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Abstract

Multi-year insurance has been proposed as a toomlcentivise policyholders to invest in property-
level adaptation. In a world of rising natural citaphe risks, such autonomous adaptations could
have significant benefits for the property-ownée insurer and society. We review the arguments for
and against multi-year contracts and provide neatyaes on their price implications. We conclude
that even under conditions of known and statiomesly, initial capital requirements could be around
50% higher for a 10-year contract than an annuatraot and the annual premium around 5.5%
higher; in the real world of changing and uncertaéks, premiums would be even higher. We also
conclude that multi-year contracts have severaltiaddl disadvantages that are likely to limit thei
demand and availability in the general retail iaswe market. For adaptation, a preliminary analysis
of existing evidence suggests that other toolsh ascrisk-based premiums and loans for adaptation

tied to the property, have greater potential.

[. Introduction

Over the past three decades, global economic Idssmsweather-related events have increased at a
rate of US$2.7 billion per year in real terms; tigta tripling of annual damages over the period
(Neumayer and Barthel, 2011). Several studies Bhoevn that this increase has been mainly driven
by an increasing exposure to disasters (e.g. Neanmeyd Barthel, 2011 global analyses and Pielke
and Landsea 1998 for US hurricane losses); drivepdpulation growth, increased wealth and an
accumulation of people and assets in regions mxpesed to weather catastrophes. These trends are
expected to continue in the future, but also beraagded by an increase the intensity of weather
events globally (on average) as a result of mannsid®te change (IPCC 2007). Some past authors
have described the confluence of these pressurasresv era of catastrophes(Kunreutheret al.
2009a).



Managing risks from natural disasters in a worldnafeasing population, wealth and climate
change will require greater action to reduce vidhgity at the local level. This includes better
managing exposure to natural hazards, through uabanland-use planning, as well as enhancing
societal resilience and resistance and reducingiddl vulnerability. In many hazard-prone regipns
there is evidence that property owners under invegtoperty-level risk reduction measures (Cabinet
Office, 2008; Kunreuther 1996; Kunreuthetral. 1978). In a world of rising levels of risk fromtngal
hazards, closing this investment gap would haveifsignt benefits not only for property owners, but
also insurers and society as a whole. This papmudses the use of insurance as an economic
instrument to incentivise autonomous adaptatioaviBus authors have suggested that insurance can
be a powerful tool in this respect as the price availability of insurance communicates a signal of
the level of risk to the insured (e.g. Kunreutbeal. 2009; Geneva Association, 2009; Herwedgeal.
2009; Maynard, 2008; Waret al. 2008). In principle this should encourage the lieduo take cost-

effective measures to reduce risk.

A number of authors have demonstrated that theranse industry itself can benefit from
doing more to incentivise risk reduction. Unhindgrelimate change and an increased concentration
of insured assets in exposed regions are likeiydcease the correlation and volatility of losses t
levels that could have profound effects on thenasiity of natural hazard risks and the affordeil
of insurance (e.g. Cll, 2009; Herweijet al. 2009; Lloyds of London 2006; Mills 2005). The
consequent public and political discontent couldehlanock-on effects for other lines of business, as

observed, for example, in the Florida insuranceketaiGrace and Klein, 2009).

There are several ways in which the insurance itngusan help bring about improved
individual and societal risk management (Herwedeal. 2009; Wardet al. 2008). This paper focuses
on the arguments for and against one proposedainsartool, the introduction of multi-year insurance
contracts alongside risk-based insurance pricingn(Butheret al. 2009a; Jaffeet al. 2008). It has
been suggested that multi-year contracts, otherkvisg/n as “long-term insurance”, which provide a
guaranteed price (or guaranteed ceiling and flomep over a term from 3 to as much as 25-years,
could have significant benefits for adaptation bgviding greater incentives for the insured to stve

in cost-effective property-level resistance andisgge measures.

While multi-year contracts are not unheard-of ia thsurance market today, particularly in

commercial insurance lines and for high net-weiltlividuals, they are rare in the majority of gealer



retail insurance markets (Goss and O’Neill, 20M@here they do exist in the commercial and high

net-wealth markets, the policy term is typicallymore than 3 years.

In the following sections, we review the argumefds and against multi-year insurance
contracts from different perspectives. Sectionxdrmaines the case for multi-year insurance contracts
given in the academic literature. Section Il po®s new quantitative analyses on the implications f
the technical price of insurance. Sections IV andovisider the broader issues of practicality and
trade-offs. The paper focuses exclusively on P&S8uiance contracts and mainly general retalil
insurance provided by the private insurance seéygplications to the commercial market and public

insurance providers are discussed in Section VI.

Il. The case for multi-year contracts

Kunreuther (1996) identifies a number of importaatriers to individual action to reduce risk
at the property-level: financial constraints (up#rccosts); lack of information or poor use of
information in decision making; a perception the government will provide support in the event of
a disaster; unawareness or misperception of the risk faced; and other behavioural issues, in
particular short-termisin Kunreutheret al. 2009 suggest that risk-based insurance premiumbea
an important tool to help overcome these barri€éhe premise is that if the premium reflected the
level of risk, and the insurer accordingly offeradrisk-appropriate discount to homeowners who
invest in loss reduction, this would provide anremic incentive to a property owner to reduce risk
to the cost-effective levelSimilarly, an individual moving into a high riskea would be more aware
of the risk and could act accordingly. Howevertha real world, the price of a contract rarely eefs

the true level of risk, particularly in the casehoimeowner (or general retail) insurance.

In practice, even with risk-based premiums in pldlbis economic incentive is not sufficient
to overcome all of the observed barriers to actior. example, the technical premium reduction with
risk reduction is often quite small compared witke tupfront cost of the mitigation measure
(Kunreuther 2005) and therefore, the economic itreeris relatively weak. In addition, Goss and
O’Neill (2010) suggest that the incentive is furtineeakened because risk reduction investments do

not tend to be reflected in property values, meatimat the benefit is lost if the individual sefle

! Studies have shown that individuals tend to focuthe returns only over the next couple of yeah®ré is also evidence
to suggest that temporally distant pay-offs arpmigortionally discounted relative to immediate ®(&.g. see Kunreuther
and Michel-Kerjan 2009 and references therein).

2 To illustrate this, consider a simplified examplesume that a homeowner's insurance premium iggrt $100 per
annum, equal to the level of average annual Idssn’Tf the homeowner could invest in a risk reduttineasure at a cost of
$200 that would reduce the AAL to her property B9 the investment would pay back after 8 years.



property. Kunreutheet al. 2009 make several recommendations that aim to tefipcome these
barriers. For example, they suggest that loansldhoel provided to property-owners (from public
schemes or other initiatives) to help spread thieonp investment costs over time (overcoming the
financial barrier); if the annual rate of repaymerdre smaller than the annual insurance premium
discount gained as a result then the property-owmerdd see an immediate financial benefit from the
investment and so a strong incentive to take ackainther, if loans were tied to the property, eath

than the individual, this would overcome the disintive created by the prospect of moving house.

Kunreutheret al. 2009 argue that this strategy works only if theperty-owner could be assured
that the insurer would continue to provide the ptemdiscount. Hence, they recommend the use of a
multi-year insurance contract with a guaranteedepand discount. They argue that the multi-year
contract, with transparent pricing, could alsorggteen the economic incentive by making the besefit
of the investment in risk reduction more visibldéropt®. Additional benefits of a multi-year contract
given by Kunreuther and Michel Kerjan (2009) inaud

¢ A multi-year contract at a guaranteed price (ogratitively, a price with pre-defined ceiling
and floor) provides financial certainty for the jpgholder and a guarantee of insurance
coverage over the policy term.

e Multi-year contracts could decrease the transaatiogearch costs to policyholders in a case
where annual policies are not renewed by theirragrs{though search costs may increase per
policy as multi-year contracts mean more compleisitens).

« Multi-year contracts could reduce administrativetedor the insurer and increase certainty by
reducing the turnover of customers.

* Multi-year contracts could encourage a higher degreinsurance coverage across society
with benefits to individuals and society as a whoklor example, in some markets,
policyholders tend to cancel or not renew contrécte losses have occurred and this can

leave them, and society, more exposed when an egents.

Goss and O’Neill (2010) suggest that multi-yeartcwts could also increase the incentive for the
insurer itself to invest in improving the resistanand resilience of its insured properties. Today,
insurers have little incentive to reinstate a prope a more resilient and resistant manner as thi
tends to be more expensive and is not guaranteleentefit the insurer as the policyholder may switch

to another insurer (Boyer and Gobert, 2008). A niorg-term relationship between the insurer and

3 For example, rather than a $35 premium discourtt gaar in an annual contract, which seems smalpened to an
upfront investment of $250, the insured would sgaaranteed $350 total premium discount over aedd-gontract.



policyholder would help to alleviate this barrigr &llowing the insurer to offset the investmenttsos

against future reductions in losses to the property

. Price Implications

The annual premium of a multi-year contract wolukellyy be greater than the premium of an
equivalent annual contract. Firstly, the capitajluieements and return on capital demanded by
investors would be higher. Secondly, uncertainty ambiguity is greater. Thirdly, we would expect
the expenses associated with the contract to chamdleis section, we present a new analysis of the
impacts of the capital loading on the premium fanalti-year contract and draw on past studies to

discuss expenses and the impact of uncertaintii@premium.

I11.1 Capital loading under conditions of known and stationary risk

The formula to calculate the premium of an insueanontract can be expressed as Eqgn. 1,
where P is the annual premiunE(C) is the annual expected value of clairg$X) is the annual
expected value of expenses anll represents theapital loading whereK is the capital requirement

anda is the annual return on capital demanded by sbéders.

P =E(C)+E(X)+a K Q)

To explore the impacts of the length of the polieym of the premium we determifevia
stochastic simulation of claims, expenses and &esiment process. The method is detailed in
Appendix A and assumes that the risk is statiorsarg known. We impose the condition that the
insurer must remain solvent (i.e. premiums plustabpust exceed claims plus expenses) at all times

with 99.5% probability (i.e. a 1-in-200 year contirus solvency condition).

Figure 1 shows the resulting annual premium forwdtingear contract as a function of the
length of the policy term, from one to ten yearBe Tannual premium is shown for two cases: for a
constant value ofr (set at 10%gand for a value ofr that increases with the policy duration (from 10%
for a one year contract to 12% for a ten year emtlr We suggest that the second case is more

realistic as shareholders will demand a highemrnetin capital for a longer guarantee period. Irhbot

* The viability of this decision would depend on tase. It is likely that the contract would needéomuch longer than 5
years to offset the investment costs. Goss and iD(2610) suggest that the premium would needeartuch higher than
for a contract without resilient reinstatement (@grhaps 40% higher for a 5-year flood insuramg#ract on a high risk
property and greater for a lower risk property).



cases, the annual premium is shown to increase thalduration of the policy. Figure 1 shows the
reason for this increase is that the capital reguént increases with a longer policy teinis more
than 50% higher for a 10-year contract than an ancontract. The annual premium is around 5.5%

higher for a 10 year contract for increasing
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Figure 1: Annual premium (left) and capital reqment (right) as a function of the length of theippl

term for a multi-year insurance contract.

If the solvency condition is relaxed such that ealy is assessed only at the end of the term,
allowing insolvency in between, then this redudas impact of policy duration on the premium
(Figure 2). This case is equivalent to being ableatse additional capital at a floating rate eglent
to the yield on the asset mix of the company. Wusild not be realistic for a company in distress.
With the more relaxed solvency condition, the ahmpramium plateaus at a duration of around 5
years and falls gradually beyond around 8 yearghétplateau, capital requirements remain around

30% higher than for an annual contract.
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Figure 2: Annual premium (left) and capital reqmemnt (right) as a function of the policy duratiamder

conditions of continuous solvency (solid) and sobxeat the end of the policy term (dashed) for tamtsx

Capital requirements are higher for a multi-yeantact because the insurer must hold
additional capital to cover the possibility thatltiple claims are paid over the policy durationisTts
illustrated in Figure 3, which shows a simplifiedhslation representing the ratio of the sum of the
total premium income and investment return (ignpnamofits) to the total claims and expenses paid,
against time (in years) If no capital were held, a value less than theny-axis would imply that the
insurer has become insolvent; that is, the sumlaims and expenses has exceeded accumulated
premium income. The simulation is stochdstimdividual simulation runs are shown in grey ahe
5" and 98 percentiles are bounded by red solid lines initigaa ‘solvency envelope’ where the
solvency criteria is hypothetically set at a 95%Wéaat Risk. The further the envelope is belod. t
more capital a company would need to remain solwétit 95% confidence up to that term. The
simulation demonstrates that the capital initiafigreases as the policy term increases and reaches
peak at around 2 to 3 years. The required caitad tleclines and becomes negligible after about 10

years, in this simple example.

This simple example can explain our findings in th@re complex premium model under the
condition of solvency at the end of the term (ivbere claims can be paid from the total accumulated
premium plus initial capital at the end of the teribh demonstrates that for shorter length congiact

around 2 to 5 years, there is a higher chancetdbataccumulated premium over the policy duration

® this is effectively the inverse of the combinetiaavith investment return
® The process shown in Figure 3 is a simple geomBtownian motion process defined b§, = et M whereu = 0.04,

0=0.05 andW,is a Weiner process with zero mean and unit vagianc



is not adequate to pay claims and maintain solvesiogt therefore, more capital must be held inytiall
to ensure that the solvency condition is met. Fiéigure 3, the most rapid increases in capital
requirements occur between year 1 and year 3. pofiey term of beyond around 8 to 10 years, the
total premium accumulated over the policy durateomore than adequate to pay claims and maintain
solvency with the required probability (95%), se fhitial capitalisation can be reduced. We stress
this simple example only tests solvency at the @ntthe policy term, where mid-term losses can be
recouped from future premiums. Under the more awas®e (and realistic) condition of continuous
solvency (Figure 1) we do not observe a plateaudaaline in capitalisation requirements because
any claims must be covered by the premium accuedlap to the point of the claim plus initial
capital, rather than the premium accumulated over éntire policy duration, so the initial

capitalisation must be higher.

10
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Figure 3: Stochastic simulation to illustrate tisbsency process. The simulation represents the adtclaims to
the accumulated premium plus capital (y-axis) ve@tsue in years (x-axis). The grey lines are indiisl
simulations, the red dashed line shows the expeetee:s and the solid red lines bound thexsd 95'

percentiles. Simulations with a y-value less thaai be interpreted as insolvent.

The simulations presented in this Section are fity one policy. In reality, a (re)insurer will
be able to diversify risks across a broad portfoligolicies, lines of business and regions. Howeve
we do not believe that this would change the furelaal conclusion of our simulation that the annual
cost of a multi-year contract would be higher than equivalent annual contract. Kreps (1990)
suggests that the (re)insurer should require aafateturn on the marginal amount of capital regdir
by the new policy. Where the new policy is corretatwith the existing portfolio, our model is

adequate. If the new policy were a new class oinegs or in a region that is not correlated with th



existing portfolio then the additional capital reged may be smaller, but still greater than thataio

equivalent annual contract.

[11.2 Expenses associated with a multi-year contract

It is not clear how the longer policy term of a tiwykear contract would affect the expenses of
the contract; that i&€(X) in Eqn. 1. The turnover of clients should be lowad therefore, marketing
costs should be reduced. The administrative casifdde smaller as the contract is renewed less
often; however, interviews with insurers reported Goss and O’Neill (2010) suggest that this
decrease will be marginal as insurers would sti#chto communicate annually with policyholders and
regularly review risk levels. In addition, Goss d@dNeill suggest that providing multi-year insuranc
could entail a number of additional start-up cdktg would need to be recouped through premiums
and they argue that the sale of multi-year cordragbuld require greater interaction with the
salesperson to appropriately assess risk, explaiitons and reduce the scope for mis-buying,

increasing the administrative costs per policy.

[11.3 The impact of uncertainty on premiums

The largest contribution to the increase in prensiion a multi-year contract is likely to come
from the increased uncertainty in each of the efémef Eqn. 1 with the length of policy term.
Kunreutheret al. 1995 demonstrates that the premium of any inseranatract will be higher under
conditions of uncertain or ambiguous risks ande#aét al. (2008) demonstrate that an insurer’s
aversion to ambiguity increases significantly witie policy term. While the pricing of annual
contracts will also be subject to uncertainty, il We greater for a multi-year contract as risidan
policy conditions may change over time in ways tat difficult to predict. Where the premium of a
multi-year contract is guaranteed, an insurer waddd to anticipate changing levels of risk and

conditions and price these into the contract frbendtart.

There are several drivers of changes in risk awee.tAerts and Botzen (2011) explored two
potential drivers, the impact of climate change aodioeconomic development. Their analysis
focussed on the componeB{C) of the premium for a multi-year contract, for tbase of flood
insurance in the Netherlands. They demonstrate dhahges in risk could lead to significant, but
uncertain, underestimate B{C) of up to around 80% for a 5-year contract and 146f@ 15-year
contract when compared with the stationary risluaggion. As uncertainty increases over time, the
premium would be higher for a longer policy term.dddition, for a longer contract, there will be

greater uncertainty over vulnerability (includinglipyholder or local government actions to reduce



vulnerability), repair costs, regulatory and Iégagimes (which lead to higher than expected exgens
or claims), taxation changes, and the price andadifity of capital and reinsurance. These treads
difficult to anticipate and adequately price. Cabitill need to be held against all these contirmgen
and the higher ambiguity over such long-term changerisk and the conditions for insurance will
mean that shareholders demand a high return otatépicompensate for the considerable risk. Each
of these factors will increase the capital loadifighe premium, making it greater than is suggebted

our analysis with known and stationary risk.

IV. Disadvantages of multi-year contracts

V.1 Higher premiums and lower flexibility for policyholders

The higher price of a multi-year contract (Sectigh means that for the policyholder there is
an advantage of a shorter policy term. Indeedhénsurvey carried out by the Association of British
Insurers (ABI) in 2009, of the forty-three percaftrespondents that were interested in multi-year
contracts, 97% felt that the price of a multi-yeantract should be less than or equal to that of an
annual contract (Goss and O’Neill, 2010). The ABrvey found that many respondents were
concerned about the possible disadvantages of -ymadti contracts. The advantage of an annual
contract for the policyholder is that it providelexibility and choice; the option to renew or
renegotiate a contract, or switch to an alternaitngeirer, to ensure that they get the best prick an
conditions for insurance. This must be weighedrsiahe disadvantage that prices may fluctuate over

time, as well as the potential higher search abatpolicy is cancelled by the insurer.

V.2 Lower flexibility for theinsurer and less efficient use of capital

For the insurer, a multi-year contract has the athge of limiting turnover in policyholders,
but also limits the ability of the insurer to renégte the contract or cancel in response to clmangi
conditions or new information; this could mean ¢gediability, but also an increase moral hazard. |
addition, the flexibility to raise premiums if nesary after a disaster is an important ‘pressureeva
for the insurance markets. For the insurer it isiraportant way to rebuild their balance sheet
Without this pressure value, more capital woulddntebe held in the first instance and premiums

would need to be set higher. This not only impheBigher premium but also a less efficient use of

" For example, court judgements sometimes re-ingethe risk landscape deciding that claims whichewet
thought to be covered by the insurance industrylshioe paid.

8 The reason for the premium increase after a disa&sthat in these circumstances the availaldlityapital is often
restricted and higher rates of return on capitaldamanded from investors, increasing the costaiging insurance
coverage. The converse of this is that premiunsraggically fall after a number of benign years.



capital and associated opportunity costs to theréms In reality, the inability to rebuild the balance
sheet in the event of a significant loss is likielppe seen by private insurers as a severe impetitme
offering multi-year contracts. Goss and O’Neillatgport concerns of the European Commission that
multi-year contracts have historically hindered petition and created a barrier to new entrantgén t

market, increasing premium costs.

I V.3 Long-term guarantees and the risk of insolvency

In Section 11.3 we assume that the insurer is abladequately foresee changing risks and
conditions and price this into the premium at tteetf the contract. However, as history has shown
our ability to predict the future is limited. Fdret insurer, the likelihood and impact associatetth wi
mispricing a policy are larger than for an annuaitcact, where premiums can be adjusted each year
in response to new information. In extreme casgggelscale mispricing could lead to insolvency and

on a smaller-scale a less efficient use of capital.

An example of this has already been played outénUK life assurance industry. In the UK,
life assurance companies write long-term businégs. consider three of their products that offer
considerable guarantees over the long-term: lifeugies, pensions savings with guaranteed annuity
rates, and with-profits policies (Table 1). In th®70s, 80s and early 1990s when many of these
policies were written, interest rates were oftethm double figures, mortality rates were considgra
higher and regulation was less onerous so expemses lower. At the time insurers believed they
were making good decisions, anticipating the risis] pricing policies accordingly. However, this
assumption proved to be false; interest rates fadlem considerably (from long-term rates of around
15% p.a. at the start of the 1990s to 0.5% p.aaity 2011), mortality rates have gradually impibve
due to new medicines, changes in diet and a remudti smoking (the UK Office of National
Statistics estimates that over the past 30 yegesstandardised mortality rates have declined by 49
and 41 per cent for men and women, respectivehy, regulation has tightened leading to greater
expenses. When the guaranteed annuity ratesdstartste it cost the UK life assurance industnyste
of billions of pounds to set up the required remliseserves and this was one of the drivers of the

financial difficulties suffered by the firm, Equitke Life, the UK’s oldest life assurance company.

° In the case of an under-pricing of contracts,itiserer would be forced to seek additional captalover liabilities at
higher cost; whereas for over-pricing of contrattts,insurer would see an opportunity cost fronding too higher reserves.
10 Although some of the interest rate risk was redwgigdificantly with close matching of asset cagiw# with those of
liabilities there remained a material level of risk



Product Description Effective Guarantees

Life annuities Provide regular payments until thiterest rates until death

death of the insured. Average policyholder mortality

Pensions savings withProvide a specific conversion rateéSpot interest rates years ahead
guaranteed annuity rates| from accumulated savings into annujty-uture expenses levels

rates. Mortality rates at retirement

With-profits policies Companies offering these prot| Investment market fluctuations
take regular savings (or lump sums)

and invest them. The policyholder
receives a guarantee no drop in value

and guaranteed regular bonuses.

Table 1: Long-term guarantees implied by threedgsurance products

As in the life assurance case, a multi-year prgpersurance is effectively providing a
guarantee against interest rate changes, capit&letmiductuations, changes in expenses (e.g. due to
regulation) and other regulatory changes. A mudtdy policy with guaranteed premium has no
opportunity to adapt to the changing nature of. ri3ikficulties in anticipating the future, meansit|
be probable that polices are under or over-pricea@l @onsequence. Arguably, anticipation of changing
risk is even more complex for property insuran@nth was for the UK life assurance market with the
additional challenges of climate change, naturéhate shifts, trends in exposure and shifting
vulnerabilities to natural hazards. A more likelyt@ome is that in a competitive market and under

uncertainty, insurers would tend to restrict pelicto shorter duratiots

Given these risks associated with fixed premiumsmualti-year contract with variable
premium might be a more desirable prospect foirtbgrance industry (Goss and O’Neill, 2010; Aerts
and Botzen, 2011). This would also help to redbeeprice differential between annual and multi-year
contracts and so make them more competitive omidwket. Kunreutheet al. (2009) propose that
prices be renegotiated over time based on new rirdtion, for example based on a regularly
monitored risk index arbitrated by a third partyowever, such a system would bring considerable

technical challengés We argue that allowing premia to adjust each,y@an within a defined range,

1 Jaffeeet al. 2008 suggest that this problem for insurers malessened if reinsurers were to provide multi-yeartracts.
They give the example of catastrophe bonds whict te have a maturity of around 3 years. Howeteseems likely that
reinsurers would face the same disadvantages gpelliments to providing multi-year (re)insurance andransferring the
risks up the insurance chain would be unlikelynwréase the feasibility of the concept.

12 perts and Botzen (2011) highlight the difficultiesdeveloping such a risk index for natural hazagdsen gaps in data
availability (e.g. up-to-date risk maps, reflecticitanges in protective infrastructure) and thelehgks in disentangling
trends in risk from statistical noise (e.g. duehaotic weather) anshort-term risk variations (e.g. climate cyclestsas the



removes some of the benefit of a multi-year comtriacparticular, the financial stability createat f
the policyholder and the benefit of reduced adnaisve costs for the insurer. The option to vdrg t
premium would likely need to be accompanied byghtrto cancel, removing the security of the long-

term relationship between the insurer and policgénol

V. Practical challenges for adaptation

V.1. Challenges of risk-based Pricing and premium discounts

Without risk-based premiums, and associated prerndigsoounts for risk reduction, multi-year
contracts will not provide an appropriate incentiwereduce risk. However, risk-based premiums are
rare in the general retail insurance market arglriifiects a number of operational challengestl¥irs
in some markets, such as in a number of the US &alkes, premiums are artificially suppressed by
price regulation or subsidy programmes (Grace alethK2009; Klein, 2008). Hence, the success of
insurance pricing as an economic tool for adaptatadies on removing any regulation of the price of
insurance (Kunreuther and Michel-Kerjan, 2009). idager, although in aggregate insurers must cover
their risks, even in markets with competitive prgi(e.g. most of Europe), premiums rarely reflect
individual risk in all cases. There is a historyonbss-subsidisation of premiums across regions and
lines of business, as a result of a culture ofdsoiiy, the nature of traditional bundling of diféat
hazards in a contract, or as a commercial strateg@xtend the market by increasing affordability.
Where natural catastrophe risk is underpriced,rérsuare understandably reluctant to offer discount

to those undertaking cost-effective risk reductizeasures.

There are also technical barriers to risk-basedirmyi and premium discounts for risk
reduction. The level of risk faced by a propertgite- and building-specific, particularly for hada
such as flooding. In insurance pricing today, tgfic generalisations are made to local areas and
types of buildings to approximate the level of rigkis is sufficient given that the risks (and #fere,
uncertainties) are well diversified. However, t@myde appropriate economic incentives, premiums
would need to more accurately reflect risk and amtipular, the reduction in risk associated with
investments in property-level resistance and mgile. For this, the underwriting process would
require a higher degree of information and the aistrative costs of the policy would rise
accordingly. A particular concern is the need forsite verification of the level of protection. Regr

validation would be required, perhaps by a thirdtypato confirm that protection measures were

El Nino Southern Oscillation). Indices would alsed to reflect changes in broader conditions, sgdhe cost of capital
and insured asset values.



present and adequately maintained. In a competitimeket, such products could look unattractive
compared to cheaper annual contrdctsrom an insurer perspective, offering such pesicivould

increase uncertainty in a portfolio, particulanythe early years until experience is gained.

V.2. Mismatch between payback periods and contract duration

To incentivise risk reduction, a longer contrachdatied to a long-term loan) is more
beneficial as the payback period for property-lesisk reduction through an insurance premium
discount would be often in excess of five to 10rgedo give a simple example, a recent study found
that replacing the wall plaster of a property watkvater resistant material to improve flood resitie
would cost around £2,900 (if installed during répand would have a payback of £3,400 in the event
of an extreme flood (ABI, 2009). If we assume theb@ably of an extreme flood were around 1-in-10
(that is, a highly hazard-prone region) then thsuld amount to a reduction in the technical risk
premium of around £340 per year; hence a paybat&doef 8.5 years. In a lower (but still high) risk
region, where the probability of an extreme flooaiswl in 30 years, the payback period would be 25.5
years. To provide a strong incentive, the insuracargract would need to be at least as long as the
payback period. But, empirical evidence suggesitaiaon the term of a multi-year contract of ardun
5 years (Goss and O’Neill, 2010); historically niykar insurance contracts have been enforceable
under EU legal systems for up to five years, butbeyond (EC, 2007) and in its 2009 survey, the
ABI found that of those consumers that expressedtanest in multi-year contracts, around 40% saw
3 years as the maximum desirable policy term aridrther 40% gave 5 years. This suggests a
mismatch between the payback period and the désicalvation of a multi-year contract; a shorter

contract of around 3 — 5 years may have little ath@e over an annual contract in terms of incentive

VI. Discussion

The previous sections have demonstrated that esti- contracts have a number of
advantages for policyholders and insurers, but séseral disadvantages, in particular, for thegtev
insurer. In a competitive market, these disadvatage likely to provide an impediment to insurers
offering of multi-year contracts. The absence ofitiyear contracts in the general retail insurance
market today suggests that these disadvantageseaneas greater than the benefits of a longer-term

relationship between the insurer and the insured.

3|n the Florida Wind Mitigation Credit scheme, th@soblems were overcome by making premium discount
mandatory, providing an inspection scheme and atiggl the level of price discounts. However, thame
suggestions that this scheme has lead to distsriiothe insurance market (RMS, 2010).



Kunreuther and Michel-Kerjan (2009) suggest that¢ thide availability of long-term
mortgage contracts provides evidence for the wtgbdf multi-year financial contracts for property-
owners. We argue that mortgages provide a poor adsgn in this respect. Firstly, typically the
repayment rate is floating, allowing the lendeassociate rates to changing conditions. Where fixed
rate deals are available this is usually with darabf not more than 5 years. In addition, mortgage
risks generally decrease over time as the mortgagepaid; the loan is secured on a property
(providing a cushion where the house price excélegloutstanding loan) with a value expected to
increase on average each year; and for fixed reaés dthe lender can hedge their risk. For property
insurance, the balance of evidence points towarthamease in risk over time, possibly including
sudden jumps, and there is no cushion. Finallyyas demonstrated by the subprime mortgage crisis
in 2008, the mortgage business can also yield igipated risks and lock-in significant liabilitiésr
the provider. Looking more broadly, the wider fiogh markets rarely offer products with long-term
guarantees and where they do so it is typically eviiere a counterparty can be found whose own
concerns are negatively correlated. One exampbaiti®ptions in the investment market, which give
the holder the right to sell an asset for a minimeatue and so provide guarantee against market

fluctuations. These contracts are often perceivdzbtexpensive and are typically of short term.

Empirical evidence suggests that there may be greaportunities for multi-year contracts in
the commercial insurance business and for highwoeth individuals. European Commission (2007)
reports that while on average the duration of @wt$r in the commercial property insurance market
was 12 months for EU member states, countries aacBlovenia, Austria, Italy and the Netherlands
do have much longer average durations of betweeansi eight years. Goss and O’Neill (2010) report

contracts for high net worth individuals of arouhglears.

Purely public insurance schemes, like the US Natiétood Insurance Program (NFIP), may
also have greater prospects for multi-year inswaidichel-Kerjan and Kunreuther 2011). Public
insurance schemes may have lower capital requirsnagrd so the price differential compared with an
annual contract could be lower. In addition, insoley is less problematic as public schemes may be
able to raise additional capital at low cost fr@xation and therefore, the risk of future liabégi(e.qg.
resulting from long-term guarantees under uncdstpiare a smaller concern. In addition, a purely
public insurance scheme is not subject to competftirces on price and multi-year contracts codd b

offered as standard.



We suggest that a situation where the benefits wfityear contracts for the private insurer
could outweigh the disadvantages might be whene thee predictable cycles in the level of risich
as in regions where hazard levels are determinethd\El Nino Southern Oscillation (Jerry Skees,
pers. comm.)Where there is predictability, insurers could dierisk of adverse selection as the
policyholder would buy insurance only when hazardels are predicted to be high. A multi-year

contract could remove this risk in such markets.

Kunreuther and Michel-Kerjan (2009) propose mudtaly contracts as one of a package of
policy and economic tools to incentivise risk retitut. We conclude that in general the proposals
made by Kunreuther and Michel-Kerjan could havaifiigant benefits for climate change adaptation;
but that these benefits come not from the multiryieaurance contracts themselves, but from the
associated tools associated with them, includimgnsparent and risk-based insurance pricing;
inexpensive loans for risk reduction tied to theparty; the reflection of risk reduction investneint
property prices; the removal of the disincentivevied by the expectation of public aid; and
improving the awareness of risk and the availabditinformation. We argue that these tools areanor

practical and can have much higher value for adapta

This set of tools goes well beyond what the insceaindustry alone can provide. From this
analysis, we conclude that the immediate challdog¢he insurance industry then, with the greatest
value for adaptation, is to provide transparesk-based premiums. The lack of risk-based premiums
today is a disincentive for risk reduction. Thisnis easy task. In particular, there are considerabl
administrative and technical challenges for insurarproviding risk-appropriate premium discounts
for property owners that invest in risk reductiofhese challenges would be lessened in the
commercial insurance business and insurance fdr-ég worth individuals; where administrative
costs are typically a much smaller fraction of tb&al premium and so more significant investments
can be made in accurate risk estimation. We sughasto promote autonomous adaptation, a priority
for the insurance industry is to explore methods tanls that would facilitate more accurate propert

level estimation of risk at lower cost per policy.

VI. Conclusions

In this paper we have reviewed the arguments fdragainst multi-year contracts as a tool for
adaptation and have provided new analyses on thege implications. Simple simulations
demonstrate that, even under conditions of statyoaad known risk, multi-year insurance policies

are more expensive than annual policies. In ourehadpital requirements are around 50% higher for



a 10-year contract than an annual contract ancuineal premium around 5.5% higher. In the real
world, additional factors, in particular the ambtgunvolved in anticipating long-term risk, would
push premiums even higher. In addition to highé&gs; we conclude that multi-year contracts have a
number of disadvantages that are likely to liméittavailability in the general retail insurancerket

and by private insurers. In extreme cases, the-femg guarantees implied by multi-year contracts
suggest a significant risk to the ongoing solventynsurers. We do not find strong evidence that
multi-year contracts alone could provide adequateritives for risk reduction amongst property
owners; further research and pilot projects wouddréquired to demonstrate this advantage. Our
preliminary assessment suggests that other toot) as risk-based pricing and loans tied to the
property, have much greater prospects for incesitigi risk reduction. We conclude that the
immediate challenge for the insurance industry theith the greatest value for adaptation, is to

provide transparent, risk-based premiums.
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Appendix A: Capital Requirements and Premium Model

This appendix describes the model for calculatimg premium of a multi-year contract based on
Kreps (1990).

The model framework

The model represents a stochastic claims praCeas well as an expenses proc¥sand investment
processS, where:C; is the value of claims occurring in ygak; is the value of expenses occurring in
yearj; §is the annual return in investment, that is, thee@f one currency unit, invested at the start

of yearj, at the end of year(n.b. is not a cumulative return).

The pricing formula is given by Eqn. A.1, whefeis the capital requirement for the policy amd

represents the return on capital demanded by shidess.

P, = E(C) + E(X) + a [K (A1)

Egn. 1 shows that the premium must be equal tauhe of the expected claims and expenses, plus a
‘capital loading’ to produce the required averageim on capital for shareholders. To simplify the
model, we assume that premiums are paid at the cftgeearj and the claims and expenses occur

immediately afterward.

The stochastic model is used to estimate the dapairemenK based on a solvency condition that
K + Py is sufficient to cover the total value claims angbenses over the duration of the policy with a
99.5% probability (i.e. for 199 out of 200 randonaws from the distributions of clain@g expenses
X and investment S). The solvency condition mushbein all years of the contrattin practice it is

measured at the end of each year in the model)

Under the formulation of the multi-year contract are considering the company cannot change the
premium rate during the contract term. This presidhe policyholder a long-term guarantee of

insurability, for a certain price, over the polimrm. The shareholder must supply enough capital t

4 We note thathe condition that 1-in-200 year solvency is maired at all times is slightly different from
Solvency Il (which requires solvency from balanbeet to balance sheet), but we would not expest thi
alternative formulation to alter the conclusions.



ensure the level of protection falls no lower tain 200 over the period of cover. This is to easa
similar level of protection as a policyholder buyian annual premium. In the annual premium case
there is a 1 in 200 risk of losing some money fiosurer default each year. At the end of a year th
policyholder purchases their next year of covesardoing they re-set the default risk to 1 in 2@f.
course the premium might be purchased from a @iffieinsurer and they run the risk that the premium
is higher if insurer’s perception of risk levelsvbachanged or the cost of capital has increasedtbge
prior year. The fact that in the multi-year ctse policyholder doesn’t bear the premium rate bisk
enjoys the same level of prudential protectionrecizely why the premium is higher. The fact that
shareholders must put up capital that (at leasiily) is thought to be appropriate for the whole
policy term, with no opportunity to increase premaiin the future, is precisely why the capital must

be higher at the start.

We argue above that the policyholder should erfp@ysame level of protection throughout the policy
term as they would in a series of annual policigsis is one point of view and others are possihie
some settings an increasing probability of defasltthe term increases is thought acceptable. An
alternative formulation would be to look at the nEW Solvency Il approach where the insurer has to
ensure they have enough capital to survive a sefidsviations between balance sheets. Yet another
approach could look at expected policyholder dificiwhilst these may lead to differences in the
absolute relationship between capital and premindhdifferent premium levels, we do not believe it
will change the overall conclusions, that premiuml be higher for multiyear policies. We may
consider these alternative approaches in a futapermp However, we take some comfort that the
approach in this paper is broadly equal to the @gogr of the UK regulator as regards liability pal&c
where losses emerge over a multiyear period antsfare required to capitalise to ultimate levels of

loss — not interim ones.
The model is set up as described below:

The “asset shareQ, is equal to the accumulation, at the earned invest rateS, of premium (given

by Eqgn. A.1) minus claims and expenses at the étiteacontract, where is the policy term:

n

Q, :Z{(E(C)+E(X)+0EK—Q —xi)D_n s,} (A.2)

i=1



Herei is the time at which the cash flows occur amltime in which investment return occurs after

pointi.

Equation A.2 implies that claims in a given yeacwdust after the premium is paid. In realityicia

can occur at any time during the year. This apgrda taken to simplify the formulae but will not
materially change the conclusions. If, for examplaims were assumed to occur mid year on average
then the premium formula would be amended by distiog the claim by half a year of investment
return. As such the calculated premium would h8l lower. The additional investment returnsthi
produces would flow through into the asset shaené- this would also slightly reduce the capital
required. The relationship between premium andaapould be very similar, hence we feel justified

in keeping the equations simple.

Formula A.2 assumes that the cost of capital mafg) is reinvested until the policy matures. In
practice (in periods of good claims experiencepiign of this may be considered “earned” an paid t
shareholders in dividends. This would be more demgo model and would increase capital
requirements still further as any removal of psofieduces the capital buffer. The point we wish to
make is that capital requirements for multi-yealigies would be significantly higher, we believe we

have achieved this goal without the need to inereamplexity.

We defineQ, to be to discounted value @k at the start of the policy term (Eqgn. A.3), soti@Qa is

negative in cases where the claims and expenses@xge premiums on average.

Q= (A3)

s

]
=L

Q, andQ, are stochastic quantities. To meet the solvenaoglition the following must be tru& + Q,

> 0in 199 out of 200 cases (i.e. random draws)mFeqgns. A.2 and A.3 this can be expressed as:

K >-a K (0, S) —Zn:{(E(C) +E(X)-C, - X,)Ov(i -1, 9)}

i=1

Where v(i -1,9) = |—|T| sj/n?:lsj , the simulation-specific discount factor ag@y’s) :z”:V(j ~19) the
=1

simulation-specific annuity factor. This equati@ande rearranged to give:



“{(EC) + E(X) -C, - X,) M -1 9)}

K >—i=L : (A.4)
1+a[@(n,S)

Given this formula, the value iSis estimated by simulation. To find the 1-in-2Gay solvency level,
we could run 10,000 simulations and select theevaliK that is the 59 highest. However, this does
not ensure continuous solvency, only that the d¢awdis met at the end of the contract period. A

closer approximation to continuous solvency is e by the following:

We denote the RHS of Eqn. A.4 4€C, X, S, n) and then define:

9(C, X,S,n) =max_, f(C, X,S;i)

Then in each simulation, we calculagC, X, S, n) and select the value &f so that it exceedg in

all but the worst 1 out of 200 cases.

Parameters of the stochastic simulation
We assume a stationary risk scenario (i.e. no t¢rahange or other trends such as claims inflation)
with the three stochastic processes representedisbybutions outlined in Table A.1. Under this

scenario, a sequence of annual policies would tiree/eame premium each year.

Table A.1. Definition of stochastic variables ir thxample

Process Mathematical Definition

Claims C) Lognormal distribution with mean 9 and variance 5

ExpensesX) Gamma distribution with mean 1 and variance 0.25

Investments Y Exponential Brownian motion process with drifdd.and volatility 0.03

Sensitivity tests are also carried out by adjustirgvariance (between 3 and 7) and form (lognarmal
gamma and pareto) of the claims distribution. Wl fihat adjusting the claims distribution changes
the premium but does not change the relationshiye®n the premium and the policy term (Figure
Al).
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Figure A.1. The simulated relationship between jpuemand length of policy term under different

representations of the claims distribution



