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ABSTRACT :

Index-based insurance has been recognised as & rieartrease the viability of micro-insurance eyss. In
agriculture insurance, such schemes have alreagly tasted successfully (Levin, 2007 et al.). Ineidase:
schemes loss payouts to farmers are based on exdattulated from a measureable parameterh as rainfa
that is correlated to the loss experienced, ratha@n on individual losses. One of the greatdwstllenges ¢
index-based insurance is defining parameters thathaghly correlated with loss, in order to reduibe
differential between the payouts to the insuredthedndividual loss experienced, also known assh@sk.

This paper shows the strengths of a probabilistithguake loss model used as a tool to designdeximase:
earthquake insurance product in China, particulemyhomeowners micro-insurance where ltgh resolutio
model can reduce basis risk. For an example latatiith a portfolio of buildingsloss payouts are model
based on parameters of earthquake magnitude atahcks providing fundamental metrics to desiigiexec
payout structure. The pure premium is also compatetireflects the risk, as an average annual lodsabow:
pricing of he risk. The same metriese also generated for buildings with improvedrma@&sesistance showil
how index-based insurance can be used to promaigation. This studybrings tools and a framework for r
guantification which complements existing studies the implementation challenges by the grayi
micro-insurance community.
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1. INDEX-BASED PARAMETRIC INSURANCE PRODUCTS

Index-based parametric insurance products diffemfindemnity-based products in how the loss paysut
determined. In an indetxased product, the payout is directly linked to easured parameter that describe:
event, such as the size and location. In the chs@ earthquake risk for exampke,simple parametric trigc
could be defined on the basis of earthquake momeaghitude, depth and distance from the insureditmtaAn
index is derived for significant events and useddtermine the payout that will be made to the rommer No
claim is filed; no loss adjustment is carried out.

Advantages of index insurance in the context ofstir micro-insurance atbe low administrative cos
associated with the settling of claims, the reducestal hazard and adverse selectiand importantly tr
rapidity of the loss settlement. This has largeefiehrestoring the livelihood of affected homeowsm@roduct
already exist on the market for agriculture insaerand their implementatiohas spawned interest in explol
the possibilities of index insurande the broader disaster insurance realm (Mechleal.eR006, Levin et ¢
2007).

*The authors acknowledge the large contributionasfj®Rendell and Kester Dobson
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2. PROBABILISTICLOSSMODELLING: MEASURING THE EARTHQUAKE RISK IN CHINA

When losses occur frequently and loss data isadailover a significant length of time, actuanaddels can t
used to understand the likelihood of loss and agveldices that reasonably correlate physical patarsof &
natural phenomenon to the damage experienced.c@isot be said for earthquakes, whoam be infreque
and severe. The insurance industry has been usoigalpilistic loss models for over 20 years to usi@erC
catastrophe risk. Two papers in the conferenceeptethe features of the RMS Chimrthquake Mod
developed jointly by Risk Management Solutions baseNewark, California and the Institute of Engniag
Mechanics in Harbin, China (Wang, 2008; Rahnam@g820

Model components
Earthquake catastrophe models are broken daowwndistinct components, each representing ancasyfethe

physical behaviour that leadsthe damage experienced by a building in an eartteyliathe seismicity mode
tens of thousands of possible are defined by tleation, magnitude and frequen@nd consolidated in
stochastic event set. The hazard component cadsulite shaking at individual locatioffdom each of th
events. The vulnerability component quantifies tleenage to different types of structures, measa®d
percentage of threconstruction cost. The final component of the ehasl a financial engine whicintegrate
the losses over all the structures in the exposeteand the events in the model. The model outmutsnonly
used include the losses at a range of return peaad the pure premium, a measure of the averageahbloss
for a single or portfolio of locations.

Selecting a test area: Shandong Provil
The map in Figure 1 shows the area of Shandongi@wvhich contains the test location to genegate

parametricpayout table using the loss model. Shandong idevaet example, ag is an area of significa
seismic risk and has experienced an historic Méhgaake in 1668. Shandong is also an economic pgmwse,
ranked 2 by GDP amongst China’s provinces in 2006, surghesy by Guangdong.

The model output shown in Figure 1 is the Loss Ctst pure premium of a residential type expo:
normalised to the value of tlexposure itself. Though this is a meaningful meagtfithe seismic hazard, it di
not provide the metrics that allow the developmanan index that determines payouts to individaahtions
given the occurrence of an event. The sectionfttlatvs will describe how the loss modslleveraged to deri
the suite of loss estimates that can be used te psgk and design a payout index.
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Figure 1 Results from the RMS China EQ model: L@sst map of Shandong with China inset

4. DEVELOPING A PARAMETRIC PAYOUT STRUCTURE

Existing Earthquake Parametric Insurance Vehicl
The use of parametric indices to transfer propedsthquake risk is not a new concept and has beed o

corporate bodies and insurers for many years; noumsetzatastrophe securitizations of earthquakehiasie bee
successfully placedrhe subject exposures of the majority of thesehaghly diverse and geographical dispe
portfolios and thus require a differently structlireolution to that needed for earthquake n-insurance
However some of these securitizations transferrigieof concentrated exposures thus providing enéwaork
for potential parametric micro-insurance solutiameed at homeowners.

In these existing insurance structures, a payneeiriggered if an earthquake with specific paramsspecur:
within a pre-defined geographic zone. The amoumagiment oftelepends on the magnitude of the earthq
and in which zone the epicentre occurred, and tiosethe basis of catastrophe model outputeftect the
insured’s underlying exposures and reduce theisligk. A similar “catastrophe-index” methodology can |
used as a framework to structure micro-insuranc€hima, or indeed elsewhere whgrepulation exposed
quake risk would benefit from the protection ofoadfable insurance.

Application to the Chinese Micl-insurance Market — a Case Study
As discussed in section 3, Shandong province makesgdeal test areaoff any solution. A small haml

representing a portfolio of insured buildings, Bed as a sample location (sited at 35.289°N andl20Q8E)
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near to the village of Fangcheng (marked on Figire

The study carried out here uses the RMS China &aatte model in two distinct ways, to derive twosse!
metrics that are key to a viable insurance prodticstly the risk analysis is carried out of thett®cationto
calculate the pure premium, which can form the &spricethe premium paid by the insured. This calcule
uses all the components of the loss model, inclytlire probabilisticseismicity model. The second part of
analysis addresses the data needed to derive atpgtyacture, in the event that an earthquake shoctur.All
earthquakes that could cause a loss must be coedide this stge, as the payouts must be precomy
Although the RMS China Earthquake Model containeroxs,000 events, the location of the evdntws
irregular seismic belts and would not offer a hoeramus grid, a feature that would simplify the desid an
index-based payout structure. The first step imatimg a parametric “catastrophe-in-a-box solutiento define
the boxes. A square grid of 676 10km-by-10km bgse® figure 2) was created with the samplelbtat the
centre. Earthquake epicentres are defined at thteecef each of these boxes. Events of varying ritag@were
then simulated at each of these epicentres anelkipected loss at the sample location calculated.

Figure 2 shows the variation with earthquake larain Mean Damage Ratios (MDRshe ratio of expectt
reconstruction cost to replacemenatue, to residential stock at the sample hamtethils instance, the effects
M7.5 earthquakes are shown, but the extensionwidar rang of magnitudes and earthquake properti
apparent. The circular asymmetry in the modelledRé0s partly due to variations in assunesaithquake fat
orientation. In order to calculate the payout duéht insured, the MDR is simply multiplied by tteplacemet
value of the property.
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Figure 2: Variation of modelled Mean Damage RatidR) experienced by the sample hamlet (represesmetie green
circle), as caused by M 7.5 earthquakes (repredast¢he black circles) in each of the parametritex boxes.

The magnitudes of these earthquakes were varitdtas@an expected loss was calculated for the pdtsum o
possible earthquakes within each box. These data then used to construct a payout table whichsgite
payment de to the insured, as a result of an earthquakegofean magnitude occurring within a given box.
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Figure 3 shows sections of the payout tables fersdmmple hamlet (RMB 700,000 of residential stotk)the
event a M7.0 occurred in box R:9 they would recéMB 85,000, whilst @M8.0 earthquake occurring in £
S:10 would payouRMB 240,000. The full tables contain payout amountseach of the 676 boxes, and
earthquake magnitudes ranging from M6.0 to M9.Mh1 intervals.

Box R S T Box R S T
9 85 78 73 9 245 226 212
10 91 83 77 10 262 240 222
11 ... 100 88 83 ... 11 .. 290 255 241

M 7.0 M8.0

Figure 3: Extracts from payout tables for the sanfia@mlet for M7.0 and M8.0 earthquakes. Refer ¢o Fifor grid
coordinates. All payouts are given in thousandRMB.

A simple micro-insurance contract

The solution outlined above, in which the payouthi@a event of an earthquake is determined from yiatgdnles
can be applied to any location in China. Variationtocal building conditions and in the relativeoportions o
residential, commercial, dustrial and agricultural lines of business carhbedled explicitly in the modellir
process. Thus this parametric solution has thebillity to be applied dynamically; by updating tipayou
details based upon changes in the insured propAgyan example, figure 4 shows howpartfolio of
micro-insurance contracter the sample hamlet could evolve on an annuakles the hamlet changes. ¢
example of a possible payout is given, for the cdseM8.0 earthquake in box S:10. To begin withyearl, 1(
houses with construction classeduwseinforced masonry (UrM) worth RMB 70,000 eachl @hcommercit
premises made of reinforced concrete (RC) worth RIMIB,000 each are participating in the scheme. &2y ¢
all of the UrM houses have been strengthemreceplaced with confined masonry (CM). A revisek ranalysi
will result in a reduced pure premium and, simijaiihe modelled payout is reducéat a M8.0 event report
in box S:10.

Year 1 2

. 10 UrM Houses 10 CM Houses
Insured Properties ) ) ) )

2 RC Commercial Premises 2 RC Commercial Premises

Insured Value RMB 900,000 RMB 900,000
Change from previous year - Strengthening of redidestock
Pure Premium RMB 1,083 RMB 669
Payout if M8 earthquake in box S:1(
(standard deviation) RMB 355,349 (138,040) RMB 246,507 (121,970)

Figure 4: Case study detailing how a micro-insuegmmgram for the sample hamlet may evolve.
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5. BASISRISK REDUCTION AND OTHER BENEFITSOF ANALYTICAL MODELLING

The tables in the previous section show an exampke parametric payout table of modelled loss esigs
using earthquake location and magnitude as parasnétew can this data be used to determipeegompile:
payout structurused in an insurance contract? One way is to extéadable to create a large look-up matix
MDRs, for each location, which would be consultf#raan event to see if the earthquakiggers the payol
and what the payout sum would be. The damage ratiodd vary by location and magnitude of the eanttices
but also by building characteristics such as cassitn class, age of construction and building heiamage
rations could also vary by line of business andecage types (buildings, contents and businessrigt&on).
Another approach would be to create indices, inftren of equations that determine the payout based
selected the best fit with the data generatedarptyout table of modelled lossés this paper we do not set
to design a payout structure; the broader contettieoinsurance product design will inforhich of these twi
or other solutions would best suit the product.@gsenting sample losses from a payout tablshesv that
high resolution loss model offers the insurance mamy a breadth of option¥he product design can red
basis risk. Firstly this could be achieved in tleedrd component, the “catastrophe-in{tioe’ for example b
optimising the size of the grid and the resolutidrihe payout locations. Secondly, accoumtiar difference i
precompiled payout irelation to the seismic vulnerability of the buiidi The loss models contain vulnerabi
functions for all principles construction classewlaalso modified according to the age and heighthe
building.

Models continue to improve in their accuracy, as l@arn from real earthquake events and advances in
engineering sophistication. Residual uncertainbuad the modelled result will remain amdist be included
the design considerations of the payout strectr particular the insurer will be interestedriterrogating th
model to understand how the uncertainty in thd fmgout losses changes with portfolio size anttibistion.

Index insurance supports mitigatic
Insurance systems have been identified as meanprarhoting mitigation measures, such as seis

strengthening to properties (Kunreuther, 2000).aBse of the greater resistance to earthquake darfege
expected loss is reduced and this saving can gakwn to the insured in the form of lower pramguOne
of the first challenges is to prove the cost-bara@fimitigation through the quantification tife real reduction
risk, the other is give the homeowner the incentivearry outthe building works, or to ensure the complic
to building codes of new buildings. On the firsirgpengineering-based logsodels can be used to quantify
net reduction in risk following strengthening works demonstrated in the previous section. Howdiverehas
been less reported success on the second, @widtobservers are looking at index insurance imitbrest t:
create the framework to encourage the executionitijation strategies.

Figure 3 in the previous section, has shown howrttlex and pure premium can refléicé reduced risk than
to mitigation and improvement of building stock. time context of index insurance, these metrics imeco
particularly significant. Index insurance has promising perSpes for encaraging mitigation. It is a knov
fact that index contracts reduce the moral hazantgurers. In crop failure insurant@ example, the farm
with index-based insurance has the same econoro@ntives to harvest a profitable crop as a imsorec
farmer. Payouts are not based on individual lobsé®n indexed losses, so managing the haefésttively ir
adverse weather conditions that could trigger aptaygould result in payouts everptlgh little or no loss wi
experienced. This situation can be translated fldibg insurance for earthquake risk. A homeowimsure(
under an index-based contract could see the besfafitdduced premium and becommere likely to receive ¢
index-based payout in excess of the real loss eqpard if the seismic resistanerceeds that assumed in
index design.
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Insurance for thebottom of the pyramid
The unique structure of index-based insurance makmarticularly suitable for low income customeirs

emerging economies; the so-called bottom of thamyst (BOP). Index based insurance products rieky o
the twelve principles of innovation identified byKC Prahalad (Prahalad, 2006) that are requingaenetrate |
BOP market. It is technologically intense and reggiieducation and information sharibpgtween the insure
and the insured. Success stories from businesBAR markets have demonstratidt speed at which tt
market embraces information technology. A robuddein insurance contract, which is transgrd an
consistently enforced, adds another building bldéokwards creating what Prahalawlls the Transactic
Governance Capacijty‘the capacity of a society to guarantee transpmarein the process of econor
transactions”. The insured is an active agentimdbntract as the transparency of the index wallv the us
of information technologyto query the index structure, understand the retiym@miums resulting fro
improved building standards and monitor payougiing.

6. CONCLUSION

This paper has shown that a probabilistic earthguadel that quantifies the loss to properties fearthquake
risk in China can be leveraged by organisationsideelop earthquake disaster insurance prodaioted &
homeowners in China of all ranges of income, iniclgdhe most disadvantaged and vulnerable at thterhmf
the pyramid. Underlying the insurance scheme withodel that is already used in the global reinszeanarke
has the added advantage that the common platfaates single transparent currency to transfer Tikls give:
confidence that a growing insurance scheme with penetration and accumulations witbrrelated risk can |
placedcompetitively on the global market.

The model has been tested using a “catastrophéso¥amethod to show how loss metrics can be derive
populate a payout table. Using the example of alétaim Shandong province, the results have shown ttix
losses can capture the differences in construatlasses and seismic resistance. The high resolldigm
analytics and the contractual transparency posslimeugh index insuranceffer the best opportunity f
engagement with the insured to promote mitigatilugh building strengthening anbuilding cod:
enforcement. The long term implications to the alleeduction of physical loss could be far-reaghin

This paper has mainly concerned itself with thengifiaation of the risk, and shasasing the tools that can
used to reduce the basis risk in index-based inset&No matter how sophisticated the models becon
reducingthe uncertainty, and indexes at reducing the breslisthere will always remain some uncertaintyhie
modelled losses, and an insured might not recepa@yaut commensurate to the loss experienResk pooling
where groups of individuals share the risk, hasnbeentified as one waypf spreading any disparity in t
payouts due to basis r (Levin et al. 2007). This, contemplated for agltiere index insurance, shouédso b
considered for earthquake insurance

There is a wealth of literature on othienplementation challenges, such as distributionosgrthe larg
geographies of China (Liu, 2008). In a paper f@s ttonference Coburn and Wincheg2008) point to the u:
of successful micro-finance schemes to leveragéalsoetworks, whilst Gordon Woo (200&ddresses tl
affordability issue by looking at the external sapgptowards premium payments offered by remittarfces
emigrated relatives and friends. Linking the atiedy available to quantify losses to other asp@dtshe
implementation of insurance in vulnerable societidéls strengthen the holistic view afisaster insurance a
product, designeto meet a need in the market and hasten the reco7@omeowners stricken by disaster.
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