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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 to be 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.

SOAS
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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 and energy sources) 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.

SOAS 4
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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.

SOAS 5
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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 climate 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 .j
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

155U€s 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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2. Incorporating environmental issues into macroeconomic
modelling

Approach 1: Environmental modelling without environmental
variables

" Macroeconomic models can be extended to include a distinction
between (i) carbon-intensive and green sectors, (ii) green and
conventional (private and public) investment, (iii) green and
conventional financial products (such as bonds and loans).

= This approach is typically used to analyse transition risks and the
macroeconomic implications of environmental policies.

SOAS o



2. Incorporating environmental issues into macroeconomic
modelling

Approach 2: Environmental modelling with environmental
variables

" Macroeconomic models can be extended to include (i) carbon
emissions, (ii) material flows and waste, (iii) deforestation and (iv)
the feedback effects of the environment on the macroeconomy.

= This approach is typically used to analyse the harmful effects of
economic activity on the environment and the implications of
physical risks.

11



2. Incorporating environmental issues into macroeconomic
modelling

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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3. 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.

SOAS
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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.
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3. 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

University of London
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3. The DICE model

Economic R Carbon
activity emissions
Climate ) Atmospheric

damages temperature
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3. The DICE model

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

Key results
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FIGURE 2. ACTUAL AND PROJECTED EMissiONS OF CO, IN DIFFERENT SCENARIOS

SOAS Source: Nordhaus
Note: The two most ambitious scenarios require zero emissions before mid-century. (2018) 17
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3. The DICE model

Key results
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FIGURE 4. TEMPERATURE CHANGE IN DIFFERENT SCENARIOS
SOAS Note: The two most ambitious scenarios cannot limit temperature to 2.5°C in the best-guess Source: Nordhaus
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4. 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),
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).

Ecological agent-based models (e.g. Lamperti et al., 2018) typically derive
similar results as the SFC models but have the additional feature of agent-
based interactions.

SOAS

University of London
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4. E-SFC modelling

The Dynamic Ecosystem FINance-Economy (DEFINE)

model is an E-SFC model that analyses the interactions
between the ecosystem, the macroeconomy and the
financial system.

Home

w cons!

PAPER IN THE JOURNAL OF
FINANCIAL STABILITY

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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4. E-SFC modelling

Balance sheet matrix

Households Firms Banks Government sector c:f;:;:l Total
Conventional capital +EKo(priyit +Kecovy +Key
Green capital +XK g priyit +Kecovy +Ken
Durable consumption goods +DC4 +DC(C,
Deposits +Dy -Dy 0
Conventional loans -YLei +XL i 0
Green loans -YLai +YL i ()
Conventional bonds +pobo s -pcber +pcbees 0
Green bonds +pebant -pc:bet +pcbaost 0
Government securities +SEC ¢ +SECg; -SEC; +SECep: 0
High-powered money +HPM, -HPM; 0
Advances -Ay +Ay 0
Total (net worth) +Vin +Viy +CAP; -SEC,+K¢covi+Kecovy +Ven +Key+ K +DC;

Source: Dafermos and Nikolaidi (2022)

SOAS

University of London
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4. E-SFC modelling

Physical stock-flow matrix

Material Fossil energy  Cumulative CO2  Socio-economic  Cumulative hazardous
reserves reserves emissions stock waste
Opening stock REV e REVE: 1 CO2cumt—1 SES:_1 HWeuare—1
Additions to stock
Resources converted into reserves +CON 4 +CONEg;
COz2 emissions +EMIS;
Production of material goods +MY;
Non-recycled hazardous waste +hazW;
Reductions of stock
Extraction/use of matter or energy -M; -Epy
Demolished /disposed socio-economic stock -DEM;
Closing stock RE Vs REVg, CO2cumt SES; HWeu it

Source: Dafermos and Nikolaidi (2022)

SOAS .
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4. E-SFC modelling

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

Green Cl‘edit
“““““““““““““““ investment [~ 7| expamsion |
Climate | Economic ' _____ Firm Default
change growth illiquidity rate
Households’ Piice of
--------------------------- portfolio Wmmm’corporate bonds|
choice
SOAS Source: Dafermos, Nikolaidi and Galanis (2018)
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4. E-SFC modelling

Green fiscal policies

= Carbon Tax (CT): Anincrease in carbon taxes after 2024, 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
after 2023 from around 0.2% to 1% of GDP per year.

24



Growth rate of output (%)

4. E-SFC modelling

Green fiscal policies

Growth rate of output
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SOAS CT+GS: Carbon Tax + Green Subsidy

University of London GPI: Green Public Investment

25




Public debt-to-output ratio (%)

4. E-SFC modelling

Green fiscal policies
Atmospheric temperature

[ ]
Public debt-to-GDP
S . o_
<+ |—— Baseline <+ |—— Baseline
—— CT —e— CT
—»— CT+GS 0 _ | CT+GS
o |9 GPI o © |-+ GPI
O — Q_.
R o
o
2 o]
[V]
o S
_ w0
& 0~
=2
L
e S
~ [(}]
= w_]
O— o]
| | | | | | | | | T |
2021 2030 2040 2050 2060 2070 2080 2090 2100 2021 2030

Source: Dafermos and Nikolaidi (2022)

SOAS

University of London

CT: Carbon Tax
CT+GS: Carbon Tax + Green Subsidy
GPI: Green Public Investment

2040

2050

2060

2070

I
2080

I
2090

I
2100

26




4. E-SFC modelling

Green fiscal policies

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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4. E-SFC modelling
Sufficiency policies and climate policy mixes

= Sufficiency scenario: Policies that reduce consumption are
introduced gradually over the period 2024-2100 and lead to a
reduction in the propensities to consume by 15% in 2100 compared
to their 2024 levels (these are combined with a reduction in working
hours).

= Two climate policy mixes:
1) Fiscal+Financial scenario: We combine green fiscal policies and
green monetary/financial policies.

2) Sufficiency+Fiscal+Financial scenario: We combine the sufficiency
policies with the macroeconomic and financial policies of the
previous scenario.

SOAS

University of London
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Growth rate of output (%)

4. E-SFC modelling

Sufficiency policies and climate policy mixes
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4. E-SFC modelling

Sufficiency policies and climate policy mixes

Type of indicator Indicator Sufficiency policies Fiscal+Financial policies Sufficiency +Fiscal+Financial
policies
Short run Long run Short run Long run Short run Long run
Temperature Mildly declines
Ecological : . .
Waste per capita Mildly declines
Macroeconomic- Unemployment rate Mildly increases Mildly declines Mildly declines
social Wage share Mildly declines Mildly increases Mildly increases
Default rate Mildly declines Mildly increases
Financial Banks' leverage ratio Mildly increases Mildly declines Mildly increases Mildly increases

Public debt-to-output ratio

Mildly increases

Source: Dafermos and Nikolaidi (2022)

SOAS

University of London

Mildly declines

Mildly increases Mildly increases
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5. 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.

31



5. 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
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5. 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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ARTICLE INFO ABSTRACT

L cassif cation: Limiting global waming to well below 2 °C may pose threats to macreconomic and financial
ﬂ stability. Tn an estimated Furo Area New Keynesian model with financial frictions and climate

] policy, we study the possible perik of 3 low-carbon transition and evaluste the mle of monetary
::J policy and financial regulation. We show that, even for very ambitious climate targets, transition
<qu eosts are moderste along 3 timely and gradusl mitigation pathway. Infation velatlity strongly

increases for disorderly climate policy, demanding a strung monetary response by central banks.
eyt In reaction to an adverse financial shock originating in the fossil sector, a green quantitative

imate palicy
Green transition
Monetary pelicy

easing palicy
do not

rovide an effective stimubis 1o the economy, but its stabilizing propenties
ntly differ from those of market neutral amet purchase prograns. A financial
encouraging the decarbonization

Capital equiremens regulati of the banks' balinee sheets via af hae capitsl
Green quantitative easing requirements, can significantly reduce the severity of a financial crisis, but prolongs the recovery
— phase Our mesults suggest that the involvement of central banks in climate actions must be

camfully designed to be in compliance with their mandate and to avoid unintended trade-offs

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

[Christine Lagarde (2020), Presdent of the ECH]

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 00, emissions within the next 50-60 years { [IPCC, 201 §). According to recent estimates, this implies global
to decline by imately 7% per year in a typical 1.5 °C scenario and by 3% per year in a 2 °C scenario (e.g. Hithne

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

Available online 17 October 2021
0095-0696,C 2021 Bloevier Inc. All rights reserved.
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5. E-DSGE modelling

A DSGE model with financial accelerator and carbon

taxes

The figure shows the effects of an increase in
carbon taxes.

Due to rational expectations, the increase in the
carbon tax leads firms to increase production in

the first years (since they expect a further increase 0
in their production costs in the future). 10
In their attempt to maximise their intertemporal -
utility, workers also supply more labour and save 0
more (since they expect a reduction in their wages 4
in the future).
0
As a result of these developments, inflation also 5
declines. - 10
Source: Diluiso et al. (2021) 15
Note: Baseline is the orderly scenario
SOAS and Delayed is the disorderly scenario -20

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

University of London

Output, Y

10 20 30 40

Fossil Capital, K}
-~
~
~
~
N
N
N\
N
\
10 20 30 40
Energy,
~
~
~
N\
AN
N
N\
\
N\
N
\
-
10 20 30 40

y
%

-0.5

100

50

0

-20

-40

-60

-80

Consumption, C'

10 20 30 40

Final Goods Capital, Ky

10 20 30 40

Low-Carbon Capital, K,

10 20 30 40

Emissions, X

Baseline == == = Delayed

10 20 30 40



5. E-DSGE modelling

A DSGE model with green QE

® Ferrari and Nispi Landi (2023) have developed a model
that combines the DSGE financial accelerator
framework with some aspects of the DICE model.

" Adistinction is made between green and brown firms
both of which issue bonds bought by banks and the
central bank. Green and brown bonds are not perfect

substitutes.

Banks

Assets

Liabilities

Central Bank

Assets

Liabilities

Green bonds bg,

Brown bonds bE,

SOAS

University of London

Net worth n;

Deposits d;

Green bonds b§,

Brown bonds b5,

Pub. bonds dp;

"We thank the editor, two anonymous reviewers, and our discussant Barbara Annic

CAMBRIDGE

UNIVERSITY FRESS

ARTICLE

Whatever it takes to save the planet? Central banks and
unconventional green policy’

Alessandro Ferrari' and Valerio Nispi Landi***

'DG Monetary Policy, Monetary Analysis Division, European Central Bank, Frankfurt am Main, Germany
*Harvard Kennedy School, Cambridge, MA, USA
Bank of Italy, Rome, Italy

*Corresponding author. Email: valerio nispilandi@bancaditalia.it

Abstract

We study the transmission mechanism of a Green QF, defined as a policy that tilts the central bank’s bal-

ance sheet toward green bonds, that is bonds issued by non-polluting firms. We merge a DSGE framework

with an environmental model, in which €02 emissions increase the stock of atmospheric carbon, which

in turn decreases total factor productivity. Imperfect substitutability between green and brown bonds isa

necessary condition for the effectiveness of Green QE. However, even under this assumption, the effect of
sreen QF in reducing emissions is negligible and in some cases close to nil.

Keywords: Central bank; monetary policy; quantitative easing; climate change

1. Introduction

Climate change is the standard example of a negative externality, which should be addressed by
an appropriate Pigovian tax. However, as argued by Carney (2015), climate change is a “tragedy
of the horizon,” because its impact lies well beyond the horizon of most actors. While the political
costs of enacting environmental regulation and raising eco-friendly taxes must be faced in the
short term, the associated welfare and political gains are likely to emerge only in the medium to
long term, suggesting that political-economy arguments may play an important role.!

If governments are not in a comfortable position to raise taxes to tackle climate change, inde-
pendent institutions such as central banks may be better placed to face the challenge: in January
2021, the Sverige Riksbank started a norm-based negative screening on purchases of corporate
bonds; in July of the same year, the ECB announced a plan to entail climate considerations into
its monetary policy framework including the transparency on emissions as an eligibility require-
ment and a possible tilting of its asset purchases program toward less carbon-intensive firms; in
November, the Bank of England presented a plan with both negative screening and tilting towards
less carbon-intensive firms among sectors.

rico for their useful feedback. We are
also grateful to Katrin Assenmacher, Alessandro Cantelmo, Pacla Di Casola, M. no Ferrari Minesso, Gianluigi Ferrucci,
Francesco Giovanardi, Peter Karadi, Filippo Natoli, Stefano Neri, Salvatore Nistico, Maria Sole Pagliari, Andrea Papetti,
Francesco Paternd, Cosimo Petracchi, Massimiliano Pisani, Luca Riva, Alessandro Secchi, Andrea Tiseno, s
participants at the ECB, Bank of Italy, Brown University, Sveriges Rikshank, E-axes Forum, and conference participants at
the 19th Macroeconomic Dynamics Conference, at the 62nd Annual Conference of the Italian Economic Association, and
at Banque de France’s conference on Advances in Macro and Finance Modelling of Climate Change for their comments and
suggestions. The opinions expressed in this paper are those of the authors and do not necessarily reflect the views of the ECB,
the Bank of Italy or the Eurosystem.

ninar online
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5. E-DSGE modelling

0.001 - Output ST Inflation g .Global pollution of EA emisiifn?
L |
° 0.0005 0.0005 | £ -0.1 r
A DSGE model with green QE 0 o | ) S
Only brown firms generate carbon emissions. The s Tl |
concentration of carbon affects a damage rEERTI HAE B ELER 3 HEE
function which in turn affects total factor mr— e B A e
productivity. In the steady state the concentration ot I 4 b, i -
of carbon is constant. R B A
The figure shows the effects of a green QE that asf! N SO R ST R
takes the form of an increase in green bonds o % W oM oW W @ W ma e 2o
bought by the central bank, accompanied by a g o Soweptd o Swebe St
decline in brown bonds. orft NV | P Y B
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Ferrari and Nispi Landi (2022) have developed a
similar model in which households face green- P [ —
bond utility and brown-bond disutility. This relaxes ey o> YOO
-100

0 20 40 60

the long-run neutrality of money assumption.

SOAS Source: Ferrari and Nispi Landi (2023)
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