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This is a brief update on the progress of the Mitigation and Risk Quantification Group over the past three years. Selected literature from the Group’s research and others is included at the end of the paper. for reference.  

An important part of the Wharton Managing Catastrophic Risks project has been evaluating alternative strategies for natural disaster risk management.  These strategies include, principally, dealing with mitigation, insurance and other risk transfer mechanisms.  Evaluation of these strategies requires quantification of the risks involved.  Accomplishing this task has been a central issue for the Project. In the work to date, four main questions have been addressed: the following three issues associated with low probability events that may create severe consequences: 
	
· Risk bearing:  How can insurers and companies a company bear risk against events that may create large losses of surplus for them? 

· Uncertainty: What role does uncertainty play in the estimates of losses from natural disasters?

· Risk transfer:  How can a company transfer portions of their risk to other sources either through indemnity contracts or index-based contracts?

· Mitigation:  What impact will specific loss reduction measures have on the ability offor a company to bear risk and their need to utilize risk-transfer contracts? 

· Risk transfer:  How can a company transfer portions of their risk to other sources either through indemnity contracts or index-based contracts?
· 
The focus of the project to date has been on natural disasters and the impact that theseis may have on the insurance and reinsurance industry. However, the framework for analysis and the proposed strategies that we have evaluated apply to other hazards and to firms and organizations that are concerned with managing low probability-high consequence events. re much broader than natural hazards. They could be applied to the following situations: 

· The impact that weather patterns couldwill have on the profitability of firms

· The impact that industrial accidents (e.g. chemical releases, fires explosion) could have on the future operation of the affected companiesfirms

· The impact that environmental incidents  (e.g. soil contamination from a leaking underground storage tank) could have on the liability of a firm and its future balance sheet

· PAUL: PLEASE LIST ANY OTHERSThe impact of economic fluctuations on defined asset bundles such as leased vehicle fleets and credit risks


A central tool in our analyses of the impact of disasters on a given entity has been the construction of loss exceedance probability (EP) curves. This paper describes how loss EP exceedance probability curves are developed and how they can serve as an integrating framework for evaluating alternative risk management strategies for low probability-high consequence (lp-hc) events. facing firms. To make these ideas concrete, we turn to focus on the challenges facing an insurer who has issued disaster insurance policies in Oakland, CA a community and is concerned with protecting itself against the possibility of suffering catastrophic losses from future earthquakes.  from earthquakes. We then generalize from thise specific example to a broader class of problems, such as those listed above, by raising a set of questions to be explored in future research. 


The Role of Loss EP Exceedance Probability Curves in Evaluating Risk Management Strategies

A lossn exceedance EP probability (EP) curve depicts the annual probability that thea certain level  lossof losses from a series of different events will exceed a certain magnitudebe exceeded on an annual basis. Using probabilistic risk analysis (PRA), one combines the set of events that could produce a given dollar loss and determines the resulting probability of this loss occurring. Based on these estimates, one can construct the mean exceedance probability curve depicted in Figure 1. By its nature, the EP curve inherently incorporates uncertainty in event occurrence probability and magnitude of dollar losses. This uncertainty is reflected in the 5% and 95% confidence interval curves in Figure 1. . 
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Figure 1. Example of Loss Exceedance Probability Curves

The loss EP curve is the key element for evaluating a set of risk management tools. The accuracy of the EP curves dependss upon the ability of scientific natural hazard experts, economists and structural engineers to estimate the impact of events of different probabilities and magnitudes on the performance of the firm. The selected references at the end of this update indicate some of the work of project researchers and others to evaluate the effects of uncertainty on both the accuracy of risk estimates as well as the optimal strategies related to exposure management and solvency that derive from these estimates. 


The Loss EP Curve as an Integrating Framework

The following elements are necessary if one is to construct a loss EP curve as an integrating framework for linking risk assessment with risk management strategies for dealing with catastrophic risks. 

Nature of the Problem   To begin the analysis, it is important to specify the nature of the problem one is studying and to indicate why it is considered important. Normally, the problem will involve a weather-related or technological hazard where there is some likelihood (often small) that there will be a high impact event which produces severe economic consequences. The problem we are considering below is how an insurer can protect itself against the financial losses from a severe earthquake. Its goal is to reduce its chances of insolvency while still being profitable.

Characterizing the Risk   One needs to rely on expert judgment to estimate the chances of certain events occurring and their potential consequences. In utilizing these estimates, it is valuable to have a notion of the degree of uncertainty surrounding these figures. Below, we will focus on a series of earthquake events, their probabilities, and the economic consequences to homes in Oakland.
Parties Affected by the Risk   One needs to specify the relevant parties affected by the risk. Suppose the analysis is being undertaken for a company who is concerned with potential losses from a weather-related or technological hazard. Then the loss EP curve will depict the potential losses to the firm from a series of events. If other stakeholders are involved in helping to cover these losses (e.g., an insurer, reinsurer or financial institution), then one will need to construct a loss EP curve for these parties. Below, we will construct a loss EP curve for an insurer providing financial protection against earthquakes to homeowners in Oakland.
Decision Processes of Parties   The use of the loss EP curve depends on the type of information collected by the relevant parties and the types of decision rules that are utilized by them. For example, a company concerned with the possibility of insolvency will turn to its loss EP curve to estimate the probability that its losses will exceed some given magnitude. Below, we will utilize the loss EP curve to estimate the probability that earthquakes in Oakland will create losses to an insurer that exceed a certain dollar value.
Strategies for Risk Bearing, Mitigation and Risk Transfer   The loss EP curve enables one to construct and evaluate the impact of alternative strategies for dealing with the consequences of weather-related or technological disasters.  These strategies incorporate a set of policy tools that include the following: risk bearing (e.g., having enough surplus on hand and diversification of activities to cover potential losses), mitigation (e.g., investing in a measure to reduce future disaster losses), and risk transfer (e.g., use of insurance, reinsurance and catastrophe bonds to lay-off some of one’s risk to others). 

Some of these strategies can be implemented through the private sector in a financially attractive manner (e.g. long-term loans for mitigation coupled with lower insurance premiums and/or lower deductibles) while others may require public sector intervention (e.g. well enforced building codes). In the example below, we evaluate the impact of a requirement that homeowners invest in a cost-effective mitigation measure (as a condition for insurance) on the insurer’s performance. Furthermore, we will examine the insurer’s probability of insolvency with and without the use of risk transfer mechanisms, such as reinsurance and catastrophe bonds. 


Calibrating Companies Strategies with a Loss EP Curve

The recent literature in economics suggests that firms are generally risk averse and hence are concerned with non-diversifiable risks such as catastrophic losses from natural disasters (Mayers and Smith, 1982). Suppose a firm is risk averse and there are transaction costs associated with bankruptcy. Then, the firm will want to purchase protection against catastrophic losses at higher premiums than implied by their expected losses[footnoteRef:3], even when their shareholders can eliminate this risk through their own portfolio diversification. Firms are also likely to be ambiguity averse. In other words, they are concerned with the uncertainty regarding the probability of a loss occurring (Kunreuther, Hogarth and Meszaros, 1993). [3:  Expected loss is defined as the probabilities of loss amounts from disaster(s) of different magnitudes in a given year, each multiplied by the losses sustained, and then summed. ] 


One way to reflect the firm’s risk aversion and ambiguity aversion is a safety-first model first proposed by the French economist Roy (1952). Such a model can be contrasted with a value maximization approach to firm behavior. A safety-first model explicitly concerns itself with insolvency when making a decision regarding how much protection the firm would like to have against catastrophic losses and how much it is willing to pay to protect itself against this. This safety-first model was applied to insurer underwriting decisions by Stone (1973).

Using Loss EP Curves to Determine Mitigation and Risk Transfer Needs	

One way for firms to reduce its insolvency probability would be to adopt loss reduction (mitigation) measures. By incurring an upfront cost today, one is able to avoid much larger losses in the future from a disastrous event. In essence, the mitigation measure shifts the EP curve downwards to reflect the lower probability of losses from the case when no loss reduction measures were in place.

Risk transfer mechanisms complement mitigation measures in enabling a firm to survive financially should its suffer a catastrophic loss. More specifically, the firm would use its EP curve to determine how much protection it would need to reduce its probability of insolvency to a given target ruin probability . The more risk averse the firm is, the more it will need to use risk transfer instruments to protect itself against large losses and the more it is willing to pay for this protection.

Indemnity Contracts   Risk-averse firms may want to purchase an indemnity contract to cover losses above a certain amount. For a corporation, the normal indemnity contract is an insurance policy; for an insurer, the typical indemnity contract is an excess-of-loss reinsurance policy that provides coverage against unforeseen or extraordinary losses. 
A typical excess loss reinsurance contract requires the primary insurer to retain a specified level of risk and then covers all losses between an attachment point (LA) and exhaustion point (LE) on the exceedance probability curve (Figure 2). In other words, the indemnity contract is of the following form: the reinsurer pays all losses in the interval LA to LE with a maximum payment of LE – LA. In return for this protection, the insurer pays the reinsurer a premium.
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Figure 2. Indemnity Contract and Loss EP Curve

Indexed Based or Parameterized Contracts   As an alternative to an indemnity contract, a firm may want to utilize an index-based or parametric contract to obtain needed funds should a severe disaster occur. Today, a commonly utilized indexed-based or parametric contract is a catastrophe-linked bond (henceforth referred to as a cat bond). A cat bond requires the investor to give money up front that will be used by the firm if some type of triggering event occurs. In exchange for a high return on investment, the investor faces the possibility of losing either a portion or its entire principal investment. The amount paid out to the firm (i.e. the ceding company) depends on how the cat bond is constructed and this amount is specified in advance of the triggering event. Notably, the firm does not face any credit risk from the cat bond; the money to pay for the losses is already in hand.[footnoteRef:4] [4:  The investor’s up front investment is generally placed in a trust, and paid to the ceding company in the case of a triggering event. This implies that the ceding company is only able to reinvest proceeds from cat bond premiums in liquid securities at approximately the risk free rate.] 


Many of the cat bonds being issued today are tied to a disaster-severity index (e.g., covering damage from a certain earthquake magnitude event within a specified region) rather than to the firm’s actual losses.[footnoteRef:5]  Since these parameters are normally independent of the firm’s actual losses, payments can be made to the firm immediately after the disaster occurs rather than being subject to the time delay necessary to compute actual losses, as in the case of insurance or reinsurance. On the other hand, such a cat bond creates basis risk. Basis risk refers to the imperfect correlation between the actual losses suffered by the firm and the payments received from the cat bond. Insurance sold to firms or excess-of-loss reinsurance to insurers has zero basis risk because there is a direct relationship between the loss and the payment delivered by the reinsurance instrument.    [5:  For more details on the structure of recent cat bonds, see Insurance Services Office (1999).] 


In May of 1999, a parametric-based contract to cover the loss from an earthquake was purchased by Oriental Land, a Japanese company that is best known as the owner and operator of Tokyo Disneyland. This cat bond provides $100 million to the company should an earthquake of a specific magnitude occur in the vicinity of Tokyo. The Japanese Meteorological Agency provides the measurement of event magnitude. The magnitude which qualifies a given quake for payments to Oriental Land is higher as the locations of its epicenter becomes more remote from Tokyo Disneyland. These bonds represent the first direct access of the capital markets by a corporation seeking catastrophe risk financing (Standard & Poors, 2000).

An Illustrative Example: Oakland, CA Developing an  Ep Curve    


We now illustrate the above framework by turning to the case of Oakland, CA. Consider the case of an insurer who has offered financial protection to residential property owners against damage from an earthquake in Oakland. The loss EP curve depicts the chances that aggregate claims exceeds certain dollar magnitudes, based on earthquake damage to the a set of insured structures in the company’s portfolio. If the insurer offered other types of coverage, the The approach can be used in constructing aloss nEP curve could be expanded to these risks.  for any company that faces potential losses from events whose probability and consequences can be estimated by experts. For example, the loss EP curve The losses could include residential structures, commercial and other buildings occupational building losses, as well as the loss of future economic activity due to business interruption or other disruptions (e.g., water or electrical power outage). 

Developing a Loss EP Curve


To develop a lossn EP curve, it is necessary to have credible estimates of the relevant riskhazard and vulnerability of the portfolio. With respect to the earthquakes hazard, scientists have been working to reduce agree that there isthe ambiguity and uncertainty in predicting the location, severity, and frequency of their future event occurrences., and Thetheir physical manifestation of future earthquake events (e.g., ground motion or ground failure) is estimated by examining geologic records and, looking at actual historical event and by conducting experiments on how the ground responds to earthquake processeswaves. In general, limited scientific information or lower quality data results in greater variability of the expected hazard.

Structural eEngineers have focused on the nature, distribution, and level of damage (i.e. vulnerability) of structures from earthquakes and windstorm events.  Damage is estimated from historical data (e.g., from the Loma Prieta or Northridge earthquakes), expert opinion of structural engineers proficient in post-disaster investigation of structures, and experimental testing of structural components subject to lateral (e.g., earthquake or wind) loading. Such investigations have increased our understanding of the performance of various types of buildings and structures in earthquakes of different magnitudes. Hazard risk maps have been drawn for earthquakes, but they only provide rough guidelines as to the likelihood and potential damage from specific events 
As in the case of hazard analysis, limited engineering information results in greater variability of expected vulnerability.  

The hazard and damage/vulnerability analyses are integrated to estimate losses using probabilistic risk assessment (PRA). The recent use of geographic information systems (GIS) for incorporating geologic hazard and structural vulnerability information for a region has enabled scientists to more efficiently estimate the potential damage and losses from different earthquake scenarios. The data for the region is stored in the form of GIS maps of ground shaking motion estimation, maps of secondary seismic hazards such as liquefaction, landslide and fault rupture and maps of damage to structures in the region. (King and Kiremidjian in press in press)).

The DTE Insurance Company

Consider a hypothetical insurance company that is providing financial protection to residential homes in Oakland, CA. The DTE (Down to Earth) Insurance Company has a book of business (BOB), which consists of a set of wood-frame homes in different parts of the city. DTE imposes a 10% deductible on its residential clients. Homes constructed prior to 1940 are assumed not to have unbraced crippled walls (i.e., the walls between the foundation and first floor diaphragm) and not to be inadequately bolted to the foundations. The damage to these homes from an earthquake in the future can be reduced if the cripple walls are braced and the structure is bolted adequately to its foundation.this risk mitigation measure (RMM) were adopted in the future. The distribution composition of the book of business by year of construction structures for the DTE Company is given in Table 1.  Structures whose age was unknown are assumed to fall into the Pre-1940 or Post-1940 era with the same likelihood as for the known structures.[footnoteRef:6] [6: Thus, 169 of the 259 unknown structures in DTE’s book of business are assumed to be constructed prior to 1940 reflecting the ratio of pre-1940 to all known structures (3091/(1650+3091)) in their BOB. These 169 were therefore eligible for mitigation.
] 







Table 1: Composition of Books of Business for DTE Insurance Company

	Year Built
	Number of Structures

	Construction Age Unknown
	259

	Pre-1940 
	3,091

	Post-1940
	1,650

	Total
	5,000




The mean EP curve for the DTE Insurance Company and with the a 95% and 95% confidence intervals curves is are depicted in Figure 3. In other words, tThese estimatesbounds will cover the true probabilistic estimate of lossthe model parameter(s) with probability 0.90. The 95% confidence curve is a conservative estimate of more damage and the 5% confidence curve is an optimistic estimate of less damage.[footnoteRef:7] The mean loss curve or the experts’ best estimates for all the parameters used in the loss estimation process.  This curve is defined as the most likely scenario of events. As shown in Figure 3, at an exceedance probability level of 0.02, the mean estimate of loss is $13.4 Million, with a lower bound of $5.0 Million (5% confidence level) and an upper bound of $55.0 Million (95% confidence level).   [7:  For more details on how these confidence intervals were constructed, see Grossi et al. (1999).] 
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Figure 3. Loss EP Curves for DTE Insurance Company

INSERT  FIGURE 1  HERE

Calibrating Companies Strategies with an EP Curve

A literature has developed in recent years that suggests firms are generally risk averse and hence are concerned with non-diversifiable risks such as the possibility of catastrophic losses from disasters [Mayers and Smith (1982)].  Suppose employees of an firm are risk averse and there are transaction costs associated with bankruptcy. Then the firm will want to purchase protection against catastrophic losses at higher premiums than implied by their expected losses[footnoteRef:8], even when their shareholders can costlessly eliminate this risk through their own portfolio diversification. Firms are also likely to be ambiguity averse in that they are concerned with the uncertainty regarding the probability of a loss occurring [Kunreuther, Hogarth and Meszaros (1993)]. [8:  See footnote 1 for definition of expected loss. 
] 


One way to reflect firm’s risk aversion and ambiguity aversion is a safety first model first proposed by the French economist Roy (1952). Such a model can be contrasted with a value maximization approach to firm behavior. Safety-first models explicitly concerns itself with insolvency when making a decision regarding how much protection the firm would like to have against catastrophic losses and how much it is willing to pay to protect itself against this. 

To illustrate the use of a safety first model consider the Down To Earth (DTE) Insurance Company. Based on its concern with insolvency, DTEit will want to limit the number of earthquake policies that it wants towrites in Oakland due to the highly correlationed  among losses should a major disaster earthquake occur in the area. More specifically, we assume that DTE focuses on worst caseworst-case losses in determining theirportfolio of risks book of business (BOB). A worst caseworst-case loss (WCL) is defined as a disaster where the probability of exceeding this a certain dollar amount is at some a predetermined target ruin probability whichprobability that reflects its safety-first concern.

Table 2 specifies the base case parameters for the DTE insurance company. providing coverage to homeowners in Oakland. We assume that full insurance coverage against damage from the disaster is available, with a 10 percent deductible. The (annual) premium charged is proportional to the expected loss (per year) for the property covered[footnoteRef:9] and then multiplied by a loading factor (in this case 1.0) to reflect the administrative costs associated with marketing and claims settlement. In other words, for this analysis, property owners are charged premiums that are twice the expected losses to the insurer. The premiums if DTE insured all 5,000 homes in Table 1  (i.e. had a full BOB) would be $X3.4 Million. A fixed cost of $300,000 reflects insurance company payments such as (eg, rent), which are independent of the number of insurance policies that are sold. DTE recovers its fixed costs within its premiums. [9:  Expected loss to the insurer is defined as the probabilities of earthquakes of different magnitudes, each multiplied by the loss sustained minus the deductible and then summed. ] 


Table 2: DTE Insurance Company Parameters

	Parameter
	Value

	Company Assets
	$ 2 Million

	Deductible %: 
(expressed as a fraction of the value of property)
	
10%

	Insurance loading factor:
	1.0

	Premiums For Full BOB
	$ 3.4 Million

	Fixed Costs
	$300,000



INSERT TABLE  2  HERE
Suppose that DTE sets a “target ruin probability”, , = equal to 2% (or 1 in 50 year event). This implies that it would like to limit its book of business (BOB) so as to have atthat there is  leasta 98 percent chance of being able to pay insured losses from assets and premiums. If it has sufficient assets and/or premiums, then DTE’s actual probability of insolvency may be less than the target level. Based on its assets and premiums for a full BOB, DTE would be insolvent if its earthquake claims exceeded $5Y.4 Million. Using DTE’s loss EP curve, the chances of this happening to DTE is at an exceedance probability of 4.18% (as indicated in Figure 31 ). If DTE was utilizing a safety-first strategy with  = 0.02, then it would either have to reduce its BOB, encourage mitigation of structures, diversify its BOB into other geographic areas, and/or purchase an indemnity or indexed-based contract to cover a portion of its catastrophic losses.[footnoteRef:10] [10:  We are assuming that premiums are fixed due to competitive pressures or regulatory constraints. For an empirical analysis of premiums in the context of windstorm perils, see Grace, Klein and Kleindorfer (2000).  If DTE had the freedom to change its rates, then it could raise premiums. ] 



Incorporating Mitigation Measures in a Loss n EP Curve

One way for firms to reduce its insolvency probability would be to adopt loss reduction measures. In essence by incurring an upfront cost today one is able to save much larger losses in the future from a disastrous event. In the case of DTE could reduce its future claims by requiring, as a condition for insurance, that anythe owners of pre-1940 homes built prior to 1940 must bolt their house adequately to the its foundation and install brace itsa crippled walls.[footnoteRef:11] In effect, DTE would be imposing a more recent building code on pre-1940 homes and would enforce it from their perspective by refusing to issue insurance unless the measures were adopted. If banks required earthquake insurance as a condition for a mortgage, then BTE DTE would have some leverage in making mitigation a requirement for coverage. [11:  These mitigation measures have been shown to be cost-effective for homes of this type given the range of earthquakes that are possible in Oakland, CA.
] 


[image: ]Figure 2 4 depicts DTE’s original EP curve, as well as the revised one when all pre-1940 homes in DTE’s book of business adopt these mitigation measures. Since premiums are based on riskexpected losses, the total amount of premiums collected is now $2.2Z Mmillion for a full BOB. Given that its assets are still $2 15 millionMillion, DTE will be insolvent if their claims exceed $4.2X  mMillion. As shown in Figure 42, the likelihood of this happening is .022.76% rather than  .0324.18% as it was originally. Hence, even if bolting the house to the foundation and installing crippledbracing cripple walls are adopted by all the pre-1940 Oakland homes in DTE’s portfolio, the chances that the firm will become insolvent exceeds its pre-determined level of  = 0.02.  HenceTherefore, DTE will have to look toward risk transfer mechanisms to reduce its insolvency risk.   
Figure 4. Loss EP Curves for DTE Insurance Company (Mitigation)2.76%


Incorporating Risk Transfer Mechanisms

Using EP Curve to Determine Risk Transfer Needs	

Another way for firms to reduce the chance of insolvency would be to purchase some type of protection (e.g. insurance) against losses which exceed a certain amount. In essence, the firm would be using its EP curve to determine how much protection it would need to reduce its probability of insolvency to its target ruin probability . The more risk averse the firm is, the more insurance it will require to protect itself against these large losses and the more it is willing to pay for this protection.

Indemnity Contracts  		Risk averse insurers will behave in the same way as risk averse firms, except that instead of insurance they may want to purchase an indemnity contract (reinsurance) to cover losses above a certain amount. A common indemnity contract is excess-of-loss reinsurance that provides coverage against unforeseen or extraordinary losses to the insurer. Specifically, the reinsurer charges a premium to indemnify the insurance company against all or part of the loss it may sustain under its policy or policies of insurance above a certain level.   

A typical excess loss reinsurance contract requires the primary insurer to retain a specified level of risk and then covers all losses between an attachment point (LA) and exhaustion point (LE).  In other words, the indemnity contract is of the following form: the reinsurer pays all losses in the interval LA to LE with a maximum payment of LE – LA. Using the EP curve in Figure 2,  if DTE had a full BOB it would like to purchase an indemnity contract that covered any losses above  $A  if no mitigation was in place  and   $B  if  mitigation had been adopted by all pre-1940 homes in Oakland
Indexed Based Contracts   	As an alternative to an insurance contract, a firm may want to utilize an index-based contract to provide funds should a severe disaster or other negative event occur. Today the most commonly utilized indexed based contract is catastrophe-linked bonds (henceforth referred to as cat bonds).  A cat bond requires the investor to put money up front, which could be used to pay for claims if some type of triggering event were to occur. In return for a higher return the investor does face the possibility of losing some or all of its principal if the triggering event occurs. The amount paid out to the firm depends on how the cat bond is constructed. The firm does not face any credit risk from the cat bond. The money to pay for the losses is already in hand (usually deposited in escrow, and invested in short-term liquid securities).  


Most of the cat bonds which are being issued today are tied to a disaster-severity index (e.g. paying amounts for earthquake damage based on the Richter-scale measurements at specific locations in Japan) rather than to the firm’s actual losses.[footnoteRef:12]  Since these indices are normally independent of the firm’s actual losses, payments can be made to the firm immediately after the disaster occurs rather than being subject to the time delay necessary to compute actual losses as in the case of insurance or reinsurance. On the other hand, such a cat bond may create basis risk.   Basis risk refers to an imperfect correlation between the actual losses caused to the insurer and the payments received from the cat bond.   Insurance to firms or excess-of-loss reinsurance to insurers has zero basis risk because there is a direct relationship between the loss and the payment delivered by the reinsurance instrument.    [12: ] 


An indexed based contract to cover the possibility of business interruption from an earthquake was purchased by Disneyland.  PUT IN DETAILS OF THIS CAT BOND HERE.   

  Turning to DTE’s concern with catastrophic losses from earthquakes, it can issue a parameterized indexed cat bond where it would receive payments according to a predetermined set of parameters. More specifically, DTE issues a catastrophe bond that pays investors an interest premium in exchange for guaranteed funds, based on the occurrence of a disaster. The amount of funds given to the insurer is based on one or more parameters associated with the disaster an index (e.g. an earthquake magnitude or epicenter location). It will most likely not be perfectly correlated to actual claim payments, and hence basis risk will result.

JAI/POOJA/VIKRAM:  THIS NEXT PARAGRAPH NEEDS TO BE REWRITTEN BASED ON THE NEW CAT BONDS THAT IS BASED ON SUBZONES IN OAKLAND. TABLE 3 SHOULD DEPICT THIS NEW CAT BONDAND WE THEN CONSTRUCT EP CURVES  (FIGURES 3A AND 3B REFLECTING THESE NEW CAT BONDS) 

Tables  3A and 3B depicts the structure of two different cat bonds for Oakland depending on whether or not pre-1940 homes were mitigated. These payments to DTE from the cat bonds are determined by two parameters: zone (i.e., concentric bands of epicenter location, where Zone 1 represents the band of greatest property value concentration) and earthquake magnitude. The zone characterizes the insured housing values at risk and the magnitude measures the severity of the earthquake using the Moment Magnitude scale. When no pre-1940 homes are adequately bolted to their foundation nor are cripple walls braced, , then the maximum total face value of the cat bond was capped at $3.5was million (Table 3A). That is, if an earthquake of magnitude 7.0 triggers losses in excess of reinsurance of $10 million, the cat bond will only pay out its capped value of $3.5 million. When there was mitigation in place, then the cat bond was capped at $1.5 million (Table 3B) since catastrophic losses were reduced.$30 million and the price to the insurer for  a higher interest rate than LIBOR was $1.342 million. When homes were mitigated then the insurer only required a cat bond with face value of $18.5 million, since catastrophic losses were reduced. 

Table 3A: Cat Bond Parameters (No Mitigation)
	ZONE 1
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<5.6
	21.5%
	$0

	[5.6,6.0)
	4.7%
	$195,474

	[6.0,6.3)
	2.5%
	$3,174,842

	[6.3> *
	3.3%
	$3,500,000

	 
	 
	 

	ZONE 2
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.0
	1.6%
	$0

	[6.0,6.5)
	2.2%
	$35,725

	[6.5,7.0)
	1.0%
	$1,422,611

	[7.0> *
	0.6%
	$3,500,000

	 
	 
	 

	ZONE 3
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.3
	4.3%
	$0

	[6.3,7.0)
	2.7%
	$0

	[7.0>
	0.3%
	$138,804

	 
	 
	 

	ZONE 4
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.6
	0.7%
	$0

	[6.6,7.0)
	0.7%
	$2,172

	[7.0>
	0.3%
	$33,282

	 
	 
	 

	* Payout to Insurer capped at $3.5 million



Table 3B: Cat Bond Parameters (100% Mitigation)
	ZONE 1
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<5.6
	21.5%
	$0

	[5.6,6.0)
	4.7%
	$101,363

	[6.0,6.3)
	2.5%
	$1,359,967

	[6.3> *
	3.3%
	$1,500,000

	 
	 
	 

	ZONE 2
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.0
	1.6%
	$0

	[6.0,6.5)
	2.2%
	$20,287

	[6.5,7.0)
	1.0%
	$671,171

	[7.0> *
	0.6%
	$1,500,000

	 
	 
	 

	ZONE 3
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.3
	4.3%
	$0

	[6.3,7.0)
	2.7%
	$0

	[7.0>
	0.3%
	$54,412

	 
	 
	 

	ZONE 4
	 
	 

	Magnitude
	Total Probability
	Payout to Insurer

	<6.6
	0.7%
	$0

	[6.6,7.0)
	0.7%
	$151

	[7.0>
	0.3%
	$10,773

	 
	 
	 

	* Payout to Insurer capped at $1.5 million



 As shown in the payout schedule for the cat bonds, when there was no mitigation in place insurers would receive $29.196 million if an earthquake occurred in Oakland that had a magnitude between 7.0 and 7.5 on the MMI scale. Interestingly enough the payout was only $1.058 million when earthquakes greater than 7.5 registered on the scale.  The smaller figure was due to the relatively few residential structures in those portions of Oakland where earthquakes of this magnitude or greater could occur.



Figures 5A depicts the EP curves for DTE when the pre-1940 homes were not mitigated for two cases: (1) no reinsurance or cat bond was purchased and (2) the cat bond shown in Table 3A (i.e., no mitigation) was issued. The EP curve with the cat bond reflects the payouts to the insurer should earthquakes of different magnitudes occur in Oakland, as well as the cost of the cat bond to the insurer. The chances of insolvency are reduced only slightly  (from .032 to .029) for this cat bond. This is due to two factors: a very high interest rate paid by DTE to the investors in the cat bond and some extreme earthquakes that could not be fully covered by the cat bond. For these extreme earthquakes, the insurance company is not compensated fully for its anticipated losses because of the predetermined cap. As a result, the chances of insolvency in these events are not tremendously affected by cat bondscat bonds do not tremendously affect the chances of insolvency in these events. A similar pattern is observed in Figure 5B for the case where the pre-1940 homes are mitigated. Now the insolvency probability is reduced from .020 without the cat bond to .019 with the cat bond.

 





[image: ]Figure 5A. EP Curves for DTE Insurance Company (Cat Bond, No Mitigation)
[image: ]
Figure 5B. EP Curves for DTE Insurance Company (Cat Bond, 100% Mitigation)


Extensions of the Analysis

There are several extensions of the analysis that will be explored in future work. We discuss three of them here.

Cat Bonds Covering Multiple Risks

There is no reason why an indexed or parameterized contract has to be restricted to a single hazard in a single region (e.g. an earthquake in Oakland). By constructing a cat bond that combines several uncorrelated hazards, the risk is diversified. Insurers can clearly profit from improved exposure management which geographical diversification brings. Investors in cat bonds also profit since they have a smaller chance of losing a given amount of principal if the maximum amount that the bond pays out is now spread across the uncorrelated risks in different regions or across different types of hazards. 

Recently, there have been two such parameterized cat bonds issued. SCOR, the French reinsurer, issued a three year multi-peril bond that covers Japanese earthquakes and fires following an earthquake in Japan, U.S. earthquakes on the mainland and European windstorms in seven different countries (Standard  & Poors, 2000).  In November 2000, the Assurances Generales de France issued a five year parametric cat bond that covers earthquakes causing damage in Monaco and windstorms in continental France or Corsica. 

We are planning to examine multi-peril cat bonds. An example would be a bond covering the DTE company’s losses to its portfolio of homes due to earthquake damage in both Oakland and Long Beach, California, as well as hurricane damage in Miami/Dade County, Florida. In this way, there is cat bond protection that covers the potential losses in the three regions. We will want to determine the impact of such a parametric cat bond on the reduction in insolvency probability and profitability of the insurer as well as the risk to the investor. 

To illustrate the structure of such a multi-peril cat bond, consider the following simple example. We consider two regions, A and B, and three risks in each region. Table 4 shows the three events, the annual frequency/probability of their occurrence, and the expected loss (in $ million) that results for a given insurer’s Book of Business if an event occurs.  

Table 4:  Events and Expected Losses for Regions A and B
  
	Region A
	Region B

	Events
	Pr{Event}
	L(Event)
	Events
	Pr{Event}
	L(Event)

	A1
	0.05
	  5
	B1
	0.06
	10

	A2
	0.03
	25
	B2
	0.04
	30

	A3
	0.01
	45
	B3
	0.02
	50



Suppose a cat bond CB is issued with the following structure for Region A or Region B.  The bond would be issued against an initial investment of $20 million. CB would allow the insurer credits against principal for up to 80% of any single or multiple events occurring within the time period of interest—in this case  (e.g., a given 12-month period).  We also assume that total credits cannot exceed a cap.  We will, in fact, set the cap below, but we begin by assuming the cap is simply the total initial investment (of $20 million). The CB will pay 15% to investors on any principal not exhausted by event payouts to the insurer.  The insurer is also assumed to invest the initial $20 million in risk-free notes during the year at 5%. 

The payout schedule for CB is given in Table 5 below for all the possible events of interest in Region A.  This table assumes for simplicity that all losses are incurred, all interest accrues and all investor payouts are made at the end of the year (i.e., all amounts are in period 1 $’s).  Thus, if no events occur, the insurer has a net loss because it must pay higher interest payments to the investors than it can earn on risk-free notes. Its net payout  is [20*(1.05) - 20*(1.15)] = -2, as shown.  If A1 only occurs, then the net payout to the insurer will be [20*(1.05) - (20 - 0.8*5)*(1.15)] = 2.6 3.  In general, the net payout to investors is [20 - 0.8*(Loss from Events)]*(1.15).  For example, if A1 only occurs, the net payout to investors will be [20 - 0.8*(5)]*(1.15) = 18.4.  Similar calculations lead to the other entries in Table 5.  

Table 5:  Region A Cat Bond Payouts
Assumed Initial Investment of $20 Million and Assumed Cap of $20 Million

	Events
	Pr{Events}
	Loss from Events ($millions)
	EP(L)
	Net Payout to Insurer
	Net Payout to Investors

	No Events
	0.912285
	0
	0.08772
	-2
	23

	A1
	0.048015
	5
	0.03970
	2.6
	18.4

	A2
	0.028215
	25
	0.01149
	21
	0

	A1,A2
	0.001485
	30
	0.01000
	21
	0

	A3
	0.009215
	45
	0.00079
	21
	0

	A1,A3
	0.000485
	50
	0.00030
	21
	0

	A2,A3
	0.000285
	70
	0.00002
	21
	0

	A1,A2,A3
	0.000015
	75
	0.00000
	21
	0



The expected returns for CB investors from this Bond are 0.0933, calculated as [0.912285*(23) + 0.048015*(18.4) – 20]/20.  The expected cost of this Bond to the insurer is just the negative of the expected value of the net payouts to the insurer, i.e. E{Cost} = -[.912285x(-2) + .048015x(2.6) + 21(1-.912285-0.048015)] = $0.888 Million This cost reflects the higher expected return that the investor is receiving over a risk-free bond. 

From Table 5, we also see that the consequences of various risk bearing strategies for insolvency.  For example, to maintain a probability of solvency greater than 0.995, the insurer would have to cover all events with joint losses of $45 million or less. Thus, for this constraint, the insurer would have to bring net equity, including premiums, to the Region A business of $45 Million in the absence of a cat bond or other risk transfer arrangements. With the indicated cat bond, the insurer would be able to maintain the same 0.995 level of solvency constraint with net equity, including premiums, of only $24 million (the difference between the losses at the insolvency-defining event {A3} and the net payouts to the insurer from the cat bond at this event).

Let us now compare cat bonds that might be issued to transfer risks from Region A, Region B and the combined Regions A&B.   Clearly, if a similarly structured cat bond to that described above for Region A were issued for Region B, the results in Region B would be less attractive for investors since the losses in Region B are both higher and more probable.[footnoteRef:13]  Rather than consider this case further, we discuss the more interesting case in which we alter the structure of the bonds offered in each region to maintain the same price for cat bonds issued for Region A, Region B and Region A&B.  We determine the “price” of the cat bond to be issued via the cat bond’s Sharpe Ratio, which is the bond’s expected return over the risk-free rate divided by the standard deviation of the bond’s returns. We assume that the investors who are considering investments in these cat bonds require a Sharpe Ratio of 0.5.  To make matters simple, we vary only the cap on payouts from the bond, setting this so that the bond’s Sharpe Ratio will equal 0.5. [13:  Indeed, analogous calculations to the above lead to the following results. The expected returns for CB investors from a similarly structured Region B Bond would be 0.0560 and the expected cost to the insurer issuing the Bond would be $0.645 Million. The net equity, including premiums, to assure a solvency probability of 0.995 would be $50 million in the absence of such a cat bond and $29 million with the cat bond.  As expected, all of these figures are less attractive for Region B than for Region A.
] 


To begin, we note the characteristics of the EP curves for the three Books of Business of interest, Regions A, B and A&B.  Figure 6 shows the right-hand tail of the EP curves for Regions A and B and the combined EP Curve from both Regions. Note that the maximum possible loss if all events occur in the same year is $165 Million, or the sum of all losses of all events in Table 4. However,, but combined events above $65 Million have a very low probability of occurrence. Table 6 shows the nature of the events and their probabilities for lower losses.  The cat bond payouts illustrated in Table 6 are for a cat bond that has the same structure of cat bond parameters as in the above examples, except that the value of the Bond is increased to $40 million. But we still cap the maximum payout from Bond principal at $20 million. In this case, the expected returns from the Region A&B Bond are 0.0747, and the expected cost of the cat bond to the insurer is $1.073 Million. 

Now we consider three possible cat bonds covering Regions A, B and A&B respectively, and with the parameters given in Table 7 below.  The only change from the bonds previously considered is that payouts for each bond are capped at different levels. The cap levels have been selected to assure that these bonds are equally attractive to investors in the sense that the Sharpe Ratio for each cat bond is precisely 0.5. We note the following consequences evident from Tables 4-7.  The net equity, including premiums, required to assure a solvency probability of 0.995 for a Book of Business covering risks in both and A and B would be $95 = $(45 + 50) million in the absence of the cat bond and $79.33 = $(34.59 + 44.74) million with two cat bonds (parameters as shown) issued separately for each Region. Suppose these risks are combined into a joint book of business across Regions A and B, and consider the joint cat bond (parameters as shown) covering both Regions A&B. Then the net equity, including premiums, required to assure a solvency probability of 0.995 would be $55 million in the absence of the cat bond and $42.64 million with the joint cat bond across the full book of business in A and B.  We therefore see that the combined impact of the improved performance of the cat bond and the pooling effect of insurance risks leads to a substantial decrease in the net equity required to cover the full book of business in both regions. 


[image: ]Figure 6:  Exceedance Probability Curves for Region A, Region B and Regions A&B


Thus, geographic diversification has the obvious effects on improving solvency conditions, with or without cat bonds, as well as in improving the returns that could be offered to cat bond investors (we have kept the latter constant here, but clearly there is plenty of room to negotiate further benefits for the investor while still leaving the insurer at least as well off as with the separate risk-bearing strategies).  Changing the parameters of the cat bond, or adding other risk bearing instruments such as reinsurance, would, of course, affect these results, but we see in this simple example the effect of diversification across several categories of risks on both the insurer’s ability to operate as well as on the performance of cat bonds covering these risks.   


Table 6:  Region A&B Cat Bond Payouts
Assumed Initial Investment of $40 Million and Assumed Cap of $20 Million

	Events
	Pr{Event}
	Loss from Events
	Net Payout to Insurer
	Net Payout to Investors

	No Events
	0.80678
	0
	-4.0
	46

	A1
	0.04246
	5
	0.6
	41.4

	B1
	0.05150
	10
	5.2
	36.8

	A1,B1
	0.00271
	15
	9.8
	32.2

	A2
	0.02495
	25
	19
	23

	B2
	0.03362
	30
	19
	23

	A1,A2
	0.00131
	30
	19
	23

	A1,B2
	0.00177
	35
	19
	23

	A2,B1
	0.00159
	35
	19
	23

	B1,B2
	0.00215
	40
	19
	23

	A1,A2,B1
	0.00008
	40
	19
	23

	A3
	0.00815
	45
	19
	23

	A1,B1,B2
	0.00011
	45
	19
	23

	B3
	0.01646
	50
	19
	23

	A1,A3
	0.00043
	50
	19
	23

	A1,B3
	0.00087
	55
	19
	23

	A2,B2
	0.00104
	55
	19
	23

	A3,B1
	0.00052
	55
	19
	23

	B1,B3
	0.00105
	60
	19
	23

	A1,A2,B2
	0.00005
	60
	19
	23

	A1,A3,B1
	0.00003
	60
	19
	23

	A1,B1,B3
	0.00006
	65
	19
	23

	A2,B1,B2
	0.00007
	65
	19
	23

	All Other Events
	0.002240
	70 --165
	19
	23




Cat Bonds for Weather Risk Transfer

Companies that are in weather-sensitive economic sectors such as energy have recently become interested in protecting themselves against the effect of temperature volatility on their business by transferring some of this risk through cat bonds. The first direct access of the capital markets by a corporation seeking weather risk transfer was with Koch Industries. Depending on the daily temperature at 19 U.S. locations, Koch will receive funds from Kelvin Ltd., a special purpose company domiciled in the Cayman Islands. The two largest components of the exposure are extreme cold in the Northeast during the winter and extreme heat in the south during the summer that affects Koch’s energy and agricultural businesses. 

We plan to extend our analyses of cat bonds for natural hazards to the general area of weather risk transfer. Enron has a particular interest in this area and we anticipate working closely with the company in designing new instruments. The basic methodology described above applies, with EP curves playing a central role in integrating science, risk quantification and financial variables. In particular, the events and losses in this case would be those associated with weather-specific events.


Table 7:  Comparing Cat Bond Performance
Capped Payouts with Caps Set to Achieve Sharpe Ratio of 0.5

	
	Region A Bond
	Region B Bond
	Region A&B Bond

	Face Value of Bond
	$20 million
	$20 million
	$40 million

	Quota-Share Rate
	0.8
	0.8
	0.8

	Face Value Interest Rate
	15%
	15%
	15%

	Risk-free Interest Rate 
	5%
	5%
	5%

	Cap on total credits against  bond principal
	$10.789 million
	$6.311 million
	$14.227 million

	Expected Cost of Bond to Insurer
	$1.287 million
	$1.161 million
	$1.714 million

	Expected Return to Investors
	.114
	.108
	.093

	St.Dev. of Returns to Investors
	.129
	.116
	.086

	Net Equity Required to Assure Solvency Probability of 0.995 with Bond
	$34.592 million
	$44.792 million
	$42.639 million




	Region A
	Region B

	Event No.
	Probability
	Loss
	Event No.
	Probability
	Loss

	A1
	.07
	10
	B1
	.08
	5

	A2
	.05
	30
	B2
	.06
	25

	A3
	.03
	50
	B3
	.04
	45

	A4
	.01
	70
	B4
	.02
	65


Mitigation and Risk Transfer Instruments for Hazards in Emerging Economies
Bernoulli events (either they happen or they don’t during the year in question), with the probabilities of occurrence and the losses if they occur as noted.  

Table below.

1.  separately
2. I illustrate a simple cat bond for each region separately
3. , including expected profits
4. I indicate various changes to the cat bond for the combined region
5.  and indicate provide a very simple example in which all losses are mitigated by same amount
6. I indicate that the framework for proceeding with other applications will call for the same general steps as noted here:  hazard identification, risk quantification, risk transfer/management, risk mitigation
7. 




We plan to extend our research activities to emerging economies. A step in this direction was taken last summer when a group of researchers from Turkey and the United States met at a NATO workshop in Istanbul to begin planning a multi-year study of natural hazards management. The focus will be on two earthquake-prone mega-cities: Los Angeles, California and Istanbul, Turkey.[footnoteRef:14]   [14:  For more details on the NATO Workshop, see Kleindorfer (in press).   	] 


The project will examine the nature of the uncertainties surrounding risk estimates and the needed data and infrastructure to support this analysis. This research should enable us to gain further insight into how mitigation coupled with financial instruments can reduce losses and provide funds for recovery from a mega-disaster both in the United States and in an emerging economy. Although the focus is on the earthquake hazard, the concepts will be applicable to other natural hazards that have catastrophic potential, such as floods and hurricanes. 

The research will address the following three broad questions:

· How can one incorporate risk assessment methodologies constructing EP loss curves and appropriate confidence intervals surrounding these estimates? 

· What role can mitigation measures and risk transfer instruments play in reducing losses from future disasters and providing funds for recovery? 

· How can one utilize model cities for evaluating the linkages between risk managements strategies such as investments in risk reduction (mitigation) and risk transfer (new financial instruments) for dealing with large-scale disasters?  

One reason for choosing the city of Los Angeles is because of its extensive track record regarding new regulations stimulated by earthquake activity in the region. Istanbul, Turkey has been selected as a comparison city since it is representative of many metropolitan areas in emerging economies and has the potential for severe losses should another major earthquake occur in the future. The Kocaeli earthquake in August 1999 caused over 19,000 confirmed fatalities with a total economic loss estimated to be at least $15 billion. There is a recognized need for developing new risk transfer mechanisms given the limited role that insurance has played up-to-date in post-disaster funding. For example, after the recent Kocaeli earthquake, out of the 500,000 housing units that were adversely affected, only 1000 were privately insured. 

This research should enable one to examine the impact of different risk management tools for mitigation and recovery as a function of the institutional arrangements within the city and country. Here are some more specific questions we will want to address: 

· How will the efforts of mitigation perform in Istanbul and Los Angeles under earthquakes of different magnitudes? Are there lessons with respect to mitigation measures and building code enforcement in U.S. that are relevant to Istanbul? 

· What is the performance of different financial instruments given earthquakes of different magnitudes? Given that Istanbul does not have a well-developed insurance industry, it will have to rely primarily on financial instruments and governmental risk-bearing and disaster relief for dealing with future losses in the short run.

·  What are the lessons from Turkey that may be transferable to other emerging economies in financing recovery from catastrophic losses?

· What can we learn from this exercise that could be helpful to U.S. funding agencies, relief agencies and other governmental and non-governmental organization that may have an interest in protecting the viability of emerging economies as a market to the U.S. economy?




Selected References

Bantwal, V. and Kunreuther, H.  (2000).  “A Cat Bond Premium Puzzle?”  Journal of Psychology and Financial Markets, 1:76-91.

Croson, D. C., and H. C. Kunreuther (2000). “Customizing Indemnity Contracts and Indexed Cat Bonds for Natural Hazard Risks.” Journal of Risk Finance, 1: 24-41.

Croson, D.  and  A.  Richter (1999). “Sovereign Cat Bonds and Infrastructure Project Financing.” Working Paper 99-05-25, Wharton Risk Management and Decision Processes Center.   University of Pennsylvania; Philadelphia, PA.  Forthcoming, Risk Analysis.

Cummins, J. and Doherty, N. (1999). “Can Insurers Pay for the ‘Big One?’  Measuring the Capacity of an Insurance Market to Respond to Catastrophic Losses.” Working Paper, The Wharton School, University of Pennsylvania.

Cummins, J.D., D. Lalonde, and R. Phillips (1999).  “Basis Risk of Index-Linked CAT Risk Securities.” Presented at June 14-15, 1999 meeting of Wharton Project on Managing Catastrophic Risks, Philadelphia, PA.

Doherty, N. (1997). “Financial innovation for financing and hedging catastrophe risk.” in Financial Risk Management for Natural Catastrophes, edited by N.R. Britton, and J. Oliver, Brisbane: 191-209.

Doherty, N. and Richter, A. (2000). “Moral Hazard, Basis Risk and Gap Insurance.” Working Paper, Wharton Project on Managing Catastrophic Risks, November 2000.

Dong, W., Shah, H., Wong, F. (1996). “A Rational Approach to Pricing of Catastrophe Insurance” Journal of Risk and Uncertainty, 12: 201-218.

Earthquake Engineering Research Institute (1998). Incentives and Impediments in Improving the Seismic Performance of Buildings.  Oakland, CA, EERI. 

Earthquake Engineering Research Institute (2000). Financial Management of Earthquake Risk. Oakland, CA: EERI.

Froot, K. (ed) (1999). The Financing of Property/Casualty Risks, Chicago: University of Chicago Press.

Grace, M., R. W. Klein and P. R. Kleindorfer (2000). “Supply and Demand of Catastrophe Insurance”, Working Paper, Risk Management and Decision Processes Center, The Wharton School, Philadelphia, PA.

Grossi P., P. R. Kleindorfer and H. Kunreuther (1999). “The Impact of Uncertainty in Managing Seismic Risk: The Case of Earthquake Frequency and Structural Vulnerability”, WP 99-03-26, Risk Management and Decision Processes Center, The Wharton School, Philadelphia, PA. 

Grossi, P. (2000). Quantifying the Uncertainty in Seismic Risk and Loss Estimation, Dissertation, Department of Systems Engineering, University of Pennsylvania.

Grossi, P. and D. Windeler (2000). “Sensitivity Analysis of Earthquake Risk in the Charleston, South Carolina Region.”  Sixth International Conference on Seismic Zonation, Palm Springs, California, November 12-15, 2000.

Hanks, T., and C. A. Cornell (1994). “Probabilistic seismic hazard analysis: A beginner's guide.” Proceedings of the Fifth Symposium on Current Issues Related to Nuclear Power Plant Structures, Equipment and Piping.  Raleigh: North Carolina State University.

Insurance Services Office (1999). Financing Catastrophe Risk: Capital Market Solutions New York, N.Y.: Insurance Services Office.

King, S., and A. Kiremidjian (in press). Use of GIS for earthquake hazard and loss estimation. In Geographic Information Research: Bridging the Atlantic. London: Taylor & Francis.  

Kleindorfer, P. R. and Kunreuther, H. (1999). “Challenges Facing the Insurance Industry in Managing Catastrophic Risks” in Kenneth Froot (ed) The Financing of Property/Casualty Risks, Chicago: University of Chicago Press.

Kleindorfer, P. R. and Kunreuther, H. (1999). “The Complimentary Roles of Mitigation and Insurance In Managing Catastrophic Risks”, Risk Analysis, 19:727-38.    

Kleindorfer, P. R. and M. R. Sertel (eds), Mitigation and Financing of Seismic Risks in Turkey, forthcoming with Kluwer Academic Publishers, Doordrecht, 2001.

Kunreuther, H. and Roth, R., Sr. ed.  (1998). Paying the Price: The Status and Role of Insurance Against Natural Disasters in the United States. Washington, D.C: Joseph Henry Press. 

Kunreuther, H., J. Meszaros, R. Hogarth, and M. Spranca. (1995). “Ambiguity and underwriter decision processes,” Journal of Economic Behavior and Organization, 26:337-352.

Kunreuther, H. (in press). “Linking Insurance and Mitigation to Manage Natural Disaster Risk,” in Handbook of Insurance, Georges Dionne (ed), Boston: Kluwer Academic Publishers.

Kuzak, D. (2000). “The Capital Markets,” Chapter 10 in Earthquake Engineering Research Institute’s Financial Management of Earthquake Risk,  Oakland, CA: EERI.

Major, J. A. (1999). “Index Hedge Performance: Insurer Market Penetration and Basis Risk,” in Kenneth Froot (ed.) The Financing of Property/Casualty Risks, Chicago: University of Chicago Press.

Mayers, D., and Smith, C. (1982). “On corporate demand for insurance,” Journal of Business, 55:281-296.

Palm, R., M. Hodgson, R. D. Blanchard and D. Lyons (1990). Earthquake Insurance in California: Environmental Policy and Individual Decision Making. Boulder, Colorado: Westview Press.

Palm, R. (1995). Earthquake Insurance: A Longitudinal Study of California Homeowners.  Boulder, Colorado: Westview Press.

Petak, W.  and Atkisson, A. (1982).  Natural Hazard Risk Assessment and Public Policy: Anticipating the Unexpected,  New York: Springer Verlag.

Roy, A.D. (1952). “Safety-First and the Holding of Assets,” Econometrica, 20: 431-449.

Standard & Poors (2000). Sector Report: Securitization,  June.

Stone, J. (1973). “A theory of capacity and the insurance of catastrophe risks:  Part I and Part II,” Journal of Risk and Insurance 40:231-243 (Part I) and 40:339-355 (Part II).

24

image1.wmf
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

$0

$10,000,000

$20,000,000

$30,000,000

$40,000,000

$50,000,000

$60,000,000

Loss (No Mitigation)

5% CURVE

MEAN CURVE

95% CURVE


image2.wmf
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

$0

$10,000,000

$20,000,000

$30,000,000

$40,000,000

$50,000,000

Loss

Mean (No Mitigation)

Mean (Mitigation)


image3.wmf
0.0

0.1

0.2

0.3

0.4

0.5

0.6

-$4,000,000

-$2,000,000

$0

$2,000,000

$4,000,000

$6,000,000

$8,000,000

Losses Net of Cat Bond Payments and Receipts

Loss after CB s=0.6

LOSS before CB


image4.wmf
0.0

0.1

0.2

0.3

0.4

0.5

0.6

-$4,000,000

-$2,000,000

$0

$2,000,000

$4,000,000

$6,000,000

$8,000,000

Losses Net of Cat Bond Payments and Receipts

Loss after CB s=0.6

LOSS before CB


image5.wmf
0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.01

0

10

20

30

40

50

60

70

80

90

100

Loss ($ Millions)

Exceedance Probability

EP(L,A)

EP(L,B)

EP(L,A&B)


