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Abstract: Without its primary flood defenses, a large part of the Netherlands would be swallowed by rivers and sea. Floods caused by the failure of primary flood defenses are high-impact, low probability events that are notoriously difficult to insure. Private insurance was long considered unfeasible but the Dutch government is currently studying ways to introduce a public-private partnership. This paper offers a discussion of possible outlines for an insurance arrangement for catastrophic floods in the Netherlands. It also discusses the interplay between insurance and standards of protection. Main results are (i) that a strong financial commitment by the national government would be needed, (ii) that such strong commitment would not be inappropriate considering the risk of underinvestment in flood protection, and (iii) that cost-benefit studies for the design of flood defenses already implicitly assume full and fairly priced insurance. The latter implies that the introduction of a flood insurance program cannot be used as a justification for lower standards of protection.
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1. Introduction
A large part of the Netherlands lies below sea level. Almost ten million people, two-thirds of the Dutch population, live in flood prone regions. Although major floods have not occurred since 1953, the risk of flood is ever-present as shown by the high waters of 1993 and 1995 that triggered mass evacuations. A measure that has recently been put to the fore is the introduction of a flood insurance program.

Although insurance cannot undo damages and loss of life, or take away the psychological trauma that natural disasters leave behind, it can assist victims in rebuilding their lives. Low-probability natural disasters are however notoriously difficult to insure. Financial innovations and advances in risk modelling have however extended the limits of insurability (Doherty, 2000, Kielholz and Durrer, 1997, Munich Re, 1998b), and governments have intervened in a wide variety of ways to support the provision of insurance coverage (see e.g. Munich Re, 1998a). Insurance arrangements should ideally serve as efficient mechanisms for risk transfer and provide adequate incentives for loss prevention. But deciding on appropriate (changes to existing) arrangements is by no means straightforward. While some stress the need for deregulation and restraints on government relief to allow insurance markets to function (e.g. Harrington, 2000, Priest, 1996), others stress the need for government support to stimulate or supplement private sector initiatives (e.g. Cummins, et al., 1999, Kunreuther and Pauly, 2006). A study by the US Congressional Budget Office (2002) about the supply of property and casualty insurance clearly reflects this discrepancy.

Following a number of instances in which the government decided to offer compensation to the victims of natural disasters and industrial accidents, the Borghouts Committee was installed to evaluate the government's framework for dealing with uninsurable losses (Disasters and Calamities Compensation Committee, 2004). One of the committee's recommendations was to study private sector solutions for supposedly uninsurable events, a recommendation that was later turned into a cabinet decision. In 2006, the Water Advisory Council then proposed the introduction of a flood insurance program (Water Advisory Council, 2006: 17). That same year, a government Taskforce took on the challenge to turn this vision into a reality.  

Insurance against large-scale floods has long been considered unfeasible. In 1955, after the 1953 Big Flood in the south-western part of the Netherlands, the Dutch Association of Insurers issued a binding agreement forbidding its members to underwrite large-scale floods (Kok, 2005). Although the agreement was withdrawn in 1998 because of EU competition law, flood insurance is still unavailable in the Netherlands. When attempting to extend the limits of the uninsurability of floods, it is important to distinguish between different types of floods (Kok, 2005). This paper is concerned solely with floods caused by the failure of primary flood defenses such as dunes, storm surge barriers, and river dikes.
The text is organized as follows. The first paragraph discusses causes of the uninsurability of catastrophic floods in the Netherlands, as well as ways to resolve them. We then discuss the interplay between insurance and optimal standards of protection. It will be shown that flood insurance and flood prevention are intricately linked and cannot be studied in isolation. The last paragraph offers summary conclusions.
2. Extending the limits of uninsurability
2.1 Causes of uninsurability

When are risks insurable, and when are they not? Swiss Re provides a concise answer: "Risks that are insurable are measurable, bounded and well behaved" (Swiss Re, 2005: 3). A risk becomes uninsurable when premium rates are no longer acceptable to either insurers or the insured. Frequently debated causes of the uninsurability of floods in the Netherlands are (i) concentration, (ii) moral hazard, (iii) adverse selection, (iv) risk perception, and (v) crowding out of private sector initiatives.

Concentration refers to the severity of potential loss relative to industry capacity. When losses are highly concentrated, regionally operating insurers will not be able to devise a portfolio of risks that is sufficiently balanced to prevent a highly volatile loss profile. A greater extent of (cross-sectional or geographical) risk-spreading can be achieved through reinsurance markets. Another option would be to securitize exposures. Securitization refers to the use of financial instruments, such as cat-bonds, to transfer risks to capital markets directly. While a multi-billion euro flood loss would be unparalleled by Dutch standards, it would be dwarfed by daily fluctuations on global capital markets (Doherty, 2000, Froot, et al., 1995). But despite recent financial innovations, reinsurance coverage against low-probability, large-scale losses still appears costly (Froot, 2001). Potential losses in the Netherlands could be in the tens of billions of euros. Such losses could threaten the solvency of the Dutch insurance industry. It also seems highly unlikely that the reinsurance industry would be able to provide sufficient underwriting capacity.
Moral hazard is a problem caused by information asymmetries between insurers and the insured. When insurers have no means to monitor and penalize excessively risky behavior, insurance premiums will have to go up. Deductibles, caps and coinsurance provisions are means to reduce moral hazard, but they reduce the attractiveness of an insurance purchase. Interestingly, the problem of moral hazard concerns moral hazard on the part of the national government rather than moral hazard on the part of individual citizens in the Dutch case. Flood protection in the Netherlands is publicly provided. Although individuals could take measures to reduce the consequences of floods, such measures would unlikely be cost-effective compared to measures to reduce flood probabilities. As shown by experiences in the UK, moral hazard on the part of the national government, i.e. underinvestment in flood protection, is not a purely hypothetical issue when private insurance is available (Huber, 2004). Although standards for the Dutch primary flood defenses have been laid down in the Flood Defence Act, a recent review showed that almost 25% of the primary flood defenses does not meet these standards (Ministry of Transport Public Works and Water Management, 2006). As this indicates, the Flood Defence Act is hardly a means to prevent moral hazard on the part of the government. 

Adverse selection, just like moral hazard, stems from information asymmetries between insurers and the insured (or from regulators that fix premium rates). When insurers have no way to discern between high and low risk individuals and/or price coverage accordingly, premium rates will have to be set at a relatively high level for low risk individuals. This then, reduces the attractiveness of an insurance purchase to low risk individuals. Insurers might end up with portfolios of "bad risks". But information on the probabilities and consequences of major floods is public rather than private (e.g. Ministry of Transport Public Works and Water Management, 2005), and individuals have little control over the risks they are exposed to. It thus seems that excessive adverse selection cannot be blamed for the uninsurability of catastrophic floods in the Netherlands.
The expected utility model predicts that all risk averse individuals would purchase fairly priced insurance. In practice however, people appear reluctant to purchase insurance against natural disasters because they believe probabilities to be negligible (Kunreuther, 1996, Kunreuther and Pauly, 2006). Kunreuther (1996) suggests that people decide whether a risk is something to worry about before they consider whether an insurance purchase would be worthwhile. This sequential model is consistent with the contingent weighting model proposed by Tversky et al. (1988): individuals that are offered a complex choice will place weights on the dimensions of the problem at hand. An insurance purchase will not be considered worthwhile when people place zero weight on the probability of disaster. Experimental studies by Slovic et al. (1977) showed that individuals are more likely to purchase insurance against high-probability, low impact events than against low-probability, high impact events. To avoid a large percentage of the population ending up uninsured, coverage would have to be mandated such as in Belgium and France.
The crowding out hypothesis holds that the market for flood insurance has disappeared (or: not appeared) because the government has repeatedly offered financial support to the victims of disasters. Such precedents might have bolstered expectations of disaster relief. And when individuals expect government support, this reduces people's willingness to pay for flood insurance. It seems unlikely however that crowding out is to blame for the unavailability of flood insurance in the Netherlands. After the Dutch Association of Insurers lifted its ban on the provision of flood insurance, insurers proved unwilling to sell coverage out of concern for downside risk. Without government support, it seems unlikely that insurers would be able to underwrite low-probability, catastrophic floods. To put the size of the Dutch insurance market into perspective, consider the Dutch Terrorism Risk Reinsurance Company (NHT), a public-private partnership involving the national government, collaborating insurers, and reinsurers. The NHT provides 1 billion euro underwriting capacity for annual industry-wide terrorism-related losses in the Netherlands. A catastrophic flood in the western part of the Netherlands could cause (insured) losses that would dwarf that figure.
2.2 Towards a flood insurance program
Given the issues of concentration, moral hazard and risk perception, government involvement would be required along two fronts (Table 1). First, the government would have to provide underwriting capacity which would also limit the risk of underinvestment in flood protection. Second, the government would have to make insurance (semi-)compulsory to avoid a large percentage of the population ending up being insured because they do not consider an insurance purchase worthwhile.
Table 1: Government interventions to resolve the uninsurability of catastrophic floods

	Rationale
	Intervention
	Government role
	Objective

	Supply-side restrictions
	Provide underwriting capacity
	Financial intermediary
	Raise capital at an attractive rate by exploiting the government's superior creditworthiness; limit moral hazard on the part of the government

	Demand-side restrictions
	Enforce (semi-) compulsory insurance
	Regulator
	Avoid a large percentage of uninsured


Although a strong financial commitment by the Dutch national government would be inevitable, government insurance/compensation programs are typically subject to strong criticisms (Harrington, 2000, Priest, 1996). Such critiques mainly concern governments' limited ability to pool risks, and their poor track record in dealing with adverse selection and moral hazard. But these critiques do not seem to apply to the somewhat exceptional Dutch case. 

Let us first consider the criticism related to cross-sectional diversification. While (re)insurance companies can pool earthquakes in Turkey, hurricanes in the US and floods in the Netherlands, the Dutch government cannot. But this does not automatically mean that Dutch taxpayers would be confronted with a considerable risk premium. While the government’s ability to diversify flood risks cross-sectionally are undoubtedly limited, the government has a superior ability to diversify large-scale risks inter-temporally: the 'contract' between taxpayers and the Dutch government is a 'long term contract'. And because the national government's probability of default is negligible, it is theoretically able to borrow at the risk-free rate and ‘sell’ coverage at a price that corresponds to expected loss (see also Cummins, et al., 1999).

Second, the issue of adverse selection becomes irrelevant when insurance is compulsory (see also Munich Re, 1998b). But what about moral hazard? A government compensation program that is funded through general taxation would probably involve some degree of cross-subsidization. But this would unlikely give rise to a severe moral hazard problem in the Netherlands. After all, flood defense in the Netherlands is publicly provided and people’s contributions to flood prevention are compulsory (taxation). 

An important role for the national government does not imply that there could not or should not be a role for the insurance industry. Insurers could play two roles that could, but need not, be combined: (i) insurers could provide claims management services, and (ii) insurers could provide underwriting capacity. Contracting insurers to provide claims management services would offer advantages when insurers could offer these services more efficiently than the government. Insurers could also be involved as providers of a (relatively modest) insurance layer. Three layers could be discerned when insurers would provide underwriting capacity: self-insurance, private insurance and government assistance (Table 2).
The private insurance layer would have to be relatively small (e.g. 1 billion euro) because of the costs of coverage for large, low-probability losses, and because the national government might otherwise be tempted to underinvest in flood protection. But with only a fraction of total loss covered by insurers, and a government with the ability to time diversify flood risks efficiently, one might rightly ask whether insurers should be involved as providers of underwriting capacity. When a private insurance layer is however contemplated, one should consider credit risk as well as the possibility that insurers will be relieved of the obligation to settle claims. The government might for instance decide to deliberately flood a polder to reduce the flood probability of a highly valuable region. Although it would obviously be a controversial decision, it is not be a purely hypothetical one. It seems unlikely that legal dispute would not arise afterwards over the presumed need for deliberate inundation, and hence the question whether insurers or the government, i.e. taxpayers, should pay for losses. 
Table 2: A layered flood insurance program
	Layer
	Description

	1. 
	Self- insurance
	Property-owners carry part of their losses themselves to prevent ex post moral hazard: this ‘deductible’ is to stimulate people to keep losses to a minimum when a flood occurs or seems imminent.

	2. 
	Private insurance
	Insurance companies cover losses up to a predefined level of corporate or industry-wide loss.

	3. 
	Government
	The government auctions excess-of-loss contracts to insurers or simply pays for losses when the second layer is exhausted. The national government's financing strategy could also involve layers, such as cat bonds and/or a calamities fund, supplemented by debt issuance.


3. Insurance and optimal standards of protection
3.1 Defining an optimal standard of protection
Ever since the 1950s, the design standards for the Dutch flood defenses have been based on and rationalized by risk neutral cost-benefit analyses [5]. The optimal standard of protection is found by minimizing the discounted investments in flood defense and the discounted expected value of future losses. A simplified one-period model without economic growth or sea level rise is presented here for illustrative purposes. For a refined econometric model, the reader is referred to [18, 19]. The economic decision problem can be written as follows:
[1] 
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Where NPV = net present value of total cost (euro); M = total investment costs of strengthening flood defenses (euro); p = annual flood probability (per year); Q = flood damage (euro); T = planning horizon (year); r = discount rate (per year). When overtopping is assumed to be the only failure mode of a flood defense, and when exceedance frequencies of water levels can be described by an exponential distribution, the flood probability p equals:
 [2]
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Where p = probability of flood (per year); h = dike height (m); a, b = constants (m). As the costs of dike heightening consist of a fixed and a variable part, equation (2) can be expanded to:
[3]
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Where M0 = fixed cost of dike heightening (euro); M’ = variable cost of dike heightening (euro/meter); h = dike height (m); a, b = constants (m). The optimal standard of protection can now be found by differentiating NPV with respect to h. Figure 1 shows how the net present value of total cost changes when flood defenses are raised (fictitious parameter values). The optimal dike height in this simplified, fictitious case is 5.5m, corresponding to an exceedance frequency of the design water level of about 1/40.000 per annum.
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Figure 1: Optimal investment in flood protection under risk neutrality; M0=40.106 euro; M'=25.106 euro/meter; a=2.3m; b=0.3m; r=0.015/yr; Q=10.109 euro.

3.2 Insurance and flood protection
To illustrate the relation between insurance and prevention, consider a rational utility maximizer that contemplates an insurance purchase. The person is faced with a probability p of suffering a loss q. Denote the amount of damages that can be reclaimed under the insurance contract by c, the annual cost per unit coverage by z. and initial wealth by w. The optimal amount of coverage c* can now be determined by maximizing this person's expected utility (E(U)).

[4]
E(U)=p U(w-q+c-zc) + (1-p) U(w-zc)

When the person's utility function is concave (he or she is risk-averse), maximizing the above equation would be equivalent to solving d(E(U))/dc=0. 
The loss probability has so far been treated as a constant. But when it comes to the probability of a major flood in the Netherlands, this hardly seems to be a reasonable assumption. Let us therefore assume that the probability of flood can be reduced by making an investment in flood protection. Denote the person's annual investment in flood defense by i. Note that the cost per unit coverage (z) depends on p, and hence on i. To determine the optimal amount of insurance coverage (c) and the optimal investment in flood risk reduction (i), we now have to solve:

[5]
Max[E(U)]=Max[ p(i) U(w-q+c-z(i)c-i) + (1-p(i)) U(w-z(i)c-i) ]
When full insurance coverage (c=q) would be available at the actuarially fair premium (expected loss, or zc=pq), a risk-averse person would purchase full insurance coverage. The decision problem could then be rewritten to the following simple form:

[6]
Max[E(U)]=Max[w-p(i)q-i]
Which would be equivalent to solving:

[7]
Min[i+p(i)q]
Equation [7] shows considerable similarities with equation [1]: the cost of risk-bearing equal expected loss in both cases. But when full insurance is not available and/or only available at a premium exceeding expected loss, solving equation [5] will yield a greater investment in flood protection. After all, the optimal loss probability will be lower when the cost of risk-bearing exceed expected loss. Current (risk neutral) cost-benefit analyses implicitly assume the presence of full and fairly priced insurance. The introduction of a flood insurance program thus cannot be used to rationalize lower standards of protection. In fact, one could argue that, given the absence of an efficient flood insurance program, current risk neutral cost-benefit analyses yield unduly optimistic safety standards.
4. Conclusions
Floods related to the failure of the Dutch primary flood defenses are high impact, low probability events for which insurance is currently unavailable in the insurance market. Because multi-billion euro losses (floods on the scale of New Orleans) are not unthinkable and because poorly planned and targeted disaster assistance is likely to delay reconstruction and be inefficient, devising an insurance arrangement for catastrophic floods in the Netherlands seems of considerable importance. 

The scale of potential losses relative to the size of the Dutch insurance industry and the Dutch economy as a whole present formidable challenges. This sets the Dutch case apart from e.g. the US where natural disasters could more easily be absorbed by governments and the insurance industry. Another important difference between the Netherlands and other countries concerns moral hazard. The type of moral hazard that has to be addressed concerns moral hazard on the part of the government rather than moral hazard on the part of individuals. 
A strong financial commitment by the national government would be appropriate to exploit the government’s superior credit rating, and to prevent moral hazard on the part of the government, i.e. underinvestment in flood prevention. The latter is not a purely hypothetical issue as shown by experiences in the UK. The insurance industry could perhaps be involved to provide claims management services and/or (limited) underwriting capacity, although this need not be the case.
The interplay between standards of protection and the efficiency with which flood damages are financed should not be overlooked. The introduction of an insurance program cannot be used to rationalize lower standards of protection. After all, standards for flood defenses in the Netherlands have been based on/rationalized by economic optimizations that already (implicitly) assume full insurance coverage against a premium that equals expected loss. Without such a perfect insurance program, it would in fact be appropriate to take a risk loading into account. 
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