the left tail shows, there is a sizable mass in the

very low net worth region, which corresponds to the run states. Finally, the non-linear

implications of the transition are perhaps best represented by the price of capital. While

the distribution exhibits the most mass around one, the tail is representative for financial

crisis states. Therefore, we indicate the 5% quantiles by vertical lines. While the left tail

is more pronounced ten quarters into the transition (characterized by an elevated crisis

probability, dotted green line), the tail features less mass in the new long-run equilibrium

(characterized by a lower crisis probability, dashed red line).

43


	Introduction
	Model
	Calibration and Solution
	Parameter Choices
	Global Solution Method

	Quantitative Analysis
	Carbon Taxes: Long-Run Effects
	Financial Stability Along the Transition to Net Zero
	The Role of the Financial Cycle
	Speed and Shape of the Transition
	The Role of Abatement Subsidies

	Conclusion
	Financial Intermediaries
	Global Solution Method
	Robustness
	Illustrating the Non-Linear Effect of Carbon Taxes

