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Political Economy of Climate Change Adaptation
Loss of Habitat and Rising Inequality

Abstract

We study the evolution of voter support for climate policies aimed at containing the effect of
climate risk, as weather conditions worsens at a time of rising economic inequality. Households
differ in age, beliefs and income, and the scale of intervention to preserve habitable land reflects
the preference of the majority coalition. Economic polarization tightens conditions for more
households, while rising climate risk increases support for public adaptation. If beliefs on
attainable impact are not too dispersed, an initially coalition of young and old pessimists might
tip towards a coalition of old optimists and young pessimists, leading to a jump in support for
public action. A steady rise in inequality may ultimately induce a second political tipping point,
towards a coalition of the low-income old and young pessimists, although the effects on public
adaptation are weaker. Public intervention is undermined by pessimism about the efficacy of
public adaptation and the “tragedy of the horizon” effect, as voters only partially internalize
benefits for future generations. This prevents public adaptation from converging to the long-term
social optimum even when political support is highest.

JEL-Codes: D630, H230, Q540, Q580.
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1 Introduction

Climate change leads to a gradual rise in global temperatures, and may destabilize the weather
system. Rising sea levels, floods, and extreme weather events undermine living conditions.
Various parts of the world are particularly exposed to climate damage, and will over time be-
come inhabitable. Yet the challenge to coordinate a response to mitigate climate change is
immense, as policy suffers from time inconsistency problems (e.g., Besley and Persson, |[2023;
Hsiao, |[2023). With climate risks such as a rising sea level expected to rise for some time, what
degree of public investment in adaptation will be supported by voters in the future? Indi-
viduals and corporations can seek to adapt their habitat to a changing climate (e.g., Van der
Straten, |[2023), but political support is required for public investment in protective infrastruc-
ture.

Our main interest is, however, in the changing political support for public adaptation. Pref-
erences for public adaptation differ across young and old, beliefs on policy effectiveness, and
income groups. Political resistance to drastic public adaptation measures can thus arise from
different beliefs and time horizons for different voters, and can persist even as the impact of
climate change becomes visible. We examine the evolving majority coalition in an overlap-
ping generation model of redistributive technological change (Dottling and Perotti, 2017)).

Public climate adaptation evolves over time as climate risk and inequality rise, shifting po-
litical alliances across age and class cohorts. Our focus is on the transitional period when cli-
mate risk rises exogenously (e.g., a gradual rise in the sea level), while technological change in-
creases economic inequality. We find that majority coalitions invest little initially. The change
in climate induces a political tipping point as the winning coalition shifts from young and old
pessimists towards young pessimistists and old optimists in response to habitat loss and cli-
mate change, leading to more public adaptation. Distinguishing low and high income house-
holds, we also show that there may be a second political tipping point towards a coalition
of low-income old and young pessimistists when inequality becomes high enough, but the
effects of public adaptation will be weaker.

Households in our overlapping generation framework are young and old. They differ in in-
come, as well as in their beliefs about the effectiveness of public adaptation (beliefs about
actual risk or the efficiency of public adaptation). Household obtain utility from income,
and from consuming housing. Additionally, households value near-future climate conditions.
Both generations work. The young buy a house (land) and sell it when old. Climate shocks
damage houses and reduce their supply (e.g., due a higher sea level). Thus habitat tends to

shrink over time, but its loss can be contained by public measures which are financed by taxes.



In each period, both cohorts vote for the scale of public adaptation, and for the cost of fi-
nancing thisE] Households vote under a Rawlsian veil of ignorance, thus before they know
the realization of their incomes. However, they are aware of the rising inequality driven by
technological change, which affects their preferences for public adaptation. The equilibrium
climate policy is chosen by a majority. Over time, the equilibrium policy will reflect the im-
pact of a rising climate risk and growing inequality. We show that both trends tend to increase
investment in public adaptation.

We focus on the situation where pessimistic voters constitute a majority in each cohort, and
there are more old than young voters. The set of feasible coalitions then includes a political
majority of the older cohort, an intergenerational coalition of pessimists, or a coalition of old

optimists and young pessimists. Our key results are as follows:

1. If beliefs about the efficacy of public adaptation are sufficiently dispersed, a coalition

of the old is ruled out and the pessimistic young emerge as pivotal group.

2. Provided that climate risk is sufficiently low, the pessimistic young have weak incentives
to support public intervention. Hence, the winning coalition consists of the pessimistic

young and old leading to less public adaptation.

3. The rise in climate risk over time increases the value of habitat and hence the value
of preventive measures. The pessimistic young gain an additional advantage from this
compared to old households, since the youth own the habitat which is to be protected
by public investment. Provided beliefs are not too dispersed, the political equilibrium
may tip after some time towards a compromise coalition of old optimists and young
pessimists that prefer an intermediate degree of adaptation and taxation. While public
adaptation rises with climate risk and the beliefs about the efficacy of public interven-

tion, it only peaks when the political equilibrium tips.

We extend our analysis and allow for a role for income inequality. Old households now know
their income level, and adjust their preferences over adaptation and taxation. This yields an
additional result: a steady rise in inequality increases the preferred adaptation rate of the low-
income old relative to the high-income old, as the net benefits of public adaptation are higher
for low-income households. This may lead to an additional political tipping point from a
coalition of the pessimistic young and old (high- and low-income) optimistic households to-

wards a coalition of the pessimistic young and low-income old. However, as this coalition

I This formulation may also stand for risk mitigation measures.



consists of both optimistic and pessimistic low-income old households, the politically fea-
sible level of intervention only increases for very high levels of economic inequality; else it
reduces public adaptation. These results highlight the role of controlling inequality in the
efforts to protect the economy against climate change.

Finally, while households care about the present and near future supply of habitat, they
do not internalize the benefits of public adaptation (habitat protection or recovery) for all
future generations. This creates a disconnect between the individual benefits derived from
public intervention and its broader societal value. As a result, the "tragedy of the horizon"
effect undermines public intervention, preventing adaptation from converging to the long-

term social optimum.

1.1 Related Literature

The normative literature on climate policy studies mitigation policies such as optimal car-
bon pricing (e.g.,[Nordhaus, 2008;|Golosov et al.,|2014; Dietz and Stern, 2015). Our particular
framing studies political support for the adaptation process in a context of rising inequality.
Our contribution is related to earlier work on adaptation to climate change (e.g., Lasage et al.,
2014; Muis et al., 2015); |[Fried, [2022)). Van der Straten| (2023)) focuses on adaptation to floods
and suppose that households differ in age and income, and have differing abilities to respond
to rising physical climate risks. We extend this framework to allow for public adaptation, and
introduce heterogeneity in beliefs about the efficacy of public adaptation.

Fried|(2022]) also studies investments in seawalls, stilts, or other forms of adaptation to cope
with severe storms in the US. Importantly, it treats damages from storms as idiosyncratic
shocks, whereas our analysis allows the gradual sea level rise and flooding-related stochas-
tic shocks to affect the economy. [Fried (2022) shows that the idiosyncratic risk component of
climate damages significantly impacts adaptation and the welfare cost of climate change.

Hong et al. (2023]) show that mitigation of emissions alone cannot deal with the effects of
global warming on weather disasters (tropical cyclones) and the economy. They analyze how
the private and public sectors should adapt to manage disaster risks to the capital stock when
theylearn about the adverse consequences of global warming for disaster arrivals. They show
that adaptation is more valuable under learning. We do not allow for learning, but we do allow
for differences in subjective beliefs about the effectiveness of public adaptation.

Since we allow for subjective beliefs about effectiveness of public adaptation, our results are
related to recent studies on how climate risk belief affect coastal housing markets. [Bakkensen

and Barrage (2021) show that heterogeneity in beliefs reconciles the mixed empirical evidence



on how flood risk is capitalized in house prices. They find that there is significant under-
estimation of flood risks and sorting based on flood risk beliefs and amenity ValuesE]

Our analysis also relates to Acemoglu and Autor| (2011) who show that secular stagnation
with declining overall growth can lead to amore concentrated income distribution and greater
polarization of society. This calls for an explicit dynamic political economy approach, mak-
ing explicit the differential impact of climate change across generations. Intuitively, more
extreme weather events or sea rise will slowly induce more support for adaptation but also
increase preference divergence across age cohorts.

Besley and Persson| (2023) study the joint evolution of environmental values, technologies
and policies. Their analysis indicates that the transitions of values and technologies create a
dynamic complementarity which can promote the green transition. However, such comple-
mentarities could also create a vicious circle, which can lead to a climate trap. Delfgaauw and
Swank(2024]) also develop a political-economy model of a climate trap. Our analysis differs in
that we focus on climate change adaptation policies and the interplay between age, income
and beliefs. Since we compute the political equilibrium by considering possible coalitions of
subgroups (old versus young, optimists versus pessimists, high and low income), this frame-
work is more broadly related to Razin and Sadkal(1999)), Razin and Sadkal (2000)), |[Razin et al.
(2002), and |Razin| (2021)), who study the political economy of migration and pensions in an
overlapping-generations model with high- and low-income households. We also use an OLG
framework to study shifts in the political majority, i.e., political tipping, in response to gradu-

ally rising sea levels and the need for public intervention to supply public adaptation.

2 Baseline Model

Time is discrete and denoted by ¢ € {0, 1, ...,00}. The economy is characterized by two over-
lapping generations, each consisting of a unit mass of households. Households are hetero-
geneous in terms of skills, which are exogenous, and use their wage income to finance con-
sumption consisting of housing (in fixed supply) and a numeraire good (in abundant supply).
At the start of each period, an extreme weather event occurs, which hits a fraction of house-
holds and damages their housing capital. All risk is idiosyncratic, and the economy’s climate
risk exposure rises deterministically over time due to gradual sea level rise. The government
can reduce risk exposure of households by investing in public adaptation (e.g., building of

seawalls, dykes, or stilts) which is financed by a flat-tax on labour income.

2In a related study [Ikefuji et al. (2022) use a hedonic pricing model to study how subjective perception of

earthquake risks in five Japanese cities affect real estate prices in the short and in the long run.



Political parties propose an adaptation rate and compete for votes in each period’s electoral
competition. Households have heterogeneous beliefs about the efficacy of public adaptation

and vote for the party which proposes an adaptation rate closest to their preferred rate.

2.1 Households

Households live for two periods and derive utility from consuming housing and a non-durable
consumption good. When young, households purchase housing capital, denoted by L, from
the old generation at a relative price p. Once old, households channel the proceeds from
selling the house, as well as the return earned on their savings to the purchase of a numeraire
good, denoted by c. There is an initial generation at ¢ = 0, which is endowed with the supply

of houses, Ly. We abstract from housebuilding, so that the supply of houses is fixed.

2.1.1 Skills and Wages

Households have heterogeneous (and exogenous) skills, which determine household income.
We denote two skill levels and denote high skills and income by / and low skills and income

by I. A fraction ¢ of households is high-income, denoted by &, where

Assumption 1. The fraction of high-skill households, ¢, is less than or equal to 50%.
Households supply one unit of labour. High-skill workers have income y;, ; = g and low-skill
workers have y; ; = w, where the high-skill wage g exceeds the low-skill wage wﬂ

2.1.2 Preferences

Households have quasi-linear preferences over housing and non-durable consumption, and
also care about the housing stock, L that they leave behind after their lifetime. Households

maximize expected lifetime utility,

U(Litijt+1,Lis1) = v(Liye) + ciyoer + F (Les), (1)

where v (L;,;) is the utility for young household i in period ¢ from owning L; ; units of housing
capital with v/(-) > 0 and v”(-) < 0. The utility that an old household i obtains in period ¢ +
1 from knowing that a housing stock of size L;,; remains available for the next generation

equals f (L1) with f'()>0and f”(-) <0.

3As the economy is open, wages are exogenous. Through the factor price frontier they are ne a decreasing

function of the world interest rate.



2.2 Climate Change

The probability that a given household is hit by a (climate-related) extreme weather event
in period, t is denoted by y, and increases deterministically over time (cf. Van der Straten,
2023)). By the law of large numbers, v, is the fraction of households that suffers climate-related
damages in any period ¢. The average loss to housing capital conditional on being hit by an
extreme weather event is p while the losses suffered by a given household, i, in period, t are
¢ir. These losses are idiosyncratic, and ¢; ; is stochastic with distribution, F (5 ,-'t), which is

i.i.d. across households. We then have

E, (fi,t+1) =k (fi,tﬂ

Hit by Extreme weather event) -P (Hit by Extreme weather event) = py 1.

)
Housing capital of household i after an extreme weather event is reduced to
Li+1= (1= pye1) Lis (3)
The aggregate supply of houses, L1, thus evolves endogenously according toE]
) 1
Lt :fo (1—fi,t+1)diLt (4)
LéN(l—'u’}/H_l)it. (5)

2.3 Housing Market Dynamics

The housing market opens after any extreme weather events take place. Since destroyed hous-
ing capital has zero liquidation value, households with a mortgage risk default and pay the
risky rate of return, 7 > r, where the interest rate r is given on world markets and exogenous.

Net savings of a household i in period ¢ is defined as

Si,t = Vit — PeLit (6)

where S; ; = 0 indicates that household i is anetlender and S; ; < 0 implies itis a net borrower.

Default occurs once losses become sufficiently large, i.e.,

Pre1Lie1 = A+ 7)(=S; ). (7)

4As habitat is destroyed due to extreme weather events, the materialization of climate risk translates into
a decline in the supply of inhabitable houses over time (cf. [Burzynski et al.}[2019). Since adaptation preserves
housing capital, it reduces the rate at which the supply of inhabitable houses declines. Since adaptation does not
change the supply, L. 1, it does not increase the utility from owning housing capital. Rather, adaptation increases

household utility by raising the stock of undamaged housing capital which can be sold in the next period.



The loan-to-value ratio is defined by

1+7)(=S;
LTV 41 = T+DESd), (8)
Pre1Li;

This implicitly defines the threshold of losses above which a homeowner defaults by
Eiyr1 = 1= LTVj a1, (9)
while the probability of default is

xie = (1-F(&i 1)) (10)

2.4 Public Policy Intervention

Government intervention is called for to (i) prevent a sharp fall in supply of habitat and (ii)
to alleviate any underinvestment in private protection (cf. Van der Straten, 2023). There are
various measures available for government intervention, such as public adaptation (e.g., the
Deltawork in the Netherlands after the flood of 1953), subsidizing private adaptation, and
bailing out households in case of large adverse shocks. The first two policy measures are pre-
ventive. The third measure is a form of corrective action. Corrective action may not always be

effective, however, as bailouts may trigger moral hazard We focus on the first measure.

2.4.1 Public Adaptation

To protect households from idiosyncratic losses when an extreme weather event occurs, the
government invests in public adaptation (e.g., building of seawalls or dykes). Since large-
scale adaptation investments can take substantial time to realize, we assume that the pay-
off is only realized in the next period. Define X ; € [0,1) as the public choice of protection
or public adaptation. It represents the percentage by which households’ idiosyncratic losses
from climate shocks are curbed in period ¢+ 1. For a given choice of public adaptation, the

distribution of household losses F(¢; ;+1) is shifted to the left by X¢ ¢ty ¢+1, so that

E¢ (&i,041) = (1 Xa,0) Y 141 (11)

This embeds the assumption that public intervention cannot be targeted but instead reduces
the losses of all households. For each household, the expectation of the housing capital that

remains preserved after the extreme weather event is then

5Another form of corrective action is the restoration of habitat. This may be more difficult than preventing its

loss ex ante and we therefore assume that it is prohibitively costly to do.



Lit1=(1-(1-Xge) yee1) Lis- (12)

Furthermore, public adaptation reduces the speed at which the supply of houses falls as

1
Lo = fo (1= &ip1) diL (13)
LLN

=(1-(1-Xg,) wyes1) Ly (14)

2.4.2 Finance of Public Adaptation

Investments in public adaptation come at a cost, (XG,I) = %itXé .» which is proportional to
the aggregate housing stock, L. Public adaptation is financed with a flat labour income tax, 7,
called the adaptation rate. The tax burden is shared among young and old households, and

taxes cannot be targete(ﬂ The budget constraint for household i in each period ¢ is

A=71)Yi,t < peLic+ Sis. (15)

2.4.3 Optimistic and Pessimistic Beliefs about the Efficacy of Public Intervention

The government invests in public adaptation before young households purchase housing
capital. So, when choosing demand for housing capital, households take account of the ben-
efits of public adaptation (i.e., curbing idiosyncratic losses in the next period)[] We assume
households have different views on the effectiveness of public adaptation, where 8 € {6; 0},je
{P, O} = 1 denote beliefs of a household of type j about the effectiveness of public adaptation.

Individuals with 8p = § > 0 are pessimists, and those with o = 0 > § are optimists.
Assumption 2. Society is dominated by pessimists, so the fraction of pessimists is w > 0.5.

Beliefs of households, 6;, are independent of household income, but capture the ideologi-
cal beliefs or (perceived) quality of public institutions of a given household. E.g., if 0 = 0, pes-
simists maximizes utility assuming that public adaptation is fully ineffective But, if6 = 1, op-

timists maximize utility assuming that public adaptation is fully effective and internalize the

B1f neither government spending nor taxes can be targeted to specific voters or groups of voters and politi-
cians cannot appropriate tax revenues, policy preferences become monotonic in the parameter that distinguishes
households with richer households wanting a smaller government as taxes are proportional to income (cf.|Persson

and Tabellini, 2002)).
“For simplicity, we focus for the time being at the unconstrained case. The case of constrained household is

more cumbersome due to the binding financial constraints.
8For example, Douenne and Fabre}[2022|use survey data to show that French households reject a carbon tax -

and dividend policy, because these households overestimate their monetary losses after the protests of the Yellow
Vests movement. Moreover, the authors show that these households do not perceive the policy as environmentally

effective, and tend to discard positive information about it - which highlights their mistrust.



full benefits of public adaptation from reducing idiosyncratic losses. Households put more

weight on public intervention as the housing stock diminishes due to climatic shocks.
Definition 1. Households j’s beliefs scaled by the housing stock in period t are 0 = i—’
t

The expectation of household i with beliefs j of losses suffered due to an extreme weather

event in the next period are

Eje(Eier1) = (1-0;Xc,e) e (16)

and the expected housing capital that remains after the extreme weather event is

Ej¢(Liyt+1) = (1_(1_éjXG,t) Wye+1) Lie. (17)

2.5 Timing of Events

The time-line of each individual household in the baseline model is

&b ‘5\6
%Q %Q
Q Q
& &
& N &
& D &
> N
%‘Z) GféQ %QJ
g & b K & & >
T & o & & &
v 3 3 » & .
¥ & &&\ &Q R & 0%& . \00
& F 0 S & & ¢ &
€& & F & & &S
& & & F & & o F
AN R AN F < F P E
: : : : : : : : : : : |
0 1

where in period ¢ = 0 the household is young, and in period ¢ =1 it is old.

3 Equilibrium

Households maximize expected utility subject to their budget constraints and limited liability

constraint, i.e.,

. Iglai( [E(U(Li,t,ci,t+1»1:t+l)) = V(Li,t) +Ej,t(0i,t+1) +f([Ej,t(I:t+1)) (18)
5,090,000 t+1
st. A—1)V¥i,t<peLir+Sit
v = (1= Te1) Yiewn +max{ prot (1= &) Lig+ (14 7) Si,0,0f

Li ciri1 20,

where c; r+1 denotes the consumption of household i in period ¢ + 1.
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3.1 Demand for Housing Capital

Housing demand is (due to the assumption of quasi-linear preferences) identical for each

household, and determines the housing price.

Lemma 1. Demand for housing in period t equals
=L, =V ((+np = (1= (1-0;X6,0) pyes1) pes1).- (19)

The resulting price of housing capital in period t equals

1-(1-6;,X + U (L*
Pt=( ( it th)llf/;+l)pt+l v'( t)' (20)

The price of housing capital equals the expected present discounted value of the benefits from
owning housing capital. These benefits comprise the marginal benefit of owning housing,
v’ (L}), plus the revenue from selling the undamaged housing capital in the next period. This
revenue falls in future climate risk, y++1 (cf. Van der Straten, |[2023), and increases in the level
of public adaptation.

3.2 Demand for Household Debt

Household debt follows residually. Households with net savings lend to others households
while households with negative savings take out a mortgage.

3.3 Equilibrium and Market Clearing

A competitive equilibrium is an allocation {c;+1, Ly, S¢} tT:() and prices {p;, T} IT:O» sothatin each

period, t, given prices, households maximize lifetime utility and all markets clear.

Housing market Total housing demand equals total housing supply, so that fol L;,di= L.

Using Lemmal(l} housing market equilibrium requires
Li=(1-(1-Xg,-1) pye) Li-1. (21)

Financial market Aggregate after-tax income of young households must in equilibrium

equal aggregate investment in housing. Hence,
L _
=10 [ yldi=pi (X)L (22)
where aggregate gross labour income of the young is

1
fo yidi=¢g+(1-¢)w. (23)

11



Government budget balance Government tax revenues income must equal the convex

costs of public adaptation,

! ! 1., -
rt.(fo thdi+/0 yl.(?tdi):EXétLt, (24)

where aggregate gross income of the old is the same as that of the young,
"o by
fo yi,tdi:fo Vi di=¢q+(1-¢)w. (25)

3.3.1 Housing Market Clearing Condition

The housing market clearing condition pins down the equilibrium price of housing capital:

(1 - (1 - fol Hi,tdixat) ,UYt+1) pre1+ v (Ly)
1+r '

p; = (26)

While exposure to future climate risk curbs house prices (see Section 3.1), the materialization
of climate risk puts upward pressure on the contemporaneous house prices, since the cut in
supply ofinhabitable houses increases the marginal benefit of owning a house. If beliefs about
efficacy of public adaptation are correct (6; = 1,V j), this general equilibrium effect dominates
if households are sufficiently risk averse with respect to their consumption of housing,
In"er T
OV
V(L)

—_——
RRA

(27)

In that case, climate disasters increase house prices (cf. Van der Straten, 2023]).

Public adaptation reverses the effects of climate change on house prices, since it reduces
the exposure to climate risk and the supply of inhabitable houses. However, if the efficacy
of public adaptation is disputed (i.e. 8; < 1,V ), households’ perceived exposure to climate
risk is larger than their true exposure to climate risk. This strengthens the risk-exposure effect
(which puts downward pressure on the price), while it leaves the supply effect (which puts
upward pressure on the housing price) unchanged. As a result, the condition under which
house prices rise with climate risk becomes more stringent (see Appendix A.1). Hence, if there
is dispersion in the beliefs on the efficacy of public adaptation, the coefficient of relative risk

aversion (RRA) must be higher than one for house prices increase with climate risk.

3.3.2 Financial Market Clearing

If labour income is insufficient to cover the purchase of a house, some agents need to bor-
row. Because at least one type of workers must have positive savings (cf.|Dottling and Perotti

(2017)), the volume of mortgage credit in the economy, m, is

12



mt:maX{O,(l—(/)(n))ptI:t—(l—Tt) w}. (28)

Ifhouseholds are sufficiently risk averse, public adaptation curbs the housing price. This price
effect dominates the reduction in the fall of the housing stock, so public adaptation reduces
the total amount spent on housing. However, because taxation reduces disposable income,

the net effect of public adaptation on mortgage credit demand is ambiguous.

4 Political Economy

Public adaptation is the outcome of electoral competition in which young and old house-
holds vote. Households are heterogeneous in terms of their beliefs about the efficacy of public
adaptation and vote for the party which proposes a adaptation rate closest to their preferred
adaptation rate. Households vote under a Rawlsian veil of ignorance, hence before types are

revealed (¢ = 0) and before the impact of the climate shock (z = 1). The time-line is thus
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4.1 Adaptation Rate Preferred by the Young
A young household prefers a adaptation rate that maximizes its expected lifetime utility.

Proposition 1. The preferred adaptation rate of a young household i with beliefs0; is

_ Of (Ejr (L)) V2
‘L'Yj* _ 1 GJIJYHI (le * 6[Ej{,(i,+1) )

1
© L ggr(1-p)w (1+7)

(29)

Proof: See Appendix A.2.
The preferred adaptation rate of the young is high if beliefs about the efficacy of public adap-
tation (6)is high, since then they internalize a larger part of public adaptation benefits. Ad-

ditionally, the young’s preferred adaptation rate is high if the marginal utility of the expected

an,t(I:t+l)

extent the effect that climate change has on the welfare of the next generation.

future housing stock is high ( ), because then households internalize to a larger
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The young’s preferred adaptation rate falls in the level of individual income, as the tax is
proportional to income, but rises in aggregate labour income, as this increases their capacity
to bear the tax-burden. Furthermore, the young’s preferred adaptation rate rises as climate
risk (y;+1) becomes higher and the supply of houses (L;) become smaller, since both increase
the need for protection and hence increase the support public adaptation. Finally, the young’s
preferred choice of adaptation rate rises in the expected future house price (p;+1), since this

increases the value that is potentially lost upon a climatic impact.

4.2 Adaptation Rate Preferred by the Old

0ld households pay taxes and care about the supply of houses, L, that remains after their

lifetime ends. Hence, an old household, i with beliefs j € {O, P}, maximizes expected utility.

Proposition 2. The preferred adaptation rate by the old with beliefs 0 is

Toj*_i~;- HIUY Mz
R T R PP R T

Proof: See Appendix A.3.

(30)

As for the young, the old’s preferred adaptation rate is high if efficacy of adaptation is believed
to be high, the aggregate housing stock is low, aggregate labour income is low, climate risk
is high, and the marginal utility obtained from the expected future stock of housing is high.
Furthermore, comparing Propositions 2 and 3 indicates that the adaptation preferred by the

old is less than that of the young as they have less to gain from public adaptation.

4.3 Feasible Coalitions

To win elections, parties must receive the majority of the votes. Voters differ along two dimen-
sions: age (young versus old) and beliefs (optimists versus pessimists). None of the groups is
large enough to constitute a majority, hence voters must form a coalition to ensure that their
preferred policy is implemented. The preferred adaptation rates of the different groups are

stated in Table 1. The adaptation rates follow from Propositions 2 and 3, where 6o = 0, 6p = 0

and yi,; = ¢q+(1- ) w.

YOx OO0 Y Px OP

Because t >T and > 77", we rule out a coalition of young optimists and old

pessimists, as these groups are too ideologically dispersedﬂ We rule out the young forming

9For the adaptation rate preferred by young optimists to be strictly larger than the adaptation rate preferred by

af([Eo,,(_Zm))
0 [EO, t (Lt+ 1 )

of housing, v(Ly), the price of housing capital rises faster than the housing stock falls and this condition is always

old optimists (i.e. 7¥ O* > 700%), p, 1,

> r must hold. Due to the concavity of the utility function

satisfied. A similar condition ensures that the adaptation rate preferred by young pessimists is strictly larger than

0f(Ere(Lis1)) |~
OEp¢(L+1)

YPx

the adaptation rate preferred by old optimists (i.e. T > 1OP*)_ This is the case if p;+1 >r.
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a majority by assuming that there are more old people in society. This implies that young
optimists are never part of a successful coalition, since Assumption 2 ensures that a coalition
of young optimists and old optimists never constitutes a majority. For this reason, we do not

report the preferred adaptation rate of the young optimists in Table 1.

Optimists Pessimists
of (Eype(Lir1) | \ 2
YPx _ 4. Q'(pﬁﬁ 0Eyp;(Liv1) )
Young | n.a. T, = T+

00% _ 4 (7.0 €LV | —0Px _ o (p. 0 Eori(Lis1) )
Old o=A (9 0E00,¢(Le+1) ) =4 (Q 0Eop¢(Li+1) )

Table 1: Adaptation rates for various coalitions.

Key: The share of pessimists in society is denoted by w. Common terms in the adaptation rates are defined by

—a(7 _ wym)?® 1
A—A(Ltr’yt+lr¢)) - Zt [(PC]+(1—(/))M/]'

We assume that coalitions choose a adaptation rate that maximizes their joint utility subject

to their budget constraints and expected amount of housing left after the climate disaster.

Proposition 3. [fthere are fewer young than old households, pessimists constitute a majority
(w > 0.5), and each coalition maximizes joint utility. The set of feasible coalitions is then either

(i) a coalition of old optimists and young pessimists with preferred adaptation rate,

_ 33 . O Evroo. (L))
YPBOO%* _ [prHl * (wQ+ 1 a))H) 0Eypoo,: (Li1)
) —A- , (31)
(1+wr)
or (ii) a coalition of young pessimists and old pessimists with preferred adaptation rate,
1 0f (Ere(Lis1))
YROPx _ 0 [2pf+1+ 9Ep: (Lir1)
Ty - A 1 ) (32)
(1+37)
or (iii) a coalition of old optimists and old pessimists with preferred adaptation rate,
- Of(E L)1’
TtOO,OP* —A. (CUQ+ a1 —(1))9) . f( O0,0P,Z‘(_ t+1)) (33)
0Eoo,0pt (Li+1)

Proof: See Appendix A.4.
The adaptation rate chosen by each coalition falls in the housing stock (L;) and aggregate

labour income (¢g+ (1 — ¢) w), but rises in climate risk (y,+1), future house prices (p;+1), and

0FEu(Lrn))
OFE;(Li11)

adaptation rate proposed by a coalition of old optimists and young pessimists and by a coali-

the marginal utility from the expected future stock of housing ( ) Furthermore, the

tion of old optimists and pessimists rises in the share of optimists, 1 — w.
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4.4 Political Tipping

Proposition 4 suggests that the political equilibrium depends on (i) whether old optimists
prefer to form a coalition with young pessimists or old pessimists, and (ii) whether young
pessimists prefer to form a coalition with old optimists or old pessimists. Define by © = 6/6
the dispersion in beliefs between optimists and pessimists. To ensure that the old optimists
prefer a coalition with young pessimists rather than old pessimists, we assume that beliefs of
optimists and pessimists are sufficiently dispersed.

5f([EO,t(Lt+1)) -t

pt”.[ 0EQ ¢ (Lt+1)

+ of (Epe(Lev1)) [ 9/ (B0, (Lev)) !
0Ep;(Lt+1) 0EQ ¢ (Lt+1)
1+r

Assumption 3. O >

Assumption 3 ensures that the adaptation rate preferred by old optimists is larger than the

00+ > 7YP*). To understand the need for sufficiently

one preferred by young pessimists (7
dispersed beliefs, we must recognize that young pessimists gain an additional advantage from
public adaptation compared to old households. This is because young households still need
to sell their housing capital, and public adaptation increases the remaining amount that can
be sold. Consequently, the preferred adaptation rate of a young household with beliefs j, is
higher than the one preferred by an old household with the same beliefs. Then, to ensure
that the adaptation rate preferred by young pessimists is smaller than the one preferred by
old optimists, the beliefs of optimists and pessimists must be sufficiently dispersed. If this is
not the case, a coalition of the old always dominates.

The condition in Assumption 3 becomes more stringent over time as climate risk rises for
two reasons. First, a rise in climate risk increases house prices and this increases the pre-
ferred adaptation rate of only the young pessimistsET] Second, arise in climate risk curbs the
expected future stock of houses. But, the expectation formed by optimists is higher than the

expectation formed by pessimists. This is because public adaptation scales with the level of

climate risk, and optimists perceive public adaptation as more effective.

Proposition 4. Under Assumption 3, the preferred adaptation rates satisfy

YO 00%* YPx OPx
T, >T7 0 >T; >T; (34)
and
T?O,YP* S T?O,OP* S T?P,OP*. (35)

If and only if the additional condition,

10Dye to the concavity of the utility function of housing, v(L;), house price rises faster than the (expected)

housing stock falls. As a result, the total value of the (expected) future housing stock increases in climate risk.
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0f (oo (Les)) | 7F | 0F Ere(Len)) | [ 9 (Eovome(Les)) |7

1- (,())9 + (,UQ S Pe+1- a[EOO,OP,t(Lt+1) aIEP,[(th+1) alEOO,OP,I(LI-H) (36)
0 1+ ’
holds, the adaptation rates satisfy
TV 0% 5 700% 5 0OYPx 5 LOO0Px o pYPx 5 fYEOPx 5 0P, (37)
Otherwise, the adaptation rates satisfy
7Y 0% 5 7007 5 f0OYPx o g VPx o O0.0Px o pYEOPx o 1OPx, (38)

Proof: See Appendix A.5.
Corollary 1. Under Assumption 3, old optimists prefer a coalition with young pessimists.

Assumption 3 ensures that old optimists prefer to form a coalition with the young rather
than the old pessimists. The reason is that the adaptation rate that is best for old optimists,

00

700% satisfies 100* > 70OV P* 5 00.0Px

> . Given that utility of old optimists is concave in the
adaptation rate and rises for 7; < T?O*, forming a coalition with young pessimists provides
higher utility for old optimists than a coalition with old pessimists. As a result, young pes-
simists emerge as the pivotal group in the political economy equilibrium. The equilibrium
hinges on whether young pessimists prefer to form a coalition with old optimists or old pes-

simists.

Proposition 5. Let there be less young than old, pessimists then represent a majority (o > 0.5),

and Assumption 3 is satisfied. Also, assume that

0<

—pr+1 |1

o ||9f(Evroo,(Li+1)) 71. (l+wr) || B 1 (1 af (Epi(Lis1)))
2

= — + = + -

(1-0) || 0Eypoo,(Li+1) ® 0? (1+ %r)2 P T ok gy (L)
(39)

holds. The political economy equilibrium is then characterized by a coalition of young pes-

simists and old optimists. The adaptation rate proposed by this coalition equals

(08P +(08+ (01 - w)f) Ereces e

(40)

YROO*
T, =A
! (3 A+wn)

If condition ({39) on the dispersion of beliefs is not satisfied, the political economy equilibrium

is characterized by a coalition of young and old pessimists with adaptation rate

1 0f (Epe(Lin1))
YP,OP*: . Q [2p[+1+ aEP,z(LH)

i+ 1n) =
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Parameter Description Value Source

u Conditional expectation of losses to housing capital 1 Normalization

L Housing stock 1 Normalization

[0) Fraction of high skilled labour 0.20 Van der Mooren and De Vries|(2022)
W Fraction of pessimists 0.51

q Wage of high-income households 0.167  |Van der Straten|(2023)

r Rate of interest 0.718  |Van der Straten| (2023

w Wage of low-income households 0.089  |Van der Straten|(2023)

Table 2: Parameter Values.

Proof: See Appendix A.6.
Hence, if beliefs are not too dispersed, an equilibrium exists in which the political equilib-
rium tips from a coalition of all the young and old pessimists to a coalition of young pessimists

and old optimists. This latter coalition favours a higher adaptation rate.

5 Quantitative Assessment of Political Equilibrium Tipping

To illustrate the equilibrium effects of rising climate risk on the political equilibrium, we use
the illustrative parameter values stated in Table[2] (cf. [Van der Straten| 2023)[T| We take the
Netherlands as example, since it has a long history in flood risk management and faces an
increase in its exposure to flood risk as sea levels rise. We run our model for the periods 2010-
2040, 2040-2070, and 2070-2100. We conduct counterfactual analysis to demonstrate the ef-
fects of different scenarios of sea level rise, based on low (RCP 2.6), medium (RCP 4.5), and
high (RCP 8.5) greenhouse gas concentration trajectories (IPCC, 2013)[]["%]

We let y, represent the fraction of the currently flood-safe houses that a future rise in sea

levels would put at risk of flooding) (cf. Van der Straten, 2023). The relationship between

Uparameters are reported for the Netherlands as of 2010, or based on the terminal values in|[Van der Straten

(2023).
12The Representative Concentration Pathways (RCP) trajectories describe different climate futures depending

on the volume of future greenhouse gas emissions (IPCC,[2014). Under the RCP 2.6 (RCP 4.5 respectively RCP 6.0)
trajectory, emissions peak in 2020 (2040 respectively 2080) and the rise in global mean temperatures is likely to
stay between 0.3 to 1.7 (1.1 to 2.6 respectively 1.4 to 3.1) degrees Celsius, relative to the reference period. This
translates into a rise in global mean sea levels from 2100 of 0.26 to 0.55 (0.32 to 0.63 respectively 0.33 to 0.63)
meters. Under RCP 8.5, emissions continue to rise throughout the 21°¢ century and global mean temperatures
are likely to rise by approximately 2.6 to 4.8 degrees Celsius. This translates into a rise in global mean sea levels of

0.45 to 0.82 meters.
13The rate of interest over a period of 30 years is r. This corresponds to (1 +0.718)1/30 —1 = 1.18% per year.
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this fraction and various levels of sea level rise follows from Bosker et al,(2019)% and we use
the projections of global mean sea level rise from|IPCC (20 13)E} The evolution of the share of
flood-safe houses that future sea level rise would put at risk of flooding (y;) under the different
RCP trajectories is shown in Figure|l} The figure indicates that more severe global warming
scenarios put more houses at risk of flooding. Finally, we assume that v (L) = In (L) and f (L) =

In(L).

2020 2040 2060 2080 2100
Time

Figure 1: Evolution of the share of flood-safe houses that future sea level rise puts at risk of
flooding (y ) under the RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5 trajectories

To check for robustness, we present additional model simulations with (i) constant climate
risk (constant y,); (ii) a more concentrated income distribution (lower ¢); and (iii) a higher

fraction of pessimists (higher w). The results are reported in Appendices A2 and A3.

5.1 Results

Here we give the results for an initial stage without public adaptation, X¢,; = 0. We conduct
counterfactual analysis for different Representative Concentration Pathway (RCP) trajecto-
ries. Since projections of global mean sea level rise are only available up to 2100, we assume

that a steady state is reached in 2100 and solve the model backwards from then on.

5.1.1 Evolution of the Housing Stock and House Prices

The supply of inhabitable houses falls exogenously in the model with climate risk, leading to

areduction in the housing stock by approximately half at the end of the century in the RCP 8.5

14Bosker et al.|(2019) provides estimates of the number of the currently flood-safe houses that a future rise in
sea levels would put at risk of flooding in a best-, medium-, and worst-case scenario with sea levels rising by 24,

100 or 150 cm respectively based on Dutch elevation data.
15The Climate Scenario Tables provide projections of global mean sea level rise for every decade from 2000 to

2100 with 1986-2005 as the reference period.
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trajectory (see left panel of Figure[2)). In accordance with [Van der Straten! (2023)), the supply
effect dominates the discount effect due to climate risk exposure, translating into a sharp rise

of house prices over time (right panel, Figure [2)).
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Figure 2: Evolution of the housing stock and housing prices

Key: The steady-state of supply of inhabitable houses (left panel, indexed to 1 in 2010) and house prices (right
panel, indexed to 1 in 2010) for different RCP trajectories.

5.1.2 Evolution of the Political Equilibrium

Figure[3|plots the time paths of the upper and lower bounds on the dispersion in beliefs (i.e. ©)
for which a coalition of young pessimists and old optimists prevails for various RCP trajecto-
ries. Assumption 3 provides the lower bound on ©, and gives the smallest dispersion in beliefs
for which old optimists prefer to form a coalition with young rather than old pessimists. The
blue-shaded area highlights the values of ® for which Assumption 3 is not satisfied. Here the
dispersion in beliefs is not high enough to ensure that the adaptation rate of old optimists is
higher than the one preferred by young pessimists. Old optimists are then better off if they
form a coalition with the old pessimists.

On the other hand, the pink- and yellow-shaded areas highlight the values of © for which
Assumption 3 is satisfied. Here the dispersion in beliefs is sufficiently high to ensure that the
preferred adaptation rate of old optimists is higher than the one of young pessimists. Old
optimists are then strictly better off if they form a coalition with young pessimists.

Proposition 6 provides the lower bound for ©, and gives the maximum dispersion in beliefs
for which young pessimists prefer to form a coalition with old optimists, rather than old pes-
simistsPE] The yellow-shaded area shaded highlights the values of © for which the condition

in Proposition 6 is not satisfied. Here the utility of young pessimists is higher if they form a

YPx

161 utility of young pessimists, E; (U YPyis symmetric around the optimal adaptation rate, 7,

, the bound in
YBOO _T}/P* < T%/P* _TZP,OP

Proposition 6 can be approximated by 7

. We use this approximation in Figure
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Figure 3: Evolution of the political equilibrium

Key: Joint evolution of the upper (Proposition 6) and lower (Assumption 3) bounds on dispersion in beliefs for

which a coalition of young pessimists and old optimists prevails (pink-shaded area). If the dispersion in beliefs is
below the lower bound (blue-shaded area), a coalition of the old prevails. A coalition of the pessimists prevails if
the dispersion in beliefs is above the upper bound (yellow-shaded area). The left panel shows the evolution of the

bounds under RCP 4.5 and the right panel shows the evolution of the bounds under RCP 8.5.

coalition with old pessimists. The pink- and blue-shaded area highlights the values of © for
which the condition in Proposition 6 is satisfied. In this region, the utility of young pessimists
is strictly higher if they form a coalition with old optimists.

The region for which Assumption 3 is satisfied becomes smaller as climate risk becomes
more pressing, both over time and as we move to a more severe climate change scenario. The
reason is that the rise in house prices increases the preferred adaptation rate of young pes-
simists relative to that of the old. To ensure that the adaptation rate preferred by old optimists
remains higher than that of young pessimists, the dispersion in beliefs must be increasingly
larger. Moreover, as the rise in house prices increases the preferred adaptation rate of young
pessimists, they will become more likely to favour a coalition with old optimists rather than
old pessimists. This weakens the condition in Proposition 6, so the upper bound on the dis-
persion in beliefs increases. The region in which a coalition of young pessimists and old op-
timists prevails thus widens as climate risk becomes more urgent, both over time and as we
move to a more severe climate change scenario.

As the pink-shaded area widens over time and move to a more severe climate change sce-
nario, the panels (each representing a distinct RCP trajectory) indicate that it becomes more
likely for a coalition of young pessimists and old optimists to prevail as climate risk becomes
more urgent. Note that the likelihood of a coalition of the old (highlighted by the blue-shaded
area) also increases as climate risk becomes more urgent. However, a coalition of the old only

prevails for a sufficiently low dispersion in beliefs.
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5.1.3 Political Tipping in Adaptation Rates

Using the insights from Figure[3} we focus on a value for © such that the political equilibrium

tips from a coalition of pessimists to a coalition of young pessimists and old optimists. So, we

set © = 1.775 and accordingly 6 = 0.85 and 6 = 0.48.

Figure 4] plots the adaptation rates of the young and old under this specification of beliefs.

The adaptation rates preferred by young and the old increase as climate risk rises over time,

and more steeply the more severe the RCP trajectory. There is, however, a substantial differ-

ence between the adaptation rate preferred by young and old. By the end of the century and

under the most severe climate change scenario, the young prefer a adaptation rate of approx-

imately 0.4, while the old prefer one of only 0.15.
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Figure 4: Adaptation rates preferred by young and old households
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Key: Adaptation rate preferred by the young (left panel) and the old (right panel) with 6 = 0.85, 0 = 0.48, and

w = 0.51 for different RCP trajectories.
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Figure 5: Adaptation rates proposed by different coalitions
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Key: The adaptation rate proposed by a coalition of pessimists (left panel) and a coalition of young pessimists and

old optimists (right panel) for different RCP trajectories.

Figure[5|plots the time paths of the proposed adaptation rates of each coalition. The adap-
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tation rates increase as climate risk rises over time, and rise more steeply the more severe the
RCP trajectory. Moreover, the adaptation rate proposed by a coalition of young pessimists and
old optimists is strictly higher than the adaptation rate proposed by a coalition of pessimists.

For ® = 1.775, the political equilibrium tips from a coalition of only pessimists to a coali-
tion of young pessimists and old optimists around 2070. Figure[6|depicts the evolution of the
adaptation rate prevailing in the economy over time when the political equilibrium tips with

each panel representing a distinct RCP trajectory.
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Figure 6: Political tipping

Key: The prevailing adaptation rate in the econoniy over time over time when the political equilibrium tips around

2070, under RCP 4.5 (left panel) and RCP 8.5 (right panel).

6 Comparison of Political Equilibria and Optimal Policy

To compare the political economy equilibrium to the social optimum, we determine the opti-
mal public policy where the social planner chooses Xg,; to maximize utilitarian social welfare

and fully internalizes the benefits of public adaptation, i.e. 6; = 1V j:

(o]

1 - -
Xfxt;)(Tr) (a+n(a-o[pg+a-pw|)+v@o+ L)
1, -
s.t. zXGJL,=rt~[¢>q+(1—</))w]
I
i=Le [T(-(1-Xe) uyi). (42)
1=t

Proposition 6. The socially optimal level of public adaptation equals

FBs _ HLYtn1 > (_1 )f—f[_l AR =R
X6 = 1+r j:t+1(1+r 2(1+r)XGyj+U(L]) t:lll(l (1 XG,t)MLYL+1)
d+7) jerri\L+T 1=t+1

The optimal adaptation rate follows from government budget balance and equals
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s (Xaf)z.it

' :2-[<pq+(1—<p)w]

T (44)
Proof: See Appendix A.7.

A comparison between the socially optimal adaptation rate with the preferred adaptation
rate of the young and old reveals that households do not fully internalize the benefits of pub-
lic adaptation. The social planner thus favours a higher adaptation rate (see Figure[4). Since
the old do not own housing capital, they do not take into consideration that public adapta-
tion increases the remaining amount that can be sold. While the young internalize in part the
effect of adaptation on the evolution of the housing stock due to its capitalization in house
prices (Van der Straten, |2023), they do not internalize the effect of public adaptation on the
utility that other generations obtain from the expected future stock of houses (as captured
by f(L j+1), J € [t,00]). In contrast, the social planner internalizes its effect on the utility ob-
tained by each subsequent generation from the expected stock of houses in the future. Hence,
the private choice of adaptation does not equal the social optimum, even if beliefs about the

efficacy of public adaptation are correct (6; = 1,V j).

6.1 Public Adaptation Gap

To quantify the public adaptation gap, we plot and compare the socially optimal adaptation
rate with the adaptation rate that the prevailing coalition proposes over time. We use the same
characterization of dispersion in beliefs as before, so that the coalition of the pessimists pre-
vails from 2010 - 2070 and then tips to a coalition of young pessimists and old optimists from
2070 onward. The adaptation gap is in part driven by the failure of households to internal-
ize the benefits of public adaptation to each subsequent generation. The other part of the
adaptation gap is due to incorrect beliefs above the efficacy of public adaptation.

To decompose the adaptation gap into the effects from imperfect internalization and from
incorrect beliefs, we determine the second-best adaptation rate which is chosen by a social
planner who takes into account the beliefs of households about efficacy of public interven-
tion (see Appendix A.7.) The adaptation gap under second-best is thus fully explained by the
imperfect internalization of the benefits of public adaptation. The adaptation gaps under the
first- and second-best policy choice are depicted in Figure[7]with each panel representing a
distinct RCP trajectory. While the adaptation rate chosen by the social planner who takes be-
liefs of households into consideration is approximately half the socially optimal adaptation
rate, a large adaptation gap remains under the second-best policy choice. This gap widens as

climate risk rises over time.
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Figure 7: Decomposition of the public adaptation gap

Key: Evolution of the time path of the adaptation gap under the second-best policy choice (red-shaded area) and
first-best policy choice (red- and purple-shaded area) when the dispersion in beliefs about efficacy of public
intervention is characterized by © = 1.775,0 = 0.85, and0 = 0.48, under RCP 4.5 (left) and RCP 8.5 (right panel).

7 Extended Model

We provide an extension our analysis in which types are known to old households once they
vote. In this case, there are four groups of old households and the preferred adaptation rate
of each is determined by both their beliefs and income. This distinction matters for voting
outcomes and consequently affects the political equilibrium that prevails.
7.1 Old Households’ Choice of Adaptation Rate
A high-income, old household, i, with beliefs j € {O, P}, maximizes

H%aX[E(U(Ch,miHI)) =[; (Ch,t) + f([Ej,t (it+1)) (45)

st. cpr=(-T1)g+ max{pt (1=&ne) Ly + (1 +7) Sht—l»O}
Tt = 0.

and a low-income, old household, [/, with beliefs j € {O, P}, maximizes

InT?XIE(U(Cl,tnI:t+1)) =E; (Cl,t) +f([Ej,t (_t+l)) (46)
Stoocpr=(1—1y) w+max{pt(1 —5l,t) Ly +Q0Q+7) Sl,t_l,O}

7;,2>0.

Proposition 7. The optimal adaptation rate of a high-income, old household h with beliefs 0 ;

is
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Of [E‘,t l—'t+1
Qj/JYHI a(ﬂ':jj,t((itﬂ)))
T =g (1-g)wls 7 (47)

and the optimal adaptation rate of a low-income, old household | with beliefs 0; is

Of (E)i(Li+1))
OIHY 156, )

(48)

Olj= 1
T, =7, [0a+ (=g ul "

If the wage gap is smaller than the dispersion in beliefs (scaled by the marginal utilities of the
future housing stock), i.e.,

0f (Eo,(Le+1))
aIEO,t(iHl)

Of (Epe(Len1))
aFEP,t(Lt+1)

q. (49)
w

1D D

then we have

TOOI* > TOOh* > TOPl* > TOPh*.

Otherwise, we have

TOOI* > TOPl* > TOOh* > TOPh*.

Proof: See Appendix A.8.

Since high-income, old households sell their house prior to public adaptation becoming
effective, the difference in the preferred adaptation rates of high- respectively low-income
households is fully explained by the difference in wages. Then, as low-income, old households
bear an smaller fraction of the investment costs associated with public adaptation, they favour

a higher adaptation rate than high-income households.

7.2 Feasible Coalitions

Income is a distinguishing factor among old households, influencing the preferred adapta-
tion rate of the old. As a consequence, the size of old household groups is smaller compared
to the baseline model and coalitions must include (at least) three groups of households to
form a majority. The wage gap, which determines the relative ordering of the adaptation rates
preferred by the various groups of old households (see Proposition 8), also affects the set of
feasible coalitions. In particular, a rise in economic inequality, as reflected by an increase in
the wage gap, g/ w, increases the adaptation rate preferred by the low-income, old pessimists

relative to the adaptation rate preferred by the high-income, old optimistsm This occurs as

171f economic inequality declines, this does not lead to a change in the relative ordering of the preferred adap-
tation rates of the old, unless economic inequality is very large at the onset. If the latter is the case, the political

equilibrium tips between the same coalitions as outlined below, although in reverse order.
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the disproportionate reduction in their income causes the fraction of the investment costs
borne by the low-income households to become increasingly smaller. Consequently, if the
wage gap is sufficiently large, the adaptation rate preferred by low-income, old pessimists is
higher than the one preferred by the high-income, old optimistic households (7 99!* > 1 90"*)
We again focus on a realistic subset of coalitions - those that emerge if young pessimists are

pivotal - and we make the following assumption.

Assumption 4. Ifinequality is sufficiently small (see Proposition 8), beliefs between optimists
and pessimists must be sufficiently dispersed:

0f Eou(Le)) |7, 0fEni(Ler)) [0f (Eou(Lia)) |7

0> Pt+1- 0Fo,; (Li+1) OEp;(Li+1) 0Fo,i(Li+1) . q ' (50)
: (1+7) L $q+U-Pw
Assumption 3 Inequalityvmultiplier

If economic inequality is sufficiently large (see Proposition 8), beliefs between optimists and

pessimists must be not too dispersed:

of Eou(Les)) |7 | 0f(Eni (L)) [3f(Eor(Len)) ™"

G) < pt+1 ) 6[Eo_t(I:H1) aIERt(I:HI) aIEO,t(I:Hl) . q . (51)
: (1+7) , $g+U-Pw
Assumption 3 Inequalit):, multiplier

Assumption 4 ensures that the adaptation rate preferred by the high-income, old optimists is

OOhx*

¢ YP*)

larger (smaller) than the adaptation rate preferred by the young pessimists (7 > ()7
if economic inequality is low (high). As a result, the young pessimists emerge as the pivotal

group for determining the political equilibriumEg]

Proposition 8. Ifthe young are less in number than the old, pessimists are in the majority (w >
0.5), high-income households are a minority (¢ < 0.5), and economic inequality is sufficiently

low, then

T}/O* > T?Ol* > T?Oh* > Tfp* > T?Pl* > T?Ph* (52)

and the young pessimists are pivotal. The set of feasible coalitions is then:

(i) "High Ambition Coalition": Low-income, old optimists ((1-¢)(1—w)), high-income, old
optimists (¢p(1 — w) ) and young pessimists (w). This is a coalition of the young pessimists

and old optimists.

(ii) Mixed Coalition (2(w—¢pw)+}): high-income, old optimists (¢p(1-w) ), young pessimists

(w), and low-income, old pessimists ((1—¢)w). We refer to this as the "mixed coalition "E;]

181 both cases a coalition of the old is never large enough to be pivotal.
19Under Assumption 2, i.e. w > 0.5, a successful mixed coalition is always larger - and thus politically more

powerful than a successful high ambition coalition. Moreover, under Assumption 3, a successful mixed coalition

is always larger than the low-ambition coalition.
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(iii) "Low Ambition Coalition" (2w ): Young pessimists (w), low-income, old pessimists ((1 —
P)w), and high-income, old pessimists (¢w). This is a coalition of the young pessimists

and old pessimists

If economic inequality is sufficiently high and Assumption (ii) holds, then

T?’O* > T?Ol* > T?Pl* > T%/P* > T?Oh* > T?Ph* (53)

and, the young pessimists are pivotal. The set of feasible coalitions is then:

(i) "High Ambition Coalition" (1— ¢+ w): low-income, old optimists ((1—¢)(1 —w) ), young
pessimists (w), and low-income, old pessimists (w(1—¢)). This is a coalition of the young

pessimists and the low-income old.

(ii) Mixed Coalition (2(w— pw)+P): high-income, old optimists (¢(1 —w) ), young pessimists
(w), and low-income, old pessimists (1 — ¢)w) households. We refer to this as the "mixed

coalition"?]]

(iii) "Low Ambition Coalition" (w¢): Young pessimists (w), high-income, old optimists ((1—
w)¢), and high-income, old pessimists (¢w). This is a coalition of the young pessimists

and high-income, old[?]

Finally, if Assumption 4 ((i) respectively (ii)) is not satisfied, the high-income, old optimists
emerge as pivotal group and the political equilibrium is always characterized by the prevailing

of the mixed coalition.

Proof: See Appendix A.9.

Proposition 9 highlights that the rise in economic inequality changes the composition of the
high- and low-ambition coalition. The composition of the mixed coalition remains unchanged.
Additionally, if Assumption 4 ((i) respectively (ii)) is not satisfied, the political equilibrium is
always characterized by the mixed coalition prevailing. We summarize the preferred adapta-

tion rates of the various coalitions in Appendix A.10.

20Under Assumption 2, i.e. w > 0.5, a successful low-ambition coalition is always larger than a successful high

ambition coalition. Hence, a successful high-ambition coalition always has the least political power.
2lFor ¢ < w, a successful high ambition coalition is always larger and thus politically more powerful than a

successful mixed coalition.
22Note that the low-ambition coalition could constitute a majority under Assumption 1 and Assumption 2, but

not necessarily.
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Time 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Inequality multiplier ~1.000 1.005 1.020 1.050 1.110 1.200 1.340 1.450 1.505 1.527

q 0.127 0.127 0.127 0.127 0.127 0.127 0.127 0.117 0.117 0.117
w 0.127 0.126 0.123 0.119 0.111 0.100 0.086 0.071 0.068 0.066
qlw 1 1.006 1.025 1.063 1.141 1.263 1.464 1.634 1.722 1.759

Table 3: The values of the income parameters for the simulations of the extended model.

7.3 Evolution of the Political Equilibrium and Equilibrium Tipping

While some coalitions are politically feasible, the political equilibrium that emerges depends
on the preferences of young pessimists. The equilibrium hinges on whether the young pes-
simists prefer to form the high ambition coalition, the mixed coalition or the low ambition
coalition. We want to evaluate the viability of the high-ambition coalition, so we determine
the condition under which young pessimists prefer to form this coalition, rather than the
mixed coalition.

As in the baseline model, if beliefs are not too dispersed, an equilibrium exists in which the
economy tips to political equilibrium characterized by the prevailing of the high-ambition
coalition. In Appendix A.11, we provide an implicit definition the upper bound on the disper-
sion of beliefs of optimists and pessimists for which the young pessimists prefer to form the
high-ambition coalition, rather than the mixed coalition.

To study the evolution of the political equilibrium over time, we simulate the model. We use
a fairly similar parameterization as for the baseline model. We again have 6 = 0.85 but set
6 slightly higher, at 0.52. With regards to wages, we start from a case in which the wage of
high- and low-income workers is equal, and reduce the wage of low-income workers dispro-
portionately over time (see Van der Straten| (2023)). To study the effect of rising inequality
on the political equilibrium, we let the inequality multiplier increase in such a way over time
that ¢/ w becomes slightly higher than 6/ by the end of the century. The evolution of the
multiplier, to which we fit an S-curve, is plotted in Figure [25/in Appendix A4. This curve is
subsequently used to determine the evolution of the low-income wage over time. The evolu-
tion of the income variables is summarized in Table[3] The values of other parameters can be

found in Table
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Figure 8: Evolution of the political equilibrium

Key: Joint evolution of the bounds on the dispersion in beliefs. Between 2010 - 2060, the upper bound is determined
by Proposition 11, (i), and the lower bound by Assumption 4. If the dispersion of beliefs falls within these bounds, a
coalition of young pessimists and old optimists prevails (pink-shaded area). A mixed coalition prevails if the
dispersion in beliefs is above the upper bound (yellow shaded area, Proposition 11 (ii)) or if the dispersion in
beliefs falls below the lower bound (blue shaded area, Assumption 4). From 2080 onwards, the (least) upper
bound is determined by Proposition 11, (ii). If the dispersion of beliefs falls below this bound, a coalition of young
pessimists and low-income, old prevails (green shaded area). When above this bound, the mixed coalition
prevails. However, if beliefs fall above the bound determined by Assumption 5, the Assumption is not satisfied. The
panels show the evolution of the bounds over time and under the different RCP trajectories. The left panel shows

the evolution of the bounds under RCP 4.5, while the right panel shows the evolution of the bounds under RCP 8.5.

The evolution of the political equilibrium is displayed in Figure [8| The panels reveal that a
coalition of young pessimists and old optimists prevails (pink region) if beliefs are sufficiently
dispersed but not too dispersed, and inequality is sufficiently low. If beliefs are too dispersed,
young pessimists have a preference to form the mixed coalition as this gives them a higher
utility (yellow region, Proposition 11 (i)). If beliefs are not sufficiently dispersed, the relative
ordering of the adaptation rates changes, which leads to the prevailing of the mixed coalition
(blue region, see Proposition 9). As inequality rises over time, the region in which the mixed
coalition prevails expands. This occurs due to the rise in the wage gap, which translates into a
rapid increase in the inequality multiplier over time (see Figurein Appendix A4). Then, the
coalition of young pessimists and old optimists only prevails between 2010 and 2060, and the
political equilibrium shifts to the mixed coalition between 2060 - 2080. Once inequality is suf-
ficiently high (see Proposition 8), and the dispersion in beliefs is sufficiently high as well, the
political equilibrium tips to one in which the coalition of young pessimists and low-income,
old prevails (green region). If beliefs are too dispersed, however, the mixed coalition prevails
since young pessimists obtain a higher utility than if they were to form a coalition with the

low-income, old (yellow region; see Proposition 11 (ii).
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Figure 9: Tipping of the adaptation rate

Key: The time path for the adaptation rate when the political equilibrium tips around 2050, and 2080, under RCP
4.5 (left panel) and RCP 8.5 (right panel).

Figure[9|plots the tipping of the prevailing adaptation rate over time. As in the baseline model,
the adaptation rate proposed by each coalition rises in climate risk. Figure[9|further reveals
that the tipping of the prevailing coalition has a non-monotonic effect on the scale of public
intervention. Specifically, the adaptation rate increases due to the political shift from a mixed
coalition to a coalition of young pessimists and old optimists, but declines due to the tipping
from a coalition of young pessimists and old optimists to a coalition of young pessimists and
low-income old. This result depends crucially on the level of economic inequality. If eco-
nomic inequality were to rise at an increasing rate, the second tipping point would have a
positive effect on public intervention. Nevertheless, the effect would remain much smaller
than the effect of the first tipping point, thus highlighting the importance of controlling eco-

nomic inequality in the fight against climate change.

8 Conclusion

We have studied the evolution over time of the public response to physical climate risk, where
political preferences are affected by rising climate risk and growing economic inequality. Our
political economy analysis of public adaptation has led to the following insights.

First, the preferred adaptation rate of both young and old households rises in climate risk
and the beliefs about the efficacy of public intervention. Furthermore, the preferred adap-
tation rate is higher if young and old households internalize to a larger extent that climatic
damages reduce the housing stock available to the next generation.

Second, the preferred adaptation rate of each feasible coalition (i.e., old optimists and young

pessimists, young pessimists and old pessimists, old optimists and old pessimists) also rises
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as economic inequality grows, and the adaptation rate preferred by a coalition of old optimists
and young pessimist or of old optimists and old pessimists rises in the fraction of optimists.

Third, the utility old optimists obtain from forming a coalition with young pessimists is
higher than they would obtain from forming a coalition with old pessimists if beliefs of op-
timists and pessimists are sufficiently dispersed. This is necessary as young pessimists gain
an additional advantage from public adaptation compared to old households, since young
households sell their house after public intervention takes place, and public adaptation in-
creases the remaining amount left to be sold. Hence, only a sufficiently large dispersion in
beliefs rules out a coalition of the old and, as a result, the young pessimists emerge as the
pivotal group for determining the political economy equilibrium.

Our analysis highlights the phenomena of multiple equilibria and political tipping, which
occurs when the prevailing coalition changes due to gradual climate change. In particular, the
equilibrium hinges on whether young pessimists prefer to form a coalition with old optimists
or old pessimists. When climate risk is sufficiently low, young pessimists prefer to form a
coalition with old pessimists. However, as climate risk rises, the support of young pessimists
for public intervention increases. This occurs as the rise in climate risk increases house prices
and hence public adaptation becomes more valuable for those that sell their house after the
intervention - the young households. Then, if beliefs are not too dispersed, the coalition of
young pessimists and old optimists prevails.

Finally, we provide an extension in which old households know their type when they vote. As
low-income households rely to a larger extent on public intervention, the rise in economic in-
equality maylead to an additional tipping point, favouring a coalition of the pessimistic young
and low-income old. This might reduces the scale of public intervention, thus highlighting the
importance of controlling economic inequality in the fight against climate change. While the
adaptation rate proposed by each coalition rises in climate risk, and in economic inequality,
households fail to internalize long term benefits of public adaptation for future generations.
As a consequence, public intervention is undermined by a "tragedy of the horizon" effect,

which prevents adaptation from converging to the long term social optimum.

32



References

AceEmocLu, D. AND D. AuToR (2011): “Skills, tasks and technologies: Implications for employ-

ment and earnings,” in Handbook of Labor Economics, Elsevier, vol. 4, 1043-1171.

BAKKENSEN, L. A. AND L. BARRAGE (2021): “Going underwater? Flood risk belief heterogeneity

and coastal home price dynamics,” The Review of Financial Studies.

BESLEY, T. AND T. PERSSON (2023): “The political economics of green transitions,” The Quar-

terly Journal of Economics, 138, 1863-1906.

BOSKER, M., H. GARRETSEN, G. MARLET, AND C. VAN WOERKENS (2019): “Nether Lands: Evi-
dence on the price and perception of rare natural disasters,” Journal of the European Eco-

nomic Association, 17, 413—-453.

BURzYNsKI, M., C. DEUSTER, E DOCQUIER, AND J. DE MELO (2019): “Climate Change, Inequal-

ity, and Human Migration,” Journal of the European Economic Association.

DELFGAAUW, J. AND O. SWANK (2024): “The political climate trap,” Journal of Environmental

Economics and Management, 102935.

Di1ETZ, S. AND N. STERN (2015): “Endogenous growth, convexity of damage and climate risk:
how Nordhaus’ framework supports deep cuts in carbon emissions,” Economic Journal,

125, 574-620.

DOTTLING, R. AND E. C. PEROTTI (2017): “Secular trends and technological progress,” CEPR

Discussion Paper No. DP125109.

DoOUENNE, T. AND A. FABRE (2022): “Yellow vests, pessimistic beliefs, and carbon tax aversion,”

American Economic Journal: Economic Policy, 14, 81-110.

FRIED, S. (2022): “Seawalls and stilts: A quantitative macro study of climate adaptation,” The

Review of Economic Studies, 89, 3303-3344.

GoLosov, M., J. HASSLER, P. KRUSELL, AND A. TsYvINsKI (2014): “Optimal taxes on fossil fuel

in general equilibrium,” Econometrica, 82, 41-88.

Hong, H., N. WANG, AND J. YANG (2023): “Mitigating disaster risks in the age of climate

change,” Econometrica, Forthcoming.

Hs1ao, A. (2023): “Sea Level Rise and Urban Adaptation in Jakarta,” Technical Report.

33



IKEFUTI, M., R. J. LAEVEN, J. R. MAGNUS, AND Y. YUE (2022): “Earthquake risk embedded in
property prices: Evidence from five Japanese cities,” Journal of the American Statistical As-

sociation, 117, 82-93.

IPCC (2013): “Annex II: Climate System Scenario Tables,” in Climate Change 2013: The Phys-
ical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the In-
tergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, United

Kingdom and New York, NY, USA.

(2014): Climate Change 2014: Mitigation of Climate Change. Contribution of Working
Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change,

Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

LAsAGE, R, T. I. VELDKAMP, H. DE MoEL, T. VAN, H. Pui, P. VELLINGA, AND J. AERTS (2014):
“Assessment of the effectiveness of flood adaptation strategies for HCMC,” Natural Hazards

and Earth System Sciences, 14, 1441-1457.

Muis, S., B. GUNERALP, B. JONGMAN, J. C. AERTS, AND P. J. WARD (2015): “Flood risk and adap-
tation strategies under climate change and urban expansion: A probabilistic analysis using

global data,” Science of the Total Environment, 538, 445-457.
NorbpHAUS, W. (2008): “A question of balance: economic models of climate change,” .

PERSSON, T. AND G. TABELLINT (2002): Political economics: explaining economic policy, MIT

press.
RazIN, A. (2021): “Globalization, Migration, and Welfare State,” Springer Books.

RazIN, A. AND E. SADKA (1999): “Migration and pension with international capital mobility,”

Journal of Public Economics, 74, 141-150.

(2000): “Unskilled migration: a burden or a boon for the welfare state?” Scandinavian

Journal of Economics, 102, 463-479.

RazIN, A., E. SADKA, AND P. SWAGEL (2002): “The aging population and the size of the welfare

state,” Journal of Political Economy, 110, 900-918.

VAN DER MOOREN, E AND R. DE VRIES (2022): Steeds meer hoogopgeleiden in Nederland: wat

voor beroep hebben ze?, Centraal Bureau van de Statistiek.

34



VAN DER STRATEN, Y. (2023): “Flooded House or Underwater Mortgage? The Implications of
Rising Climate Risk and Adaptation on Housing, Income, and Wealth,” Tech. rep., Tinber-

gen Institute Discussion Paper TI 2023-014/1IV.

35



Al Proof of Propositions

A1l.1 Proof of Proposition 1

Proposition 9. Suppose climate risk in period t, y rises in all future periods by a factor { > 1,

so that{{y+1,..,{Yoo}- Then, house prices rise in this factor { if

av!(L ) - ._1 ._1 X
ij ‘B (L]) Z[]:t XG,!YL+1 : H{/Zl‘,t'#L (1 - (1 - {XG,I’) qu'+1) ) (Al)
— — . - - > 1.
v (Lj) Zt]:tl fol ejvldiXG"YH'l ) H‘L]’:;LWH (1 - (1 - f01 ei'l/di(X(*},L’) 'uY""'l)
This condition is more stringent than the condition under0; = 1,V1, j.
The price of housing capital in a given period, ¢, is given by
. (1—(1—folgi,tdlhxgvt)ﬂ'}/t_;_l)pt+1+ V,(Ij[)
pr = (A2)

1+r)

Forward substitution gives
o0 1 j—t+1 _ j—l 1
=Y (i) WENTT(- (1 [ ouedixg,)ur) (43
i 1=t
where
N
Li=LJ] (1= (1-X5 ) uyin) (A4)
1=t
Suppose climate risk, y, increases in all future periods, i.e. {ys+1,..., Yoo} by some factor ¢ > 0,

i.e. {{y....,{Yoo}- Then, the price of house capital is given by

pt=§( ! )j_Hl[v’(lij)]ﬁ(l—(l— fo lei,,diXE‘;,t)ﬂ(Ym) (A5)

= 1+r =t

Then, the FOC of p; with respect to { is given by

op: X ( 1 \i~+1[ov'Ly oLy Jo! S Y= 1 .
a_(_]Z::t 1+r) ai,] .Y.l:l’ (1_(1_f0 gl)lleG,L)M(YHI +v (L])'a_c L’I;It(l_(l_fo gi,L’leG,l/)/J(Yt’+1)
(A6)
Remark that
o
Li=L: [T (1-(1-X5,) plyen) (A7)
1=t
where
oL; _ ! j-1
o ul Y 0-Xeora 1 (1—(1—Xé,l,)p(yt/+l) (A8)
a( 1=t l’:t,tlit
and

Al
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1=t

=t V=t1#1
(A9)
then
e (D L (- (1 [ i Jucre) T i ;
= = — .1 1-|1-[ 6;,diX (1-XG)Yis1- 1-{1-x%, /
o¢ Njgt 1+r oL; ! L:Ht o BTG HeY i1 L:Zt GuYirl L/:g,ﬂ[ ( G»l)u(%“)
V(s j-1 1 j-1 1 .
+V[Lj)~2(l—f ei,LdiXG,l)ml- I1 (1—(1—[ Qi'lrdiXG’L,)/,t(yl/H) (A10)
1=t 0 U=t #1 0
Define
_ . 1
. *
[E(Lj):Lt-H(l—(l—fO ei,LdchGyl)pym) (A11)
=t
Then, this becomes
op: © (] )] t+1 a,,(L) - j-1 .
—=p) | Zl Xeoyier- [I (1-({1=-XG, |uCyra
o j=t 1+r OLJ ( ) =t l'=t,L’#L[ ( G’L) ! )
V(= =1/ m ) j-1 1 e
+v (L])Z(f gi,lleG,l)YH'l' H (1—(1—[ Hi,l’leG,l')uZYt/+l) (AlZ)
1=t \JO U=t1'#1 0

This is positive if

ay’(ij) j-1 j=1 . (- j=1 1 ) j=1 1 e
-—== ( ) Z(l XG,)Yi+1- l_[ (1_(1_XGJ!).U(Y;’+1)2V(Lj]’;(l_[] Hi,ileG,L)YL+1' H (1_(1_f0 ai,t’leG’,f)ﬂ[Yt’JrlJ

al‘f U=t #1 I=t#
(A13)
or, equivalently, if
611/(1_4 ) _ ._1 ._1 "
or, E(L) S A= Xeoye T2, (1= (1- X5, moyea) .
V(L) (1= 0diXe ) v T, (1= (1= Sy 0redixg, ) uyin)
(A14)
This condition is more stringent than Condition 1 if
B Z] (1-XG)Yie1- H/ 1-X5, /J(YVH B
[E(Lj)- - 1=t '= tt;ét( ( GL) ) SL]' (AIS)
Z[]:t (l_fo Hi,ldiXGl) Yi+1- HL/ tt;ét( ( fo l’diXEYL/)HCYL'+1)
or, equivalently, if
- Jj-
L; > - Xe )y T, 1= X5 | By
Jj =t V= tt#t( ( GL) ) (AIG)

= —
[E(Lj) ZL]:_II (1_f0 ei,LdiXG,ﬂ/Hl)'H] }ft;ét( ( f() lt’le ),UCYL’+1)
Substituting the expressions for L; and E(L;) and rewriting gives
L0 (10 0adiXe, ) v T2, o, (1= (1= S0 00 diXg Jutyen) L 0-Xoyin T, (1 (12 X6, ) v

H] 1(1_[ _fo Hi,tleG',]lJCYHl) - H] 1(1_(1 XGl]ﬂ(YHl)
(A17)

This becomes

i1 (l—folei,td"XGﬂ)%H = (1- XG)Yie1
A= o o))~ 5 = (1= )

which is always satisfied as 8 < 1, Vi.

(A18)
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A1.2 Proof of Proposition 2

Young households favour a adaptation rate that maximizes their expected lifetime utility:

H}?X[E(U(Li,t, Ci,t+1»it+l)) = U(Li,t) +E; (Ci,t+l) + f([Et (I:t+l)) (A19)
st. (A=1)Yie < peLic+Siy
Civs1 < (L= Te1) Yiosr +max{ pror (1= &ip01) Lie + (14 7) S5,1,0}
7; 20
where c; ;41 is the consumption of household i in period ¢ + 1 and E; denotes expectations

formed at date t.

Given the probability of default, the expectation of household i’s consumption in period

t+1, ¢c;r+1,as formed at date ¢, becomes:

Er(cijre1) = G (Eie1) (Pror (1 —E(Erpal€rin < &ipin)) Liye + (L +7)S; ) (A20)

No arbitrage requires that the expected payoff of holding household debt to be equal to the

riskless return earned on savings:

A+n(=S;)= G(éi,tﬂ) A+A(=S;)+1- G(éi,t+1)) pre1 (1 =E(&i11E, 041 > éi,t+1)) Li;
(A21)

where the expected payoff of holding household debt is equal to the repayment of the loan
with interest in case the household does not default and the revenue from selling the collat-

eral in case of default.

The no-arbitrage condition can be rewritten as

G 1) (Pre1 (1= (& 4111 001 < Eipa1)) Liye + L+ P)(Si,0) = A+ 1) (Si,0) + prot (1—E (&1 p+1)) Liyr1
(A22)

and the expectation of household i’s consumption in period ¢+ 1, ¢; 111, as formed at date

t, becomes

Et(ciye+1) = L+ 1)(Si,0) + peer (1=E(Exe41)) Lit (A23)

Using that E (¢;,141) = (1 -0 Xg,¢) uy++1, the household optimization problem can be writ-

ten as
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H%?X[E(U(Li,t, Cietr, Le1)) = A+ 1S+ pra (1-(1 _éjXG,t) wyee1) Lie+ v (Lie) + f (€ (Lis))
(A24)
s.t. (=1 yit<peLic+Si;

;20
and the budget constraint is substituted to obtain

maxE (U (Li Ci,t+1,Le+1)) = A+ 1) (A =70 Yie = peLiye) + pre (1- (1 _éjXG,t) wye+1) Lie+ v (Li) + f(E¢ (Les))

Ty

(A25)
s.t. 17,20
The FOC for 7, is given by
= 0Xg,: Of(E¢(Li+1)) OE;(Ls+1)
-1 i+ +0; L. : = .
(I+1)yi e +0j1yra1Pre1Li 7, + OF, (Liv1) a7,
- ov(L; )] OL;
—(L+N)pr+pie1 (1-(1-6,X6,0) ye1) + aL” -al't=0 (A26)
it T
-0
where
0X +(1-—
G,t:\/[d)q ( - ¢) w] >0 (A27)
Grt TtLt
and
oLi;  ~ 30X, 1 (au'—1)1
L R LI 0 A28
o1, JHY t+1Pt+1 a1, Lis > (A28)
<0

i.e. ahigher adaptation rate implies a higher level of public intervention and therefore lower
idiosyncratic losses suffered in the wake of an extreme weather event. Given prices, this in-

creases demand for housing capital.

Now, using that

OFE; (L+1) 0XG,t

=0; —_ A29
o1, JHY t+1 or, (A29)

and that in equilibrium L; ;, = L,, the FOC can be rewritten as

6f([Et(it+1))), \/[¢q+(1—¢)w1

oE; (Lt+1) Ttl_ft

Oy rsr|Pre1+ =1+ (A30)

Then, the optimal choice of adaptation rate of a young household with beliefs 0 is

Of (Eu(Lis 2

A+nyir

1
rf*zi—t-[¢q+(1—¢) w] - (A31)
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A1.3 Proof of Proposition 3

Old households maximize their expected utility, as given by

maX[E(U(Ci,tuI:Hl)) =E; (Ci,t) +f([Ei,t (I:t+1)) (A32)

Tt
st cir=(1-74) J/t+maX{Pt (1 _fi,t) Lit1+Q+7) Si,t—l;o}
7,20

where c; ; is the consumption of household i in period ¢ and E; denotes expectations formed

at (the start of) date ¢.

Using the no-arbitrage condition as in Proof of Proposition 1, the maximization problem can

be rewritten as

maxE (U (cie+1,Le1)) = L= ye+ A+ 1)Si o1+ pee1 (1= (1 =0 X6,0-1) wye) Lise—1 + f (B¢ (Le+1))

Ty

(A33)
s.t. 17,20
The FOC for 7, is given by
of (E; (L oE; (L
- f( r(_ t+1))' t(Les1) o (A34)
G[Et (Lt+1) aTt
where
OF;(Ls+1) 0Xa,i
o~ =01y - 5. (A35)
and
0X +(1-
G,t :\/[(pq ( _ (p) W] >0 (A?)G)
0‘[; TtLt

Then, the optimal choice of adaptation rate of an old household with beliefs 6; is given by

, Of (Er(Lrir)) \
T?*: Oikyin OF;(Lts1)

lpg+(1-p) wl- (A37)

1
L, Vit
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Al1.4 Proof of Proposition 4

We assume that coalitions choose a adaptation rate that maximizes their joint utility function.

Consider first the coalition of young pessimists and old optimists. This coalition maximizes

II%?X[E (U(Lyptcoo,tcypist, Liv1)) =w- (v(Lype) +E¢ (cypes1)) + A — o) - (E¢ (coo,t)) + f (Evroo,: (Li+1))

(A38)
s.t. (-t yypt<ptLypr+Syp:
Cypr+1 = (1 =Tr41) Yyprs1 +maX{Pt+1 (1—¢ypes1) Lype + (L +7) SYP,tvO}
coo,t < (1—1y) .VOO,["‘maX{pt (1-¢00,)) Loo,i-1 + 1 +7) SOO,[—I»O}
7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢ +1, cyps+1, as formed at date ¢, becomes

Ee(cypee1) = A +1) (=7 yype— peLlype) + Pes1 (1= (1= Oyp X, o) Wy e41) Lype + 1= T141) Yy a1
(A39)

and the expectation of an old optimists’ consumption in period t, coo,;, as formed at (the start

of) date ¢, becomes

E:(coo,) = 1 =71 yoo,c + (1 +1)So0,-1+ Pt (1 - (1=000Xc,1-1) #Yt) Loo,-1 (A40)

Then, the maximization problem can be rewritten to

H.}?X[E(U(LYPJ'COO,L"CYP,HlviHl)) =w-(v(Lyp)) + A+ (=1 yypi —peLypi) + pes1 (1 - (1-0ypXG,e) pye+1) Lyp:)

+(1-w) - (1=7)yo0,i + 1 +1S00,i-1+ Pt (1= (1-000XG,1-1) #¥t) Loo,i-1) + [ (Ev oo, (L+1)

s.t. 1420 (A41)
The FOC for 7/ is given by
~ 0Xg,¢t 0f (Eypoo,:(Li+1)) 0Eypoo,:(Li+1)
w|-Q+1)yyp:+06 Lyp;:- ')+(1—w) -Yoo,r) + — . — =0
Yyre T UYyPHY +1Pr+1LY Pt at, ( Yoo r) O[EYP,OO,t(LHl) ot
(A42)
where
- 1 —~ -
Evpoo,: (Li+1) = (1 - (1 _fo GjXG,tdi) HYm)Lr (A43)
and

0Eypoo,: (Le+1)

A44
31, (A44)

] oX,
= (w0 + (1 - w)0) pyre1- aG’t
T
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Then, this becomes

0X _ af (Evpoo,:(Li+1
G WOUY 141 P11 + (08 + (1 - 0)0) wy 41 - ul t(- 1)) =w-(1+r)yyp:+ (1 —-w)-yoo,
oty 0Eyr00,t (Li+1)
(A45)
Using that
0X +(1-¢)w
aG,t:\/[¢q (_(»b) ] (A46)
Tt 7Ly
The adaptation rate preferred by a coalition of young pessimists and old optimists is given by
yROOx _ 1 #ye+1 |00pes + (w8 +(1-w)é).—5£ EE[EYY;;);:((ZE[:I)))
LA =i—t-[¢>q+(1—¢)w1- rongar (-9 w (A47)
Ay 0 t(Les
(wren)? 1 [“’Q” r+1+ (@0 + (1 -w)6)- _ggyy;f;;((iﬁul)n (a8)
T L pq+(-p)wl 1 +wr)

Now, consider the coalition of young pessimists and old pessimists. This coalition maxi-

mizes

(v(Lype) +Ei(evpes)) + % (€t (core)) + f (Epe (L+1))

(A49)

N —

n}[?.X[E(U(LYRt,Cop,t,CYP,leiHl)) =

s.t. (1—1y) yype = ptLYP,t + Syp,,y

cyprr1 <(1=Tr1) Yypes1 + maX{PHl (1-éypes1) Lype +(1+7) SYP,t;O}
copr < (1—=7¢) Yorr +max{p,(1 —éopt)Lopr—1+ (1 +7) Sop,t—l,O}

;20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period £+ 1, cyp;+1, as formed at date ¢, becomes

E:(cypes1) = A +1) (A=T) yype = PeLype) + Per1 (1-(1- éYPXG,t) WYe+1) Lype + (1= T1) Yype
(A50)

and the expectation of an old optimists’ consumption in period ¢, cop;, as formed at (the start

of) date ¢, becomes
Et(cort) = A =70) yopt + (L +1)Sopi—1+ pe (1 - (1 —éOPXG,t—I)#Yt) Lopt-1 (A51)

Then, the maximization problem can be rewritten to

. 1 -
H%?XIE(U(LYPJ'COP,tvCYP,HleHl)) =3 (v(Lypd) + A+ (A=70) yype = PiLype) + Pra1 (1= (1 -0y pXG,e) wye+1) Ly pi)
1 - -
+5 (A= yope+ A+ NSops-1+pe (1= (1-00pXG,r-1) Y1) Lope-1) + f (Ep (Le+1))
s.t. 14,20 (A52)
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The FOC for 7; is given by

1 = 0XG) 1 0f (Eps(Li+1)) 0Eps(Lis)
—[-Q+r +0 Lyp;- —+=(- + — - — =
2 ( )YYRt +OvpUyr1Pr+1Lyps a7, 2( yori) 3En: (Lio1) ot
(A53)
where
Ept(Li1) = (1= (1-0p X, edi) uy 1) Le (A54)
and
0Ep;(Li+1) 0XG,t
-~ -0 . ’ AB5
ot Opyen-—5- (A55)
Then, this becomes
0XG,r [1 af([EPt(I:t+1))] 1 1
L1249 +6 R i e A T e, += A56
ar, 5 CHY 41 Prr1 +ORY 141 0Er: (Lrs1) 2( )YYBt 5 " Yor: (A56)
Using that
0X +(1-¢)w
G,t — [(Pq ( _ (p) ] (A57)
0‘[; TtLt

The adaptation rate preferred by a coalition of young pessimists and old pessimists is given

by

= 2
1 Ouyra %Pt+1+—a£gm(%”l)))]
YPOPx* _ pt{Le+1
7, == lpg+(1-¢p)wl- (A58)
Ly (1+37)t0q+(1-¢) w)
1 6f([EP,t(ir+1))] ?
= (Ony 1) 1 [ZPHH OER:(Li+1) (A59)

Ii  1pq+(1-¢)wl (1+7]

Finally, consider the coalition of old optimists and old pessimists. This coalition maximizes

H}?X[E (U (coo,i:copirLis1)) =1 —w) - (E¢ (coo,r)) + @ (Et (cors)) + f (Eoo,opt (Li+1))  (A60)
st €00, = (1=1) Yoo, +max{p; (1~ £00) Loo,-1 + (1 + ) S00,i-1,0}

cort =< (1—7¢) Yopt +maX{Pt (1-¢opt) Lopr—1+ (1 +7) SOP,t—IyO}

7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a old opti-

mists’ consumption in period ¢, cop,s, as formed at (the start of) date ¢, becomes

E;(coo,) =1 =T Yoo, + 1 +1)So0+ pe (1 - (1-000Xc6,-1) yt) Loo,-1 (A61)
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and the expectation of an old pessimists’ consumption in period t, cop;, as formed at (the

start of) date ¢, becomes

Ec(cort) =1 —1) yope + (1 +1)Sope—1+ pe (1 - (1-00pXG,-1) yt) Lopi-1 (A62)

Then, the maximization problem can be rewritten to

H%fth[E(U(Coo,z' cobtLev1)) = 1-w)- (-1 yoo,i + 1+ 1)S00,1-1 + Pt (1= (1-000XG,1-1) #Yt) L00, 1-1)
+-((1-1) yopt+ (1 +1Sopi—1+pr (1- (1-00pXG,i-1) ) Lori-1) + f (Eoo,0R¢ (Lt+1))
s.t. T;=0 (A63)
The FOC for 7, is given by

0f (Eoo,0rt (Li+1)) 0E00,0p: (Ly+1)

(1-w)(-Yoo)+w(-yop:)+ - =0 (A64)
( Jrol 2 0Eoo,0pt (Le+1) 0Ty
where
- 1 o~ -
Eoo,0pt (Li+1) = (1— (1—f0 9jXG,rdi) H%H)Lt (A65)
and
0Eoo,0p¢t (Lt+1) ~ 0XG,t
— - = ((1-w)b 0 . : A66
o, (1-w)0 +wb) py 41 o, (A66)
Then, this becomes
0X - of (E L
ot (1-w)0+wb) pyrs1- /1 OO’OP't(_ Hl))] =(1-w) Yoo+w-Yyopt (A67)
Tt a[EOO,OP,t(LHl)
Using that
0X +(1-
G,t :\/[(bq ( _ (p) LU] (A68)
0‘[; TtLt

The adaptation rate preferred by a coalition of old optimists and old pessimists is given by

A 0f (Eoo,0pt(Li+1))
Wy 1 |(Q— )0 + wh) - S22t
00,0px _ 1 0Eoo,0p1(Li+1)
== lpg+(1-9)wl- A69
n g e $q+(1-¢)u] (459
2 = 2
_ of (E L
_ (M’_Hl) ) 1 11 -wf+00)- f( O0,0P,t(_ t+1)) (A70)
Lt (g +(1-¢) w] 0E00,0p¢ (Lt+1)
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A1.5 Proof of Proposition 5

To ensure that the adaptation rate preferred by young optimists is strictly larger than the adap-

tation rate preferred by old optimists (i.e. 7¥9* > 799%), it must hold that

0f (Eo,i(L+1)) 7
Pr+1t+ g[E—o,: > (6f ([EOJ (L[+1))) (A71)
1+7) dEo,
or equivalently
0f (Eo, (Le+1)) ]_1
Of (Eo.(Les)) A72
Pt+1 O[Eo,t(LH'l) 7 ( )

which is always satisfied as the concavity of the utility function of housing, v(L,), ensures that

the price of housing capital rises faster than the housing stock falls.

To ensure that the adaptation rate preferred by young pessimists is strictly larger than the

adaptation rate preferred by old optimists (i.e. 7¥"* > 79P*), it must hold that

af([Ep_;(I:Hl)) T
Pre1+ =55,
+1 3Ens . (af ([EP,t(LtH))) (A73)
(1+71) OEp;
or equivalently
Of (Epe(Le+1)) ]
Sl sy (A74)
Pre1 OEp; (Lt+1)

which, again, is always satisfied.

Now, to ensure that the adaptation rate preferred by old optimists is larger than the adaptation

rate preferred by young pessimists (i.e. 7°9* > 7¥7*), it must hold that

- Of (Epe(Li+1))
- (0f (Eo¢(L Pr+1+
6-( f(Eo, ( [+1)))>Q-( + OEn; ) (A75)
O0Eo ; (1+71)
or equivalently

_ 0f (Eou(Len)) |71, f(Eri(Linn)) | [0 (Eou(Li)) ]}
5 Prst- f([Eg,[E(()i 1) n f([Eg[E(RL[ 1) f([Eg.[E((i 1))
- > (A76)
[ 1+71)

which is the condition given in Assumption 3. Hence, under Assumption 3, we have that
LYOx  _00%  _YPx  OPx (A77)

Then, it follows directly that
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TOO,YP* > TOO,OP* > TYP,OP* (A78)

and

Y Ox 00%* TOO,YP* Yp

T > P9 > > VP 5 fYROPx o LOPx (A79)

>T

It remains to be determined whether 1999P* > tYP* This is the case if

. Of (Ep(Len1))
0f (Eooore (Len)) _ [ Pevi*t ~ g,

(1-w)0 +wh)- . 0 (A80)
( ) 0Eoo,0n¢ (Lt+1) (1+7)
or equivalently, if
- [0f €000 (L) |7, 0 Eri(Lisn)) [ 9f (Eooore (L)) | ~"
((1 —w)0 + wQ) Pt+1 0Eo0,0p:(Li+1) + OEp: 0Eo0,0p¢ (Li+1)
> (A81)
[ (1+1)

Then

7 YOx o L00% o _00,YPx _ _O0,0P* o _YPx _ _YROP* _  OPx (A82)
and otherwise

TYO* > TOO* > TOO,YP* > TYP* > TOO,OP* > TYP,OP* > TOP* (A83)

All



A1.6 Proof of Proposition 6

Young pessimists prefer to form a coalition with old optimists rather than old pessimists if
E; (Uyp (zV599%) > E, (Uyp (zV5OF%)) (A84)

That is, if
v [LYP,t (TYP'OO*)) -(1+r) ((TYP'OO*J Yyt +pilyp: [TYP'OO*)) +Pt+1 (1 - (1 -0ypXg, [TYP'OO*)J M/t+1) Lyp: (TYP’OO*)

e e N P s

+Prel (1 - (1 —-OypXe, (TYP'OP*)]M%H) Lyp; (TYP'OP*) + f[[EP,t (Lt+1 (TYP’OP*))) (A85)

Using that

V' (Lyp) =Q+1r)p—(1-(1 _éjXG,t) WY t+1) Pr+1

and rearranging terms gives

ool 5 )77
a+7r) (TYP,OO* _TYROP*)yYRt i [LYP,L‘ (TYP,OO*)) Lyp: (TYP,OO*) _J (LYP,t (TYP,OP*]) -Lyps (TYP,OP*)
(A86)
Let v (L) = In(Li,). Then, this becomes
U(LYRI(TYROO*))_ U(LYRt(TYP,OP*))_‘_f(IEP,t(I:HI (TYROO*)))—f(rERt(iM (TYP,OP*))) > (14r) (Typ,oo* —TYROP*)yYRt

(i)>0 (ii)>0 (iii)>0
(A87)

where

(1) TYP,OO* > TYP,OP* (TYP,OO*) (TYP,OP*)

(see Proposition 5) = Lyp; > Lyp; (see Proposi-

tion 2).

(ii) TYPOO* 5 ¢ YBOP*(see Proposition 5) = Xé”;oo* > ng'op*.

YPOO*

(iii) = > 7YPOP* (see Proposition 5).

Substituting the expressions for 7Y 500* 7YBOP*

[prH—l +(wl+ (1-w)0)- 0f(Evroo.t(Li+1)) } )2 (0. [%ptﬂ 1 U ErelLen)) ] )2

gives

0EyRo0,:(Lt+1) = 0Ep(Li+1)
(1 + %r)
oLy (P00 oLy (7 POP) (e (Lo (700 ))  f (e (Lo (707

<2 1+ nN[pg+(1-¢)wl (A88)

1+ wr)

Define

Av (LYP,t) =y (Lth (TYP,OO*)) v (LYP,t (TYP,OP*))
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and
Af (Bps(Len)) = £ (Epi (Lewt (759%7)) = £ (Epe (Lo (+7207))

= = Av(L Af(Ep,(Lss 3
Then, denote by B = B (Av (Lyp:), Lo Af (Epe (Li1)), yen) = 2rtnlidf nlled) ., L
This allows us to rewrite the condition as
B —1 (lp 1+6f([ERt(it+l)))2
2 t a[ERt(Lt+1)

3f (Evpoo, (Les1)) |

w—z. +(1+(1_w)é) < — +
+ran? (P ® 8 0Eypoo,(Li+1) 62 (H%r)z
which can be simplified to obtain
- - - 2
(1-w) ) 0f (Eypoo:(Li+1))  (+wr) B 1 1 of (Ept (Le+1))
Pt T = G ) o oo (Fmt) @ 2727 ok (L)
w 0 vP00,t (Le+1) w [ (1+%r) pt(Lt+1)
Then, young pessimists prefer to form a coalition with old optimists if
6 o 3f (Evpoos (L) | ™ | a+en |[ B 1 (1 f (Epe (Les1)) )2
Z. . . . . — = LA ILA SRR - -1
0 v 0Eypo0,¢ (Ls+1) w 0" (1+ 1,)2 2Pt OEp; (Li+1) Pt
Otherwise, we have that
(A89)

[Et (UYP (TYP,OO*)) < [Et (UYP (TYP,OP*))

and a coalition of young pessimists and old optimists prevails.
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A1.7 Proof of Proposition 7

In the social optimum, the benefits of public adaptation are fully internalized, i.e. 6; =1,V j.
Then, the optimal choice of public adaptation is determined by maximizing a utilitarian social

welfare function, i.e.

o0 1 t _ _
I)rflgf(tzo(m) ((1 +7) ((1 —Tt)[(pq+ a —gb)w]) + vy +f(Lt+1)) (A90)
1
s.. EXéf‘[Ltzrt-[gbq+(1—<,b) w] (A91)

I
j=Le [1 (1= (1= X, ) pyin).- (A92)
1=t

The first order condition for X ; is

. - , , & 1 /¢ 1 ) i} oL; . OLj
(1+r)Xc,tLr=wt+1Lt-f’(Lr+1)+j:ZHl(m) ([—5(1+r)XG,j+U/(Lj) @”/(L"“)'axg,t
(A93)
Using that
aij _ ozl
X =urye+1Le l_[ (1 - (1 - XG,l) ,ULYLH) (A94)
G 1=t+1
The public choice of adaptation becomes
o _ MY 1 )j_t[ 1 2 vl e
= : — ——A+nNX2  +V'(L; 1-(1-X,
G+ j=t+1(1+r 2( NXg;+vi(Lj) L:lll( ( Gu) LY 1+1)
pral0;=1v]
BLYt+1 (7 - 1)/ 1T ]
. L — L; 1-(1-X, A95
by (f( i+ 8 () e 1 0-0-xemra) e

and the government budget balance condition is used to find the optimal adaptation rate,
which is given by
2 .
s (XGJ) Lo

5 (A96)
2. [¢q+(1—¢)w]

T
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Second Best Under second-best, the social planner maximizes the social welfare function
while taking into consideration the dispersion in the beliefs on the efficacy of public adapta-
tion,i.e. 0; <1Vj:

o0

max )| (L)t ((1 +71) ((1 -7y [d’q +(1-¢) w]) +v(Ly)+ f(E (im)))

X t—o\1+T

]. 2* =
st SXg L= lpq+ (1-¢)w]

E(L) :le_[_l(l—(1—[019idiXG,t)u%+1). (a97)

1=t

and the second-best level of public adaptation is given by

SBx IJLYt+1‘f019idi X 1
T 1+7

i1 1
H (1_(1_f0 HidiXG,L)IJ'LYt+1)

1=t+1

Jj-t
1 .
—5 W+ NXE + V(L))

Jj=t+1
1 . . .
B et £ () et f p-f [
Y 0En f([E(Lt+1))+j:Zt:,rl T (faELJH))t:]:Ll 1= | 6idiXe,|pryin

(A98)
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A1.8 Proof of Proposition 8
High-income, old households maximize their expected utility, as given by
n}z}xE(U(ch,t,,ZHl)) =E;(cne) + f(Eje (Lesr)) (A99)
st cpr<(1-1y) q+max{pt (1=épe) Ly +A+7) Sh,t_l,o}
7,20

where ¢y, ; is the consumption of a high-income, old household in period ¢ and E; denotes

expectations formed at (the start of) date ¢.

Using the no-arbitrage condition as in Proof of Proposition 1, the maximization problem can

be rewritten as

mréth[E(U(Ch,tﬂJ:Hl)) =(1-1)q+Q+1r)Sp1+pr1(1-(1 _éjXG,t—l) 1Y) Li—1+ f (B¢ (Ls1))

(A100)
s.t. 14,20
The FOC for 7/ is given by
of (E,(L oF, (L
L E (L)) 0E (L) (aton)
O (Li11) 0ty
where
OF (Li+1) 0,1
——=0; . - A102
37, TR R v (A102)
and
0X +(1-
G,t :\/[(/)q ( _ (p) LU] >0 (A].03)
aTt TtLt

Then, the optimal choice of adaptation rate of a high-income, old household with beliefs 6
is given by

Of (E:(Len)) 2
01y —];&t((iml)))

- 1
0 = —pg+ (1- ) wl- (A104)
L; q
Low-income, old households maximize their expected utility, as given by
n}[ilX[E(U(Cl,tnl:l%l)) =E¢(c1,0) + f(Ej i (Les1)) (A105)

Stoocpr=(1—1y) w+max{pt (1 —fl,t) Lp;+(1+ ) Sl,,_l,O}

7,20
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where c; ; is the consumption of a high-income, old household in period ¢ and E; denotes ex-

pectations formed at (the start of)) date ¢.

Using the no-arbitrage condition as in Proof of Proposition 1, the maximization problem can

be rewritten as

n}[?X[E(U(Cl,HLIAHI)) =1-1)w+QQ+nS 1 +pa(1-(1 —éjXG,t—l)MYt) Lpr—1+ f (E¢ (Li+1))

(A106)
s.t. 14,20
The FOC for 7/ is given by
of (E,(L oE, (L
s I r(_ i+1)) OF:( t+1):0 (A107)
OE; (Ls+1) 0t
where
OE; (L¢+1) 0Xg,r
—==0; . : A108
o1, JHY e+1 a1, ( )
and
0X +(1-
G.t :\/W’q Q-¢)uwl_, (A109)
Ort TtLt

Then, the optimal choice of adaptation rate of a low-income, old household with beliefs 6; is
given by

Of (Ec(Len)) |2
01y —QEEt((EMI)))

ojl
T]*

; :_i-[¢q+(1—¢)w]- (A110)
Ly

w

We determine the relative ordering of the adaptation rates preferred by the different types of
old households. Specifically, as g > w, we have that 790!* > 1OOh* and 7OP! > 7OPh* More-

over, as 8 > 0, we have that 700"* > 1OPh* and 700! > 7OPI* Ifit additionally holds that

0/ (Eou (Lis1))
aIEO.t(Lt+l)
Of (Ep:(Li+1))
a[EP.l‘(Lt+l)

4 . (A111)
w

1D D

then, the relative ordering of the adaptation rates preferred by old households is given by
TOOZ* > TOOh* > _[OPl* > TOPh* (A].IZ)
Otherwise, this becomes

.L.OOI* > TOPI* > TOOh* > TOPh* (A113)
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A1.9 Proof of Proposition 9

From Proposition 8, we know the relative ordering of the adaptation rates of the old house-
holds, both if economic inequality is low, and if it is high. In accordance with the baseline

model, we focus on the case in which the young pessimists are pivotal.

Low Economic Inequality If economic inequality is low, the adaptation rate preferred by
the high-income, old optimists must be higher than the adaptation rate preferred by the young

pessimists to ensure that the young pessimists are pivotal. This requires

- Of (Ep(Li+1))
- (0f (Eo,t (Lt+1)) 10E0, Pr+1+ = 5f,
(¢>-q+(1—¢)-w)-9-( . )>Q- o (A114)
or equivalently

_ Of (Eou(Lin R Ep:(Lin Of (Eo.(Lin -1
i (P [ f( a[Eg,[ D] 9 a[E(p,, ) [of( arE((,,, ) q
> : (A115)
0 1+7) (p-g+0-¢)-w)

which is the condition given in Assumption 4 (i). Hence, under Assumption 4(i), we have that

YOx > TOOI* > TOOh* >

. pYP* o LOPlx | _OPHx (A116)

and the set of feasible coalitions is given by (i) a coalition of the old optimists and young
pessimists, (ii) a coalition of the high-income, old optimists, young pessimists and the low-
income, old pessimists, and (iii) a coalition of the young pessimists and the old pessimists.

Alternatively, if the condition in Assumption 4(i) is not satisfied, we have that

YOx* > TOOZ* >

T ‘L'YP* > TOOh* > TOPl* > TOPH* (Al 17)

As a coalition of the high-income, old and low-income, old pessimists never forms a majority,
the set of feasible coalitions is given by (i) a coalition of the young pessimists and old optimists,
and (ii) a coalition of the young pessimists, high-income, old optimists and low-income, old
pessimists. However, in this case the high-income, old optimists emerge as pivotal group and,
as their preferred adaptation rate is not influenced due to asset price changes (see Proof of
Proposition 8), the political equilibrium is always characterized by a coalition of the young

pessimists, high-income, old optimists and low-income, old pessimists that prevails.

High Economic Inequality If economic inequality is high, the adaptation rate preferred
by the high-income, old optimists must be higher than the adaptation rate preferred by the

young pessimists to ensure that the young pessimists are pivotal. This requires

Al8



- Of (Epe(Li+1))
- Of(EO,t (Lt+1)) /O[EO,t Pr+1+ 0Ep;
((,b~q+(1—¢>)'w)'9-( . )<Q asn (A118)
or equivalently

_ Of Bo,(Lex)) 171 | 0fEpe(Lin)) [0f (Eou(Les)) |71
5 le,[ f( g[E((),, D] s a[EE% ) . [9£( g[E(()’[ ) q
v, : (A119)
0 1+7) (p-g+01-¢)-w)

which is the condition given in Assumption 4 (ii). Hence, under Assumption 4(ii), we have

that

YOx > TOOZ* > TOPI* >

T TYP* > TOOh* > TOPH* (AIZO)

and the set of feasible coalitions is given by (i) a coalition of the low-income, old and young
pessimists, (ii) a coalition of the low-income, old pessimists, young pessimists and the high-
income, old optimists, and (iii) a coalition of the young pessimists and the high-income, old.

Alternatively, if the condition in Assumption 4(i)i is not satisfied, we have that

YOx > _L_OOI* > TOPl* > TOOh* >

T pYPx s pOPHx (A121)

As a coalition of the low-income, old and high-income, old pessimists never forms a major-
ity, the set of feasible coalitions is given by (i) a coalition of the low-income, old pessimists,
high-income, old optimists and young pessimists, and (ii) a coalition of the high-income, old
and the young pessimists. Again, the high-income, old optimists emerge as pivotal group
and, as their preferred adaptation rate is not influenced due to asset price changes (see Proof
of Proposition 8), the political equilibrium is always characterized by a coalition of the low-

income, old pessimists, high-income, old optimists and young pessimists that prevails.
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A1.10 Proof of Proposition 10

Proposition 10. If the number of young households is an infinitesimal amount smaller than
that of old households, pessimists represent a fraction w > 0.5 of all voters, high-income house-
holds represent a fraction ¢ < 0.5 of all voters, economic inequality is sufficiently low, and As-

sumption 4 (i) holds, the adaptation rates that maximize joint utility of each coalition are

1.
7 2
= Of(E L
[prPrl + (wQ+ (1 —w)G) . g& YP,OOh,OOlvt((E Hl))) ]
TYP,OOh,OOl* —A. Y ROOh,001,t\Lt+1 (A122)
t (1+wr) '
2.
— a T
[‘”th+1 +(w2-P)o+AQ-w)epb)- f;fE[EYROOh'OPM((iLHl)))
TYP,OOh,OPl* = A-lpg+ (1 _47) w]z. YPOOh,0PLt\Lt+1
¢ w~(1+r)-[¢q+(1—(p)w]+(1—w)¢~q+w(1—¢)-w
(A123)
3. ,
of(E L
YBOPh,OPIx* Q [ %ptﬂ * géyyppiihfpil;}(iti?))) ]
T, ’ =A- 1 — (A124)
(]. + 5 r]

Ifeconomic inequality is sufficiently high and Assumption 4 (ii) holds,the adaptation rates that

maximize joint utility of each coalition are

1.
wOprs1+(@2=P)0+ (1 -w)(1-P)d)- "g EE[EYP'OOLOPL:((;HI)))
YBOOL,OPl* _ 2 YPROOL,0PLt\Lt+1
T, =A-[pg+(1-d)wl”- )
ol+npg+(1-¢p)wl+(1-¢)w
(A125)
2.
5\ 0f (Evpoonopi(Li+1))
WOpri1 + (02— )0+ 1 -w)pb)- F T —
TfP,OOh,OPl* = A-lpg+(1- ) w?- Eypoon,opi,¢(Le+1) ,
w-1+1)-[pg+(1-p)wl+(1-wd-g+wl-¢d) w
(A126)
3.
~. 0 Liv
0Opre1 + (@1 + PO+ (1 -w)gh)- 2L &Eyyppfslfpilf(%i 11)))
TfP,OOh,OPh* =A'[qbq+(1—qb) w]Z. 2001,0P1,
o1+ pg+(1-¢)wl+dg
(A127)

Alternatively, if the condition in Assumption 4 ((i) respectively (ii)) is not satisfied, the adap-
tation rate that maximizes the joint utility of the prevailing coalition is given by the expression

fOT T ll’/P,OOh,OPl* )

A20



Low Economic Inequality We assume that coalitions choose a adaptation rate that maxi-
mizes their joint utility function. Consider first the coalition of young pessimists and old (low-

and high-income) optimists. This coalition maximizes

H%,?X[E(U(LYP.D o0, 1»€00L1 CyRi+1, Lis1)) =w- (v (Lyps) +E¢ (cypre1))
+(1—w) - (PE; (coon,t) + A= P)E; (coor)) + f (Evroonoor: (Li+1)) (A128)
st. =719 yypr=p:tLypsr+Syp:
cyptr1 =1 =Tr1) Yyper1 + maX{Ptﬂ (1-¢ypes1) Lype + (1 +7) Syp,t,O}
coont=(1-71)q +maX{Pt (1-¢00n,t) Loon,t-1+ (1 +17) SOOh,t—l»O}
cool,r=(1-7)w +maX{Pt (1-¢001,t) Loot,t-1 + (1 +7) SOOl,t—er}
7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢+ 1, cyp;+1, as formed at date ¢, becomes

Et(cypes1) =+ (A=T) yype — pelype) + peea (1-(1 _éYPXG,t) Wye+1) Lype + (L= T11) Yypee
(A129)

and the expectation of the consumption of an old optimist of type s € {h, [} in period ¢, coos,

as formed at (the start of) date ¢, becomes

E:(coos:) = (1=T1) Yoos,t + (1 +1)S00s,-1 + P (1= (1 = 000sXG,1-1) 4y) Loos,i-1 (A130)

Then, the maximization problem can be rewritten to

H}C}X[E (Uypoonoot) =w-(v(Lype) + A+ 1) (1=1) yype— peLype) + pes1 (L= (1 =0y pXe,¢) ye+1) Lype)
+1-w)¢(1-1)g+Q+1Soon-1+p:(1-(1- éOOhXG,t—l) ©yt) Loon,t-1)
+1-w0)-0-¢)(A-T)w+1A+1Soon-1+p:(1-(1- éOOlXG,t—l) wyt) Loot,e-1)

+ f(Eypoon,ooit (Lt+1))

s.t. 7,20 (A131)

The FOC for 7/ is given by

X6t

aTt
. 0f (Evpoonoor: (Li+1)) 'a[EYP,OOh,OOl,t(I:HI)

w|=(1+1yype +0ypuyre1prsa1Lyp: - -1-w(pg+Q-Ppw)

S =0 (A132)
0Eypoonool,t (Li+1) ot

where



- 1 o~ -
Eypoonooit (Li+1) = (1 - (1 _fo HjXG,zdi) m/r+1) L; (A133)

and

0XG ¢
Ort

0Eypoonool: (Li+1)
Ort

= (wf+ (1 - w)0) py 41 - (A134)

Then, this becomes

0X, - of (E L
G WOy 1P + (wQ+ (1 _a))B) KYt+1- f( YBOOKOO0L ¢ (_ t+1)) =w-1+nyyp:+(1-w)- ((rbq +(1-¢) w)
0T, 0Eypoonoolt (Li+1)
(A135)
Using that
0X +(1-
0‘[; TtLt

The adaptation rate preferred by a coalition of young pessimists and old optimists is given by

0f (Eypoon,oor,i(Le+1))

pY 141 |@0pret + (00 + (1-w)0)- 7
vroox 1 0Eypoon,001,:(Le+1)
200+ _ 1 1- . A137
Tt I (b +(1-¢)w] (A+wn) pg+(1-¢) wl (AL37)
_ 4. 9f(Evroonoori(Lin)) ] 2
~ (,UYt+l)2 . 1 . [U)th+1 + (wQ+ (]. UJ)B) a[EYP,OOh,OOl,t(I_‘H'l) (AISS)
Ly g+ (1-¢) wl (1+wr)

Consider the coalition of young pessimists, high-income, old optimists and low-income, old

pessimists. This coalition maximizes

H%?X[E (U (LYP,D COOh,t» COPLt) CYP,t+lrI_4t+1)) =w- (V (Lyp,;) +E; (CYP,t+1))

+(1— ) (E¢ (coon,:)) + @A =) (E¢ (corst)) + f (Evroonori,t (Li+1))
(A139)

s.t. A=t yvypr=<piLyp:+Syp:
cyprr1 =< (1 =T¢11) YypRrs1 +max{pt+1 (1-éypes1) Lype+(1+7) SYP,DO}
coont = (1—7¢) 0]+maX{Pt(1 —&oon,t) Loon,i-1+ (1 +7) SOOh,t—l»O}
copl,t<=(1—7¢) W+maX{Pt(1 —&op1t) Lopti-1+ (1 +7) SOPl,t—l:O}
7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢+ 1, cypr+1, as formed at date ¢, becomes

Ei(cypes1) = A +1) (A=7) yype = PeLype) + e (1-(1- éYPXG,t) Wye+1) Lype + (1= Te1) Yypes
(A140)



and the expectation of the consumption of an old optimist of type s € {h, [} in period ¢, coos,:,

as formed at (the start of) date r, becomes

E:(coos:) = (1 =71 Yoos,t + (1 +1)S00s,-1 + P (1= (1 = 000sXG,1-1) 4yt) Loos,i-1 (A141)
Then, the maximization problem can be rewritten to
maxE (Uvroonopt) =@ (v(Lype) + 1+ 1) (A =70 yyee = peLlype) + pra1 (1= (1= 0yp X6,e) uye+1) Ly pi)
+1 =) ¢(A-7) g+ A +1So0n-1+pr (1= (1=0001X6,t-1) Y1) Loon,-1)
+o-Q-¢) (A-Tt)w+Q+rSopr-1+p:(1-(1 —éOPlXG,t—l) 1yt) Lopi,e-1)
+ f (Eypoonopi,t (Li+1))

s.t. 14=0 (A142)

The FOC for 7, is given by

0Xg ¢

w|=(1+1)yypr+0ypuyrs1pre1Llyp:

)—(l—w)¢>67—w(l—¢)w

aTt
of (E L oE L
. Il YP,OOh,OPl,t(_ i+1)) 0Eypoonopi,e (Li+1) 0 (A143)
0Eypoon,opi,t (Li+1) oty
where
_ 2(w-wdp)+¢ _ B
Evpoonopit(Li+1) = (1 - (1 _fo 9jXG,zdl') HYHI) L; (A144)
and
oE L - 0X
YP,OOh,OPl,t( t+1) _ (w(2—gb)Q+ a —a))(,bﬁ) WY iet- G,t (A145)
6‘[; aTt
Then, this becomes
0X - of (E L
6ot | wpry et pros + (@2 — )0+ (1 - 0)d0) iy o1 - £l YP,OOh,OPl,t(_ t+1)) (A146)
0t 0Eypoonopi,t (Li+1)
=w-1+nNyypr+1-w)p-g+ol-¢) w
Using that
0X +(1-
G,t _ [(PCI ( _ (p) LU] (A147)
0‘[; TtLt

The adaptation rate preferred by a coalition of young pessimists, high-income, old optimists

and low-income, old pessimists is given by

. 2
=~ Of(E L
1Y tr1 |0Oprar + (02— )0+ (1 - w)h) - J; %E ;ppf;,h:pil;t((i tt:ll)))]

w-(1+1)-[pg+(1-p) wl+ (1 -wp-g+wl—¢)-w

L 1
7fm00n 0P~ Ly (1 gl
t

(A148)

= 2
0f(Eypoonopi,i(Li+1)) ]
0Eypoon,oprt,¢(Lt+1)

w-1+7)-pg+(1-P)wl+(1-w)p-g+wl-¢) w

2 [prm +(02=-P)0+(1-w)¢ph) -
Wl g (- )t
t

(A149)

A23



Finally, consider the coalition of young pessimists and old (low- and high-income) pessimists.

This coalition maximizes

maxE (U (Lyps, opn,e Cople Cype+1, Les1)) = = (v (Lypt) +E¢ (cype+1))

Tt

— N~

1 _
+ 5 (PE; (copn,e) + L= P)Es(corrt)) + f (Evpopnopie (Li+1))  (A150)

sit. -t yvpr=piLypr+Syp:r
cypre1 = (1 =Tr41) Yyprs1 +max{p[+1 (1—éypes1) Lype+ (1 + f)SYP,t,O}
corht = (1—Tt)Cl+maX{l9t(1—foph,t)Loph,t—l+(1+f) SOPh,t—er}
copr,r =(1—14) w+maX{l9t(1—5opl,t) Lopi,i-1+(1+7) SOPl,t—er}
7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢ +1, cyps+1, as formed at date ¢, becomes

Et(cypes1) =+ (A=T) yype— peLype) + pee1 (1= (1= 0ypXe,e) Y e+1) Lype + (1= T111) Yypes1
(A151)

and the expectation of the consumption of an old optimist of type s € {h, [} in period ¢, coos,

as formed at (the start of) date ¢, becomes
E;(cops;t) = (1=70) yops, + (1 +1)Sops -1+ pr (1= (1 - 0opsXG,i-1) y:) Lops,—1  (A152)
Then, the maximization problem can be rewritten to

H%?X[E(UYP,OPh,OPl) =—-(v(Lype)+ 1+ (A=7) yvpe— PeLype) + Prar (L= (1-OypXc,e) uye+1) Ly pe)

N =

+=-p(1-1)qg+Q+1Soppn-1+pe(1-(1- 9ophXG.r—1)ﬂYr) Loph,-1)

— DN

+ 3 A=) (A=1) w+Q+1Sopr,-1+ P (1= (1=00pi1XG,i-1) 1ty 1) Lopt,i-1)

+ f (Evpopn,opit (Li+1))

st 7,20 (A153)
The FOC for 7; is given by
1 ~ 0XgG,t
> -1 +nryype+O0yvpuyrs1Pr+1Lyp: P _(¢q+(1_¢)w)
t
of (E L oE L
f (Evropnopi,: (Li+1)) _ ypoPh,opLt (Lt+1) o (A154)

0Eyporn,opit (Li+1) ot

where



- 1 o~ -
Evropnopit (Li+1) = (1 - (1 —[0 HjXG,tdi) ﬂ?’t+1)Lt (A155)

and

0Xg,
aT;

0Eypophopit (Li+1)
OTt

= Ouy i (A156)

Then, this becomes

0XG (1 af([EYPOPhOPlt(iH—I)))] 1 1
~ 10 = + — ==1+r) + - +(1-P)w
or, [HT\zPe 0Eypoph,opLt (Li+1) 2 e 2(¢CI 2
(A157)
Using that
0X +(1-
G,t =\/[(,bq ( _ (p) LU] (A].58)
6‘[; TtLt

The adaptation rate preferred by a coalition of young pessimists and old pessimists is given
by

of(E Ly
QIJ’YL‘+1 [%pt+l + f( YP,OPh,OPl,t(_ 3 l))]

0 +
T?P'OP* _ _i g+ (1) wl- Evropn,opl(Li+1) (A159)
L (1+47)10q+(1-9)w)
1 5f([EYR0Ph,0Pz,t(it+1))] 2
(uyenr)? | 1 . Q[ 2P Y T 5E popnoptList) (A160)
Ly [$q+(1-¢) w] (1+%r]

High Economic Inequality We assume that coalitions choose a adaptation rate that max-
imizes their joint utility function. Consider the coalition of young pessimists and the low-

income old. This coalition maximizes

H}E[IX[E(U(LYRryCOOI,pCopl,pCYP,t+1lt+1)) =w-(v(Lyps) +E¢(cypeer))
+ (1 =) - (1 -w)E; (coor,t) + wEi (copi,r)) + f (Evroor,opr: (Lis1)) (A161)
s.t. -1 yypr<piLypr+Syp:
cypr+1 < (1 —=Tr1) Yypes1 +maX{Pt+1 (1-¢ype1) Lype + (1 +7) SYP,r,O}
coo,t =(l—-T)w+ maX{Pr (1-¢o01,t) Loot,i-1 + (1 +17) SOOl,t—I»O}
coplr=(1—-T)w+ maX{Pt (1 - S(OPl,t) Lopi,i—1+(1+7) SOPl,t—l»O}
7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢ +1, cypr+1, as formed at date ¢, becomes



Et(cypes1) =+ (=T yype— pelype) + peea (1-(1 _éYPXG,t) Wye+1) Lype + (L= T1) Yypee
(A162)

and the expectation of the consumption of alow-income, old household with beliefs j € {O, P}

in period t, co 1,1, as formed at (the start of) date ¢, becomes
E;(coji,e) = A=) w+ A +1Soji,-1+ pi (1 (1-00j1X6,1-1) Y1) Loji,i—1 (A163)
Then, the maximization problem can be rewritten to

H%?X[E (Uypooropt) =w-(v(Lype) + A+ 1) (A=T) yype— peLype) + pes1 (1= (1= 0ypXG,e) Y e+1) Ly pe)

+(1-¢)-1-0) (A-1)w+A+7rSoos-1+ P (1= (1-0001X6,-1) ¥t) Loou,t-1)
to- Q-9 (A-Tt)w+Q+rSopr—1+p:(1-(1- éOPlXG,t—l) 1yt) Lopi,e-1)

+ f(Evpooropir (Li+1))

s.t. 1;,20 (Al64)
The FOC for 7, is given by
~ 0Xg,t
w|(=Q+1ryypr+O0ypuyrr1Prs1Lyp:- 3 -1-¢)- w
t
of (E L oE L
N il YP,OOl,OPl,t(_ t+1))_ yroou,oplt (Li+1) o (A165)
0Eypooroplt (Li+1) 0Ty
where
B 1-¢p+w _ B
Ey noonoptt (Lis1) = (1 - (1 -[ erG,tdi)um) L (A166)
and

0Xg,
61’;

0Eypooroptt (Li+1)
61}

= (02 -P)O+ 1 -w) 1= $)0) pyri1- (A167)

Then, this becomes

0XG. 0f (Evroot,opi: (Li+1))

0Eypooroplt (Li+1)

WOUY 1P + (02 =)0+ (1 — ) (1 — $)O) py 41 - =w-1+nNyypr+1-Pw
(A168)

Using that

0Xc,1 _ ¢ g + (1= ) w]

- A169
6‘[; TtLt ( )

The adaptation rate preferred by a coalition of young pessimists and the low-income, old is

given by

A26



2y 0f(EypooLopri(Lin)) | |2
vrors 1 WY+l | 08P + (02 =)0+ (1 —w)(1 - $)b)- 6|EYP‘OOZYOPZ‘[(I_4I+1) ]
T :i_t.[</>q+(1—</>]w]. eI (EDL, (A170)
9 .
()’ [wpir o200 - 0101 - i) oot e )
=——"-7 . +(1- . — Al71
I pq+(1-¢)w wd+npg+(1-d)wl+(1-P)w ( )

Consider the coalition of young pessimists and the high-income, old. This coalition maxi-
mizes
H}?}X[E(U(Lyp,mCoom»Coph,t,cmmlm)) =w-(v(Lype) +E¢(cypes1))
+¢- (A~ w)Et (coon,t) + ¢ (copn,)) + f (Evroonopn (Li+1))  (A172)
s.t. 1-1)yypr<piLypi+Svp:

cypr1 < (=T 1) Yypes1 + maX{pH—l (1—&ypr+1) Lype + A+ 7) SYP,t»O}

cooni <=1 =T g+ rnax{pt (1=<¢oon,t) Loon,i-1 + (1 +7) Soon,i-1, 0}

copni < (1=70) g +max{p; (1 -Eopni) Lopni-1 + (1+7) Sopn,i-1,0}

7,20

Using the no-arbitrage condition as in Proof of Proposition 1, the expectation of a young pes-

simists’ consumption in period ¢ +1, cyp;+1, as formed at date ¢, becomes

E:(cypee1) = A +1) (A=1) yypr— peLlype) + pee1 (L - (1 =0y pXG,e) Wye+1) Lype + 1= Te1) Yy pest
(A173)
and the expectation of the consumption of a high-income, old household with beliefs j €
{0, P} in period t, cojp,;, as formed at (the start of) date #, becomes
E; (Cth,t) =(1-1)w+1A+71)Sojnt-1+ Pt (1 - (1 —éthXG,t—l)ﬂYt) Lojn,t-1 (A174)

Then, the maximization problem can be rewritten to

H%?X[E (Uypoonopn) =w-(v(Lype) + A+ 1) (A=7) yype— peLype) + Prar (1 — (1 =0y p X)Wy e+1) Ly pe)
+¢-1-0) (A-1)g+Q+1Soon-1+p:(1— (1 -000nXG,e-1) #Y¢) Loon,t-1)
+w-¢((L-7) g+ A+ Sopn-1+ P (L= (1=00pnXc,e-1) ye) Lopn,i—1)

+ f (Eypoon,opnt (Li+1))

st. 1,20 (A175)

The FOC for 7, is given by



~ 0Xg,r
w|(=Q+1yypr+O0ypuyrs1Pr+1Lyp: 3 -¢-q
t

of (Evpoonoph,t (Li+1)) OEyRooh,0Ph,1 (Lt+1)

S =0 (A176)
0Eypoon,oph,t (Li+1) 0Ty
where
_ dto _ _
Eypoon,opht (Li+1) = (1 - (1 _fo QjXG,tdi) HYm) L; (A177)
and
o0E L - 0X
y R0Oh,0Ph,t (Lt+1) — ((1+ )8 + (- 0)p0) wy 41 - Gt (A178)
0‘[; - aTt
Then, this becomes
0XG,r 0f (Eypoon,opn,: (Li+1))

—— |wluy 1 prer + (w(l +¢)0 + (1 —(U)(Pé) UYt+1-

ar, =w-(1+nryypr+¢q

0Eypoon,orh,t (Li+1)
(A179)

Using that

0Xg,i _ ¢ g +(1- ) w]

) A180
6'[; TtLt ( )

The adaptation rate preferred by a coalition of young pessimists and the low-income, old is

given by
. 2
LY 41 |@0p i1 + (01 + )0 + (1 - w)p0) - 91 (Eyroonorn:(Li+1)) ]
veoLx_ 1 a+(1-9) wl- OEypoon,0ph,t(Li+1) (A181)
¢ L; w(1+r)[(/)q+(l—(/))w]+¢q

_ j .anEYP,OOh,OPh,t(I:H-I))] 2

i (yee1)? 0a+(1—g) 01 [(UQPHI + (01 +$)0 + (1 -w)¢d) 0y poonoph.i(Lis1) (A162)
Ly o1+n)[pg+(1-¢)wl+dg
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A1.11 Proof of Proposition 11

Proposition 11. Ifthe number of young households is an infinitesimal amount smaller than
that of old households, pessimists represent a fraction w > 0.5 of all voters, high-income house-
holds represent a fraction ¢ < 0.5 of all voters, economic inequality is low, Assumption 4 (i)

holds,

and
5 - 2

S S 1+(l—w).Q).af([EYP,OOh,OOl,t(LHI)) _( (g +(1-¢) w] 2
Q+wn? |77 o 0] 0Fypoonoon:(Li+1) A+wr¢-g+2+no(1-¢) w

(p 1+((2 P é) 0f([EYROOh,OPl,z(ir+1)))2<AU(LYR[)+Af(ER[(i[+1)) L

| pr+ - . S . .

 8) 0Eypoonori,:(Li+1) a+r @Oy 141)2
(A183)

the political economy equilibrium is characterized by a coalition of young pessimists and old
optimists. The adaptation rate proposed by this coalition equals

0f (Eyroonooi,:(Li+1)) 2

0Eypoon,001,t(Li+1)

YBOOh,001% _ [CUQle +(wh+1-wb)-
T, —A-

(1+wr) (A184)

If economic inequality is high, Assumption 4 (ii) holds and

- = 2 _ -
B A=) ;1 _ 4 0Y. 9 (Evrooropre(Li+1)) B a-w) 4§\ 9f(Eyroonopii(Li+1))
Prer+ ((2 P+ a (p)Q) 0Eypoor,opri(Le+1) Pre1t ((2 P+ d)Q) 0Eypoon,opl,t(Lt+1)

wl+npg+(1-P)wl+(1-¢P)w 1+wn¢-q+Q2+nNw(l-¢) w

- Av(Lypi) +Af (Epe (Lev1)) L
L+ [pg+(1-¢)wl  (WOuyi+1)?

(A185)

the political economy equilibrium is characterized by a coalition of young pessimists and the
low-income old. The adaptation rate proposed by this coalition equals

2

(00p1 1+ (02 - $)0+ (1 - w)(1 - ¢)f) - LErzootort L)

0Eypooropsi(Lis1)

w1+ [pg+(1-P)wl+(1-¢)w

T?P’OOI’OPZ* =A-lpq+(1-¢p)wi*

(A186)

Alternatively, if the implicit condition on the dispersion of beliefs is not satisfied (in either case),
the political economy equilibrium is characterized by a coalition of young pessimists, high-

income, old optimists and low-income, old pessimists. Then, the adaptation rate proposed

equals
_ _ A\ . 9f (Evroonopie (L+1)) 2
YPROOh,OPL* _ 2 [prHl * (w(2 $)6+1 w)(Pe) 0Eypoon,opt,:(Li+1)
T, =A-1pq+(1-¢)wl*-
l+wn¢-g+Q2+rw(l-¢) w
(A187)
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Low Economic Inequality Young pessimists prefer to form a coalition with high-income,
old optimists and low-income, old optimists rather than high-income, old optimists and low-

income, old pessimists if

E, (UYP (TYP,OOh,OOl*)) SE, (UYP (TYP,OOh,OPl*)) (A188)

That is, if

V[LYP,L‘ (TYP,OOh,OOl*)) —(1+n ((TYP,OOh,OOl*)yYRt +piLyp; (TYP,OOh,OOl*)) + P (1 _ (1 —9YPXG,t (TYP,OOh,OOl*])m/HI).
LYRt(TYP,OOh,om*]+f([ERt(zt+l (TYROOh,OOl*))] > U(LYRt(TYROOh,OPl*])_(1+r)((TYROOh,OPl*)yYRt+ptLYRt(TYROOh,OPl*)‘

— (1 _ (1 GypXer (TYP,OOh,OPl*)) NYM) Lype (TYP,OOh,OPl*) + f([EP,z [im (TYP,OOh,OPl*))) (A189)

Using that

V' (Lype) = +npi—(1-(1-0;XG,e) 0y 141) P+

and rearranging terms gives

U[LYP,t (TYP,OOh,OOl*)) _ V(LYP,t (TYP,OOh,OPl*)] +f([EP,t (it+1 (TYP,OOh,OOl*))] _f([EP,t (it+1 (TYP,OOh,OPl*))] >(1+7)

(TYP,OOh,OOl* _ TYP,OOh,OPl*) (TYP,OOh,OOl*)) -Lyp; (TYP,OOh,OOl*) _ U’( (TYP,OOh,OPl*)) -Lyp; (TYP,OOh,OPl*)

!
Yype+v (LYP,r Lyp:

(A190)
Let v(Li,;) = In(Li;). Then, this becomes
U(LYRt(TYROOh,OOl*]) B U(LYp,z (TYP,OOh,OPl*)) +f([Ep,z[it+1 [TYP,OOh,OOl*))) —f([Ep,z[im [TYP,OOh,OPl*))) S

(>0 (ii)>0

1+7) (TYP,OOh,OOl* _TYP,OOh,OPl*) YYpe (A191)

(iii)>0

where

(i) TYP,OOh,OOl* > TYP,OOh,OPl*(See PI‘OpOSiﬁOH 9) — LYP,t (TYP,OOh,OOl*) > LYP,t (TYROOh,OPl*)

(see Proposition 2).

(i) TYROOROOL 5 L YROOOPLx

>T

(see Proposition 9) = ng’OOh’OOl* > ng,OOh,OPl*'

(i) 7YPOOROOIx 5 1 YPOOROPIx (se6 Proposition 9).

YPBOOh,00!% T YPOOh,OPIx
)

Substituting the expressions for t gives

= 2
-y Of(E L
089111+ 0+ 1-09) Sommon o)

1+ wr)

- 2
- of(E Les
[wQPtﬂ +(w2-Po+Q1Q-wepb)- J(;&YYPP;?;?!;PF;I;((Z;II))) ]

I+on¢-q+Q2+nNw(l-¢) w

—pg+(1-¢) wl*-

L v (Lyp (T BOOMOOL )| —y (Ly p, (s VROOMOPI ) . f(Ep, (Lys (xYROOROOI )|~ f(Epy (Lps sV ROOOPIH)))

A 1+7)-lpg+(1-¢)w

(A192)
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Define
Av(Lyps)=v (LYP,t (TYP,OOh,OOl*)) _y (LYP,t (TYP,OOh,OPl*))

and

Af(Epe(Len)) = f ([EO,t (im (TYP'OO”'OOZ*))) ~f ([Eo,t (im (TYP’OOh’OPl*)))

Then, the condition can be rewritten to

1 s 1+(1—w).0) 0f (Eypoon,ooi,t (Li+1)) (g +(1-¢) w] )2
a+on? " 8)  0Eypoonool,:(L+1) (1+wr)<p«q+(2+r)w(1—<p).w
p 1+((2 B+ (1-w) 9) af([EYPOOhOPlt(LHI)) 2 AU(Lypt)+Af(EPt(Lt+l]) i
A p, _ . )
' w 8} 0Eypoonopit(Li+1) a+r) @Oy 1)
(A193)

which implicitly defines an upper bound on the degree of dispersion in beliefs for which
young pessimists prefer to form a coalition with high-income, old optimists and low-income,

old optimists. When this condition is not satisfied, we have that
E, (pr (TYP,OOh,OOl*)) <E, (pr (TYP,OOh,OPl*)) (A194)

in which case a coalition of young pessimists, high-income, old optimists and low-income,

old pessimists prevails.

High Economic Inequality Young pessimists prefer to prefer to form a coalition with low-
income, old optimists and low-income, old pessimists rather than high-income, old optimists

and low-income, old pessimists if
E, (UYP (TYP,OOI,OPI*)) >, (pr (TYP,OOh,OPl*)) (A195)

That is, if
U(LYR[(TYP,OOI,OPI*])_(Hr)((Tyzb,ooz,opl*)ymﬁptLYR[(TYP,ooz,opz*])+pt+1 (1_(1_éYPXG,t(TYEOOLOPI*))ﬂYt-H)
Lygt(TYP’OOZ’OPl*)+f([ER[(Lt+1(TYP'OOI’OPI*])) S U[LYRt(TYROOh,OPl*))_(1+r)([TYP,OOh,OPl*)yYRt+ptLYRt(TYP,OOh,OPl*]]

D (1 _ (1 ~OypXG, (TYP,OOh,OPl*)) NYt+1) Lyp: (TYP,OOh,OPl*] i f ([EP,t (it+1 (TYP,OOh,OPl*))) (A196)

Using that

V' (Lype) =+ npe—(1-(1-0;Xc,¢) Yy e41) Peat

and rearranging terms gives

v [LYP,t (TYP,OOI,OPI*]) _ V[LYP,L‘ (TYP,OOh,OPl*)) +f([EP,t (it+1 (TYP,OOI,OPI*])) _f(IEP,t (I:Hl (TYP,OOh,OPl*)]) SA+7)

(TYP,OOZ,OPI* _ TYP,OOh,OPl*) [TYP,OOI,OPI*]) -Lyp; (TYP,OOI,OPI*) - (LYP,I (TYP,OOh,OPl*)) Lyp; (TYP,OOh,OPl*)

/
YYBRe+V [LYP,t

(A197)
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Let v(Li,;) = In(Li;). Then, this becomes

U(LYP,t (TYP,OOZ,OPI*)) _ U(LYP,t (TYP,OOh,OPl*)) +f([EP,t (]:t+1 (TYP,OOZ,OPI*)]] _f([EP,t (lel (TYP,OOh,OPl*)J) >
(1)>0 (ii)>0

1+1) (TYP,OOI,OPI* _TYP,OOh,OPl*)yYRt (A198)

(iii)>0

where

(i) TYP,OOZ,OPI* > TYP,OOh,OPl* TYP,OOl,OPl*) (TYP,OOh,OPl*)

(see Proposition 10) => Lyp;( > Lyp;

(see Proposition 2).

(ii) 7YBOOLOPLx o 1 YROOh,OPI . Xéf};oohom* S XglfOOh’OPl*.

(see Proposition 10)
(iii) 7YPOOLOPL:  YEOOROPL: (see Proposition 10).

YPBOOI,0PIx T YPOOh,OPIx
)

Substituting the expressions for t gives

0Eypooi,opi,i(Li+1) 0Eypoon,opl¢(Li+1)

o1+npg+(1-d)wl+(1-¢)w 0-A+7)[pg+(1-Pp)wl+1-wdp-g+ol—¢) w

U(LYRI(TYP,OOI,OPI*)) _ U(LYRI(TYP,OOh,OPl*]) +f([Ep,t(ir+1 (TYP,OOI,OPI*))J _f([EP,[(I:t+1 [TYP,OOh,OPl*)))

6f([EYP,OOl,OPl,t(I:t+1))] 2 af(IEYP,OOh,OPl,t(I:HI))] 2

[a)Qle +(w2-$)0+1-w)(1-¢)o)- [prHl +(w@-P)+1-w)pd)-

<
(1+71)-A-lpq+(1-¢) w)3
(A199)
Define
Av(Lyp;) = U(LYP,I (TYP,OOI,OPI*)) _ U(Lmt (TYP,OOh,OPl*))
and

Af (EPJU:HI)) = f([EO,t (LHI (TYP'OOZ'OPI*))) _f([EO,t (Lt+1 (TYP’OOh’OPZ*)))

The condition can be rewritten to

B - 2 ) B}
B A=) ;1 _ 0. 9f(Evrooropre(Le+1)) _ (- ). 9f(Evroonorsi(Li+1))
Pes1+ ((2 P+ a ¢)QJ 0Eypoor,opi(Li+1) Pee1+ ((2 P+ (pQ) 0Eypoon,opl,i(Li+1)

wl+npg+(1-P)wl+(1-P)w w- 1+ [Ppg+(1-p)wl+(1-wdp-g+wl-¢) w

AU(LYP,t)JFAf(EP,t(iHZI))_ Lg . (A200)
1+0-lpg+(1-p)wl*  (uye+1)

which implicitly defines an upper bound on the degree of dispersion in beliefs for which
young pessimists prefer to form a coalition with low-income, old optimists and low-income,

old pessimists. If this condition is not satisfied, we have that
E, (pr (TYP,OOI,OPI*)) <E, (UYP (TYP,OOh,OPl*)) (A201)

in which case a coalition of young pessimists, high-income, old optimists, and low-income,

old pessimists prevails.
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A2 Additional Simulations: Constant Climate Risk

The key variable in our analysis is the housing stock, L;, as its decline changes the utility of
households either directly or indirectly by altering prices. This affects the adaptation rates
proposed by different households - indicating that the decline in L, crucially shapes our re-
sults. While arise in climate risk increases the rate at which the housing stock falls, the housing
stock also declines over time if climate risk were to be constant. Hence, to validate the robust-
ness of our results, we conduct model simulations in which we keep the level of climate risk
(i.e. y) constant over time. In this exercise, we compute the mean level of y under each RCP

trajectory and maintain y at this mean level for all time periods.

Year RCP2.6 RCP45 RCP6.0 RCP85

vVt 0.04 0.05 0.05 0.07

Table 4: The mean level of climate risk, y, under the different RCP trajectories.

A2.1 The Evolution of the Housing Stock and House Prices

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100
Time Time

Figure 10: The evolution of the housing stock and - prices.

Key: The steady-state of the supply of inhabitable houses (left panel) and of house prices (normalized, right panel)

in the absence of climate change and deviations under the different RCP trajectories.
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A2.2 Evolution of the Political Equilibrium

18 —— Lower bound on & 18 —— Lower bound on ©
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Figure 11: The evolution of the political equilibrium.

Key: Joint evolution of the upper (Proposition 6) and lower (Assumption 3) bounds on the dispersion in beliefs for
which a coalition of young pessimists and old optimists prevails (pink-shaded area). When the dispersion in
beliefs is below the lower bound (blue-shaded area), a coalition of the old prevails, while a coalition of the
pessimists prevails when the dispersion in beliefs is above the upper bound (yellow-shaded area). The panels show
the evolution of the bounds over time and under the different RCP trajectories. The left panel shows the evolution

of the bounds under RCP 4.5, while the right panel shows the evolution of the bounds under RCP 8.5.

A2.3 Adaptation Rates Proposed by Prevailing Coalitions and Political
Tipping
Using the insights of Figure |3, we pick a value for © such that the political equilibrium tips

from a coalition of pessimists to a coalition of young pessimists and old optimists. We choose

© = 1.775 and set the values for 6, accordingly. In particular, we let § = 0.85 and set § = 0.48.

0.030 0.030

—— RCP26 —— RCP2E

0025 RCP4.5 0025 RCP 4.5

RCP&.0 RCP&.0

- RCP85 - RCP &S5
0.0z20 0.020
B _ 8 -
s 0015 = 0015
0.010 0.010

0.005 / 0.005 /
0.000 0.000
2020 2040 2060 2080 2100 2020 2040 2080 2080 oo
Time Time

Figure 12: The adaptation rate proposed by different coalitions.

Key: The adaptation rate proposed by a coalition of pessimists (left panel) and a coalition of young pessimists and

old optimists (right panel), under the different RCP trajectories.
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Figure 13: The tipping of the prevailing adaptation rate.

Key: The prevailing adaptation rate in the economy over time over time when the political equilibrium tips around

2070, under RCP 4.5 (left panel) and RCP 8.5 (panel right).

A2.4 Adaptation Gap
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Figure 14: The decomposition of the adaptation gap.

Key: Evolution of the adaptation gap under the second-best policy choice (red-shaded area) and first-best policy
choice (red- and purple-shared area) over time when the dispersion in beliefs about the efficacy of public

intervention is characterized by © = 1.775,0 = 0.85,0 = 0.48, under RCP 4.5 (left panel) and RCP 8.5 (right panel).
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A3 Additional Simulations: Comparative Statics

We run additional model simulations in which we change the value of several parameters.
This comparative-statics exercise aims to test our simulation results against our analytical
predictions. Specifically, we conduct simulations with i) a more concentrated income distri-

bution and with ii) a higher fraction of pessimists.

A3.1 More concentrated Income Distribution

To examine the impact of a more concentrated income distribution, we reduce the fraction of

high-income workers, ¢, from 0.2 (baseline) to 0.1.

Comparative Statics  Baseline

¢ 0.1 0.1

Table 5: The fraction of high-income workers.

Based on our analytical insights, a more concentrated income distribution increases adapta-
tion rate preferred by both young and old households, as well as the adaptation rate proposed
by each coalition. Since the fraction of high-income workers affects the adaptation rates of
each coalition in a similar manner (specifically, in the expression of the optimal adaptation
rate of each coalition, ¢ only appears in the common term, A), the decline in ¢ does not influ-
ence the threshold at which a particular coalition prevails, nor does it affect the time at which
the political equilibrium tips. A more concentrated income distribution also increases the (FB
and SB) optimal adaptation rate. Hence, - as both the socially optimal adaptation rate and the
adaptation rate proposed by the prevailing coalition becomes larger - the adaptation gap is

shifted upward. Finally, prices remain unaffected, as the evolution of the housing stock.
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A3.1.1 Evolution of the Political Equilibrium
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Figure 15: The evolution of the political equilibrium (i).

Key: Evolution of the threshold above which the old optimists prefer to form a coalition with young pessimists
(Assumption 3) under the different RCP trajectories in the simulation with a more concentrated income
distribution (left panel) and in the baseline model (right panel). The pink-shaded area highlights the values of ©
for which the condition is satisfied. The blue-shaded area highlights the values of © for which the condition is not

satisfied, in which case a coalition of the old prevails.
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Figure 16: The evolution of the political equilibrium (ii).

Key: Evolution of the threshold below which the young pessimists prefer to form a coalition with old
optimists(Proposition 6) under the different RCP trajectories in the simulation with a more concentrated income
distribution (left panel) and in the baseline model (right panel). The pink-shaded area highlights the values of ©
for which the condition is satisfied. The yellow-shaded area highlights the values of © for which the condition is

not satisfied, in which case a coalition of between pessimists prevails.

A37



A3.1.2 Adaptation Rates Proposed by Different Coalitions

Since a more concentrated income distribution does not influence the threshold at which a
particular coalition prevails, we follow our specification of ® in our baseline model and set

©=1.775,0 = 0.85,0 = 0.48. Consequently, the political equilibrium tips around 2070 again.
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Time Time

Figure 17: Adaptation Rate Proposed by the Coalition of Pessimists.

Key: The adaptation rate proposed by a coalition of pessimists under the different RCP trajectories in the

simulation with a more concentrated income distribution (left panel) and in the baseline model (right panel).
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Figure 18: The adaptation rate proposed by the coalition of young pessimists and old

optimists.

Key: The adaptation rate proposed by a coalition of young pessimists and old optimists under the different RCP
trajectories in the simulation with a more concentrated income distribution (left panel) and in the baseline model

(right panel).
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A3.1.3 Adaptation Gap
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Figure 19: The decomposition of the adaptation gap.

Key: Evolution of the adaptation gap under the second-best policy choice (red-shaded area) and first-best policy

choice (purple-shaded area) over time in the simulation with a more concentrated income distribution (left

panels) and in the baseline model (right panels). The upper panels plot the adaptation gap under RCP 4.5, and

the lower panels plot the adaptation gap under RCP 8.5.
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A3.2 Higher Fraction of Pessimists

To examine the impact of a higher fraction of pessimists, w, we increase the fraction of pes-

simists from 0.51 (baseline) to 0.67.

Comparative Statics  Baseline

w 0.67 0.51

Table 6: The fraction of pessimists.

The increase in the fraction of pessimists reduces the adaptation rate proposed by a coalition
of old optimists and pessimists directly, but not the adaptation rate proposed by a coalition
of young and old pessimistsF_g] Consequently, forming a coalition with old optimists becomes
more attractive for young pessimists, as they receive more weight in the determination of the
coalition adaptation rate. As a result, this coalition becomes sustainable for larger values of
©. While the first-best optimal adaptation rate remains unaffected by an increase in the frac-
tion of pessimists, it reduces the second-best optimal adaptation rate. Consequently, a higher
fraction of pessimists reduces the adaptation gap under the second-best policy choice. Fur-
thermore, a higher fraction of pessimists does not affect prices [-*} nor the evolution of the

housing stock.

23An increase in the fraction of pessimists also reduces the adaptation rate preferred by a coalition of old opti-

mists and pessimists.
24Recall: the simulations are conducted for an initial state where X6, =0
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A3.2.1 Evolution of the Political Equilibrium
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Figure 20: The evolution of the political equilibrium.

Key: Joint evolution of the upper (Proposition 6) and lower (Assumption 3) bounds on the dispersion in beliefs for
which a coalition of young pessimists and old optimists prevails (pink-shaded area). When the dispersion in
beliefs is below the lower bound (blue-shaded area), a coalition of the old prevails, while a coalition of the
pessimists prevails when the dispersion in beliefs is above the upper bound (yellow-shaded area). The panels show
the evolution of the bounds over time, in the simulation with a higher fraction of pessimists (left panels) and in the
baseline model (right panels). The upper panels plot the adaptation gap under RCP 4.5, and the lower panels plot
the adaptation gap under RCP 8.5.

A3.2.2 Adaptation Rates Proposed by Different Coalitions

Anincrease in the fraction of pessimists influences the threshold for which a specific coalition
prevails. We use the insights of Figure [20|to determine the value of the degree of dispersion
in beliefs (©) for which there will be a tipping of the political equilibrium. In particular, we
choose ® = 2.05 and 6 = 0.85. Accordingly, we set § = 0.415. In this case, the political equilib-

rium tips around 2080.
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Figure 21: Adaptation Rate Proposed by the Coalition of Pessimists.

Key: The adaptation rate proposed by a coalition of pessimists under the different RCP trajectories in the

simulation with a higher fraction of pessimists (left panel) and in the baseline model (right panel).
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Figure 22: The adaptation rate proposed by the coalition of young pessimists and old

optimists.

Key: The adaptation rate proposed by a coalition of young pessimists and old optimists under the different RCP

trajectories in the simulation with a higher fraction of pessimists (left panel) and in the baseline model (right

panel).
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Figure 23: The tipping of the prevailing adaptation rate.

Key: The prevailing adaptation rate in the economy over time when the political equilibrium tips around 2080 in
the simulation with a higher fraction of pessimists (left panels) and in the baseline model (right panels). The

upper panels plot the adaptation gap under RCP 4.5, and the lower panels plot the adaptation gap under RCP 8.5.
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A3.2.3 Adaptation Gap
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Figure 24: The decomposition of the adaptation gap.

Key: Evolution of the adaptation gap under the second-best policy choice (red-shaded area) and first-best policy

choice (purple-shaded area) over time in the simulation with a higher fraction of pessimists (left panels) and in

the baseline model (right panels). The upper panels plot the adaptation gap under RCP 4.5, and the lower panels

plot the adaptation gap under RCP 8.5.
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A4 Additional Simulations: Extended Model

Sigmoid Fit: 0.55 / (1 + exp(-0.10 * (x - 2065.03))} + 1.00

® Coordinates
15 — Fitted Sigmoid

2020 2040 2060 2080 2100

Figure 25: The evolution of the inequality multiplier in the extended model and the fitted

S-curve.
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Figure 26: Evolution of Assumption 4 in the extended model under the different RCP

trajectories.
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