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Risk Sharing

Main benefit resides that an individual can mitigate very
large potential losses by risk sharing.
Pre-exchange risk X̃i and post-exchange risk Xi for
i = 1, · · · , n.
Risk sharing pool should satisfy:

Self sufficient:

S =

n∑
i=1

X̃i =

n∑
i=1

Xi.

Individual’s post-agreement loss should be preferable to the
original, for example

Var(Xi) ≤ Var(X̃i).
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Non Olet Risk Sharing

This pool framework requires that all agents hand their
individual losses over to a pool and agree on how the total
pooled loss are shared between agents.

Pecunia non olet
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Non Olet Risk Sharing

This pool framework requires that all agents hand their
individual losses over to a pool and agree on how the total
pooled loss are shared between agents.

Xi = hi(S)

where hi is some functions depending only on individual’s risk
profile.
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Non Olet Risk Sharing

This pool framework requires that all agents hand their
individual losses over to a pool and agree on how the total
pooled loss are shared between agents.

Xi = hi(S).

Examples:

Proportional: hi(S) =
E[Xi]
E[S] S; (CAT risk pooling)

Conditional mean risk sharing: hi(S) = E[Xi|S].
(c.f. Denuit and Robert (2021))
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Ideal of Decentralized Insurance

Our research team at the University of Illinois works to design
risk sharing mechanisms that meet the following criteria.

Disintermediation;

Universal inclusiveness;

Voluntary participation;

Cost effectiveness;

Actuarial fairness.
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P2P Risk Sharing

There is no initial transactions take place and a claim by a
single member is reimbursed by all other pool agents directly
without the intervention of a centralized processing entity.
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Two-Agent Risk Sharing

Let X1 and X2 be arbitrary risks. (Universal inclusiveness)
The allocation ratio matrix is

A =

(
α11 α12

α21 α22

)
,

where αij represent the proportion of the j-th agent’s loss to be
covered by the i-th agent.

How do you devise an allocation mechanism that is appealing
to all participants?
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It is sensible to consider the P2P risk sharing mechanism that
satisfies two properties:

(Fairness) Expected net return must be zero for all.

(Pareto optimality) Post-exchange variance must be
minimized as far as possible for all.
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Assumptions:
Zero-balance Conservation:

α11 + α21 = 1, α12 + α22 = 1.

Actuarial Fairness: E[X̃i] = E[Xi].

α11µ1 + (1− α22)µ2 = µ1.
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The Pareto optimal problem

min
A

w1Var(X1) + w2Var(X2)

where some weights w1, w2 ≥ 0 and X = AX̃.
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Multi-Agent Risk Sharing

The main optimization problem becomes:

Â = amin
A

n∑
i=1

Var (Xi) = amin
A

tr(AΣA>)

due to the introduction of a fairness constraint

Aµ = µ, e>A = e>

where X̃ = (X̃1, . . . , X̃n) denote all agents’ pre-exchange
losses whose joint probability distribution has mean E(X̃) = µ
and positive definite covariance matrix Cov(X̃) = Σ.
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The optimal allocation matrix is

Â =
1

n
ee> + k

(
I− 1

n
ee>

)
µµ>Σ−1 where k−1 = µ>Σ−1µ.

Special cases:
1 Common mean: µ1 = · · · = µn, then Â = (1/n)ee>.
2 Common mean and variance: µ1 = · · · = µn and
σ1 = · · · = σn, each agent can observe variance reduction,

Var(Xi) ≤ Var(X̃i).
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Variance Reduction Constraint

We further require
The principle of indemnity: 0 ≤ αij ≤ 1

Variance reduction: (Voluntary participation)
Var(Xi) ≤ Var(X̃i).

The optimization problem becomes

amin
A

n∑
i=1

Var (Xi) = amin
A

tr(AΣA>)

with constraints

Aµ = µ, e>A = e>, 0 ≤ A ≤ 1, (AΣA>)◦I ≤ Σ◦I

where the symbol ◦ denotes the Hadamard product.
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Hierarchical P2P Risk Sharing

In a very large risk sharing pool, it may be impractical to
execute direct transactions between all agents and a single
claimant. Therefore we introduce hierarchical P2P risk sharing.
Agents are grouped together and transactions occur between
members of a group or between the groups themselves.
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Flood risk is known to be difficult to insure.

Only 5% of single-family homeowners in the US have flood
insurance.

Property owners are required to purchase flood insurance
only if their properties are in Special Flood Hazard Areas
(SFHAs), their communities participate in the NFIP and
they have federally backed mortgages.

Property owners are unaware of or underestimating the
risk they face because they are not identified as being
within the SFHA zone
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The data is from the National Flood Insurance Program. It
consists of approximately two million individual flood
related claims over multiple decades across the United
States.

Restrict the dataset by only considering claims for single
floor properties that occurred during or after the year 2000.
And construct quarterly claims time series for each state.
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Consider a two-tiered hierarchical example, where 50 states
are grouped into nine regions.

Total Variance # of parameters Time(s)
Without P2P 20752.03 – –
Optimal P2P 2483.81 2500 26.06

Hierarchical P2P 2756.26 435 0.46

Table: Comparison of different models

Runhuan Feng, Chongda Liu, Stephen Taylor Peer-to-Peer Risk Sharing 28 / 31



P2P Risk Sharing
Hierarchical Pool

P2P Hierarchical Pool
Flood Insurance

50 States Flood Risk Sharing
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Thank you for listening!
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