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Reinsurance  

 

 

Abstract 

 

The paper tests for information asymmetries in the United Kingdom’s (UK) property-liability 

reinsurance market. The link between the primary insurers’ residual risk and the quantity of 

reinsurance purchased is explored and exogeneity tests are used to determine whether this 

is due to adverse selection or moral hazard. Evidence for claims-contingent pricing in the 

market for reinsurance is also investigated. We find that unanticipated adverse selection 

and moral hazard exist in some business lines, particularly in insurance companies which 

have the opportunity to use intra-group reinsurance as a source of internal capital.  
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Testing for Information Asymmetries in the Market for Property-Liability 

Reinsurance  

 

Borch (1962) observed that the function of reinsurance markets is to redistribute (trade) 

some or all of the risks directly underwritten by primary insurance writers at rates of 

premium that compensate reinsurance companies for the risk exposures assumed. In this 

regard, reinsurance helps to stabilize the expected net present value of future claims costs 

for ceding primary insurance writers. However, equilibrium in reinsurance markets can be 

distorted by unanticipated (or residual) information asymmetries1. This means that the 

distribution of actual future reinsured losses cannot always be actuarially estimated (and so 

accurately priced) at the point of contracting (Crocker and Snow, 1985; Doherty and 

Smetters, 2005). In this paper, we test for information asymmetries in the United Kingdom 

(UK) property-liability reinsurance market.  

 

According to Puelz and Snow (1994, p. 237) information asymmetries arise in insurance 

markets because managers cannot judge with certainty the magnitude and frequency of the 

risks underwritten and consequently, the actuarially fair rates of premium at which those 

risks should be priced for given levels of insurance protection. To mitigate actuarially unfair 

pricing due to information asymmetry, the managers of insurance companies instigate 

appropriate contracting and contract monitoring solutions (e.g., see D’Arcy and Doherty, 

1990; Dionne and Doherty, 1994, Doherty and Jung, 1993, Rebello, 1995, Doherty and 

Thistle, 1996; Chiappori and Salanié, 1997, 2000). One such contracting solution common 

in the long-term contracts (treaties) that tend to characterize property-liability reinsurance 

markets is claims-contingent (loss-sensitive) pricing (Winton, 1995)2. Claims-contingent 

pricing involves reinsurance company managers adjusting upwards retrospectively their 

share of the annual premiums ceded by the primary insurer if ex-post losses exceed the 
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level expected ex-ante (e.g., see Winton, 1995; Jean-Baptiste and Santomero, 2000; 

Doherty and Smetters, 2005).  

 

Claims-contingent pricing can be used to control two particular aspects of the unanticipated 

information asymmetry problem inherent in reinsurance transactions: adverse selection 

(e.g., see Jean-Baptiste and Santomero, 2000) and moral hazard (e.g., see Doherty and 

Smetters, 2005)3. Adverse selection refers to the risk that contracting parties have 

incentives to actively withhold private information from each other ex-ante in order to 

secure economic advantages later on (Akerlof, 1970). Therefore, the form of the 

(re)insurance contract (e.g., the rate of premium) initially agreed between contracting 

parties will reflect the level of risk exposure assumed by the (re)insurer (Dionne, 2000). 

Moral hazard, on the other hand, has two distinctive forms (Cummins and Tennyson, 1996). 

Ex-ante moral hazard in the insurance-reinsurance relation relates to the risk that 

indemnification through reinsurance might actually encourage a primary insurer to relax its 

underwriting standards – for example, to secure increased market share. In contrast, ex-

post moral hazard in reinsurance transactions relates to the lack of rigor exercised by the 

primary insurance writer in controlling gross claims because they are covered by 

reinsurance. Therefore, as Arrow (1963) reports (ex-ante and ex-post) moral hazard 

changes the incentives of (re)insured agents by inducing them to act with less care than 

they would under conditions of non-insurance. In other words, moral hazard arises because 

the risk exposure increases as a consequence of (re)insurance such that the probability of 

loss and loss amount is endogenous (Dionne, 2000); this is in contrast to adverse selection 

problems where loss probabilities are exogenous (Doherty and Smetters, 2005). 

 

The adverse selection and moral hazard problems are significant issues in (re)insurance 

research as they underpin the pricing and efficient allocation of risk capital in international 
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reinsurance markets (Jean-Baptiste and Santomero. 2000)4. In practice, the adverse 

selection and moral hazard problems can occur simultaneously in (re)insurance transactions 

and as a result, distinguishing between the effects of unanticipated adverse selection and 

moral hazard on (re)insurance pricing is an important area for empirical research (Winter, 

2000, p159). Efficient risk sharing between primary insurance writers and their reinsurance 

counterparts is also important not least because it helps to maximize underwriting capacity 

(risk financing) and reduces exposure to insolvency risk (Mayers and Smith, 1990; Rebello, 

1995; Doherty and Smetters, 2005).  

 

Drawing a framework from the insurance and finance literature, we test empirically the 

impact of unanticipated adverse selection and moral hazard in the United Kingdom (UK) 

(corporate) property-liability reinsurance market. We focus on this sector not only because 

the UK is a major international center for transacting property-liability insurance and 

reinsurance (e.g., see Carter, 1995; Carter and Lucas, 2004), but also because the inherent 

uncertainty associated with assessing property-liability risk exposures (e.g., the probability 

and severity of catastrophes) induces reinsurance purchases to a greater degree than it 

does, for example, in life insurance markets where there are well-established actuarial 

mortality tables that help to mitigate adverse selection5. Therefore, focusing our study on 

the UK property-liability reinsurance market enables us to provide a potentially clean test of 

our four main research hypotheses in the five main lines of non-life reinsurance business 

examined, namely: accident & health6, motor vehicle, property, third-party liability, and 

miscellaneous & pecuniary loss covers (e.g., financial guarantee business).  

 

The examination of information asymmetry in property-liability reinsurance markets is 

considered to be an apt subject for empirical research on at least five main counts. First, as 

noted above, in imperfectly competitive markets the managers of non-life reinsurance 
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companies face a potentially severe adverse selection problem ex-ante due to uncertainty 

over the real probability and financial magnitude of losses likely to be incurred by primary 

insurance writers (Berger, et al., 1992). This pre-transactional uncertainty can have 

important consequences for the pricing efficiency of reinsurance treaties, and the optimal 

allocation of capital and transfer of risks in both primary non-life insurance and reinsurance 

markets (Aase, 2002). Therefore, our study could potentially help reinsurance managers to 

better assess the effectiveness of pricing solutions to information asymmetry problems. 

 

Second, our research could provide important insights into the nature of the reinsurance 

decision in property-liability and indeed, other insurance markets. For example, historically, 

reinsurance companies have retained long and close relations with primary insurers in order 

to mitigate information asymmetry problems (Johnson, 1977). In fact, it has often been 

taken for granted by industry commentators that reinsurance companies have particular 

expertise in evaluating the loss experience of primary insurance writers and the 

underwriting competence of their management (Blazenko, 1986). However, the impact of 

unanticipated adverse selection and moral hazard, and the effectiveness of reinsurers in 

controlling these market imperfections through pricing mechanisms, have not previously 

been subject to empirical testing.  

 

Third, Chiappori (2000a, p372) points out that it can be difficult to distinguish empirically 

the effect of adverse selection from that of moral hazard. However, the dynamic 

Generalized Method of Moments (GMM) research design (with panel data) that we employ in 

the present study enables us to determine the directional causal effects of adverse selection 

and moral hazard and thus conduct a unique test of these twin aspects of the information 

asymmetry problem in reinsurance. In addition, our research design allows us to distinguish 

between the price effect of information asymmetry and variations in reinsurance premiums 
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arising from changes in market conditions. As a result, our study provides a new and 

potentially important contribution to the current stock of knowledge on the impact of 

information asymmetries on financial contracting.  

 

Fourth, event-contingent pricing mechanisms can be used to resolve information asymmetry 

problems and optimize the distribution of cash flows among parties in financial contracting 

settings other than (re)insurance, such as state-contingent debt contracts, asset-backed 

securitizations, and managerial incentive schemes (e.g., see Rebello, 1995, pp36-38). 

Therefore, the findings of this study could be relevant to academics, industry regulators, 

and managers, amongst others, that have financial management interests that extend 

beyond insurance and reinsurance markets – for example, in terms of the design of 

managerial incentives and their role in optimizing contracting pay-offs. 

 

Fifth, Chiappori (2000a, p390) suggests that regulations (e.g., prohibiting premium 

discrimination between risk-types) can mask the pricing effects of information asymmetry 

problems in (retail) primary insurance markets. However, (wholesale) reinsurance markets 

operate internationally, and so they are not subject to the same regulatory constraints as 

domestic insurance markets (Carter, 1995). Therefore, focusing on the property-liability 

reinsurance market helps us to avoid the potentially confounding effects of regulation on 

our results. This further helps to provide a refined test of our research hypotheses. 

 

Our results suggest that unanticipated adverse selection exists in motor and third party 

insurance - particularly in conglomerate or group insurance companies, while moral hazard 

is present for miscellaneous & pecuniary insurance, again in conglomerate insurance 

groups. However, in other cases (and in external reinsurance arrangements) contingent-

claims reinsurance pricing reduces information asymmetries through effective claims 
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control. We conclude that, contrary to expectations, intra-group reinsurance treaties need 

better monitoring and more effective claims control through claims-contingent pricing. In 

addition, our results suggest that, in primary insurers that are part of larger corporate 

groups, excessive reinsurance coverage induced by low reinsurance prices might actually 

exacerbate information asymmetry problems. 

 

The remainder of this paper is structured as follows. In section I we develop our four 

research hypotheses, while section II covers the research design, including the source of 

data, definition of the variables and the estimation procedures employed. Section III 

discusses the main results and section IV concludes the study. 

 

I. Framework 

 

This section derives four testable hypotheses derived from a review of the key literature on 

information asymmetry problems in (re)insurance markets. 

 

A. Hypotheses Development 

 

1. Adverse Selection   

The seminal work on the effect of inherent information asymmetries on product pricing in 

insurance markets is Rothschild and Stiglitz’s (1976) adverse selection model with 

exogenous aggregate uncertainty. In a single period setting, Rothschild and Stiglitz (1976) 

demonstrated that equilibrium pricing in insurance markets with risk pooling is unlikely to 

be Pareto-optimally efficient. This is because the insurer cannot fully ascertain the risk 

characteristics of the prospective policyholder (insured agent) ex-ante and so is unable to 

accurately estimate the probability of future losses ex-post (i.e., adverse selection exists). 
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However, given certain assumptions (e.g., zero transaction costs and perfect information), 

adverse selection could be mitigated by prospective (risk averse) consumers of insurance 

revealing their risk identities to a (risk neutral) insurer ex-ante by self-selecting from a 

menu of policy options that differ in terms of their levels of premiums, deductibles and 

indemnified coverage7. In this scenario, some of the contract offerings will appeal to high 

risk-types and others to low risk-types. This situation leads to actuarially fair insurance 

pricing and (a separating) market equilibrium whereby potentially high risk insureds 

purchase greater amounts of insurance coverage than low risk-types such that claims 

experience due to adverse selection is exogenous to the insurance decision. Indeed, this 

self-selecting basis for insurance pricing as a solution to adverse selection has been 

extended in other academic studies (e.g., see Doherty and Jung, 1993). However, empirical 

tests are difficult to undertake (e.g., because of data limitations) and have often produced 

mixed results. For example, in tests from the French motor insurance sector, Puletz and 

Snow (1994) found a positive association between risk and coverage, while the studies of 

Chiappori and Salanié (2000) and Dionne et al (2001) reported insignificant results8. 

 

Jean-Baptiste and Santomero (2000) contend that in the context of new insurance-

reinsurance business relationships, early revelation of underwriting information at time t0 

could be problematical for primary insurers because the disclosure of risk information could 

be used by reinsurance companies not only to set initial (high-ball) prices but also to price 

coverage for later periods, t1 ... tn.9 In the early stages of the contractual relationship, 

primary insurers are also likely to evaluate closely the risk (cost) of insolvency (based on 

their probability of loss) against the relatively high initial costs of reinsuring (as a result of 

adverse selection). Indeed, such considerations are likely to influence the managerial 

decision of how much reinsurance to purchase at period t0
10. In Rothschild and Stiglitz’s 

(1976) model, a separating equilibrium is likely to be first-best efficient and therefore, 
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primary insurers with an inherently high risk profile will elect to pay for high (full) 

reinsurance coverage, while their low risk counterparts will choose reinsurance treaties that 

provide lower (partial) coverage (high deductibles).  

 

A potential dilemma facing the managers of reinsurance companies in practice, however, is 

that they may not be able to easily pre-commit to future prices at time t0 and agree to 

other policy options (like financial guarantees) because of potentially distorting market 

disequilibria, such as changes in macroeconomic circumstances, regulatory constraints, 

severity risks and default risks (e.g., see Doherty and Schlesinger, 1995; Agarwal and 

Ligon, 1998). Risk assessment based on ex-ante screening and assessment of risk-type 

disclosures could help to mitigate adverse selection problems in reinsurance markets. On 

the other hand, such practices are likely to be costly (and thus second-best efficient) for 

reinsurers, particularly as primary insurers’ underwriting and claims settlement activities 

may not be completely observable at time t0 (e.g., see Winton, 1995; Bond and Crocker, 

1997). In addition, the managers of primary insurers may seek to recoup initially high 

ceded reinsurance premiums (due to adverse selection) by subsequently inflating 

recoverable reinsurance claims thus requiring reinsurers to increase their auditing and 

claims verification costs thereby fuelling future increases in ceded reinsurance premiums 

(Dionne, 2000, p396). Moreover, as Stiglitz (1983, pp16-17) points out, (re)insurance 

companies cannot completely control (price) for anticipated information asymmetry 

problems by rationing the quantity of indemnity coverage as the (re)insured counterparty 

can, under competitive market conditions, obtain supplementary risk coverage from other 

(re)insurance suppliers11. Therefore, quantity rationing (i.e., partial reinsurance) is unlikely 

to be a first-best solution to the adverse selection problem in competitive reinsurance 

markets (Jean-Baptiste and Santomero, 2000). Agarwal and Ligon (1998) report that 

managers of primary insurers whose private information suggests a higher than expected 
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future risk exposure are likely to increase the amount of reinsurance (i.e., maximize 

coverage) relative to their counterparts in (lower risk) primary insurers that ex-ante signal 

correctly their risk profile in the reinsurance market. Therefore, in the face of unanticipated 

adverse selection the pay-off from increasing the level of reinsurance is expected to exceed 

the cost of reinsurance for the primary insurer as predicted by Rothschild and Stiglitz 

(1976)12. Consequently, we hypothesize that: 

 

H1: Other things being equal, primary insurers with high gross claims will reinsure 

more than primary insurers with low gross claims. 

 

2. Moral Hazard 

As noted earlier, such scholars as Shavell (1979), Dionne (1983), Dionne and Doherty 

(1994), Doherty and Smetters (2005), have observed that moral hazard arises in 

(re)insurance transactions since indemnity induces the (re)insured party to increase the 

variability of claims in periods t1 … tn as a result of careless (or fraudulent) activity. This 

situation arises because the financial impact of losses is largely borne by the (re)insurer. 

Moreover, because of intrinsic information asymmetry, the full financial consequences of 

moral hazard are difficult for the (re)insurer to initially predict with accuracy and thus price 

on actuarially fair terms. In addition, Doherty and Smetters (2005, p376) observe that 

because reinsurance reduces the incentives for the managers of primary insurers to engage 

in careful underwriting and potentially costly loss prevention, the intensity of unanticipated 

moral hazard is likely to increase the greater the amount of reinsurance purchased. Pauly 

(1974) further argues that without appropriate contracting incentives (e.g., risk sharing 

through deductibles and coverage limits) and effective ex-post monitoring, the (re)insured 

agent’s level of loss mitigation activities tends to decline as more (re)insurance is 

purchased. This is because the marginal benefits arising from risky activity (i.e., loss 
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indemnification) exceed the marginal costs of private loss reduction and risk control. In 

other words, moral hazard simply reflects economically rational behavior by (re)insured 

agents (Pauly, 1974, p54). However, because of incomplete and costly contracting, moral 

hazard cannot be eliminated completely by (re)insurers (Shavell, 1979). Moral hazard 

effects will also tend to be endogenous to the amount of reinsurance purchased by the 

managers of primary insurance writers (Doherty and Smetters, 2005). Therefore, in the 

case of moral hazard, we hypothesize that: 

 

H2: Other things being equal, primary insurers with more reinsurance will have 

higher gross claims than primary insurers with less reinsurance. 

 

3. Reinsurance Pricing Adjustments  

Jean-Baptiste and Santomero (2000, p282) contend that for reinsurers,  claims-contingent 

(experience-rated) pricing under long-term (dynamic) contracts is more of a Pareto-optimal 

solution to information asymmetry problems compared with inducing primary insurers to 

truthfully reveal their risk exposures at an early stage in the contractual process and then 

incurring non-trivial verification (auditing) costs13. This is because the managers of primary 

insurers with an inherently high but undisclosed probability of loss could be encouraged to 

disclose accurate and complete risk information later on at time t1 … tn rather than at the 

start of contractual negotiations at time t0 in order to realize the cash flow advantages of 

initially lower outwards reinsurance premiums14. Claims-contingent pricing is also potentially 

efficient for primary insurers because it allows them to optimize the quantity of reinsurance 

purchased, maximize free cash flows, and so reduce insolvency risk. Additionally, the 

managers of primary insurers with an expected above-average probability of loss could find 

it difficult to initially select the Pareto-optimal quantity of reinsurance at the ceded rates of 

premium offered in the market due to incomplete and costly contracting. From the 
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reinsurance company’s perspective, their managers are likely to be motivated by 

competitive market forces and the discounted effects of the time value of money to set 

prices that fairly reflect the frequency and severity of the risks ceded to them when the 

reinsurance treaty is first negotiated at time t0. What is more, contractual renegotiation ex-

post can be costly for reinsurers (e.g., due to new information processing expenditures and 

legal costs) (e.g., see Dionne and Doherty, 1994). Therefore, information asymmetry can 

lead to market disequilibria in the demand and supply of reinsurance.  

 

Pauly’s (1974) analysis implies that in the presence of information asymmetry reinsurance 

companies are likely to respond to unexpectedly high claims from primary insurers by 

increasing their share of ceded premiums for different quantities of reinsurance. This can be 

done in two main ways: first, the primary insurer can select from a schedule of different 

coverage levels at given rates of reinsurance (ceded) premium that best reflects their risk 

exposure; second, the reinsurer can fix the quantity and total price of reinsurance after 

auditing the primary insurer’s underwriting and claims settlement systems (e.g., see Pauly, 

1974, p60). However, the effectiveness of loss-sensitive premium rating based on 

reinsurers’ auditing and monitoring of primary insurers’ claims settlement systems to some 

degree depends on market factors such as the price elasticity of demand for reinsurance 

and the ability of primary insurers to vary their total purchases of reinsurance by 

approaching other suppliers. As noted earlier, the auditing and monitoring of primary 

insurers’ business systems can also be costly for reinsurance companies. Reinsurers are 

therefore only likely to engage in auditing/monitoring and claims-contingent pricing to 

influence future claims experience if the marginal benefits of doing so are likely to be 

greater than the marginal costs (Doherty and Smetters, 2005). This is likely to be the case 

in multi-period reinsurance treaties because of the information cost savings that can be 

obtained by reinsurers from learning about primary insurers’ risk profiles and the quality of 
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their underwriting and claims management systems over the long-term (Jean-Baptiste and 

Santomero, 2000). As a result, if reinsurers implement claims-contingent pricing we would 

expect gross insurance claims to be exogenous and positively related to the price of 

reinsurance. Therefore, we hypothesize that: 

 

H3: Other things being equal, primary insurers with high gross claims will have 

higher reinsurance premiums than primary insurers with low gross claims.  

 

Kiln (1991), McIsaac and Babbel (1995), Jean-Baptiste and Santomero (2000), among 

others, report that reinsurance companies often provide primary insurers with ceding 

(reinsurance) commissions. Ceding commissions seek to compensate primary insurers for 

new business costs incurred such as policy set-up costs and sales commissions paid to 

brokers. However, reinsurance treaties frequently allow reinsurance companies to make 

loss-dependent adjustments to ceding commissions as an equivalent to ex-post claims-

contingent pricing (Jean-Baptiste and Santomero, 2000, p276). This penalty/rebate facility 

of ceding commissions is essentially a contracting mechanism designed to improve the 

efficiency of risk sharing between the primary insurer and the reinsurance company. As a 

result, the sliding scale of ceding commission performs an observable reinsurance pricing 

mechanism such that the “ . . . use of sliding-scale (reinsurance) commission rates provides 

a means whereby a treaty reinsurer … can automatically reward a ceding company that 

uses its skill to write a profitable account, and conversely penalize a cedant for a bad loss 

experience” (Carter, 1995, p. 233). Smith and Stutzer (1990, 1995) argue that 

participatory rights-type contracts (like loss-sensitive commission arrangements in 

reinsurance) also serve as a self-selection device for mitigating adverse selection and moral 

hazard problems. Therefore, allowing ceding commission adjustments to act as a form of 

claims-contingent pricing means that a primary insurer’s claims experience will influence the 
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level of outwards reinsurance premium paid over to the reinsurer in subsequent periods. 

That is, reinsurance pricing in a given year will be influenced by past claims experience. 

Therefore, we hypothesize that:  

  

H4: Other things being equal, primary insurers with high gross claims will have 

higher reinsurance premiums ex-post than primary insurers with low gross claims. 

 

B. Firm-Specific Factors 

In this section we consider two important firm-specific factors – firm size and 

external/internal reinsurance - that can influence the claims experience and reinsurance 

decisions of primary insurers. 

 

1. Firm Size 

The level of reinsurance (and hence the relative importance of ceding commission) can vary 

with the size of primary insurance writers. For example, Adams (1996) argues that because 

of their limited capacity to underwrite risk, small primary insurance writers are likely to use 

proportionately more reinsurance than large primary insurance firms. Ceding commissions 

received at the commencement of reinsurance treaties can also help small primary insurers 

to mitigate the (non-trivial) costs of underwriting new business (e.g., in terms of the sales 

commissions paid to agents and brokers). Ex-post adjustments to ceding commission could 

therefore have relatively greater importance in influencing the underwriting activities of 

small rather than large primary insurance writers. Indeed, large primary insurers are better 

able to spread underwriting risks over a larger portfolio of assets than small primary 

insurers. Additionally, Mayers and Smith (1981, 1986, 1990) contend that the managers of 

small primary insurers are likely to impose more restrictions on underwriting activities 

compared with their counterparts in larger primary insurance firms and as such, have 
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relatively lower claims. This is because moral hazard effects (i.e., the probability and 

severity of the expected value of aggregate and average losses) are likely to be increasing 

in the quantum value of the insurance fund (Lee and Ligon, 2001; Eisenhauer, 2004). We 

thus control for firm size (denoted by the variable label S) in our analysis. 

 

Firm size can also influence the quality of product design. For example, the managers of 

large primary insurance firms may seek to capture increased market share by offering 

better value-added insurance products and services (e.g., improved claims handling, 

courtesy cars, emergency assistance cover, and so on). They can realize product quality 

gains and increase their customer-base by spreading the costs of insurance policy options 

across a large portfolio of product offerings.  

 

2. Internal/External Reinsurance 

Reinsurance can be transacted internally within large conglomerate insurance groups as well 

as externally with other primary insurers, specialist reinsurance companies and reinsurance 

markets such as Lloyd’s of London and Bermuda15. There are at least three main reasons 

why group primary insurance writers might wish to reinsure internally. First, because of 

factors such as the use of shared information systems and personnel, information 

asymmetries are likely to be less severe (costly) with internal group reinsurance than they 

would be in external reinsurance transactions (e.g., see Myers and Majluf, 1984; Gertner, 

Scharfstein and Stein, 1994; Bond and Crocker, 1997; Powell and Sommer, 2005). Second, 

internal group reinsurance can further be likened to an internal capital market with 

transactions taking place between a consumer (the primary insurer) and the supplier (the 

reinsurance subsidiary). In these circumstances, Gertner et al. (1994) argue that not only is 

adverse selection reduced (e.g., because both consumer and supplier share the same 

information systems) but moral hazard can also be substantially alleviated. This is because 
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managers can efficiently monitor the internal redeployment of assets (e.g., because they 

are close to the transaction) and they can be motivated to engage in sound monitoring and 

verification procedures (e.g., because they can realize positive pay-offs under internal 

managerial incentive and bonus plans). Third, intra-group reinsurance can provide 

managers with opportunities for tax minimization (e.g., through the use of transfer pricing 

and tax arbitrage, e.g., see Garven and Loubergé, 1996). 

 

On the other hand, internal capital markets are not necessarily more efficient than external 

ones (Shin and Stulz, 1998), so that intra-group reinsurance may not be effective in 

controlling information asymmetries compared with external reinsurance. For example, 

reinsurance pricing may not reflect expected/actual claims experience under intra-group 

reinsurance treaties because the objective of such arrangements could be the management 

of annual earnings and/or optimization of the group tax position in order to influence share 

price performance (e.g., see Adiel, 1996; Garven and Loubergé, 1996; Gramlich, 

Limpaphayom and Ghon Rhee, 2004; Adams, Hardwick and Zou, 2007)16. Moreover, the 

absence of a proper market mechanism and the lack of external scrutiny, together with the 

existence of other potentially conflicting and managerial objectives (such as earnings 

management or inter-divisional funds transfers, as posited by Scharfstein and Stein, 2000) 

may mean that intra-group internal reinsurance prices are not linked closely to actuarially 

fair rates. Additionally, unlike internal reinsurance, external reinsurance invariably involves 

the services of reinsurance brokers that can help to mitigate information asymmetry 

problems through their screening and client management operations (Carter, 1995; 

Cummins and Doherty, 2006). Thus to mitigate information asymmetry problems in  

external reinsurance markets, reinsurance brokers often employ ratings to grade primary 

insurers according to criteria such as underwriting competence, solvency, and claims 

management ability (Aase, 2002, p. 78). External reinsurance can have other advantages 
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over internal reinsurance. For example, external reinsurance can have risk diversification 

benefits for a primary insurer, which may be important if the insurance group as a whole 

has a high probability of bankruptcy. In addition, external reinsurance arrangements enable 

the primary insurer to access the knowledge and advice of specialist reinsurers as well as 

brokers17.  

 

In addition to the absence of a market mechanism, much less is commonly known about the 

terms and conditions of reinsurance contracts placed internally, not least because regulators 

may not require primary insurers to reveal details of intra-group reinsurance (Carter and 

Lucas, 2004). Thus insurers registered in the UK have only been required to disclose the 

identity of their major treaty and facultative reinsurers since 199718, and even then the 

details are not available by line of business. Furthermore, UK insurers were not required to 

report external and intra-group reinsurance details separately over the sample period 1985 

to 2003. In order to capture the differential impact of possible internal reinsurance, we 

construct a dichotomous variable (group), which indicates if the insurer is a member of a 

group of companies that include other UK or international insurance companies. We expect 

that, other things being equal, ex-post adjustments in reinsurance prices will be higher in 

companies which are not part of such groups (and which therefore have to rely more on 

external reinsurance) than for primary insurers which are part of national and international 

conglomerates19.  

 

II. Research Design 

 

In this section of the paper we outline the models employed, define our variables and 

provide a description of the data used. Chiappori (2000a, 2000b) notes the need to 

empirically estimate asymmetric information using dynamic (panel) data (e.g., to account 



 17  

for time-effects such as past claims experiences and changes in market conditions) and 

employ econometric procedures that distinguish the effects of unanticipated adverse 

selection and moral hazard, and avoid potential misspecification (e.g., due to non-linearity). 

The estimation procedures used in our study help to control for these econometric issues. 

 

A. Models for Testing Informational Asymmetry in Reinsurance  

 

(1) The link between gross claims and the quantity of reinsurance 

The basic model for exploring the link between gross claims by line and the quantity of 

outwards reinsurance purchased (ceded) in that business line is given by: 

 

Qit = αQi,t-1 + βX Xit + βP Pit + βS Si,t-1 + βg groupi,t + βy yearit + (ηi+εit)       (1) 

for 1,2, …, Nt  and  t = 1986, 1987, …., 2003      

 

where Qit is the quantity of reinsurance for primary insurer i in year t, measured by the 

percentage share of gross incurred (and reported) claims (by line) reinsured in the financial 

year (so that 0 ≤ Qit ≤ 100); Xit > 0 is real gross incurred claims (by line) in year t as a 

percentage of real total assets (at the start of year t) 20; Pit > 0 is the natural logarithm of 

real gross premium earned by line of business; Si,t-1 > 0  is a firm size variable measured by 

the natural logarithm of real total assets (all lines) at the start of year t; groupit is a 

dichotomous variable which equals unity if the insurer is a member of a group of companies 

which include other UK or international insurance companies and zero otherwise, and yearit 

represents a series of year dummies. In practice, the estimation of Equation (1) allows for a 

differential impact of gross claims Xit on the quantity of reinsurance Qit between primary 

insurers, which are members of conglomerate insurance groups and those that are not by 

interacting Xit with groupit. Equation (1) also has two stochastic disturbance terms: ηi 
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captures the firm-specific time-invariant effects, which allow for heterogeneity in the means 

of Qit across primary insurers, while εit is a standard disturbance term. Positive and 

statistically significant values of the parameter βX would provide evidence for the existence 

of information asymmetries in the market for reinsurance.  

 

The model for determining the quantity of reinsurance is specified as first-order 

autoregressive for two main reasons. First, the formation of reinsurance contracts is likely 

to change slowly over time, particularly since many reinsurance treaties are, as noted 

earlier, likely to be multi-year ones. Second, even if the term αQi,t-1 were to be omitted, the 

standard disturbance term εit could itself be autoregressive. Although the firm size variable 

Si,t-1 and year dummies are taken to be strictly exogenous, the other dependent variables in 

Equation (1) are likely to be endogenous. In the case of the lagged variable, Qi,t-1, 

endogeneity stems directly from its correlation with the firm-specific disturbance ηi. In the 

case of premium volume by business line, Pit, an accepted role of reinsurance is to assist the 

primary insurer in expanding business volumes via an improved ability to accept larger 

individual and accumulated risks, and also by improving the primary insurer’s capital base 

(Carter and Lucas, 2004, p14). In the case of gross claims Xit, the existence of an 

endogenous relation will depend on whether moral hazard exists in the purchase of 

reinsurance – since the primary insurer’s claims experience would then be influenced by the 

scope of its reinsurance coverage (so that Xit would be correlated with εit). On the other 

hand, Xit is more likely to be exogenous if adverse selection is the main source of 

information asymmetries. Indeed, it is plausible that the management of primary insurers 

with (unobservable) high risk portfolios simply purchase more reinsurance coverage in an 

ill-informed reinsurance market. Additionally, the managers of primary insurers who are 

averse to risk volatility in their loss portfolios will increase their quantity of purchased 
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reinsurance in order to alleviate the variability of future cash flows, reduce the costs of 

financial distress, and maximize the traded value of the firm (Doherty and Smetters, 2005). 

 

Equation (1) can be estimated using the so-called robust two-step ‘system GMM’ developed 

by Blundell and Bond (1998), which uses an expanded set of instrumental variables to deal 

with the problem of endogenous variables. The system GMM estimator has been shown to 

be superior to the Arellano and Bond (1991) ‘difference’ estimator particularly when there is 

persistence in the endogenous series (for further details see Bond, 2002). The GMM 

framework estimates the equations after first-differencing to remove the firm-specific 

disturbance terms. Under the assumption that εit are serially uncorrelated21, values of the 

dependent variable and any endogenous explanatory variables lagged by two or more time 

periods may be used as instrumental variables for the differenced endogenous variables. 

Since Sit-1 is strictly exogenous, its complete time series will also provide valid instrumental 

variables. The distinctive feature of the ‘system’ GMM methodology22 arises from the 

adoption of additional instruments generated by the orthogonality between suitably lagged 

differences in strictly exogenous and predetermined variables and ηi, plus the fact that (Qit-1 - 

Qit-2) is a good instrument for Qit-1. The validity (i.e., exogeneity) of the instrument set can 

then be tested using standard GMM Sargan or Hansen tests of over-identifying restrictions. 

The null hypothesis of no misspecification is rejected if the computed Sargan value is large 

in comparison with the chi-squared (χ2) statistic where the degrees of freedom are given by 

the difference between the number of moment conditions and the number of parameters. 

Sargan-difference (or ‘C’) tests can also be conducted to check the validity of the additional 

instruments in the ‘system’ GMM model (in comparison with the Arellano and Bond (1991) 

‘difference’ estimator - see Bond, 2002). 
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A particular strength of the GMM methodology is that the orthogonality of a subset of the 

over-identified instruments can be tested empirically in order to distinguish between moral 

hazard and adverse selection in the relation between Qit and Xit. Under conditions of no 

moral hazard, the strict exogeneity of Xit*groupit and/or Xit*(1-groupit) implies extra moment 

conditions (for the same number of parameters and for an otherwise identical instrument 

set) in comparison with the moral hazard case when Xit is endogenous. The stronger 

assumption of strict exogeneity of Xit*groupit and/or Xit*(1-groupit) will be in doubt if the 

extra moment conditions do not meet the required orthogonality requirements (Bond, 2002; 

Baum, Schaffer and Stillman, 2003). This can be explored using the Sargan-difference test: 

the null hypothesis of no moral hazard will then be rejected in favor of moral hazard if the 

difference Sargan[no MH]-Sargan[MH] is large23 (in comparison with the χ2 statistic with 

one or two degrees of freedom).   

 

(2) The link between the price of reinsurance and claims experience 

The link between the price of reinsurance24 Π it and the primary insurer’s claims experience 

Xit is modelled in the first instance using the following Heckman two-step selection model: 

 

Π it observed if Zitγ + ε2it > 0                         (2) 

 

(where Zit is a vector of strictly exogenous variables), and the main regression equation is:  

 

Π it = α1 Π it-1 + α2 Π it-2 + βX0 Xit + βX1 Xit-1 + βQ Qit + βS Si,t-1 + βλ λ it +  βg groupi,t + βyyearit + (ηi+ε3it)    

(3) 

for 1,2, …, Nt  and  t = 1987, …., 2003  when Πit is observed. 

 



 21  

where Π it is the price of reinsurance for the business line paid by primary insurer i in year t, 

measured by the ratio of reinsured premiums earned (less reinsurance commissions 

received25) to the value of claims incurred recovered from reinsurers (by business line) and 

λ it is the inverse-Mills ratio generated from the selection equation26. As before, the 

estimation of Equation (3) allows for a differential impact of gross claims Xit on the quantity 

of reinsurance Π it between primary insurers that are members of conglomerate insurance 

groups and those which are not - by interacting Xit with the dichotomous variable groupit. 

 

The selection equation (2) is required because Πit is observed if the primary insurer has 

positive reinsured claims, which in turn will only arise if the primary insurer’s managers 

have purchased sufficiently high reinsurance coverage to be able to make positive claims 

recoveries under its various reinsurance contracts (e.g., see also Doherty and Smetters, 

2005). The strictly exogenous variables Zit represent the standard factors that affect a 

corporation’s purchase of insurance and reinsurance27. The existing research on the 

corporate demand for reinsurance28 suggests that mutual insurers and ones which are part 

of conglomerate group are more likely to purchase reinsurance, as are small primary 

insurers and companies with a higher default risk (characterised by weak solvency, poor 

profitability, high leverage, and low liquidity). The impact of firm specialization on 

reinsurance is, however, ambiguous: on the one hand, insurers with a high proportion of 

their gross business concentrated in one business line are less diversified and may demand 

reinsurance to spread risk. On the other hand, firms with less experience of particular 

business lines are likely to rely on their reinsurers’ information and risk management 

experience (Mayers and Smith, 1990). Finally it is anticipated that primary insurers which 

specialize in long-tailed business within a given business line (i.e., where there is a longer 

average delay in settling claims – as for example, in liability cases) will be exposed to 

increased levels of uncertainty about the total claims amount as well as financial risks 
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arising from volatile interest and exchange rates and unexpectedly early claims settlements. 

Therefore, the management of these primary insurers are likely to want additional 

reinsurance coverage to mitigate such financial risks. 

 

Regression equation (3) is modelled as a second-order autoregressive in order to allow for 

the smoothing effects of multi-year reinsurance contracts and the possibility of cyclical 

behavior in reinsurance prices (Meier and Outreville, 2003)29. Clearly the primary insurer’s 

gross claims experience (which is always positive) and reinsurance quantity are both likely 

to be endogenous.  

 

The definition of the price of reinsurance Π it is based on the standard approximation of 

insurance prices as the ratio of reinsured premiums written to reinsured claims incurred 

(e.g., see Geehan, 1977; Doherty and Smetters, 2005) after allowing for the receipt by the 

primary insurer of reinsurance commissions. It is critically important to deduct ceding 

commissions received from the (outwards) reinsurance premiums paid in the numerator of 

Π it as reinsurers may increase the level of ceding commission ex-post as a means of 

rewarding good claims experience in addition to reducing the (outwards) reinsurance 

premium30.  

 

The selection equation (2) is estimated using a probit model on the full-pooled sample using 

all the strictly exogenous variables as suggested in Wooldridge (2002, pp. 568-570). The 

main regression equation (3) is then estimated using the Blundell and Bond (1998) robust 

two-step ‘system GMM’ and Arellano and Bond (1991) ‘difference GMM’ methodology on the 

restricted sample when Π it is observed, with the inverse-Mills ratio generated from the 

selection equation (λit) included as a strictly exogenous variable31. As before, Sargan-

difference tests can be used to test the appropriateness of the additional instruments in the 
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‘system GMM’ estimation (in comparison with the ‘difference GMM’), and also to test for the 

potential endogeneity of the gross claims variables.  

 

The model in equation (3) thus provides two types of evidence for the existence of 

information asymmetries in the market for reinsurance. In the first place, statistically 

significant and positive coefficients on the gross claims variables Xit  and Xit-1 (when 

interacted with groupit) confirm the presence of claims-contingent pricing. Second, any 

endogeneity of Xit*groupit and/or Xit*(1-groupit) revealed by the Sargan-difference tests 

suggests that reinsurance prices are influencing the primary insurers’ contemporaneous 

gross claims experience. Thus positive and statistically significant claims coefficients in 

combination with endogeneity of gross claims indicates that reinsurers use claims-

contingent pricing and that this produces an incentive for the managers of primary insurers 

to control (and reduce) claims. On the other hand, evidence of the endogeneity of claims 

but without statistically significant claims coefficients suggests that reinsurers are using 

prices to influence the primary insurers’ current claims, but that this is via information 

gleaned from other sources such as monitoring rather than feedback from previous or 

current claims.  

 

B. Data 

The estimation is conducted on an (unbalanced) panel data basis, for the 19 years between 

1985 and 2003, for each of the following five main lines of United Kingdom (UK) property-

liability insurance company business using loss event-year accounted data: accident & 

health, miscellaneous & pecuniary loss, motor, property, and third party liability. These lines 

of business represent the main insurance classes reinsured by UK primary insurance 

writers32. Data were obtained from the regulatory returns submitted annually to the 

insurance industry regulator, the Financial Services Authority (FSA), by UK-licensed 
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property-liability insurance companies. Our sample was taken from the Synthesys Non-Life 

database (version 3.73s) published by Standard & Poor’s (2004) and represents the earliest 

and latest years for which complete data were available at the time the study was carried 

out.33 Companies were included in the analysis if the following variables were strictly 

positive: total assets, gross earned premiums receivable (all lines), and gross earned 

premiums and gross incurred claims by line. However, as in prior research (e.g., Doherty 

and Smetters, 2005) our data set is restricted to primary insurer data - so that relevant 

reinsurance contract information had to be inferred rather than treated explicitly. To ensure 

inter-temporal comparability of figures the financial data were deflated by the UK GDP 

deflator index (Office for National Statistics, 2003). 

 

Table I shows the maximum number of primary insurers included in each unbalanced panel 

for the years 1985 to 200334. Over the period 1985 to 2003, the table shows that there 

were between 55 and 124 companies represented in the sample in each year, although this 

varies by business line. The gradual decline in the number of companies in most lines of 

insurance since the mid-1990s reflects consolidation in the five market segments examined. 

The last row-line of the table illustrates the overall percentage of companies which 

purchased enough reinsurance coverage to have positive reinsured incurred claims: over 

the 19 years across all lines, three-quarters of the companies purchased sufficient 

reinsurance for Π it to be observed. 

 

Table I about here 

 

 

III. Main Results 
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(1) The link between gross claims and the quantity of reinsurance 

The first set of tables in the Appendix reports the results of the GMM estimation of Equation 

(1) for the five lines of property-liability insurance. The model explores the direct evidence 

for any unanticipated adverse selection and/or moral hazard by looking for a link between 

the primary insurer’s contemporaneous gross claims Xit (when interacted with the groupit 

variable) and the quantity of reinsurance purchased. Information asymmetry is 

unanticipated in the sense that any evidence is observed in spite of actions (such as 

monitoring and/or pricing incentives) taken by reinsurers to reduce it. The Appendix shows 

the results for four main models (each of which is estimated using the system- and 

difference-GMM methods):  

• Columns 1 & 2: both Xit*groupit and Xit*(1-groupit) are treated as exogenous. Significant 

and positive coefficients for the claims variables would indicate evidence of adverse 

selection so long as the ‘Non-MH both X test Chi2(2)’ test statistic was small. 

• Columns 3 & 4: Xit*groupit is treated as exogenous but Xit*(1-groupit) as endogenous. A 

large value for the test statistic ‘Non-MH X*group test Chi2(1)’ suggests that moral 

hazard might be present for group companies.  

• Columns 5 & 6: Xit*groupit now treated as endogenous and Xit*(1-groupit) as exogenous. 

A large value for the test statistic ‘Non-MH X*(1-group) test Chi2(1)’ suggests that 

moral hazard might be present for non-group companies.  

• Columns 7 & 8: Columns 3 & 4: both Xit*groupit and Xit*(1-groupit) are treated as 

endogenous. This is appropriate if the ‘Non-MH both X test Chi2(2)’ test statistic is large.  

 

Table II about here 

 

The main indicator for adverse selection lies in a statistically significant and positive 

coefficient for the gross claims variable Xit when interacted with the groupit variable. This 
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may be combined with moral hazard if the claims variables fail the ‘no-MH’ exogeneity 

Sargan-difference tests.  

 

The results of the link between gross claims and reinsurance purchases are summarized in 

Table II. No statistically significant evidence of any unanticipated adverse selection or moral 

hazard was found for accident & health and property business lines, indicating either that 

there were no appreciable information asymmetry issues in these reinsurance markets35 or 

that the monitoring and/or price adjustment incentive systems provide an effective control.  

 

In the case of miscellaneous & pecuniary insurance, the significant chi-squared Sargan-

difference statistics (at the 1% and 5% levels, 2-tail) indicate the possible presence of 

unanticipated moral hazard (particularly for group companies) but there is no evidence of 

adverse selection. One reason why unanticipated moral hazard may be more acute in group 

primary insurance companies for miscellaneous & pecuniary insurance is that managers 

may be induced to take less care because the penalties for reckless behavior (e.g., loss of 

reputation) could be less punitive in intra-group settings than they would be under open 

market conditions.  In the case of motor and third party liability business lines, the positive 

coefficients for Xit*groupit (significant at the 1% level for motor insurance and 10% level for 

third party insurance, both 2-tail) indicate the presence of unanticipated adverse selection 

problems36; however, there is no evidence of unanticipated moral hazard. This could 

indicate that in motor and third party liability lines of insurance, primary insurers are 

selectively reinsuring potentially hazardous (i.e., low quality risk) tranches of business 

within insurance lines (e.g., selectively reinsuring motor insurance policies taken out by 

young and/or reckless drivers)37. On the other hand, reinsurers may be motivated to take 

on such business because they can charge a higher profit margin than average, and spread 

such risks either internally (e.g., across shareholders’ funds) or by retroceding part of the 
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assumed risk through the international reinsurance market. The evidence presented here, 

however, suggests that at the point of exchange between the primary insurer and the 

reinsurer such potentially high risks are not being efficiently/effectively priced by reinsurers 

(e.g., possibly due to information asymmetry). 

 

(2) The link between the price of reinsurance and claims experience 

The second and third sets of tables in the Appendix report the results of the GMM estimation 

for Equations (2) and (3) in the five lines of property-liability insurance. The models explore 

(indirect) evidence for adverse selection and/or moral hazard by testing for a link between 

the primary insurer’s contemporaneous gross claims Xit (when interacted with the groupit 

variable) and the price of reinsurance Π it.  

 

As before, evidence of information asymmetries can be deduced from the sign, statistical 

significance, and exogeneity of the claims variables. Statistically significant and positive 

coefficients of the variables Xit*groupit and Xit*(1-groupit) and/or their lagged values imply 

that reinsurers have implemented claims-contingent pricing to link reinsurance prices to 

current and/or lagged gross claims. Significant values of the Sargan-difference statistics 

indicate that the claims variables are not exogenous – suggesting that the 

contemporaneous values of gross claims are affected in some way by current reinsurance 

prices. Thus, statistically significant values of the claims variable coefficients combined with 

large Sargan-difference statistics would mean that claims-contingent reinsurance pricing is 

effective in influencing the level of primary insurers’ claims. On the other hand, insignificant 

coefficients of the Xit variables in conjunction with large Sargan-difference statistics mean 

that reinsurance prices influence claims, but the price-induced incentives arise from sources 

other than current or previous gross claims (such as evidence on underwriting and/or claims 

management practices obtained via active but unobservable monitoring by reinsurers). 



 28  

 

Table III reviews the results of the probit selection equation (2), which explains the 

probability that the primary insurer will have sufficient reinsurance coverage to make 

positive reinsured claims in the year (so that the reinsurance price Π it is observed). 

 

Table III about here 

 

The table provides some confirmation of expected results and some surprises. Viewed 

across all five business lines, there is consistent evidence to suggest that, as predicted by 

Mayers and Smith (1990), primary insurers which are members of conglomerate groups are 

more likely to have reinsurance and/or report higher reinsured claims than predicted.  As 

expected, primary insurers with a high proportion of long-tailed (liability) business are more 

likely to utilize reinsurance (which may include so-called finite or financial reinsurance), and 

a high concentration in a particular business line also has a positive impact on claims 

experience (at the 1% level, 2-tail)38. Additionally, the firm size variable has a consistently 

positive and significant coefficient (at the 1% level, 2-tail), indicating that large primary 

insurers are more likely to claim against their reinsurers. This observation could be 

explained by the fact that large primary insurers are more likely to be members of 

conglomerate groups than single entity primary insurance companies. 

 

Table IV about here 

 

The results of the link between gross claims and reinsurance prices are summarized in Table 

IV, which focuses exclusively on the second-order autoregressive GMM estimates of Π it in 

Equation (3). The striking feature of the table is that none of the claims variables (neither 

current nor lagged gross claims) are statistically significant, indicating that claims-
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contingent pricing is not important for either group or non-group primary insurers. Jean-

Baptiste and Santomero (2000, p286) suggest three possible explanations for these 

observations. First, claims-contingent pricing may not be tax efficient (e.g., reinsurance 

commission rebates can increase period tax liabilities by increasing the reported annual 

earnings of primary insurers). Second, claims-contingent pricing might exacerbate the 

likelihood and timing of insolvency risk in cases where primary insurers’ levels of capital are 

low. Third, claims-contingent pricing might not be effective because the quantum of some 

(i.e., long-tail) claims is not known with certainty at the end of the accounting period (as is 

often the case in liability claims). On the other hand, the exogeneity tests indicate that 

contemporaneous gross claims are directly influenced by reinsurance prices in all lines of 

business except accident & health: that is, in miscellaneous & pecuniary, motor and 

property lines for group companies, and property and third party liability business for non-

group companies39. These results indicate that primary insurers may be recouping the costs 

of reinsurance by inflating and/or not challenging claims incurred that are (wholly or in 

part) recoverable under reinsurance treaties. This suggests that more active loss adjusting 

(cost control) by reinsurers may be warranted. 

 

(3) Evidence of information asymmetries in UK reinsurance markets 

Table V summarizes the evidence on the existence of potential unanticipated adverse 

selection and moral hazard in the UK’s property-liability insurance market. 

 

Table V about here 

 

The results in Table V provide a strong argument for the role of the market pricing 

mechanism in controlling information asymmetry, since most of the problems appear to 

arise in primary insurers which are members of conglomerate groups. Such primary insurers 
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have the opportunity to utilize internal reinsurance markets, where prices need not be 

closely aligned to risk or be affected by competitive processes, and where there is a relative 

lack of external and regulatory scrutiny of reinsurance transactions (Powell and Sommer, 

2005). It is revealing that the three business lines displaying evidence of unanticipated 

information asymmetry problems in conglomerates in Table II (namely miscellaneous & 

pecuniary, property, and third party liability business) are the same lines that indicate the 

presence of an endogenous feedback relation from reinsurance price to gross claims. These 

findings suggest that the unanticipated information asymmetry issues arising in primary 

insurers which are members of conglomerate groups could be ameliorated by a refinement 

in the pricing mechanism. This could be done either by linking the reinsurance price more 

closely to claims costs (i.e., improved underwriting) and/or to current or previous claims, or 

by simply using price to ration the amount of reinsurance purchased (and therefore 

increasing the level of the primary insurer’s retained risk). At present, group primary 

insurers appear to have excess reinsurance cover (that is paid for at lower-than-average 

premium rates), suggesting that factors other than risk management (e.g., tax 

management, divisional rent-seeking) might motivate the managerial decision to reinsure 

internally in conglomerate insurance groups40. Furthermore, to the extent that risk retention 

is the most obvious solution to both adverse selection and moral hazard, it appears that 

‘over-reinsurance’ in group primary insurers could in fact induce information asymmetry 

problems. 

 

The analysis of information asymmetry problems in reinsurance contracts line by line 

suggests the following: 

 

• Accident & Health: Any information asymmetry problems appear to be under control, 

although not via the reinsurance pricing incentives but more likely as a result of sound 
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contractual design and effective monitoring by reinsurance companies. The managers of 

international reinsurance companies may also be in a position to better control 

prospective information asymmetry problems as a result of their longstanding 

experience and scale economies in the specialized writing and pricing of accident & 

health risks in other jurisdictions such as the US. 

• Miscellaneous & Pecuniary: Evidence of unanticipated moral hazard appears to be a 

significant issue in corporate groups, in a market where the reinsurance coverage 

purchased by group insurers is increasing. This could reflect the possibility that the costs 

of moral hazard (e.g., loss of market reputation) do not offset the benefits of savings in 

transactions costs in intra-group trading compared with what they would be under open 

market conditions. Although reinsurance prices do influence gross claims for group 

companies, the impact is not strong enough to control the moral hazard problem. The 

evidence suggests that reinsurance managers should require their group companies to 

retain more risk (perhaps by increasing prices) in order to reduce the incentives for 

moral hazard. Intra-group reinsurance contracts might also need better monitoring and 

a closer link between monitoring and/or claims with reinsurance prices.  

• Motor: Adverse selection appears to be a significant problem, particularly in corporate 

groups, and is only partially controlled by reinsurance prices. This is reinforced by the 

fact that, while group and non-group insurance companies pay very similar reinsurance 

prices, group companies purchase substantially higher quantities of reinsurance. 

Therefore, group primary insurers may need to improve their motor insurance 

underwriting standards. As noted earlier, this could indicate that other strategic and 

operational objectives in primary insurers (e.g., tax management) are more important 

to managers than efficient (actuarially fair) reinsurance pricing. 
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• Property: There is no evidence of unanticipated information asymmetry problems. This 

suggests that reinsurers’ contract design processes, their monitoring and pricing 

incentives work optimally in this line of insurance business. 

• Third Party Liability: Adverse selection appears to be a problem, particularly in 

corporate groups, and that it is not controlled by reinsurance prices. Group primary 

insurers may need to improve their liability underwriting standards and group reinsurers 

may have to provide better intra-group pricing-related incentives. However, as with 

motor reinsurance, intra-group pricing efficiency in this line of insurance business may 

not be a strategic and operational priority. The information asymmetry problems in this 

line of business might be expected to make the business unattractive, except for the 

common practice of packaging third party liability insurance with household and 

commercial property insurance41.  

 

 

IV. Conclusions 

 

In this study we utilize dynamic GMM estimation with a panel data design (1985-2003) to 

test empirically for information asymmetries (unanticipated adverse selection and moral 

hazard) in five key segments of the UK property-liability reinsurance market, namely 

accident & health, miscellaneous & pecuniary, motor, property, and third party liability 

insurance. Our research design helps us to distinguish between adverse selection and moral 

hazard effects and so represents an advance on prior studies. We find that unanticipated 

adverse selection exists in motor and third party insurance, particularly in group insurance 

companies, while moral hazard is present for miscellaneous & pecuniary insurance, again in 

primary insurers that are members of conglomerate insurance groups. However, in other 

cases (and in external reinsurance arrangements) reinsurance pricing reduces information 
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asymmetries by incorporating evidence on underwriting and/or claims management 

practices obtained via active but unobservable monitoring. We also find that the price of 

reinsurance influences gross claims (probably via the demand/quantity of reinsurance) and 

that, on average, group primary insurers tend to have lower reinsurance premiums (prices) 

than non-group primary insurance writers. Therefore, it appears that reinsurance prices in 

group primary insurance companies may be set below desirable (i.e., actuarially fair) levels 

for operational and strategic reasons. One implication of this is that group primary insurers 

over-reinsure (i.e., they have greater than optimal levels of reinsurance coverage), which 

consequently induces adverse selection and/or moral hazard effects. 

 

We conclude that, contrary to expectations, intra-group reinsurance treaties may need a 

higher level of transparency (than is currently provided under the UK regulatory regime), 

better monitoring and more effective claims control through loss-sensitive/contingent claims 

pricing. Our results thus suggest that the closer monitoring of intra-group reinsurance may 

not necessarily be a more effective control of the information asymmetry problem than 

external reinsurance solutions (such as the use of reinsurance brokers and risk-related 

pricing). Furthermore, it is plausible that as with reinsurance pricing, increasing the volume 

of intra-group reinsurance could be made for strategic and operational reasons other than 

risk reduction – for example, annual earnings management and/or group tax optimization. 

We believe that our study could help to stimulate further research on the effects of 

information asymmetries in other (re)insurance markets and possibly other areas of 

financial contracting such as the design of managerial incentive schemes. 
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Appendix: Tables of Results 

 

This shows three tables of results for each of the five lines of UK accident-year accounted 

insurance business over the period 1985 to 2003 (although the inclusion of lagged variables 

will reduce the number of observations). In the table, the notation L.Y denotes the lagged 

value of variable Y for insurer i (ie L.Y = Yi t-1). All real values are deflated using the UK GDP 

deflator index. 

 

The first table explores the contemporaneous link between the quantity of reinsurance Q as 

in Equation (1) and X = real gross incurred claims (as a percentage of real total assets at 

the start of the year). X is interacted with the group variable to explore the differential 

relation between Q and X between group and non-group member insurers. P is the natural 

logarithm of real gross premium earned by line and is treated as endogenous. The 

exogenous variables are L.S - the natural logarithm of real total assets (all lines) at the 

start of the year, and group (=1 if the insurer is a member of a group of companies which 

include other UK or international insurance companies; =0 otherwise). In the Moral Hazard 

model, X*group and X*(1-group) are included as GMM-style instruments as if they are 

endogenous, whereas in the Adverse Selection model, X*group and/or X*(1-group) are 

included as an IV-style instrument as if they were exogenous.  

 

The estimation uses the ‘difference’ and ‘system’ robust dynamic panel data GMM two-step 

method of Roodman (2005) with the ‘collapse’ sub-option to create one instrument for each 

variable and lag distance and with the Windmeijer finite-sample correction (Windmeijer, 

2005). The AR(1) and AR(2) z-statistics test the serial correlation properties of the level 

residuals εit in Equation (1): if these residuals are serially uncorrelated then the residuals 

from the first-differenced GMM model should have negative first-order autocorrelation (so 
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that AR(1) z should be significantly large and negative) and zero second-order 

autocorrelation (with insignificant AR(2)). The Sargan Chi-squared statistic tests the null 

hypothesis of no mis-specification of the instruments in the GMM estimation.  

 

The ‘Sys test Chi2’ reports the results of a Sargan-difference chi-squared test on the null 

hypothesis that the expanded set of ‘system’ moment conditions are valid (with ‘Sys test 

doff’ degrees of freedom). ‘Non-MH test Chi2(1)’ is a Sargan-difference chi-squared test 

(with one degree of freedom) for the validity of the instrument conditions obtained by 

specifying the current value of the variable Xit*groupit and/or Xit*(1-groupit) as exogenous 

‘IV style’ instruments: thus the null hypothesis of no moral hazard will be rejected if the 

statistic is large and positive.  

 

The second table estimates the Heckman probit selection model in Equation (2) on the 

pooled cross-section/time-series sample where the dependent variable takes value =1 if the 

price of reinsurance Π it is observed and zero otherwise. The inverse Mills ratio (λ it) is then 

computed for each observational unit, and included in Equation (3) to correct any possible 

selection bias. The explanatory variables are defined as follows: Mutual=1 if insurer has 

zero paid-up capital, 0 otherwise; group=1 if insurer is a member of a group which includes 

other UK or overseas insurers; S = natural logarithm of real total assets (all lines); longtail 

= % of claims incurred 5 year’s earlier that are still outstanding, by line; line share = gross 

premium by line as a % total premium; solvency = assets in excess of minimum solvency 

margin as % total admissible assets; gearing = borrowing from creditors (excluding 

technical provisions) as % total assets; liquidity = cash and deposits as % technical 

provisions (all lines); profitability = profit before tax and extraordinary items as % total 

gross earned premiums (all lines); total premiums = natural logarithm of real total gross 

earned premiums (all lines); US Treasury 5-yr yield = annual yield on US Treasury 5-year 
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securities (Federal Reserve Bank of New York), which represents the expected return on 

reinsurers’ international risk portfolios. All explanatory variables are lagged (except longtail 

and mutual) and are treated as exogenous. 

 

The third table explores the relation between the price of reinsurance Π it and claims 

variables X and L.X, as outlined in Equation (3), to examine if the reinsurance market 

implements a contract design which links current and lagged claims to current prices. As 

before, X is interacted with group and (1-group). As well as including X*group, L.[X*group], 

X*(1-group), and L.[X*(1-group)],  the model also controls for the quantity of reinsurance 

(Q) and the logarithm of real gross premiums by line (P) – both of which are treated as 

endogenous. The other explanatory variables Group, λ it and L.S are treated as exogenous. 

The estimation uses the ‘difference’ and ‘system’ robust dynamic panel data GMM two-step 

method of Roodman (2005) with the ‘collapse’ sub-option to create one instrument for each 

variable and lag distance, and with the Windmeijer finite-sample correction (Windmeijer, 

2005). The AR(1), AR(2), Sargan Chi2 and ‘Sys test Chi2’ statistics have the same 

interpretation as before. ‘X exogenous Chi2(k)’  are Sargan-difference chi-squared tests 

(with k degrees of freedom) for the validity of the instrument conditions obtained by 

specifying the current value of the variables Xit*groupit and/or Xit*(1-groupit) as exogenous 

‘IV style’ instruments to test the null that the current value of claims is exogenous: 

rejection of these hypotheses suggests that there is feedback between Π it and Xit (i.e., that 

the price of reinsurance has some influence on contemporaneous claims experience).  
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The link between gross claims X and the quantity of reinsurance Q 
Accident & Health, 1986-2003 

 
Difference and System Robust Dynamic Panel Data GMM Two-Step Estimates  

with Windmeijer finite-sample correction 
 
 

 
AS Diff, 
both X 

AS Sys, 
both X 

AS Diff, 
X*group 

AS Sys, 
X*group 

AS Diff, 
X*(1-group) 

AS Sys, 
X*(1-group) MH Diff MH Sys 

         

L. Q 0.416 0.701 0.365 0.645 0.399 0.667 0.401 0.625 

 [2.96]*** [6.94]*** [3.20]*** [7.47]*** [2.68]*** [7.24]*** [4.17]*** [7.93]*** 

group -3.843 3.775 -2.189 5.293 -3.675 1.903 -3.174 3.277 

 [0.36] [1.60] [0.17] [2.33]** [0.45] [0.80] [0.40] [1.41] 

[X*group] 0.149 -0.153 0.172 -0.216 0.343 0.175 0.246 0.099 

 [0.82] [1.21] [0.91] [1.82]* [1.08] [1.31] [1.01] [0.91] 

[X*(1-group)] 0.011 -0.141 0.045 -0.1 0.027 -0.076 0.108 0.075 

 [0.09] [1.37] [0.19] [1.33] [0.27] [0.83] [0.47] [0.58] 

P -3.842 1.604 -3.819 1.83 -1.901 0.729 -2.614 0.232 

 [0.97] [1.06] [1.23] [1.26] [0.55] [0.49] [0.85] [0.17] 

L. S -1.199 -2.044 -1.139 -2.457 -1.796 -0.991 -2.372 -0.818 

 [0.31] [1.43] [0.39] [1.84]* [0.50] [0.74] [0.75] [0.69] 

Observations 1382 1566 1382 1566 1382 1566 1382 1566 

Insurers (I) 153 163 153 163 153 163 153 163 

F test 1.31 8.73 1.26 6.71 3.02 10.12 2.71 8.6 

F doff, I-1 22 23 22 23 22 23 22 23 

Prob > F 0.17 0 0.21 0 0 0 0 0 

AR(1) z -3.22 -4.66 -3.32 -4.58 -2.99 -4.48 -3.63 -4.39 

AR(2) z -0.04 0.54 -0.15 0.49 -0.06 0.52 -0.07 0.47 

Sargan Chi2 46.41 41.67 54.17 51.13 55.55 54.66 60.71 70.48 

Sargan doff 32 34 47 50 47 50 62 66 

Prob > Chi2 0.05 0.17 0.22 0.43 0.18 0.30 0.52 0.33 

Sys test Chi2 -4.74  -3.03  -0.89  9.77** 

Sys test doff 2  3  3  4 

Non-MH both test Chi2(2)     1.70 1.98 

Non-MH X*group test Chi2(1)     0.50 4.30** 

Non-MH X*(1-group) test Chi2(1)     1.13 -0.14 

z statistics in brackets       

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail)    

Year dummies not reported. L denotes lag operator     
 

MH = Moral Hazard model, where X*group and X*(1-group) are included as GMM-style instruments as if they were 
endogenous 
AS = Adverse Selection model, where X*group and/or X*(1-group) are included as IV-style instruments as if it were 
exogenous 
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The link between gross claims X and the quantity of reinsurance Q 

Miscellaneous & Pecuniary, 1986-2003 
 

Difference and System Robust Dynamic Panel Data GMM Two-Step Estimates  
with Windmeijer finite-sample correction 

 
 

 1 2 3 4 5 6 7 8 

Dependent Q 
AS Diff, 
both X 

AS Sys, 
both X 

AS Diff, 
X*group 

AS Sys, 
X*group 

AS Diff,  
X*(1-group) 

AS Sys,  
X*(1-group) MH Diff MH Sys 

         

L. Q 0.46 0.505 0.43 0.493 0.418 0.463 0.391 0.471 

 [5.79]*** [8.93]*** [5.76]*** [9.25]*** [5.65]*** [8.76]*** [5.58]*** [9.33]*** 

group 3.042 6.78 7.937 6.423 4.137 10.399 6.42 10.284 

 [0.32] [2.45]** [1.06] [2.28]** [0.39] [3.42]*** [0.73] [3.64]*** 

[X*group] 0.256 0.167 0.152 0.124 0.057 -0.02 0.01 -0.036 

 [1.43] [1.70]* [1.62] [1.42] [0.53] [0.32] [0.10] [0.51] 

[X*(1-group)] 0.834 0.218 0.027 0.062 0.752 0.167 0.035 0.085 

 [4.33]*** [1.36] [0.18] [0.55] [3.46]*** [1.07] [0.19] [0.66] 

P -12.095 -2.814 -5.74 -1.802 -9.786 -2.504 -5.766 -1.956 

 [1.79]* [1.59] [1.56] [1.31] [1.59] [1.70]* [1.40] [1.53] 

L. S 5.739 1.41 -1.858 0.555 3.663 0.572 -1.583 0.005 

 [0.87] [1.05] [0.46] [0.52] [0.63] [0.50] [0.36] [0.01] 

Observations 1584 1795 1584 1795 1584 1795 1584 1795 

Insurers (I) 173 186 173 186 173 186 173 186 

F test 3.51 9.96 3.17 9.7 2.92 9.88 2.7 11.49 

F doff, I-1 22 23 22 23 22 23 22 23 

Prob > F 0 0 0 0 0 0 0 0 

AR(1) z -5.18 -6.14 -5.26 -6.06 -5.02 -5.88 -5.06 -5.92 

AR(2) z 0.32 0.45 0.38 0.44 0.25 0.38 0.31 0.43 

Sargan Chi2 35.41 35.74 49.88 46.78 45.84 49.81 64.48 61.78 

Sargan doff 32 34 47 50 47 50 62 66 

Prob > Chi2 0.31 0.39 0.36 0.6 0.52 0.48 0.39 0.62 

Sys test Chi2 0.33  -3.1  3.97  -2.69 

Sys test doff 2  3  3  4 

Non-MH both X test Chi2(2)     1.71 7.19** 

Non-MH X*group test Chi2(1)     2.06 7.28*** 

Non-MH X*(1-group) test Chi2(1)     1.92 -0.10 

z statistics in brackets       

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail)    

Year dummies not reported. L denotes lag operator     
 
 

MH = Moral Hazard model, where X*group and X*(1-group) are included as GMM-style instruments as if they 
were endogenous 
AS  = Adverse Selection model, where X*group and/or X*(1-group) are included as IV-style instruments as if it 
were exogenous 
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The link between gross claims X and the quantity of reinsurance Q 
Motor, 1986-2003 

 
Difference and System Robust Dynamic Panel Data GMM Two-Step Estimates  

with Windmeijer finite-sample correction 
 

 1 2 3 4 5 6 7 8 

Dependent Q 
AS Diff, 
both X 

AS Sys, both 
X 

AS Diff, 
X*group 

AS Sys, 
X*group 

AS Diff, 
X*(1-group) 

AS Sys, 
X*(1-group) MH Diff MH Sys 

         

L. Q 0.628 0.734 0.596 0.731 0.583 0.7 0.541 0.686 

 [5.80]*** [11.41]*** [5.95]*** [12.05]*** [5.18]*** [9.56]*** [5.10]*** [9.66]*** 

group -17.811 -3.81 -17.444 -3.803 -15.655 -1.388 -17.157 -2.085 

 [2.45]** [1.33] [1.77]* [1.25] [2.48]** [0.51] [1.71]* [0.65] 

[X*group] 0.234 0.23 0.256 0.295 0.067 0.116 0.093 0.162 

 [3.11]*** [3.42]*** [2.83]*** [2.75]*** [0.61] [1.64] [0.75] [2.00]** 

[X*(1-group)] 0.102 0.13 0.074 0.162 0.035 0.064 0.008 0.089 

 [0.69] [1.62] [0.63] [1.74]* [0.33] [1.09] [0.07] [1.24] 

P -5.672 -4.142 -6.236 -5.012 -4.256 -2.408 -5.141 -3.334 

 [1.80]* [2.66]*** [1.79]* [2.89]*** [1.71]* [2.16]** [1.47] [2.15]** 

L. S 5.656 4.056 5.44 5.011 2.447 2.05 1.577 2.948 

 [1.32] [2.37]** [1.47] [2.59]*** [0.74] [1.68]* [0.37] [1.82]* 

Observations 1126 1261 1126 1261 1126 1261 1126 1261 

Insurers (I) 122 129 122 129 122 129 122 129 

F test 3.48 23.67 2.94 21.79 3.95 17.35 3.05 15.34 

F doff, I-1 22 23 22 23 22 23 22 23 

Prob > F 0 0 0 0 0 0 0 0 

AR(1) z -3.37 -3.66 -3.3 -3.66 -3.24 -3.59 -3.19 -3.57 

AR(2) z -0.03 -0.03 -0.04 -0.01 -0.08 -0.08 -0.05 -0.05 

Sargan Chi2 39.99 37.18 56.75 49.74 49.46 55.67 72.28 71.62 

Sargan doff 32 34 47 50 47 50 62 66 

Prob > Chi2 0.16 0.32 0.16 0.48 0.38 0.27 0.17 0.3 

Sys test Chi2 -2.82  -7.01  6.21  -0.66 

Sys test doff 2  3  3  4 

Non-MH both X test Chi2(2)     3.34 0.32 

Non-MH X*group test Chi2(1)     3.15* 0.23 

Non-MH X*(1-group) test Chi2(1)     0.93 0.24 

z statistics in brackets       

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail)    

Year dummies not reported. L denotes lag operator     
 
 

MH = Moral Hazard model, where X*group and X*(1-group) are included as GMM-style instruments as if they 
were endogenous 
AS  = Adverse Selection model, where X*group and/or X*(1-group) are included as IV-style instruments as if it 
were exogenous 
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The link between gross claims X and the quantity of reinsurance Q 
Property, 1986-2003 

 
Difference and System Robust Dynamic Panel Data GMM Two-Step Estimates  

with Windmeijer finite-sample correction 
 

 1 2 3 4 5 6 7 8 

Dependent Q 
AS Diff, 
both X 

AS Sys, 
both X 

AS Diff, 
X*group 

AS Sys, 
X*group 

AS Diff,  
X*(1-group) 

AS Sys, 
X*(1-group) MH Diff MH Sys 

         

L. Q 0.427 0.526 0.427 0.547 0.443 0.545 0.413 0.548 

 [5.67]*** [9.90]*** [5.57]*** [9.93]*** [5.82]*** [9.57]*** [5.12]*** [9.64]*** 

group 9.065 16.71 3.096 10.013 12.717 21.966 6.031 17.112 

 [2.02]** [2.36]** [0.66] [1.51] [2.34]** [3.06]*** [0.90] [2.33]** 

[X*group] 0.123 0.055 0.352 0.252 0.07 -0.131 0.206 0.047 

 [0.67] [0.37] [1.93]* [2.02]** [0.30] [0.64] [0.70] [0.21] 

[X*(1-group)] 0.454 -0.165 0.129 0.01 0.495 -0.233 0.092 -0.074 

 [2.15]** [0.96] [0.71] [0.06] [2.35]** [1.35] [0.50] [0.45] 

P 0.127 -3.618 -2.96 -4.972 -4.59 -2.946 -6.028 -4.508 

 [0.03] [1.99]** [0.64] [2.84]*** [0.99] [1.42] [1.43] [2.07]** 

L. S -7.891 -6.256 3.073 -1.959 1.632 -8.916 9.246 -5.326 

 [0.73] [1.68]* [0.28] [0.62] [0.17] [2.42]** [0.86] [1.54] 

Observations 1726 1926 1726 1926 1726 1926 1726 1926 

Insurers (I) 177 187 177 187 177 187 177 187 

F test 4.11 11.74 3.95 11.57 3.28 10.12 3.09 9.85 

F doff, I-1 22 23 22 23 22 23 22 23 

Prob > F 0 0 0 0 0 0 0 0 

AR(1) z -5.24 -6.34 -5.15 -6.14 -5.29 -6.22 -5 -6.09 

AR(2) z 1.07 1.28 0.98 1.25 1.04 1.36 0.93 1.31 

Sargan Chi2 53.59 57.58 68.27 74.23 66.1 71.96 86.69 88.08 

Sargan doff 48 51 63 67 63 67 78 83 

Prob > Chi2 0.27 0.24 0.3 0.25 0.37 0.32 0.23 0.33 

Sys test Chi2 3.99  5.95  5.87  1.39 

Sys test doff 3  4  4  5 

Non-MH both X test Chi2(2)     4.03 1.22 

Non-MH X*group test Chi2(1)     5.34** -1.13 

Non-MH X*(1-group) test Chi2(1)     0.18 -0.04 

z statistics in brackets       

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail)    

Year dummies not reported. L denotes lag operator     
 

These models treat size (S) as a GMM- rather than IV-style instrument. 
 
MH = Moral Hazard model, where X*group and X*(1-group) are included as GMM-style instruments as if they were 
endogenous 
AS  = Adverse Selection model, where X*group and/or X*(1-group) are included as IV-style instruments as if it 
were exogenous 
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The link between gross claims X and the quantity of reinsurance Q 

Third Party Liability, 1986-2003 
 

Difference and System Robust Dynamic Panel Data GMM Two-Step Estimates  
with Windmeijer finite-sample correction 

 
 

 1 2 3 4 5 6 7 8 

Dependent Q 
AS Diff, 
both X 

AS Sys, 
both X 

AS Diff, 
X*group 

AS Sys, 
X*group 

AS Diff, 
X*(1-group) 

AS Sys, 
X*(1-group) MH Diff MH Sys 

         

L. Q 0.193 0.608 0.17 0.554 0.192 0.63 0.185 0.621 

 [2.05]** [7.50]*** [2.05]** [7.60]*** [2.05]** [8.90]*** [2.02]** [9.29]*** 

group 3.414 7.476 0.695 6.636 2.987 2.262 0.458 0.112 

 [1.47] [2.27]** [0.60] [1.97]** [1.06] [0.52] [0.29] [0.02] 

[X*group] 0.097 0.098 0.09 0.096 -0.099 1.013 -0.013 0.798 

 [1.84]* [1.76]* [1.73]* [1.60] [0.39] [1.57] [0.06] [1.29] 

[X*(1-group)] 0.79 0.264 -0.014 -0.138 0.76 0.473 -0.079 -0.033 

 [1.63] [0.93] [0.09] [0.63] [1.53] [1.37] [0.32] [0.12] 

P -0.914 -0.359 0.587 0.168 2.572 -2.331 2.109 -1.128 

 [0.29] [0.18] [0.17] [0.09] [0.82] [0.92] [0.68] [0.50] 

L. S 0.824 -0.571 0.518 -1.467 -6.14 2.321 -2.808 0.946 

 [0.22] [0.30] [0.13] [0.89] [0.72] [0.98] [0.39] [0.39] 

Observations 1213 1374 1213 1374 1213 1374 1213 1374 

Insurers (I) 138 147 138 147 138 147 138 147 

F test 2.32 10.28 2.25 8.6 2.01 11.94 2.43 8.68 

F doff, I-1 22 23 22 23 22 23 22 23 

Prob > F 0 0 0 0 0.01 0 0 0 

AR(1) z -3.78 -4.84 -3.57 -4.67 -3.45 -4.53 -3.45 -4.58 

AR(2) z -0.15 0.77 -0.27 0.73 -0.25 0.85 -0.23 0.78 

Sargan Chi2 33.45 39.91 45.02 53.28 47.55 49.77 54.81 71.84 

Sargan doff 32 34 47 50 47 50 62 66 

Prob > Chi2 0.4 0.22 0.55 0.35 0.45 0.48 0.73 0.29 

Sys test Chi2 6.46  8.26  2.22  17.04 

Sys test doff 2  3  3  4 

Non-MH both X test Chi2(2)     2.22 -3.65 

Non-MH X*group test Chi2(1)     0.40 -0.60 

Non-MH X*(1-group) test Chi2(1)     1.58 -2.36 

z statistics in brackets       

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail)    

Year dummies not reported. L denotes lag operator     
 
 
MH = Moral Hazard model, where X*group and X*(1-group) are included as GMM-style instruments as if they were 
endogenous 
AS  = Adverse Selection model, where X*group and/or X*(1-group) are included as IV-style instruments as if it 
were exogenous 
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Selection Probit Model, 1986-2003 
Pooled Estimates,  
Accident & Health 

 
 

Dependent Π it observed Selection Probit 

  

mutual -0.572 

 [5.15]*** 

group 0.308 

 [3.39]*** 

L. S 0.178 

 [4.14]*** 

longtail 0.016 

 [1.88]* 

L. line share 0.008 

 [6.84]*** 

L. solvency -0.01 

 [4.42]*** 

L. gearing 0.01 

 [2.23]** 

L. liquidity 0 

 [0.97] 

L. profitability -0.005 

 [1.61] 

L. total premium 0.035 

 [0.89] 

US Treasury 5-yr yield 0.045 

 [1.15] 

Observations 1521 

Pseudo R2 0.14 

Wald chi2 247.47 

Wald doff 27 

Robust z statistics in brackets 
* significant at 10%; ** significant at 5%; *** 
significant at 1% (2-tail) 
Year dummies not reported. L denotes lag 
operator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The price of reinsurance Π it  
and claims experience X 

Accident & Health, 1987-2003 
 
 

Dependent Π it Diff Sys 

   

L. Π it 0.08 0.176 

 [0.40] [0.81] 

L2. Π it 0.02 0.001 

 [0.91] [0.05] 

group 9.64 3.349 

 [0.68] [0.79] 

[X*group] 0.365 0.448 

 [0.77] [1.56] 

L. [X*group] 0.164 -0.19 

 [0.94] [0.98] 

[X*(1-group)] 0.662 0.505 

 [1.18] [1.43] 

L. [X*(1-group)] -0.043 -0.238 

 [0.19] [1.17] 

Q -0.054 -0.186 

 [0.29] [0.95] 

P 0.253 -2.333 

 [0.09] [1.25] 

λ it 2.181 4.657 

 [0.18] [0.41] 

L. S 1.256 1.077 

 [0.17] [0.67] 

yield.longtail 0.019 0.018 

 [1.79]* [0.80] 

Observations 584 701 

Insurers (I) 85 100 

F test 0.79 1.89 

F doff, I-1 27 28 

Prob > F 0.75 0.01 

AR(1) z -1.12 -1.41 

AR(2) z 0.18 0.29 

Sargan Chi2 67.47 75.28 

Sargan doff 75 80 

Prob > Chi2 0.72 0.63 

both X exogenous Chi2(2) 0.59 0.48 

X*group exogenous Chi2(1) 1.11 2.17 

X*(1-group) exogenous Chi2(1) -5.32 2.75* 

Sys test Chi2  7.81 

Sys test doff  5 

Z statistics in brackets  
* significant at 10%; ** significant at 5%; *** 
significant at 1% (2-tail) 
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Selection Probit Model, 1986-2003 

Pooled Estimates, Miscellaneous & Pecuniary 
 
 
 
 

Dependent Π it observed Selection Probit 

  

mutual 0.096 

 [0.73] 

group 0.193 

 [2.40]** 

L. S 0.163 

 [3.88]*** 

Longtail 0.002 

 [0.83] 

L. line share 0 

 [0.25] 

L. solvency 0.004 

 [1.65]* 

L. gearing 0.005 

 [0.96] 

L. liquidity 0 

 [0.28] 

L. profitability -0.006 

 [1.25] 

L. total premium 0.118 

 [3.02]*** 

US Treasury 5-yr yield 0.089 

 [2.32]** 

Observations 1766 

Pseudo R2 0.14 

Wald chi2 266.35 

Wald doff 27 

Robust z statistics in brackets 
* significant at 10%; ** significant at 5%; 
*** significant at 1% (2-tail) 
Year dummies not reported. L denotes lag 
operator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The price of reinsurance Π it  
and claims experience X 

Miscellaneous & Pecuniary, 1987-2003 
 
 

Dependent Π it Diff Sys 

   

L. Π it -3.422 -3.569 

 [1.73]* [1.64] 

L2. Π it -3.488 -3.389 

 [1.72]* [1.60] 

group -15.385 48.899 

 [0.22] [1.19] 

[X*group] -2.401 -5.524 

 [0.64] [1.11] 

L. [X*group] 4.171 4.938 

 [1.22] [1.14] 

[X*(1-group)] 4.992 3.743 

 [1.52] [1.06] 

L. [X*(1-group)] -2.247 -1.052 

 [1.18] [0.51] 

Q 1.157 -1.119 

 [1.41] [1.29] 

P -55.568 -33.057 

 [1.33] [1.17] 

λ it -95.383 -144.399 

 [0.51] [0.66] 

L. S -25.756 -2.937 

 [0.68] [0.19] 

yield.longtail -0.01 -0.035 

 [0.29] [0.71] 

Observations 862 1013 

Insurers (I) 113 123 

F test 1.69 2.5 

F doff, I-1 27 28 

Prob>F 0.03 0 

AR(1) z 0.9 0.77 

AR(2) z 0.93 0.81 

Sargan Chi2 46.41 65.00 

Sargan doff 75 80 

Prob > Chi2 1 0.89 

both X exogenous Chi2(2) 10.78*** 3.15 

X*group exogenous Chi2(1) 17.25*** -1.88 

X*(1-group) exogenous Chi2(1) -3.22 4.93 

Sys test Chi2  18.59*** 

Sys test doff  5 

Z statistics in brackets  
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* significant at 10%; ** significant at 5%; *** significant at 
1% (2-tail) 

Year dummies not reported. L denotes lag operator 
 

Selection Probit Model, 1986-2003 
Pooled Estimates, Motor 

 
 

Dependent Π it observed Selection Probit 

  

mutual 0.179 

 [1.24] 

group 0.489 

 [4.21]*** 

L. S 0.161 

 [3.16]*** 

longtail 0.019 

 [3.97]*** 

L. line share 0.009 

 [6.32]*** 

L. solvency -0.01 

 [3.01]*** 

L. gearing 0.029 

 [3.82]*** 

L. liquidity 0 

 [0.35] 

L. profitability 0 

 [0.02] 

L. total premium 0.11 

 [2.40]** 

US Treasury 5-yr yield -0.046 

 [0.87] 

Observations 1207 

Pseudo R2 0.19 

Wald chi2 223.98 

Wald doff 27 

Robust z statistics in brackets 
* significant at 10%; ** significant at 5%; 
*** significant at 1% (2-tail) 
Year dummies not reported. L denotes lag 
operator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

The price of reinsurance Π it 
and claims experience X 

Motor, 1987-2003 
 

Dependent Π it Diff Sys 

   

L. Π it -0.25 -0.027 

 [1.33] [0.94] 

L2. Π it -0.089 -0.077 

 [1.89]* [3.35]*** 

group -342.619 -20.167 

 [0.89] [0.71] 

[X*group] 0.734 6.112 

 [0.19] [1.19] 

L. [X*group] -0.913 -3.263 

 [0.36] [1.11] 

[X*(1-group)] 2.212 1.286 

 [0.65] [1.27] 

L. [X*(1-group)] -2.443 -0.348 

 [0.64] [0.62] 

Q -4.797 -1.065 

 [1.49] [1.64]* 

P -16.655 -18.828 

 [0.40] [1.30] 

λ it -106.533 9.811 

 [0.66] [0.16] 

L. S 19.257 22.594 

 [0.19] [1.23] 

yield.longtail 0.014 0.094 

 [0.10] [0.76] 

Observations 565 672 

Insurers (I) 79 88 

F test 2.38 17.72 

F doff, I-1 27 28 

Prob>F 0 0 

AR(1) z 0.37 -1.7 

AR(2) z 0.55 1.06 

Sargan Chi2 42.73 63.82 

Sargan doff 71 76 

Prob > Chi2 1 0.84 

both X exogenous Chi2(2) 8.13** 1.16 

X*group exogenous Chi2(1) 6.97*** -0.65 

X*(1-group) exogenous Chi2(1) 1.36 0.56 

Sys test Chi2  21.09*** 

Sys test doff  5 

Z statistics in brackets   
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* significant at 10%; ** significant at 5%; *** significant at 
1% (2-tail) 

Year dummies not reported. L denotes lag operator 
 

 
 

Selection Probit Model, 1986-2003 
Pooled Estimates, Property 

 
 

Dependent Π it observed Selection Probit 

  

mutual -0.04 

 [0.30] 

group -0.021 

 [0.22] 

L. S 0.137 

 [3.53]*** 

longtail 0.023 

 [2.68]*** 

L. line share 0.005 

 [3.17]*** 

L. solvency -0.001 

 [0.27] 

L. gearing 0.004 

 [0.78] 

L. liquidity 0 

 [0.51] 

L. profitability -0.018 

 [3.47]*** 

L. total premium 0.044 

 [1.26] 

US Treasury 5-yr yield 0.03 

 [0.68] 

Observations 1854 

Pseudo R2 0.09 

Wald chi2 144.94 

Wald doff 27 

Robust z statistics in brackets 
* significant at 10%; ** significant at 5%; *** 
significant at 1% (2-tail) 

Year dummies not reported. L denotes lag operator 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

The price of reinsurance Π it  
and claims experience X 

Property, 1987-2003 
 

Dependent Π it Diff Sys 

   

L. Π it -0.017 -0.023 

 [2.12]** [5.40]*** 

L2. Π it -0.014 -0.018 

 [2.76]*** [6.27]*** 

group 48.008 3.215 

 [0.58] [0.19] 

[X*group] -3.763 -0.503 

 [1.23] [0.51] 

L. [X*group] 0.739 -0.023 

 [1.13] [0.06] 

[X*(1-group)] -3.096 -0.497 

 [1.25] [1.07] 

L. [X*(1-group)] 1.215 0.131 

 [1.16] [0.66] 

Q -1.137 0.45 

 [0.79] [1.74]* 

P 21.066 10.52 

 [0.86] [1.10] 

λ it -23.301 -18.792 

 [0.35] [0.72] 

L. S -93.607 -9.725 

 [1.18] [1.13] 

yield.longtail -0.045 -0.012 

 [0.68] [0.43] 

Observations 1149 1322 

Insurers (I) 136 149 

F test 21.61 6.5 

F doff, I-1 27 28 

Prob>F 0 0 

AR(1) z -1.74 -1.16 

AR(2) z 1.13 0.91 

Sargan Chi2 79.99 54.34 

Sargan doff 75 80 

Prob > Chi2 0.33 0.99 

both X exogenous Chi2(2) 1.2 6.01 

X*group exogenous Chi2(1) 5.86** 5.88 

X*(1-group) exogenous Chi2(1) 3.14* 0.21 

Sys test Chi2  25.65*** 

Sys test doff  5 
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Z statistics in brackets 
* significant at 10%; ** significant at 5%; *** significant at 
1% (2-tail) 

Year dummies not reported. L denotes lag operator 
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Selection Probit Model, 1986-2003 
Pooled Estimates, Third Party Liability 

 
 
 

Dependent Π it observed Selection Probit 

  

mutual -0.036 

 [0.28] 

group 0.396 

 [3.72]*** 

L. S 0.185 

 [3.11]*** 

longtail 0.011 

 [4.94]*** 

L. line share 0.006 

 [3.36]*** 

L. solvency 0.004 

 [1.34] 

L. gearing 0.023 

 [3.47]*** 

L. liquidity -0.002 

 [2.44]** 

L. profitability -0.037 

 [5.72]*** 

L. total premium 0.095 

 [1.84]* 

US Treasury 5-yr yield -0.108 

 [2.00]** 

Observations 1317 

Pseudo R2 0.24 

Wald chi2 310.7 

Wald doff 27 

Robust z statistics in brackets 
* significant at 10%; ** significant at 5%; *** 
significant at 1% (2-tail) 
Year dummies not reported. L denotes lag 
operator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The price of reinsurance Π it 
and claims experience X 

Third Party Liability, 1987-2003 
 

Dependent Π it  Diff Sys 

   

L. Π it 0.498 0.466 

 [4.19]*** [7.51]*** 

L2. Π it 0.052 0.031 

 [0.59] [0.50] 

group -36.215 17.887 

 [1.19] [0.53] 

[X*group] 0.536 -2.451 

 [0.55] [0.93] 

L. [X*group] -0.252 2.847 

 [0.18] [0.96] 

[X*(1-group)] 1.769 2.703 

 [0.87] [0.99] 

L. [X*(1-group)] -1.106 0.99 

 [0.65] [0.44] 

Q -0.759 -0.611 

 [1.81]* [2.25]** 

P -1.743 -15.881 

 [0.18] [1.23] 

λ it -7.707 -22.224 

 [0.30] [0.72] 

L. S 26.111 8.249 

 [1.34] [0.89] 

yield.longtail -0.029 -0.05 

 [1.64] [1.16] 

Observations 622 736 

Insurers (I) 87 97 

F test 18.93 10.53 

F doff, I-1 27 28 

Prob>F 0 0 

AR(1) z -1.65 -1.71 

AR(2) z -0.02 0.05 

Sargan Chi2 56.44 65.08 

Sargan doff 75 80 

Prob > Chi2 0.95 0.89 

both X exogenous Chi2(2) -5.97 5.56* 

X*group exogenous Chi2(1) 5.74 0.47 

X*(1-group) exogenous Chi2(1) -3.90 5.35** 

Sys test Chi2  8.64 

Sys test doff  5 

Z statistics in brackets 
* significant at 10%; ** significant at 5%; *** significant at 
1% (2-tail) 

Year dummies not reported. L denotes lag operator 
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Table I:  Sample size by Business Line, 1985-2003  

This table shows the sample sizes for each of the five main lines of insurance business examined for each year 
1985-2003, in terms of the total sample (‘Total’) and the number of primary insurers purchasing outwards 
reinsurance (‘Πit observed’). 
 

 Accident & 
 Health 

Miscellaneous 
& Pecuniary 

Motor Property Third Party 
Liability 

 Total Π it 
observed 

Total Π it 
observed 

Total Π it 
observed 

Total Π it 
observed 

Total Π it 
observed 

1985 80 57 95 73 72 56 108 102 81 63 

1987 90 55 105 82 76 57 113 107 85 60 

1989 96 55 107 80 78 51 113 99 85 58 

1991 99 68 114 82 78 58 118 101 87 66 

1993 105 64 115 90 83 63 124 100 95 65 

1995 97 56 103 76 74 53 116 101 85 57 

1997 94 59 108 85 73 55 119 98 80 61 

1999 90 51 106 77 67 49 108 90 75 58 

2001 77 45 96 66 61 45 97 77 63 51 

2003 69 42 90 61 55 45 86 75 58 51 

1985-2003 
(%Π it 
observed) 

1714 1055 

(62) 

1988 1466 

(74) 

1364 1005 

(74) 

2095 1813 

(87) 

1509 1123 

(74) 
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Table II:  Gross claims X and the quantity of reinsurance Q 
The table reports the contemporaneous link between real gross incurred claims (as a percentage of real total assets 
at the start of year) X and the quantity of reinsurance Q as in Equation (1). X is interacted with ‘group’ (which =1 if 
the insurer is a member of a group of companies which include other UK or international insurance companies; =0 
otherwise).  

Dependent: Q Accident & 
Health 

Miscellaneou
s & 

Pecuniary 

Motor Property Third Party 
Liability 

 
Β      group 
       [z]  

3.775 
[1.60] 

10.399 
[3.42]*** 

-3.810 
[1.33] 

16.710 
[2.36]** 

3.414 
[1.47] 

Β      X*group 
        [z] 
 

 X*(1-group) 
        [z] 

-0.153 
[1.21] 

 
-0.141 
[1.37] 

-0.020 
[0.32] 

 
0.167 
[1.07] 

0.230 
[3.42]*** 

 
0.130 
[1.62] 

0.055 
[0.37] 

 
-0.165 
[0.96] 

0.097 
[1.84]* 

 
0.790 
[1.63] 

Preferred model 
 

2.  
AS Sys, 

X*group & 
X*(1-group) 
exogenous  

6.  
AS Sys, 

X*(1-group) 
exogenous but 

X*group 
endogenous 

 

2.  
AS Sys, 

X*group & 
X*(1-group) 
exogenous 

2.  
AS Sys, 

X*group & 
X*(1-group) 
exogenous 

1.  
AS Diff, 

X*group & 
X*(1-group) 
exogenous 

Exogeneity Tests on X 
 
Both X, chi2(2) 
X*group, chi2(1) 
X*(1-group), chi2(1) 
 

 
 

1.70 
0.50 
1.13 

 
 

7.19** 
7.28*** 

-0.10 

 
 

0.32 
0.23 
0.24 

 
 

1.22 
-1.13 
-0.04 

 
 

2.22 
0.40 
1.58 

Adverse Selection 
&/or Moral Hazard 
 

None No AS. 
Possible MH 

with X*group, 
but source 
unknown. 

AS with 
X*group and 

maybe  
X*(1-group) 

None AS with 
X*group and 

maybe  
X*(1-group) 

* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail) 
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Table III: The observed price of reinsurance Πit  
The table summarizes the results of the pooled probit selection model of Equation (2). The dependent variable has 
value =1 if the primary insurer has sufficient reinsurance coverage to report positive reinsured claims in year t. Only 
significant coefficients are reported. 
 

Dependent: Π it observed  Accident & 
Health 

Miscellaneous 
& Pecuniary 

Motor Property Third Party 
Liability 

 
mutual -0.57*** . . . . 
group 0.31*** 0.19** 0.49*** . 0.40*** 
Size 0.18*** 0.16*** 0.16*** 0.14*** 0.19*** 
Longtail 0.02* . 0.02*** 0.02*** 0.01*** 
lineshare 0.01*** . 0.01*** 0.01*** 0.01*** 
solvency -0.01*** 0.004* -0.01*** . . 
gearing 0.01** . 0.03*** . 0.02*** 
liquidity . . . . -0.002** 
profitability . . . -0.02*** -0.04*** 
Total premium . 0.12*** 0.11** . 0.10* 
5-year bond yield . 0.09** . . -0.11** 

 
* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail) 
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Table IV:  Gross claims X and the price of reinsurance Π it 
The table reports the contemporaneous link between real gross incurred claims (as a percentage of real total assets 
at the start of year) X and the price of reinsurance Πit as in Equation (3). X is interacted with group (which =1 if the 
insurer is a member of a group of companies which include other UK or international insurance companies; =0 
otherwise).  
 

Dependent: Π it Accident & 
Health 

Miscellaneous 
& Pecuniary 

Motor Property Third Party 
Liability 

 
Β      X*group 
        [z] 
 

 L.[X*group] 
        [z] 
  

0.448 
[1.56] 

 
-0.19 
[0.98] 

-2.401 
[0.64] 

 
4.171 
[1.22] 

0.734 
[0.19] 

 
-0.913 
[0.36] 

-3.763 
[1.23] 

 
0.739 
[1.13] 

-2.451 
[0.93] 

 
2.847 
[0.96] 

Β      X*(1-group) 
        [z] 
 

       L.[X*(1-group)] 
        [z] 

0.505 
[1.43] 

 
-0.238 
[1.17] 

4.992 
[1.52] 

 
-2.247 
[1.18] 

2.212 
[0.65] 

 
-2.443 
[0.64] 

-3.096 
[1.25] 

 
1.215 
[1.16] 

2.703 
[0.99] 

 
0.99 

[0.44] 
Preferred model 
 

System Difference Difference Difference System 

Exogeneity Tests on X 
 
Both X, chi2(2) 
X*group, chi2(1) 
X*(1-group), chi2(1) 
 

 
 

0.48 
2.17 
2.75* 

 
 

10.78*** 
17.25*** 

-3.22 

 
 

8.13** 
6.97*** 

1.36 

 
 

1.20 
5.86** 
3.14* 

 
 

5.56* 
0.47 

5.35** 

Cycle in Reinsurance 
Prices 
Cycle Length (years) 

 
None 

 
Yes 
2.30 

 
Yes 
3.14 

 
Yes 
3.82 

 
None 

 
* significant at 10%; ** significant at 5%; *** significant at 1% (2-tail) 
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Table V:  Evidence for information asymmetries 
This table summarizes the key results arising from tests of information asymmetries in five segments of the UK’s 
property-liability reinsurance market. 
 

Evidence Accident 
& Health 

Miscellaneous 
& Pecuniary 

Motor Property Third Party 
Liability 

 
Unanticipated AS 
or MH? 

None MH in group 
companies 

AS in group 
(and maybe 
non-group) 
companies 

None AS in group 
(and maybe 
non-group) 
companies 

Claims-contingent 
pricing? 

No No No No No 

Reinsurance prices 
affect claims?  

No Yes in group 
companies 

Yes in group 
companies 

Yes in group 
(and maybe 
non-group) 
companies 

Yes in non-
group 

companies 
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Endnotes 
                                                 
1 Information asymmetry is unanticipated in the sense that any evidence is observed in spite 

of actions (such as monitoring and/or pricing incentives) taken by reinsurers to reduce it. 

 

2 Traditional reinsurance treaties are either written on a proportional basis, where the 

reinsurance company shares losses with the primary insurer on a fixed percentage of the 

actuarial value of the risks underwritten on insurance policies of a given type (e.g., quota 

share treaties) or a non-proportional basis, where the reinsurance company only becomes 

liable for losses above a certain monetary retention (deductible) limit (e.g., excess of loss 

treaties) (e.g., see Winton, 1995, pp. 112). Winton (1995, p. 112) states that it is non-

proportional contracts (like excess of loss treaties) that predominate in (relatively uncertain) 

property-liability risk reinsurance markets, while proportional treaties characterize life 

reinsurance markets that tend to have actuarially predictable loss distributions.  

 

3 Stiglitz (1983, p. 5) reports that adverse selection and moral hazard are not the only 

contracting problems that arise in transacting (re)insurance; others include the verification 

problem (i.e., the difficulty of determining the nature of the insured event and whether it 

has actually occurred) and the enforceability problem (i.e., the problem of ensuring that 

transacting parties fulfil their contractual obligations). 

 

4 In the present study, we focus on actual financial losses incurred and recoverable by 

primary insurers under reinsurance treaties. Claims incurred but not reported are not 

observable and so they are unlikely to impact immediately on reinsurers’ pricing and capital 

allocation decisions.  
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5 The widespread use of actuarial technology in life insurance also enables reinsurers to 

more effectively monitor the underwriting and pricing decisions of primary insurers and so 

control moral hazard effects. Furthermore, with life insurance rational policyholders have 

private incentives to act carefully and avoid serious injury or death. This means that in life 

insurance markets moral hazard effects are likely to be less evident and not so acute 

compared with the non-life insurance markets (e.g., see Hoerger, Sloan and Hassan, 1990; 

Berger, Cummins and Tennyson, 1992; Rebello, 1995; Winton, 1995; Chiappori, 2000a, 

2000b; Doherty and Smetters, 2005).  

 

6 We include accident & health insurance as unlike long-term life insurance, which has a 

significant savings component, this line of business is written on an indemnity basis. 

 

7 In the present study, we assume that primary insurers are risk averse (e.g., because they 

purchase reinsurance to mitigate insolvency risk) and that reinsurers are risk neutral (e.g., 

because they have better opportunities to diversify across international portfolios of risks 

and investments) (e.g., see Jean-Baptiste and Santomero, 2000, p. 275). 

 

8 Chiappori and Salanié (2000) attribute the different conclusions to research design factors 

such as Pultz and Snow’s (1994) use of a misspecified model. See Chiappori (2000a) for 

further details. 

 

9 This situation could also occur in situations where insurance-reinsurance relationships are 

longstanding but then reinsurance market conditions suddenly change (e.g., following some 

catastrophic event such as the terrorist attacks in the United States (US) on September 11 

2001). 
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10 Market factors such as the free flow of public information, information sharing amongst 

market participants, and the limited size of the international reinsurance market are likely 

to prevent primary insurers from securing sustainable pecuniary advantages from regularly 

switching between reinsurance partners. 

 

11 Winton (1995, pp. 111-112) suggests that one of the main reasons why non-proportional 

reinsurance contracts (like excess of loss treaties) are prevalent in (unpredictable) property-

liability reinsurance markets is that these contracts are a form of partial quantity rationing 

that are designed to mitigate information asymmetry problems in states of incomplete 

contracting. Similarly reinsurance companies can minimize the risks (and costs) of moral 

hazard problems by retroceding some of the risk that they have assumed from primary 

insurers to other reinsurers. Retrocession transactions are, however, outside the scope of 

the present study as we are modelling the reinsurance behavior of primary insurers rather 

than reinsurance companies per se.  

 

12 Pauly (1974, p. 61) makes the valid point that the quantity of (re)insurance may not 

necessarily reflect the (re)insured agent’s known probability of loss. On the contrary, it 

could reflect the risk appetite of the (re)insured agent. This view is reflected in the work of 

De Meza and Webb (2001) who propose that low risk-types will buy more insurance than 

high risk-types because they have a greater precautionary appetite for indemnification. 

However, in the present study we adopt the assumption derived from Pauly (1974, p. 61) 

that the “. . . distribution of attitudes toward risk is independent of the distribution of 

probabilities of loss . . . [such that those] . . . who buy more (re)insurance will tend, on the 

average, to have larger expected losses than those with less (re)insurance.” This 

assumption is reasonable given that primary insurers (and industry regulators) are likely to 

give priority to mitigating insolvency risk and thereby, protect the future value of 
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policyholders’ claims. In this way, reinsurance can be viewed as helping to mitigate agency 

incentive conflicts such as those between policyholders and shareholders in (shareholder-

owned) primary insurance companies, and managers and policyholder-owners in mutual 

primary insurance writers (Garven, 1987, p. 69). 

 

13The long-term contractual relationship between primary insurers and reinsurance 

companies also enables both parties to benefit from trust and market reputation 

enhancement over time as well as real services such information exchange and advice. Culp 

(2005) reports that multi-period non-life reinsurance treaties generally have durations of 

three to five years. 

 

14 For example, such a situation could arise if primary insurers face financial distress costs 

which force their managers to trade-off the benefits of non-disclosure of risk profile against 

the future loss of market reputation for honest dealing. 

 

15 Powell and Sommer (2005) estimate that in the US property-liability insurance market 

approximately 80 percent of the total annual value of reinsurance purchased (roughly 

US$181 billion in 1999) is conducted between affiliated insurance/reinsurance groups. 

 

16 At least 95% of non-life insurance market annual premiums in the UK are currently 

written by stock insurance companies. 

 

17 The trade-off between the costs and benefits of internal/external reinsurance could vary 

across lines of business. For example, the managers of primary insurers may be more 

inclined to externally reinsure (uncertain and potentially severe) catastrophe and liability 

risks than routine motor vehicle risks as it could be a more effective hedge against 
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insolvency risk. Such considerations thus require that the internal/external reinsurance 

variable is controlled for in our modelling procedure. 

 

18 Following the introduction of the UK’s Insurance Companies (Accounts and Statements) 

Regulations 1996, Statutory Instrument 1996, No 943. 

 

19 Affiliated insurance groups may still reinsure a proportion of their business externally 

(e.g., in lines like liability where external reinsurance advice can be useful). However, as 

pointed out above, information asymmetries are likely to be less acute in intra-group 

reinsurance (e.g., because risk information is shared) and so the costs of transacting intra-

group reinsurance will be generally lower than the costs of external reinsurance. Therefore, 

we contend that insurers which are part of conglomerate insurance groups are more likely 

reinsure internally and non-affiliated insurers will tend to reinsure externally. 

 

20 Some authors (e.g., Doherty and Smetters, 2005) suggest using the ratio of gross claims 

to gross premiums as the dependent variable; but this specification would make it 

impossible to check for the exogeneity of claims, as gross premiums are always likely to be 

endogenous. In addition, gross premiums earned are likely to be closely and positively 

correlated with ceded reinsurance premiums (particularly for proportional treaties). This 

linkage will be business volume driven rather than reflecting information asymmetries. 

Therefore, using gross premiums rather than total assets as the denominator variable could 

lead to serious model misspecification. We mitigate any potential bias arising from specialist 

primary insurers having higher gross claims to total assets ratios than generalist primary 

insurance writers with the same line of business premium by independently controlling for 

line of business premiums (P) and firm size (S). 

 



 63  

                                                                                                                                                             
21 So that the differenced disturbances ∆εit are AR(1) but not AR(2). 

 

22 That is, in comparison with the ‘difference GMM’ model of Arellano and Bond (1991). 

 

23 Under the null hypothesis of adverse selection, Sargan[no MH] will be small in 

comparison with Sargan[MH] as the extra exogenous instrument in the ‘no MH’ model will 

be orthogonal and will pass the Sargan test. Thus a large value of Sargan[no MH]-

Sargan[MH] suggests that the null should be rejected and that the contemporaneous value 

of Xit  is not strictly exogenous. 

 

24 We define the price of reinsurance as the payment (net of reinsurance commission) made 

by the primary insurer to its reinsurers over and above the expected present value of future 

(reinsured) losses. Reinsurance prices are measured with random error, using annual 

reinsured claims incurred as a proxy for the expected present value of future (reinsured) 

losses. In competitive reinsurance markets with uncontrolled information asymmetries the 

ratio of reinsurance premium to reinsured claims will be unitary.  Costly monitoring 

exercised by reinsurers to control moral hazard will increase this ratio, while lower than 

expected claims experience will lower the ratio in the next period (Doherty and Smetters, 

2005, p. 385). 

 

25 Note that reinsurance commissions are payments received by primary insurers from their 

reinsurers. Any sums paid to reinsurance brokers are termed reinsurance brokerage.  

 

26 Additional control variables are included in the probit selection model for the purchase of 

reinsurance but omitted from the GMM estimation. There are four main reasons for this. 

First, the model controls for the (endogenous) purchase of reinsurance by including the 
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variable Qit. Second, the GMM models include the lagged dependent variable, which picks up 

automatically those time-related factors that tend to persist from one year to the next. 

Third, the models are estimated in first-differences so time-invariant variables (such as 

organizational form) disappear, and fourth, the GMM models have to be parsimonious in 

terms of included variables because of the large number of instruments generated (Bond, 

2002).   

 

27 Including: Mutual=1 if insurer has zero paid-up (share) capital, 0 otherwise; group=1 if 

insurer is a member of a group which includes other UK or overseas insurers; S = natural 

logarithm of real total assets (all lines); longtail = % of claims incurred 5 year’s earlier that 

are still outstanding, by line; lineshare = gross premium by line as a % total premium; 

solvency = assets in excess of minimum solvency margin as % total admissible assets; 

gearing = borrowing from creditors (excluding technical provisions) as % total assets; 

liquidity = cash and deposits as % technical provisions (all lines); profitability = profit 

before tax and extraordinary items as % total gross earned premiums (all lines); total 

premiums = natural logarithm of real total gross earned premiums (all lines); and US 

Treasury 5-yr yield = annual yield on US Treasury 5-year securities (Federal Reserve Bank 

of New York, 2005), which represents the expected return on reinsurers’ international risk 

portfolios. All explanatory variables are lagged (except longtail and mutual) and are treated 

as exogenous. 

 

28Including Mayers and Smith (1982, 1990), MacMinn and Garven (2000), and Garven and 

Lamm-Tennant (2002). 

 

29 The cycle length is then given by 2π/arcos[α1/ 2√-α2] so long as α2 <0 and α1
2 +4α2 <0. 
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30 In the case of proportional reinsurance treaties, the reinsurance company’s managers 

tend to have little or no discretion over the premium rate and ceding commission is 

therefore the only means of influencing the reinsurance price.  

 

31 Wooldridge (2002) notes that the heteroscedasticty-robust t-statistic can be used to test 

the significance of the coefficient of the inverse Mills ratio in the regression equation (2). A 

non-zero coefficient would produce the ‘generated regressors problem’ in an ordinary least 

squares model (Wooldridge, 2002; Pagan, 1984) but the GMM methodology, which 

instruments all endogenous and pre-determined variables, automatically adjusts the 

standard errors, t, F and LM statistics to correct for this. 

 

32 We exclude transport reinsurance (e.g., marine and aviation) as this class of reinsurance 

tends to be mainly placed at the Lloyds market – data for which are not available on a 

comparable basis. 

 

33 We are mainly interested in the performance of primary insurers at the business line level 

(given the absence of publicly available data at the reinsurance contract level of analysis). 

The sample so generated is drawn from some underlying population of insurers transacting 

such business lines in the UK. In terms of overall net premium income for the 5 business 

lines, our sample represents 82% of UK property-liability business for insurable risks arising 

in the UK for the years 1999-2003 as reported by the Office of National Statistics (2003) 

and the Association of British Insurers (www.abi.org.uk). The corresponding share by line is 

accident & health 92%, miscellaneous & pecuniary 77%, motor 79%, property 88%, and 

third party liability 66%. 
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34 The estimations reported in section III below often have a smaller sample size as the 

number of observations is reduced because of the inclusion of lagged variables. 

 

35 As we believe to be the situation in accident & health business given the long experience 

data, selective risk acceptance procedures, and good medical records generally in use in this 

line of insurance. 

 

36 The coefficients for Xit* (1-groupit) are also almost statistically significant at the 10% level 

(2-tail). 

 

37 In recent years, some motor insurers (e.g., Admiral Insurance) have focused on a niche 

segment of the UK market specializing in writing insurance on sub-standard driving risks. 

Such companies ensure profitability not only by reinsuring selectively, but also by charging 

high risk-based premiums, limiting liability covers, and providing premium financing at high 

rates of interest to policyholders that cannot pay the annual premium up-front. 

 

38 In contrast to risk reinsurance, financial reinsurance involves very little (if any) transfer of 

risk from the primary insurer to the reinsurance company (Adiel, 1996). Financial 

reinsurance arrangements can also provide primary insurers with up-front capital 

representing the present value of liabilities with the level of ceded premiums linked to future 

claims and profit emergence (Adams, et al., 2007). Culp (2005) reports that with financial 

reinsurance treaties premiums may not only be set at higher than actuarial fair rates (plus 

loadings) than conventional reinsurance treaties, but as a source of pre/post-loss risk 

financing financial reinsurance premiums may also be high in relation to policy limits. 

Financial reinsurance, however, is outside of the scope of the present study. 
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39 It is not possible to discern the sign or source of this link without constructing a full 

structural model linking all endogenous relations. However, the most likely linkage is via the 

impact of price on the demand for reinsurance. 

 

40 These results therefore support the research on the relative efficiency of external versus 

internal capital markets (Shin and Stulz, 1998; Scharfstein and Stein, 2000). 

 

41 Parsons (2003) explains that many UK insurers writing third party liability business would 

not do so if it was not used to support other lines of insurance business. 

 


