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Abstract
To what extent could the necessity to address climate change threaten sovereign debt sustainabil-
ity and reduce fiscal space? Mitigation efforts and increasing temperatures imply economic costs
that reduce countries’ growth rates, respectively in the short and long term. This can make the re-
payment of sovereign debt more difficult. In this paper, I assess the impact of the costly reduction
of greenhouse gas (GHG) emissions on debt limits (the maximum government debt-GDP ratios
that can be sustained without risk of default). Different scenarios, both consistent and inconsistent
with the carbon budget constraints of the Paris Agreement, are analyzed for advanced economies
to quantify how their debt limits are affected by abatement costs and climate damages. For some
countries, such as Italy, mitigation efforts are able to push government debt into the unsustainable
territory. Moreover, the role of coordination in transition policies among countries is assessed as
a key determinant of sovereign debt sustainability. The evidence shows that failing to enforce a
slowdown in emissions at a global level, and to stabilize climate damages, causes debt limits to
plunge in the long term for all countries, even for the few that are implementing the transition.
On the contrary, if the green transition is coordinated globally, debt limits converge to stable and
higher levels, despite an initial and temporary decrease due to the negative impact of emission
reductions on GDP growth rates. The evidence presented indicates that it is significantly more
beneficial for countries to collaboratively and promptly transition towards mitigating climate im-
pacts on growth and fiscal space. This will support sustainable public debt and the potential to

finance the greening of our economies.
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1 Introduction

Ensuring the sustainability of public finances and addressing the climate change emergency are two
primary concerns most governments are simultaneously facing. The Intergovernmental Panel on Cli-
mate Change (IPCC) has been continuously recalling the need of respecting a global carbon budget
that keeps global warming below 2, or even 1.5, degrees Celsius over preindustrial levels, requiring
immediate and effective action. Against the background of substantial amounts of sovereign debt
worldwide, the green transition involves economic costs, which might cause difficulties for highly in-
debted countries in ensuring the repayment of currently outstanding debts. On the other hand, failing
to successfully achieve this structural change to a green production system at a global level will lead
to increasing climate damages and continuously diminishing growth rates in the medium and long
term. Two fundamental questions are then addressed in this study: Do the commitments made by
advanced economies under the Paris Agreement threaten the sustainability of their public debts? Is
the alternative of collectively following a business-as-usual path a better option for public finance?
I will show in this paper that while mitigation costs can push some highly indebted countries into
unsustainable territory, failing to coordinate and keep global temperatures under control will certainly
result in default on current debt levels for nearly all the economies studied here.

This study addresses this critical issue by estimating national fiscal (or debt) limits, while taking into
account the economic costs of reducing carbon emissions and of climate damages. A fiscal limit
refers to the maximum amount of debt-to-GDP that a government is allowed to accumulate without
impairing the credibility of honoring its repayment. This concept is fundamental for determining the
so-called fiscal space (that is the distance between the fiscal limit and the actual debt-to-GDP ratio,
Ghosh et al., 2013) and the probability of defaulting on its current debt.

Traditionally in the literature, fiscal limits depend on risk-free interest rates, primary surpluses and
economic growth. I will show here that the negative impacts of climate-related challenges on eco-

nomic growth reduce fiscal limits and fiscal space, posing a threat to public debt sustainability.

Fiscal limits and probabilities of defaults are estimated by extending the model proposed by Col-
lard, Habib, and Rochet (2015) with a reduced-form growth rate function in terms of greenhouse gas
(GHG) emissions. Abatement costs are defined as the impact of a reduction in emissions on GDP
growth rates, and calibrated for each country by using the results of the OECD study constructing the
"Environmentally Adjusted Multifactor Productivity" indicator (C4rdenas Rodriguez et al., 2018)".

Fiscal limits are studied here for 31 advanced economies, which both are analysed in Cardenas Ro-
driguez et al. (2018), and submitted their plans for climate action under the Paris Agreement, known

as "Nationally Determined Contributions" (NDCs).

laround which several sensitivity analyses are also conducted
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Following the climate economic literature, various scenarios are first proposed, with different assump-
tions on the magnitude of short- and long-term abatement costs. Some countries, such as Greece,
Japan, and Portugal, face general debt sustainability issues, independently from the transition. For
other nations, like Italy and France, these problems emerge specifically in the context of the transi-
tion when higher abatement costs are assumed. In general, the path of fiscal limits consistent with
maximizing sovereign debt sustainability and respecting the carbon budget is characterized by: a
long-term stationary level which depends on the green growth rate remaining after the transition; an
increase over time towards this long-term level from an initially lower debt limit, which is affected by
short-term abatement costs.

Secondly, the role of alternative government objectives is explored, under the constraint of respecting
a national carbon budget: maximizing current debt sustainability or maximizing welfare. The second
objective entails a faster mitigation effort in order to keep more resources under the constraint avail-
able for the future.

Finally, the role of climate damages, which depend on global cumulative emissions, is analyzed, high-
lighting the importance of political coordination among countries in the greening effort. The results
show that, at the beginning of the transition, due to mitigation costs, the fiscal limit in the coordinated
policy scenario is generally lower than in a business-as-usual scenario (where emissions uncontrol-
lably increase and cause worsening climate damages). Nevertheless, by 2080 or even sooner, the
trade-off leans positively, for all countries, towards a coordinated green transition. Indeed, failing to
enforce a slow-down in emissions at a global level would lead to increasing climate damages and,
thus, falling economic growth rates and fiscal limits, entailing serious debt sustainability problems
in the long term for all advanced countries, even for the few ones actuating the transition. On the
contrary, a coordinated successful transition would stabilize climate damages? and fiscal limits in the
long-term. From the evidence that will be presented, it results as beneficial for countries to collabo-
ratively and promptly transition towards mitigating climate impacts on growth and fiscal spaces. This

will support sustainable public debt and the potential to finance the greening of our economies.

This paper combines two strands of literature: the macro-financial literature on sovereign debt sus-
tainability, and the macro-climate literature on environmental sustainability, aiming to estimate the
economic costs of transition policies and climate change.’

Regarding the first strand, models for fiscal limits, as in Collard, Habib, and Rochet (2015) and Col-
lard et al. (2022), are conceived for advanced economies, for which monetary finance is in principle
excluded and public debt is denominated in local currency. It is also assumed that defaults are invol-

untary or "excusable" (Grossman and Huyck, 1988), which refers to the situation where a country is

2Climate damages would still be present in a scenario of 2° or even 1.5°C, but they will be stabilized to a given level,
which would mean a lower GDP in levels, but a stable growth rate

3For a more extended literature review on the joint challenges of public debt sustainability and climate-related costs,
refer to Seghini (2024).
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not able to borrow enough on the market in order to service its due debt repayments. It is then "forced"
to fail by market investors, in line with the evidence on sovereign crises in advanced economies (Yey-
ati and Panizza, 2011, Bolton et al., 2022). This modeling approach therefore excludes any strategic
type of default (as introduced by Eaton and Gersovitz, 1981).* Furthermore, the current model, by
following Collard, Habib, and Rochet (2015), defines the fiscal limit as the debt-to-GDP ratio which
maximizes government borrowing available for repayment of outstanding debt. A great part of this
literature otherwise estimates fiscal limits as the present value of future maximum primary surpluses
(Bi 2012, Bi and Leeper 2013, Tanner, 2013, Pallara and Renne, 2023 and forthcoming). Finally,
the concept of fiscal limit is also considered as a key determinant of the probability of default on
sovereign debt in the dynamic stochastic general equilibrium literature, to study the macroeconomic
consequences of high-risk public debt (Corsetti et al., 2013, Batini et al., 2016, Darracq et al., 2016).
The second strand of literature - the macro-climate literature - intends to quantify the impact of cli-
mate and transition risks on economic growth rates, a significant factor for fiscal limits. This litera-
ture, given the novelty and complexity of the subject, shows that such economic costs are surrounded
by great uncertainty. In general, empirically these costs are estimated to be modest (e.g. Metcalf
and Stock, 2020 and forthcoming), with the great caveat, though, of taking as reference a period
where mitigation efforts have been quite low, and surely not at the levels necessary to respect the
Paris agreements.’ These papers also usually focus on a particular policy instrument and a subset
of economic sectors. Given the willingness to stay general in this paper regarding the transition pol-
icy mix, my model is calibrated using the estimation results of Cdrdenas Rodriguez et al. (2018).
Regarding climate damages, I resort to the literature on analytical Integrated Assessment Models
(IAM),® and choose the exponential damage function of Dietz and Venmans (2019), for its good fit

with temperature-emissions data.’

The first contribution of this paper is to model fiscal limits while taking into account the impact of
climate change and mitigation costs. Whereas some research has been conducted about the impact
of adaption to climate change on primary surpluses (e.g. Barrage 2020, 2023), the literature about
the implications of the transition and climate damages for public debt sustainability remains scarce
(Battison and Monasterolo 2020, Zenios 2022, IMF Fiscal Monitor October 2023, Seghini and Dees
2024, and empirical analyses by Beirne et al. 2021, Boehm 2022 and Collender et al. 2023). Among
this emerging literature this paper is however the first, to my knowledge, to propose a structural model
that explains and quantifies the relationship between climate-related costs and fiscal limits. The sec-
ond main contribution of this paper is the evaluation of the critical role of international coordination

in transition policies on sovereign debt sustainability. The evidence presented here demonstrates that

4Some recent examples are Aguiar et al. (2022), Hatchondo et al. (2022).

>More recently, higher values have been estimated, e.g. Dees (2020).

6Such as Golosov et al. (2014), and the following literature.

7 Alternative notable damage functions are defined in Nordhaus (2014) and Weitzman (2012)
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without enforcing a global slowdown in emissions and stabilizing climate damages, long-term debt
limits decline for all countries, even those actively implementing transition measures. Conversely,
if the green transition is globally coordinated, debt limits stabilize at higher levels despite an initial
temporary decline caused by the negative impact of emission reductions on GDP growth rates. The
findings strongly suggest that a collaborative and prompt transition towards mitigating climate im-

pacts is significantly more beneficial for countries.

Section 2 of the paper introduces the general model for fiscal limits with abatement costs in the
growth function. Section 3 details the growth function employed in the simulations, the fiscal limit
in the green net-zero economy, and the maximization problems. Section 4 describes the data used
to calibrate the country-specific parameters in our analysis and Section 5 shows the results. Section
6 introduces climate damages and the relevance of globally coordinating the transition, in order to

guarantee public debt sustainability and ample fiscal spaces. Section 7 concludes.

2 Modeling debt sustainability, growth and carbon emissions

This section introduces the model used in this paper to study the interaction between environmental
and fiscal sustainability. The concept of the fiscal limit employed here is the debt-to-GDP ratio that
maximizes government borrowing available for the repayment of outstanding debt. This value repre-
sents the maximum sustainable debt (MSD). The framework, which provides measures of maximum
sustainable borrowing (MSB) and maximum sustainable debt (MSD), as proposed by Collard, Habib,
and Rochet (2015), is extended here to capture their dependence on the path of present and future
carbon emissions. For now, climate damages are ignored (they will be introduced in Section 6), and

only abatement costs are incorporated into the model.

2.1 Incorporating emissions into a fiscal limits model

As in the original model, the government issues one-period bonds B; = b;Y; every period, with a face
value D, | = d,Y, to be repaid at the beginning of the next period, with ¥; representing current GDP.3
Default at r occurs if:

D
Dl—aYt>bf’IY,<:>7t>oc+bﬁ” (1)
t

8For the sake of tractability, debt is assumed to be completely rolled over every period. This is in particular needed
when the fiscal limit is defined as the value maximizing government borrowing, by balancing the face value of debt
and its probability of default. Some notable papers which address the issue of debt sustainability with long-term debt
are Hatchondo and Martinez (2009), Chatterjee and Eyigungor (2012), Bacchetta et al. (2018), Lorenzoni and Werning
(2019).
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where a represents the maximum primary surplus (MPS) with respect to GDP, that the government
can extract from the private sector.” The maximum primary surplus & adds to the maximum sustain-
able borrowing (MSB) b to constitute the resources available for repaying the outstanding debt-to-

GDP. Given BY = bMY,, the MSB is defined by:
M dy

W = bl = g

2

where b(d,) are the borrowing proceeds with respect to GDP, from issuing one-period debt with a face
value d; with respect to GDP.!0 The fiscal limit, or MSD, is the debt-to-GDP d, which maximizes
the borrowing proceeds b(d;), thereby achieving the maximum sustainable borrowing MSB.!! For
simplicity, as in Collard, Habib, and Rochet (2015), it will be assumed zero recovery in default, and a
constant gross risk-free rate R.'> Assuming competitive financial markets and risk-neutral investors,

the return promised on government bonds R(d;) satisfies:

R(d,)(l—PD(d,)) =R 3)

The remainder of this section extends the traditional model by Collard, Habib, and Rochet (2015)
by incorporating an additional constraint for the government on carbon emissions, namely a "carbon
budget". The probability of default PD will be indirectly affected, through the consequences of this
constraint on the growth rate. In order to observe this channel, let rewrite the condition of default (1),

atz+ 1, in terms of the gross growth rate:

Yt+1 dz

Divi =dY, > (a+b1 )Y, — = <
t+1 11t ( t+1) t+1 8t+1 Y, o+ b

i “)
t+1

I introduce here a general formulation of the stochastic GDP growth rate, in terms of carbon emis-
sions:

841 = Hip 1 ({E;—1 })eo e+ where €j~;q. N(0,075) Vj &)

The component Hy1({£;;_; }) represents the contribution of the emissions path {E;;_; } to the eco-

nomic growth rate. iy and oy are the average growth rate and volatility of a net-zero economy that

°The MPS « can be thought as the level of primary surplus (net taxation) which maximizes the Laffer curve. It is
assumed to be constant, as in Tanner (2013), where it is defined as the level of "maximum feasible primary surplus that
citizens can tolerate." Tanner (2013) then recovers, from the level of MPS, a value for the maximum sustainable debt
(MSD), which satisfies a stabilization rule. The approach adopted by Collard, Habib, and Rochet (2015) is similar: they
look for the maximum debt level for which sustainability and stability are guaranteed.

10Collard, Habib, and Rochet (2015) show how this maximization is equivalent to finding the debt level which mini-
Ri(d)

mizes the average interest rate on government bonds: dy = argminy =;~. The solution to the problem is the one which
equates the marginal interest rate with the average interest rate: R'(dy) = %}l‘f’).

HFiscal limit: ¢ := argmaxg, b(d;) = argmax,, %.
2Together with neither renegotiation nor bail-out, and an independent central bank that resists possible government

demand to inflate debt away.
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does not rely on emissions. Carbon compensation in the short-term is ruled out (E;;_; > 0, V) and the
time subscript indicates that the amount of carbon emissions E;;_;, exploited at 7, is indeed decided
at r — 1, capturing the so called "carbon lock-in" phenomenon, and the commitment of countries in
the Paris Agreement of updating their National Determined Contributions (NDCs) every five years.
Indeed, in the following, I will assume a period of 5 years, which also corresponds to the average
maturity of US outstanding debt, and for the sake of simplicity, I will refer to E;,_; as E;.

Rewriting the default condition as follows, by also making explicit the dependence from the emissions

path {E; }:

dt — e£t+1 < dt

:euo+81+1 . t
8i+1 = Hep ({E}) < a+bt+1({E,}) [+ z+1({Ef}>]e“0Hf“({E’})

and by making use of equivalence (3), the MSB (2) can be redefined, given a path for carbon emissions

{E,}, as:

et (g )| ©

d; d; i
by ({E:}) = max 5 [1 = PD(d;, {E;})] = max 5 [1 _F([a+b,+1({Et )

where F(+) is the c.d.f. of the lognormally i.i.d. random shock exp(€).

Calling the critical shock (the minimum shock’s realization necessary to avoid default),!?

— d[
N Tt BT (E DR ()

(7

and the constant borrowing factor (net of growth)!

Y = maxx[l — F(x)] = xp[1 — F(xp)],
X
the MSB can be rewritten as:

b ({Er}) = YT[OC+bt+1({Ef})]HH-1({Ef}>‘ ®)

In the following, this most general version of the function H(-), in terms of the emission path, will

take a more specific form, depending only on current and next-period emissions.

13Check also the original paper by Collard, Habib and Rochet (2015).

14 Assuming that the emission path only affects the average growth rate and not volatility ensures that the borrowing
factor, net of growth, remains constant, as in the original model. I have also explored alternative formulations that affect
volatility, resulting in a more complex computational solution of the model. Nonetheless, given the uncertainty regarding
the consequences of transition policies on volatility, I have chosen to leave this analysis out of this paper, reserving it for
future, more in-depth research.
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2.2 Emissions and growth

In Appendix A.1, the growth function assumed in (5) is extensively motivated and further defined
using the existing empirical literature on climate economics. In particular the function H(-) and the
green growth parameters Uy and oy are defined and calibrated using the results of the OECD paper by
Cérdenas Rodriguez et al. (2018), which constructs the novel "Environmentally Adjusted Multifactor
Productivity" indicator. Their estimation exercise does not focus on specific policy instruments, eco-

nomic sectors, or types of emissions, ensuring the generality of results needed for my analysis.

Given that our main goal is to study the fiscal sustainability of transition paths that lead to net zero

emissions, it is appropriate to define the growth function as:

cte\’ 2
Gry1 x0TI T2 ) where € ~;jq N(0,05) Vj ©)
c+e
and Ug, 0y and B are calibrated for each country, by following Cardenas Rodriguez et al. (2018).
They obtain B < 1 for every country and every type of emission, with significant results only for
carbon dioxide and methane. In this paper, the parameter 3 is calibrated as the weighted average
(over emission types) of the elasticity of output to GHG emissions expressed in CO;,-equivalent. It
can be interpreted as the short-term abatement cost for each country, as a higher value indicates a

greater dependence on carbon emissions and the need for more significant efforts to decarbonize.

The paremeter c represents the percentage of emissions over the country’s carbon budget £7, that will
be possible to recapture by the CCS (carbon capture and storage) technologies which are currently
developing, and therefore can still be sustained in a green economy with net zero emissions. This
value is assumed to be 1% of the global carbon budget, as at the beginning of 2026. CCS technology
capacity was, in 2021, around 41Mt CO2 per year, or 205Mt CO2 over 5 years (our assumed period
length). They are projected to develop to a capacity of 230Mt CO2 per year by 2030, which amounts
over 5 years, to around 0.1% of our benchmark global carbon budget in 2021 (1116 Gt CO2, as
illustrated below). The realized growth rate would be of 85%. At this rate, a capacity of 1% of the
carbon budget would be achieved before 2050. In the following results, the transition is generally
slow, and never achieved before 2050, therefore, we can safely assume a value of ¢ = 1% with respect
to the 2026 carbon budget E£;. Globally, this would amount to around 1.8 Gt CO, per year, which is
way below the assumptions of various IPCC scenarios (AR 6 Synthesis Report, 2023). Nonetheless,

in Appendix D.1, the results of a comparative analysis for lower values are reported.'> The parameter

I5Notice that the role of ¢ becomes most relevant in the last period of the transition, where, since e; =0, Vj > T, we
have:

B
gr1 = elote ( ) , where a=1/c.

A higher value of a, or lower value of ¢, means that the last transition period’s growth rate is more depressed, for the
same value of er. It follows that governments will tend to postpone more and to reduce the level of emissions in this

14 aer
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is taken as constant for the sake of simplicity.

In the following, I will then adopt:

Hi1({E}) ==

This specification of the function H(-) also finds additional interpretations in light of the research by
Dietz and Venmans (2019). Their model represents a further justification of the reduced-form growth

function in terms of emission employed in this paper, as discussed in Appendix A.2.

3 Fiscal limits, emissions’ abatement and the carbon budget

In this section, I incorporate the two elements introduced in section 2: the fiscal limit measure and
the growth rate as a function of green growth and emissions. I introduce, then, the concepts of carbon
budget, "green" fiscal limit, debt sustainability and the maximization problems which underline the

results of this paper.

3.1 The maximum sustainable debt under the carbon budget

By adopting the growth functional form in terms of emissions (31), assumed in the previous section,

the MSB (8) can be rewritten as: !¢

N(E+1)
n(Er)

e.uO _ =
pM — %(wbﬁl) , where 1(E;) = (cE +E)P = [(c+e,)E]P (10)

The MSB equation can be represented in two other additional ways. First, by iterating we get:

+oo o\ JJj—1 (E )
. ()/e ) NErviv1) 11
! ]:Z'l R ,_I—g N(Ei+1) ()
i foo po\ J—1j=1
e 0N (Er11) y <Ye 0) N(Ersi11) (12)
R T[(E;) j=1 R =1 n(Et—H)
b{s\‘/l({Et}) F;;t}

where the latter formulation is aligned with the standard model by Collard, Habib, and Rochet (2015).
The first component bg/[ ({E;}) is the maximum static borrowing!”, and I'(g,) 1s the borrowing multi-

plier, which measures the "increase in present borrowing made possible by infinitely repeated reliance

final period. This results in smoothness of the optimal transition in our framework, when governments aim to maximize
current sustainability, as introduced in Section 3.

16We drop also the explicit dependence of MSB from the path of emissions {E,}.

17the MSB if borrowing were not possible in the subsequent period.
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on future borrowing", given a feasible path {E;}. The product ye* n(J(Et+)1) represents the total bor-

rowing factor, including the growth rate contribution.

J=1n(Epirn) _ N(Ey))
1=0 n(E) n(&) >

AR yero\/ ,
h—an;(le)n@ﬂ> (13)

Alternatively, the product in (11) can be simplified into [ |

, in order to get:

This second form is the most convenient, since it highlights the dependence of current MSB both on
E;, which is assumed to be predetermined (as explained before), and on the sequence of future carbon

emissions.
Given (7), the maximum sustainable debt (MSD) corresponds to :

E R
A = s+ ot et L) 4

nE) 1 Fla)

(14)

This represents the fiscal limit in period #: the maximum face value the debt issued in period ¢ can
have to remain sustainable. This value will be compared with current debt-to-GDP levels to determine

their sustainability.

The carbon budget. Each economy also has a total available carbon budget that the government

must respect:

) Ej < E (15)

The imposition of this constraint captures the political commitments signed under the Paris Agree-
ment and implicitly reflects the willingness to avoid the adverse effects of climate change generated
by the use of carbon emissions. For now, the negative economic impact of climate change, which has
been the focus of recent advances in environmental economics through the modeling of the so-called
"damages function," is ignored. Potentially, an increasing consumption of emissions could guarantee
higher economic growth in the short term but decrease it in the long run due to the depletion of the
country’s natural resources and a higher frequency of climate disasters. The willingness and necessity
of avoiding these adverse effects are simply captured, for now, by imposing the carbon budget, as in
Gollier (2022). In Section 6, I will explicitly introduce economic climate damages by employing the
damage function by Dietz and Venmans (2019), both in the green transition scenario and in alternative

business-as-usual scenarios.

At time ¢, the environmental constraint rewrites as:

YE <E (16)

10
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where E; = Ey — ):’j;}) E; is the remaining carbon budget.

Debt sustainability. Here, as in the standard model by Collard, Habib, and Rochet (2015), debt is
defined as sustainable if the sequence b is bounded: "b > 0 is sustainable if and only if there exists a
bounded sequence of borrowings (bM), such that bg” =band bM < T(bﬁl) Vt". Furthermore, Collard,
Habib, and Rochet (2015) look for a debt level that is stable, and thus, "more properly described as
sustainable". Here, the same approach is adopted. Therefore, in order to ensure convergence of the

MSB to a finite value, the following condition must be satisfied:

. n(E) :
Jj>tst yeto U <R vI> .
n(E;-1)

-1
There must exist a time j after period ¢, when we are measuring the MSB bﬁ” , such that the total
borrowing factor (the product of the borrowing factor net of growth y and the gross growth rate
g = et %) is lower than the gross risk-free interest rate R. This condition is ensured when
imposing a carbon budget (given that this constraint will lead to zero emissions in the medium/long

term) if yeM0 < R, which is always quantitatively verified in the data range of this paper.

3.2 The MSD of the green economy

The framework introduced here can provide an answer to a first crucial question: What will be the
fiscal limit (MSD) of a country after successfully completing the green transition? This represents
the limit towards which its economy will tend in the long run, given the necessity of respecting the
carbon budget. This green economy will be characterized by the feasible path {E;}: E; =0, V) > 1,

and by the green growth rate gtcil = eMotEj+1Vj > ¢. In this case, the MSB becomes:
MG _ et M\ _— M
by = T(a+bt+l) = 7(b1).

Equivalently to the standard analysis by Collard, Habib, and Rochet (2015), by iterating, we get:

2
'}/ell() '}/ell()
1 ..
+ 4 ( +

oyeMo
bﬁw’G = };: I'g, where I'g =

The product yet represents the "green" borrowing factor. When ye0 < R, the series converges to a

finite borrowing multiplier I'g = ,l,uo . When yeto > R, the series diverges, and I'; is infinite. In
1 e

R
the green economy where E; =0, Vj > ¢, and it is assumed yeH0 < R (always respected in data range

of this paper), the MSB capacity is finite and equal to:

o Yeuo

R e (17)

bM,G =

11
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The function 7 is then a contraction that has the unique fixed point by . I8 This represents the "green
MSB," or the borrowing capacity of the green economy, towards which the government will converge

at the end of the transition. Using (7), the green fiscal limit (MSD) is described by:
dM7G = (OC + bM7G)xMe“°. (18)

The probability of default for a given level of debt d, in the green economy, can be found through:

F@Md@;F(wiiiﬁm):¢(mwymmtwmd—m) "

where @ represents the standard normal c.d.f.

3.3 The government’s maximization problems

This section introduces the two maximization problems of current debt sustainability and "welfare"
(or the present value of future GDPs), which underlie the results presented in Section 5. Further

details are available in Appendix B.

3.3.1 Maximizing the current MSB under the carbon budget.

A government constrained by the need to respect a national carbon budget might aim to maximize
the MSB of the current period to ensure the repayment of the current outstanding debt-to-GDP d;_ .
For current political decisions, especially for countries facing fiscal challenges, this value is crucial,
along with its relative MSD: this represents the maximum achievable fiscal limit of the country under
the constraint of the impending transition. For simplicity, let me call the initial period r = 0, which

will represent the current NDC cycle 2021-25. The MSB in an initial period ¢ = 0 is:
n(Er)
(Eo)

+oo oMo\ !
n(‘;))I_ZIOR ) n(E) 20)

e‘u'()
bM:ZE4a+MQ

=

The debt sustainability maximization problem, given an initial level of emissions Ey, is expressed as:

a T [/yeto\!
max b — ( ) E 1)
(E.} 0 n(EO) l; R 77( t)
—+oo
st. Y E<E (22)
t=1
E, >0 (23)

I81f it was yeH0 > R, any borrowing b > 0 would be sustainable.

12
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By solving this problem, we find the emissions path {E;} that maximizes the MSB in ¢ = 0, and the

consequent fiscal limits along the transition.

3.3.2 Maximizing '""welfare'' under the carbon budget

The previous maximization problem will be compared to the transition path a benevolent social plan-
ner would undertake, by ignoring the constrain of an outstanding debt to be repaid. The benevolent
social planner would maximize the summation of the present value of expected future GDP (which is

taken as a representation of social welfare), where the latter, in period ¢, is:

Loe | N(E)
EolY;] = Yoe'™F | ME)
0[ z] 114 0 jl;lle U(EO)
t
- N(E) Yo 1/262
— Yot TTEn [e8 _ o Mo+1/200) p (|
e [1Eo kel 5 = i) nE)

where 1(E;) = (cE) + E)P

given that exp(€;) is assumed to be i.i.d. and lognormal. The welfare maximization writes as:

wEr Y T (g_)t
max = = E (24)
(£} ,_Za R n(Eo),_Za g) ME)
~+oo
st. Y E<E (25)
=1
E; >0 (26)

by defining g = eHo+1/20¢ , as the expected green growth rate.

4 Data and Calibration

This section presents the data used for the calibration of the model for 31 advanced economies. The
analysis is restricted to these OECD countries due to data limitation on two aspects: countries that
signed the Paris Agreement and submitted their plans for climate action, known as "Nationally De-
termined Contributions" (NDCs); countries studied in the OECD paper that constructs the Environ-
mentally Adjusted Multifactor Productivity indicator, from which we take estimates of countries’ 3

(representing the short-term abatement cost parameter).

Period length and risk-free interest rate The period length for repaying outstanding government

debt is set to 5 years, matching the average maturity of outstanding US government debt in 2020.!°

19Since we are considering zero-coupon bonds, using duration would be more appropriate. This would be around 5.5
years, as shown by Andreolli 2021 (JMP). We take 5 years for the sake of simplicity.
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The risk-free interest rate r = R — 1 is chosen to match the real yield on the United States five-year
Treasury Bond over the period 2003-2020.2° The maximum value of the annual return over this
period is 2.44% (2006). The average annual returns over 2003-2013 and 2003-2020 are 0.76% and
0.5%, respectively. CBO (Congressional Budget Office) projections’! predict an increase in real
interest rates over the next decades compared to the current unprecedented low rates scenario. Given
the long-run horizon of this paper, the maximum value over the available data period of 2.44% is taken
as the benchmark. Additionally, a comparative analysis is conducted for higher and lower values: 3%
to represent the possible increase of interest rates to the high values of the past, and 1.88% to align

with the CBO’s projections for mid-century.?

The maximum primary surplus is taken to match the national historical maximum primary sur-
plus: @ = max; SY; where s; is the annual primary surplus, (source IMF). A lower value indicates
a worse situation for the fiscal sustainability of the country, called “fiscal fatigue". From the IMF
datasets, I also take values of debt-to-GDP in 2020 for the 31 countries in my analysis. The data are

reported in the last two columns of Table 1.

GDP growth rate and the abatement cost 3. I take the mean and volatility of the growth rate
from OECD data: the first four columns in Table 1 represent, respectively, for each country the
historical average u of the GDP growth rate and its volatility ¢, and the average green GDP growth
rate (adjusted for pollution abatement) gy and volatility oy, from Cérdenas Rodriguez et al. (2018,
reference period 1990-2013). Notice that for most countries, L is higher than y (and oy is lower
than ¢). This is because these countries actually reduced their emissions over the reference period. In
the first analysis, I will assume that Ly corresponds to the long-term green growth rate, after pollution
abatements have been completed. However, this assumption might be too optimistic. Therefore, I will
also analyze scenarios where Uy and oy are equal to u and ¢ (the "parallel hypothesis"), or where L
is lower than u.

The fifth column lists the B coefficient, which is equivalent to the elasticity of output with respect
to emissions and represents the abatement short-term cost parameter. This value is an average of
the elasticities that are significant in the OECD study by Cardenas Rodriguez et al. (2018) for CO,
and CH4 (methane), weighted by the average relevance of each type of emission over the national
total emissions during the period 1990-2013 (to be consistent with the OECD reference period).>

The average weights over time are presented in Table 2 for each country, along with their standard

20The selected period is due to data limitation: data.nasdaq.com.

21 Gamber, 2020

221 assume a term premium between 5-year yield and 10-year yields of 45 percentage points, its average over the past
two decades for inflation-linked treasury bonds.

ZData source: ourworldindata.org/greenhouse-gas-emissions, based on emissions data from Jones et al., National
contributions to climate change due to historical emissions of carbon dioxide, methane and nitrous oxide [Data set], In
Scientific Data (2023.1), Zenodo
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Country n o Ho 0oy B Debt/GDPyg9 MPS(x)
Australia 3.29 1.08 3.14 1.01 0.067 57.8 4.15
Austria 1.90 1.77 220 1.75 0.022 83.2 3.32
Belgium 1.80 1.53 2.07 148 0.074 112.8 6.84
Canada 236 1.88 238 1.78 0.036 117.8 10.05
Czech Republic  2.55 2.96 3.24 2.57 0.165 37.7 2.14
Denmark 148 2.16 1.62 2.09 0.040 42.1 11.62
Estonia 451 640 459 598 0.077 19.0 3.36
Finland 1.77 376 2.00 3.72 0.033 69.0 9.63
France 1.57 148 188 143 0.064 115.2 3.65
Germany 144 218 2.13 2.19 0.092 68.7 4.34
Greece 1.01 424 1.09 3.83 0.079 211.9 4.37
Hungary 1.76 286 226 255 0.116 80.0 7.84
Iceland 2.68 3.57 271 349 0.032 77.4 8.48
Ireland 462 440 466 422 0.063 58.4 6.72
Italy 0.73 194 1.03 1.68 0.101 155.3 6.55
Japan 093 2.06 134 190 0.080 259.0 5.53
Latvia 459 6.55 4.82 6.44 0.086 43.3 1.70
Lithuania 458 5.89 481 5.12 0.131 46.6 1.63
Luxembourg 3.68 342 397 324 0.133 24.8 4.44
Netherlands 1.99 212 239 214 0.077 52.8 5.62
New Zealand 2.63 223 254 218 0.034 43.1 7.53
Norway 248 1.69 267 154 0.027 46.8 20.57
Poland 3.69 298 3.76 3.00 0.015 57.4 3.62
Portugal 1.53 229 1.61 202 0.055 135.2 3.47
Slovak Republic 4.15 3.42 4.39 3.30 0.102 59.7 0.23
Slovenia 2.53 350 2.67 3.13 0.108 79.8 2.54
Spain 204 236 196 2.13 0.072 120.0 4.01
Sweden 204 270 232 262 0.066 39.6 7.05
Switzerland 155 164 178 1.65 0.089 42.4 3.44
Turkey 401 490 290 4.03 0.110 39.5 7.03
United Kingdom 2.02 1.51 2.09 1.50 0.042 102.6 6.65
United States 1.77 137 1.84 124 0.043 134.2 3.93

Table 1: Summary of Economic Indicators. Columns 1-4, based on Cérdenas Rodriguez et al., 2018
(reference period 1990-2013): average GDP growth rate (i), its volatility (o), average "green" GDP growth
rate adjusted for pollution increase/reduction (Uy), and its volatility (6p). Columns 5-6, IMF data: historical
maximum primary surplus (&¢ = max;, ;—’t) and debt-to-GDP in 2020.

deviations. Appendix C presents robustness results for 3, using the share of each type of emission
over the national total emissions in 2013 and 2020 as weights. Except for a few countries, these
percentages have generally been stable over time. For the Netherlands, where data are missing, the
average across countries is used to calibrate . Notice that, following the OECD results, ; < 0.165
for every country. This is in line with the existing empirical literature, such as Kinzig (2023), Kénzig
and Konradt (2023), and Metcalf and Stock (2020, forthcoming). They estimate that the negative
effect of climate policies on the level and growth of economic output is generally quite modest and/or
not significant. The adverse impact is more substantial for emission trading systems than for carbon
taxes, and it becomes lower or might even turn positive in the presence of revenue recycling. In
general, these results are consistent with the estimates derived from computable general equilibrium
models. For example, in the E3 model by Goulder and Hafstead (2018), a $40 per ton carbon tax for

the United States starting in 2020 and rising at 5 percent real annually would reduce annual emissions
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Country CO2mean CO2std CH4 mean CH4 std
Australia 59.87% 8.88% 25.18% 7.85%
Austria 68.14% 15.60% 25.85% 12.69%
Belgium 79.57% 4.36% 16.64% 4.45%
Canada 83.55% 2.70% 12.38% 1.90%
Czech Republic 69.06% 13.32% 27.27% 13.98%
Denmark 70.12% 5.51% 21.48% 5.42%
Estonia 76.54% 7.24% 16.62% 4.66%
Finland 71.29% 10.34% 21.46% 7.66%
France 58.69% 11.22% 35.19% 14.02%
Germany 77.22% 9.72% 18.76% 9.33%
Greece 61.81% 10.99% 30.46% 9.86%
Hungary 59.69% 11.84% 33.90% 15.30%
Iceland 68.37% 16.92% 18.71% 7.80%
Ireland 24.89% 23.13% 65.81% 28.95%
Ttaly 62.11% 15.91% 31.10% 15.00%
Japan 78.32% 13.53% 16.71% 10.86%
Latvia 64.50% 9.80% 27.08% 7.67%
Lithuania 66.29% 6.18% 24.05% 6.00%
Luxembourg 42.86% 44.60% 4321% 33.55%
Netherlands - - - -
New Zealand 56.91% 20.49% 30.62% 15.45%
Norway 67.11% 6.53% 24.00% 4.71%
Poland 63.83% 10.29% 31.07% 9.56%
Portugal 52.21% 14.35% 40.49% 14.04%
Slovak Republic 75.78% 8.54% 20.13% 8.85%
Slovenia 62.98% 9.38% 31.89% 9.24%
Spain 64.14% 10.83% 27.93% 10.55%
Sweden 77.37% 4.88% 16.05% 2.97%
Switzerland 67.96% 12.22% 25.90% 11.25%
Turkey 45.85% 22.35% 42.48% 21.58%
United Kingdom 76.50% 3.61% 20.07% 4.29%
United States 84.37% 3.54% 11.85% 2.75%
average 65.74% 11.90% 26.91% 10.72%

Table 2: Mean and standard deviation of carbon dioxide (CO,) and methane (CH4) percentages over
total emissions.

by 40% and GDP by only 1.5% in 2035. Notice, however, that the focus of this paper is on the
relationship between the growth rates of emissions and GDP, and we aim to maintain generality in
terms of the carbon policies enacted by individual countries. This is why I do not directly resort to
the results of this empirical and theoretical literature on carbon pricing to calibrate the function 1(-).
Instead, I employ the OECD results by Cardenas Rodriguez et al. (2018), which directly estimate the
impact of emissions reduction on GDP growth.

The modeling approach of the relationship between growth and emissions proposed in this paper
is not unique in the literature; for example, it has been derived by Dietz and Venmans (2019), as
discussed in Appendix A.2. Notice that their calibration would align with an even lower short-term
abatement cost. Nonetheless, given the uncertainty around the costs of the transition and the policy
choices regarding its implementation, I will show a sensitivity analysis for a higher 8. This choice
is also based on the observation that existing empirical estimates are based on mitigation efforts not
aligned with the needs of a complete net-zero transition. It is also worth recalling that 8 only captures

the short-term cost of the transition. A value for uy lower than u would potentially capture its long-
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term cost, due, for example, to a lower rate of development of a green economy compared to a dirty

economy, as represented in the pessimistic scenario (3) introduced in Section 5.

Global carbon budget, National Determined Contributions and national carbon budgets. Re-
ferring to the IPCC (2023) estimates®* for the remaining global carbon budget in 2020, I select the
2°C over pre-industrial levels scenario with 67% probability, which corresponds to a carbon budget
of 1150 Gt of CO, emissions. To estimate the national carbon budgets, I follow Gollier (2022) by
dividing this global budget per capita among the countries. Given a global population in 2021 of 7794
million people and a global level of carbon emissions of around 34 Gt CO»e in 2020, the remaining
budget for 2021 onwards of 1116 Gt COxe is divided as depicted in Table 1. Beyond the ethical reason
for adopting this rule, this choice is also due to a lack of clear national benchmarks in the political
spectrum. Indeed, how much each country should contribute to the fight against climate change by
reducing emissions is notably the subject of a long-standing debate. Nonetheless, the commitment
to keeping global average temperatures below 2°C over pre-industrial levels (and pursuing efforts
to limit the increase even further to 1.5°C) has become legally binding with the Paris Agreement,
adopted in 2015 and entered into force in 2016. Therefore, this carbon budget is taken seriously and
rightly assumed as a hard constraint in this paper.
Also notice that in equation (5), emissions were introduced as E;|;_; to capture that the amount of
emissions in period ¢ is decided at r — 1, reflecting the so-called "carbon lock-in" phenomenon. This
phenomenon is mainly due to technological and political constraints. Regarding political constraints,
it is important to note that, under the Paris Agreement, countries must submit their nationally de-
termined contributions (NDCs) according to a 5-year cycle.>> From the current NDCs submitted by
"the Parties,"?® I extrapolated the emissions targets for the first cycle, 2021-2025. These targets will
be taken as given in the following simulations of the model, as the initial 5-year emissions value Ej
(second column to the right in Tables 4 and 5). Recalling that the national carbon budget writes as:

foo oo

ZEJSEO or E;<E;, where E|=Ey—E,

j=0 j=1
we would have that the carbon budget in 2021 E( and in 2026 E; respectively correspond to the last
columns of Tables 3 and 4/5.
To extrapolate the emissions targets, reference emissions for the NDCs’ mitigation objectives are
taken from the OECD dataset as the GHG emissions including LULUCF (Land Use, Land Use
Changes and Forests).?” Countries which stated explicitly a 2025 target in their NDCs are highlighted

24p. 29, Table SPM.2 in IPCC (2023).

Zhttps:/funfcce.int/NDCREG

26 As of the beginning of 2023.

2TExcept for the NDCs of Canada, Norway and Switzerland, for which emissions in the reference year are clearly
defined as excluding LULUCF.
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Country Total population 2021 (Mln) Percentage over global population National Carbon budget (GtCQO,e)
Australia 25.8 0.33% 3.694
Austria 9.0 0.12% 1.289
Belgium 11.6 0.15% 1.661
Canada 38.1 0.49% 5.455
Czech Republic 10.7 0.14% 1.532
Denmark 5.8 0.07% 0.830
Estonia 1.3 0.02% 0.186
Finland 5.5 0.07% 0.788
France 65.4 0.84% 9.364
Germany 83.9 1.08% 12.013
Greece 10.4 0.13% 1.489
Hungary 9.6 0.12% 1.375
Iceland 0.3 0.00% 0.043
Ireland 5.0 0.06% 0.716
Italy 60.4 0.77% 8.648
Japan 126.0 1.62% 18.042
Latvia 1.9 0.02% 0.272
Lithuania 2.7 0.03% 0.387
Luxembourg 0.04 0.001% 0.006
Netherlands 17.2 0.22% 2.463
New Zealand 4.9 0.06% 0.702
Norway 55 0.07% 0.788
Poland 37.8 0.48% 5412
Portugal 10.2 0.13% 1.461
Slovak Republic 5.5 0.07% 0.788
Slovenia 2.1 0.03% 0.301
Spain 46.7 0.60% 6.687
Sweden 10.2 0.13% 1.461
Switzerland 8.7 0.11% 1.246
United Kingdom 68.2 0.88% 9.765
United States 332.9 4.27% 47.667

Table 3: National carbon budgets from 2021 onward (3rd column), based on a per capita criterion (1st
and 2nd columns).

Country Ref. year Ref. Em Em 2020 2030 target Em 2021-30 2025 target Em 2021-25: estimated target CB 2026
Australia 2005 0.621 0.498 0.354 4.381 2.191 1.504
Canada 2005 0.739 0.672 0.425 0.549 2.967 2.488
Iceland 1990 0.013 0.013 0.006 0.010 0.056 -0.013
Japan 2013 1.408 1.096 0.760 0.928 4977 13.065
New Zealand 2005 0.086 0.055 0.043 0.571 0.286 0.416
Norway 1990 0.052 0.029 0.025 0.027 0.138 0.649
Switzerland 1990 0.054 0.042 0.027 0.035 0.189 1.057
United Kingdom 1990 0.810 0.409 0.259 0.334 1.822 7.943
United States 2005 6.635 5.222 3.251 4.844 24.98 22.69
EU 1990 4.632 3.081 2.085 2.583 13911 50.093

Table 4: NDCs 2021-2025 (E() and national carbon budgets from 2026 onward (E}).

According to NDCs (submitted by 2023): reference year (col.1), emissions in the reference year (col.2, GHG
emissions including LULUCF, OECD data), emissions in 2020 (col.3, GHG emissions including LULUCEF,
OECD data), emissions target for 2030 (col.4), cumulative emissions target for 2030 if available (col.5), emis-
sions target for 2025 (col.6, in green if stated, in black if extrapolated through linear reduction from 2020),
estimated target as cumulative emissions Ep over the NDC cycle 2021-2025 (col.7), and consequent carbon
budgets from 2026 onwards (col.8, based on Table 3). "Em" stands for "Emissions", reported in Gt of CO,.

in green. Countries with an explicit cumulative objective (for 2030) are highlighted in red. All other
countries defined the NDC objective in terms of annual emissions in 2030. I estimated their 2025

objective, and thus the cumulative emissions during the first cycle (2021-2025) by assuming a linear
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EU Country Em 2021-2025: estimated target CB 2026 onwards

Austria 0.280 1.009
Belgium 0.361 1.300
Czech Republic 0.333 1.199
Denmark 0.181 0.650
Estonia 0.040 0.146
Finland 0.171 0.616
France 2.035 7.329
Germany 2.611 9.402
Greece 0.324 1.165
Hungary 0.299 1.076
Ireland 0.156 0.560
Italy 1.880 6.769
Latvia 0.059 0.213
Lithuania 0.084 0.303
Luxembourg 0.001 0.004
Netherlands 0.535 1.928
Poland 1.176 4.236
Portugal 0.317 1.143
Slovak Republic 0.171 0.616
Slovenia 0.065 0.235
Spain 1.453 5.233
Sweden 0.317 1.143

Table 5: EU — NDCs 2021-2025 (Ep) and national carbon budgets from 2026 onward (E/). Based on
last row of Table 4 on a per-capita basis. "Em" stands for "Emissions", reported in Gt of CO,.

reduction rule from 2020 emissions’ levels. For the EU countries in Table 5, the NDC is unique: their
2021-2025 objectives and the remaining carbon budgets are defined on a per-capita basis according
to the EU NDC, whose information is reported at the bottom of Table 4. The MSB and the present
value of future GDPs, will be maximized under the constraint represented by the carbon budgets E7,

for 2026 onward, reported in Tables 4 and 528

5 Results

This section presents the results for the maximization problem of current debt sustainability intro-
duced in Section 3.3.1. First, I will analyze the consequences of the transition for the fiscal limits of

advanced economies under three long-term scenarios for the green growth rate:

(1) optimistic: gy # 1, 6y # ©, as reported in Table 1;2°

Z81celand will be ignored in the following analysis, because of the negativity of its budget constraint. The reason is
geological, and coming from the methane release of the melting permafrost in its lands.

2The characterization of this scenario as "optimistic" reflects the observation that for the majority of countries o > 1,
in the OECD study. This is also implied by the fact that these countries decreased their emissions over the observation
period 1990-2013. The denomination as "optimistic" also intend to reflects the dimensionality curse of estimations of
short-term and long-term abatement costs based on historical data (the abatement effort of the past is only a small part
of what would be needed to respect the Paris Agreement). For few countries, such as Australia, New Zealand and Spain,
Uo is lower than p. This second small group of advanced economies didn’t reduce their emissions over the observation
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(2) parallel hypothesis (PL): o = U, 6p = 0;

(3) pessimistic:*® pg = u[l —m(E;)], where m(E;) is decreasing in E;, and when E; = 0, g is
reduced by a certain fraction (which will be calibrated to 11%, as explained below) with respect

to w. It is convenient to define the function m in terms of relative emissions:
m(e;)=,/0Y e (27)

The parameters & and 3 are calibrated for each country as in Table 1.

The parallel hypothesis scenario (2) is consistent with the evidence provided by Metcalf and Stock
(2020 and forthcoming), and with the classical assumptions of computable general equilibrium (CGE)
models (such as Goulder et al., 2019), where the long-run stationary growth rate is only determined
by fundamentals, that would remain unaffected by temporary transition policies. The pessimistic
scenario (3) can be interpreted using the theoretical framework by Acemoglu et al. (2012) of directed
endogenous technological progress: a lower long-run growth rate of the green economy would result
from a lower success rate in innovation in the green sector compared to the dirty sector. The higher
growth rate of the dirty sector would be achieved in a laissez-faire scenario, potentially leading to
an environmental disaster (note that climate economic damages are ignored for now and will be
introduced in Section 6). Conversely, the optimistic scenario (1) aligns with the opposite situation,
where innovation is more frequently successful in the green sectors. Evidence in this regard is mixed.
Knowledge spillovers, measured through the number of patent citations, appear to be higher for clean
technologies, as shown by Dechezleprétre et al. (2021, 2017) and Perrons et al. (2021). Nonetheless,
the latter paper also shows that the pass-through delay of green innovations from scientific discovery
to actual implementation is higher than for dirty innovations. I take the ratio of success rate of clean
over dirty technology as the product of the ratio of their number of citations per patent (1.43 according
to Dechezleprétre and al. (2017)) and the inverse of the ratio of the pass-through years (5/8 according
to Perrons et al. (2021). This results in a success rate of green technology equal to 89% of the success
rate of dirty technology. Therefore, we assume g = t(1 — 11%) at the end of the transition. Based

on these considerations, equation (27) is calibrated for scenario (3) with a value of 6 = 0.0121.

5.1 Abatement costs and fiscal limits

Table 6 lists, for each country, the values for the optimistic (1), parallel-hypothesis (2), and pessimistic

(3) scenarios of the stationary debt limit at the end of the transition, djs, and the initial debt limit under

period.

30When maximizing the MSB under this long-term scenario, we add a monotonicity constraint in emissions over time
and we assume the carbon budget to hold in equality. These assumptions are needed to avoid unrealistic paths in emissions’
reductions. Notice that when these constraints are imposed for the other two scenarios, our results remain unchanged.
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the carbon budget constraint, dé” * when the risk-free real interest rate is at 2.44%.3! Tables A3 and

A4 in Appendix, show, respectively, the results for a 3% and 1.88% interest rate. As expected, initial

values are lower than the respective stationary values.3?
Country Green dy diT* stcb D/Y
1) (2)-chr 3) (1) (2) (3)

Australia 896.47 1031.30 568.35 | 680.93 779.85 59245 | 57.80
Austria 162.83  140.75 129.35 | 157.22 136.22  130.29 | 83.20
Belgium 357.46  306.99 282.14 | 317.05 27450 260.88 | 112.80
Canada 532.28 500.19 444.12 | 477.20 449.15 420.75 | 117.80
Czech Republic 122.04 77.80 70.56 93.01 62.62 59.32 37.70
Denmark 39543 37042 351.65 | 375.01 35198 341.39 | 42.10
Estonia 116.28  103.97 90.16 105.36 94.84 87.66 19.00
Finland 24550 22920 21840 | 236.79 22145 215.53 | 69.00
France 17791 151.26  141.17 | 160.73  137.69 132.08 | 115.20
Germany 173.22  135.84 129.21 | 15192 121.14 117.68 | 68.70
Greece 87.47 80.71 78.89 81.50 75.59 74.68 | 211.90
Hungary 290.92  225.66 213.32 | 248.67 197.24 191.11 | 80.00
Ireland 404.25 368.51 29136 | 362.78 332.11 292.69 | 58.40
[taly 208.18 176.05 172.14 | 183.48 157.18 155.19 | 155.30
Japan 181.92  152.56 148.18 160.11 135.72 133.45 | 259.00
Latvia 57.60 52.33 45.31 51.66 47.24 43.62 43.30
Lithuania 76.66 57.30 48.78 62.95 48.45 44.33 46.60
Luxembourg 277.52  220.78 184.83 | 22197 180.48 162.84 | 24.80
Netherlands 254.62 217.01 200.05 | 226.62 194.88 185.71 | 52.80
New Zealand 360.12  367.39  322.79 | 331.31 337.83 31540 | 43.10
Norway 1475.18 1202.54 1042.05 | 1411.74 1155.26 1085.08 | 46.80
Poland 22523  219.19 177.54 | 219.51  213.67 200.98 | 57.40
Portugal 120.33 108.47 102.87 111.80 101.22 98.12 135.20
Slovak Republic 18.37 14.66 11.50 15.15 12.28 10.67 59.70
Slovenia 91.80 79.36 72.87 79.45 69.52 66.25 79.80
Spain 15277 145775 134.66 | 13830 13228 126.26 | 120.00
Sweden 262.10  231.60 21538 | 239.39 212.83 204.00 | 39.60
Switzerland 146.22  133.48 125.14 | 133.24 12235 117.73 | 42.40
Turkey 21735 25552  220.51 | 186.90 217.03 199.72 | 39.50
United Kingdom | 345.71  282.47 257.56 | 311.22 257.03 243.27 | 102.60
United States 24297  219.13  190.97 | 204.42 185.10 170.88 | 134.20

Table 6: Debt sustainability in advanced countries in the transition. r = 2.44%. dy: the debt limit in the
green economy. d{)” * st cb: the debt limit consistent with the carbon budget. In red, countries that have general
debt sustainability problems (D/Y > djy); in brown, countries for which this issue appears only in the context
of performing the transition (D/Y > dg” * stcb).

Countries that have general debt sustainability problems, such as Greece, Japan and Portugal, are
highlighted in red. As well known, Japan’s situation is particular, as its high debt level is largely held

domestically by its citizens and the Bank of Japan (BolJ), providing insulation against market volatility

31 Table A2 includes also the MSB values. Under the scenario (2), the stationary MSB and MSD are equivalent to the
classical measure in Collard, Habib, and Rochet (2015). In the following graphs, this value will be represented by a blue
star.

2 Except for very few cases in scenario (3): this anomaly comes from computational limitations, that prevent studying
a true infinite horizon, and from the fact that for Australia, Austria, Ireland, Norway and Poland, the maximization of
current sustainability leads to dividing the carbon budget in very small pieces among all the available years. This result
appears only for Norway and Poland when r = 3%.
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and international financial pressures. Japan’s monetary policy, including measures like quantitative
easing, has been crucial in managing its debt levels. These policies have kept interest rates low, reduc-
ing the cost of debt servicing. Nonetheless, concerns about the long-term sustainability of such high
debt levels remain, especially if domestic savings decline or if there are shifts in market confidence.
Regarding the US debt ceiling ($31.4 trillion, suspended in June 2023 until January 2025), which
corresponded to 134% of GDP in 2021, it can be noted that this is always below the MSD reported
in these results. It can be argued that the ceiling would be more appropriately defined as a percentage
of GDP rather than in US dollars. Given that GDP historically increases over time, the resulting debt
ceiling-to-GDP ratio would continuously decrease if the ceiling were not systematically politically
re-discussed and increased every few years. Let me remind that the current study remains agnostic
regarding the evolution of actual debt-to-GDP ratios. Nonetheless, it is reasonable to expect that they
will need to rise to cope with the green transition and/or climate damages.?® The risk is that not only
would they surpass the official debt ceilings, but also MSD levels that would entail a truly higher
probability of default.

In table 6, sustainability issues arise due to transition costs only for two countries, Italy and Lithuania,
highlighted in brown, in their pessimistic scenario.>* Figure 1 plots the results of the debt sustainabil-
ity maximization problem introduced in Section 3.3.1 for some of the countries in our dataset,® for
r = 2.44% and the alternative three long-term scenarios. The four pictures for each country shows:
the optimizing transition path in GtCO, (bottom left), the corresponding normalized detrended GDP
(bottom right), the debt limit (top left) and the probability of default of outstanding debt-to-GDP (top
right). Each point shows their respective values for a 5-year period, starting from the current NDC
cycle 2021-2025, for which we take the level of emissions as given in Tables 4 and 5. First, the pes-
simistic scenario (3) entails lower stationary green fiscal limits in the long term than both the parallel
hypothesis (2) and the optimistic scenario (1). Given the recursive nature of the fiscal limit measure,
this relationship —(3) < (2) < (1)- is closely reflected in the initial debt limits at the beginning of
the transition. Secondly, for countries with a lower abatement cost 8 (such as France, the United
Kingdom, and Portugal), the drop in optimal emissions in period 1 (2026-2030) compared to period
0 (2021-2025) is more substantial than for other countries that depend more on emissions (higher
B). In this regard, Figure 2 shows a sensitivity analysis for higher values of 8 (0.3 and 0.6) in the
parallel hypothesis scenario (2) for Italy, France, and the United States. For these countries, a higher
abatement cost § = 0.3 implies a shift from a sustainable to an unsustainable current debt-to-GDP
ratio (depicted as a dashed red flat line). Confirming the previous intuition, a higher 8 implies a faster

transition, with an initial overshooting if 8 = 0.6, for countries with a sufficiently large carbon budget.

330n the basis of this observation, I take the debt-to-GDP of the pandemic year 2020 as a reasonable benchmark,
despite the slight reduction in public indebtedness in subsequent years.

34France also shows sustainability problems in the transition if the risk-free interest rate were at 3%. See Table A3.

3For space reasons, the dynamic results for only few notable countries are shown. Results for all countries and
scenarios are available upon request to the author.
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Figure 1: Comparison of the impact on debt sustainability of different scenarios for the long-term
green growth rate. r = 2.44%. Plots for the fiscal limit ¢, the annual probability of default PD, (1.0
is 100%) of 2020 debt-to-GDP ratios (outstanding D/Y, assumed to remain constant), the emissions path ex-
pressed in GtCO, maximizing the current maximum sustainable borrowing b} under the carbon budget, and

the normalized detrended GDP §J,. Scenarios: (1) optimistic, (2) parallel hypothesis, (3) pessimistic.
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Figure 1: Comparison of the impact on debt sustainability of different scenarios for the long-term
green growth rate. r = 2.44%. (cont.)
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Figure 2: Sensitivity analysis for higher values of . r = 2.44%, parallel hypothesis scenario. Plots for
the fiscal limit df"’ , the annual probability of default PD, (1.0 is 100%) of 2020 debt-to-GDP ratios (outstanding
D/Y, assumed to remain constant), the emissions path expressed in GtCO, maximizing the current maximum
sustainable borrowing b¥ under the carbon budget, and the normalized detrended GDP §,. Country fBs are
reported in Table 1. 25
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The consequent convergence to the stationary MSD is faster but passes through very adverse levels of
fiscal limit. The value 0.6 represents the disruptive cost of a "disordered transition" scenario. Despite
this value hopefully having a low likelihood, this evidence points towards the importance of carefully
quantifying current and future abatement costs and managing them efficiently to avoid impairing debt
sustainability in the short term, making financing the transition an unfeasible task. In these and the
following graphs, the blue star represents the traditional fiscal limit measure of Collard, Habib, and
Rochet (2015), which does not take into account the role of climate-related costs. Also, in Appendix

D.1, Figure A1 shows sensitivity analysis for lower values of the recapture parameter c.

5.2 Current debt sustainability versus ''welfare'' maximization
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Figure 3: Maximizing under the carbon budget the current maximum sustainable borrowing versus
welfare maximization. r = 2.44%, parallel hypothesis scenario. Plots for the fiscal limit ¢, the annual
probability of default PD, (1.0 is 100%) of 2020 debt-to-GDP ratios (outstanding D/Y, assumed to remain
constant), the emissions path expressed in GtCO, maximizing the current maximum sustainable borrowing b}/
or welfare (the present value of future GDPs, PV(GDP)) under the carbon budget, and the normalized detrended
GDP j;.

In this section, the results of performing the debt sustainability maximization problem of Section 3.3.1
are compared with the outcomes of maximizing the present value of expected future GDP, as outlined
in Section 3.3.2. Instead of evaluating the minimum probability of default of current debt-to-GDP
levels, this second problem aims to represent the desire of a benevolent social planner (or an altruistic
government) to maximize "social welfare." This objective leads to a very fast initial decarbonization
in the first period, leaving a significant fraction of the remaining carbon budget available for the future.
A benevolent social planner maximizing welfare would prefer to perform most of the green transition

of the economy as quickly as possible, leaving the possibility of emitting for future generations.
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Figure 3: Maximizing under the carbon budget the current maximum sustainable borrowing versus
welfare maximization. r = 2.44%, parallel hypothesis scenario.

The resulting initial debt limit is lower, but its subsequent levels are higher, with a slower convergence
to the stationary fiscal limit. The probabilities of default remain generally unaffected. Of course, the
desire to perform a fast transition would encounter, in a more sophisticated depiction of the economic
system, a fundamental feasibility constraint. These results, however, highlight how different objec-
tives can entail different choices of transition paths under the same carbon budget, implying different

values and dynamics for national fiscal limits.

6 Introducing climate damages and the need for global coordi-

nation

Until now, we have overlooked a fundamental aspect of the transition: its primary motivation of
reducing climate damages. Their economic impact is captured in the economic-climate literature
through the so-called "damage function." I follow Dietz and Venmans (2019) (DV in the following)

and assume it to be exponential in temperature, which is linear in cumulative emissions:

D(T;) = exp (-%Tf) , where T, = £C,. (28)
T; represents the global average temperature increase, with respect to pre-industrial levels, and C;
global cumulative emissions since 1850. The parameters p and  are calibrated by taking their central

value in DV: p = 0.01, and ¢ = 0.000480.3 The time delay from cumulative emissions to temperature

31In this analysis I employed a global damage function. In future extensions of this work, the parameter p could
potentially be adapted locally. Nonetheless, further research in the literature needs to be conducted in order to provide
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is assumed to be negligible, following the evidence provided by DV.
By adding the damage function, the GDP growth rate becomes:

\B
girp1 = eMoiten =5GP -6 <C+e_f+1) (29)

ctej;

Notice that the damage function is global, and thus, C; represent global cumulative emissions. In
the coordinated transition scenario, it is assumed that each country, when selecting its own transition
path, will automatically set the path for the global economy, through, for example, political bargaining
efforts, or carbon border adjustment mechanisms. Therefore, when analysing country i, global cumu-
lative emissions are defined as C; = Cogoo + %Ci,t» where EOG and E_ip are respectively the global and
the national carbon budget from 2021 onward: Cumulative emissions until 2020, Cygp9, are estimated

to have been 3336 Gt CO2. National cumulative emissions at time t are defined as: C;; = 26 Ei;,

where period O represents the period 2021-2025.

6.1 Results: the impact of climate damages

We are now able to properly compare the coordinated transition paths with a business-as-usual sce-
nario, where national and global emissions continue to develop over time as historically. In this case,
the growth rate and volatility of countries are set respectively to their historical averages p; and o,

whereas the annual growth rate of global emissions is set to its average from 1990 to 2020, as 1.126%.

When the damage function is added to the growth function, the trade-off that countries face with re-
spect to climate issues becomes evident, underscoring the importance of political coordination among
countries in the greening effort. Figure 4 shows the dynamic results for France, Italy, and the US. Ini-
tially, due to mitigation costs, the fiscal limit in the coordinated policy scenario (light green line) is
lower than in the business-as-usual (BAU) scenario. However, in the long term, the BAU scenario
(black lines) always reaches a very high probability of default. For most countries, the trade-off be-
tween mitigation and unmanaged climate costs for the level of the fiscal limit shifts in favor of a
coordinated global transition (light green lines) very rapidly, within the first 5-10 years of our analy-
sis, and for all countries before 2080. The precise period of the shift is reported in Table A5 for each
country. In general, countries with higher 3 tend to change the sign of the trade-off later.

The orange lines depict the fiscal limit when the considered country is the only one respecting its
fair carbon budget ("solitary" transition), while the rest of the world continues on the business-as-
usual path. As expected, this converges to the black line, except for countries such as the US, whose

population and emissions constitute a significant share of global population and emissions.

this granularity to the exponential (and other) damage function(s) at the country level.
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Figure 4: Debt sustainability in a coordinated transition (light green), a "solitary" transition (orange)
and a global business-as-usual scenario (black). r = 2.44%, parallel hypothesis scenario. Plots for the
fiscal limit d{” , the annual probability of default PD, (1.0 is 100%) of 2020 debt-to-GDP ratios (outstanding
D/Y, assumed to remain constant), the emissions path expressed in GtCO, maximizing the current maximum
sustainable borrowing bM under the carbon budget, and the normalized detrended GDP §,.
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This "solitary" transition scenario shows that failing to enforce a global slowdown in emissions leads
to increasing climate damages, falling economic growth rates (the detrended output in the bottom
right panels continuously decrease), and declining fiscal limits, resulting in serious long-term debt
sustainability problems for all advanced countries. Conversely, a successful coordinated transition
(light green line) would stabilize climate damages and fiscal limits in the long term. This stabilization
would support sustainable public debt and the potential to finance the greening of economies. This
evidence demonstrates that international coordination in transition policies is crucial for mitigating
the negative impacts of climate damages on GDP growth rates and maintaining higher long-term debt
limits. A collaborative and prompt transition towards mitigating climate impacts is significantly more
beneficial for countries, ensuring fiscal stability and sustainable economic growth.

Notice that the probability of default rises only when the current debt-to-GDP ratio exceeds the fiscal
limit. Except for countries with particularly fragile fiscal situations, such as Japan or Greece, this
occurs in the business-as-usual scenario towards the end of this century or in the next for most coun-
tries. Nonetheless, the depicted probabilities of default refer to current debt-to-GDP ratios. Given the
substantial costs that unmanaged climate damages would impose on public finances, we might expect
debt-to-GDP ratios to increase over the next decades in the business-as-usual scenario. This might
also be true in a globally successful transition, depending on the policy mix between carbon taxes and
public investment implemented by each country, as shown in Seghini and Dees (2024). The question
of the joint analysis of the evolution of debt-to-GDP ratios and fiscal limits in alternative mitigation

scenarios pertains to the research agenda following this paper.?’

6.2 The case of Italy: the need for an efficient and coordinated transition

We are now able to give an answer to the two fundamental questions posed in the Introduction of
this paper: Do the commitments made by advanced economies under the Paris Agreement threaten
the sustainability of their public debts? Is the alternative of collectively following a business-as-usual
path a better option for public finance? Table 7 summarizes the key findings of the paper for Italy,
showing the values of Italian fiscal limits in the first NDC cycle (2021-25) and at the beginning of the
next century (2101-2105). Scenarios where the initial debt-to-GDP of 155.30% (its value in 2020)
exceeds the fiscal limit (d, > d™) are highlighted in red. The benchmark scenario ( = 0.101 and
parallel hypothesis for the green growth distribution) for different degrees of political coordination in
the transition (coordinated/solitary/BAU) is highlighted with colored cells. It is evident that the soli-
tary transition scenario is always unviable. The BAU scenario, though initially sustainable, becomes
unsustainable in the long term. The only consistently viable scenario from a fiscal sustainability per-

spective is the coordinated one. In the green cell for 2021-25, two very close values are reported. The

37This needs both a more sophisticated macro-climate economic model and, as a more complex issue, a compatible
endogenous fiscal limit model.
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2021-25 2101-105
TRANSITION COORDINATED SOLITARY BAU | COORDINATED SOLITARY BAU
green growth | optimistic parallel pessimistic parallel parallel
B =0.101 183.48 156.61-157.18 155.19 153.52 171.35 176.05 153.05 152.80
p=03 128.99 176.05

Table 7: The Italian fiscal limit amidst the transition. r = 2.44%. Written in red the scenarios where
debt-to-GDP is higher than the fiscal limit (d; = 155.3% > d,M ). Colored cells highlight the benchmark scenario
(B =0.101, PL) for different degrees of political coordination in the transition (coordinated/solitary/BAU). In
the green cell for 2021-25, the first value accounts for climate damages in the 2°C scenario, while the second
ignores them.

first value, 156.61%, accounts for climate damages in the 2°C scenario, while the second, 157.18%,
ignores them (as in Section 5). The proximity of these values confirms that political coordination
can eliminate the fiscal sustainability costs of climate change. However, extreme caution is necessary
to ensure an economically efficient transition to keep abatement costs low. A higher mitigation cost
(B) would pose significant fiscal sustainability challenges and prevent reaching the high long-term
debt limit of a coordinated scenario. Thus, the only viable option for guaranteeing the sustainabil-
ity of the Italian public debt is achieving global coordination in the transition effort and finding the
most efficient way to mitigate emissions to maintain effective yet minimal abatement costs. The same

conclusion applies to the French case, shown in Appendix D.3.

7 Conclusions

This paper underscores the dual imperative of maintaining sovereign debt sustainability while ad-
dressing climate change. By integrating climate-related costs and the commitments of the Paris
Agreement into fiscal sustainability models, we highlight the significant impact of carbon budget

constraints and climate damages on fiscal limits.

Our findings reveal that carbon budget constraints notably reduce fiscal limits in the short term, tem-
porarily increasing default risks for highly indebted countries. Conversely, failing to address climate
change exacerbates fiscal risks in the long term, leading to continuously diminishing growth rates
and fiscal limits. Importantly, scenarios involving coordinated global transitions to a green economy
show more favorable and stable fiscal outcomes compared to isolated efforts or business-as-usual ap-

proaches.

The Italian case exemplifies these dynamics: under a coordinated transition, Italy’s fiscal limits are
more viable despite the initial costs. However, a lack of global coordination or a failed transition
results in significantly reduced fiscal limits and increased default risks in the long run. This illustrates
the broader finding that coordinated international efforts are crucial for all countries to maintain fiscal

sustainability.
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The evidence strongly supports the need for swift, globally coordinated climate action to keep tem-
peratures and climate damages under control, and mitigate their economic and fiscal impacts. For
advanced economies, national or regional policies alone are insufficient; global cooperation is essen-
tial to prevent deterioration in public debt sustainability and ensure sufficient fiscal space for financing

the green transition.

Future research should focus on integrating more detailed economic policy mixes, such as carbon
pricing, subsidies, direct public investments, and adaptation, into fiscal limits models. The objective
would be to obtain a framework where the debt limit and the debt-to-GDP ratio are both endogenously
determined from a common transition scenario. One direction could be to model the environmental
economic aspects using a general equilibrium model. However, a more sophisticated endogenous
fiscal limit model would be necessary to ensure consistency with a more complex and micro-founded

growth rate function.

In conclusion, the transition to a green economy, while challenging and costly, is imperative for main-
taining long-term fiscal sustainability. Coordinated international efforts are crucial to managing the

economic impacts of climate change and securing sustainable growth for future generations.
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Appendix

A The model

A.1 Emissions and growth — extended

In this section, the growth function assumed in (5) is motivated and further defined using the exist-
ing empirical literature on climate economics. In particular the function H(-) and the green growth
parameters Ly and oy are defined and calibrated using the results of the OECD paper by Cardenas
Rodriguez et al. (2018), which constructs the novel "Environmentally Adjusted Multifactor Produc-
tivity" indicator. Their estimation exercise does not focus on specific policy instruments, economic
sectors, or types of emissions, ensuring the generality of results needed for my analysis. Here, I show
the relationship between the present model, particularly the growth function in (5), and the estimation

equation in Cardenas Rodriguez et al. (2018).

From the transformation function

O(Y,E,L,K,S,t) > 1,

where Y denotes the desirable output of the economy (GDP), E the undesirable output (carbon emis-
sions), and L, K and S, labour, produced capital and natural capital, respectively, they define the

following linear regression equation:
Yis = ai+ 8+ piXis + Y Buibnie + €ir (30)

Y;, is the net GDP growth rate of country i, X;, its elasticity-weighted growth rate of inputs and Ej;; the
growth rate of each type & of GHG emissions (e.g., carbon dioxide, methane).38 0; are time dummies,
and g;; a normally distributed error term. a; represents environmentally adjusted productivity growth.
The coefficients relate to the elasticities of the transformation function with respect to desirable and

undesirable outputs as follows:

(o) .
—; Bni = pi€orh = — = EYEhi

pi=—
Eoyi Eoyi

where the latter is the elasticity of output with respect to emissions of type 4, for country i.

I use the historical average (for the data range in the OECD anaylsis, 1990-2013) of equation (30),

38)&,-,, :=In(x;;) —In(x;;—1), for every variable x.
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for calibrating our function H(-) and the parameters u;, o;, Lo ;, and oy ;, for each country i:

E[Yi;] = ai +E[&] + piE[Xit] + ) BrilE[Enir]
i Mo

For simplicity, it is assumed that the total sum of the different elements in pip; would not be affected
by changes in the growth rate of carbon emissions. Therefore, the historical net growth rate y; can be
splitinto a "green" growth rate Uy ; and the contribution of emissions. I also rewrite this latter term as:
Y BriEnic = Y5, BriwniEir = BiEir, where wy,; represents the weight (assumed constant) of emissions of
type h of country i over its total emissions. How these weights are calibrated in the present analysis
will be explained in Section 4. Notice that, by following the OECD results, 3; < 1 for every country.
This parameter represents the weighted average (over emission types) of the elasticity of output to
GHG emissions expressed in CO;-equivalent. By recalling the expression for the gross growth rate

in Collard, Habib, and Rochet (2015) (for country i), we can write:

Mi+Ei g1 Mo i+BiLir+€ i1 Mo,i+Ei 141 Eirt1 h o+ [ €ittl b
8ig+1 =€ = Al = 0T = el0iTH, )

Ei,t €t

where (E’E;:l)ﬁl represents the generalized H-term defined above, and ¢;; = E;;/ Ei,l are the current
emissions’ ’share with respect to E;;: the national carbon budget for country i in the first period.
The parameter f3; can be interpreted as the short-term abatement cost for country i, as a higher value
indicates a greater dependence on carbon emissions and the need for more significant efforts to de-
carbonize.

Given that our main goal is to study the fiscal sustainability of transition paths that lead to net zero

emissions, it is appropriate to transform the previous equation as follows:

Bi

e ct+ejril

e el I (31)
ctej;

where ¢ is the percentage of emissions over the country’s carbon budget E; ;, that will be possible to
recapture by the CCS (carbon capture and storage) technologies which are currently developing, and

therefore can still be sustained in a green economy with net zero emissions.

A.2 Comparison with other models

It can be shown that the i.i.d. growth function g; | = e*"%+1 in the Collard, Habib, and Rochet (2015)

framework is compatible with a stochastic Solow model, with a Cobb-Douglas production function

)'39

with labor L and capital K as inputs, and technological progress Z; (labor-intensive).”” Emissions can

3These results are available upon request.
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then be introduced as an additional input to this model, as in Dietz and Venmans (2019). Total output

becomes:

Y; =e“ K (Z:L)" *npy (E;)D(T;) = e kX Z,Linpy (E;)D(T;)

_Kr

where z; is a technological shock, « the share of capital in production and k, = YA»

capital per effective

labor . Dietz and Venmans (2019) also impose:

9
Nov (Et) = exp (‘PEt - EE’2>
D(T;) = exp (—%7}2) , where T, = (G,
where C; are global cumulative emissions. Notice that this function 1 is concave in emissions, as
assumed in this paper. By assuming that k; is already close to the steady state, which will be achieved
at the end of the transition when emissions are zero, their growth rate writes approximately as:

il

i1~ expllo,; + &1 — g[(CCzH)Z —(8C)* 1+ ¢ (Ers1 — E;) — 5 Ef | —E})]

Npy (Er)
Npv (E;)

Whereas DV have: zg‘v’—ggg = ¢ — @E;, which is decreasing in E;, in the current model, the MAC

Notice that following DV, we can interpret as the MAC (marginal abatement cost) function.

function becomes:
n'(E;) _ B
N(E:)  cEy+E’

also decreasing in emissions. Therefore, following DV, we can give an exact interpretation to 1, and

in principle open the path to implementing different MAC functions, and study their impact on fiscal

limits. This is left for future research.

B The government’s maximization problems

B.1 Maximizing the current MSB under the carbon budget.

The maximization problem at # = 0, given an initial level of emissions Ej is:

a I [yeto\!
max bY = ( ) E (32)
{Ez} 0 n (EO) t:ZI R T[ ( f)
~+oo
s.t. ZE, <E; (33)
=1
E, >0 (34)
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aining carbon budget at time ¢ with respect to a total budget Ey: E; = Ey — th;%) E;.

The associated Lagrangian is:

The FOC with respect to E; is:

0  « (ye“o
O0E; mn(Eo) \ R

= n/(Et) _ (A’ - llll‘)n(E0> (ygl())t’vt >0

t
) n'(E)—A+y, =0Vt >0

o

t
For a higher period 1, (%) is higher, given that ye" < R. Therefore n'(E;) increases with time

and, when 8 < 1 as in our standard scenario, E; decreases:
N(E) = [cE1 + E)P = n/(E,) = B(cE, + E,)P~!

Therefore:

(A — wi)n(Eo) ( R )t

a YetHo

1/(1-B)
of WW’] -
E, = _ —cE 5

ﬁ(CEl —I-E,)Bfl =

When B < 1 (in line with the OECD estimation results for €yg), since the condition ye*0 < R holds,

E; decreases over time, as mentioned above. This guarantees a smooth transition path.4041

B.2 Maximizing ""welfare'' under the carbon budget

The welfare maximization writes as

o EolY/] Hh & (g)t
max = = E (36)
(£ tZO R n(Eo)tZO &) N
~+oo
st. Y E <E (37)
t=1
E >0 (38)

401f, instead B > 1, E, has to increase over time under the maximization of current debt sustainability. This goes against
the usual and reasonable planning of a green transition.
4IThe calculations to find a pseudo-analytical solution are available upon request to the author.
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by defining g = eHo+1/203 , as the expected fundamental growth rate. The associated Lagrangian is:

Yo /) +o0 . foo
L= — = E;)— E,—E{)+ O0.E
H(Eo)§5)<R) n(E) ‘P(IZZi t 1) t; t Lt

The FOC with respect to E; is:

0% Y, 5\ !
SE, n(go) (}%) n'(E)—¢@+6,=0,Vt>0
t
in/(E[):w I_S ,Vt>0
Yo 3
5 /(1-B)

e (7))
Ei= > = —cE
t [(‘P—Oz)(cE1+Eo)5 R Bl (39)

Let recall that, as demonstrated by Collard, Habib, and Rochet (2015), the total borrowing factor
is lower than the average growth rate: yeM0 < g. Therefore, we can expect emissions maximizing

welfare to decrease slower than the emissions maximizing the current MSB, from an initial level:

5\ 11/(1-B)
B |z (8)] B
(p(CEl —f—E())l3 R

by setting 6; = 0 in the case initial emissions E; > 0.*?

C Robustness analysis for the shares of CO2 and CH4 over total

emissions, and the [3.

The B coefficient is calibrated by taking the elasticities of output with respect to CO2 and CH4
estimated in Cardenas Rodriguez et al. (2018). In the main results, the 8 is defined as a weighted
average of these elasticities, where the weights are the average relevance of the type of emission over
the national total emissions in the period 1990-2013 (the first and fourth columns in Table A1).B
The table also shows the share of CO2 and CH4 over the national total emissions in 2013 and 2020,
and the consequent s alongside the main calibration used in the paper (seventh column). Except
for some few countries, such as Luxembourg, New Zealand and Turkey, these percentages have been
generally stable over time. For Netherlands, for which data are missing we take the average across

countries to calibrate f3.

#The calculations to find a pseudo-analytical solution of this second optimization problem are available upon request
to the author.
43Data source: ourworldindata.com
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Country CO2avgp_13 CO2y3 CO2yp CH4avgy_j3 CH4;3 CH4y B Bi3 Bao

Australia 0.5987 0.696  0.6689 0.2518 0.2113  0.2119 0.0666 0.0763 0.0734
Austria 0.6814 0.7977  0.7993 0.2585 0.1532  0.1477 0.022 0.013  0.0126
Belgium 0.7957 0.7785 0.7766 0.1664 0.1512 0.1543 0.0738 0.0712 0.0714
Canada 0.8355 0.8033 0.8136 0.1238 0.1463 0.1276  0.0355 0.0339 0.0345
Czech Republic 0.6906 0.8183 0.8119 0.2727 0.1266 0.1284 0.1649 0.1547 0.154
Denmark 0.7012 0.7475 0.6712 0.2148 0.1673 0.2115 0.0402 0.0381 0.0389
Estonia 0.7654 0.7888 0.6709 0.1662 0.1567 0.2346 0.0767 0.0787 0.0694
Finland 0.7129 0.6533  0.6499 0.2146 0.2778 0.2662 0.033 0.0336  0.033
France 0.5869 0.7348  0.6975 0.3519 0.1793  0.2046 0.0643 0.0607 0.0602
Germany 0.7722 0.8755 0.8625 0.1876 0.0828 0.091 0.0925 0.0916 0.0912
Greece 0.6181 0.7949 0.7188 0.3046 0.1537  0.212 0.079  0.0959 0.0885
Hungary 0.5969 0.6895 0.7193 0.339 0.1837 0.1487 0.116 0.1163 0.1177
Iceland 0.6837 0.7975 0.7823 0.1871 0.1279 0.1382 0.0316 0.0292 0.0297
Ireland 0.2489 0.5019 0.4661 0.6581 0.3439 0.3728 0.0635 0.0532 0.0535
Italy 0.6211 0.8314 0.8141 0.311 0.1275 0.14 0.101  0.0904 0.0909
Japan 0.7832 0.9591 0.9545 0.1671 0.0254 0.0281 0.0804 0.066  0.0662
Latvia 0.645 0.6374  0.682 0.2708 0.2203 0.1851 0.0863 0.0867 0.0942
Lithuania 0.6629 0.6322 0.6112 0.2405 0.1734 0.1649 0.1314 0.1142 0.1098
Luxembourg 0.4286 0.9153  0.9007 0.4321 0.0549 0.0656 0.133  0.0281 0.0311
Netherlands 0.0768 0.0707 0.0707
New Zealand 0.5691 0.1679 0.2747 0.3062 0.6125 0.5229 0.034 0.068 0.058
Norway 0.6711 0.6221 0.6018 0.24 0.3249 0.3462 0.0274 0.0306 0.0312
Poland 0.6383 0.7348 0.7458 0.3107 0.1978 0.1825 0.0147 0.0169 0.0172
Portugal 0.5221 0.7616  0.7307 0.4049 0.1832 0.21 0.0553 0.0534 0.0535
Slovak Republic 0.7578 0.7818  0.751 0.2013 0.1482 0.1762 0.1019 0.0985 0.0984
Slovenia 0.6298 0.7948 0.7717 0.3189 0.1692 0.1828 0.1085 0.111  0.1098
Spain 0.6414 0.7801 0.7393 0.2793 0.1532  0.1822 0.0715 0.0581 0.0608
Sweden 0.7737 0.7199 0.7314 0.1605 0.1734 0.1789 0.0661 0.0627 0.0638
Switzerland 0.6796 0.8374  0.8067 0.259 0.1168 0.1397 0.0888 0.0799 0.0809
Turkey 0.4585 0.7132  0.7172 0.4248 0.1884 0.1849 0.1096 0.1705 0.1714
United Kingdom 0.765 0.8531 0.8072 0.2007 0.096 0.1229 0.0733 0.0765 0.0736
United States 0.8437 0.8461  0.835 0.1185 0.1109 0.1215 0.0558 0.0558 0.0553

Table A1l: Share of CO2 and CH4 over total national emissions.
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D Additional results

Country Green by, Max bfl st cb Green dy diT* stcb D/Y
(1) (2)-chr  (3) (1) (2) (3) (1) (2)-chr (3) (1) (2) (3)

Australia 788.12  906.13 499.36 | 598.63 685.19 520.54 | 896.47 1031.30 568.35 | 680.93 779.85 59245 | 57.80
Austria 142.12 122.82  112.87 | 137.23 118.87 113.69 | 162.83 140.75 129.35 157.22 136.22 130.29 83.20
Belgium 312.88  268.56 246.81 | 277.51 240.13 228.22 | 357.46 30699 282.14 317.05 27450 260.88 | 112.80
Canada 464.49  436.02 387.14 | 41643 391.53 366.77 | 532.28 500.19 444.12 | 477.20 449.15 420.75 | 117.80
Czech Republic 105.62 67.03 60.80 80.49 53.96 51.12 122.04 77.80 70.56 93.01 62.62 59.32 37.70
Denmark 34390 32194 305.62 | 326.14 30591 296.70 | 395.43 370.42  351.65 375.01 35198 341.39 | 42.10
Estonia 96.49 85.78 74.38 87.42 78.25 72.32 116.28 103.97 90.16 105.36 94.84 87.66 19.00
Finland 209.65 195.63 186.41 | 202.21 189.01 183.96 | 24550 22920 218.40 | 236.79 22145 215.53 69.00
France 155.79 132.38 123.55 | 140.75 120.51  115.60 | 177.91 151.26 141.17 160.73 137.69 132.08 | 115.20
Germany 150.52 118.03 112.27 | 132.01 105.26 102.25 | 173.22 135.84 129.21 151.92 121.14 117.68 68.70
Greece 74.60 68.48 66.94 69.51 64.14 63.36 87.47 80.71 78.89 81.50 75.59 74.68 211.90
Hungary 251.81 194.65 184.00 | 215.23 170.13  164.85 | 290.92 225.66 213.32 | 248.67 197.24 191.11 80.00
Ireland 343.16  312.12 246.77 | 307.96 281.28 24790 | 404.25 368.51 291.36 | 362.78  332.11 292.69 | 58.40
Italy 181.85 153.35 149.95 | 160.27 13692 135.18 | 208.18 176.05 172.14 183.48 157.18 155.19 | 155.30
Japan 158.54 132.72  128.91 | 139.54 118.07 116.09 | 181.92 152.56 148.18 160.11 135.72 133.45 | 259.00
Latvia 47.49 43.08 37.30 42.60 38.88 35.91 57.60 52.33 45.31 51.66 47.24 43.62 43.30
Lithuania 64.34 47.60 40.52 52.84 40.25 36.82 76.66 57.30 48.78 62.95 48.45 44.33 46.60
Luxembourg 238.31 189.23  158.42 | 190.61 154.69 139.57 | 277.52 220.78 184.83 221.97 180.48 162.84 | 24.80
Netherlands 221.35 188.70  173.96 | 197.02 169.46 161.49 | 254.62 217.01  200.05 | 226.62  194.88 185.71 52.80
New Zealand 31292 319.08 280.35 | 287.89 29341 27393 | 360.12 367.39 322.79 331.31 337.83 31540 | 43.10
Norway 1290.37 1050.44 910.25 | 1234.88 1009.14 947.84 | 1475.18 1202.54 1042.05 | 1411.74 1155.26 1085.08 | 46.80
Poland 193.97 188.81 15294 | 189.04 184.06 173.13 | 22523 219.19 177.54 | 219.51 213.67 200.98 | 57.40
Portugal 104.74 94.15 89.29 97.31 87.85 85.16 120.33 108.47 102.87 111.80 101.22 98.12 135.20
Slovak Republic 15.77 12.56 9.85 13.00 10.52 9.14 18.37 14.66 11.50 15.15 12.28 10.67 59.70
Slovenia 78.94 67.95 62.39 68.32 59.52 56.72 91.80 79.36 72.87 79.45 69.52 66.25 79.80
Spain 132.82 126.41 116.79 | 120.23 114.73 109.51 | 152.77 145.75 134.66 138.30 132.28 126.26 | 120.00
Sweden 226.70  200.15 186.13 | 207.06  183.92 176.29 | 262.10 231.60 215.38 | 239.39 212.83 204.00 | 39.60
Switzerland 127.76 116.64 109.36 | 116.41 106.91 102.88 | 146.22 133.48 125.14 133.24 122.35 117.73 42.40
Turkey 18491 215.05 185.59 | 159.01 182.66 168.09 | 217.35 255.52 220.51 186.90  217.03 199.72 39.50
United Kingdom | 301.47  246.01 22431 | 271.39 223.85 211.87 | 345.71 282.47  257.56 | 311.22 257.03 243.27 | 102.60
United States 212.25 191.23 166.66 | 178.57 161.54 149.12 | 24297 219.13 190.97 | 204.42 185.10 170.88 | 134.20

Table A2: Debt sustainability in advanced countries in the transition. r = 2.44%. by, and dy: respec-
tively, the maximum sustainable borrowing and the debt limit in the green economy. Max bg” st cb and df)” *
st cb: respectively, the maximum current "maximum sustainable borrowing" consistent with the carbon budget
and the corresponding debt limit. In red, countries that have general debt sustainability problems (D/Y> dy);
in brown, countries for which this issue appears only in the context of performing the transition (D/Y> d}/* st
cb).
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As shown in Table A3, with an higher interest rate of 3%, additional countries’ debt levels, in particu-

lar of France, Latvia, Lithuania and Spain, become unsustainable when taking into account transition

costs.
Country Green by Max bgl st cb Green dy d{)"’ * st cb D/Y
1 @chr (3 (D 2 3) (D (2)-chr  (3) () 2 3)

Australia 379.41 405.54 295.02 | 296.14 315.68 272.84 | 4435 47432 345.05 | 346.17 369.21 319.11 | 57.8
Austria 11242 99.69 92.86 | 108.95 96.8 93.15 | 132.36 117.39 109.35 | 128.27 114 109.7 | 83.2
Belgium 24435 21577 201.14 | 219.6 195.23 187.29 | 286.88 253.47 236.28 | 257.82 229.34 220.01 | 112.8
Canada 362.02 344.02 312.08 | 326.62 310.8 294.27 | 426.31 405.56 367.9 | 384.63 366.4 34691 | 117.8
Czech Republic 81.22 5583 5132 | 63.86 4597 4393 96.44 66.58  61.21 75.84 54.82 5239 | 37.7
Denmark 288.7 272.65 260.55| 27522 260.37 253.62 | 341.13 322.39 308.08 | 325.21 307.86 299.89 | 42.1
Estonia 81.33 73.4 64.68 | 7442 67.56 63.06 | 100.73 91.42 80.56 92.17 84.15 78.55 19

Finland 182.63 171.62 1643 | 176.75 166.35 162.39 | 219.77 206.63 197.81 | 2127 20028 195.52 | 69

France 123.3  107.79 101.71 | 112.61 99.08 95.74 | 144.69 126.57 11943 | 132.16 11634 11241 | 1152
Germany 12345 1002 9591 | 109.75 90.38 88.17 | 14599 118.51 11343 | 129.79 106.89 104.28 | 68.7
Greece 6649 6146 60.18 | 6238 5793 57.3 80.11 7444  72.89 75.16 70.15 69.4 | 2119
Hungary 208.94 167.1 158.99 | 181.5 148.02 144.04 | 248.07 199.08 189.41 | 21549 176.34 171.6 80

Ireland 261.98 243.02 200.53 | 237.99 221.52 199.32 | 317.15 294.86 243.31 | 288.1 268.78 241.84 | 584
Ttaly 153.97 132.54 129.92 | 137.42 119.66 118.34 | 181.14 156.36 15327 | 161.67 141.16 139.61 | 1553
Japan 133.67 11439 111.47 | 118.86 102.68 101.19 | 157.61 135.12 131.67 | 140.15 121.29 119.53 | 259

Latvia 40.18 36.89 3247 | 3643 33.64 31.38 50.08 46.06  40.53 45.4 4199 39.17 | 433
Lithuania 51.64 40.03 3478 | 43.32 3443 3191 63.23 49.52  43.03 53.05 42.6 39.48 | 46.6
Luxembourg 17996 149.8 129.34 | 147.82 12527 11528 | 215.35 179.61 155.07 | 176.9 150.2 138.21 | 24.8
Netherlands 177.75 15554 145.12 | 160.17 141.23 135.65 | 210.11 183.81 171.5 | 189.33 1669 160.31 | 52.8
New Zealand 248.88 252.87 227.3 | 230.27 233.86 220.59 | 294.34 299.2 268.94 | 272.32 276.71 261.01 | 43.1

Norway 93891 801.95 7155 | 903.94 77446 730.3 | 1103.04 943.43 841.73 | 1061.96 911.1 859.14 | 46.8
Poland 146.53 143.49 121.27 | 143.22 140.28 133.38 | 174.84 171.17 144.67 | 170.89 167.34 159.11 | 57.4
Portugal 87.69 79.95 76.32 82.07 75.11 73.13 103.53 94.66 90.37 96.89 88.93 86.58 | 135.2
Slovak Republic 11.21 9.45 7.79 9.47 8.08 7.23 13.42 11.33 9.35 11.33 9.69 8.67 59.7
Slovenia 65.82 57.8 53.63 | 57.81 51.31 49.23 78.66 69.38  64.37 69.08 61.58 59.08 | 79.8
Spain 109.71 105.18 9826 | 100.32 964  92.68 | 129.67 124.62 11642 | 11858 114.21 109.81 | 120

Sweden 188.08 168.97 158.6 | 173.36 156.57 151 22346 20093 188.6 | 20597 186.18 179.56 | 39.6
Switzerland 103.63 96 90.88 | 9572 89.12 86.33 | 121.88 112.89 106.87 | 112.58 104.81 101.52 | 42.4
Turkey 157.64 179.7 158.14 | 137.35 1549 144.32 | 190.41 21942 193.1 16591 189.13 176.22 | 39.5
United Kingdom | 235.86 199.67 184.76 | 215.1 183.74 175.58 | 277.95 2356 218.01 | 253.48 216.8 207.17 | 102.6
United States 160.05 147.49 132.06 | 136.16 125.89 118.03 | 188.28 173.68 155.51 | 160.18 14824 138.99 | 134.2

Table A3: Debt sustainability in

advanced countries: in the green

economy, and under the carbon

budget at the beginning of the transition. » = 3%. by and dj: respectively, the maximum sustainable
borrowing and the debt limit in the green economy. Max bg” st cb and dg” * st cb: respectively, the maximum
current "maximum sustainable borrowing" consistent with the carbon budget and the corresponding debt limit.
In red, countries that have general debt sustainability problems (D/Y > dj;); in brown, countries for which this
issue appears only in the context of performing the transition (D/Y> d}* st cb).
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Country Green by, Max bOM st cb Green dy dg” *stcb D/Y
Q)] (2)-chr 3) (1) 2) 3) 1 (2)-chr 3) (1 2 3)

Australia o0 ) 1549.25 o0 ) 2322.6 ) o0 1715.6 o0 ) 2571.98 | 57.8
Austria 191.67 15891 143.03 | 184.23 153.17 14594 | 213.66 177.18 159.48 | 205.36 170.78 162.72 | 83.2
Belgium 431.19  353.06 317.3 | 37623 311.19 291.53 479.3 392.68 35291 | 41821 346.11 32424 | 112.8
Canada 6424  590.51 50629 | 571.39  526.3 488.83 | 716.25  659.11 565.1 | 637.08 587.44 54561 | 117.8
Czech Republic 149.58 83.42 74.21 109.56  65.38 61.16 168.17 94.19 83.79 | 123.17 73.83 69.06 37.7
Denmark 423.04  391.1 367.89 | 398.75 369.49 356.29 | 47327 437.84 411.85 | 446.1 413.65 398.86 | 42.1

Estonia 118 102.74 87.17 | 105.71  92.76 84.62 138.36  121.16 102.8 | 123.95 109.39 99.79 19

Finland 245.13  226.66 214.69 | 23552 218.19 211.56 279.3 258.37 24473 | 268.34 248.72  241.16 69

France 209.9 17041 15641 | 187.11 153.32 14549 | 233.23 189.44 173.88 | 207.9 17045 161.74 | 115.2
Germany 191.64 14291 13476 | 165.38 12578 121.48 | 214.58 160.03 15091 | 185.17 140.85 136.03 | 68.7
Greece 84.71 77.1 75.2 78.34  71.71 70.73 96.63 88.41 86.23 89.37 82.22 81.11 | 211.9
Hungary 315.04 232.08 21748 | 2642 199.77 19245 | 354.13 261.79 245.31 | 29698 22534 217.08 80

Treland 492.45 4324 318.66 | 435.15 384.17 333.89 | 56443 496.73 366.07 | 498.75 44132 383.56 | 584
Italy 221 181.19  176.58 | 191.95 159.74 157.35 | 246.17 202.39 197.23 | 213.81 17842 175.76 | 155.3
Japan 193.83 157.4 152.21 | 168.58 138.6 135.87 | 21639 176.04 170.23 | 188.2 155.01 151.96 | 259

Latvia 57.78 51.54 43.66 51.18 45.98 41.9 68.19 60.91 51.6 60.4 54.35 49.53 43.3
Lithuania 84.7 58.39 48.32 67.79  48.41 43.5 98.2 68.4 56.6 78.59 56.7 50.95 46.6
Luxembourg 349.05 254.85 203.09 | 269.78 202.58 177.21 | 395.49 289.3 230.54 | 305.67 229.96 201.17 | 24.8
Netherlands 291.26 23844 21594 | 255.38 211.35 199.1 32597 266.79 241.61 | 285.81 236.48 222.77 | 52.8
New Zealand 4182 42896  363.31 | 382.1 391.7 363.41 | 468.26 480.55 407.01 | 427.84 438.81 407.11 | 43.1

Norway 2036.03 1507.44 1240.65 | 1933 1438.56 1334.99 | 2264.71 1679.05 1381.89 | 2150.1 1602.33 1486.97 | 46.8
Poland 283.91 273.27 20541 | 275.67 26544 24358 | 320.75 308.66 232.01 | 311.44 299.81 275.12 | 574
Portugal 129.35 11394 107.08 | 119.15 105.5 101.65 | 14459  127.73  120.04 | 133.19 11827  113.95 | 135.2
Slovak Republic | 26.19 18.54 13.29 20.9 15.12 12.58 29.69 21.05 15.09 23.69 17.17 14.28 59.7
Slovenia 98.08 82.03 74.27 83.42  70.77 66.82 110.97 93.21 84.39 94.39 80.42 75.93 79.8
Spain 167.31 157.52  143.22 | 149.65 141.33 133.5 187.24  176.71 160.66 | 167.47 158.54  149.76 120

Sweden 283.7 24425  224.19 | 256.33 22228 211.27 | 319.13 27499 25241 | 288.35 250.25 237.86 | 39.6
Switzerland 16546  147.72 136.51 | 1483 133.35 127.09 | 18425 16447 151.99 | 165.14 14847 141.51 | 424
Turkey 222.59 266.3 223.54 | 188.53 22232 201.06 | 25456 307.86 25842 | 215.61 257.01 23244 | 39.5
United Kingdom | 414.21  318.28  283.73 | 36691 285.72 266.58 | 462.15 35558 316.98 | 409.38 319.2 297.82 | 102.6
United States 311.7 269.39 224.1 | 258.53 224.62 20292 | 347.17 300.34 249.85 | 287.95 25043 22623 | 134.2

Table A4: Debt sustainability in advanced countries: in the green economy, and under the carbon
budget at the beginning of the transition. r = 1.88%. by, and d);: respectively, the maximum sustainable
borrowing and the debt limit in the green economy. Max bgl st cb and dg” * st cb: respectively, the maximum
current "maximum sustainable borrowing" consistent with the carbon budget and the corresponding debt limit.
In red, countries that have general debt sustainability problems (D/Y > dj;); in brown, countries for which this
issue appears only in the context of performing the transition (D/Y> d}* st cb).

D.1 Sensitivity analysis for the CCS parameter c

Figure Al shows some sensitivity analysis for the parameter ¢ in the growth rate function, which
represents the percentage of emissions that could be recapture in each 5-year period in the green
economy, after the end of the transition. The higher value ¢ = 0.01 is the one adopted in the rest
of the paper. Lower values of ¢ imply: an almost identical but slightly slower transition path, lower
detrended GDP levels, a slower convergence to the stationary MSD, and a generally unchanged prob-

ability of default.
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Figure Al: Sensitivity analysis for the CCS parameter c. r = 2.44%. Plots for the fiscal limit d¥,
the annual probability of default PD, (1.0 is 100%) of 2020 debt-to-GDP ratios (outstanding D/Y, assumed
to remain constant), the emissions path expressed in GtCO, maximizing the current maximum sustainable
borrowing bM under the carbon budget, and the normalized detrended GDP §,.
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D.2 Trade-off shift in debt sustainability with climate damages

Table AS reports, for each country, the period when the national fiscal limit under a successful global
transition overcomes the national fiscal limit under a business-as-usual scenario with global emissions

growing at 1.126%.

Shift period
Australia 2021-25
Austria 2021-25
Belgium 2026-30
Canada 2026-30
Czech Republic 2076-80
Denmark 2026-30
Estonia 2061-65
Finland 2041-45
France 2026-30
Germany 2066-70
Greece 2071-75
Hungary 2076-80
Ireland 2026-30
Italy 2071-75
Japan 2061-65
Latvia 2066-70
Lithuania 2071-75
Luxembourg 2051-55
Netherlands 2041-45
New Zealand 2026-30
Norway 2021-25
Poland 2021-25
Portugal 2041-45
Slovak Republic 2026-30
Slovenia 2071-75
Spain 2046-50
Sweden 2051-55
Switzerland 2046-50
United Kingdom 2031-35
United States 2026-30

Table AS: Period when the national fiscal limit under a successful global transition overcomes the
national fiscal limit under a business-as-usual scenario with global emissions growing at 1.126%.
r=12.44%, PL.

D.3 The case of France

Table A6 shows that France has a generally larger fiscal space than Italy (Table 7). Nonetheless
the policy implication we derive is the same. The solitary and BAU scenarios, despite being still
sustainable in 2101-105 (differently from Italy), show a fiscal limit very close to the reference French
debt-to-GDP of 115.2%. As shown in Figure 4, the fiscal limits are projected to fall even further
and below this threshold, due to climate damages. Thus, the only viable option for achieving French

fiscal sustainability is an efficient and globally coordinated transition, as for Italy and all the countries
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analysed in this paper.

2021-25 2101-105
TRANSITION COORDINATED SOLITARY BAU | COORDINATED SOLITARY BAU
green growth optimistic parallel pessimistic parallel parallel
B =0.064 160.73 137.16-137.69  132.08 130.63 142.76 | 145.51-145.88 116.43 119.97
B=03 100.28 140.47

Table A6: The French fiscal limit amidst the transition. r = 2.44%. Written in red the scenarios where
debt-to-GDP is higher than the fiscal limit (d; = 115.2% > d™). Colored cells highlight the benchmark scenario
(B = 0.064, PL) for different degrees of political coordination in the transition (coordinated/solitary/BAU). In
the green cells, the first value accounts for climate damages in the 2°C scenario, while the second ignores them.
Notice that in the coordinated scenario, the stationary fiscal limit of 151.26% is achieved after 2105.
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