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We seek to explain positive correlations between green investments and long-term
financial holdings, the size of the economy and the variance in GDP. To this end, we
develop a model for green investments that expands on a standard non-cooperative
private provision of public goods game, with heterogeneous agents and intertemporal
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1 Introduction

An extensive literature aims to understand why countries or agents invest (or do not invest] in climate-
protection measures. Estimates find major economic consequences from climate change, with
correspondingly potentially large returns to climate-mitigation measures (Bilal and Kénzig, 2026). Yet,
actual investments in climate mitigation remain low in most of the world. Climate measures, such as
carbon pricing, rarely reach levels that would reflect the estimated social cost of carbon under even the
more conservative estimates (Nath et al, 2024). Why then do countries and individuals invest too
little? The answer is often framed as a global tragedy of the commons, in which missing property rights
for the remaining carbon budget, that is, the amount of greenhouse gases that can still be emitted
while respecting certain goals for global temperature increases, result in individuals and countries
emitting too much. Thereby, the commons will be reduced rapidly, and global climate change will

accelerate.

While there is some debate about whether this conceptual framework captures well the reasons why it
is so difficult to ensure global climate mitigation efforts are commensurate with the challenge (Aklin
and Mildenberger, 2020), the tragedy-of-the-commons perspective has a long and influential tradition
in political economy and other fields of economics. Originating with Hardin’s (1968) seminal
formulation, the framework emphasises how individually rational behaviour leads to collectively
inefficient outcomes when a shared resource is unregulated. In the context of climate change,
greenhouse gas emissions are treated as a global externality arising from the absence of enforceable

property rights over the atmospheric carbon sink.

A large body of work formalises this logic using public-goods and common-pool-resource models,
highlighting incentives to free-ride on others’ mitigation efforts (Barrett, 1994; Nordhaus, 2015). Within
this literature, the remaining carbon budget is conceptualised as a finite common resource thatis
systematically overused in non-cooperative settings, leading to excessive emissions and inefficiently
high levels of warming (Weitzman, 2014). This framing has been widely adopted in both theoretical
and applied analyses of international climate policy, including integrated assessment models and

studies of climate agreements (see for example MacKay et al, 2015, and Tagliapietra and Wolff, 2021).

We develop a model in that conceptual spirit. In particular, our framework abstracts from preference-
based motives for environmental action, such as intrinsic ‘green’ or moral preferences emphasised in
the literature on warm-glow giving (Andreoni, 1990), and instead focuses on strategic behaviour under
standard preferences. Likewise, we do not rely on uncertainty about climate damages, abatement
technologies or future policy uncertainty (Hambel and van der Ploeg, 2025] as a primary driver of
green investment, as is common in models that highlight risk, learning or option value as central
determinants of environmental investment decisions (Pindyck, 2007; Heal, 2009).

Instead, our model builds on a classic voluntary-contribution public goods game in the spirit of
Bergstrom et al (1986), in which agents contribute to a public good that benefits all players but is
privately costly. We introduce one significant modification by embedding this framework in a two-
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period setting. This extension allows us to incorporate intertemporal choice, savings and investment
decisions in a parsimonious way. By introducing time preference and capital accumulation, the model
explicitly links financial decisions to green investments, enabling us to study how different shares of
agents with different discounting factors affect the share of resources allocated to green investment.
In doing so, the model highlights a novel channel through which heterogeneity in time preferences can

shape equilibrium contributions to a global public good such as climate protection.

Our model makes three major predictions. First, more long-term oriented investors should have a
greater propensity to investin green assets. Second, larger actors/countries should invest more in
green than their smaller counterparts. Finally, the model predicts that as difference in economic size

increases beyond a certain threshold, the share of total (and average) green investments should grow.

Some underpinning for the model comes from suggestive empirical evidence that shows a positive
correlation between long-term investment shares and green investment shares in the European
Central Bank’s data on securities holdings. We also show that globally larger economies tend to
increase green investments more than smaller countries. Finally, we document that greater
heterogeneity in economic sizes tends to be associated with greater green investments. These

empirical characterisations cannot be a formal test of the model, but serve as useful indications.

The rest of the paper unfolds as follows. Section 2 presents the stylised facts we seek to explain. In
section 3, we develop a simple model of green investment and obtain our main results. Section 4 deals
with two extensions: we allow for different types of green investment — adaptation investment vs
mitigation investment — and consider a richer parametric family of preferences than in our baseline
model. Section 5 concludes. Annex A provides technical proofs and details of the model, while Annex B

contains some additional figures.
2 Stylised facts

In this section, we provide evidence and stylised facts on the relationship between patience, economic
size and green investments. First, we take advantage of a unique European Central Bank database to
provide evidence of the positive link between the long-term orientation and green orientation of
investors. Second, we explore different investment indicators to establish links between country sizes

and country heterogeneity and climate mitigation efforts.

To getinsights on which actors in the economy are more prone to hold sustainable debt securities, we
use the ECB Securities Holdings Statistics (SHS) dataset. This dataset is collected on a security-by-
security basis with quarterly data starting in 202101, given in millions of current euros, and provides a
breakdown by sector and sustainability classification (green, social, sustainability and sustainability-
linked), as well as information on original maturity of the debt securities. The breakdown of
sustainability holdings is available at the country level, while the breakdown by holder sector is
available for euro-area aggregates. Based on the latter disaggregation, we consider whether, in fact, we

observe an increase in holdings of sustainable securities in the euro area, and which sectors drive it.



The data is provided at different levels of aggregation. The first-digit level provides the economy as a
whole broken down into non-financial corporations, financial corporations, general government,
households and non-profit institutions serving households. We then show the two-digit breakdown of
the financial sector, consisting of: 1. central banks, 2. deposit-taking corporations, except the central
banks, 3. money market funds, 4. non-MMF investment funds, 5. financial vehicle corporations

engaged in securitisation, 6. insurance corporations and 7. pension funds.

Euro-area holdings of sustainable debt as a share of total financial holdings have increased in recent
years, in line with a growing market for sustainable debt (see Dulak and Wolff, 2026; and Figure 9 in

the annex!). The increase in the share has taken place across the whole economy. In the first quarter
of 2021, sustainable debt represented 5.04 percent of total holdings, whereas by the second quarter

of 2025 this share had increased by 8.8 percentage points to 13.9 percent.

To evaluate whether holders of sustainable debt also tend to hold long-maturity assets (original
maturity > 5 years), we perform a simple descriptive comparison for the last period: the share of
originally long-term maturity assets against the share of sustainable assets. The exercise is performed
for the whole economy and for the sub-sectors within the financial-corporations sector, which is the
sector that holds the most debt securities (91.2 percent).

At the first-digit level, we see a positive relationship between the share of sustainable holdings and the
share of long-term securities; see Figure 1a. At the two-digit level of different types of financial
corporations?, we can also see a slightly positive relationship; see Figure 1b.

! See also Labanya Prakash Jena and Vandana Vuppuluri, ‘Green bonds key to climate finance’, Institute for Energy
Economics and Financial Analysis, 30 July 2025, https://ieefa.org/articles/green-bonds-key-climate-finance-challenges-
remain.

2 We exclude financial vehicle corporations engaged in securitisation, which only represent 2.2 percent of total financial
assets, and the central bank.


https://ieefa.org/articles/green-bonds-key-climate-finance-challenges-remain
https://ieefa.org/articles/green-bonds-key-climate-finance-challenges-remain

Figure 1: Share of sustainable assets relative to long-term asset holdings across sectors

a. Share of sustainable assets in total asset holdings relative to the share of long-term investments (one digit

level of the economy).
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b. Share of sustainable assets in total asset holdings relative to share of long-term assets. Data for financial

sector (2 digits).
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When it comes to the effect of economic size on climate-protection measures, the basic intuition is
simple. Larger jurisdictions should internalise a larger part of their climate mitigation efforts and
should therefore, all else being equal, be more willing to invest in climate protection. Formally testing
this theory would be a daunting task because many country-specific characteristics determine
climate-protection ambition and it is therefore very difficult to isolate the effect of size from others.
Schmidt et al (2022) tested this hypothesis with carbon price data and population size and found no
evidence of a positive relationship. However, the absence of a positive relationship does not mean that
the hypothesis can be rejected, as other country-specific reasons may dominate climate-mitigation
investment decisions.

We carry out a similar exercise but focus on GDP size, instead of population size, as a better indicator of
the potential negative impact that climate change could have on welfare. Moreover, instead of carbon
pricing, we look at actual investments in clean energy and changes in the share of renewables in

energy production (a direct result of investments).

We first proceed using data on energy investments from the International Energy Agency’s World
Energy Investment report (IEA, 2025). The publicly available data covers total investment for groups of
economies and the share of this investment devoted to ‘Clean Energy’?, for which we have data from
2015 to 2024. We match the regional groupings for which IEA data is presented.

Figure 2a provides evidence of a positive relationship. However, while the grouping of countries makes
sense for the European Union, because it captures the fact that the EU sets key parts of climate
policies for all its members, aggregating countries that do not share the same climate policies into
blocs conceals significant heterogeneity that could affect the relationship we are interested in.

Therefore, we turn next to a different data source for country-level data.

Using a more updated and country-level dataset, Figure 2b relates the total change in the renewable
share between 2013 and 2023°, in percentage points, to average GDP, again, in PPP and logs, over the
same period using data from Ember. The relationship is positive but weak; some large economies,
notably the United Kingdom and the EU, record sizable increases in renewable energy production,

describing the increasingly ambitious policy framework over the last decade.

3 Clean energy includes: clean fuels, direct air capture, transitional fossil fuels, nuclear, renewable power, battery storage,
electricity networks, fossil fuels with carbon capture, utilisation and storage, other clean power and end-use.

4 Regional aggregates are constructed to match the IEA regional definitions used in the World Energy Investment 2025
report (IEA, 2025). Countries are mapped to regions using 1S03 country codes and aggregated using IMF World Economic
Outlook GDP data at purchasing power parity (PPP). The classification treats the United States, China, India, and Japan and
Korea as separate regions, alongside the EU and other IEA regional groupings.

5The change in the share is a measure (albeit imperfect one) of the investment in green.
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Figure 2: Renewable and clean-energy investment indicators relative to economic development

A. Data taken from IEA (2025)
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Overall, the exercise suggests that the size of jurisdiction has at least a small effect on investments in

climate mitigation.

Finally, we want to assess whether heterogeneity matters. Figure 3a explores whether greater cross-
country heterogeneity in economic size, measured by the variance of GDP (PPP) for a given year, is
associated with changes in renewable shares and their annual percentage pointincreases. We find a
strong positive relationship in line with our model. However, measures of variance are affected by size.
We therefore also show the relationship between the coefficient of variation of countries’ economic
size and changes in the share of renewable investments. Figure 3b shows that the positive

relationship between heterogeneity and overall green investments is clearly visible.

Figure 3: Variation in renewable electricity production and its relationship with growth in renewable
shares across countries
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B. Average [across countries] annual increase in renewable share production against the coefficient

of variation in a given year.
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3 Model

In this section, we develop a simple model to rationalise the stylised facts in section 2. The model
highlights the role of investors’ time preferences, their size/wealth, and heterogeneity in time

preference or size/wealth among the investors in the green transition.

The main feature of our model is that we treat green investment as a public good. The reason why
green investment has features of a public good is because each agent’s additional euro of green
investment contributes to the prevention of an extreme climate event. Through green investment,
greenhouse gas emissions are reduced and thereby the global commons are protected. While the
economic costs of extreme weather events is likely to further increase (Bilal and Kanzig, 2026;
Carleton et al, 2022}, the severity of the increase depends crucially on how much greenhouse gas
emissions are reduced (Claeys et al, 2024). In our model, we simplify this complex relationship to a
world with two states: one in which the damage from climate change is relatively limited, and one in
which extreme events happen because of further deterioration of the climate. For simplicity, we
assume that the global climate deterioration affects the wellbeing of all agents in relation to their
individual size. The green investment made by each agent therefore also has an effect on the agent
itself. The green investment can thus be thought of as a privately supplied public good, in the spirit of
Bergstrom et al (1986).



3.1 Model structure

Consider a world with nn countries. Each country is modelled as its representative agent, whom we label
asi = 1,2, ...,n. Each agentis endowed with an initial wealth w; (in this endowment economy, we
can think of wealth as all the resources at disposal that can be spent). Agents can make two types of
investment: conventional investment and green investment. Under normal circumstances (that s, in
the absence of an extreme climate event) these investments generate returns at rates 1, and T
respectively. These rates of return satisfy r; < 13,. We refer to the positive returns differential 1, — 1
across the two types of assets as the greenium. For empirical envidence of the greenium see, eg
Larcker and Watts (2020), Bolton and Kacperczyk (2021), Grzegorczyk and Wolff (2022, Zerbib
(2019).

We treat the returns 13, and 7;; as exogenous parameters. Two natural extensions would be (a) to
endogenise the returns by introducing demand and supply for various types of investment, and (b) to
make the returns stochastic. However, while the rates of return 73, and Ty prevail under ‘normal
circumstances’, an extreme climate event leads to a change in returns (which we explain below),
which effectively renders them stochastic. As for making the returns endogenous, we choose not to do
that in this paper because our main results (see Proposition 2, below) remain true under endogenous

returns®,

There are two time periods: the present and the future. In the present, each agent i allocates their
initial wealth into present consumption c;, conventional investment b;, and green investment g;. Let

G be the global green investment,
G = Yj=19:- (1)
The future has two possible scenarios:

e The environment remains in normal condition with probability p (G);

e An extreme climate event causing a chain of climate-induced natural disasters occurs with
probability 1 — p(G).

The probability p(G) of the extreme climate event not happening is an increasing function of the
global green investment (. This is because green investments contribute to mitigating the risk of the

extreme climate event. If the environmental crisis does occur, a fraction § of capital gets destroyed. As

& This is because we essentially do a cross-sectional comparison between agents in equilibrium, not a general-equilibrium-
flavoured comparative statics exercise. The only prediction of our model which would not necessarily survive endogenising
returns is the link between heterogeneity across agents and the amount of global green investment. We leave that for
future research.



a result, each agent’s future consumption multiplies by (1 — §) compared to what it would be in

normal circumstances’.
Each agenti has preferences described by the logarithmic utility separable over time:
Ui = Inci + ﬁl]E[InEl|G], [2]

where f3; is agent i’s discount factor satisfying 0 < f8; < 1, while E[ - | G] is the expectation operator
with respect to the probability distribution across the two possible future states of the world.
Conditioning on G in E[ - | G] captures the link between the probability of an extreme climate event

and the aggregate green investment.

The discount factor f3; is one of the key parameters of our model. Agents with higher discount factors
have a higher preference for the future, or, put simply, they are more patient. The behaviour of an agent
with a higher preference for the future is more long-term oriented in the following sense: agents with
higher discount factors allocate smaller shares of their wealth to immediate consumption and save

more for the future.
3.2 Green investment as a public good game

Global green investment G is a privately supplied public good because an increase in G reduces the
probability of an extreme climate event, which affects the future wellbeing of all agents. The next
proposition formalises thatidea by providing a representation of how agents make interdependent

green investment decisions as an outcome of a public good game.

Proposition 1. (i) Decisions about green investments made by agents whose intertemporal

preferences satisfy (2] are an outcome of a public good game with payoff functions given by

vi(g,6) = In (1 -2 2) 4 LLA(5)p(6), (3)

1+rpy w; 1+B;
where A(8) > 0 captures the severity of the climate disruption linked to the loss fraction 6:
A(8) = —In(1 = 9). (4)

(i) The game (3) has a unique Nash equilibrium if the probability p(G) of preventing the crisis is

concave w.rt. G.

Proof. See AnnexA.

7 See equation (10] in Annex A for details.
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Proposition 1 defines a public good game in the spirit of Bergstrom et al (1986). The wellbeing of each
agentis affected by the choices of the others through the amount of the privately supplied public

good, thatis, through the aggregate level G of green investment.

The first term in equation (3) captures the private cost of green investment. This term is clearly
submodular w.r.t. g; and w;, meaning that the marginal private cost of allocating an extra €1 into green

investment is lower for a wealthier investor.

The second term in equation (3] captures the public benefit of green investment, which stems from
mitigation of the environmental risk due to green investment. Two things are worth noticing here. First,
the public benefit is greater for everyone if the severity parameter /, hence the multiplier A, gets
higher. Second, the public benefit is greater for a more patient agent, that is, one with a higher discount

factor 3;, hence with a greater preference for the future.
3.3 Key predictions: the role of patience, wealth, and heterogeneity

We are now equipped to formulate the main result of our analysis. To do this, let us assign to each

agent i a score, which we define as follows:

W. .
SCORE; : = 7 f[; :
i

Clearly, agents who are more patient and/or wealthier have higher scores. The following result reveals a
link between the preference for the future, investor's wealth/size and the share of green investment.

Proposition 2. Agents with higher scores allocate higher shares of their wealth into green investment:

© g .
SL22) < SCORE; Z SCORE;.

11



Figure 4: The role of preference for the future and wealth for green investment
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Proof. The result follows from the structure of the quasi best replies (13) in the public good game. See

Annex A for details.

Intuitively, Proposition 2 means that agents with higher preference for the future and/or higher wealth
allocate higher shares of their wealth into green investment. Figure 4 illustrates the results of
Proposition 2 for the simple case of two investors. We simulate a simple mean-preserving increase in
the difference between the two agents. The left panel of Figure 4 shows how individual green
investments change in response to changing time preference. One can see that, first, the more long-
term-oriented agent (that is, the one with a higher preference for the future) always holds a greater
share of green assets than the less-patient agent, and that the share increases with the discount
factor. The right panel of Figure 4 shows how individual green investments change in response to
wealth. One can see that the wealthier agents invest more into green and, second, that there is a

threshold of wealth below which green investments become zero.

Figure 4 also illustrates a third important effect: the effect of high-levels of heterogeneity. When the
less-patient agent’s discount factor becomes sufficiently low, that agent makes zero green
investment. Similarly, when the agent’s wealth becomes very low, green investments fall to zero. This

drives a third effect: the effect of large and increasing heterogeneity. As wealth gets more dispersed
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across countries, aggregate green investment increases®. Also, this third effect has some empirical

support, as we demonstrated in section 2 (see Figure 3a and the related discussion in section 2).
4 Extensions

In this section, we consider two extensions to our baseline model. The first considers a richer
parametric family of investor preferences, namely, the constant relative risk aversion (CRRA)
preferences, of which logarithmic utility is a special case. We show that under CRRA preferences,
agents with higher preference for the future and/or greater wealth still invest more in green. The
second extension considers a richer array of choices for green projects: agents can investin
adaptation and/or in mitigation. Adaptation investments are purely private because they only protect
the capital of the agent who makes the investment, without affecting global environmental risks.
Mitigation investment has the nature of a public good because it reduces the probability of the extreme
climate event.

4.1 Alternative preference specifications

To further demonstrate the robustness of our main result stated in Proposition 2, consider an
extension to our baseline model in which preferences of investors are characterised by constant
relative risk aversion (CRRA). That is, let the investor's instantaneous utility function u(c) take the

following form:

.
u(c) =4 1-v '’ V=2 (5)
In(c), vy=1,

where y > 0 is the constant relative risk aversion. As one can see from (5), the logarithmic utility is a

special case of CRRAwithy = 1.

Agenti’s expected lifetime utility is given by

U; = u(c;) + BiE[u(C)]G], (6)

where u(c) is defined by (5). One can show that agent i’s future consumption
increases/decreases/remains unchanged in response to more green investment made by others if
and only if the relative risk aversion parameter y is greater than/smaller than/equal to one. To
understand this finding, recall the well-known result from finance: high/low risk tolerance leads to
more/less investment into a risky asset in response to a first-order stochastic dominance (FOSD)
shock in the distribution of the returns on the risky asset. An increase in the aggregate green

8 tis a sort of inverse extensive margin effect. Note also that average (hence the aggregate] green investment remains
constantin response to a redistribution of wealth as long as each investor contributes a positive amount, but ceases to be
so as the less wealthy (smaller) investor free-rides. This result echoes the finding of Bergstrom et al (1986).
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investment G clearly generates a FOSD shock in the probability distribution across the two possible

future states of the world, by causing a reduction in the probability of the extreme climate event.

The following proposition highlights the robustness of our main result to changes in preference
specification.

Proposition 3. Assume that preferences are CRRA, that is, described by (5) — (6). Then, agents with
higher discount factors and/or higher wealth contribute more to the green investment.

Proof. See AnnexA.

Letus also point out that our model remains relatively tractable even for more general preferences,
with an unspecified instantaneous utility u(c). The equilibrium conditions (apart from the balance
condition (1) and the budget constraint (11)] are given by:

e  The standard Euler condition
u'(c;) = BE[u' (E)IG]; (?)
e The green investment condition

p'()Au(&) = (n, — 175 E[u' (€)1G]. (8)

In conditions (7] — (8), E[ - | G] is the expectation operator w.r.t. the probability distribution of the
future states of the world, while Au(¢;) is the utility differential between the two possible future states

of the environment.

The intuition of the conditions (7] — (8] is as follows. The Euler condition (7] is standard and captures
the trade-off between present and future consumption (or, equivalently, between safe and risky
investment). The green investment condition (8) captures the trade-off between the marginal benefit
generated by the insurance effect of the green investment against climate disasters, and the marginal
opportunity cost of investing an extra unit of wealth into less profitable green assets. That marginal
opportunity cost increases with the greenium 1, — 7;; and with the expected marginal disutility of

giving up an extra unit of future consumption.
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4.2 Adaptation vs mitigation investment

Consider an extension in which the green investment g; made by each agent i’s splits into adaptation
investment a; and mitigation investment m;, so that g; = a; + m;. The probabilities of the
environmental scenarios depend on aggregate mitigation investment M : = Y./~ ; m;, while the
severity §; of the possible environmental disruption is now agent-specific and decreases with agent
i's adaptation investment: §; = &(a;). To capture the positive private impact of adaptation
investment, we assume that §(0) = 1, so that all the agent’s capital is destroyed if no adaptation
investment is made. We also assume that §; decreases in a;, so that adaptation investment makes the

consequences of the extreme climate event less severe for agent i.

We relegate to Annex A a complete formal treatment of the model, which allows for a distinction
between investments into adaptation and mitigation. The key distinction between the two is that
mitigation investment s a public good, while adaptation investment is a private good. Let us focus here
on the key question: who invests positive amounts into mitigation? That is, who supplies the public
good? The next proposition answers this question and shows that the main predictions of section 3
about the role of patience and wealth in green investment still hold if we allow for a distinction between

adaptation and mitigation investment.

Proposition 4. Agents with higher preference for the future and/or higher wealth will always have

higher shares of mitigation investment in their portfolios.
Proof. See AnnexA.

Proposition 4 highlights the robustness of our main conclusion that more patient and/or wealthier
investors tend to invest more in climate mitigation. The intuition for this result is simple. While
adaptation investments reduce the impact of extreme climate events, they do not reduce them to zero.
As a consequence, even with adaptation investment, more long-term oriented and larger economies
continue to have a greater incentive than more short-term and smaller economies to investin

mitigation.
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5 Conclusions

We rationalise positive correlations between green investments and long-term financial holdings, the
size of the economy and the variance of GDP, by developing a public goods game with heterogenous
agents. Agents differ in their time preferences and wealth/incomes. They decide between investments
in green or conventional bonds, or on consumption. Although returns on green bonds are lower than on
conventional bonds, they fund a public good G, which reduces the probability of an extreme climate
event. The model provides three central results in line with our underpinning evidence. First, more
patience is associated with larger shares of green investment. Second, larger economies invest more
than smaller economies in green. Finally, greater variance in the size of economies leads to larger

green investments.

Our results have important policy implications. First, the role of patience and long-term investment
matters in financing the green transition. While policymakers cannot directly influence how patient
investors are, they can facilitate long-term investments. Various regulatory requirements incentivise
the holding of government debt, while long-term assets with greater market uncertainty are relatively
disadvantaged. A review and reform of regulatory burdens that render long-term investment less
attractive could increase the share of portfolios that hold long-term debt and equity, thereby
supporting green investment. A review of regulatory burdens on long-term investors that want to invest

in green assets is also warranted.

Second, the size of a jurisdiction matters when it comes to its willingness to contribute to global
climate mitigation. Building coalitions in the form of climate clubs should increase the probability that
such larger coalitions pursue climate policies not just because of their increased size, but also
because of an increase in the heterogeneity of jurisdictions. Vosooghi et al (2026) provide insights
into how climate coalitions can be formed. The EU perhaps exemplifies best such a strong club to
foster climate mitigation. Overall, our paper makes the case that green finance and investments can be

strengthened through long-term orientation and coalition building.
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Annex A: Model analysis and proofs

In this Annex, we provide a more formal treatment of the adaptation vs mitigation investment model, as
well as technical proofs.

A.1: Details of the baseline model
Agenti’s present consumption satisfies the following budget constraint:
¢ = W; — b; — gi. (9)

Agenti’s future consumption ; is given by

o {(1 +1)b; + (1+15) g5 with probability p(G); (10)

la-o[a + )b+ (141,)g:],  with probability 1 — p(G).

Each agenti chooses an allocation of their wealth w; which maximises agent i’s lifetime utility and is
feasible, that is, satisfies the budget constraint (9). Using (10], one can equivalently restate agent i’s

intertemporal optimisation problem as follows:

max _[Inc) + BiInc}t + B A(8)p(G)]
(cf.cl.gi
subject to (11)

0 1 1 _ .
€+, G T Wi Rgu

where ¢ is agent i’s immediate consumption; ¢} : = (1 + 713,)b; + (1 + rg)gi is agent i’s future
consumption under normal circumstances (thatis, when no extreme climate event occurs); and R >
0 is a measure of the opportunity cost of allocating an additional €1 into green investment (rather than

the more profitable conventional investment), which increases with the greenium:

R:="2"¢ (12)

1+rp’
A.2: Proof of Proposition 1
(i) Agent i’s consumption levels which solve (11) must satisfy the standard FOC:
ct = Bi( +1)c?.

Hence, from the budget constraint,

c.oz;(W._rb‘rg ) ¢ __b (W._Tb‘rg )
S P 1+rbg" 1+n, 1+p\° 1+r,,gl'

Plugging ¢ and ¢} back into (11) delivers (3). This proves ().
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(i) Given the aggregate green investment G, the utility-maximizing level of agent i’s individual green

investment g; (G) is given by

ﬂ (1 _ 1+ﬁi R ) Wiﬁi R
~ R wiB; Ap' ()]’ 1+B; T Ap'(G)’
8@ =1 wibi _ R (13)

1+ﬂl Ap'(G)°

Equation (13] is the quasi-best-reply mapping in the aggregative game (3] (see Jensen, 2018, fora

survey on aggregative games).

The equilibrium amount G* of the aggregate green investment is determined as a solution to the

following fixed point condition:

G = Xiz19: (). (14)

It remains to observe thatunder p”’(+) < 0 the RHS of (14]) is a decreasing function. Indeed, since
p'(G) is a decreasing function of G, all the quasi best replies §; (G) are weakly decreasing in G
(strictly decreasing iff §; (G) > 0). hence, by the intermediate value theorem, (14) only has one
solution G*. Plugging G = G* into (13), we obtain a unique Nash equilibrium (g7, g5, -.-, gn)- This

proves (ii) and completes the proof.
A.3: Adaptation vs mitigation investment: description of the model

Agenti’s intertemporal allocation problem becomes as follows:

max _[Inc) + Biinc{ — Bi(1 — p(M))A(ay)]

0.1
(c?.ctaim;

subject to (15)
Tl (ag +my).

1
cd+—cl=w;—
1+7rp

The expressions for consumption levels solving (15]) are as follows:

1 ™ — ﬁ T, —T,
0 L ; o
T 1+p [Wl 1+ (a‘ m‘)] T+n, 0 1+5 [W‘ 157, G
Plugging ¢ and ¢} back into (15), one can restate (15) as follows:
_ Tp—Tg aj+m; . .Bi . _
((rl?,?nxi) [In (1 1+, w; ) 1+ﬁi/1(al)(1 P(M))] (16)

A.4: A probabilistic interpretation of the function A(a)

One can interpret the function A(a;) as follows. Assume that X is a non-negative random variable
whose value is the amount of damage a randomly chosen unit of property/capital suffers under the

extreme climate event (eg a series of major floods). The unit of capital under consideration will be
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destroyed if X > a; (thatis, under insufficient adaptation investment) and will survive otherwise.
Hence, the fraction of agent i’s capital which will survive under the amount a; of adaptation
investmentis givenby 1 — A(a;) = P[X < a;] = F(a;), where F(-) is the cdf of the distribution of
damage X.Hence, A(a;) = S(a;) = 1 — F(a;) is the ‘survival function’ of the damage distribution.
Along these lines, one can interpret the derivative [—A’(a;)] as the hazard rate of the damage
distribution:

—A'(a) = @’

F(a;)

where f(+) : = F'(+) is the pdf of the damage X. We also assume that [—A'(-) /A(+)] is decreasing,
which holds true, for example, if the damage X follows a Frechet distribution, that is, if the cdf is given

by
F(x) = exp{—x"¢},
where € > 0 is the shape parameter. In this case,
A(a)) = 1 — exp{—a; <}, (17)

The assumption that [—A'(+) /A(-)] is decreasing is equivalent to In(—InF (x)) being concave. This
condition is often imposed in the statistical analysis of extreme events when one needs tails heavier

than Gumbel (see, eg De Haan and Ferreira, 2006).
A.5: Solving for adaptation investment

For an individual with positive mitigation investment, that is, for each agent i with m; > 0, the FOCs

require that
MB(a) = MC(a), MB(m) = MC(m),

where MB and M stand for, respectively, marginal benefit and marginal cost, while the symbols in
parentheses capture the type/purpose of green investment: a for adaptation and m for mitigation.
Furthermore, one can see immediately from (16) that the marginal costs of green investment is the
same, no matter whether the extra €1 is allocated into adaptation or mitigation investment. Hence, it
must be that MB(a) = MB(m), thatis,

Bi
1+ p6;

[-=A"(ap](1 = p(M)) = %A(ai)P’(M).

whence eq. (25) follows. Because we assume [—A'(-)/A(+)] is decreasing, equation (25) has a
unique solution @(M), and a; = a(M) for every agent i such thatm; > 0. Hence, all agents who

invest positive amounts in mitigation invest the same amount in adaptation.
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A.5: Further analysis of the adaptation vs mitigation investment model

Observe that the solution to equation (25) is particularly easy to obtain when the damage is Frechet
distributed (eq. (17) above provides the corresponding specification of A(a;)], while [1 — p(M)] is

exponential:
p(M) =1 — exp{—AM}

with some A > 0.Then, equation (25) becomes
(18]
The following fixed point condition pins down the equilibrium level of aggregate mitigation investment
M*:

M = Yi, i (M). (19)
Letus now provide a complete characterisation of the adaptation investment decisions. Consider
agent i who does not make any mitigation investment (that is, whose modified score S; is below the

threshold). One can show that such agent’s adaptation investment is a solution to the following

equation:
~4'(@) (3 - @) o (1= p() = 1. (20)

Equation (20]) always has a unique solution (which is always smaller than @(M)]) since its LHS is
decreasing w.r.t. a;. Thus, the quasi-best replies @; (M) for adaptation investment are in general given

by the following expression:

~ R
e, SiM) > ramaaan
D=0 olution to (200, 5,(M) < ——-" )
solution to Y S CCDR
Finally, let us make the following observation. Although in general the modified score S; of agent i
depends on the equilibrium amount M* of the public good, it is not the case if the damage distribution
is Frechet and p(M) is exponential, then M. Indeed, in this case, we have shown above that @(M) =
€ /A, hence the definition (26) of the modified score becomes:

S, = (wi - R%) %ﬁ{ (22)

The scores defined by (22] clearly depend only on the parameters.
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A.6: Proof of Proposition 3

Along the same lines as in the case with the logarithmic preferences, one can show that the decisions
about green investment can be viewed as a Nash equilibrium in a public good game with payoff
functions defined by

gi 1+rp

1 1 1\V _r -
o (14 1+ ) B0 + (- @0 - ) (= 220) | e

Agenti’s quasi-best-reply in the public good game is given by

L2
(14rp) 7B, Y A-Plp@+a-pEIa-H*]

1 ’ —
[P(6)+(1-p@) -1V pr@h-a=at]

Ji(G) = max %— 1+ (24)

From (24), one can see that an increase in 8; and/or in w; leads to an upward shift of §; (G). Thus,
other things being equal, investors with higher preference for the future and/or higher wealth still hold
more green bonds. This completes the proof.

A.?7: Proof of Proposition 4
Let us define @(M) as the unique solution to the FOC given by

_Aa) _ ')

A(a) — 1-p(M) (25)

w.rt. a; %, while S;(M) is agent i’s modified score (similar to the score from Proposition 2) which, in
general, depends on the total amount M of the public good (that is, on the aggregate mitigation

investment M]:
Si(M) = (w; — Ra(M)) {25 (26)

The quasi best reply mapping in the setting with mitigation vs adaptation investment is as follows:

w;—Ra(M) R R
1- ] ; ~ ’ SL(M) > ; =
(M) = . R [ Si(M)p (M)A(a(M))] . J p (M)/;(a(M>> (27)
’ (M) = p’ (M)A(@(M))’

where @(M)) and S; (M) are defined by (25) — (26). The statement of the proposition follows
immediately from the structure of the quasi best reply mapping (27), as an increase in either 3; or w;
leads to an upward shift of 71;(M). This completes the proof.

9 See Annex A for the derivation of (27) — (25).
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Annex B: Figures

Figure 5: share of sustainable assets in total asset holdings

Share of Sustainable assets across Sectors (2021-2025)
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Figure 6: share of sustainable assets in total asset holdings relative to share of long-term assets.
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Figure 7 plots the share of non-hydro renewable in electricity production?? against, again, GDP at PPP
in logs, for 2011 and 2021. In 2011 most countries gather at relatively low shares of renewable
electricity production, with only a few outliers. By 2021, the cloud of observations shifts slightly
upwards, indicating a generalised increase in renewable penetration across income groups. Larger
economies, such as the EU, the United Kingdom and Japan show noticeable increases in their
renewable shares, while the United States and China remain at comparatively lower levels in
percentage terms, but, overall, the slope of the fitted line becomes slightly steeperin 2021. However,

the dispersion remains substantial.

Figure 7: electricity production from renewable sources, excluding hydroelectric (% of total), the
average share for the EU27 is computed as the PPP-GDP weighted mean of the national shares

Renewable Production vs GDP (PPP), 2011 and 2021
Excluding hydroelectric (% of total)
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10 Hydro energy is removed because it depends also on natural endowment and not just on actual climate investments
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