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Embedding Finance in the Macroeco-
nomics of Climate Change:
Research Challenges and Opportunities

Ahead

The importance of “making finance flows consistent
with a pathway toward low greenhouse gas emissions
and climate-resilient development” (Art 2 (1)(c)) has
been highlighted by the Paris Agreement (PA) signed
by most UN countries in 2015 (UNFCCC 2015). The po-
tentially enabling role of finance in supporting the
low-carbon transition has also been recognized by
the European Action Plan on Sustainable Finance and
by the European Green Deal.!

However, more recently, financial supervisors
have been focusing on the financial risks associated
with climate change and with a disorderly transition
to a low-carbon economy. In 2015, the former Gover-
nor of the Bank of England, Mark Carney, warned the
financial industry about the impact of climate change
on the economy and finance (Carney 2015). Carney
highlighted that the temporal mismatch between cli-
mate impacts (mid to long term) and the short-ter-
mism of time horizons in financial decision making,
could lead investors to overlook the economic and
financial risks of climate change.

Since then, more than 70 central banks, financial
regulators and development finance institutions have
joined the Network for Greening the Financial System
(NGFS) to mainstream climate financial risk assess-
ment and climate stress testing in financial portfolios
(NGFS 2019). The NGFS concerns about climate-re-
lated financial risks are aligned with a stream of re-
search in climate finance that has developed around
the seminal work of the climate stress test (Battiston
et al. 2017).

The contribution of financial supervisors, practi-
tioners, and policy-relevant research has been pivotal
in advancing the analysis of climate-related financial
risks and opportunities. In this regard, understanding
under which conditions climate policy and finance
could be a driver or a barrier to the low-carbon tran-
sition requires one to (i) analyze the risk transmission
channels from climate change (either physical and
transition risks) within the economy and in the finance
sector, (ii) price forward-looking climate risks in inves-
tor portfolios and (iii) introduce climate change con-

1 https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-
an-green-deal_en.

ABSTRACT

The role of finance in the low-carbon transition, as well as the
deep uncertainty and endogeneity of climate finance risk, are
currently neglected by climate economic models. This leads

to a false sense of control in terms of risks and opportunities
associated with the low-carbon transition. Further, it prevents
people from understanding under which conditions climate
policies and finance could be a driver or a barrier. Recent
research has started to shed light on how climate economic
and financial risk modeling could embrace this complexity.

siderations in risk management strategies including
through climate stress testing.

Addressing these issues requires models able
to consider the nature of climate change risks for
finance, i.e. its deep uncertainty, non-linearity and
endogeneity. Climate economic models have so far
downplayed the complexity of risk across possible
climate change scenarios by limiting the impact of
uncertainty to averaged shocks on economic output.
Further, by focusing on identifying optimal policies
(e.g., carbon pricing) and the social cost of carbon,
such models neglected the role of agents’ adaptive
expectations in the realization of climate risk. Impor-
tantly, they have overlooked the role of finance and
its complexity in amplifying risks.

These are major limitations that could lead to
misunderstand the channels through which finance
interacts with investment and policy decisions in the
low-carbon transition, and thus to
underestimate risks and oppor-
tunities of climate action.

Overcoming these limita-
tions is crucial for the imple-
mentation of effective climate
policies and regulations, when in-
vestors fail to fully anticipate the
impact of the policy introduction,
thus affecting volatility of asset
prices. In this paper, we address
three main questions that are rel-
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evant to advance research in climate economics and
finance:

1. What is the nature of climate risks relevant for
investment decisions?

2. How well can the models used so far embed such
risks?

3. What are the knowledge gaps and what can we
do to fill them?

In particular, we discuss why climate risks challenge
traditional approaches in climate economics, focusing
on the role of time horizons, incentives and external-
ities. Next, we discuss the solutions offered by recent
macroeconomic and financial risk research rooted in
evolutionary economics and complex networks (Mon-
asterolo et al. 2019).

The article is organized as follows. Section 2
discusses the conditions for finance to function as a
driver or a barrier to the low-carbon transition. Sec-
tion 3 explores the nature of climate change risks for
the economy and finance, while section 4 elaborates
on the challenges for climate economics models to
address them. Section 5 presents advancements in
climate finance research and section 6 discusses cli-
mate stress tests for internalizing climate financial
risks in decision making. Section 7 concludes.

THE ROLE OF FINANCE IN THE LOW-CARBON
TRANSITION: DRIVER OR BARRIER?

Analyzing under which condition finance could be a
driver or a barrier for climate mitigation and adapta-
tion represents a crucial research challenge. Latest
IPCC reports (2014, 2018) highlighted the enabling role
that finance could play in achieving the climate tar-
gets by mobilizing capital for low-carbon investments.
New financial instruments, including Environmental
Social Governance (ESG) products and green bonds,
are increasingly considered a tool for scaling up sus-
tainable finance. For instance, in the first quarter of
2020, i.e. when the COVID-19 crisis started, ESG-re-
lated funds outperformed the markets.?

Nevertheless, climate finance is not increasing
at the pace and amount needed to align economies
with the PA and with the Sustainable Development
Goals (SDGs). Challenges include the uncertainties
that characterize climate change and climate policy
impacts; the lack of a standardized, operative taxon-
omy of sustainable investments (Monasterolo and Volz
2020); the low degree of transparency of sustainable
financial instruments (Karpf and Mandel 2018, Berg et
al. 2019, Busch et al. 2020); the lack of mainstreaming
of consolidated tools for climate financial risk assess-
ment (Battiston and Monasterolo 2020).

Another related reason can be found in the con-
sequences of a “disorderly” low-carbon transition for

2 https://www.morningstar.com/articles/976361/sustaina-
ble-funds-weather-the-first-quarter-better-than-conventional-funds
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the economy and finance, i.e., when investors fail to
fully anticipate the impact of the policy introduction
on their business, thus affecting the volatility of asset
prices (Monasterolo and Battiston 2020). Firms whose
business either depends on fossil fuel production and
utilization for revenues, or that are located in areas
exposed to climate-related hazards, will be affected
by losses, experiencing carbon-stranded assets (Lea-
ton et al. 2012). These losses could negatively affect
the value of the firms’ financial contracts and secu-
rities, and cascade to financial portfolios invested in
those firms (Stolbova et al. 2018). The high degree
of interconnectedness of financial actors can further
amplify losses for individual financial actors and for
the financial sector, as occurred in the last financial
crisis (Battiston et al. 2016a).

In this context, finance could turn out to be a
barrier to the low-carbon transition. By not revising
its investment decisions (i.e., assigning higher risk to
high-carbon firms and a lower risk for low-carbon in-
vestments) and not adapting its investment strategies
to the new climate and climate policy context, the
financial sector could introduce new risks for eco-
nomic and financial stability. Indeed, central bankers
have developed the notions of the climate “Minsky
Moment,” i.e., a sudden drop in carbon assets prices
and of “Green Swan,” i.e., global financial distress
triggered by climate change (Bolton et al. 2020).

Research has shown that central banks have good
reason to worry because investors and countries are
highly exposed to economic activities that can be-
come stranded assets (Dietz et al. 2016, Battiston et
al. 2017, Volz et al. 2020, Battiston and Monasterolo
2019).

THE NATURE OF CLIMATE CHANGE RISK IN THE
ECONOMY AND FINANCE

Understanding the characteristics of climate change
risk is crucial for assessing its impacts in the economy
and finance, to identify the most suited policies to
address them, and the conditions for implementing
them. These characteristics include (see Monasterolo
2020 for a review):

- Deep uncertainty. Forecasts of climate change
and its impact on humans and ecosystems con-
tain irreducible uncertainties because of the na-
ture of the earth system, including the presence
of tail events (Weitzman 2009) and tipping points
that could lead to the possibility of crossing the
planetary boundaries (Steffen et al. 2018) and
of triggering domino effects (Lenton et al. 2019).

- Non-linearity. Recent analyses show that the
distribution of extreme climate-related events
(heat/cold waves) is highly non-linear (Ack-
erman 2017). Fourteen of the fifteen hottest
years on record have occurred since 2000, while
2015-2019 were the five hottest years on record



(WMO 20193). If this trend continues, historical
data could be a poor predictor of future events
and their magnitude, and thus of future losses
induced by climate change.

- Forward-looking nature of risk. The impacts of
climate change and climate mitigation actions
(e.g., net zero transition) are on the time scale
of two decades or longer, whereas the time hori-
zon of investors and financial markets, and policy
makers, is much shorter (a few months, and three
to five years, respectively).

- Endogeneity of risk. Climate financial risks are
endogenous, depending on the perceptions of
future climate risks of policy makers and inves-
tors. These affect their expectations and policy/
investment decisions, and thus have an impact
on the realization of climate risks themselves
(Battiston 2019).

Hot Spots for Research Challenges in Climate
Finance

Traditional climate economic models based on opti-
mal policy have brought the attention to climate pol-
icy design and to the narrative of carbon-stranded as-
sets. However, in the analysis of climate finance, these
approaches face several challenges and limitations:

- Treatment of climate shocks. Climate shocks
are usually considered as exogenous, and their
averaged impacts assessed on aggregate GDP.
Importantly, the intertemporal impact of climate
shocks depends on assumptions made regarding
future discounting, in a cost-benefit framework
(see e.g., Nordhaus 1993, 2017). In reality, climate
change is being endogenously generated by the
production and consumption decisions of eco-
nomic agents, by the decisions of governments
to introduce (or delay) climate policies, as well as
by the investment decisions of financial actors.
Further, given the non-linearity of climate change
and its impacts, extreme shocks scenarios should
be considered to avoid underestimating risks.

- Deep uncertainty over climate impacts and cli-
mate policy leads agents to make decisions under
conditions involving imperfect information about
the future. It also implies potential mispricing of
climate risks (and opportunities) in financial con-
tracts (see e.g., Ramelli et al. 2018, Morana and
Sbrana 2019, Monasterolo and de Angelis 2020),
meaning that agents can be subject to informa-
tion asymmetries (e.g., on risks and returns of dif-
ferent investments, or on the exposure of inves-
tors to climate risks). In this context, assumptions
regarding perfect foresight on the part of agents
involving the future and the actions of all other
market participants, of market clearing prices,

3 https://public.wmo.int/en/media/news/july-matched-and-may-
be-broke-record-hottest-month-analysis-began.
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and of perfect substitutability of production fac-
tors (that allow a fast return to equilibrium) do
not allow these dynamics to be captured.
Endogeneity of risk. Perceptions of future climate
risks held by today’s policy makers and investors
could lead to multiple possible pathways (or equi-
libria, in the sense of strategic interaction of eco-
nomic agents) that are very different based on the
future prevalence of dominant climate policies and
energy technology shocks (Battiston 2019), or for-
ward-looking investors’ expectations (i.e., their
“climate sentiments”, Dunz et al. 2020a). If gov-
ernments delay policy introduction, climate risks
could affect countries and investor financial stabil-
ity in the near future. But if governments introduce
early climate policies and financial actors do not
trust them, they will not revise their investment
strategies and the low-carbon economy will not
develop. This, in turn, would make it costlier for
policy makers to further implement climate poli-
cies, and could eventually lead to a policy impasse.
Risk transmission channels and drivers of risk. In
today’s interconnected economies, climate change
and policy impacts can be transmitted to eco-
nomic and financial agents via chains of invest-
ment exposures, influencing their reactions. This,
in turn, can give rise to endogenously generated
macroeconomic dynamics. Identifying climate
risks transmission channels and the reinforcing
feedback is crucial in assessing the overall mag-
nitude of impacts and their distributive effects
(Dunz et al. 2020b). However, most climate eco-
nomic models consider uncertainty of climate im-
pacts only as an aggregate shock on GDP growth.
In addition, model behaviors are constrained by
assumptions on market clear pricing, presence of
representative agents with perfect foresight, and
perfect substitutions of production factors, and
by the lack of the role of finance and complexity.
These assumptions critically constrain and limit
the understanding of risk-transmissions channels
and distributive impacts.

The role of finance and its complexity. Finance
plays a main role in the economy and is recog-
nized as a powerful driver of risk amplification
via portfolio interconnectedness (Battiston et al.
2012, Billio et al. 2012, Adrian and Brunnermeier
2016, Battiston et al. 2016b). Climate economic
models either do not include a financial sector or
only consider a stylized financial actor that acts
as a conduit of savings for investments, subject to
economic efficiency criteria in asset pricing. This
is at odds with the functioning of the financial
sector, where access to finance is costly and often
not available, in particular in times of crisis, or for
new sectors that do not have a clear track record
(e.g., some low-carbon investments). Neglecting
finance and its complexity could lead to a false
sense of control over policy decisions and their
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impacts and to underestimating the risks (and
opportunities) from the low-carbon transition.

- Beyond monetary value to assess externalities.
Climate economic models carry out the valuation
of costs and benefits of climate policy action (or
inaction) solely in monetary terms. Nevertheless,
several elements that are crucial for mitigating
and adapting to climate change, e.g., biodiversity
and oceans, do not have a monetary value. Thus,
the negative externalities associated with the im-
pact of human activities, including finance and
policy, on these dimensions, and their impact on
the well-being of current and future generations,
do not enter calculations in cost-benefit analyses.
This leads one to underestimate the costs of cli-
mate inaction and to overestimate the costs of
policy action in the short term.

- Time horizon and incentives. The time horizon
of climate change and its largest impacts are ex-
pected to occur in the longer term (2050-2100
and beyond). This is also the time dimension con-
sidered in most climate economic models. How-
ever, policy makers and investors’ decisions are
taken on a much shorter time horizon (usually an
electoral term and a semester, respectively). This
mismatch between time horizons creates negative
incentives for policy makers and investors to act
early on the climate.

- Beyond optimal policy: second best solutions.
Deep uncertainty, non-linearity and endogeneity
of risk represent the primary obstacles to imple-
menting optimal climate policies and could result
in a general inability to come up with optimal car-
bon pricing. It has been highlighted that introduc-
ing a first-best solution in optimal policy context
(e.g., a carbon tax) is complex in actual practice,
and that it may not suffice alone (Stiglitz 2019). In
this context, central banks and financial regula-
tors (e.g. those of the NGFS) are now considering
the introduction of climate risk considerations
in their monetary and macroprudential policies.

ADVANCES IN MACROECONOMIC AND FINANCIAL
ASSESSMENT OF CLIMATE CHANGE

Assessing the impact of climate policies and invest-
ment decisions in the low-carbon transition require
standardized and actionable definitions of sustainable
economic activities and of carbon-stranded assets,
both of which are lacking to date.

Standardized classification of sustainable activities

The lack of a common and consolidated definition
of green finance makes it challenging to identify and
track green financing initiatives, instruments, and
eventually projects and sectors. In addition, it intro-
duces an additional source of uncertainty (i) for in-
vestors, who want to assess and manage climate risks
and opportunities in their portfolios, (ii) for financial
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supervisors with a financial stability mandate that
have to assess the drivers of individual and systemic
climate-related financial risks, and (iii) for policy mak-
ers, in the analysis of the winners and losers of the
policies for the low-carbon transition.

To fill this gap, the European Commission (EC) has
introduced the EU taxonomy of sustainable invest-
ments (the ‘Taxonomy’). The final regulation approved
in June 2020 (PE/20/2020/INIT) refers to ‘sustainable
economic activities’ based on the contribution to at
least one of six environmental goals, including climate
mitigation and adaptation. Furthermore, investments
in such activities should do no harm with regard to
the six environmental goals. Every activity (defined
according to the NACE sector level, thus excluding
certain firms) that passes the threshold can be consid-
ered sustainable according to the taxonomy criteria.
Thus, in order to be taxonomy eligible, economic ac-
tivities need to be not only in the list of eligible NACE
codes, but also to pass activity-specific thresholds
and Do-No-Significant-Harm (DNSH) criteria.

While the EU Taxonomy builds on the NACE code
classification (NACE Rev2), in several cases a more gran-
ular classification by energy technology is required in
order to identify economic activities that can be con-
sidered sustainable. Indeed, several firms have business
lines characterized both by high and low-carbon tech-
nologies (e.g. ENEL, ENI). In addition, the EU Taxonomy
does not provide a proxy of climate risk for the finan-
cial investments. Finally, it does not directly provide
a standardized classification of sectors or economic
activities that can are exposed to carbon-stranded as-
sets. These challenges may contribute to delay imple-
mentation of the EU Taxonomy in the financial market.

The limits of carbon-stranded assets
The concept of carbon-stranded assets has provided
a powerful metaphor to conceptualize the risks that
climate change and a disorderly low-carbon transition
could represent for the economy and finance. Van der
Ploeg and Rezai (2020) identified four sources of car-
bon-stranded assets, i.e., abandoned carbon, aban-
doned capital, anticipated stranded asset, and real-
ized-stranded asset. Cahen-Fourot et al. (2019) studied
the most carbon-exposed sectors along the value chain
using input-output matrices and analyzed the share of
capital stock at risk of being stranded by country, es-
pecially in the electricity and industrial sectors.
However, when it comes to assessing climate-re-
lated financial risks, three challenges emerge with
the current analyzes of carbon-stranded assets. First,
the lack of a standardized definition means that the
application and results of models are not compara-
ble. Then, a convergence in the definitions of car-
bon-stranded assets is needed also with regard to
identifying the economic activities at a level of dis-
aggregation that is relevant for financial and policy
analysis (e.g., NACE 4-digit level). Third, the narra-
tive of stranded assets alone shadows the opportu-



nities for returns for investors who embrace a smooth
low-carbon transition and thus the role of co-benefits
of climate policies.

Toward a standardized assessment of economic activ-
ities’ exposure to climate risks
To address these limitations and provide a stand-
ardized and actionable classification of economic
activities that are exposed to climate transition risk,
Battiston et al. (2017) developed the Climate Policy
Relevant Sectors (CPRS) classification. This framework
considers economic activities that could be affected
positively or negatively (becoming stranded assets) in
a disorderly low-carbon transition. CPRS are identified
by considering (i) their direct and indirect contribution
to GHG emissions; (ii) their relevance for climate policy
implementation (i.e., their costs sensitivity to climate
policy change, e.g., the EU carbon leakage directive
2003/87/EC); (iii) their role in the energy value chain.
Starting with the NACE classification (4 digit),
these criteria yield six sectors (fossil fuel, utility, en-
ergy-intensive, housing, transportation, agriculture)
that can be further disaggregated considering dif-
ferent technologies that are relevant for the energy
transition (e.g., fossil fuel/coal, fossil fuel/oil, fossil
fuel/gas). For example, some activities that pertain
to the value chain of the transportation sector are
classified in terms of NACE codes under C-Manufac-
turing. Regrouping them by CPRS allows their energy
technology to be considered and to analyze the con-
tribution and relevance of the investment more di-
rectly in relation to climate mitigation or adaptation.
As such, CPRS overcomes the limits of classification of
exposures based on GHG emissions; it adds informa-
tion on the climate risk exposure to the NACE 4-digit
sector classification, which by itself does not provide
any proxy of climate risk ; it provides information on
the energy technology mix of the economic activity
and its relevance for climate policy implementation.
The CPRS classification is used by several finan-
cial institutions, including the European Central Bank
(ECB 2019), the European Insurance and Occupational
Pension Authority (EIOPA, Battiston et al. 2019), the
Austrian National Bank and Banca d’lItalia. The Euro-
pean Commission’s Joint Research Center (Alessi et al.
2019) used the CPRS to analyze the climate transition
risk exposure of the EU Taxonomy financial coverage
(total financial value of equities and bonds), at the
level of the NACE codes (4-digit). It used the CPRS
classification in its aggregate (CPRS1) and disaggre-
gate (CPRS2) form (Figure 1) over time.

INTERNALIZATION OF CLIMATE FINANCIAL RISKS
AND OPPORTUNITIES IN DECISION MAKING

Recently, climate stress-tests have been developed
to assess the financial risk implications of climate
change and climate transition scenarios in investors’
portfolios. In 2017, Battiston et al. developed the first
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Figure 1
Breakdown of Market Capitalization by CPRS over Time

' i

Source: Alessi et al. 2019.

climate stress test that embeds forward-looking cli-
mate transition scenarios in financial risk assessment
of individual portfolios and of the financial system.
The climate stress test methodology is based on four
modules (Figure 2):

1. Forward-looking climate shocks on outputs of
low-carbon and high-carbon economic activities
conditioned to climate scenarios are calculated
based on trajectories of energy technologies pro-
vided by the Integrated Assessment Models (IAM,
Kriegler et al. 2013, McCollum et al. 2018) con-
ditioned to climate policy introduction, through
time. From these trajectories, we calculate shocks
on the market shares of sectors (NACE 4 digit),
based on their energy technology (fossil fuel, re-
newable). The shock affects the economic activ-
ities’ output and contribution to the Gross Value
Added (GVA) and can be intended as a jump from
one equilibrium state of the economy (i.e., the
Business as Usual) to another equilibrium state
of the economy characterized by the climate pol-
icy shock.

2. Climate financial risk pricing of assets carries
out a valuation adjustment and a risk adjustment
of individual financial contracts and securities
(e.g., loans, bonds, equity), i.e. in their Proba-
bility of Default (PD) conditioned to the shock
scenarios of 1.

3. Climate financial risk assessment calculates
the adjustment on key financial risk analytica at
the level of investor portfolios, i.e., the Climate
Value at Risk (Climate VaR), Expected Shortfall,
and Climate Spread (for bonds), conditional to
the climate shock scenarios.

4. The Climate stress test assesses the largest
losses for individual portfolios conditioned to the
climate scenarios, considering risk amplification
and reverberation driven by financial intercon-
nectedness, and the implications on systemic
financial risks.

The climate stress test development and application
to investor portfolios has highlighted the following
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Figure2

The Four Modules of the CLIMAFIN Tool for Climate Financial Risk Assessment in Investment Decisions
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challenges: (i) the choice and use of climate scenar-
ios, (ii) the macroeconomic assessment of the risk
transmission channels.

Choice and use of climate scenarios for climate stress
testing

The scenarios and trajectories of energy technologies
composition of sectors are provided by climate eco-
nomic models. The IPCC uses trajectories and scenarios
provided by the last generation of IAMs that offer a
granular representation of the energy technology mix
of aggregate sectors that would allow us to achieve
the 1.5 degrees C or 2 degrees C world that comprise
the economy. One main challenge in assessing the at-
tainability of the climate trajectories is the fact that
climate mitigation scenarios do not account for the
role of finance and its complexity in achieving the same
scenarios (Battiston et al. 2020). Climate-aligned invest-
ments are assumed to be available without frictions (no
credit constraints) and the trajectories do not reflect
the impact of mitigation scenarios on investment deci-
sions of financial institutions. A set of these scenarios
is recommended by the NGFS for climate stress testing
exercises. In particular, the NGFS has identified a single
transition scenario that it considers disorderly, based
on a late introduction of climate policies (NGFS 2020).
This definition and selection of disorderly transition
scenario could lead one to largely underestimate the
PD of individual investors and induce investor moral
hazard (Battiston and Monasterolo, 2019). In contrast,
climate scenarios used in climate stress testing should
be broad enough to consider the associated uncer-
tainty (e.g., the type, timing and magnitude of climate
policy and its impact). In addition, the term disorderly
should include not only the timing of policy but, most
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important, the lack of investors’ anticipation of the
policy impact.

Risk transmission channels from the economy to finance
Assessing the risk transmission channels from climate
change and policy to the economy and finance is cru-
cial for climate stress testing. In this regard, macroe-
conomic models should:

- Beflexible enough to consider different and even
extreme climate scenarios (probability of occur-
rence and magnitude of shocks) and the time de-
lay of impacts on investors’ and policy makers’
decisions;

- Represent heterogeneity in agent preferences,
allow agents to depart from perfect foresight and
endow them with adaptive expectations in order
to allow them to consider the impact of radical
uncertainty in decision making;

- Be able to assess the drivers of reinforcing feed-
back loops and out-of-equilibrium dynamics in
the economy, conditioned to climate change and
climate policy scenarios. In this regard, it is cru-
cial that shocks transmissions are traceable, and
the causal relations statistically assessed to allow
transparency of outcomes and increase the policy
relevance of results

- Allow a realistic representation of the economic
and financial investment, and government and
central bank policy decisions in the low-carbon
transition, thus departing from a world of first-
best solutions.

Recent macroeconomic models based on Stock-Flow
Consistency and complexity science contributed to



Figure 3
EIRIN Model Framework
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Note: The figure represents the main agents and sectors of the EIRIN economy, and ma
Source: Dunz et al. 2020b.

analyze the climate risk transmission in the economy
and finance (see e.g. Bovari et al. 2018, Monasterolo
and Raberto 2018, 2019; Dafermos et al. 2017; Naqvi
and Stockhammer 2018; Yilmaz and Godin 2020). As
a main feature, these models can assess shock trans-
mission channels among agents and sectors, and the
drivers of reinforcing feedback loops that give rise to
non-linearity.

Heterogeneous sectors and agents are repre-
sented by their balance sheets entries that are con-
nected in a network of relations (see Figure 3). Simi-
larly to Agent Based Models (Dosi et al. 2010, Caiani
et al. 2016, Lamperti et al. 2019), agents are endowed
with adaptive expectations about the future and their
decisions can depart from perfect foresight and opti-
mization in contexts of deep uncertainty. These fea-
tures allow the interplay between shock transmission
and agent response to be represented as endoge-
nously generated effects on macroeconomic variables,
and government and central bank policy responses.

CONCLUSION

In this paper, we provide an overview of the chal-
lenges and opportunities for introducing finance and
its complexity in the macroeconomic assessment of
climate change and of the low-carbon transition.
We presented the characteristics of climate
change risks, i.e., deep uncertainty, non-linearity
and endogeneity, and the challenges for embedding
them in climate economic models. In particular, we
analyzed the implications of selection of mild climate
scenarios, the treatment of uncertainty on economic
impacts and investment decisions, the use of optimal
policy approach and the neglecting the complexity

{ resaurce ]
i ]
i m HON-FINANCIALSECTOR
Foreign sector ourim
. wages
1141
Reserves | et worth S . 41+ L (.- ENERGY
depasits Mine oil utility (g/d)
dividend - - :
: Deposits Deprosits
L] £ Loans Losns
HOUSEHOLDS
FESETVES k. Capital Copital
Worker Capitalist Stk Pt Stock Het
FINANCIAL " wirth woith
SECTOR i
Deposits | M il W ?
sits | e H
Commercial bank L Bonds L i
Bonds Deposits T Laborintensive Cons. ||i | Capitalintensive Cans.
v eond purchase | i goods producer goods producer
CB loans : :
£ 2l HF losms [epasits Deposits
Reserves | Metwoith coupan 4.1p|r: Loans :;:Itnl Loans
» 0 ; interest Stac Es
! i loans ; % ¥ Inventory | Metworth Inventory | Met worils
- = i Government o baicg3 .-._H ;
Central bank subsidies % -i ;
Bomds Y - F investment
Bonds Domettic COLpEN Deposits Capital goads £
and forsign Met " producer
LA Frereieri | (LR — o wicn th -
o
bond purchase Deposits
Gold Hes worth intrrest Warth
................................................ [ ), S S —

in capital and current account flows.

of finance on the climate policy relevance of mod-
els’ results.

We discussed the limits of taxonomies of invest-
ments and of the current conceptualization of car-
bon-stranded assets for assessing the exposure to
climate risk of investor portfolios, going beyond the
GHG emissions accounting and carbon budget. Finally,
we presented recent approaches in macroeconomic
and financial risk modeling that are contributing to
address these challenges (e.g. climate stress testing),
and that are now applied by central banks, financial
regulators and development finance institutions.

Addressing the methodological challenges ana-
lysed here can open new avenues of research in cli-
mate finance and provide more policy-relevant and
actionable results. This, in turn, requires the climate
economics community to engage in interdisciplinary
research, and to explore the added value of comple-
mentary modeling approaches in climate finance.
Filling these research gaps is crucial for supporting
policy makers and financial institutions in imple-
menting credible, sustainable and effective climate
policies, and avoiding trade-offs in financial stability
and inequality.
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