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Model of Reinsurance and
Retrocession

. Using a game-theoretic model of insurance markets,
Powers and Shubik (2001) derived the optimal
(@aturationQ number of reinsurers for a given
number of primary insurers.

. Criterion of optimality: price per unit of primary
iInsurance in a market with n, primary insurers and n;
reinsurers remains less than price of insurance in a
market with ny+1 primary insurers and n,-1 reinsurers.



Model of Reinsurance and
Retrocession (cont.)

. Assumptions of the Model:
v" homogeneous CARA primary insurers,
v" homogeneous risk neutral reinsurers,

v equal amounts of capital required to form either a primary
Insurer or reinsurer,

v Bernoulli random losses with constant (total) loss amounts,

v Cournot bid-offer price-formation mechanisms in both the
primary insurance and reinsurance markets, and

v’ coverage provided on a proportional basis at both the
primary and reinsurance levels.



Model of Reinsurance and
Retrocession (cont.)

. Optimal number of reinsurers is given by:
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where n, denotes number of primary insurers.
. To avoid division by zero, n, > n, > 1.

. Note that n, depends only on n, (i.e., no other
economic variables).



The Gdquare-Root RuleO
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The GBquare-Root RuleO(cont.)

n n*
(Number oof Primary (Optimal Nlumber of
Insurers) Reinsurers)
10 3
20 4
30 5
40 6
50 7
100 10
200 14
300 17
400 20
500 22
1000 31
2000 44
3000 54
4000 63
5000 70
10,000 101




The GBquare-Root RuleO(cont.)

. Theorem: There exists a unique
solution

n,* =ny(ny),
where
1/2
n,* ~ (No)
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Empirical Evidence

. Venezian, Viswanathan, and Juc (2005)
tested the @quare-root ruleQusing data from
18-20 OECD countries from 1990 through
2000.

. Despite overlapping of national markets, # of
domestic reinsurers was compared to # of

domestic primary insurers (both life and non-
life).



Empirical Evidence (cont.)

Data for Year 2000 (U.S. Omitted)
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Statistical Analysis

. The @Ganning outOof the data suggests a full
log transformation.

. The following simple models were fit by OLS
(where 1 denotes the country index, t the year
iIndex), omitting the U.S. as an outlier:

ln(# Reinsurersi,t) =" +# ln(# Primary Insurersi,t) +$

1,t

In(# Reinsurer§) =B, In(# Primary Insureri§) +&;,



Statistical Analysis (cont.)

. In both models, /. is positive and significant
for all years.

. In the first model, ", Is negative and
significant (at the 10% level) for all but two
years.

. Standard statistical tests (Adjusted-Rz, F-test)
suggest that the second model is preferable
to the first.



Statistical Analysis (cont.)

Beta Estimates Over Time
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Underwriting Results

Combined Ratio

U.S. P-L Combined Ratios Over Time
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(Price of RiskO

Madsen and Pedersen (2003) developed a
theory of the @rice of riskOP the amount an
iInvestor is willing to pay to offset one unit of
risk at a given point in time.

This Is measured by

# =Sl (s 1),
where s, Is the current SD of equity price
returns, and s and u are the long-term SD
and mean, respectively.



(Price of RiskO(cont.)

Price of Risk

"Price of Risk" Over Time
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Enhanced Modél

. Let P, denote the standardized (mean = zero)
average price of risk for year t.

. Fit the following model (accounting for
correlations across countries and time) by
GMM regression:

)

(#Reinsurerg) = (#Primary Insurers) — +§,



Model Estimates

. Results of GMM regression (where *
iIndicates significant at 10% level, **
Indicates significant at 1% level):

GMM
Estimates
0.477**
(35.095)
# 0.108*
(1.812)

Adjusted R? 0.481
N 220



Conclusions

Empirical data from several national
Insurance/reinsurance markets are consistent with
the square-root rule.

When the price of risk increases, the relative number
of reinsurers increases, possibly because of fewer
barriers to entry in reinsurance markets.

For retrocession, a Gourth-root ruleOapplies, and
national markets are (anecdotally) consistent with this
result.
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