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 CATASTROPHE MODELLING: A STEP-BY-STEP EXAMPLE
 1. User enters location data and building characteristics into model
 The basic framework for modelling perils is similar. Thisexample illustrates the steps a user would take to arrive atan estimation of modelled losses from hurricane risk to agiven location.
 2. Model geocodes location to its geographic coordinates, identifying location’s distance to coast
 3. Stochastic event module defines event set for specified location and storm type
 4. Hazard module generates event information including wind speedand storm surge to determine hazard intensity
 5. Vulnerability module retrieves hazard intensity and generates average damage (ie, mean damage ratio) andassociated uncertainty factoring in building characteristics (eg, roof type, construction type)
 6. Based on the estimated mean damage ratio and uncertainty,financial module calculates losses based on building values andinsurance policy terms
 7. Financial loss is quantified for specified coverage(s) and line(s) of business based on the mean damage ratio and its variation.
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From floods in Australian mines, to the devastation leftbehind by Hurricane Ike, 2008 was an active year for
 insured catastrophe losses.Even with the close of the North Atlantic hurricane season,
 the toll of natural disasters across the world continues tosteadily mount.
 By all accounts, we should steel ourselves for more of the same in thefuture.
 Recent figures from one leading reinsurer put weather-related insuredlosses at a projected $40bn a year by 2010.
 Of course the impact of global warming must be factored into theequation, adding to the increasing numbers of climate-linked events andtheir intensity.
 Meanwhile, growing risks from terrorism, earthquakes and epidemicsmean that in the near future insured catastrophe losses may hit over$100bn in severe years.
 And if all that wasn’t enough to contend with, another peril has beenrecently making its presence truly felt in the global credit markets – that ofthe financial crisis.
 In a world of increasing uncertainty one thing is sure – bigger and morefrequently occurring catastrophes are set to test the mettle of modellingcompanies in the extreme.
 Over the past century, catastrophe modelling technology has progressedfrom little more than a collection of maps to the cutting edge application wesee today.
 But in the modern world, issues such as exposure data quality and riskmitigation have moved to the forefront, urgently requiring the attention ofboth re/insurers and policymakers.
 Today, risk managers must contend with a mind-boggling array of perilsfor which they must attempt to make the best possible preparations.
 Therefore, the art and methodology of modelling has never been sosharply under focus from all angles.
 In such an environment, this guide’s illuminating insight into the world ofmodels and explanation of how they can aid with an ever shifting spectrumof risk, is most timely.
 Ruth LytheDeputy EditorThe Review – Worldwide Reinsurance
 EDITORIAL
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 A shifting spectrum
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INTRODUCTION
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 The human and financial consequences of catastrophes – whetherthese are earthquakes, hurricanes or floods, disease pandemics or
 terrorist attacks – can be devastating. However, risks are rising, as popu-lations grow along exposed coastlines and mega-cities rapidly expand,and a warmer climate affects the frequency of some extreme events, suchas wildfires and flash floods, as well as the intensity of hurricanes.
 Catastrophic risks are inherently challenging to model, due to the limitedknowledge about what determines the probability of extremeevents occurring, and the need to understand all the potentialpathways to loss. But models provide a mechanism to integrateand synthesise all the relevant science, data, engineeringknowledge and even behaviour of claimants and insurers in theaftermath of a catastrophe. They also provide an environmentand toolset in which all this knowledge can then be harnessed byre/insurers, property owners and policymakers to make informedrisk management and mitigation decisions. While originallyfocused on managing risks in countries with establishedinsurance industries, catastrophe models are also being used today to help create new risk transfer mechanisms in the developing world.
 Uncertainty lies at the heart of risk modelling, and demands an appreciation at allstages, including in the quality and completeness of the exposure data fed into themodels and in the interpretation of model results. The more that users of catastrophemodels understand about how they are developed and calibrated, and the quality ofthe data on insureds, the better enabled they are to make informed decisions on howto stress test their pricing and accumulation strategies.
 This guide aims to outline the foundations of catastrophe modelling by providingbackground information on how specific perils are modelled, as well as how theresulting loss metrics are used by re/insurers. It traces catastrophe modelling from itsresearch beginnings to its present status as a core business application, and coverskey issues related to best practice in the use of models within the world ofre/insurance. For those in the industry who are aware of cat models, but are notfamiliar with the concepts or applications, I hope this provides an introduction to howprobabilistic models can aid in making better risk management decisions for eventswe cannot predict but can prepare for.
 Hemant ShahPresident and CEO RMS
 Learning lessons from the unexpected
 The more that users ofcatastrophe models
 understand about howthey are developed and
 calibrated, the betterenabled they are to
 make informeddecisions on how to
 stress test their pricingand accumulation
 strategies
 Cat modelling guide 2008 5/12/08 17:33 Page 5
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ORIGINS OF CATASTROPHEMODELLINGCatastrophe modelling has itsorigins both in the field ofproperty insurance and in thescience of natural hazards. Inthe 1800s, residential insurerscovering fire and lightning riskused pins on a wall-hung mapto visualise concentrations ofexposure. The common practiceof mapping ended in the 1960swhen it became toocumbersome and timeconsuming to execute.
 The origin of catastrophemodelling also lies in themodern science ofunderstanding the nature andimpact of natural hazards. Inparticular, the common practiceof measuring an earthquake’smagnitude or a hurricane’sintensity is one of the keyingredients in a catastrophemodel. A standard set ofmetrics for a given hazard mustbe established so that risks canbe assessed and managed. Thismeasurement began in the1800s as well, when the firstmodern seismograph,measuring earthquake groundmotion, was invented and
 modern versions of theanemometer, measuring windspeed, gained widespreadusage.
 These two separatedevelopments – mapping riskand measuring hazard – cametogether in a definitive way inthe late 1980s throughcatastrophe modelling.Computer-based models formeasuring catastrophe losspotential were developed bylinking scientific studies ofnatural hazard measurementsand historical occurrences withadvances in informationtechnology and geographicinformation systems (GIS).
 While the birth of
 probabilistic catastrophe riskmodelling occurred in the late1980s, the use of suchsophisticated, technical meansof monitoring risks was notwidely accepted untilHurricane Andrew madelandfall in Southern Florida in1992. As a result of theunprecedented losses,insurance companiesstruggled to stay in businessand catastrophe riskmanagement was changedforever. It became clear that aprobabilistic approach to lossanalysis was the mostappropriate way to managecatastrophe risk. HurricaneAndrew illustrated that theactuarial approach tomanaging catastrophe riskwas insufficient; a moresophisticated modellingapproach was needed.
 Today, catastrophe modelsare prevalent throughout theinsurance industry, assistingre/insurers and otherstakeholders in managingtheir risk from both naturalperils and more recently, man-made catastrophes, across theglobe.
 THE ESSENTIALSCHAPTER 1
 6 The Review • A Guide to Catastrophe Modelling • 2008
 Catastrophe modellingfundamentalsCatastrophe models can trace their roots back to the 1800sbut today’s sophisticated techniques are helping to manage 21st century risks, explain Patricia Grossi and Cheryl TeHennepe
 The reliability ofsuch models
 depends heavily onan understanding of
 the underlyingphysical
 mechanisms thatcontrol the
 occurrence andbehaviour of
 natural hazards
 Cat modelling guide 2008 5/12/08 17:33 Page 6
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THE ESSENTIALS
 THE STRUCTURE OF CATASTROPHE MODELSModels, by definition, provide a representationof complex physical phenomena. While it isgenerally agreed that a probabilistic approachis the most appropriate method to model thecomplexity inherent in catastrophes,probabilistic modelling itself is multifaceted. Itrequires simulating thousands ofrepresentative, or stochastic, catastrophicevents in time and space; compiling detaileddatabases of building inventories; estimatingphysical damage to various types of structuresand their contents; translating physicaldamage to monetary loss; and, finally,summing over entire portfolios of buildings.From the modeller’s perspective, the task is tosimulate, realistically and adequately, the mostimportant aspects of this very complex system.Risk managers need to familiarise themselveswith the underlying assumptions of the modelsand understand the implications andlimitations of their output in order to utilise theresults effectively.
 Catastrophe models require substantialamounts of data for model construction andvalidation. In addition, the reliability of suchmodels depends heavily on an understandingof the underlying physical mechanisms thatcontrol the occurrence and behaviour of naturalhazards. While no one individual would claimto have a complete understanding of all theintricacies of these physical systems, scientistsand engineers, aided by increasinglysophisticated instrumentation and computingcapabilities, have accumulated vast amounts ofinformation and knowledge in these areas. Byincorporating this information, thesophisticated theoretical and empirical modelscurrently being developed can reasonablysimulate these complex phenomena.
 The basic framework for modelling theimpacts of natural hazards on buildinginventories can be broken down into thefollowing four modules:
 • Stochastic Event Module• Hazard Module• Vulnerability Module • Financial Analysis Module
 CHAPTER 1
 The Review • A Guide to Catastrophe Modelling • 2008 7
 STOCHASTIC EVENT MODULE:DEFINING THE HAZARD PHENOMENAThe first stage of catastrophe modellingbegins with the generation of a stochastic
 event set, which is a database of scenario events. Eachevent is defined by a specific strength or size, locationor path, and probability of occurring or event rate.Thousands of possible event scenarios are simulatedbased on realistic parameters and historical data toprobabilistically model what could happen over time.
 HAZARD MODULE: ASSESSING THE LEVEL OF HAZARD The hazard component of catastrophemodels assesses the level of physical
 hazard across a geographical area at risk. Forexample, an earthquake model estimates the level ofground motion across the region for each earthquakein the event set, considering the propagation of seismicenergy. For hurricanes, a model calculates the strengthof the winds around a storm, considering the region’sterrain and built environment.
 VULNERABILITY MODULE:QUANTIFYING THE PHYSICAL IMPACTOF HAZARD ON PROPERTIES AT RISKThe vulnerability component calculates the
 amount of expected damage to the properties at risk.Vulnerability functions are region-specific, and vary bya property’s susceptibility to damage from earthquakeground shaking or hurricane winds. Parametersdefining this susceptibility include a building’sconstruction material, its occupancy type, its year ofconstruction, and its height. In catastrophe models forinsurance applications, different vulnerability curves areused to estimate damage for a structure, its contents,and time element coverages such as businessinterruption loss or relocation expenses. Damage isquantified as a mean damage ratio, which is the ratioof the average anticipated loss to the replacementvalue of the building. This module also includes criticalestimates of uncertainty around expected damage (ie,standard deviations).
 Together, the stochastic event, hazard andvulnerability modules comprise what is traditionallyknown as a probabilistic risk analysis.
 FINANCIAL MODULE: MEASURING THEMONETARY LOSS FROM VARIOUSFINANCIAL PERSPECTIVESCatastrophe loss models can be thought
 of as one application of probabilistic risk analysis,characterised by their refinement of the financialanalysis module. This module translates physicaldamage into total monetary loss. Estimates of insuredlosses are then computed by applying policy conditions(eg, deductibles, limits) to the total loss estimates.
 ��
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MODELLED OUTPUT – THE KEY STATISTICSThe main output of aprobabilistic catastrophe modelis the exceedance probability(EP) curve, which illustrates theannual probability of exceedinga certain level of loss. Typically,EP curves are displayedgraphically, but they can alsobe summarised by key returnperiod loss levels. For example,a 0.4% annual probability ofexceedance corresponds to a250-year return period loss (ie,1/250 = 0.4%).
 One key risk metric derivedfrom an EP curve is the averageannual loss (AAL). AAL is anestimate of the annualpremium needed to coverlosses from the modelledperil(s) over time, assumingthat the exposure remainsconstant. It can be calculatedas the area under the EP curveor as the sum product of themean loss and the annuallikelihood of occurrence (ie, the
 event rate) for each event inthe event set, and can be usedto evaluate the catastropheload portion of an insurancerating function. AAL is oftenreferred to as the purepremium or ‘burn cost’.
 In addition, the uncertaintyaround the AAL also plays arole in measuring risk. Forexample, the coefficient ofvariation (CV), defined as thestandard deviation divided bythe mean (AAL), gives anindication of the variabilityaround the AAL estimates. Thestatistic is a normalisedmeasurement and isappropriate for comparing thevolatility of one exposure toanother.
 As a simple example,consider the following two setsof numbers:
 Distribution A: 20, 25, 30Distribution B: 0, 25, 50Both distributions have anaverage value of 25.
 Distribution A has little
 variation from the averagevalue, while distribution B hasa wide variation from 0 totwice the average. Since theCV allows us to compare thevolatility of one distribution toanother, we should expect thatthe CV of distribution B will behigher than that of distributionA, which is true (CVDist-A =0.2 and CVDist-B = 1.0).
 APPLYING RESULTS TO MANAGE RISKModelled loss results providevaluable insight into thepotential severity andfrequency of catastrophiclosses, and into the volatility ofthe analysed risks. Thequantification of thesecomponents can then be usedto assist companies with criticaldecisions around key issuessuch as portfolio management,individual risk assessment, andpricing. The following exampleshows how modelling outputcan be used to ascertain the
 THE ESSENTIALSCHAPTER 1
 8 The Review • A Guide to Catastrophe Modelling • 2008
 SUMMARY RESULTS OF AN EP ANALYSIS
 LOSS ($M)
 AN
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 EED
 AN
 CE
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 BIL
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 (EP)
 0 10 20 30 40 50 60 70 80
 10.0%
 8.0%
 6.0%
 4.0%
 2.0%
 0.0%
 0.02% 5,000 76
 0.10% 1,000 57
 0.20% 500 48
 0.40% 250 40
 1.00% 100 28
 2.00% 50 20
 10.00% 10 4
 After running an EP analysis, the summary results are as follows:
 LOSSAMOUNT
 ($M)EP RETURN
 PERIOD
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compatibility of a company’sportfolio with its risk appetiteand to compare the potentialvolatility of two risks.
 A fictitious commercialinsurance company called AtRiskProperty Insurance is exposed tohurricane risk in the state ofFlorida. AtRisk feels prepared toretain a loss up to $30m, whichis 15% of its policyholdersurplus. AtRisk realises that itcannot achieve 100% certaintyand remain in business;however, being a conservativeorganisation, it would like to feelconfident it will not exceed$30m from a single event in anygiven year 99.6% of the time.
 AtRisk reviews the 1-in-250year return period loss, which isthe level where it has a 0.4%chance of exceeding $40m in ayear, ie, a 99.6% chance of notexceeding $40m in a year.AtRisk is concerned that this lossis $10m higher than itspreviously stated target of$30m. Armed with thisinformation, it can now identifyoptions for moving closer to itsgoal, such as:
 • Purchasing additionalreinsurance
 • Reviewing policy structuresand data quality
 • Diversifying so thatpremiums increase fasterthan losses
 • Reviewing its risk appetite.®
 THE ESSENTIALS CHAPTER 1
 The Review • A Guide to Catastrophe Modelling • 2008 9
 Mr Smith, an underwriter, is reaching his capacity limit in Miami-Dade County. He has just received two submissions for new business.Writing either account will mean declining any future business unlesshe gets further approval. Mr Smith asks the modelling team toprovide him with hurricane loss estimates to help him determinewhich risk is more acceptable.
 After considering a 15% expense load on the pure premium,Account A appears to carry a lower risk than Account B.
 However, Mr Smith is also concerned with managing the year-on-year hurricane results for his portfolio, and is therefore apprehensiveabout basing his decision solely on average annual loss. Using CV asthe comparative metric, he sees that Account A is almost twice asvolatile as Account B. In addition to the 15% expense load, Mr Smithadds 20% of the CV to build a ‘technical price’ so that both averageannual hurricane loss and volatility are considered in his analysis.Based on this new information, Mr. Smith decides to write Account B.
 This example provides a simple introduction to the ways in whichanalytical methods can help to identify and manage risk. Modelresults and the data underlying catastrophe models can helpcompanies with pricing, portfolio management, traditionalreinsurance purchasing, alternative risk transfer, insurance andreinsurance design, portfolio optimisation, rating agency analysesand many other core business decisions.
 HOW MODELS CAN HELP TO MANAGE RISK
 Pure Premium (AAL) Standard Deviation CV
 Account A 24,000 135,000 5.6
 Account B 30,000 86,000 2.9
 Patricia Grossi is senior research scientist, science and technology research.
 Cheryl TeHennepe, CCRA is vice president, client training at RMS.
 Account A 1.15* $24,000 = $27,600
 Account B 1.15* $30,000 = $34,500
 Account A (1.15* $24,000) + (20%* $135,000) = $54,600
 Account B (1.15* $30,000) + (20%* $86,000) = $51,700
 Cat modelling guide 2008 5/12/08 17:33 Page 9
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CAT MODELLING APPLICATIONSCHAPTER 2
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 MODELLING HURRICANE RISK MODELLING EARTHQUAKE RISK
 Models must take into account a range of measurements to gauge an earthquake’s impact, say Sahar Safaie and Chesley Williams
 There are two common parameters
 used to assess an earthquake’s effects:
 magnitude, a quantitative measure of
 the amount of energy released; and
 intensity, a qualitative assessment of an
 earthquake’s shaking effects at a
 location measured using the Modified
 Mercalli Intensity (MMI) scale. Whereas
 earthquake intensity decreases with
 distance from the epicentre, the
 magnitude assigned to an earthquake is
 location independent.
 SIMULATING EARTHQUAKE EVENTS
 The stochastic earthquake event set
 characterises the observed or
 scientifically modelled probabilities of
 earthquake size, frequency of
 occurrence and location.
 There are two basic elements used to
 define an earthquake event set. The first
 is a geographic definition of fault
 source. The second assesses the
 probability of an earthquake occurring
 on each fault source, and the associated
 rates of earthquake occurrence for
 potential event magnitudes. To assess
 earthquake hazard, the model
 calculates the amount of ground motion
 at a particular location for every
 stochastic event.
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 Spectral Acceleration: Buildings ofdifferent heights respond differently to thesame ground motion because they havedifferent vibrational periods
 Models can simulate the entire life cycle of a hurricane,explain Josh Elllingson andMatthew Novak
 A hurricane is a low-pressure
 cyclonic system with the lowest
 pressure at its centre, or eye, where
 its intensity potential is a function of
 the underlying sea surface
 temperatures (SSTs) and winds aloft,
 with respect to speed and direction,
 eg, vertical wind shear.
 Hurricane catastrophe models
 simulate thousands of potential
 hurricane tracks based on
 atmospheric parameters and science,
 as well as the historical record,
 creating event sets used to
 probabilistically model possible
 outcomes over time from virtually any
 event. The storm tracks represent the
 entire lifecycle of a hurricane, from
 initial development, to potential
 transition and eventual decay.
 To accurately capture the change,
 the model calculates wind speeds at
 at intervals ranging from minutes to
 hours depending on the forward
 speed of the hurricane.
 MODELLING WIND SPEED
 AND STORM SURGE
 To determine the amount of
 damage caused by wind at a
 location, the time-stepping process
 applies the peak gust wind speed
 recorded at that location.
 To model the peak wind gust in a
 way that accurately reflects actual
 hurricanes, key parameters of
 hurricanes must be captured in the
 data: central pressure, the hurricane
 track or path, and the distance from
 the centre of the eye to the area of
 maximum winds, known as the
 radius of maximum winds (Rmax).
 Rmax characterises storm ‘size,’
 and can vary from storm to storm.
 Rmax indicates where the highest
 wind speeds are and thus where the
 maximum damage is likely to occur.
 Models must also account for
 damage from storm surge – quickly-
 rising ocean water levels that can
 cause widespread coastal flooding.
 ASSESSING DAMAGEThe track of the hurricane has a
 significant impact on the damage it
 inflicts, with the greatest damage
 occurring in areas closest to the eye
 of the hurricane. A location’s
 distance from the coast is also an
 important factor, as storm surge can
 have devastating effects.
 A building’s vulnerability to
 hurricane risk is highly dependent
 on its structural characteristics. For
 example, a wood-frame dwelling
 has a higher risk of damageability
 from winds than a reinforced
 concrete building. Having detailed
 information on building
 characteristics improves the quality
 of the loss estimate.®
 Stochastic hurricane storm tracksdemonstrating the possible outcomeof Hurricane Ivan in 2004
 Josh Ellingson CCRA is seniordirector, client training at RMS.
 Matthew Novak is senior account manager at RMS.
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CAT MODELLING APPLICATIONS CHAPTER 2
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 K MODELLING TERRORISM RISK
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 Ground motion attenuation – the
 decay of ground motion intensity with
 distance from the event source – is also
 considered. The decay is characterised
 by an empirical function called an atten-
 uation relationship, which is affected by
 factors including distance from the
 source and the geological environment.
 FROM GROUND MOTIONTO BUILDING DAMAGE
 To assess structural damage at a
 location, earthquake vulnerability
 functions are used to model the
 relationships between ground motion
 and the level of damage. Damage
 calculations also utilise the acceleration
 response spectrum, which defines how
 buildings with different construction
 characteristics are expected to respond
 to a single ground motion. A building’s
 response to ground motion at a site is
 directly correlated to the natural
 vibrational period of the building, which
 is influenced by the height, the structural
 system, and the building material.
 Thus, when assessing building vul-
 nerability to earthquakes, a building’s
 structural characteristics such as con-
 struction type, height, and construction
 date play a significant role in the quality
 of the damage assessment. For exam-
 ple, an unreinforced masonry building is
 much more vulnerable than a reinforced
 concrete building. The building’s con-
 struction date is also a considerable fac-
 tor as it identifies the building code
 which has been followed in design and
 construction. ®
 Everything from modes of attack to counter terrorism measures areincorporated into terrorismmodels, explains Maria Lomelo
 Intent, capability and opportunity
 influence the targeting strategy of
 major terrorist groups. Modellers
 begin by defining those specific
 areas and targets of greatest interest
 to terrorist organisations, and use
 the application of game theory to
 quantify attack likelihoods.
 To prioritise potential targets, a
 terrorist group’s ability to maximise
 the expected ‘utility’ of an attack is
 assessed by considering not only the
 potential economic loss and number
 of casualties, but also the target’s
 symbolic or inspirational value.
 Increased security ‘hardens’
 potential targets, decreasing the
 likelihood of attacks at those
 locations – but at the same time
 increasing the likelihood of attacks
 at less secure targets.
 A number of representative attack
 modes ranging from conventional
 weapons to worst-case chemical,
 biological, radiological and nuclear
 attacks are incorporated into the
 model. Each type of attack has a
 relative likelihood of occurrence
 based on its logistical burden score.
 ASSESSING THE PROBABILITY OF ATTACK
 The likelihood of having multiple
 attacks make up a single terrorism
 event is also factored into the model.
 Attack multiplicity distributions are
 determined based on historical
 attack patterns, target type defenses,
 weapons availability, the chance of
 detection and expert opinion.
 The likely number of attacks in a
 year is parameterised through
 assessments of the number of
 attempted attacks and the
 interdiction rates. Government
 response to an attack decreases the
 likelihood of successive attack.
 DETERMINING EXPECTED DAMAGE
 Detailed analyses considering the
 effects of explosions, aircraft impact,
 fire, decontamination and
 spreading of chemical and
 biological agents through a
 population are performed to model
 the impact of potential terrorist
 attacks on building stock. Although
 vulnerability functions are derived
 based on building characteristics –
 terrorism risk is typically not
 mitigated through measures such as
 building reinforcement. The global
 nature of terrorism risk requires that
 mitigation factors involve activities
 such as increased security and other
 counter-terrorism activities. ®
 Probabilistic assessment of relativeterrorism risk for Manhattan
 Sahar Safaie is product manager for America’s naturalcatastrophe models at RMS.
 Chesley Williams is senior project director, model develop-ment at RMS.
 Maria Lomelo is the directorof client services, emerging riskmodels at RMS.
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The quality of exposure dataused for catastrophe risk
 modelling has been a growingconcern for the insuranceindustry in recent years,triggered by the differencesbetween modelled losses andactual claims experiences fromthe 2004-2005 Atlantichurricane seasons. A post-mortem analysis of 2004claims data by RMS (see table)highlighted the significantimpact of poor-quality data onmodelled loss results, andindicated that data qualityissues contributed up to 45% ofthe gap between modelled andactual incurred losses. In theaftermath of Katrina, the topichas pushed its way firmly ontothe boardroom agenda, asexecutives increasingly realisethe detrimental effects ofignoring the details in the data.
 THE IMPACT OF DATAQUALITY ON CAT MODELSAs science and technologycontinue to advance cat modelshave become moresophisticated and data hungry.They are now far more sensitiveto higher resolution, location-specific exposure data, andresults can change significantly
 based on the level ofgeographic resolution,property details and thecharacterisation of hazard at alocation.
 Modelled results are only as robust as the exposure dataentered into them. In fact,when missing or incorrectinformation is enhanced, it isnot uncommon to see lossestimates change by a factor offour on a single building (seefigure 1). In the complex andprobabilistic world ofcatastrophe modelling,exposure data quality is theone element of uncertainty inthe models that can becontrolled.
 Coding a structure’s exactlocation (ie, latitude and
 longitude) and physicalcharacteristics (construction,occupancy, year built, height,square footage, etc), into amodel yields a lossdistribution with a significantlylower spread (ie, lowerstandard deviation) than if itwere coded at the ZIP Codelevel with all physicalcharacteristics coded asunknown.
 REACHING THE BOARDROOM AGENDAImproving data quality hasbecome a pressing concernfor many re/insurancecompanies as well as ratingagencies, which take the viewthat if a company does nothave control over issues that
 MODELLING DATA CHAPTER 3
 12 The Review • A Guide to Catastrophe Modelling • 2008
 Exposure data quality
 CATASTROPHE MODELLING DATA QUALITY ISSUES DISCOVERED IN 2004 TO 2005 POST-MORTEM
 Low-resolution location data:Beachfront properties identified only at ZIP Code levelIncomplete building characteristics:Unknown year built/construction classInaccurate coding of risks: Floating casinos coded as reinforced concrete buildings; light metal construction coded as steel frameMiscoded policy information:Coverage limits being used instead of actual valuesUndervaluation.
 Hurricane Katrina propelled the importance of accurate exposure data to the top of the boardroom agenda, where it must remain, say Ajay Lavakare and Kenna Mawk
 Cat modelling guide 2008 5/12/08 17:33 Page 12
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MODELLING DATA
 impact the balance sheet – likedata quality and modelling –they are unlikely to haverigorous internal controls.
 However, it is not just theincreased scrutiny from therating agencies and regulators(eg, Solvency II) that ispropelling the topic of exposuredata quality from the engineroom of the catastrophemodelling team to theboardroom. Many reinsurersare now differentiating cedantson the basis of the quality oftheir exposure data.
 Also, enterprise riskmanagement (ERM) disclosureand management bestpractices are calling attentionto the quality of data that is atthe heart of decision-making inincreasingly analyticenterprises.
 There is a strong feelingamongst the leaders in theinsurance industry that the topic
 of data quality must be kept atthe forefront of the boardroomagenda; otherwise, the nextcatastrophe may reveal theunintended consequences ofan underwriting discipline thatdoes not have data qualitywritten into its rulebook.
 THE ADDED VALUE OF BETTER DATAThose companies that get the data issue right not onlybenefit from reducing theiroperational risk, but alsoimmediately realiseadvantages by improving theirfinancial strength ratings andsecuring the right level ofcapital for regulatorypurposes.
 Data quality also informs the reinsurance placement and pricing process. For rein-surers, the quality of cedantdata is a highly significant fac-tor influencing their valuationof a company’s ability tounderwrite property cat risk.Reinsurers find risks moreattractive if a data qualityreport indicates good controlsaround collection, mainte-nance and enhancement ofdata – to the extent that theyare willing to provide pre-
 CHAPTER 3
 The Review • A Guide to Catastrophe Modelling • 2008 13
 Zipcode Street Level
 Unknown ReinforcedConcrete
 Unknown Temporary
 Lodging
 Unknown 11 storeys
 IMPACT OF IMPROVED DATA ON HURRICANE CHARLEY LOSS ESTIMATE
 -100%
 0%
 100%
 200%
 300%
 400%
 500%
 TOTALGEOCODINGCONSTRUCTION
 OCCUPANCY
 NUMBEROF STORIES
 FIGURE 1: CASE STUDY – BEACH FRONT HOTEL
 Catastrophic losses can varysignificantly from modelled resultsif assumptions related to theportfolio are different from the trueexposure detail. This case studyillustrates that a beachfront hotelre-analysed with more accurateinformation results in a total lossincrease of over 400%.
 Modelled resultsare only as robustas the exposure
 data entered intothem. In fact, when
 missing orincorrect
 information isenhanced, it is notuncommon to see
 loss estimateschange by a factorof four on a single
 building
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mium credits and extend addi-tional capacity to insurers whohave received a good reportfrom an independent source.
 THE ROAD AHEADCompanies leading the chargein data quality processes areassessing the current state oftheir data to benchmarkimprovement efforts andseeking to understand thedegree to which their modelledresults could be affected bytheir data quality. Perhaps mostimportantly, though, these
 companies are trying tounderstand the costs andbenefits of data improvementinitiatives to determine whichchanges will have the mostimpact.
 So, what difficulties does theindustry face in its efforts toimplement data quality bestpractices? Perhaps the mostsignificant issue is the lack of asystematic measure of dataquality, as there is currently noaccepted industry standard tofollow. This means thatestablishing proper objectives
 for a data quality drive, andincorporating the metrics intobusiness decision-making canbe extremely challenging.
 To tackle this issue, ACORD,an insurance industrynonprofit association, has setup a Cat Exposure WorkingGroup to develop a scalable,international exposure datastandard and improvecatastrophe data capture,transfer and storage.
 Once an industry standardhas been adopted, the nextchallenge is to institutionalisean agreed-upon data qualitypractice throughout there/insurance industries thatincludes more rigorous metricsand a better understanding ofthe associated uncertainties,inaccuracies and biases onrisk. A simple yetcomprehensive framework forexposure data qualityassessment can help toachieve this (see box, left).
 Data is being increasinglybeing used by the insuranceindustry as a competitiveadvantage. Those companiesthat are able to demonstrategood data quality will see thebenefits monetised by themarket through insuranceratings, regulatory capital,and reinsurance – making itno surprise that the issue hasrisen to the executive level. ®
 MODELLING DATA CHAPTER 3
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 RMS DATA QUALITY FRAMEWORK
 Ajay Lavakare is senior vicepresident and managing director,data solutions at RMS.
 Kenna Mawk is director, datavalidation solutions at RMS.
 Inaccurate coding of risks followingHurricane Katrina led tounexpectedly high losses
 Consistency – Assessment of the extent to which data is presented in a consistent format and in the appropriate units for input into catastrophe risk modelsCompleteness – Assessment of the resolution (or granularity) of the data as well as amount and significance of unknown dataAccuracy – Assessment of data correctness as wellas the following:
 • Credibility: Whether the data is believable and logical• Objectivity: Whether the data is coded in a manner that is
 unbiased, unprejudiced and impartial • Comparisons with reputed sources: How well the data
 compares with data ascertained from reputedindependent/third party sources.
 Image credit: FEMA/IllinoisPhoto.com
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RISK MITIGATION
 Risk mitigation offers the bestsolution to many of the
 challenges facing the globalproperty insurance industry inboth the public and privatesector. A number of factors aredriving up risks to homes andbusinesses, and, on currenttrends, insurance systems aregoing to be placed underincreasing pressure, creatingproblems for both insurers andthe insured.
 The only long-term solutionwill be for the insuranceindustry to embrace andpromote risk reduction, as wellas risk transfer, mechanisms.Catastrophe models are toolsthat can help decision-makersin the public and private sectorassess the relative benefits ofdifferent risk mitigationmeasures.
 THE IMPACT OF MITIGATIONON VULNERABILITYRisk mitigation, in its broadestsense, means acting to reduceor limit any of the componentsof risk: hazard, vulnerability orexposure.
 Risk mitigation efforts tend tofocus on reducing vulnerability,and to a lesser extent,exposure.
 In general, measures totackle the vulnerability ofproperties to damage havebeen driven by a need to savelives and lessen injuries. Inhazard-prone areas, engineersand builders often understandthe need to make buildingsable to withstand strong windsor ground shaking.
 Building codes have beenproven to reduce the impact ofnatural disasters. Althoughthey may require greaterexpenditure duringconstruction, in order to investin safer designs and materials,
 these codes have been shownto be cost-effective byreducing the potential lossesthat might be suffered. Recentresearch in Florida after theactive hurricane seasons of2004 and 2005 showed thathomes and businessesconstructed in compliancewith the most up-to-datebuilding codes suffered theleast financial loss by far.
 Catastrophe models canshow the reduction in lossesthat are possible through theimplementation of buildingcodes. Most of the individualfeatures of a building that arespecified by a code can berepresented in a catastrophemodel through secondarycharacteristics, such as roofsheathing attachments toreduce wind damage. Thesecan be switched on and off asappropriate for each propertyin an exposure data set. Eachfeature reduces thevulnerability of a propertywhen switched on, loweringthe mean damage ratio andhence the loss. The model canalso quantify the net benefit ofcombined secondarycharacteristics.
 Insurers can distinguish
 CHAPTER 4
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 Risk mitigation and policyRe/insurers must embrace risk mitigation if they are to weather the host of challenges facing the industry in the long-term, say Celine Herweijer,Nicola Patmore, Bob Ward and Michael Young
 Current trendssuggest that,without risk
 mitigation, theglobal insurance
 industry will face agrowing crisis in
 the comingdecades
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RISK MITIGATIONCHAPTER 4
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 properties they cover thatcomply with building codes orindividual resilience orresistance measures by usingthe switches to compile profilesof the secondarycharacteristics. However, thismeans they need accurate anddetailed information about theproperties they insure.
 Policymakers can also usecatastrophe models, forinstance, to investigate theimpact of building codes onproposed new propertydevelopments. When combinedwith information aboutexpenditure required toimplement a code, catastrophemodels allow costs and benefitsto be weighed against eachother.
 INCENTIVISING MITIGATION EFFORTSMore attention is being paid tovoluntary measures that
 property owners can take tomake their homes andbusinesses more resistant andresilient to damage. In manyplaces, public authoritiesoperate incentive schemes toencourage homeowners toinvest.
 One of the challenges inmaking such schemessuccessful is to persuadeproperty owners to make anup-front investment to accruebenefits over a number ofyears through reduced losses.
 People might be reluctant tomake these investments,particularly if they transfer therisk of losses throughinsurance policies. In theseinstances, insurers may findthat it is cost-effective toprovide incentives to theirpolicyholders to lower theirpotential losses through riskmitigation, for instance bycharging a premium that
 directly reflects the level of riskto which a property is exposed.
 Insurers can use catastrophemodels to calculate the annualaverage loss for each propertyto help inform premiums.Property owners who haveinvested in mitigationmeasures will experience lowerlosses and so can be chargedlower premiums.
 ASSESSING POPULATIONGROWTH AND EXPANSIONWhile reducing thevulnerability of properties isclearly an effective method ofrisk mitigation, rather lessattention has been paid to theimportance of lowering riskthrough decreasing exposure.With rising global population,more people are now living inareas that are exposed to therisks of natural disasters. Insome countries, populationgrowth has been greatest in
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 HARDENING THE FLORIDA BUILDING STOCK
 A sensitivity analysisof the Floridabuilding stockcompares ‘what if’scenarios forchanges in loss due to year ofconstruction andlevel of mitigation.
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RISK MITIGATION CHAPTER 4
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 areas of highest risk, such asalong low-lying coastal areasthat are subject to tropicalcyclones.
 It is clear that the develop-ment of communities in high-risk areas is often driven byperceived economic advan-tages. However, it is not clearthat the risk of natural disastersis taken into account duringdevelopment. Even in placesthat have been devastated bynatural disasters, there doesnot seem to be much pause forthought before efforts begin torebuild.
 Insurers, property developersand policymakers can all use
 catastrophe models to quantifythe risks to which newinfrastructure might beexposed in particular locations.Models allow likely losses to becalculated in advance, andtherefore aid in assessing thepotential affordability andavailability of insurance fornew properties.
 INFLUENCING CHANGERisk mitigation measures havetaken on greater significancein light of the emergingunderstanding of the potentialimpacts of man-made climatechange.
 In many areas, weather-
 related hazards will increase,potentially causing risk to riseunless there is effectivemitigation.
 Measures to reduce andcope with the impacts ofclimate change are known asadaptation.
 Catastrophe models can beconditioned to reflect possiblefuture changes in hazard, suchas bigger storm surges due tohigher global sea levels. Theycan also show how risinghazards can be combatedthrough adaptation to reducethe vulnerability and exposureof properties. The models canquantify how adaptationmeasures undertaken today todeal with future climate changecan yield immediate benefits interms of reduced losses fromweather-related events.
 Current trends suggest that,without risk mitigation, theglobal insurance industry willface a growing crisis in thecoming decades.
 Private re/insurers, informedby catastrophe models, canplay a leadership role byhelping society not only totransfer risks but also to reducethem. ®
 CURRENT RISK
 2030 SEA-LEVEL RISE
 BUILDING RESISTANCE AND
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 LLOYD’S/RMS FLOOD LOSS STUDY
 A joint study byLloyd’s and RMSexplores thepotential flood lossesto a high flood riskproperty in a coastalNorthern Europeantown where no flooddefences exist today.
 Celine Herweijer is the director of the climate changepractice at RMS.
 Nicola Patmore is seniorresearch analyst at RMS.
 Bob Ward is a director of public policy at RMS.
 Michael Young is seniordirector, mitigation andregulatory affairs at RMS.
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ALTERNATIVE RISK SOLUTIONS
 18 The Review • A Guide to Catastrophe Modelling • 2008
 The catastrophe riskinsurance market is highly
 concentrated, posing asignificant challenge forre/insurers who must attempt todiversify this risk to balancetheir portfolios. One need onlylook at Florida to confirm this –according to RMS models,Florida alone accounts for 80%of extreme hurricane risk in theUS. Many insurers havesignificant exposure in Florida,but few have a profile thatclosely matches the averageindustry exposure to the state.This means that a solutionbased on state-level industrylosses can leave manyre/insurers exposed tosignificant levels of basis risk.
 Transferring catastrophe riskto the capital markets insteadof using traditional reinsuranceprovides access to a very largepool of capital. Becauseinsurance risk is uncorrelatedwith most investmentportfolios, catastrophe risk isan attractive proposition forcapital markets investors. Asissuers and investors havesought to take advantage ofthis, the last decade has seen adramatic increase in thevolumes of insurance-relatedrisk transferred to the capitalmarkets. The majority of thisrisk transfer has beenaccomplished through the useof insurance linked securities(ILS). If the risk being
 securitised is naturalcatastrophe-related then theILS is often referred to as acatastrophe bond, usuallyabbreviated as a ‘cat bond’.
 CAT BOND TRIGGERSThe ILS market for cat bondscan typically be described interms of four different types ofcat bond triggers: indemnity,industry loss, parametric andmodelled loss.
 Indemnity – Risk transfermechanisms triggered bydirect insurance andreinsurance losses are oftenreferred to as indemnity basedstructures. These have a clearbenefit to the sponsor of thetransaction – the precise lossexperience is used as thetrigger, and thereby thestructure matches theunderlying claims as closely aspossible. From the investorstandpoint, these types oftransactions include not onlynatural catastrophe risk, butalso insurance risk.
 Due to the nature of the risk,indemnity transactions usuallyrequire a significant lead timefor settlement following anevent. As a consequence,indemnity transactions include
 CHAPTER 5
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 CAT BOND ISSUANCE
 Cat bond issuance has experienced aperiod of rapid growth in recent years
 The potential of transfering cat risk to the capital markets is yet to be fully tapped, say John Stroughair and Ben Brookes
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ALTERNATIVE RISK SOLUTIONS
 significant extension periods – it can take over two years for afinal loss to be determined.
 Industry Loss – In someregions, especially the US, theavailability of industry-wideinsured loss surveying allows thestructuring of industry loss basedtransactions. The simplest ofthese are industry losswarranties, whereby the totalindustry loss in a particularregion is the trigger.
 Industry loss-based structuresare essentially a ‘pooledindemnity’ solution – theindemnity loss experiences ofmany companies are used todetermine the industry lossestimate through surveys. Assuch, these industry lossstructures have many of thesame properties as indemnitytransactions. For an insurer orreinsurer with a profile much likethe industry as a whole, they canbe a good mechanism forhedging insurance risk, whilstnot linking directly to there/insurer’s own portfolio andindemnity loss experience.Should the re/insurer have asignificantly different distributionof exposure to the industry, theindustry loss estimates may beindexed according to regionalmarket shares, providing amore tailored cover. However,there is likely to remain amaterial risk that the structurewill not pay the precise lossamount experienced.
 Parametric – A parametrictransaction uses the directdrivers of physical damage in a
 catastrophic event as triggers.Transactions are usually basedon an index of these eventparameters, which is designedto correlate to modelledportfolio losses.
 Event parameters aremeasured as the event occurs,and are generally publishedwithin a matter of days.Parametric transactions aretherefore much more rapidlysettled compared to other ILSstructures, and as such canlead to greater liquidity in themarketplace.
 Parametric structures removeinsurance risk from the transac-tion structure – but these risksthen become basis risk for the
 sponsoring re/insurer. Thus,there is a risk that the struc-ture will not pay the preciseloss amount experienced fol-lowing an event.
 However, the intuitivenature of a parametric indexbenefits investors – theprobability of a regionexperiencing 100mph windsis much easier to understandthan the probability of aparticular insurer incurring$1bn of losses. Suchtransparency and reductionin ‘insurance risk’ shouldlead to tighter spreads andthe potential to open themarket to non-insurancespecialists.
 CHAPTER 5
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 CAT BOND ISSUANCE
 The mechanics of a cat bond transaction are more complex than areinsurance contract, but it effectively serves the same economicpurpose from the perspective of the ceding re/insurance company. Thefirst stage in issuing a cat bond is to establish a special purpose vehicle(SPV), which provides reinsurance coverage to the sponsor of thetransaction in return for regular premium payments, and funds itself byissuing a cat bond to the capital markets. The cat bond is structured topay investors a regular coupon payment of LIBOR plus a spread, wherethe spread will be driven by the risk level of the transaction; the principalwill be repaid at the end of the transaction so long as a triggering event(ie, a natural catastrophe such as a hurricane or earthquake) has notoccurred.
 The proceeds from the cat bond issuance are placed in a collateralaccount and invested in low-risk, highly liquid assets; the returns fromthese assets are swapped, through a total return swap, for LIBOR.Effectively, the counterparty on the total return swap is guaranteeing thatthe SPV will receive a return equivalent to LIBOR on its investments in thecollateral account. Together the ceding insurer’s premium paymentsand the swapped investment returns generate the required cash flow tomeet the bond’s coupon payments.
 Cat bonds are structured so that principal repayment is reduced oreven eliminated if certain trigger conditions, related to events that wouldcause significant loss to the sponsor, are met. If the bond is triggered,the SPV can reduce both its principal repayments and its regular couponpayments to the investors and use the funds in the collateral account tomeet its obligations.
 ��
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ALTERNATIVE RISK SOLUTIONSCHAPTER 5
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 Modelled Loss – A modelledloss transaction applies amodelled representation of acatastrophe event to a notionalportfolio that represents theunderlying insurance risk inorder to determine a lossestimate that is used as atrigger. In essence, modelledloss is a more complex and lesstransparent version of aparametric structure – themodelled event parametersform the representation of theevent that is fed into acatastrophe model instead ofan index function.
 AN OPTIMAL SOLUTION? Each type of transaction has itsown associated advantagesand disadvantages. Broadly,the overall utility of each can beassessed using three factors:complexity, basis risk andsettlement time. Each factor hasits own varying level ofimportance depending on thetype of transaction .
 At the simplest level, a
 sponsor’s choice of theoptimum solution comes downto a question of price versusbasis risk, with price being afunction of complexity, and themarket appetite for the risk inquestion.
 THE FUTURE OF ILSAlthough less than 12% ofnatural catastrophe risk iscurrently transferred to thecapital markets, an argumentbased on diversificationsuggests that the capitalmarkets could holdsignificantly more of this risk –since most investmentportfolios are not correlatedwith catastrophe risk, thereturn required to holdcatastrophe-linked insurancerisk is typically lower for acapital markets investor thanfor a reinsurance company.Why then, has investment inthe capital markets remainedlimited?
 Cyclical economic factorsplay a role, institutional
 barriers also exist – forexample, the time and expenseinvolved in understanding andissuing cat bonds may reducethe economic advantages ofILS in comparison toreinsurance.
 Analytical firms like RMSwho recognise the growthopportunity in the capitalmarkets are working to lowerthese institutional barriers, thusreducing the cost andcomplexity of cat bondissuance. To do so, RMS hasdeveloped the Paradex suite ofindices, which providesparametric solutions for perilssuch as hurricanes in the USand windstorms in Europe, in astandardised format.
 Insurers and reinsurers areuniquely positioned tounderstand the relative risksand exposures associated withparticular insurance portfolios,as well as the relative pricingrequirements in order that sucha portfolio may be profitable.However, re/insurers may beless advantaged indetermining the likelihood ofoccurrence of the physicalphenomena causing damage– the catastrophic hazard. Assuch, insurance linkedsecurities provide a simple andefficient mechanism forsignificantly reducing thevolatility of returns on aninsurance portfolio. ®
 INDUSTRY LOSS MODELLED LOSS PARAMETRICINDEMNITY
 COMPLEXITY
 SETTLEMENT
 TIME
 BASIS RISK
 TRIGGER PROPERTIES
 John Stroughair is vicepresident, RMS Capital Markets.
 Ben Brookes is director, RMS Capital Markets.
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CAT MODELLING HORIZONS
 Since the early 1990s, thedomain of insurance cat
 loss modelling has continuedto expand.
 The loss of the World TradeCenter towers on September11, 2001 highlighted thatman-made catastrophes couldbe every bit as significant asnatural catastrophes,prompting the development ofterrorism risk models. Nowmodelling is expanding itsfrontiers to new classes ofproblems in life and casualty,for which the term‘catastrophe’ is less familiar.Losses tend to accumulatemore slowly over a longertimeframe, but with thepotential for unforeseencorrelations in loss acrossmany independent insurancepolicies and lines of business,the consequences can becomecatastrophic.
 Modelling these classes ofcatastrophe risk requirescomprehending the structure ofthose processes that drivecorrelation. For many of thenew classes of models, it ishuman biological processessuch as the spread of viruses,toxicity and disease morbiditythat determine outcomes. Thenthere are the drivers of humanbehaviour and choices that
 need to be represented in amodel, as by usingapplications of game theory toinfer terrorist actions.
 MODELLING PANDEMIC RISKFor life and health insurers,the most critical catastrophicevents concern pandemics –major, widespread outbreaksof illness resulting in largeincreases in hospitalisation –in particular whereaccompanied by a rise indeaths and long-termdisability. RMS beganmodelling pandemics in 2004and developed a probabilisticpandemic influenza model in2006 to 2007. Pandemicmodelling also includes
 expectations around theeffectiveness of thegovernmental response. Thepandemic risk model wasdeveloped both for exploringpotential peak health costs andoutbreaks of excess mortality,and the correlation of thesecosts across a life and healthinsurer’s portfolio.
 The combination of theinfectiousness and virulence ofan infectious diseasedetermines its overall impact.
 The focus on influenza in2006-2007 was in response tothe rise and spread of theH5N1 strain of influenzaamong bird populations andthe potential that a mutationmight allow this deadly strain
 CHAPTER 6
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 The cat modelling world is expanding its horizons to cover an even broader array of risks in future, explains Robert Muir-Wood
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to shift to human-to-humantransmission. However, themost recent near-pandemicamong humans was notinfluenza at all, but a previouslyunrecognised coronavirus thatcaused SARS. Work is thereforenow underway to expand theRMS pandemic model to covera wide range of new infectiousdisease outbreaks.
 IMPACTS OF INCREASED LONGEVITYCorrelations of loss exist notonly across those events thatincrease mortality, but alsoaround changes in lifestylesand medical intervention thatprolong lives. Traditionally, thelife insurance and pensionsfield has been entirelydependent on actuarialanalysis to set premiums andmanage reserves. However,over the past 30 years theaverage human lifespan hascontinued to increase. For apension awarded to a 65-year-old male in 2008, an extensionof expected life by a single yearincreases the pension paymentsby 7 to 8%. Also the longevity ofsomeone today may bedetermined by treatmentscurrently only in development.There are many such medicalinterventions in the pipeline.Instead of modelling longevitytrended from mortality statisticslikely to be a minimum of 20years out of date, diseaseprogressions and probabilitiescan be modelled. A cure forone disease simply makes otherdiseases become largercontributors to mortality. Whilecurrently restricted for
 application by insurers, geneticinformation will also transformpredictions around diseasesand expected lifespans.
 LIABILITY CAT RISKAnother area in whichcorrelated loss is of criticalconcern to insurers is liability.Outbreaks of linked claims forliability are catastrophes in slowmotion, working their waythrough an insurer’s book oflegacy business for many years.When a casualty insurer writesliability business she may havelittle idea of how to price the
 underlying technical risk in thecontract. When a new area oflitigation arises or newinformation about known risksemerges, an insurer’s emergingrisk committee will attempt toget new exclusions written intocontracts, but by then it is oftentoo late. RMS has teamed upwith research economists andlawyers at the US-based RANDCorporation to developmodelling capabilities aroundcasualty lines for all of theseusers, starting with productliability.
 This work has required a newvocabulary to be createdaround understanding thescience of liability risk.
 As insurers have to fund thedefence of new lawsuits that fallwithin the terms of theinsurance coverage, they areinterested in identifying theearliest possible indicationsaround new (and previouslyrecognised) litagions.
 LOOKING TO THE FUTUREAn area of risk that couldbenefit from structuralmodelling is the financialmarkets, which created apyramid of over-leveragebased on optimistic, historicallycalibrated statistical modelswithout reflecting the potentialsystemic risk that existed acrossthe market. One of thestrengths of cat models is thatthe party ceding the risk alsohas to provide comprehensiveinformation on all theindividual properties andcontracts contained in aportfolio. If mortgage-backedsecurities and the collateraliseddebt obligations (CDOs)derived from them, came withfull details of all the underlyingexposure, at individual propertylevel, investors could analysetheir own risk and correlationusing probabilistic structuralrisk models linked across all theasset classes and vetted by thefinancial regulator. Using suchan approach, the meansthrough which cat modellinghas enhanced the stability of the insurance industry can be applied to the financialsector. ®
 CAT MODELLING HORIZONS CHAPTER 6
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 Robert Muir-Wood is chiefresearch officer at RMS.
 An area of riskthat could
 benefit fromstructural
 modelling is thefinancial markets
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