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1. Ecological vs environmental macroeconomics: conceptual
issues

Two different traditions in analysing environmental issues from an
economics point of view:

* Environmental economics: Environmental problems are analysed
as market failures that can be tackled by putting the right price on
negative environmental externalities. This tradition relies on
neoclassical economics.

= Ecological economics: The economy is considered as a subsystem
of the ecosystem and the implications of the laws of
thermodynamics are explicitly taken into account. This tradition
uses insights from many disciplines and has strong links with
heterodox economics.
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1. Ecological vs environmental macroeconomics: conceptual
issues

" In environmental economics a weak conception of sustainability is
adopted: natural capital (like matter, energy and land) and human-
made capital are assumed to be perfectly substitutable.

= On the contrary, ecological economics adopts a strong conception
of sustainability: substitutability is assumed to be limited.

=  Weak sustainability->technological innovation is the main solution
to the environmental problems.

= Strong sustainability-> technological innovation is useful, but is
not enough; more fundamental changes are necessary.
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1. Ecological vs environmental macroeconomics: conceptual
issues

* Environmental macroeconomics analyses macroeconomic
issues by relying on the tradition of environmental
economics.

= Ecological macroeconomics is a relatively recent field which
analyses macroeconomic issues by combining ecological
economics with heterodox macroeconomics.

= Post-Keynesian macroecononomics has played a key role in
the development of ecological macroeconomics.
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1. Ecological vs environmental macroeconomics: conceptual

issues
Cost-benefit analysis in environmental macroeconomics

= Inthe context of climate policy evaluation, cost-benefit analysis
suggests the identification of optimal policies through a
comparison of costs and benefits.

= Costs: how much do we have to pay for a specific environmental
policy?

= Benefits: how much do we benefit by addressing environmental
problems through this policy?

= An optimal climate policy is a policy that weighs costs and benefits.



1. Ecological vs environmental macroeconomics: conceptual

issues
Pitfalls of cost-benefit analysis

* Unidimensional approach that monetises costs and benefits and
ignores the intrinsic value of nature

* Implicitly assumes that consumption per person in the future will
be higher

= |gnores the beneficial economic effects of climate mitigation



1. Ecological vs environmental macroeconomics: conceptual

issues
Systems-based analysis in ecological macroeconomics

=  Several dimensions are assessed at the same time. These
dimensions include ecological, economic, financial and social

factors. Crucially, these factors interact with each other
through feedback loops that are at the heart of system .}
dynamics.

* The short-run and long-run effects of specific policies are
evaluated without having to discount the future values of
variables. Specific attention is paid to path dependency: future
outcomes are not independent of short-run developments.

* The collapse of systems is a possibility.



1. Ecological vs environmental macroeconomics: conceptual

155ues The issue of growth

The link between economic growth and environmental impact can be captured by
the following equation:

Environmental impact=(Environmental impact/GDP)*GDP

v v v

Examples: CO, emissions, use of
energy and matter, material
waste, deforestation

Intensity effect Scale effect

Relative decoupling: GDP 1, environmental impact/GDP | and envir. Impact 1

SOAS Absolute decoupling: GDP 1, environmental impact/GDP | and envir. Impact |
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1. Ecological vs environmental macroeconomics: conceptual
issues

Environmental vs ecological macroeconomic modelling

Environmental macroeconomic models Ecological macroeconomic models

Supply-determined output (demand might matter only Demand-determined output (with supply-side constraints)
in the short run)

Banks are financial intermediaries (when they exist) Money is endogenous
Utility and profit maximisation Fundamental uncertainty/bounded rationality
Income distribution does not typically matter Income distribution interacts with economic activity

Environmental problems as an externality/cost-benefit Economy as a subsystem of the ecosystem/systems-based

analysis analysis

SOAS
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2. The DICE model

" The Dynamic Integrated Climate-Economy
(DICE) model that has been developed by
William Nordhaus is the most popular
Integrated Assessment Model (IAM).

= |t combines an economy module, that relies
on a standard neoclassical growth framework,
with a climate module.

= The model has been used extensively for
identifying optimal carbon pricing.
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Climate Change: The Ultimate Challenge for Economics’

By WiLLIAM NORDHAUSH

The science of economics covers a vast terrain, as is clear from the history of
Nobel awards in this area. Among the many fields that have been recognized are
portfolio theory to reduce investment risk, the discovery of linear programming
algorithms to solve complex allocation problems, econometric methods as a way
of systematically understanding history and behavior, economic growth theory, and
general-equilibrium theory as the modern interpretation of the invisible hand of
Adam Smith.

The award this year concerns another of the many fields of economics. It involves
the spillovers or externalities of economic growth, focusing on the economics of
technological change and the modeling of climate-change economics. These top-
ics might at first view seem to live in separate universes. The truth is that they are
manifestations of the same fundamental phenomenon, which is a global externality
or global public good. Both involve science and technology, and both involve the
inability of private markets to provide an efficient allocation of resources. They also
draw on the fields mentioned above as integral parts of the theoretical apparatus
needed to integrate economics, risk, technology, and climate change.

The two topics not only share a common intellectual heritage, but also are both
of fundamental importance. Technological change raised humans out of Stone Age
living standards. Climate change threatens, in the most extreme scenarios, (o return
us economically whence we came. Humans clearly have succeeded in harnessing
new technologies. But humans are clearly failing, so far, to address climate change.

My colleague Paul Romer has made fundamental contributions to understand-
ing the global externality of knowledge, and we learn of that key discovery in his
essay. This essay addresses the climate-change externality—its sources, its potential
impacts, and the policy tools that are available to stem the rising tides and damages
that this externality will likely bring to humans and the natural world. It draws upon
my writings in the area, most of which are cited in the references.

=Department of Eco
nordhaus & adu). Th

m:':chi)l-m. !;\i\'cdr':l_nr. December 3,
ory of Alfred N . This article is
+f the Nobel Foundation.
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2. The DICE model

" Households maximise their welfare taking into account their time
preferences and the impact of consumption on their utility.

" Firms produce output by using capital and labour. They maximise their
profits. Their investment is financed through household saving (saving
causes investment).

" Firms can spend money on a backstop technology, which allows them to
reduce carbon emissions and contribution to climate mitigation.

" There is an abatement cost function according to which the cost of
emission reductions depends on the emission reduction rate.

" No banks and no involuntary unemployment.

SOAS
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2. The DICE model

Economic R Carbon
activity emissions
Climate ) Atmospheric

damages temperature
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2. The DICE model

Devolution of Nordhaus's Damage Function 1992-2018
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2. The DICE model

Key results

70

CO, emissions, GtCO, /yr

60
50
40
30
20 s

—— Base ~ - Paris extended \
10

—0o— C/B optimal -x= T<2°C \-‘

5 —— R=2% — R =1%
2020 2030 2040 2050 2060

SOAS

University of London

Cost-benefit analysis: The
optimal carbon price
balances the present value
of the costs of abatement
and the present value of the
benefits of reduced climate
damages

Source: Barrage and
Nordhaus (2024) 15



2. The DICE model

Why is the optimal
temperature in the model
of Nordhaus so high?

= Optimistic assumptions
about climate damages

* High discount of future
generations’ consumption
* High responsiveness of
temperature to emissions
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3. E-SFC modelling

" Ecological stock-flow consistent (E-SFC) models have been widely
used to analyse the interactions between the economy and the
ecosystem, as well as the macrofinancial implications of
environmental policies.

= A distinct feature of SFC models is the emphasis that they place on
the stock-flow interactions between macroeconomic and financial
variables.

" E-SFC models have analysed the role of green fiscal policy (Bovari
et al., 2018; Monasterolo and Raberto, 2018, 2019; Dafermos and
Nikolaidi, 2019, 2022; Gourdel et al., 2024), green monetary policy
(Dafermos et al., 2018), green financial regulation (Dafermos and
Nikolaidi, 2021; Dunz et al., 2021) and low growth (Jackson and
Victor, 2020).

SOAS
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3. E-SFC modelling

The Dynamic Ecosystem FINance-Economy (DEFINE) DEFINE

model is an E-SFC model that analyses the interactions An ecological stock-low cansistent modeling framework
between the ecosystem, the macroeconomy and the [ newe  tem  publiators Vodest manuals Webinterface
financial system.

Firms invest both in green and conventional capital and
take out green and conventional loans from banks.

Banks provide only a proportion of the demanded loans. Interest loan spreads are
endogenous.

Households receive several forms of income and invest in bonds, deposits and government
securities. The wage income share depends negatively on the unemployment rate due to a
bargaining power channel.

The government sector invests in conventional and green capital.
Central banks set the base interest rate and buy conventional/green bonds issued by firms.

SOAS
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3. E-SFC modelling

Balance sheet matrix

Households Firms Banks Government sector c;::::;:] Total
Conventional capital +2K(“(PRI)" +K(j((;()1'), +K(,'l
Green capital +XK g priyit +Kgcov)e +Ken
Durable consumption goods +DC; +DC,
Deposits +Dy -Dy 0
Conventional loans -XLei +XL i 0
Green loans -YLgit +XLgit 0
Conventional bonds +poboys -pcbet +pcbeos 0
Green bonds +pcbont -pc:bet +pcbaont 0
Government securities +SEC ¢ +SECg; -SEC; +SECea it 0
High-powered money +HPM, -HPM; 0
Advances -Ay +A; 0
Total (net worth) +Vin +Viy +CAP;  -SEC+K¢covi+Kecov)e +Vene +Kpo+ K +DC;

Source: Dafermos and Nikolaidi (2022)
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3. E-SFC modelling

Physical stock-flow matrix, matter

. Carbon content Carbon content Cumulative . . Soclo-economic Cumulative
Atmospheric . . L Material Material X .
of fossil energy of tossil energy carbon dioxide material material Total
OXVEen . resgurces reserves )
resources reserves emissions stock waste
Opening stock Oay 4 RES-pe_y REVeogE:_ 1 CO%yme—1 RE S REVye SEMS; 4 WASTE ymi—1 MATTE By
Exctracted matter M, M, I
Discarded material stock DIS; + DI S: 0
Recyeled discarded material stock +REC: REC, 0
Material resources converted into reserves CON pge FOON pre n
Energy resources converted into reserves CONgy FOON g, n
Carbon used in fossil combustion CARBON; FCARBON, 0
Oxyveen used in fossil fuel combustion OXYGEN: FOXYGENG I
Closing stock Oay RES-g, REVog, CO2%yme RESy: REVys: SEMS, WASTE ym: MATTE Ry

Note: The table vefers o annuel globel sfocks and flows, Mabter @5 measured @ gigafonnes.

Source: Dafermos, Colesanti Senni, von Jagow and Nikolaidi (forthcoming)
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3. E-SFC modelling

Physical stock-flow matrix, land

I.\Jatural I.’lanted Cropland Pastureland Built-up area  Other land Total
forest forest
Opening stock FORpN;_1 FORp;_1 CROP;_4 PAST; 4 BUILT; 4 OTHERp; 1 LANDt
Cropland-related deforestation DEFORq +DEFOR; 0
Pastureland-related deforestation DEFORp; +DEFORp; 0
Planted forests-related delorestation DEFORpp; +DEFORpp: 0
Other land-related deforestation DEFORq; +DEFORo; 0
Deforestation due to built-up area DEFORRg +DEFORR: 0
Land conversion from pastureland to cropland +LCpcoy LCpcy 0
Cropland reforestation /afforestation +REFOR¢: REFORq; 0
Pastureland reforestation/afforestation +REFORp; REFORp,; 0
Cropland regenerated into natural forest +REGE Ny REGEN ¢y 0
Pastureland regenerated into natural forest +REGENp; REGENp; 0
Planted forest regenerated into natural forest +REGENpp; REGENpp 0
Other land regenerated into natural forest +REGENp, REGEN g, 0
Land conversion from pastureland to built-up area LCpp: +LCpp, 0
Land conversion from cropland to built-up area LCeop: +LCcp: 0
Land conversion from other land to cropland +LCoc: LCoc: 0
Land conversion from other land to pastureland +LCop: LCop: 0
Closing stock FORp; FORp,; CROP; PAST; BUILT; OTHER;; LAND~T

Note: The table refers to annual global stocks and flows. Land s measured i million hectares.

Source: Dafermos, Colesanti Senni, von Jagow and Nikolaidi (forthcoming)
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3. E-SFC modelling

Key channels through which climate change and
financial stability interact in the model

Green Credit
“““““““““““““““ investment [~ 7| expamsion |
Climate | Economic ‘ _____ Fim Default
change growth illiquidity rate
Households’ Piice of
-------------------------- portfolio mmrmm*corporate bonds|
choice
SOAS Source: Dafermos, Nikolaidi and Galanis (2018)
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3. E-SFC modelling
Green fiscal policies (DEFINE-GLOBAL)

= Carbon Tax (CT): Anincrease in carbon taxes without revenue
recycling.
= Carbon Tax and Green Subsidies (CT+GS): Carbon taxes are recycled

in the form of green subsidies that are provided to firms. The level of
carbon taxes is the same as in the first scenario.

= Green Public Investment (GPI): Green public investment increases
from around 0.2% to 1% of GDP per year.

23



Growth rate of output (%)

3. E-SFC modelling

Green fiscal policies (DEFINE-GLOBAL)

Growth rate of output

Default rate

I I I I I
2021 2030 2040 2050 2060

Source: Dafermos and Nikolaidi (2022)
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Public debt-to-output ratio (%)

3. E-SFC modelling

Green fiscal policies (DEFINE-GLOBAL)

Atmospheric temperature
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3. E-SFC modelling
Green fiscal policies (DEFINE-GLOBAL)

Type of indicator Indicator Carbon Tax Carbon Tax+Green Subsidy Green Public Investment
Short run Long run Short run Long run Short run Long run
' Temperature Mildly declines Mildly declines Mildly declines ﬁ
Feological Waste per capita Mildly declines Mildly declines Mildly declines  Mildly increases

Macroeconomic- Unemployment rate Mildly increases Mildly declines Mildly declines
social Wage share Mildly declines Mildly increases Mildly increases
Default rate Mildly declines  Mildly declines Mildly declines
Financial Banks' leverage ratio Mildly declines  Mildly declines  Mildly declines Mildly declines

Public debt-to-output ratio

Source: Dafermos and Nikolaidi (2022)

SOAS
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3. E-SFC modelling

Green fiscal policies (DEFINE-UK)

= Carbon Price Increase: The emission price in the UK is increased
steadily from around £15/MTCO, to over £200/MTCO,_ by 2035.

= Green Power Subsidy: The government increases its GB energy

power su
with this
non-fossi

bsidy from £8.3 bn to £40 bn over 5 years and continues
evel of spending for the rest of the simulation, or until a

fuel electricity transition is achieved.

* Housing Subsidy: The government provides subsidies to households

for green

home improvements covering 40% of the cost of energy

efficiency and electrification improvements.
* Combined Scenario: All above policies are run simultaneously.

27



3. E-SFC modelling

Green fiscal policies (DEFINE-UK)

GDP

3000 1 =o=All policies

=—e— Bascline

=4 = (Carbon Price Increase

=x= Green Housing Subisdy
ubsidy

=+=@Green Power

27501

2500 1

GDP £bn (2022 prices)

2250+

2024 2025 2026 2027 2028 2029 2030 2031
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Source: George and Dafermos (forthcoming)
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4. E-DSGE modelling

= Environmental Stochastic General Equilibrium (E-DSGE) models
have been used to examine environmental issues in the context of
business cycle analysis.

= Adistinction can be made between: (i) DSGE models without finance
and (ii) DSGE models with finance.

* |n DSGE models without finance, a standard DSGE model is combined
with a damage function and a carbon pricing framework. Main
purpose: identify a carbon price that makes the business cycle
smoother.

" |n DSGE models with finance, environmental issues are examined in
the context of a financial accelerator framework.

29



4. E-DSGE modelling

Financial intermediation in Gertler and Kiyotaki (2011)

Funds Funds
Non-financial firms [« Banks « Households
Funds Funds
Funds
Central bank Other banks

SOAS Funds

University of London



4. E-DSGE modelling

A DSGE model with financial accelerator and carbon
taxes

= Diluiso et al. (2021) have developed a model that
combines the financial accelerator framework with
carbon taxes and climate finance policies.

" Two types of energy producers: low-carbon
producers and fossil energy producers.

®  Banks lend funds to firms obtained from
households.

" The model includes emissions but not
environmental damages.

SOAS

University of London
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Climate actions and macro-financial stability: The role of central =

banks

Francesca Diluiso®, Barbara Annicchiarico ™, Matthias Kalkuhl *#, Jan C. Mi

“Mercapr Resesrch Futiage on Gilobal Commons and Climate Change (MOC), Torgmer Sz 1215, 10829, Berdn, Germany

® University of Rome Tor Vargam, Deparmment of Ecomomics and Fimance, Wiz Columbia 2 00133 Roma, Imly

© Unhersity of Poeslam, Farnby of Eromomizs and Social Seimees, Augict Habel Srofe 46, 14442 Fodem, Germany

* Pristley Intemasional Certre far Climate, School of Karsh and Eméommens, Uniersiy of Loecs, Leeds 1S2 ST, UK

ARTICLE INFO ABSTRACT

[rTpE—— Limiting global warming to well below 2 *C may pose threals to macrosconomic and financial
A stability. Tn an estimated Euro Ama New Keynesian model with financial frictions and climate

o3 policy, we study the possible perils of 3 low-carbon transition and evaluate the mle of monetary

:"; policy and financial regulation. We show that, even for very ambitious climate targets, transition

‘:'“ eosts are moderste alimg 3 timely and gradusl mitigation pathway. Infation valatility strongly

increases for disorderly climate palicy, demanding a strong monetary response by central banks.
Keywords: In reaction 1o an adverse financial shock originating in the fossil sector, 8 green quantitative
Qimaepaliey easing palicy rovide an effective stimulus 10 the economy, but its stabilising propenties

Gneen transifion

PP do not significantly differ from those of market neutral amet purchase programs. A financial
Copi requireanents regulation, encouraging the decarbonization of the banks' babincs sheets via af hoe capital
Green quantitathe easing requirements, can significantly reduce the severity of a fizancial erisls, but prolongs the moovery

Bnro area phase. Our results suggest that the involvement of central banks in climate actions must be
camefully designed to be in compliance with their mandate and to avoid unintended trade offs

Thrugh our soategy review, we will determine where and how the isase of climate change and the fight against climate change can
actually have an impact on our policies.

[Christine Lagarde (2020), President of the ECB]
L. Introduction

By signing and matifying the Paris Agreement countries agreed to limit global warming to well below 2 “C. Achieving this target
requires to reach net-zero €O, emissions within the next 50-60 years { IPCC, 201 §). According to recent estimates, this implies global
to decline by Iy 7% per year in a typical 1.5 °C scenario and by 3% per year in a 2 *C scenario (e.g. Hihne

et al, 2020). Such srong emission reductions are historically unprecedented and partially the result of the past decade of paolitical
failure in contrasting climate change. In the absence of more stringent climate policies, global emissions are bound to keep rising
(e.g. Friedlingstein et al, 2019, UNEP, 2019)." The current plans of expanding fossil fuel production will lead to emision levels in

* Coresponding author.
mail addresses: diluisoffmee berlinnet (F. Diluisc), berbera annicchiaricog uniromaz it (B Annicehiarico), kalkuhlimes berinnet (M. Kallubl),
mimefimee berlinnet (1. Min)
! While the pandemic erisis hus lead to 2 projectad decrease of 7% in carbon emistons in 2030 (see Le Quéré et al
quick rebound in emissions with even higher growth rates (e, ¢ 1,

past recassions showed 2

Asnilable online 17 October 2021
0095-0696,€ 2021 Bloevier Inc. All rights reserced.
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4. E-DSGE modelling

A DSGE model with financial accelerator and carbon
taxes

" The figure shows the effects of a continuous
increase in carbon taxes.

" Due torational expectations, the increase in the
carbon tax leads firms to increase production in
the first years (since they expect a further increase
in their production costs in the future).

" In their attempt to maximise their intertemporal
utility, workers also supply more labour and save
more (since they expect a reduction in their wages
in the future).

" Asaresult of these developments, inflation also

declines.

Source: Diluiso et al. (2021)
Note: Baseline is the orderly scenario

SOAS
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in which the mitigation policy is
implemented with a 3-year delay.

and Delayed is the disorderly scenario
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4. E-DSGE modelling

Limitations of E-DSGE models and their interconnections

Since fiscal deficit should be funded by pre-
existing savings, the financing of private

. investment is negatively affected by a higher
1. Banks are misrepresented as A

pure financial intermediaries and
macrofinancial feedback loops
play a limited role

4. The substitutability assumptions in
the production function and the
portfolio choices are unrealistic

Since demand has a limited role, the

Since banks do not create

purchasing power via money
creation. changes in demand
are limited

implications of endogenous money
ereation for economic fluctuations
and macrofinancial feedback loops
cannot be adequately captured

Since green public infrastructure
cannot lead to a large-scale
replacement of fossil energy witl]
non-fossil energy, expansionary

fiscal policy has a limited role in|

Arpes to be endogenons =
the green transition

2. Demand has a restricted
impact on economic activity

3

Since agents have rational .

= ) Since demand does not play an
expectations about future . -

. . active role, demand
production driven only by supply- .

i ) : L fluctnations as a source of
side considerations, it 1s not
possible for demand to play an
active role

disequilibria are ruled out

L4

. . Iy .
3. Disequilibrium phenomena since banks|do not play an active ¢ 5. The positive effects of |

cannot be adequately analysed tole, financial instability cannot be expansionary fiscal policy are limited
properly analysed

| Since agents have rational expec taTions about the repayment of debt
and there are no hysteresis effects of government spending, the
positive economic role of expansionary fiscal policy is downplayed

SOAS

University of London Source: Dafermos, McConnell, Nikolaidi, Storm and Yanovski (2024)
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