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Version 0: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors extend the Dystopian Schumpeter meeting Keynes integrated-assessment agent-based model (Dosi et al.
2010; Lamperti et al. 2018) to study the impact of a carbon tax on economic dynamics. Simulation results show that a
temporary carbon tax coupled with redistributive fiscal polices can trigger a positive tipping point leading to the
decarbonization of the economy, sustainable growth and a fall in inequality. 

General comment 
The topic of the paper is very relevant. The work is at the frontier of the research. The paper is clearly written and the results
are promising. However, the conclusions are not sufficiently supported by the simulation results. More informations about the
dynamics of different macroeconomic variables such as the unemployment rate, firms’ bankruptcy rate, the ratio between
public debt and GDP should be provided. The channels driving the results should be better explained also using the micro
data generated by the model. Finally, some modelling choices concerning entry & exit, the role of the international monetary
market and the implementation of the carbon tax are debatable and not sufficiently explained. 

Detailed comments 
- The description of the model closely tracks that of Dosi et al. (2010). However, many assumptions (e.g., those concerning
technological change) are not justified. I think that this may puzzled the reader. For this reason, I suggest the authors to
provide more intuitions about their modelling choices. 
- In equation 7, the authors assume adaptive expectations. Even I am truly sympathetic to this assumption, the authors
should discuss how it might affect the simulation results, possibly providing some robustness analysis. I suggest to consider
the results in Dosi et al. (2020). 
- The authors write that the mark-up dynamics in Equation 13 reflects a simple dynamic optimisation rule. I do not agree. I
think it reflects more the learning and adaptation of boundedly rational firms. This point should be better discussed in the
paper. 
- How does the energy firm allocate the R&D investment between the brown and green technology? 
- The authors claim that the model extends the labor market Dosi et al (2017) by introducing heterogeneous labor
productivity of households. However, also the K+S model in Dosi et. al (2018) has heterogenous labor productivity stemming
from the different skills of the workers. This should be acknowledged in the paper. 
- The index fund is certainly a valuable extension of the K+S model. Can it ever go bankrupt during the simulations? What
does it happens in this case? 
- What is the dynamics of government deficit over time? Can the government accumulate a public debt? If yes, is the ratio
between public debt over GDP stable or increasing? 
- The authors claims that the money supply is constant but actually it is endogenously changing due to the loans provided by
the international monetary market (IMM). The introduction of the IMM is puzzling in a macro agent-based model because it
could provide a perpetual exogenous source of funds to firms and the government that would sustain the dynamics of the
model. The authors should convincingly show that the presence of the IMM does not bias or affect the results generated by
the model. 
- I would like to get more information about the consumption and saving rates distribution across households and across
times. Is the propensity to consume falling with in come and wealth? How does the model fare in replicating the empirical
regularities concerning consumption patterns found in micro data? 
- Caption of Figure 1 should be more detailed. It is not completely clear what is plotted in the Figure. 
- It is not clear to me how a carbon tax bounded between 0.2 and 0.6 could stimulate GDP growth. Indeed, the carbon tax
should increase the energy costs possibly leading to the failure of firms. This in turn would lead to a surge in the



unemployment rate. What is the impact of the carbon tax on the unemployment rate, firm bankruptcy rate and on other
macroeconomic variable? More generally, the authors should provide a more detailed explanation about the channels and
mechanisms through which a carbon tax trigger a green transition without hurting the economy. 
- Related to the previous point, it is not clear to me how the progressivity of the tax system interacts with the carbon tax.
Indeed, in a favourable high progressivity scenario, I would expect that the higher household consumption would force firms
to produce more. In turn, firm would demand more energy and they would pay higher energy costs due to the carbon tax.
What is counterbalancing such a negative dynamics? 
- In the model, the number of capital- and consumption-good firms is fixed. This implied that dead firms are always replace
by new ones with different technology and fresh capital. How do the assumptions concerning exit and entry affect the
success of the carbon tax? If the number of firms is variables, the carbon tax could trigger a wave of bankruptcies that would
leave permanent scarring to the economy. 
- In the simulation experiments, the authors assume that the carbon tax last only for two years. Are firms and households
aware of that? If yes, they could postpone their investment and consumption choices to the period where the carbon tax
expire. More generally, a discussion about agents’ expectation is needed taking into account the possible arguments
stemming from the Lucas critique. 
- The authors show that a carbon tax can be useful to decarbonise the economy but they do not show whether this is
sufficient to stay below the 2 C target recommended by the IPCC. This is particularly relevant as in the DICE model the
optimal carbon tax leads to a temperature higher than 3 C, while the one to stay below 2 C by 2100 is unfeasible. As the
authors extend the integrated-assessment agent-based DSK model, they could study the impact of the carbon tax on both
macroeconomic and climate variables, such the dynamics of the temperature. This exercise would significantly improve the
results of the paper. 
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(Remarks on code availability) 

Reviewer #2 

(Remarks to the Author) 
I have read the abovementioned manuscript. It utilises a class of models widely known as agent-based models to the topic of
climate policy analysis testing is carbon pricing instrument combined with its revenue recycling can lead to a double
dividend. I find the work interesting and having a considerable potential. However, while reading the paper I encountered a
number of issues which have to be addressed seriously before the paper can be published. Among others, I find the model
not sufficiently tested for sensitivity, some additional scenarios on policy synergy missing and a considerable part of recent
literature on climate policy analysis (mostly agent based models) overlooked in this paper. I list them below in the order I
encountered them. 

1. On p. 2 you cite Lilliestam et al. as evidence that carbon pricing stimulates innovation. However, the authors come to ather
opposite conclusion. Nevertheless, a more recent critical paper on Lilliestam by van den Bergh and Savin showed that their
review had many problems demonstrating that the conclusion about the link of carbon price on innovation should be
positive. You should thus update your references 
van den Bergh J. and I. Savin, 2021 Impact of carbon pricing on low-carbon innovation and deep decarbonisation: A more
positive assessment, Environmental and Resource Economics 80: 705–715 https://doi.org/10.1007/s10640-021-00594-6 

2.Also p. 2. The topic of redistribution of carbon price revenues has received already considerable attention. For example
Mestre-Andres et al. (2021) shown that explaining how the tax revenues will be redistributed affects policy support which is
an important issue for climate policy implementation. Konc et al. 2022 used the data from Mestre-Andres et al. and calibrated
a CGE- ABM showng that carbon tax with progressive revenue redistribution and gradually growing price is best for
reducing inequality and maximising support. I find that authors must discuss these findings in their paper before presenting
own model. This would help them to clarify what has been actually already done in the literature and what new contribution
they make 
Konc T., Drews S., I. Savin and J. van den Bergh, 2022 Co-dynamics of climate policy stringency and public support, Global
Environmental Change 74:102528 https://doi.org/10.1016/j.gloenvcha.2022.102528 
Mestre-Andrés S., Drews S., Savin I. and J. van den Bergh, 2021 Carbon tax acceptability with information provision and
revenue mixes, Nature Communications 12, 7017, https://doi.org/10.1038/s41467-021-27380-8 
3. also to p. 2. Among factors that influence the “optimal” level of carbon is also the structure of social networks as it has
been recently shown by Konc et al. 2021. In particular, social networks by exerting peer pressure can reduce the level of
carbon price necessary to achieve a certain emission reduction. Authors should mention this too. 



Konc T., I. Savin and J. van den Bergh, 2021 The social multiplier of environmental policy: application to carbon taxation,
Journal of Environmental Economics and Management, 105:102396 https://doi.org/10.1016/j.jeem.2020.102396 
4. what do authors mean by “optimal carbon price”? It is a vague formulation. For example it could be a price level
maximising GDP or diffusion of low carbon technologies (see Herrmann and Savin 2017). I would suggest authors to define
clearly what they mean 
Herrmann J.K. and I. Savin, 2017 Optimal Policy Identification: Insights from the German Electricity Market, Technological
Forecasting and Social Change 122(C): 71-90, https://doi.org/10.1016/j.techfore.2017.04.014 
5. p.4. I like the idea to use ABMs for the topic of climate policy analysis, and specifically carbon pricing. In fact, a recent
global survey among climate policy researchers by Drews et al. (2024) showed that many experts find as a promising
research direction – building more realistic empirically grounded models (3T6). This could be used as additional motivation
for this study. 
Drews S., Savin I. and J. van den Bergh 2024 A Global Survey of Scientific Consensus and Controversy on Climate Policy,
Ecological Economics, 218: 108098 https://doi.org/10.1016/j.ecolecon.2023.108098 
6. What I am missing here however is some proper discussion of the related literature: 
a. Authors could mention a recent literature review of climate-energy ABMs by Castro et al. (2020) showing growing trend in
this kind of studies 
Castro J., Drews S., Exadaktylos F., Foramitti J., Klein F., Konc T., Savin I. and van den Bergh J., 2020 A Review of Agent-
based Modelling of Climate-Energy Policy, WIREs Climate Change 11(4):e647 https://doi.org/10.1002/wcc.647 
b. Savin et al. (2023) recently motivated the use of ABMs for intergartyion of insights from different disciplines for climate
policy research as these models are particularly suitable to address bounded rationality, social interactions, heterogeneity
and coordination between individuals 
Savin I. F. Creutzig, T. Filatova, J. Foramitti, T. Konc, L. Niamir, K. Safarzynska and J. van den Bergh, 2023Agent-based
modeling to integrate elements from different disciplines for ambitious climate policy, WIREs Climate Change 14(2): e811
https://doi.org/10.1002/wcc.811 
c. Apart from abovementioned study by Konc et al. (2022) there are other ABMs that study carbon pricing and recycling of its
revenues , and how this affects emissions, inequality and welfare. Good examples are Foramitti et al. (2021, 2024). It would
be worthwhiole to explain in the paper the difference of the present model from existing studies and new knowledge the
present manuscript offers compared to them 
Foramitti J., Savin I. and van den Bergh J., 2021 Emission tax vs. permit trading under bounded rationality and dynamic
markets, Energy Policy 148(B):112009 https://doi.org/10.1016/j.enpol.2020.112009 
Foramitti J., Savin I. and van den Bergh J., How carbon pricing affects human needs: An agent-based model analysis,
Ecological Economics, 217:108070 https://doi.org/10.1016/j.ecolecon.2023.108070 
7. Pages 5-6 I am not too happy about how authors present their model. They just put a rather complex figure (figure 2) and
go straight to discussion of few (chose ad hoc) stylized facts. I would instead accompany Fig. 2 with a half-page
nontechnical summary of the model stressing how it takes bounded rationality, heterogeneity and ideally social interaction
into account moving discussion of stylized facts to methods/supplementary information. That would greatly increase
readability of the paper. 
8. Fig. 4 Why averaging results only over 5 runs? Given that the model is not calibrated to very specific time period and
country, I would recommend authors to do a more thorough sensitivity analysis of their model to some key parameters. A
good example on how to do it is presented by Foramitti et al. 2021 mentioned above. 
9. p.16 In Conclusion the issue of policy synergies and accompanying carbon price with additional instruments is very
important but I feel is underdeveloped. First. There is a good review of theoretical, experimental and empirical evidence on
climate policy synergies by van den Bergh et al. 2021 showing that carbon price is best to be recombined with innovation
support and information provision. Perhaps authors could discuss this in more detail. Second, authors could actually add a
simulation run in their model where instead of redistributing all carbon price revenues to households, they would direct some
on innovations. Something along this lines has been done also by Foramitti et al. 2024 mentioned above. This would serve
as a much stronger evidence in favour of climate policy synergies 
van den Bergh J., Castro J., Drews S., Exadaktylos F., Foramitti J., Klein F., T. Konc and Savin I., 2021Designing an
Effective Climate-Policy Mix: Accounting for Instrument Synergy, Climate Policy 21(6):745-764,
https://doi.org/10.1080/14693062.2021.1907276 

(Remarks on code availability) 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The quality of the paper has certainly improved. However, the authors have not replied in a satisfactory way to some of my
comments concerning the dynamics of the model, and the robustness and relevancy of the simulation results. To mention a
few: the dynamics of the public debt over GDP is still not clear, the model suffers from the Lucas critique as the carbon tax is
temporary but agents think it is permanent, the effectiveness of the carbon tax cannot be fully assessed as the speed of
decarbonisation is not taken into account. This prevents me to provide a fully positive evaluation of the original contribution
of the work. For this reason, I think that the paper requires a new round of revision to fully account for my comments listed
below 



ORIGINAL COMMENT (OC): The index fund is certainly a valuable extension of the K+S model. Can it ever go bankrupt
during the simulations? What does it happens in this case? 

In their reply, the authors claim that the index funds cannot go bankrupt. However, it absorbs the losses of bankrupted firms.
What happens in this case? Relatedly, what happens if the fund does not have sufficient money to provide venture capital
investment? Finally, how does the fund finance the government debt? I think that the authors should provide the balance
sheet of the index funds and show the evolution of its assets, liabilities and net worth. 

OC: What is the dynamics of government deficit over time? Can the government accumulate a public debt? If yes, is the ratio
between public debt over GDP stable or increasing? 

The authors claim that the government does not accumulate public debt but it issues bonds via the index fund. This implies
that the government can actually accumulate debt! The plot and the information provided in the Supplementary Materials are
not sufficiently clear. What does it mean that the money stock of the government is positive and constant? And I would like to
have more information about the dynamics of the ratio between public debt (or government bonds) and GDP. 

OC: The authors claims that the money supply is constant but actually it is endogenously changing due to the loans
provided by the international monetary market (IMM). The introduction of the IMM is puzzling in a macro agent-based model
because it could provide a perpetual exogenous source of funds to firms and the government that would sustain the
dynamics of the model. The authors should convincingly show that the presence of the IMM does not bias or affect the
results generated by the model. 

I appreciate the new information provided by the authors. In particular, the figure S12 provides valuable information about
the dynamics of the money supply. However, I would like to see the evolution of the funds provided by the IMMs in relation to
the GDP. Relatedly, S12 shows different monetary aggregates which appear to be constant over time. Are they real or
nominal variables? In the latter case, this would imply that the inflation rate generated by the model is zero on average. 

OC: I would like to get more information about the consumption and saving rates distribution across households and across
times. Is the propensity to consume falling with income and wealth? How does the model fare in replicating the empirical
regularities concerning consumption patterns found in micro data? 

I do not understand Figure S10. The authors should provide more information to support their reply. 

OC: It is not clear to me how a carbon tax bounded between 0.2 and 0.6 could stimulate GDP growth. Indeed, the carbon tax
should increase the energy costs possibly leading to the failure of firms. This in turn would lead to a surge in the
unemployment rate. What is the impact of the carbon tax on the unemployment rate, firm bankruptcy rate and on other
macroeconomic variable? More generally, the authors should provide a more detailed explanation about the channels and
mechanisms through which a carbon tax trigger a green transition without hurting the economy. 

I do not think that Figures S13 and S14 are sufficient to provide an informative answer to my comment. More explanations
should be provided in the Supplementary Materials. 

OC: In the model, the number of capital- and consumption-good firms is fixed. This implied that dead firms are always
replace by new ones with different technology and fresh capital. How do the assumptions concerning exit and entry affect
the success of the carbon tax? If the number of firms is variables, the carbon tax could trigger a wave of bankruptcies that
would leave permanent scarring to the economy. 

I do not think that the Figure S12 provide an answer to my comment. 

OC: In the simulation experiments, the authors assume that the carbon tax last only for two years. Are firms and households
aware of that? If yes, they could postpone their investment and consumption choices to the period where the carbon tax
expire. More generally, a discussion about agents’ expectation is needed taking into account the possible arguments
stemming from the Lucas critique. 

The explanation provided by the authors and the paragraph added at the beginning of page 12 clarifies that the model
suffers from the Lucas critique as the firms do not know that the carbon tax is temporary. This weakens the results of the
paper given that firms are fooled by the policy makers. Indeed, if they knew that the tax is temporary they would postpone
their investments. This is also why in the current policy debate, none is arguing for a temporary carbon tax. In order to
effectively cope with the Lucas critique, I think that the authors should run additional simulation exercises assuming a
permenent carbon tax and comprare the ensuing results with the previous one obtained with a temporary tax. 



OC: The authors show that a carbon tax can be useful to decarbonise the economy but they do not show whether this is
sufficient to stay below the 2 C target recommended by the IPCC. This is particularly relevant as in the DICE model the
optimal carbon tax leads to a temperature higher than 3 C, while the one to stay below 2 C by 2100 is unfeasible. As the
authors extend the integrated-assessment agent-based DSK model, they could study the impact of the carbon tax on both
macroeconomic and climate variables, such the dynamics of the temperature. This exercise would significantly improve the
results of the paper. 

The reply of the authors is not satisfactory. The costs and benefits of a carbon tax should be evaluated considering its impact
both on the performance of the economy and on the rate of reduction of emission. Indeed, a carbon tax that do not fastly
decarbonize the economy is useless as it would not avoid the catastrophics impacts of climate change. As the model
employed by the author is grounded on the agent-based integrated-assessment model developed by Lamperti et al, it is
straightforwad to get date about emission reduction and the evolution of the temperatute. For this reason, the authors should
consider also this output of the model when they assess the impact of the carbon tax. This would also allow to better
compare their results with those stemming from the DICE model developend by Nordhaus and co-authors. 

(Remarks on code availability) 

Reviewer #2 

(Remarks to the Author) 
I thank the authors for the revision and the detailed responses to my comments. 
I am mostly well satisfied with them. 

However, I noticed that authors overlooked point 7 from my original review comments. I copy-paste it below. It would be
good if they can also answer this point 

"7. Pages 5-6 I am not too happy about how authors present their model. They just put a rather complex figure (figure 2) and
go straight to discussion of few (chose ad hoc) stylized facts. I would instead accompany Fig. 2 with a half-page
nontechnical summary of the model stressing how it takes bounded rationality, heterogeneity and ideally social interaction
into account moving discussion of stylized facts to methods/supplementary information. That would greatly increase
readability of the paper." 

Furthermore, please note that for my point 5 on global expert survey I gave by mistake a wrong reference. 
The right reference stressing "that many experts find as a 
promising research direction – building more realistic empirically grounded models (3T6)." is 

Savin I., S. Drews and J. van den Bergh, 2024, Carbon Pricing – Strengths, Weaknesses and Knowledge Gaps according to
a Global Survey, Environmental Research Letters, 19 024014 https://doi.org/10.1088/1748-9326/ad1c1c 

Perhaps authors could add to the manuscript 

(Remarks on code availability) 
To acces sthe code one needs a password 

Version 2: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
I think that the paper has further improved and many replies of the authors clarify my doubts. However, there are still
substantial points that need to be addressed in the paper. Addressing them do not require much work, but I think that the
possible limits of the authors’ analysis should be better indicated in the manuscript. 

1. I appreciate the replies of the authors which helped to clarify my doubts. However, I have still some concerns. First, the
authors wrote that the IF can run a deficit that is passed to the households. Are households always able to absorb this deficit
with their stock of wealth? In particular, are households able to absorb the huge IF deficit triggered by the introduction of the
carbon tax? Concerning figure 1, how does the recovery take place? My second doubt concern the dynamics of government
debt and the balance sheet of the IF. It is perfectly fine that the IF buys government bonds, which should increase the asset
side of its balance sheet. Why does IF’s purchases lead to a reduction of its assets? I do not understand why government
deficit leads to a capital loss for the index fund. Nonetheless, if the government does not run a deficit for the parameter
regime of interest, as explained by the authors, everything works fine. But this should be explicitely stated in the text of the
paper. 
2. See my comment above. I think that the authors should clearly write in the paper what they explained to me in their reply. 
3. The figure shows that the ratio between debt and GDP increases after the introduction of the carbon tax. So, if I



understand correctly, the IMM is providing money to the capital and commodity producers to absorb the carbon price shock.
This can imply that the impact of a carbon tax on the economic dynamics is not disruptive only because firm have access to
the funds of international capital markets. What would happen if firms had a limited access to international capital markets?
This is relevant as in reality many firms are constrained in the access to external funds. In this case, a carbon tax shock may
leave scarring on the economic system. So if the results of the model change significantly under the assumption of limited
access to international capital market, this should be clearly stated in the paper because it affects its conclusions and policy
implications. 
4. I am satisfied with authors’ reply. 
5. I thank the authors for their reply that is linked to my remark in point 3 above. Are the results robust to the assumption of
firms’ unlimited access to international capital market? What happens to firms’ bankruptcy and to the unemployment rate
when firms have no or limited access to the international capital markets? 
6. I am satisfied with authors’ reply. 
7. I appreciate the answer of the authors even if they did not explicitly indicated how they have changed the text of the paper.
To avoid possible confusion with the Lucas critique, they should state in the paper that the Government introduces a
permanent carbon tax and argue that simulation results show that such a tax can be removed after few periods. They should
also state that the results are robust to a permanent carbon tax. 
8. The response of the authors is still unsatisfactory. What is the evolution of the temperature produced by the integrated
assessment model employed by the authors? If they do not want to consider this relevant dimensions, they should explicitly
write in the paper that they are not considering the impact of the carbon tax on the temperature dynamics, i.e. on whether the
carbon tax is successful in achieving the IPCC targets. 

(Remarks on code availability) 

Version 3: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors address my comments and the quality of the paper has further improved. 

(Remarks on code availability) 
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Dear Reviewer,

We extend our gratitude for your insightful and thorough feedback. Your detailed evaluations have been
invaluable in refining our research and strengthening our arguments by clarifying our explanations and
addressing potential weaknesses.

These include justifying the assumptions around technological change and adaptive expectations to enhance
model transparency and align with empirical evidence, such as that provided by Dosi et al. in both 2010 and
2020. We acknowledged related work on heterogeneous labor productivity and added comprehensive details
about the dynamics of government deficits and the role of the international monetary market in maintaining
financial stability. Further, we improved explanations concerning the economic mechanisms of a carbon tax and
its interactions with different economic variables, including a more thorough discussion on the implications for
macroeconomic stability and climate targets. These revisions have fortified the robustness of our analysis, and
potential policy impacts.

In the following table, we systematically address each comment, detailing our responses and the specific
changes made to the manuscript. Thank you once again, for your constructive feedback, which has been
instrumental in advancing our research. We look forward to your response and hope our revisions will facilitate
the publication of our work.

Comment of the Reviewer Response to the Reviewers Changes made

The description of the model closely tracks that of
Dosi et al. (2010). However, many assumptions (e.g.,
those concerning technological change) are not
justified. I think that this may puzzled the reader. For
this reason, I suggest the authors to provide more
intuitions about their modelling choices.

Thank you for highlighting the lack of clarity in
justifying model choices. We have extended the
corresponding paragraph to justify why Dosi et al.
(2010) model serves as fundation to our model;
reasons for designing the stylized energy producer
after Lamperti et al. and Hartzmark et al.; and
explain why we belief using Lengnicks
heterogeneous household behaviour is adequate.
Regarding technology change driven by firms, we
opted for established mechanisms developed by Dosi
et al. Since we are
interested in the endogenous response to carbon
pricing of these three interconnected actors
(households, consumer- and
capital-good-producers), we opted
for established formalizations of them. We added a
cross-reference to a more detailed explanation of the
model choices to the methods section. Furthermore,
we added additional references that we failed to
mention before.

We clarified reasons for
modeling choices in main
section of paragraph 2 on
page 5. In addition, we
added the source for
equations in the method
section for each of the
stakeholders (agents).

- In equation 7, the authors assume adaptive
expectations. Even I am truly sympathetic to this
assumption, the authors should discuss how it might
affect the simulation results, possibly providing some
robustness analysis. I suggest to consider the results in
Dosi et al. (2020).

Your suggested paper is a great reference to include,
thank you for pointing it out! According to Dosi et
al. (2020) simple heuristics such as our formulated
adaptive expectations can be an optimal response in
changing environments. As we can see in the global
sensitivity analysis, sensitivity to the memory
parameter is rather low(<0.09) , which in line with
this finding by Dosi et al. We have included the
reference and expanded on the justification in the
method section. Additionally we added a reference
to the global sensitivity analysis results in the SI.

Following equations (7)
we mentioned and
expanded on the paper as
well as referenced the
sensitivity analysis in
table 2 in SI. (page 24)



- The authors write that the mark-up dynamics in
Equation 13 reflects a simple dynamic optimisation
rule. I do not agree. I think it reflects more the learning
and adaptation of boundedly rational firms. This point
should be better discussed in the paper.

We agree, that the wording as adaption process of
boundedly rational firms is more accurate. Consumer
goods producers continue strategies that pay off, and
otherwise change strategies. This simulates a more
evolutionary mechanism for adaptation behavior and
allows for the adjustment of markups to general
market conditions. We added this perspective and
changed the wording in the subsequent paragraph.

Following equation (13)
we edited the subsequent
paragraph. (page 25)

- How does the energy firm allocate the R&D
investment between the brown and green technology?

Thank you for your question regarding the allocation
of R&D investments between 'brown' and 'green'
technologies. The energy producer, as a
profit-maximizing monopolist, allocates a fixed
fraction (ν_E) of its previous revenue to R&D,
which is then split between green and dirty
technologies based on a predefined ratio (ξ_GE).
This allocation allows the firm to invest in reducing
the costs of green technologies or improving the
efficiency and reducing the emissions of brown
technologies, depending on their relative
cost-effectiveness and the potential for technological
advancement. This fraction is a fixed parameter over
time and is taken from Lamperti et al. In response to
this question, we added an additional reference to the
table that presents all parameter choices and their
sources.

A reference to the
parameter table in the
paragraph right above
equation (19) was added.
(page 28)

- The authors claim that the model extends the labor
market Dosi et al (2017) by introducing heterogeneous
labor productivity of households. However, also the
K+S model in Dosi et. al (2018) has heterogenous
labor productivity stemming from the different skills
of the workers. This should be acknowledged in the
paper.

Indeed, this preceding work should be
acknowledged, we thank the reviewers for pointing
this out. However, we would like to note that in
Lamperti et al. (2018) the heterogeneity exists
primarily between firms as a consequence of climate
shocks in labor productivity not as an inherent
property of the households. A difference is relevant
for assessing the implications of inequality. We
elaborate on the difference between the KS family of
models and ours in the SI.

Reference and
contextualizing sentences
at the last paragraph of
the main section were
added. (page 5)

- The index fund is certainly a valuable extension of
the K+S model. Can it ever go bankrupt during the
simulations? What does it happens in this case?

The index fund only redistributes dividends and
losses across households hence it cannot go
brankrupt. We elaborate on its mechanism in section
iv) of the methods. In response to this question we
expanded the first paragraph of section vi) for
clarity.

First paragraph of section
vi). (page 29)

- What is the dynamics of government deficit over
time? Can the government accumulate a public debt?
If yes, is the ratio between public debt over GDP
stable or increasing?

Thank you for raising this point. In the previous
writeup, clarity on this matter was lacking. We have
clarified that the government does not accumulate
public debt in the traditional sense; instead, it issues
bonds via the index fund to manage deficits. This
mechanism ensures fiscal stability without the need
for traditional debt accumulation.

We added a plot (Fig.
S10) of money stocks in
the SI that demonstrates
the stability of the money
stock of the government,
as well as explanatory
sentences on government
deficit in the methods. (SI
page 17)



- The authors claims that the money supply is constant
but actually it is endogenously changing due to the
loans provided by the international monetary market
(IMM). The introduction of the IMM is puzzling in a
macro agent-based model because it could provide a
perpetual exogenous source of funds to firms and the
government that would sustain the dynamics of the
model. The authors should convincingly show that the
presence of the IMM does not bias or affect the results
generated by the model.

We appreciate the valuable concern raised by the
reviewer regarding the potential impact of the
international monetary market (IMM) on the model
dynamics. Indeed, the IMM could theoretically
introduce an exogenous source of funds, influencing
the overall money supply. However, it is crucial to
clarify that the IMM was introduced in our model
with a specific purpose: to address high bankruptcy
rates stemming from temporal liquidity issues faced
by firms. Drawing inspiration from Dosi et al.
(2010), who allowed firms to take on debt, we
implemented a similar mechanism wherein these
debts must be repaid before other financial
obligations such as taxes or dividends. As a result,
the overall money supply remains unchanged, as
evidenced by the accompanying figure we have
added. Additionally, this scrutiny prompted a review
of our diagram, leading to the removal of the arrow
indicating government utilization of the IMM, as it
was erroneous.

In plot Fig.S11 we can
also see the stability of
overall money supply. (SI
page 18).

- I would like to get more information about the
consumption and saving rates distribution across
households and across times. Is the propensity to
consume falling with in come and wealth? How does
the model fare in replicating the empirical regularities
concerning consumption patterns found in micro data?

We agree that adding this empirical regularity
provides a more comprehensive picture of houshold
behavior. In our "minimal" model, the saving rate is
equal to unconsumed funds, therefore we only
plotted the marginal propensity to consume with
respect to the available budget (income and wealth).
We confirm that the propensity to consume falls with
rising budget, in line with empirical evidence.

Plot Fig.S9 depicts the
marginal propensity to
consume over
income/wealth and at
different time steps in the
simulation. In the
Household section of the
Method section we added
we referenced said plot.
(SI page 16)

- Caption of Figure 1 should be more detailed. It is not
completely clear what is plotted in the Figure.

Thank you for highlighting the need for greater
clarity in the caption of Figure 1. In response, we
have revised the caption to make clearer what is
depicted. The figure presents the development of
global carbon pricing schemes. The grey bars
indicate the percentage of global emissions that are
subject to carbon pricing, illustrating the extent of
coverage over time. The colored lines represent
selected regions and countries, detailing their
specific carbon prices over the same period if
applicable. This visualization aims to demonstrate
the evolving trends in coverage and pricing levels.
Additionally, we have added the description by
linking directly to the data sources, thereby
increasing transparency and providing readers with
resources for further exploration.

See the caption of Figure
1. (page 3)

- It is not clear to me how a carbon tax bounded
between 0.2 and 0.6 could stimulate GDP growth.
Indeed, the carbon tax should increase the energy costs
possibly leading to the failure of firms. This in turn
would lead to a surge in the unemployment rate. What
is the impact of the carbon tax on the unemployment
rate, firm bankruptcy rate and on other
macroeconomic variable? More generally, the authors
should provide a more detailed explanation about the
channels and mechanisms through which a carbon tax
trigger a green transition without hurting the economy.

We are grateful for this request, and in response, we
expanded on our visualization and explanation of the
impact of carbon taxation and progressivity on
macroeconomic variables. We show how
consumption driven growth is facilitated by
progressive redistribution of tax funds. Furthermore,
we depict the significant influence on capital good
producers with increasing taxation.

We added Fig. S13 to
show the composition of
GDP and bankruptcy rate
over varying carbon taxes
to the Supplementary
Information. Furthermore,
we added Fig S14 to
demonstrate the
sensitivity of
consumption and Gini to
changes in the carbon
Tax. (SI page 19)



- Related to the previous point, it is not clear to me
how the progressivity of the tax system interacts with
the carbon tax. Indeed, in a favourable high
progressivity scenario, I would expect that the higher
household consumption would force firms to produce
more. In turn, firm would demand more energy and
they would pay higher energy costs due to the carbon
tax. What is counterbalancing such a negative
dynamics?

In response to this and the previous query, we
included further plots of macroeconomic
observables. In response to the suggested negative
dynamics, please note, that while there might be a
nominal increase in energy costs, there is no price
adjustment of the fuel price according to demand.
The stylized energy producer is not resource
constraint which means changes in energy demand
only affect the energy mix ( as increasing energy
demand is met with brown plants) but not directly
the price of energy. Consequently, increased demand
is more bottlenecked by other factors for example
the labor productivity of consumer goods producers.
This aligns with empirical observations indicating
that energy price shocks are predominantly driven by
supply disruptions rather than fluctuations in
demand.

We added Fig S13 and
S14. (SI page 18/19)

- In the model, the number of capital- and
consumption-good firms is fixed. This implied that
dead firms are always replace by new ones with
different technology and fresh capital. How do the
assumptions concerning exit and entry affect the
success of the carbon tax? If the number of firms is
variables, the carbon tax could trigger a wave of
bankruptcies that would leave permanent scarring to
the economy.

We agree, that a more formal exploration of the
mechanisms for entry and exit of firms are a
valuable direction for future research! Indeed as can
be seen in Figure S12 (in response to the earlier
remark by the reviewer) the triggering of
significantly higher bankruptcies is scarring
economic development. We draw
mechanisms/assumptions from Dosi et al. (2010)
(section 2.4. Schumpeterian exit and entry
dynamics).

Figure S12 was added. (SI
page 19)

- In the simulation experiments, the authors assume
that the carbon tax last only for two years. Are firms
and households aware of that? If yes, they could
postpone their investment and consumption choices to
the period where the carbon tax expire. More
generally, a discussion about agents’ expectation is
needed taking into account the possible arguments
stemming from the Lucas critique.

This critical insight, was invaluable to sharpen the
conclusions of the paper, and we would like to thank
the reviewer! Indeed the firms and housholds do not
formulate any longterm future expectations. Hence,
the more temporary the intervention the more merit
this argument has. On the other side, the more
ambiguous and uncertain future policy changes the
less firms can optimize weakening this argument.
We expanded our explanation of the economic
response accordingly.

We discuss the
implications and
limitations in a couple
sentences in the first
paragraph of section:
"Non-Linear Dynamics in
Economic Response".
(page 11)

- The authors show that a carbon tax can be useful to
decarbonise the economy but they do not show
whether this is sufficient to stay below the 2 C target
recommended by the IPCC. This is particularly
relevant as in the DICE model the optimal carbon tax
leads to a temperature higher than 3 C, while the one
to stay below 2 C by 2100 is unfeasible. As the authors
extend the integrated-assessment agent-based DSK
model, they could study the impact of the carbon tax
on both macroeconomic and climate variables, such
the dynamics of the temperature. This exercise would
significantly improve the results of the paper.

We thank the reviewrs for raising this point. It is true
that in our study we do not make any connection to
climate targets. While this was within the scope of
the original research question, as we learned about
the heterogeneity of responses for different
economies. Not only would this would necessitate
many assumptions on the technological adaptibility
of various countries, but also the incoporation of
temperature as an ouput of the model. We decided to
reduce the scope and instead focus on the non-linear
response and assessing its implications more
abstractly. We agree that the implications to climate
targets should be investigated in future work.



Dear Reviewer,

Thank you for your feedback. We have updated our manuscript to better align with recent literature,
emphasizing the positive effects of carbon pricing on innovation as suggested by van den Bergh and Savin
(2021). We've also expanded our discussion on carbon tax redistribution, incorporating findings from
Mestre-Andrés et al. (2021) and Konc et al. (2022), to illustrate how transparency in revenue redistribution
influences public support and impacts inequality.

We've clarified our definition of "optimal carbon price" based on the framework by Herrmann and Savin (2017),
balancing economic growth with emission reduction. Additionally, we highlight the role of agent-based models
in climate policy analysis, drawing on insights from Drews et al. (2024) and Castro et al. (2020), and detail how
our model extends existing research on policy impacts.

In our conclusion, we now discuss the synergy between carbon pricing and innovation support, referencing van
den Bergh et al. (2021). We also propose future scenarios to explore the redistribution of carbon revenues
towards innovation, reinforcing the case for integrated climate policy approaches. These revisions sharpen our
manuscript’s focus and contextualize our contributions within the broader climate policy debate.

1. On p. 2 you cite Lilliestam et al. as evidence that carbon pricing stimulates
innovation. However, the authors come to ather opposite conclusion.
Nevertheless, a more recent critical paper on Lilliestam by van den Bergh and
Savin showed that their review had many problems demonstrating that the
conclusion about the link of carbon price on innovation should be positive.
You should thus update your references van den Bergh J. and I. Savin, 2021
Impact of carbon pricing on low-carbon innovation and deep decarbonisation:
A more positive assessment, Environmental and Resource Economics 80:
705–715 https://doi.org/10.1007/s10640-021-00594-6

We thank the reviewer for pointing out this
updated reference. Indeed this strengthens
our conclusions as it is in line with our
model where carbon pricing increases
pressure on firms to innovate. We have
included the updated reference in our
introduction.

See page 2.

2.Also p. 2. The topic of redistribution of carbon price revenues has received
already considerable attention. For example Mestre-Andres et al. (2021)
shown that explaining how the tax revenues will be redistributed affects
policy support which is an important issue for climate policy implementation.
Konc et al. 2022 used the data from Mestre-Andres et al. and calibrated a
CGE- ABM showng that carbon tax with progressive revenue redistribution
and gradually growing price is best for reducing inequality and maximising
support. I find that authors must discuss these findings in their paper before
presenting own model. This would help them to clarify what has been
actually already done in the literature and what new contribution they make
Konc T., Drews S., I. Savin and J. van den Bergh, 2022 Co-dynamics of
climate policy stringency and public support, Global Environmental Change
74:102528 https://doi.org/10.1016/j.gloenvcha.2022.102528 Mestre-Andrés
S., Drews S., Savin I. and J. van den Bergh, 2021 Carbon tax acceptability
with information provision and revenue mixes, Nature Communications 12,
7017, https://doi.org/10.1038/s41467-021-27380-8

Indeed the notion of evaluating perceived
effectiveness vs fairness is crucial for policy
support and thank the reviewer for
introducing this nuance! We briefly discuss
that both can be addressed via a progressive
carbon tax. We also demonstrate that
emphasizing fairness is rational, as price
shocks predominantly affect the poor.
We connect this insight most extensively in
the conclusion.

See the third
paragraph in
Conclusions.

3. also to p. 2. Among factors that influence the “optimal” level of carbon is
also the structure of social networks as it has been recently shown by Konc et
al. 2021. In particular, social networks by exerting peer pressure can reduce
the level of carbon price necessary to achieve a certain emission reduction.
Authors should mention this too. Konc T., I. Savin and J. van den Bergh,
2021 The social multiplier of environmental policy: application to carbon
taxation, Journal of Environmental Economics and Management, 105:102396
https://doi.org/10.1016/j.jeem.2020.102396

We agree with the reviewer that social
networks pose an important mechanism for
technological diffusion. Including social
dynamics in our model is a valuable
direction for future work. We mention social
networks in the list of relevant influences on
optimal carbon pricing.

See the second
paragraph in the
Main section

https://doi.org/10.1007/s10640-021-00594-6
https://doi.org/10.1016/j.gloenvcha.2022.102528
https://doi.org/10.1038/s41467-021-27380-8
https://doi.org/10.1016/j.jeem.2020.102396
https://doi.org/10.1016/j.jeem.2020.102396


4. what do authors mean by “optimal carbon price”? It is a vague formulation.
For example it could be a price level maximising GDP or diffusion of low
carbon technologies (see Herrmann and Savin 2017). I would suggest authors
to define clearly what they mean Herrmann J.K. and I. Savin, 2017 Optimal
Policy Identification: Insights from the German Electricity Market,
Technological Forecasting and Social Change 122(C): 71-90,
https://doi.org/10.1016/j.techfore.2017.04.014

We thank the reviewer for pointing out this
ambiguity! We now define optimal carbon
price as maximizing economic welfare
(measured in GDP and Gini) and
minimizing environmental damage
measured in relative emissions. We discuss
the difficulty of formalizing this and
mention the previous work in the main
section.

See the second
paragraph in the
Main section

5. p.4. I like the idea to use ABMs for the topic of climate policy analysis,
and specifically carbon pricing. In fact, a recent global survey among climate
policy researchers by Drews et al. (2024) showed that many experts find as a
promising research direction – building more realistic empirically grounded
models (3T6). This could be used as additional motivation for this study.
Drews S., Savin I. and J. van den Bergh 2024 A Global Survey of Scientific
Consensus and Controversy on Climate Policy, Ecological Economics, 218:
108098 https://doi.org/10.1016/j.ecolecon.2023.108098

Indeed this paper provides a great
motivation for further work on ABM-based
approaches for climate policy analysis. We
reference the rising demand for empirically
grounded models for policy analysis and the
suitability of ABMs for this purpose.

See 5th paragraph
in the Main section

a. Authors could mention a recent literature review of climate-energy ABMs
by Castro et al. (2020) showing growing trend in this kind of studiesCastro J.,
Drews S., Exadaktylos F., Foramitti J., Klein F., Konc T., Savin I. and van
den Bergh J., 2020 A Review of Agent-based Modelling of Climate-Energy
Policy, WIREs Climate Change 11(4):e647 https://doi.org/10.1002/wcc.647
b. Savin et al. (2023) recently motivated the use of ABMs for intergartyion of
insights from different disciplines for climate policy research as these models
are particularly suitable to address bounded rationality, social interactions,
heterogeneity and coordination between individualsSavin I. F. Creutzig, T.
Filatova, J. Foramitti, T. Konc, L. Niamir, K. Safarzynska and J. van den
Bergh, 2023Agent-based modeling to integrate elements from different
disciplines for ambitious climate policy, WIREs Climate Change 14(2): e811
https://doi.org/10.1002/wcc.811

Similarly, we reference the papers that point
to the suitability of ABMs and recent
increases in the usage of ABMs for
climate-energy policy. This addition further
justifies our approach and we thank the
reviewers for pointing them out.

See 5th paragraph
in the Main section

c. Apart from abovementioned study by Konc et al. (2022) there are other
ABMs that study carbon pricing and recycling of its revenues , and how this
affects emissions, inequality and welfare. Good examples are Foramitti et al.
(2021, 2024). It would be worthwhiole to explain in the paper the difference
of the present model from existing studies and new knowledge the present
manuscript offers compared to themForamitti J., Savin I. and van den Bergh
J., 2021 Emission tax vs. permit trading under bounded rationality and
dynamic markets, Energy Policy 148(B):112009
https://doi.org/10.1016/j.enpol.2020.112009 Foramitti J., Savin I. and van den
Bergh J., How carbon pricing affects human needs: An agent-based model
analysis, Ecological Economics, 217:108070
https://doi.org/10.1016/j.ecolecon.2023.108070

We are grateful to the reviewers for bringing
attention to these pertinent references,
including one that was previously
mentioned but inadvertently omitted during
subsequent revisions. These references
underscore the relevance of our focus on
emission tax as a carbon pricing mechanism.
It's worth noting that our work builds and
expands on these results by focussing on the
most promising intervention and analysing
its impact on growth, inequality, and
technological adoption.

See the last
paragraph in the
Main section.

8. Fig. 4 Why averaging results only over 5 runs? Given that the model is not
calibrated to very specific time period and country, I would recommend
authors to do a more thorough sensitivity analysis of their model to some key
parameters. A good example on how to do it is presented by Foramitti et al.
2021 mentioned above.

We appreciate the reviewer's insight
regarding the averaging of only five runs,
particularly in subplot c) for sensitivity to
progressivity. In response to this feedback,
we have adjusted our methodology to ensure
consistency by increasing the number of
runs to 20, aligning with the approach used
in plots a) and b). We acknowledge the
reviewer's point that a more comprehensive
sensitivity analysis is warranted, especially
given the broader conclusion we are
drawing from the model. We like to point
the reviewer to a global sensitivity analysis
we have conducted, using the established
PAWN method, as detailed in the
supplementary information. This analysis
enhances the robustness of our findings and
ensures a more thorough exploration of key
model parameters. We are grateful to the
reviewer for highlighting these important

See Figure 4.

https://doi.org/10.1016/j.techfore.2017.04.014
https://doi.org/10.1016/j.techfore.2017.04.014
https://doi.org/10.1016/j.ecolecon.2023.108098
https://doi.org/10.1002/wcc.647
https://doi.org/10.1002/wcc.811
https://doi.org/10.1002/wcc.811
https://doi.org/10.1016/j.enpol.2020.112009
https://doi.org/10.1016/j.enpol.2020.112009
https://doi.org/10.1016/j.ecolecon.2023.108070
https://doi.org/10.1016/j.ecolecon.2023.108070


considerations, which have undoubtedly
improved the quality of our results.

9. p.16 In Conclusion the issue of policy synergies and accompanying carbon
price with additional instruments is very important but I feel is
underdeveloped. First. There is a good review of theoretical, experimental
and empirical evidence on climate policy synergies by van den Bergh et al.
2021 showing that carbon price is best to be recombined with innovation
support and information provision. Perhaps authors could discuss this in more
detail. Second, authors could actually add a simulation run in their model
where instead of redistributing all carbon price revenues to households, they
would direct some on innovations. Something along this lines has been done
also by Foramitti et al. 2024 mentioned above. This would serve as a much
stronger evidence in favour of climate policy synergies van den Bergh J.,
Castro J., Drews S., Exadaktylos F., Foramitti J., Klein F., T. Konc and Savin
I., 2021Designing an Effective Climate-Policy Mix: Accounting for
Instrument Synergy, Climate Policy 21(6):745-764,
https://doi.org/10.1080/14693062.2021.1907276

We agree that the combination of various
policy instruments is a promising
investigation. In the current model design,
producers invest a fixed portion of their
profits into research. While carbon taxation
increases selective pressures on less
technologically advanced firms, it does not
directly intervene in the innovation process.
A proper investigation of such interaction
effects demands a more sophisticated notion
of firm investment behavior, that our
stylized model does not exhibit. Such
extensions need to be validated against
stylized facts and unfortunately go beyond
the scope of this study. To address the
second point, we opted to visualize the
innovation response of capital and consumer
goods producers to the carbon tax. It shows
a mild response to innovation (e.g. energy
efficiency) of producers to rising carbon tax.
Note that capital and consumer goods
producers’ response catches up after the
energy producer has adjusted to the carbon
tax. For the energy producer, we discuss
Hartzmark et al. in the main section, who
investigated investment elasticity under
various conditions.

See
Supplementary
Information Fig.S8
and commentary.

https://doi.org/10.1080/14693062.2021.1907276
https://doi.org/10.1080/14693062.2021.1907276


Dear Reviewer,

We sincerely thank you for your continued feedback. In response to your insightful
comments, we have made several key revisions to the manuscript. These include clarifying
the operation and stability of the index fund, refining the discussion on government deficit
dynamics, and expanding on the role of the international monetary market. We also provided
additional analysis on household consumption patterns, the impact of the carbon tax, and the
implications of temporary versus permanent carbon taxes.

In the following table, we systematically address each of your comments, detailing our
responses and the specific changes made. We appreciate your constructive feedback and look
forward to your decision. We have highlighted the changes made in the main paper and SI in
red.

1) The index fund is certainly a valuable extension of the K+S model. Can it ever go bankrupt
during the simulations? What does it happens in this case?

In their reply, the authors claim that the index funds cannot go bankrupt. However, it
absorbs the losses of bankrupted firms. What happens in this case? Relatedly, what
happens if the fund does not have sufficient money to provide venture capital investment?
Finally, how does the fund finance the government debt? I think that the authors should
provide the balance sheet of the index funds and show the evolution of its assets, liabilities
and net worth.



We thank the reviewer for requesting more clarity. Below we describe how the
index fund (IF) operates to directly address the reviewer's question (also see
method section iv.). The IF executes the actions in the following order:

1. Receive dividends (=profits) from all producers (method section ii and iii)
2. Absorb government deficit & losses from bankrupt firms (method section vi)
3. Provide money to new entries if assets are available.
4. Distribute assets/losses to households (See equation 23)

The state of the index fund is uniquely defined by the assets it holds, prompting us
to plot this evolution of assets below. It shows the relative stability of IF assets in
the absence of major shocks. Together with the other clarification below we argue
that the robust behavior of the IF does not meaningfully affect the core results of
our paper, namely the non-linearity of economic response and inequality.

The index fund has three functions in the model: First, it provides new firms with
a randomized capital stock. The IF will not provide more capital than it holds in
assets. In other words, the IF will never pass capital losses to households to provide
seed capital to new firms. Any additional funds the firms might need, is to be
borrowed from the IMM (see response number three below).

Second, transfers capital gains and losses from firms to households. Negative
assets result in “negative dividends” to households. Negative (as positive)
dividends are distributed to households, proportional to their wealth. See equation
below, where is the capital gains tax paid out to the government by the index"τ"
fund, “Div” the total amount of dividends paid out to households proportional to
their wealth “W” and HH the total amount of households.

Therefore the IF cannot go bankrupt; but it can run a deficit, reflected as negative
assets that are distributed to households.

Third, the IF finances government debt by acquiring government securities from
the market. When the government runs a deficit, the IF's purchases lead to a
reduction in its assets by the amount of the deficit. Essentially, a government
deficit translates to a capital loss for the index fund. This was necessary for
calibration purposes and for the sensitivity analysis under extreme scenarios. The
government does not run a deficit for the parameter regime of interest (e.g., both
high and low green capacity) (see response two below for further details).



The figure above illustrates the evolution of the index fund (IF) assets under high
and low green capacity scenarios (with carbon tax shock of 0.6). Initially, both
scenarios display stable asset levels. However, a taxation shock (t=300) as in the
experiments causes a sharp decline in assets for both conditions. This is due to rise
in bankruptcies whose potential negative assets get transferred to the IF. The IF
recovers, with high green capacity temporarily stabilizing slightly higher than low
green capacity. This recovery is driven by the stabilizing firms passing dividends to
the IF. This supports our claim that the IF remains robust.



2) What is the dynamics of government deficit over time? Can the government accumulate a
public debt? If yes, is the ratio between public debt over GDP stable or increasing?

The authors claim that the government does not accumulate public debt but it issues bonds
via the index fund. This implies that the government can actually accumulate debt! The plot
and the information provided in the Supplementary Materials are not sufficiently clear. What
does it mean that the money stock of the government is positive and constant? And I would
like to have more information about the dynamics of the ratio between public debt (or
government bonds) and GDP.

We agree with the reviewer that the formulation of “issuing bonds” implies some
notion of public debt. We reformulate this throughout the paper as the government
incurs a loss on the index fund should it run a deficit.

That being said, we would like to point out that this is practically irrelevant for all
experiments of the paper. This feature was implemented to avoid defaults and
numerical errors in extreme parameter settings during calibration and stress testing
of the model. Specifically in cases where low tax revenue and high unemployment
benefits result in the government running a deficit. This was also relevant for
performing a robust sensitivity analysis across the entire parameter space, for
example determining the mark-up of capital good producers (see Table 2 of SI).𝜇
For all experiments discussed in this paper, the government does not run a deficit.
This means that tax revenues are sufficient to pay at least unemployment benefits -
the only fixed cost of the government.



3) The authors claims that the money supply is constant but actually it is endogenously
changing due to the loans provided by the international monetary market (IMM). The
introduction of the IMM is puzzling in a macro agent-based model because it could provide
a perpetual exogenous source of funds to firms and the government that would sustain the
dynamics of the model. The authors should convincingly show that the presence of the IMM
does not bias or affect the results generated by the model.

I appreciate the new information provided by the authors. In particular, the figure S12
provides valuable information about the dynamics of the money supply. However, I would
like to see the evolution of the funds provided by the IMMs in relation to the GDP.
Relatedly, S12 shows different monetary aggregates which appear to be constant over time.
Are they real or nominal variables? In the latter case, this would imply that the inflation rate
generated by the model is zero on average.

We agree, that some further clarifications are necessary. We expanded on the
explanations of S12. The different money aggregates depict nominal values. The
money stock in our model is stable by design. The monetary aggregates displayed in
S12 are nominal variables. Indeed, this stability implies that the inflation rate
generated by the model is zero on average. The stable money stock ensures a
consistent monetary environment, allowing us to isolate and analyze the effects of
fiscal and financial policies without the confounding influence of fluctuating
monetary supply. Consequently, real prices may fall and real GDP can increase in
this setup, reflecting productivity improvements and economic growth rather than
inflationary changes.

Below we added the requested Debt/GDP (also added to the SI Fig S13). As shown
in the overview (Fig. 2) only capital (KP) and commodity producers (CP) can
borrow from the IMM. This avoids credit constraints of producers. Meaning, should
producers come to the conclusions to invest (in better machines) or produce goods,
they can always borrow from the IMM (see section iii) and iv)). Therefore all
involvement of the IMM in the economy is captured by the debt of CP and KP.
Firms with zero market share or negative total assets are declared bankrupt and are
removed from the model.

In the figure below we investigate the effect of the carbon tax shock on overall debt
(to IMM) as a share of the overall money supply. At timestep 300 we observe a
shock to the equilibrium due to the carbon tax. Firms have an increased need for
liquidity as they invest in new machines, and more new firms re-enter due to higher
bankruptcies. We observe a corresponding increase in the overall money supply.
However, producers prioritize serving these debts over distributing dividends,
resulting in a fast draining of the additional money supply through the IMM.



4) I would like to get more information about the consumption and saving rates distribution
across households and across times. Is the propensity to consume falling with income and
wealth? How does the model fare in replicating the empirical regularities concerning
consumption patterns found in micro data?

I do not understand Figure S10. The authors should provide more information to support
their reply.



We thank the reviewer for demanding more clarity: The following text was added to
the supplementary information:

Figure S10 illustrates how household consumption varies with disposable income
over multiple time steps in a simulation (see plot below). Each line, representing a
different moment in time, shows that as the average budget increases, consumption
also rises, though not in direct proportion. This suggests a decreasing marginal
propensity to consume, indicating that households tend to save a higher proportion
of their income as their budget increases. The behavior aligns with empirical
observations of a decreasing propensity to consume in higher wealth/income groups,
as demonstrated in studies by Carroll (2017)1, Fisher (2019)2, and Jappelli (2013)3.
The closely clustered lines across different times suggest stable consumption
patterns relative to budget changes over the simulation period. The diagonal dashed
line serves as a reference, indicating equal consumption and budget, highlighting the
deviation of actual consumer behavior from this baseline and diminishing marginal
propensity to consume.

3 Jappelli, Tullio, and Luigi Pistaferri. "Fiscal policy and MPC heterogeneity." American Economic Journal: Macroeconomics 6.4 (2014): 107-136.

2 Fisher, Jonathan D., et al. "Estimating the marginal propensity to consume using the distributions of income, consumption, and wealth." Journal
of Macroeconomics 65 (2020): 103218.

1 Carroll, Christopher, et al. "The distribution of wealth and the marginal propensity to consume." Quantitative Economics 8.3 (2017): 977-1020.



5) It is not clear to me how a carbon tax bounded between 0.2 and 0.6 could stimulate GDP
growth. Indeed, the carbon tax should increase the energy costs possibly leading to the
failure of firms. This in turn would lead to a surge in the unemployment rate. What is the
impact of the carbon tax on the unemployment rate, firm bankruptcy rate and on other
macroeconomic variable? More generally, the authors should provide a more detailed
explanation about the channels and mechanisms through which a carbon tax trigger a green
transition without hurting the economy.

I do not think that Figures S13 and S14 are sufficient to provide an informative answer to
my comment. More explanations should be provided in the Supplementary Materials.

We appreciate the concerns raised regarding our explanation of figures S14 and S15
(Former S13&S14). We expanded our discussion in the supplementary information
to reflect this. We outline our reasoning below:

In the scenario of low green capacity: Two regime emerges in Figure 4(b) - the first
regime where the carbon tax is less than 0.6. In this regime, despite potential
adverse effects such as increased energy costs, our observations indicate an increase
in overall GDP with rising carbon tax rates due to redistribution of increased tax
revenues. This counterintuitive result is primarily due to the progressive
redistribution mechanism in place, which reallocates tax revenue from households
with lower consumption propensity to those with higher consumption rates. This
redistribution supports increased overall consumption (and demand), as evidenced in
Figures S10 and S15, and subsequently stimulates GDP growth. This is inline with
several empirical studies which suggests redistribution stimulates growth45 .

While there is a concern about increased firm bankruptcies and unemployment rates,
the data suggest that the economy adjusts to the carbon tax without significant
spikes in unemployment, as shown in Figure S14. In the second regime - when the
carbon tax is greater is greater than 0.6, the adverse effects due to increase in firm
bankruptcies is evident. This is due to a limit to the fiscal resilience of capital goods
producers (see Figure S14), indicating a threshold beyond which the tax adversely
impacts the economy accompanied by increase in unemployment and collapse of the
economy.

5 Berg, A., Ostry, J. D., Tsangarides, C. G., & Yakhshilikov, Y. (2018). Redistribution, inequality, and
growth: new evidence. Journal of Economic Growth, 23, 259-305.

4 Christl, M., De Poli, S., & Köppl-Turyna, M. (2024). Does redistribution hurt growth? An Empirical
Assessment of the Redistribution-Growth Relationship in the European Union (No. 1414). GLO
Discussion Paper.



In the scenario of high green capacity: the first regime (carbon tax less than 0.6) the
GDP increases (see Figure 4(b)) due to the redistributive effect of tax revenues as
described above. However, a carbon tax greater than 0.6 has an attenuated impact as
the economy has already transitioned to green energy. Thus, the effect of carbon tax
beyond 0.6 is not as severe as compared to low green capacity.

To summarize, there are two opposing forces in the context of growth and GDP. The
positive force is due to redistribution from increased carbon tax revenues - driving
consumption, demand and employment. The second negative force is increased
bankruptcy due to higher costs. The evolution of GDP in our model is due to these
forces as explained above.

6) In the model, the number of capital- and consumption-good firms is fixed. This implied that
dead firms are always replace by new ones with different technology and fresh capital. How
do the assumptions concerning exit and entry affect the success of the carbon tax? If the
number of firms is variables, the carbon tax could trigger a wave of bankruptcies that would
leave permanent scarring to the economy.

I do not think that the Figure S12 provide an answer to my comment.

We agree that S12 is not relevant for addressing the reviewer's question. To address
this we investigate variations in firm exit and entry. First we revisit the modelling
assumption taken from Dosi et al. (2010) (section 2.4. Schumpeterian exit and entry
dynamics) where the number of firms is fixed. Firms with negligible market shares
or negative net assets are routinely phased out at each period's end, replaced by new
entrants to maintain a constant firm count, embodying Schumpeterian dynamics
where entrants are typically smaller and less equipped than incumbents, drawing
from empirical observations (Caves, 19986 ; Bartelsman et al., 20057). These new
firms adopt the latest technology and their knowledge potential is modeled through a
Beta distribution, influenced by their relative position to existing firms and aligning
with sector-specific technological regimes, as discussed in Aghion and Howitt
(2007)8. Further, long-term trends of business population from major economies
(e.g. UK and US) shows a stable population of firms even during crises9. Therefore,
our motivation to follow the Schumpeterian exit and entry dynamics is rooted in
theoretical as well as empirical research.

With this as a starting point, possible variation to the mechanism could involve
changes to the Beta distribution, the size, and equipment of incumbents, or the
number of firms themself. It is common practice in evolutionary dynamics to

9https://www.gov.uk/government/statistics/business-population-estimates-2022/business-population-estimates-for-the-uk-and-re
gions-2022-statistical-release-html

8 Aghion, Philippe, and Peter Howitt. "Appropriate growth policy: A unifying framework." Journal of the european Economic
Association 4.2-3 (2006): 269-314.

7 Bartelsman, Eric, Stefano Scarpetta, and Fabiano Schivardi. "Comparative analysis of firm demographics and survival:
evidence from micro-level sources in OECD countries." Industrial and corporate change 14.3 (2005): 365-391.

6 Caves, Richard E. "Industrial organization and new findings on the turnover and mobility of firms." Journal of economic
literature 36.4 (1998): 1947-1982.



randomly initialize new entering individuals into a population and observe the
changes to the dynamic equilibrium (Grassberger 1995)10. The point of random
initializations is to get rid of biases with respect to the treatment of new entries,
given that there are virtually infinite possible variations to the test. Finally, we argue
that instead of the fixed number of firms, how the new firms perform under a given
economic situation is more important. As shown in response 5 and Figure 3b even
with a fixed number of firms, a high carbon tax rate can cause a wave of bankruptcy
that results in significant collapse in GDP.

If we do not allow every firm to be replaced - the population of firms will decline as
a function of bankruptcies e.g. caused by shocks (see left plot below). This limits the
production capacity of the economy, the technological development, and in extreme
cases competition dynamics. All of which we expect to result in significantly lower
GDP. Based on the suggestion of the reviewer, we conducted more experiments and
varied the probability of whether or not a firm gets replaced (replacement rates),
making the number of firms variable. A replacement rate of 0.6 indicates that the
chance a bankrupt firm will be replaced is 60%.

We implemented various replacement rates for firms should they go bankrupt (see
left plot). We observe a surge of bankruptcies when the economy is subject to a
carbon taxation shock around time step 300. Indeed, as expected this has a
significant impact on GDP development, as the economy is “scarred” by the
reduction in firm population, increasingly so with increasing carbon tax. However,
the response to the carbon tax is rather small (see above plot to the right). The
emission profile also remains robust, as the energy producer monopolist mainly
determines it. This means while GDP is rather sensitive to these assumptions of firm
exit and entry the interaction effects with the carbon tax and emission reduction are
rather low.

10 Grassberger, Peter. "The Bak-Sneppen model for punctuated evolution." physics Letters A 200.3-4 (1995): 277-282.



7) In the simulation experiments, the authors assume that the carbon tax last only for two
years. Are firms and households aware of that? If yes, they could postpone their investment
and consumption choices to the period where the carbon tax expire. More generally, a
discussion about agents’ expectation is needed taking into account the possible arguments
stemming from the Lucas critique.

The explanation provided by the authors and the paragraph added at the beginning of page
12 clarifies that the model suffers from the Lucas critique as the firms do not know that the
carbon tax is temporary. This weakens the results of the paper given that firms are fooled by
the policy makers. Indeed, if they knew that the tax is temporary they would postpone their
investments. This is also why in the current policy debate, none is arguing for a temporary
carbon tax. In order to effectively cope with the Lucas critique, I think that the authors
should run additional simulation exercises assuming a permenent carbon tax and comprare
the ensuing results with the previous one obtained with a temporary tax.

We apologize for any lack of clarity in our previous response.

There are two key aspects in Lucas Critique. First, it criticizes using estimated
statistical relationships from past data to forecast the effects of adopting a new
policy, because the estimated regression coefficients are not invariant but will
change along with agents’ decision rules in response to a new policy. This is not
valid in our model as we do not use a statistical model. Infact, the regime shift in our
model validates this point.

Second, the association between Lucas Critique and Rational Expectations pivots
around a simple but profound point: the idea that people (agents) use all the
available information to make forecasts about economic variables. In our model, the
“duration” of the tax to form expectations in not available to the agents, thus
rendering the tax as permanent. This is inline with what reviewer suggests that
carbon taxation is not temporary. We also observe this in Figure 1 where carbon tax
in countries evolve and are never announced with a “duration”. The experiment in
Figure 4 should not be construed as a “temporary” tax. Instead, the spirit of the
experiment is to see if we “stop” the tax after 2 years and observe if the economy
reverts to “dirty” energy. The carbon price shock experiment is grounded in the
complex systems theory of critical transitions. Typically, regime shifts are analysed
by introducing a temporary shock to ascertain whether the system reverts to its
original state post-shock. Our findings in the high green capacity scenario indicate a
regime shift, with significant policy implications as discussed in the paper. Initially,
they demonstrate an optimal tax threshold; beyond this, no additional benefits are
derived. This tax experiment further simulates a polarized political landscape where
policy reversals occur with changes in political leadership, crucial for understanding
potential reversion to a fossil fuel regime. More importantly, our aim was to
illustrate that in presence of a regime shift temporary carbon price imposes a more



general condition than a permanent carbon price. Here we substantiate that through
deductive reasoning and additional experiments as recommended by the reviewer:

1) Deductive reasoning: In scenarios of high green capacity, once the tax-price
frontier reaches approximately 0.3, there is a marked decrease in indexed emissions
as depicted in Figure 3. Below this threshold, emissions and GDP remain largely
unchanged. At and beyond this critical juncture, a shift towards a fully green
economy occurs. Post-transition, continuing the carbon tax would have minimal
impact, rendering it effectively negligible. Conversely, in scenarios of low green
capacity, the temporary tax fails to induce a green transition, leading to economic
collapse at higher carbon tax levels (around 0.6). Here, continuing the carbon tax
does not influence our research question since the economy has already exhausted
its capacity for green energy transition. Our results, driven primarily by
technological advancements rather than policy anticipation by agents, are robust.
However, as suggested, we also conducted experiments with a permanent carbon
tax.

The results confirm the persistence of nonlinearity, closely aligning with those from
our tax shock experiments, as the shift to a new technological equilibrium remains
stable. We have added the above plot in the SI and rephrased the text in main paper
to clarify the objective of the experiment.

3) In line with real world evolution of carbon pricing shown in Figure 1we had
already conducted a broader experiment by gradually varying the carbon tax within
a simulation (from 0.1 to 0.8). The results were shown In Figure 5 (Tracking
Kolmogorov complexity). Despite the gradual increase, we observed a nonlinear
response, marked by a vertical line and a spike in marginal emissions over GDP
changes (susceptibility). This confirms that the duration of the taxation shock does
not significantly alter the existence of a nonlinear response to policy choices, which
is critical for policy design.

In conclusion, our findings align with the implications of the Lucas Critique, which
argues that historical relationships between economic variables become irrelevant



when policies change. Specifically, our results show that the relationship between
emissions and GDP is disrupted once the carbon tax exceeds 0.3. It’s important to
note, however, that our model does not explicitly simulate the future policy
expectations of economic agents but is grounded in (bounded) rational choice
theory.

8) The authors show that a carbon tax can be useful to decarbonise the economy but they do
not show whether this is sufficient to stay below the 2 C target recommended by the IPCC.
This is particularly relevant as in the DICE model the optimal carbon tax leads to a
temperature higher than 3 C, while the one to stay below 2 C by 2100 is unfeasible. As the
authors extend the integrated-assessment agent-based DSK model, they could study the
impact of the carbon tax on both macroeconomic and climate variables, such the dynamics
of the temperature. This exercise would significantly improve the results of the paper.

The reply of the authors is not satisfactory. The costs and benefits of a carbon tax should be
evaluated considering its impact both on the performance of the economy and on the rate of
reduction of emission. Indeed, a carbon tax that do not fastly decarbonize the economy is
useless as it would not avoid the catastrophics impacts of climate change. As the model
employed by the author is grounded on the agent-based integrated-assessment model
developed by Lamperti et al, it is straightforwad to get date about emission reduction and
the evolution of the temperatute. For this reason, the authors should consider also this output
of the model when they assess the impact of the carbon tax. This would also allow to better
compare their results with those stemming from the DICE model developend by Nordhaus
and co-authors.

In response to your concerns, we acknowledge the importance of evaluating both the
economic performance and the emissions reduction potential of a carbon tax.
Indeed, a carbon tax that fails to rapidly decarbonize the economy would not fulfill
its intended purpose of mitigating the catastrophic impacts of climate change.
Impact assessment models such as DICE which operate at larger time scales
(centennials) and spatial scales (global) usually project carbon emissions as global
temperature anomalies, also known as climate sensitivity. However, there are certain
key differences between the global IAMs and our model which we would like to
underscore here:

1) First, the time scales in IAMs are much larger – usually centennials. The
temperature anomalies caused by carbon emissions can persist for millennia. That is
why a large time scale is required where short term fluctuations can be smoothed
(averaged) out. The time scale for averaging temperature anomalies can range from
years to decades, depending on the specific study and the climate sensitivity metric
being used. In our study, we are interested in understanding the effect of carbon-tax
on the economy and the emission on a much shorter time scale (5 years). A crucial



point here is that these shorter time scales allow us to assume constant population in
our model. At such a short time scale the temperature anomalies are irrelevant. Of
course, an interesting question would be “What are the long-term effects in
temperature anomalies due to the rapid decrease in emissions”. Recent studies have
shown that even if greenhouse gas emissions were halted, surface temperatures
would remain elevated for thousands of years due to the slow removal of CO2 from
the atmosphere, complicating the direct correlation between emissions and
temperature anomalies ( Zickfeld et al., 2013)11. GDP (as compared to temperature)
on the other hand is impacted by reductions in emission at a much shorter timescale.
Therefore, we analyse the effect of emissions, GDP and redistribution in our study

2) Second, the spatial scales of the IAMs are different as compared to ours. The
spatial distribution of anthropogenic forcings varies, affecting regional climate
responses differently, which complicates global attribution efforts (Stips et al.,
2016)12. While we do not model space explicitly, our study introduces additional
country-specific heterogeneities that highlight the non-linear response of economies
to carbon taxation. Both points 1 and 2, highlight the key differences between IAMs
and our study. This also relates to the fact that in most national policies and briefs
GDP (and not temperature) is studied using the marginal change in emissions.

3) Finally, several recent studies highlight the uncertainty in converting carbon
emissions to temperature anomalies. There is significant uncertainty in the various
external forcings, such as greenhouse gases and aerosols, which leads to variability
in climate model simulations and may result in overestimation of recent warming
(Stips et al., 2016). Climate feedbacks, such as changes in albedo or emissivity, can
amplify or dampen temperature responses, making it difficult to isolate the effects of
individual forcings (National Academies of Sciences, et al., 2016)13. Further, there is
no consensus on how to measure global average temperatures, which can delay
recognition of temperature thresholds being exceeded (F. Pierce, 2024)14.

14 https://e360.yale.edu/features/un-climate-science-1.5-net-zero

13 National Academies of Sciences, et al. Assessment of approaches to updating the social cost of carbon: phase 1 report on a
near-term update. National Academies Press, 2016.

12 Stips, A., Macias, D., Coughlan, C. et al. On the causal structure between CO2 and global temperature. Sci Rep 6, 21691
(2016). https://doi.org/10.1038/srep21691

11 Zickfeld, Kirsten, et al. "Long-term climate change commitment and reversibility: an EMIC intercomparison." Journal of
Climate 26.16 (2013): 5782-5809.



Therefore, our decision to exclude climate sensitivity is grounded in above facts and
reasonable. It is also important note that this exclusion does not affect any of the
research question we set out to answer in this paper.

Having made the above point, we appreciate the reviewer pointing to Lamperti et al.
As suggested by the reviewer, in the above figure we show the temperature anomaly
computed analogously based on the carbon emission in the model. As expected we
observe a significantly reduced warming in the long term when carbon tax is greater
than 0.3. This is due to the rapid decrease in emission. While the shape of the curves
remains unaffected, the years by which different temperature anomalies are achieved
vary strongly depending on the timescale adjustments taken. On one hand, we
strongly feel that this exclusion has no impact on our core results and main
conlusions. On the other hand, the inlusion does not add any novel result and is
something already well understood ( Zickfeld et al., 2013)15. Finally, such an
analysis suffers from ambiguities which we illustrate in pont 1 - 3 above grounded
in recent evidence and therefore we do not include in the paper.

15 Zickfeld, Kirsten, et al. "Long-term climate change commitment and reversibility: an EMIC intercomparison." Journal of
Climate 26.16 (2013): 5782-5809.



Dear Reviewer,

Thank you for your feedback. We have revised the manuscript to improve clarity and
alignment with your suggestions: We added a nontechnical summary alongside Figure 2 and
corrected the citation to Drews et al. (2024) to properly emphasize the importance of
empirically grounded models in climate policy.

These changes enhance the manuscript's focus and clarity. Code availability is pending final
compatibility adjustments with the code ocean platform, but can also be found here:
( https://github.com/Tarsatir/Capsule_Climate )

1)
Pages 5-6 I am not too happy about how authors present their model. They just put a rather
complex figure (figure 2) and go straight to discussion of few (chose ad hoc) stylized facts.
I would instead accompany Fig. 2 with a half-page nontechnical summary of the model
stressing how it takes bounded rationality, heterogeneity and ideally social interaction into
account moving discussion of stylized facts to methods/supplementary information. That
would greatly increase readability of the paper.

However, I noticed that authors overlooked point 7 from my original review comments. I
copy-paste it below. It would be good if they can also answer this point

We apologize for the oversight. We did address this point in the manuscript, but it
was mistakenly omitted from our response. We ensured that the model description
accompanying Figure 2 provides a good overview of the mechanisms of the model.
We agree this reorganization improves the logical flow of the manuscript.

https://github.com/Tarsatir/Capsule_Climate


2)
5. p.4. I like the idea to use ABMs for the topic of climate policy analysis, and specifically
carbon pricing. In fact, a recent global survey among climate policy researchers by Drews
et al. (2024) showed that many experts find as a promising research direction – building
more realistic empirically grounded models (3T6). This could be used as additional
motivation for this study. Drews S., Savin I. and J. van den Bergh 2024 A Global Survey
of Scientific Consensus and Controversy on Climate Policy, Ecological Economics, 218:
108098 https://doi.org/10.1016/j.ecolecon.2023.108098

Furthermore, please note that for my point 5 on global expert survey I gave by mistake a
wrong reference.The right reference stressing "that many experts find as a
promising research direction – building more realistic empirically grounded models
(3T6)."

We thank the reviewer for spotting this mistake and have now corrected the
reference accordingly. This adjustment is more appropriate, as the previous
reference did not emphasize the call for more realistic, empirically grounded
models, which is clearly highlighted in the survey we now cite. This correction not
only aligns with the content of our argument but also reinforces the relevance of
our discussion.



Dear Reviewer,

We sincerely thank you for your detailed and in-depth feedback. We believe the paper has greatly
improved as a consequence of your suggestions. In response to your comments, we have incorporated
the majority of the responses directly into the manuscript, ensuring clarity and coherence throughout.
We have also added the requested disclaimers regarding the limitations and methodological choices in
our analysis, addressing the nuances and assumptions that were previously implicit. Additionally, we
have conducted further experiments for the International Monetary Market (IMM), expanding the
analysis as per your recommendations.

In the table below, we systematically address each of your comments, detailing our responses and the
specific changes made. We look forward to your decision.

1. I appreciate the replies of the authors which helped to clarify my doubts. However, I have still
some concerns. First, the authors wrote that the IF can run a deficit that is passed to the households.
Are households always able to absorb this deficit with their stock of wealth? In particular, are
households able to absorb the huge IF deficit triggered by the introduction of the carbon tax?
Concerning figure 1, how does the recovery take place? My second doubt concern the dynamics of
government debt and the balance sheet of the IF. It is perfectly fine that the IF buys government
bonds, which should increase the asset side of its balance sheet. Why does IF’s purchases lead to a
reduction of its assets? I do not understand why government deficit leads to a capital loss for the
index fund. Nonetheless, if the government does not run a deficit for the parameter regime of
interest, as explained by the authors, everything works fine. But this should be explicitely stated in
the text of the paper.

We thank the reviewer requisition for more clarity. We believe this has improved the manuscript to
a great extent. Households are always able to absorb losses, as the index fund (IF) can only invest
what it holds in liquid assets, which are derived from household wealth. This ensures that overall
losses never exceed total household wealth. Although arbitrary distributions of losses across
households could pose challenges, we mitigate this by distributing losses proportionally to
household wealth. Specifically, the worst-case scenario under the carbon tax is that a firm might go
bankrupt, reducing its invested wealth to zero. Importantly, there are no mechanisms in the model
that would cause a bankrupt firm to have liabilities exceeding its assets.

This approach preserves the overall money supply. Since we chose not to track government bonds,
the IF does not redeem matured bonds. If the government were to run a deficit, this could indeed
cause problems, but as it stands, this design choice mitigates liquidity issues in extreme
parameter regimes and leaves the experiments unaffected. We explicitly state this in both the
government and index fund sections of the manuscript (see the second-to-last paragraph in the
"Government" section (page 35) and the second paragraph of the "Index Fund" section (page 34) in
Methods ). The changes are highlighted in red font.

While a bond market would offer a more representative mechanism, it would introduce dynamics
only tangentially relevant to our research question. Thus, we opted for this simpler solution to
guarantee liquidity and maintain the focus of the model.



2. See my comment above. I think that the authors should clearly write in the paper what they
explained to me in their reply.

We agree this is necessary. We explain this in the second paragraph of the section “Index Fund” in
the methods section (p34). The changes are highlighted in red font.

3. The figure shows that the ratio between debt and GDP increased after the introduction of the
carbon tax. So, if I understand correctly, the IMM is providing money to the capital and commodity
producers to absorb the carbon price shock. This can imply that the impact of a carbon tax on the
economic dynamics is not disruptive only because firms have access to the funds of international
capital markets. What would happen if firms had limited access to international capital markets?
This is relevant as in reality many firms are constrained in the access to external funds. In this case,
a carbon tax shock may leave scarring on the economic system. So if the results of the model
change significantly under the assumption of limited access to the international capital market, this
should be clearly stated in the paper because it affects its conclusions and policy implications.

A resilient financial system ensures that institutions can operate efficiently while supporting
economic growth and employment. It must have the resources and flexibility to handle various
shocks without worsening them. This system supports the economy in both favorable and
challenging conditions by facilitating investment between borrowers and savers. Businesses need to
manage cash reserves sustainably to maintain operations and respond to shocks. The financial
sector aids in this through cash management products, such as Money Market. Globally, money
markets had over 7 trillion of assets under management as of 31 December 2021 with presence in
most developed countries and increasingly in underdeveloped countries through local organized
money markets1.

However, money markets can come under severe strain during crises. We agree with the reviewer
on the value of this investigation. We already have a parameter governing the access to IMM in the
model (allowed level of debt based on the last period's sales). This is described in the Methods
section “Money Supply”, the parameter controls the amount of debt per producer based on the last
period's sales. As highlighted in the same section, “In case a producer needs debt to finance its
production and investments, but its debt exceeds the allowed level, it will first reduce investments
and then production”. Below we varied the parameter that controls to what extent firms can go into
debt as a fraction of sales. We observe small effects in the range of 5% for GDP, bankruptcy rate
(varies from 10 -11%) and unemployment rates (varies from 42 -48%). Note that unemployment-
and bankruptcy rates are measured during the taxation shock, which explains their higher
values. For GDP we compute the average of the final 20 timesteps for each simulation.

Interestingly, we observe a decrease in the bankruptcy rate with decreasing IMM involvement as
well as a decrease in GDP. As mentioned in Methods under Equation 10, firms form expectations
based on production level and expected demand and execute this based on available liquidity (the
degree to which IMM provides liquidity makes them more able to innovate and satisfy expected
demand). Given these dynamics, we show that IMM liquidity allows for riskier investment

1 Bank of England. (2022). Money market fund discussion paper.
https://www.bankofengland.co.uk/paper/2022/money-market-fund-discussion-paper

https://www.bankofengland.co.uk/paper/2022/money-market-fund-discussion-paper
https://www.bankofengland.co.uk/paper/2022/money-market-fund-discussion-paper


strategies on the firm level which has a small net benefit to the economy as a whole. We added this
plot and a short description in the SI Figure S11 and SI section “Impact of IMM on economic
growth and resilience”. (Left) GDP-Bankruptcies (Right) Unemployment-Bankruptcies. Further,
based on the previous response this effect size would also vary based on the entry/exit dynamics.
We have now stated this explicitly in the main paper as advised by the reviewer (see section
“Fueling the Economy Through Carbon Pricing”, page 14)

4. I am satisfied with authors’ reply.

We thank the reviewer for the insightful discussion.

5. I thank the authors for their reply that is linked to my remark in point 3 above. Are the results
robust to the assumption of firms’ unlimited access to international capital market? What happens
to firms’ bankruptcy and to the unemployment rate when firms have no or limited access to the
international capital markets?

We thank the reviewer for the insightful discussion. Please see our response to point 3 above.

6. I am satisfied with authors’ reply.

We thank the reviewer for the insightful discussion.

7. I appreciate the answer of the authors even if they did not explicitly indicated how they have
changed the text of the paper. To avoid possible confusion with the Lucas critique, they should state
in the paper that the Government introduces a permanent carbon tax and argue that simulation
results show that such a tax can be removed after few periods. They should also state that the
results are robust to a permanent carbon tax.

We agree that this is a valuable modification for the reader! We have clarified and justified the



focus on a temporary carbon tax in the first paragraph of the "Mapping Effective Energy Policies"
section in the results (page 10). The changes are highlighted in red font. We also explicitly state that
the results are robust to a permanent carbon tax and refer to the supplementary information for the
qualitatively identical outcomes in the case of permanent taxation.

8. The response of the authors is still unsatisfactory. What is the evolution of the temperature
produced by the integrated assessment model employed by the authors? If they do not want to
consider this relevant dimensions, they should explicitly write in the paper that they are not
considering the impact of the carbon tax on the temperature dynamics, i.e. on whether the carbon
tax is successful in achieving the IPCC targets.

We acknowledge the importance of temperature dynamics in assessing the broader impact of carbon
taxes. In the second paragraph of the discussion section (page 19), we explain and justify the
omission of temperature anomaly projections in favor of other foci in our manuscript. The changes
are marked in red font. We highlight the following three constraints i) the differential effects of
carbon-tax across different economies, ii) focus on short-term economic impacts and emission
reductions in our model and iii) uncertainty in converting carbon emissions into temperature
anomalies, driven by the variability in external forcings and climate feedback mechanisms

However, if we set aside the validity of above constraints, we can compute the climate sensitivity as
suggested by the reviewer. We have included the relevant temperature anomaly computations in the
supplementary information for readers who wish to compare our results with those of integrated
assessment models (IAMs), such as those by Lamberti et al. Our results align closely with Lamberti
et al. Fig. 9b. We also present the details of the calculations in SI section IX: “Impact of a carbon
tax on Climate sensitivity”.


