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Research
Questions

Analysis of the interaction between financial and physical adaptation
in the presence of externalities and moral hazard.

Which influence has the insurance premium design on the
optimal physical adaptation strategy and how is the optimal
adaptation strategy affected by climate change, risk-externalities
and moral hazard?
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Research
Questions

Physical adaptation measures may have externalities on other
individuals.

Examples:
Wildfire protection
Landslide protection

Flood protection
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Single-period, non-cooperative principal-agent model in which the
insurer (principal) and the insured (agents) are players.

Players are rational and risk-neutral and are exposed to the risk of
climate change.

For the following analysis, let
y > 0: initial income
| > 0: potential loss, with | < y
p > 0: probability of loss /
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Physical Adaptation:

a; > 0: physical adaptation level,

op %pi al; o2,

with aaf <0, @) > 0, 52 < 0 and @ay > 0.

c(a) > 0: cost of physical adaptation,

. ¢ ¢
with 5 > 0 and 03 > 0.

Financial Adaptation:
m > 0: insurance premium to completely cover losses /

0 <~ < 1: insured share of loss /
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Environmental Quality:

Q: environmental Quality
(GHG concentration in the atmosphere + = Q |),

with 52 < 0 and 55 <0

Climate change does not change the cost of adaptation but the
efficiency:

8C,' 82p,‘ 821,-
_ > d >
900 320020 M 00>



Angela Steffen

Physical adaptation may have positive externalities on other
individuals, i.e.
opi 0?p; ol;
Pi < 0’ Pi N 0’ i
aa_,- 83,-83_;

2.
<0, and Ol

63_,' ’ (’93,-83_,- > 0.
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Summing up, agent i faces the following problem to maximize his
expected net income

ai(a-i) € argmax E(NI) = pi(yi = (L = 7)) + (1 = pi)yi = ~imi = &

with ¢; = ci(a;), i = li(ai, a—i, Q) and p; = pi(a;, a—i, Q).
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Insurer can ask for risk-dependent premiums. Actuarially fair
premium 7; = p;l;.

Maximization constraint:

ar(a—;) € argmaxE(NI) = yi—pili — ¢
aj

with ¢; = c,-(a,-), I = /,'(3,‘7 a—j, Q) and p; = Pi(ai,a—ia Q)

FOC:

8p,- 8/, 8C,’
ity B L —
(98,' i+ pi (93,' + 8a,- 0
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Symmetric pure-strategy Nash equilibria for two agents i and j

a;
q;
1T
d)(a=0 NI
a/(a') Nash Equilibrium
I
I
(e v
a,
T 3 = i
0 4@  a@=0 a
—— Best response function of agent i —— Best response function of agent j

Best physical adaptation response functions of agent / and agent j.
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Physical adaptation of other agents decreases physical adaptation of
agent i:

da;j "’“"”*'/ +p,/a“a* +piiI +p, ’/f"'
da_;  pIli4 il 4 2pT [P 4 ¢

<0

Assuming that own physical adaptation has a stronger impact on own
risk exposure than physical adaptation of others

da;

T - € [-1,0]

Climate change increases optimal physical adaptation of agent i:

da; B Q/ + p’/an + play /IQ + pQ/a,

dQ - 3,731/ 4 p’/ar7al 4 2pa¢ /a, + Car731
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Maximization problem:

ai(a—;) €eargmax E(NIL) = yi—pi(1 —vi)li —vimi — ¢
aj

with ¢; = ci(a;), li = li(ai, a—i, Q), pi = pi(ai, a—i, Q) and
T = 7T,‘(Q).

FOC:

8p; 0/,- 3C,‘ o
7(1 77’) <6a,- /l + p'aa,-> B 83,’ =0

~ = 0: individually efficient adaptation
~ = 1: no physical adaptation (moral hazard)
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Financial adaptation crowds out physical adaptation:

da,~ a,'/. + p,'/a"

I ,a a;,a aj,a; <0
dvi (=) A+ il 4 2p7 ) +

Physical adaptation of other agents decreases physical adaptation of

agent i
da; _ (L—i)(p?h kil I )
doi (et P 2Rl T e
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Climate change increases optimal physical adaptation of agent i:

1

=— T TR L +—- <0
dQ (X —=3) (Pl + pil7"™ + 2p7 77) + ¢

dai (L= )(p U + pil? + pR17 + pIR)

Climate change increases the demand for insurance coverage:

dyi _ (L=)(p7 %+ Pl + pRI7 + P IR) <0
dQ pili + pil
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Under risk-dependent premiums, financial adaptation is never a
substitute to physical adaptation. Individuals choose the
individually efficient physical adaptation level which is not
socially efficient when externalities exist.

Under risk-independent premiums, financial adaptation crowds
out physical adaptation. Moral hazard and adverse selection
increase insurance premiums to a inefficiently high level, so that
individuals are better off without financial adaptation in the long
term.

Climate change leads individuals to do more physical adaptation.
Under risk-independent premiums, climate change will
simultaneously lead to an increased demand for insurance
protection, which decreases the incentives for physical
adaptation.
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Thank you for your attention!
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The alleviation of impacts of climate change by physical adaptation
measures is essential for the insurance industry to

preserve the insurability and affordability of insurance coverage
maintain the feasibility of risk assessment

preserve the financial stability of insurance companies
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Maximization constraint for a situation with two agents (i and j)
ai(aj) € arg max E(NL)+E(NL) = yi—pili—c+y —pili—¢

with ¢; = ci(ai), ¢; = ¢i(a)), i = li(ai, a;, Q). [; = li(ai, aj, Q).
pi = pi(ai,a;, Q) and p; = pj(ai, aj, Q).

FOC:

ap,' 8p,- 8/, 8/, 8c,- o
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An agent purchases total insurance coverage if the following
condition holds

Nl

™

Nly

>
< pilf+c (2)
with ¢ = ¢i(a7 (A = 0)), I¥ = li(af (A = 0),a*;, Q),

pi = pi(af(\i = 0),a* ;,Q), a*; = a_;(a*;(Ai = 0)) and

ay(Ai = 0) = a;(a*;) for af(\; = 0), the equilibrium value of physical
adaptation which maximizes agent i's expected net income without
insurance protection for a given state of the global climate Q.

But even with the lowest cost-covering premium condition (2) does
never hold.
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