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Abstract. In this paper we model the cost of providing in- surance contracts —that is, insurance protection for insurers —
surance coverage against natural and man-made hazards. \Wave traditionally been used to share catastrophic risk within
propose an insurance market model that explains (1) the uste insurance industry. Lately, however, the cost of large nat-
of reinsurance to help finance the cost of catastrophic eventaral hazards has become so large that alternative capital mar-
and (2) the implicit (or explicit) presence of government en- ket products, such as cat bonds, have become increasingly
tities acting as (re)insurers of last resort. Using an economi@opular to offset very high losses (see Cummins et al., 2002;
model, we show how insurance programmes should be deAlbertini and Barrieu, 2009). That being said, reinsurance
signed to cover the losses due to a possible catastrophic naf-e. insurance for insurers) remains the main risk-sharing ve-
ural hazard. Our results show that the optimal structure of ahicle used by insurers to transfer the cost of catastrophic risk.
reinsurance programme minimizes the cost of offering insur- Motivation for this paper stems not only from the mag-
ance protection. We also show how government interventiomitude and uncertainty regarding potential natural hazard
can reduce the cost of insurance against natural catastrophéssses, but also from the public policy discussions of the
and increase policyholders’ welfare. Our paper therefore of-best methods of financing losses associated with these risks.
fers public policy implications as to the role and presence ofThe optimal methods of catastrophe risk financing will de-
government as an insurer of last resort and the minimum indineate the respective roles of the private insurance market,
surance premium necessary to cover the cost of catastrophieinsurers, capital markets, and government entities — irre-
events. spective of their ability to properly evaluate natural hazards
(see Plattner, 2005; Plattner et al., 2006). With the discus-
sions in the United States and in Europe of national or multi-
state catastrophe pools to spread the cost of natural hazards,

1 Introduction the roles of insurers, reinsurers and public entities increas-
o ingly become a public policy issue. A more exhaustive study
1.1 Motivation of the optimality of insurance and reinsurance programmes

. . , ) can aid public policymakers in making decisions in the best
The insurance industry's capacity to absorb large, catasjerests of their constituents. As meteorologists, oceanog-
trophic losses is a concern not only for insurance prowdersraphers, wind and structural engineers, and other earth and
but also for consumers, regulators and, perhaps even morging scientists work toward developing more accurate esti-
mportantly, for public policymakers. Insurers OPefate effi- mates of expected losses, actuaries, economists, and financial
ciently when there are a large number of relatively small, o gineers need to work toward developing better and more
uncorrelated individual risks to insure. When these risks aréicient methods of financing these potential losses.
correlated, however, insurers have a more difficult time of- v rdwide. the costs and damage associated with catas-
fering protection (see Borch, 1962). As a result, their cost ofyqphic events continue to increase (Kunreuther and Michel-

capital can become so expensive that insurance is no Iong‘?{erjan, 2009). These events can be natural (earthquake,
economically sound (see Cummins and Trainar, 2009). Rein-

Published by Copernicus Publications on behalf of the European Geosciences Union.



2054 M. M. Boyer and C. M. Nyce: Insuring catastrophes and the role of governments

flood, windstorm, etc.) or man-made (terrorism, oil spill,  The cost of capital and the ability to underwrite and adjust
chemical spills) as in Borst et al. (2006), or a combination of claims at the individual risk level are critical factors in deter-
both as in Kraussman et al. (2011). The one source of dammining where in the loss distribution insurers and reinsurers
age garnering the most interest from the insurance industry isvould be most efficient in providing coverage. As argued by
windstorm. For example, more than 45 % of total catastropheKleffner and Doherty (1996) and de Lourdes Centeno and
losses in the United States since the 1990s are due to hurrBimoes (2009), reinsurers often have better diversification
canes and tropical storms (see Michaelides et al., 2011, andpportunities than primary insurers if only because they do
the references therein for the case of Mediterranean stormshot face the same regulatory oversight as primary insurers.
The population growth and property development in wind- Reinsurers do not have the same underwriting and claims
prone coastal areas have greatly increased the value of progdjusting ability that primary insurers have. Primary insurers
erty exposed to such events. For instance, hurricane-prongherefore offer these services at a lower marginal cost than
American states have more than USD 4 trillion in aggregatereinsurers. When transaction costs are relatively low, the use
coastal exposure (AIR Worldwide, 2008); this is roughly the of a reinsurance contract with proper attachment points com-
equivalent of Germany’s gross domestic product. bines the primary insurers’ underwriting and claims adjust-

Significant uncertainty regarding the magnitude of futureing services with the reinsurers’ ability to obtain capital at
losses exists (Kunreuther and Michel-Kerjan, 2009). Globallow cost.
warming would indicate higher sea surface temperatures, Finally, we can very well imagine that because of their
which in turn would indicate an increase in both the fre- taxing authority, governments have the highest ability to ac-
quency and severity of storms (Emanuel, 2007). Additionalcess the capital markets and the lowest cost of bearing risk.
research, however, has found no impact on the total fre\We can also easily assume that governments have the worst
quency of storms, but has shown an increase in the frequencynderwriting ability because they are not in the business of
of the most severe storms (Elsner et al., 2008). selling insurance (see Lewis and Murdock, 1996).

Financing of catastrophic risk is increasingly becoming a
public policy issue for governments (see Kessler, 2008, for1 3  public policy and insurance
more details on the economic foundations of the role of the

state as an insurer of last resort). The growth of governmentag puplic policymakers are increasingly aware of the impact
run residual markets in hazard-prone areas in the Unitegyt jnsyrance affordability of their constituents, government
States (see Hartwig and Wilkerson, 2007, 2010, 2012) in4ntervention in insurance markets has increased in hazard-
creases the importance of finding the proper role and pricgyrone areas. Over the past decade, local governments have
for private market insurance. Our paper seeks to answer thgcted as insurers, and federal (or central) governments have
following two questio_ns regarding the market for catastrophestepped in to compensate financially areas hit the hardest by
and natural hazards insurance: natural catastrophes. Another mechanism used to increase af-
méordability is to limit the financial responsibility of primary
insurers through a public reinsurance mechanism.

As noted in Hartwig and Wilkinson (2012), the United

2. Should government entities be involved in catastrophicStates has more than 3.3 million policyholders in residual

1. How should an insurance-cum-reinsurance program
be designed?

risk financing, and if so, at what level? property insurance markets (i.e. markets that are under the
direct responsibility of state governments) and more than
1.2 A(short) primer on insurance and reinsurance USD 884 billion in exposure to loss (both in 2011). While

] ) ] the policy count in property markets has increased three-fold
Property insurance products are generally designed to indemsjnce 1990, the exposure has grown fifteen-fold. This does

nify the property owner in case of loss. One can separate thgo include other state and federal property insurance pro-
inputs needed in the production of these insurance product§rammes in the US including the California Earthquake Au-
into two componentsiabour andcapital. Labour is needed  thority, the National Flood Insurance Program, or the Federal
for insurers as the provider of two types of expertiseder-  1errorism Insurance Program. The most pronounced exam-
writing (that is, the ability to assess and measure risk proppe of changes in government intervention into property in-
erly) andclaims adjusting(to make sure that insurance in- syrance in the United States is Citizens Property Insurance
demnity payments are made to the right party at the rightcorporation, which is a combination of the windstorm pool
time for the right reason and in the right amount). Capital 3ng Fajr Access to Insurance Requirements (i.e. FAIR plans)
is needed to support the insurers’ payment promises, t0 s&py Florida. Designed as the property insurer of last résort

cure the insurers’ ability to pool individual risks and to re- citizens had more than 1.2 million policyholders at the end
duce their risk of insolvency. Although insurers and reinsur-

ers share common characteristics, the distinctions between
these two services are especially relevant to the provision of 1See Cole et al. (2011) for a more complete discussion of the
catastrophe insurance. expansion of Citizens and the inherent subsidies created.
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of 2011 and more than 20 % of the market share in the state The model we propose assumes that thereMNangoten-
of Florida. tial entities that could sell insurance protection in a competi-
Assuming such interventions can be welfare enhancingtive market. These entities could be private (re)insurers, gov-
they should be designed to be the most efficient. We will thusernments, or quasi-governmental programmes. The marginal
look at catastrophe and natural hazard insurance contractost function we use depends on the insurer’s cost of capital
and programmes from the point of view of a public policy- (which we shall denoté) and its underwriting and claims-
maker who seeks to structure the insurance/reinsurance manandling ability (which we shall denotg. For any of these
ket to minimize the total cost of purchasing insurance againsentities,n, we shall assume that thmearginal costassoci-
a catastrophic loss. ated with a possible loss of magnitudleis a lineaf func-
tion (see Froot and O’Connell, 2008; Ibragimov and Walden,
2007; Ibragimov et al., 2009) with two parameters, given by

Eq. (1), where!’ is the maximum possible los¥ [0, ?]),

Boyer and Dupont-Courtade (2013) show that reinsurancénd entities in the economy differ with respect to thigits
programmes are mostly structured in layers (see also Hurliandk,’s:

mann, 2003; Ladoucette and Teugels, 2006) — see Fig. 164 (Y) =bu+kiY . 1)
for an example of a reinsurance programme. Insurancel_

economists (Powell and Sommer, 2007; Berger et al., 1992, he logic behmd .th|s linear ”?arg'”a' cost of proy|d|ng n-
sPrance services is anchored in the principle that information

G‘?‘“’e” and Lamm-Te_nnant, 2003) ha\_/e_ seen_the purChase.gecomes more costly to obtain when the insuring entity be-
reinsurance as a capital structure decision, with equity CapiL . Has more removed from the risk that is insured (see Faz-
tal and reinsurance acting as substitutes. Insurers that havezaari et al., 1988; Jean-Baptiste and Santomero, 2000). Also
subopt_lmal "".”?"“m of reinsurance will thgrefore have IOWerZanjani (2002) argues that since reinsurers are significantly
operating efficiency, which means that reinsurance becomes . .

. : . exposed to capital outflows when a catastrophe hits, the cost
an important component of insurer efficiency. It can also be

an important lever of public intervention. of providing capital for very large catastrophes increases by

The model we develop assumes that all policyholders grdnore than the expected liability amount. In other words, the

. S . . L marginal price of insurance should be an increasing function
trying to minimize the premium paid (total cost of their insur- . o
: : . of the marginal liability.
ance contract). This costincludes the expected economic loss ; ) . ' : o
o . o The policyholder’s goal is to find the policy that minimizes
(ininsurance terms, the pure premium) which is exogenously, : . . : I
the premium (total cost of insuring against a possible 1gss

determined and must be borne by someone in the ECONOMY,, iher words, policyholders choose an insurance contract,

as well as the INSurers labour EXPENSes (the und.erwmm%raset of insurance contracts, that minimizes the integral of
and claims administrative costs, including loss adjustmentthe marginal cost function plus the expected loss:

expenses) and its capital cost of bearing the risk. As we ) K

shall show, it is the relationship between labour and capital Y 4

that dictates what is the optimal insurance/reinsurance conf] = E[Y]+ C (Y) = / Yg(Y)dY + / CIL (Y)dy.

tract structure. We will therefore posit that the total premium

of the insurance contract is a zero-profit contract, given by

I1=E[Y]+C (Y), whereE[Y] is the expected loss (i.e. the As we assume that the expected loss is independent of the

aforementioned pure premium) agdY) is the total cost of ~ structure of the insurance and reinsurance programme, the

the insurance services that includes labour and capital costproblem reduces to one of minimizing the area under the

We will assume in our model that the policyholders’ goal is marginal cost function.

to minimize the premium (total cost .of their insurance pro- 1 Single insurance provider

gramme). As shown in the model, this can be done by mini-

mizing the total cost of the insurance servic€sy). If there is only one type of entity in the economy that sells
The lossY is distributed according to some density func- insurance (wittb, = b andk, = k), then there is no “choice”

tion g(¥) over the range € |0, Y |, whereY is the maxi-  of the insurance programme structure as the lowest possible

mum possible loss. We can therefore write the expected losBremium is obtained when
as

2 Modelling strategy

0 0

T b9 + Sk5?
= |0y 2)’ .

}A,
1
7 C (5) =/[b+ky] dy = |:by+ Eky2:|
0
0

E[Y]= / Yg(Y)dY.
0 Figure 1 illustrates the situation.

The question now becomes one of modelling the labour and  2The marginal cost does not need to be a linear function of the
capital cost of insurance servic&3(Y). maximum possible loss; the main results of the paper will also hold
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Marginal cost of Marginal cost of
insuring the risk insuring the risk
ciy) Cty)

Cy=byr kY

Cly)=b+ky
Cpyi=byt kY

Maximum Maximum
possibie possible
joss y ¥ joss y
Fig. 1. Cost-minimizing contract with 1 entity. Fig. 2. Cost-minimizing contract with 2 entities.

Since there is only one insurer and no reinsurer, there is
no attachment point choice as there is no second layer. Th%wing minimization problem:
premium paid by the policyholders is then given by the total '

cost of bearing the maximum possible ldégi.e. the area 1 $
under the marginal cost function) plus the pure premium. My|1n / [b1+kiy]dy + / [b2 + kay]dy.
2.2 Two insurance providers 0 hZ1

Now suppose there are two entities and n» such that  Solving this minimization problefhgives usy} = Zi:il SO

b1 < by and k1 > k. This means that the intercept of en- that we have that the primary insurer is responsibfe for the
tity n1's marginal cost is lower than entity,’s. Put differ- first y7 dollars and the reinsurer is responsible for the last
ently, n1 is able to provide underwriting and claims service y — y; dollars.

marginally cheaper thany. However, each dollar of cov-
erage (marginal <_:ost of capital) is more expensive for eN-, 2 N insurance providers
tity n1. The question becomes how to combine the two enti-

ties’ technology to minimize the total premium (cost of the gy suppose there aré entities such thaty, < by < ... <
risk) to the policyholder. Because one entity has a lower in—bN and k1 > kp > ... > ky. This means that entity:;’s
tercept but a higher slope, a policyholder will minimize the marginal cost intercept is lower than entity’s, which is
total cost by dealing with the low-intercept entity (better un- |gwer than 3's, etc. Each dollar of coverage (marginal cost
derwriting and claims service) for lower losses and the low- ¢ capital) is more expensive for entity than forn, than for
slope gntity (lower marginal cost of capital) for higher Iosse_s.ns’ etc. As before, the optimal combination of tNeentities’
Graphically (see Fig. 2), we see that the total cost of bearingechnology will be for the policyholder to deal with the entity
risk of potential loss/” is & combination of the two entities: ¢ has the lowest intercept first (it has the best underwriting
the low-intercept entity is responsible for losses up until point s claims service technology), and then ask that reinsurance
y1 and the low-slope entity is responsible after paint steps in at different layers when having a low marginal cost
Changing vocabulary to fit with the insurance industry’s f capjtal becomes important. Layers are determined by the

we can say that entity; is the primary insurer, whereas en- ¢omparative advantage of each reinsurer at assuming catas-
tity ny is the reinsurer that assumes losses greater than trophic losses.

The question becomes: at what point should the reinsurer
become liable? Put differently, where shouwldbe to min-

imize the total cost of bearing this risk? Abstracting from 3
the expected loss component of the total premium, which .
we assume to be exogenously given, social welfare is maxg;, [b1y+ }klyz]yl . [b2y+ }kzyz]y }
imized by minimizing the total cost of providing insurance

services to policyholders. This is the equivalent of the fol-

y1

. 1
) . ) . . _ =Mln{(bl—bz)ler*(kl—kz)yf}
if the marginal cost is an increasing non-concave function of the n 2

maximum possible loss.
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As the market allows more and more insurers that have dif-Marginai cost of

ferent underwriting expertisé) and risk-bearing capacities ’”S””gr?yjhe risk Co=b g Cy=b kY
(k), the total cost to policyholders, excluding the pure pre-
mium, is decreased. If there akeprivate insurers and rein-
surers suchthaty < b < ... <by andky > ko > ... > ky,
the cost minimization problem writes ‘ btk Y
b
1 N i N : |
Min /[b1+k1y]dy+2/[bl~+k,-y]dy | | |
Y1 YN — I |
0 =27 b, ' |
I I
b2 | [ | |
Reinsurance in this economy *“concavifies” the overall b ! | [ } _
marginal cost function as can be seen in Fig. 3. By increas ! | | | ; “;f,’;’;’b‘j’e”
ing the number of entities (i.e. reinsurers) one increases th U A ¥, ¥ ossy
concavity of the marginal cost function and therefore reduces
total cost. The solution is clearly then to have Fig. 3. Cost-minimizing contract withv entities.
y.*:L forall iel,...N—-1. . i i i
P ki —kig if reinsurers have a lower cost of bearing large risks than pri-

mary insurers.
By adding more insurance entities that have diffedgat

3 A market equilibrium andk’s generates a market equilibrium where primary insur-

ers are those that have the lowést and reinsurer involve-
Clearly the equilibrium on this market will depend on how ment through excess-of-loss contracts depends on the right
the parameter valuég andk; of all private insurers and rein- - combination ofb’s andk’s, with the reinsurer with the low-
surers are distributed in the economy. Suppose there are twsstx and the highest assuming the highest tranche. If two
insurers, insurek with b, andk;,, and insurej with b; and  or more entities have the samheand the samé, then they
kj. If by <b; andky, <kj, then cost minimization will be  gpjit equally the tranche in which they belong in the marginal

obtained by having only one insurer. In other words, insurercost hierarchy. The working layer in Fig. 10 shows this rela-
h here dominates insurgrfor whatever level of loss: it has  tjonship in an insurance programme chart.

better underwriting expertise and a lower cost of bearing risk.

In an efficient market, insuref would find itself filing for

bankruptcy. 4 The (potential) role of government as an insurance
Suppose now thadt, < b; andky, = k; so that both insur- provider

ers have the same risk-bearing technology, but one insurer

(insurerh) has better underwriting expertise than the other.4.1  Public policy implications of government

In other words, one insurer can do the same underwriting intervention

job, but at a lower cost. Again, insurgrwould find itself

filing for bankruptcy since it has a more costly production In this model, governments can become insurance entities.

function that insureh. A similar story can be told ib, = b; We are assuming that a government entity has the lowest cost

andk, < k;, so that both insurers have the same underwrit-of raising capital through its ability to tax (so it has the lowest

ing ability but one insurer (insurer) has a better ability to  marginal cost of bearing riskg) but that it has the highest

assume large losses than the other insurer in the sense thaderwriting cost since it has no expertise in the matter (so it

insurerh’s cost of assuming the risk is lower. Clearly insurer has the highest interceiy)*. And because the government

j would find itself filing for bankruptcy, again, since it has a

more costly production function that insuver 4While government debt is generally cheaper than private mar-
For a reinsurance market to exist in equilibrium, it there- ket sources of capital, the shadow value of the taxes necessary for

fore has to be that the reinsurers’ marginal cost functionsthe debt service may not be cheap. The overall government “cost” of

have a higher intercept and a lower slope. If this is not theflnancmg catastrophic risk will vary with the government’s budget

case. then the entire potential loss of a policvholder will besituation as well as the magnitude of the potential losses. The pos-
’ . P . . P Icy sibility exists that some smaller, more leveraged governments may
assumed by a single unique insurer. In reality,

> - ) we know th.athave a higher cost of capital than a large multinational (re)insurer.
primary insurers rely on reinsurers to guarantee eventual inyjg|ations of the assumption that governments have the lowest cost
demnity payments for the highest levels of potential lossesef capital would result in some countries where the government
Consequently, in the absence of market imperfections a polishould not be providing insurance. Similarly, it may be possible

cyholder’s loss will be handled by more than one entity only that some governments have the ability to efficiently underwrite and
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has the lowest, it is natural that it would enter the insur- Marg{na!;vosr_o;
ance market as the reinsurer of last resort (see Kessler, 200’”5””2%3 e s
for other reasons). Expanding the two-provider model with

the third entity being a government insurance provider, the b kY
problem becomes a two-variable cost minimization problem Cly)=b+ kY e
as shown in Eq. (2). The solution, which is graphically dis- e e
played in Fig. 4, is such that = 2=22 andy; = ig:zs R :

y1 y2 y ’ I
D{“yr; / [b1+k1y] dy+ / [bo+koy] dy+ / [bg+kgy]dy. (2) b, | :

y1 y2 I :

If reinsurance is not allowed, but government is still there as &, ! ! Maxi
areinsurer of last resort, the total cost would be higher by ar ' ! paofs'?bﬂ?
amount that is represented in the graph by the yellow triangle Y Y2 L foss y

The government’s marginal contribution to the reduction in
total cost can also be measured as the lined areainred on t
graph. Without the government as a reinsurer of last resort,
private reinsurers would ha_ve to assume the ['Sk from attaCh'I\/Iore concisely, the benefit to government intervention is
ment pointy; until the maximum possible loss Thus, the

total cost of insuring the loss would be greater by an amount $

that is represented by the lined red triangle. If there fdre /

. : . I'c= by —b kny — k dy,
private insurers and reinsurers such thak by < ... < by G [(bx =be) + (kv —ke) y]dy
andk1 > k2 > ... > ky, and a government whose parameters N
arebg andkg such thaby < bg andky > kg, which acts as \ hich becomes
a reinsurer of last resort, then the cost minimization problem
becomes Eq. (3):

H:ég 4. Government entity as insurer.

1
I'c= [(bzv —bG) (3 —ya) + > (ky — kg) (ﬁz - y,fﬂ

y1i N Vi
VMQN f[bl +hyldy+ > / [bi +kiy]dy when we solve the problem explicitly.
. 0 =27
4.2 Public policy implications when agents have
)4 heterogeneous cost functions
bg+kgy|dy ¢ . 3 L . . .
+f[ gt gy] Y 3 The question in terms of public policy will be to assess the

IN parameter values; andk; of all private insurers and rein-
Government intervention is not free. The premium govern-surers, as well as the government’s, so that the government’s
ments should charge to the insurance market is given by  optimal attachment point can be determined. With this type
5 5 of model, where competition in the primary layer and work-

r r ing layers of reinsurance are dominated by firms with bet-
Mg = / Yg(¥Y)dY + / [bg +kgv]dy. ter underwriting and claims adjusting capabilities, there are
YN YN no advantages to having a government entity provide insur-
The benefit to policyholders is given by Eq. (4): ance coverage. It is also possible that there is no point for
government to become involved in the insurance market as

I'c= . . . .

a reinsurance of last resort if, for instance, we find that cost
bzl N ¥ minimization is obtained in the private market because the
/[b1+k1y] dy+Z / [bi+kiv] dy+/ [bg+kgy]dy solution would demand thaty = Y. As the maximum pos-

4 i=2,7 o sible loss increases, however, it becomes more likely that a

government entity is needed in the market as its lower cost
y1 N of capital begins to outweigh its inability to underwrite and
manage claims.
— i i . 4 . N L . .
/[b1+k1y] dy+; / [bi + kiy] dy () The public policy implications of having different levels
0 S i1 of government involved in the supply of insurance are not
apply proper price discrimination among its citizens. Frequently frivial since such public intervention will affect the price of
opening the underwriting process to political interference does noinsurance and the wellbeing of insurers and policyholders. It
result in efficient underwriting. will also have an impact on the tax base as every individual
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in the country becomes an “investor” of the government-as-Marginal cost of

. . . . . . . ihg the risk Agent 2 has a higher marginal cost (higher b
reinsurer. With the discussions in the United States and in Eu'”s“”g?y) e ns and higher k) than agent 1. which means he
rope of multi-state catastrophe pools or a federal catastroph also has a higher total cost (assuming the

same integral constant)

pool, the roles of insurers, reinsurers and public entities in-
creasingly becomes a public policy issue. A more exhaustive
study of the optimality of attachment and detachment points
can aid public policymakers in reaching better decisions.
The question of government intervention cannot be stud-
ied independently of the distribution of risk in the economy.
In the model so far, all individuals face the same risk, which
means that government intervention has no ex ante redistri
bution impact. As a result, provided that at some level the
government’s cost of capital is lower than the reinsurers’ Maximum
lowest, government intervention increases welfare. Suppos 1 p B rE— P;if‘;fe
now that agents in the economy are heterogeneous with re i Y Yo Y
spect to the cost of providing them with insurance. Put dif-
ferently, suppose that there is a proportignof agents (with
> g = 1) whose total cost of insurance services is given by
0

C? (Y). All agents still face the same expected loss, but somé’omt is the same for all). In the second, we will assume that
are more costly to insure government charges the same marginal cost to all the agents.

Using the case of one primary insurer, one reinsurer and" Other words, parametetg andkg are set by the govern-

government (whose cost of capital is independent of the pri_ment to be the same for all agents, and are therefore indepen-

vate market's cost function), and letting the superscript rep-dent of 6.
resent the agents’ “cost type” and subscript g refer to the

) - 4.2.1 Same government protection (i.e. same
gg\éim‘rensents technology, the problem (as shown in Fig. 5) attachment point)

Fig. 5. Gain from government intervention.

W0 N P In the model, the government’s inability to discriminate re-
) o 0 6 4 0 o sults in every agent facing a government attachment point of
Min / [b1+k1y]dY+/ [b3+k3y] dy+/ [bg+kg)’] dy. $4 determined exogenously. Each agent type’s problem can

ye ¥0 .
179 A then be written as

N g
The optimal contract that minimizes the total cost of insur- % o9 Y
ance will differ from one agent type to the next as the attach-MLn/[b§+k§y]dy+/ [65+k5y] dy+/ [bg+kgy] dy. (5)
ment and detachment points will not be the same for every > g N 3
contract. If the government was able to offer different pro- '
tection (different attachment points) to different agent types,In this case, the government fixes the upper attachment point
the allocation of total cost in the economy would be better j4 so that it is no longer a choice variable in the problem, as
for all as each agent would end up paying a total cost that isn Fig. 6.
specific to him. If the government fixes its attachment poift between
In reality governments rarely treat different agents dif- the optimal attachment points of each type of agent, it is then
ferently. Instead, governments often use a one-size-fits-aleasy to show that every agent ends up paying more for insur-
approach in their policies (which may reflect their inabil- ance services. To see why, observe the red wedges in Fig. 6
ity to underwrite or discriminate properly across types). that represent the extra cost imposed on each agent by hav-
Since most government-sponsored property casualty insuting a fixed attachment point; the yellow represents the gain
ance programmes involve some subsidization of high riskto each agent for having government intervention.
exposures, there are also redistributive questions that need As we see, the government’s attachment pgilies be-
to be addressed. In Florida (see Nyce and Maroney, 2011}ween the two type-specific (and optimal) attachment points
inland homeowners subsidize homeowners who live on theyé and ygl. This means that, compared to the optimal type-
coast, and even properties slightly inland in the coastal areapecific entry point, government intervenes too early for the
are subsidizing properties that are directly on the ocean.  agents that have the lowest marginal cost (agent @ype€l)
There are two types of government involvement that wouldand too late for the agents that have the higher marginal
induce redistribution problems. In the first intervention, we cost function (agent typé = 2). As a result, both types of
will assume that government intervenes at the same level oAgents end up with a suboptimal situation. The loss of wel-
loss for all agent types (that is, the government’s attachmentare for policyholders is then given by the sum of the two
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Marginal cost of . i . Marginal cost of
insuring the risk Agent 2 has a higher marginal cost (higher b insuring the risk Agent 2 has a higher marginal cost (higher b
Cty) and higher k) than agent 1,which means he Cty) and higher k) than agent 1, which means he

also has a higher total cost (assuming tha

The second type of redistribution the government can do is

to forgo its ability to charge agents as a function of their "f
marginal cost type. Instead the government may use an “avel b; . =
age” cost for all. Given the way we have modelled the prob- y-f Y; ygz s Y
lem here, this means that the government’s inability to dis-

criminate results in every agent facing a government averagE'g 8. Government intervention by assigning the same underwrit-

. 7 also has a higher total cost (assuming the
same Integral constant) same integral constant)
b | |
1 |
% . l
b
K | ‘
; | | |
b2 [
1 | \ _ \ _
1 | Maximum | Maximum
b1 \2 . .2 — - - possibia p rErenr 7 — possible
T loss loss y
7 ¥y Vg Y9 Y9 Y ¥ A Yy Yy ¥y Vg Y
Fig. 6. Gain and loss from government intervention. Fig. 7. Government intervention by fixing its attachment point be-
low y3.
areas highlighted in rédInterestingly, no government inter-
vention that fixes its entry point can be optimal. To see why,fﬂgﬁg:g;f:;%ﬁ;g Acent 2 has.a hioh naf cost (higher b
gen. as a higher marginal cost (higher
suppose thafg < yé. The situation would then look like that cty) and higher k) than agent 1, which means he
of Fig_ 7. aiso has a higher totai cost {(assuming the
. . same integral constant)
As we can see, neither agent benefits from the governmer
stepping in too early in the catastrophe risk market. In fact, T
. - o GRS
whatever entry point government fixes, agents can never b SR
better off if that entry point is the same for all and if agents b2
differ with respect to their marginal cost function. b91 :
]
4.2.2 Same marginal cost of government insurance bg '
1 |
b, |
|
|

'I
g Maximum

possible
loss y

“underwriting expertise cost” diy = Zugb The problem g costto all
for each agent type, which is |IIustrated in Fig. 8, then be-
comes like that in Eq. (6):
v y ; high-cost agent’s decrease in total cost is given by the area in
i ) 4 0 s R yellow. Each low-cost agent’s increase in total cost is given
Mm/[b +k y]dy+/[b2+k2y] dy+/[bg+kgy] dy. (6)  pythe areain reti
1y X N The question, from society’s point of view, is whether the

area in yellow (the gain) is greater than the area in red (the
By using the same intercept for all agents, the government’soss), with each area weighted, of course, by the proportion
attachment point for the high-cost agents (agent type 2) deef each type of agents in society,. Surely, total welfare
creases, but is increased for the low-cost agents (agent typgannot increase given that the government's underwriting
1). By doing so the high-cost agents are benefiting from theability is a weighted function of its ability when faced with
intervention, to the detriment of the low-cost agent. Eacheach agent separately.

5The losses in the red triangles can be calculated similar to the
gains from Eq. (4). The losses would be the difference between the 8Note that we do not let the government’s ability to raise money
government entering at the optimal poyrét(y ) and the suboptimal  be a function of the agent type (we therefore assume that the govern-
point jg for agent type 2(1), rather than the gains from entering atment’s financing, risk-bearing and taxing abilities are independent
yg instead ofYy . of risk type).
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We can combine the two types of intervention (same at-
tachment point, same marginal cost function) and examine v 1N s (s 1 ils 1
how that affects the agents’ choice of insurance contractsL0Ss = b3 ()’g - yg) + by (Y — Vg ) — by (Y - yg>

The problem then becomes
1/

W V2 Y ’g
N 1
Min / [b0-+KS y] dy+ / [b+Ky] dy+ / [ Bgrkgy |y, + / (k3 — kg) vdy.
1 0 ¥ % v
whereég is defined as before a;@ _ Zuebg- We vyant to_ know if the ggin outweighs the Ioss. (i.e.
7 what is the sign of1 — 1) Gain— pw1Loss?). The function

Our presumption is that there will be a loss of welfare for (1 — ;11) Gain— p1Loss is quadratic in1. We can therefore
society as a whole in the event that all risk types share theonly examine the second-order condition to see if that func-
same pooled fixed cost of underwriting because the governtion has a maximum or a minimum. Since by assumption we
ment does not obey vertical equity precepts. In other wordshavebé < bg, yg <Y andyg < ¥, we can easily show that
not treating different risk types differently leads to a welfare
loss. To see why, note that the gain for the high-marginal-92[(1 — w1) Gain— piLosg . 2<b1 b2) [( o 1?)
cost agents (i.ed = 2) is giver) by the difference in the area (d1)? o 97 %) \Vg
under the curves from poir)x\g2 until the maximum possible

N . . . v v
lossY. In our case, with one insurer, one reinsurer and one + (yg - Y)] >0,
government, the gain is given by

which means that we have a minimumygte] 0,1]. Con-

2 ~
g Y sequently, there is no possible welfare gain in the government
Gain= / [b% +k§y] dy + / [bg +kgy] dy treating all risks the same way in this economy, even if the

2, A costs of underwriting is divided across all agent types.
Yg Yy

v

~ 4.3 Public policy implications when agents have

/ [bg + kgy] dy. (7) heterogeneous maximum possible losses
¥§

] ) . Risks and agents do not need to differ only with respect to
In the case of the low-marginal-cost agent (#e= 1), his  tneir cost functions. They can also differ with respect to their
loss is given by the difference in the area under the curves,aximum possible loss. Imagine two types of catastrophic

PR ; ; % \\/i . . . . A :
from pointyg until the maximum possible loss. With one  isks, one with maximum possible logs and the other with
insurer, one reinsurer and one government, the loss is giVehaximum possible Iosﬁ’z - le_ Figure 9 illustrates the si-

by tuation.
W 14 What would that entail in terms of government interven-
A tion? As we see, for the type of risk where the maximum
Loss= [bl Kk ]d [b k ]d . >Ee,
/ athoy|dy+ g+ Ky |y possible loss is smaller, government does not appear to have
v§ & a role at all since the private market is sufficiently efficient
$ to offer the insurance product at the lowest possible cost.

1 For the risk that has the higher maximum possible loss, the
_/ [bg +k9y] dy. (8) government-sponsored insurance entity has a role to play in
3 limiting the cost of insurance to society (note again that the

, expected loss is independent of government intervention).
Given the measurgy Of. agents that_lose and measysg= This raises the interesting puzzle that if two risks (or agents
1= of ag_ent_s that gain, the question then becomes whethe& entities) have the same expected loss and the same linear
(1—,“1)6?"” is greater or smaller tham;lLoss. We can marginal cost function of identifying and bearing risk, then
rewrite Gain and Loss as government intervention would be warranted in the case of
Gain = b3 (yé _ yé/) + b ()? _ yé) — by (f/ _ yé’) the risk that has the highest possible loss, but not in the case
of the risk that has the lowest.
¥

+/ (kg—kg) ydy

/
8
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Marginal cost of This paper presented a model of the cost of providing in-
insuring the risk . hi h hthei
cly) surance coverage against catastrophic events through the in-

surance market that includes not only the presence of pri-

b by mary insurers and reinsurers, but also, and perhaps most im-
G-t kY, et kY portaptly, the implicit (or explicit_) presence pf governments

. - T as reinsurers of last resort. Using a classic economics ap-

: proach where insurance services’ production factors are sep-

by - arated into labour (underwriting and claims adjusting costs)

! and capital (risk financing), we showed how reinsurance pro-

b, : grammes should be structured for a given catastrophic risk

. exposure in order to minimize the cost of such natural haz-

b | | ards to policyholders. The cost goes beyond the simple ex-
1 | | Maximum pected loss of a catastrophic event; the question we address
v R ry PIOSS’bfe is rather how one should structure the insurance, reinsurance,

1 Y1 2 Y, oss

2 and government guarantee to reduce the cost in excess of the
expected loss.

We derive the conditions for the reinsurance market to
arise and the conditions for the net benefits of government-
provided insurance. These depend on the diversity of the pri-
vate market insurance (reinsurance) providers. While we of-
ten see primary insurers taking lower levels of insurance and
reinsuring larger potential losses, the role of government-
provided insurance has been much more diverse. There are

Fig. 9. Government intervention when risks have different maxi-
mum possible losses.

Losses — 100% of nominal

Government

As the number of

:-:-:-%-:-:-:

-:-:-:-u-c-:-:-%-:-:-:w:-:-:-%_-:-:m:-:-:-%ﬁ:
e
o
2

companies with “non-

examples of government-provided insurance acting as the
primary insurer competing with private insurers (beach and

Em; Fi ; Eﬁﬂ dominated” pairs of b . ) . )
Eim?.?.s E:‘- Eﬁﬁgﬁﬁ&;&ﬁ% andkincrease, the windstorm plans in the US), reinsurers (Florida’s Cat Fund,
S ncreme, Terrorism Reinsurance in the US), and as sole providers (Na-

tional Flood Insurance Program in the US) with no competi-
tion in the primary layer.

Even though attachment and detachment points are deter-
mined to minimize the cost of insurance protection, the cost
of catastrophic insurance can nevertheless be extraordinarily
high so that making the implicit government’s guarantee ex-
plicit can reduce this cost. Such a reduction in the cost of
bearing risk surely increases the policyholders’ welfare. We
are not, of course, suggesting that government should neces-
L sarily be intervening in all insurance markets — quite the con-
Losses — 0% of nominal trary. Our thesis is that government intervention in the in-
surance market is to increase society’s welfdrenit would
be at the highest possible levels of risk. Our thesis rests upon
the assumption that it is the government that has the low-
est cost of capital of any financial institution or entity in a
country. But if we believe at the same time that the govern-
The financing of natural hazards and other catastrophianent’s ability to underwrite risk (i.e. identify who has a low
events is increasingly becoming a public policy issue at allprobability of loss and who has a high probability of loss)
government levels, and for all governments on the planetis poor, then the presence of government-sponsored entities
This is true whether we are discussing naturally occurringin lower tranches of risk-bearing capacity reduces society’s
events such as wind and ice storms in Europe, hurricanewelfare.
in the southeastern United States, earthquakes in China and The public policy implications of the impact of having
New Zealand or tsunamis in eastern Asia, or man-maddlifferent levels of government involved in the supply of in-
events such as oil spills, nuclear plant breaches or chemisurance capital are not trivial. Public intervention will have
cal plant spills. The growth of the exposure in hazard-pronean impact on the price of insurance and on the wellbeing
areas increases the importance of finding the proper pricef insurers, reinsurers, and policyholders. It will also have
for private market insurance, and the proper role for govern-an impact on the tax base as every individual in the state
ments in making the insurance market as efficient as possible.

Excess Layer(s)

Any given layer may
have multiple
companies with the
same b’sand k’s
resulting in
proportional sharing
of losses in that layer.

Fig. 10.Insurance programme prospective of risk sharing.

5 Conclusions
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or in the country becomes an “investor” of the government-Garven, J. R. and Lamm-Tennant, J.: Optimality of a Stop-Loss

as-(re)insurer. Reinsurance in Layers, Insurance and Risk Management, 7, 217—
237, 2003.
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