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Abstract

This paper attempts to measure the size of reserve errors in the accident-year accounted business of UK general insurers over the period 1985 to 1996, focusing on the net reserves for reported and incurred claims (ie IBNR) reported in annual regulatory returns for the five most recent accident years. The analysis indicates that, over the calendar years 1985-1996, the weighted average reserve error was –22.3% as a percentage of initial reserves and –16.7% as a percentage of capital. The figures show that companies the UK general insurance market generally tend to over-reserve, although there appears to be some cyclical behaviour over time.

Many factors can lead to loss reserve errors. The difficulty in estimating the magnitude and timing of future claims naturally involves some estimation errors, and insurers will want to estimate their liabilities with a degree of prudence. However the empirical evidence from the calendar-year regulatory returns of 130 UK general insurance companies over a twelve-year period suggests that companies with high net profitability and stronger solvency margins are also ones that tend to under-estimate their liabilities. There is also very significant evidence that the pattern of reserve errors displays positive serial correlation (ie is maintained over time).

How Accurate are the Disclosed Provisions of UK General Insurers?
S R Diacon, P T Fenn and C O’Brien

1.
Introduction

This paper attempts to measure the size and motivation of calendar-year reserve errors in the accident-year accounted business of UK general insurers over the period 1985 to 1996 using calendar-year data from the regulatory returns of 130 companies. 

Provisions for loss reserves are by far the largest component of the liabilities of insurance companies, and error in these provisions (“reserve errors”) have substantial implications for regulators, investors, policyholders, and other stakeholders involved in interpreting the financial results of general insurance companies. Loss reserve errors can result from a wide variety of reasons. On the one hand, company management may wish to exercise a degree of prudence in reporting provisions for both reported and incurred (ie IBNR) outstanding claims in an environment where these cannot be known with any degree of certainty. There is also the possibility that the loss reserve may be estimated incorrectly as a result of the failure to take account of all the information available when reporting calendar-year performance. However previous literature, along with recent experience of failed general insurance companies in the UK and worldwide, suggests that company management may also deliberately determine their loss provisions in order to be able to report improved current and future performance. 

This paper therefore performs two main tasks. Firstly, data from the regulatory returns of 130 general insurance companies over the period 1985 to 2001 are used to estimate the reserve errors on a calendar-year basis
 arising from business in the five most recent accident years
. This is achieved by comparing the provisions for reported outstanding claims and incurred but not reported claims in calendar-year t with the discounted values of those actually paid (plus re-estimated outstandings) five years into the future. The analysis focuses on the net-of-reinsurance provisions for so-called one-year general (‘other than long term’ OLT) insurance
, which includes motor, property, pecuniary, accident & health and third party liability business
.  This process produces estimates of the impact of reserve errors on reported company performance in the calendar year. The second task of the paper is to investigate the motivation for such reserve errors by conducting an unbalanced dynamic panel data econometric analysis of the reserve errors over the period 1985 to 1996.

The paper proceeds as follows. Section 2 provides a brief discussion of the nature and estimation of loss reserves and a definition of reserve errors. Section 3 explores the extant literature on reserve errors in order to investigate what factors can motivate such errors in reported accounts. The derivation of reserve errors from the regulatory returns of sampled UK insurance companies is described in Section 4 along with a brief summary of their main characteristics. Throughout the twelve calendar-years under study, the typical UK general insurance company appears to have been over-reserved (ie with negative estimated reserve errors) by over 20%. An analysis of the possible motivation for over-reserving is investigated in Section 5 by conducting a dynamic panel-data econometric analysis of the relationship between reserve errors and company performance.  The paper concludes with a brief summary in Section 6.

2.
Loss Reserves and Reserve Errors

Loss reserves are provisions for outstanding claims costs - for claims that have already been reported (ie OCR - outstanding claims reserves) or incurred but not reported (IBNR). By the end of a financial year, only part of the claims incurred in an accident year can be paid. Generally accepted accounting principles and statutory accounting principles require general insurance companies to charge the claims incurred to the year in which premiums are earned and make a provision for those payments which are still outstanding so far as can reasonably be foreseen. 

Reserve errors occur where the reported loss reserves  (ie OCR plus IBNR) differ from the ‘correct’ reserve that should be reported at the end of a financial year. Reserve errors occur where there is difference between the estimated and ultimate actual claim payments. If the loss reserves at time t plus previous claims payments exceed the ultimate actual claim costs, there will be an over-reserving error in year t; while if the loss reserves (plus previous payments) are less than the ultimate claim costs there will be an under-reserving error. Under EU solvency requirements, general insurance companies must report subsequent loss developments following the initial loss reserves. An ex post study of the ultimate claims payments can therefore enable an assessment of the accuracy of the reported loss reserves at the end of each financial year. Loss reserve errors are generally calculated as the difference between the ultimate loss development and the reported loss reserves in year t plus previous payments. Since the ultimate loss development may take many years to be realized, it is usually estimated as the cumulative (sometimes discounted) claims paid n ‘development’ years later plus the OCR and IBNR carried forward in year (t+n).

Many factors can lead to loss reserve errors. The difficulty in estimating the magnitude and timing of future claims naturally involves some estimation errors, and insurers will want to estimate their liabilities with a degree of prudence (particularly if there is considerable uncertainty about the eventual outcome). Furthermore estimates of the future real discount rate applied to future claims payments may also be inaccurate. However managers of general insurance companies may deliberately bias reserves in order to achieve corporate or even personal objectives. Reserve errors have direct effects on the reported financial results and the costs of tax payment of a general insurance company. Over-reserving errors reduce reported earning figures, decrease reported capital surpluses, and reduce current and possibly future tax payments.  Under-reserving errors increases reported income, increases reported capital surplus, and increases current year tax payment. So significant loss reserve errors make it difficult to interpret the true financial condition of a general insurance company. 

The processes employed to establish loss reserves differ across companies, and there is no required uniform procedure in setting loss reserves. Surveys by Sloan et al (1991) and Lyons et al (undated) show that there are great differences as to how individual companies establish reserves for outstanding claims. Generally, loss reserving can be based either on case-base process or on projection using various projection techniques. 

Companies may estimate costs for incurred and reported claims based on each claim, and according to the 1976 EC directive the provision for reported claims must be determined separately for each case on the basis of the costs still expected to arise (de Wit, 1990). Under these procedures, the reserve for each case is estimated immediately upon notice of claims from the facts contained in the notice, although a time lag in the recording of the estimate is permitted in order to allow for additional investigation and appraisal
. At the end of each period, estimates for each claim remaining unsettled are summed up and accounted for as the loss reserves. Loss reserves are then updated as new information arrives about the circumstances of the claim (for example, on the extent of damage or injury, or the likely liability of the insured), and this may involve a subsequent increase or decrease in reserves in relation to the particular accident year.

Actuaries in general insurance companies may also use projection techniques to project the frequency, severity and timing of claims so long as these procedures result in an adequate provision having regard to the nature of the risks. Loss reserve projection can be used for both incurred and reported claims and IBNR claims basing on historical data relating to premiums, loss reserves, claim payments, number of claims and other factors. There are a number of projection techniques available for insurance companies to establish loss reserves, such as chain ladder method (van Eeghen, 1981; Verrall, 1989, 1990), state-space model (de Jong, 1983) and Taylor separation method (Taylor, 1986)
. It is important to recognize however, that projection techniques based on previous experience may not accurately reflect the up-to-date case information about outstanding claims, and are also likely to introduce some time-dependent patterns into reserve estimation. Beaver & McNichols (1998) go further however, arguing that such time-dependency provides evidence that loss reserves do not fully reflect all available information, thereby providing evidence of management exercising discretion over the reported figures.

However no single reserving method can possibly produce the best estimates in all situations. “Every reserving method is based on certain underlying assumptions, which may or may not be satisfied in a given situation.” (James, 1977), and any projection method can go wrong as a result of misinterpretation of data. Accurate data is essential for a valid analysis of loss frequency and severity. Usually it is claimed that loss reserves based on projection techniques are more objective than the sum-up of case-base claim estimates (Peterson, 1984).

3.
Reserve Error Motivation

Introduction

The primary focus of previous empirical studies on loss reserving errors has been to identify whether managers of general insurance companies use accounting discretion to manage accounting income through loss reserving practices and to explain the effects of reserve errors on reported income and policyholders’ surplus. 

Forbes (1970) analyzed the experience of 89 American general insurance companies from 1944 to 1965. He found that 44 insurance companies showed a positive release of surplus while the other 36 exhibited net under-reserving over the period. For some small insurance companies the inadequacies were particularly acute, and Forbes suggested regulatory reform in this area. Forbes (1972) also studied 60 American general insurance companies from 1954 to 1967 and found that even minor error in loss reserve had significant effects on reported financial results. 

Anderson (1971) studied the effects of loss reserves on policyholders’ capital surplus of 36 American general insurance companies over the period from 1955 through 1964. The results showed a clear trend over the time period tested. Seven years of redundant reserves beginning in 1955 gave way to inadequate reserves in the final three years. 

Smith (1980) used adjusted combined ratios in testing whether insurers manage loss reserves to smooth underwriting results. Smith found that the incidence of over-reserving and under-reserving errors were not random for a sample of American general insurance companies for auto liability. Weiss (1985) studied 16 large American automobile liability insurance companies between 1955 and 1975, and found that reserving errors were related to unanticipated inflation. 

Prudence

We have already noted that insurers are required to estimate their liabilities with a degree of prudence if there is considerable uncertainty about the eventual outcome. It is likely therefore that insurers which specialise in long-tailed business (or in innovative or unusual risks) may be more inclined to over-reserve their liabilities, and a prudential margin of 10-20% may well be appropriate in such cases
. Similarly small insurers may also over-reserve as they have less stable loss experience than their larger competitors.

Biased Reserve Estimation

Of course, substantial difficulties are experienced in estimating the size, likelihood and timing of reported incurred claims, and even greater subjectivity is involved in estimation of IBNR reserves. Estimates based on past experience may not yield accurate predictions for the future, and bias is likely unless they are revised as new information about these claims arises. Beaver & McNichols (1998) argue that serial correlation of loss reserve provides evidence of a failure to take new information into account ‘since a simple conditioning on the past sequence can be used to predict the future number’ (p79).

The failure to compute claims reserves as a discounted present value of future claim payments can lead to systematic over-reserving or under-reserving. Traditionally, general insurance companies do not discount claim reserves, and this either understates or overstates future claims depending on their assumptions about future inflation. Weiss (1985) identified a relation between unexpected inflation and claim reserve estimation error: a higher than expected inflation rate leads to higher actual claim payments and therefore larger claim reserve understatement. 

To Increase Net Profits

Some authors have suggested that insurers have an incentive to understate current loss reserves in order to enhance reported profits (Petroni, 1992) and in particular to avoid reporting losses (Beaver & McNichols, 2003). The incentive to enhance accounting profitability may arise in a number of ways including a linkage between managerial earnings and/or reputation and performance (Grace, 1990), as a positive signal to enhance stock prices (Cagle, 1996), and to enhance the insurer’s credit rating (which can strongly linked to profitability, see Adams et al, 2003). 

The tax liability for general insurance companies is calculated as a function of earned premiums and investment income less claims incurred. By under-reserving, a general insurance company can decrease incurred claims and expand its current year profits, so that its tax bill will increase. On the other hand, by over-reserving, companies can increase incurred claims and therefore reduce tax. However an insurance company does not necessarily eliminate any taxes by over-reserving future claims losses, but can postpone the payment of taxes until a later time. Of course, if future years produce a trading loss, previous over-reserving can then be undone and profits released without a tax liability arising
. Grace (1990) studied the reserving practices of 70 American general insurance companies selling policies from 1965 through 1979. The results showed that insurance companies may overstate their loss reserves in order to reduce their tax bill and to smooth income. Beaver and McNichols (1998) also contended that taxes influence management’s reserving behavior.

While it is difficult to deny that over- or under-reserving may have an influence on an insurance company’s tax bill, this does not necessarily imply that tax is necessarily the motivating factor unless some statistical causation can be established (using an appropriate statistical technique). 

To Improve Solvency and Avoid Regulatory Attention

The regulatory environments in which general insurance companies operate may promote incentives to adjust loss reserves. Prudential regulation requires insurance companies to maintain required minimum levels of capital. Under- or over-reserving of loss reserves directly influences the reported level of capital and the prescribed financial ratios (Petroni, 1992). Financially distressed insurance companies may understate loss reserves to meet regulatory solvency requirement (Nelson, 2000), and the incentive to appear solvent may dominates all other incentives for financially weak insurance companies (Beaver & McNichols, 1998). The link between solvency and credit ratings established by Adams et al (2003) suggests that many  insurers may have an incentive to under-report loss reserves.

Earlier study results by Forbes (1972) suggested that an insurer in financial difficulty is likely to severely misreport financial results. Petroni (1992) analyzed over 1,000 stock general insurance companies operating in the United States in 1979, and reported that financially weak companies used loss under-reserving intentionally to avoid or postpone regulatory attention. Gaver & Paterson (1999) selected a sample of US general insurance companies from 1990 to 1995 and found that the adoption of the Risk-Based Capital solvency requirements in 1992 weakened the incentives to under-reserve in order to improve solvency margins. Subsequent research (Gaver & Paterson, 2001) suggested that the ability of weak insurers to under-state reserves was moderated by the use of quality external governance (as evidenced by ‘Big 6’ auditors and actuaries). 

Nelson (2000) also argues that regulation of market conduct and anti-competitive practices creates incentives for general insurance companies to manage claim reserves in order to justify price increases. In the United States, regulators are granted the authority to regulate insurance premium rates, and rates should be adequate, but not excessive, in relation to insurers’ expected future costs. Premium rates that appear either too high or too low in relation to the level of reserves are likely to attract unwanted regulatory scrutiny, particularly in states with stringent regulation. The research showed that general insurance companies subject to relatively stringent rate regulation under-reserve to a greater extent than do those operating in more lenient jurisdictions.

To Smooth Reported Earnings

Managers of general insurance companies may use reserving errors to smooth out variability in earning figures and dividends (Grace, 1990; Brickman, et al, 1993). As reported earnings influence market expectations, managers have incentives to stabilize reported incomes from year to year (Sloan et al, 1991). For a value-maximization company operating in a convex tax system, smoothed earnings may also lead to tax reduction (Doherty, 2000). Risk-averse company management may have a strong motive to smooth reported earnings where their earnings are linked to reported incomes via performance-related pay or shares; however the opposite may observed in companies where senior executive have sizeable share options
 (Tufano, 1996). Grace (1990) suggested that concern with regulatory requirements may also encourage companies to smooth reported income and surplus. 

The US empirical evidence that insurers attempt to smooth reported earnings is fairly conclusive. Smith (1980) tested the correlation between the adjusted combined ratio and reserving errors of 9 large American auto liability insurance companies between 1955 and1974 and found statistical evidence that those insurance companies intentionally manage claim reserve estimates in order to smooth reported underwriting results. Grace (1990) showed that reserving practices of US insurers significantly aided in the smoothing of earnings volatility between 1972 and 1979. Sloan et al (1991) examined the loss reserving practices of 40 American single-line malpractice insurance companies and reported that insurers vary reserves to decrease the year-to-year volatility of reported earnings. 

4. 
Data and Evidence on Net Calendar-Year Reserve Errors

Modeling Reserve Errors

Loss reserve errors occur where there is difference between the estimates for outstanding claims including allocated claim expenses reported at end of financial year t and ultimate subsequent claim payments for those outstanding claims. However there is no agreement as to how to define and measure reserve errors in practice as it is generally impractical to wait until all claims are paid. Anderson (1971) used calendar-accident year reserve data and defined reserve errors as the difference between loss development at the end of prior year and current year on losses originally incurred in the previous five years. Grace (1990) defined reserve errors as the difference between the accident year estimate at the end of certain period of unpaid claims and the developed claims costs on an accident year basis for those unpaid claims four years after the reporting period. Sloan et al (1991) defined loss reserve errors as the difference between the original amount reserved and estimated total claims costs plus allocated loss expense payments as of a certain date in the future, expressed as a percentage of the amount originally reserved, using development periods of eight, six, and four years. Petroni (1992) defined reserve errors as the difference between “the exact losses outstanding at a given valuation date and the claim loss reserve reported in that period.” Developed claims costs five years after loss were used as the proxy of “the exact losses outstanding”. 

Reserve errors arise when the year-end outstanding claim reserves plus incurred but not reported reserves (IBNR) reported in financial year t differ substantially from the total payments on claims which are still outstanding or unreported at the end of year t. We focus on the reserve accounted at time t on a calendar year basis in order to ascertain the impact of year t accounting policy on the reserves in that year
. 

Let μit be the unknown ‘true’ total reserve at time t on accident years t, t-1, t-2, t-3 and t-4. The focus is on the five most recent accident years in order to capture the greater part of the calendar year loss reserves
. Two obvious estimates of the true reserve suggest themselves, namely (Rit5 + Claimst5) and Rit , where

· Rit is the net-of-reinsurance reserve placed in year t accounts on the five most recent accident years t to (t-4). Rit may be subject to reserving bias in year t, hence generating the ‘true’ reserve error μit -Rit .

· Claimst5 is the discounted net claims payments made on the five most recent accident years in calendar years (t+1) to (t+5). All discounting is to time t.

· Rit5 is the discounted net-of-reinsurance reserve placed on these accident years in (t+5). Essentially (Rit5 + Claimst5) is the most up-to-date estimate of the ‘true’ reserve available from the regulatory returns, incorporating all information received on claims in accident years t to t-4 in the 5 to 10 subsequent years. However, as the figures for Rit5 appear in the accounts for calendar year (t+5) they may be subject to reserving bias in that year too
.

The choice of a 5-year ‘event window’ is arbitrary to a certain extent, although it optimises the balance between including enough accident years to cover most of year t accounted reserves and the length of the event window
. 

Conceptually we could model the ‘true’ reserve error at time t as a function of (possibly endogenous) variables X, an unobservable firm-specific component, and a random residual as follows: 


μit -Rit  = f(Xit) + ui  + εit      





(1) 

where ui is a unit-specific time-invariant random-effects residual, and εit is a standard (but possibly autocorrelated) zero mean residual. If μit was observable, we could test for bias in reserve estimation by looking for a non-zero impact of Xit , testing Var(ui )=0, and testing for zero autoregressive dependent variables and non-autocorrelated residuals. In practice, the best approximation of μit available is (Rit5+ Claimst5), but we need to test whether this is an unbiased estimate by including terms in Xi t+5. Thus the model for the estimated reserve error becomes:

 
Errorit = (Rit5+ Claimst5) - Rit  = f(Xit, Xi t+5) + ui  + εit 



(2)

Since firms may base their initial estimates on those for previous years, perhaps using some learning model, Errorit may depend on lagged values hence inducing an autoregressive process.

Data on Loss Reserves

The calculation of calendar-year net loss reserves Rit uses data on the net incurred and reported claims outstanding ‘carried forward’ for the five most recent accident years from Form 23 of the UK insurance regulatory returns for general insurance business (‘accident year accounting’) for all classes of such business combined. Thus in the case of 1996, say, the total reserve for the five most recent accident years (1992 to 1996) Ri1996 is obtained by summing columns 5 (‘Reported Claims Outstanding c/f’) and 6 (‘Incurred Claims Outstanding c/f’) for the top five rows (11 to 15) representing 1996, 1995,.., 1992 respectively. 

The figures for Rit5 (for the same accident years) are then taken from the corresponding form in year t+5 and the total figure is then discounted for five years using the effective annual yield on British Government 5-year gilt stock for year t
. Thus Ri19965 is obtained using data from Form 23 in 2001 by summing columns 5 (‘Reported Claims Outstanding c/f’) and 6 (‘Incurred Claims Outstanding c/f’) for the rows 16 to 20 (representing 1996, 1995,.., 1992 respectively) and then discounting for 5 years using the 1996 yield of 7.444%. 

The figures for Claimst5 (for the relevant accident years t, t-1, .. t-4) are taken from column 4 (‘Claims paid during financial year’) of Form 23 for the each of the calendar years t+1 to t+5, and then discounted on the assumption that claims are paid halfway through the year on average. Thus Claims19965 is obtained by summing the net-of-reinsurance claims paid in calendar years 1997, 1998, 1999, 2000 and 2001 (for accident years 1996 to 1992) discounted by 7.444% for 0.5, 1.5, 2.5, 3.5, and 4.5 years respectively. 

Sample Selection Criteria

Data on net reserve errors are obtained from Standard & Poor’s “SynThesys Non-Life Insurance” database, which provides details on the returns submitted to the UK regulatory authorities (the Financial Services Authority, and previously the Treasury and Department of Trade and Industry) by 350 UK-licensed insurers for the period 1985 to 2001
. The data generally applies only to companies’ UK operations, although this may well include so-called home-foreign (ie overseas) business written in the UK – particularly in the ‘London Market’ companies. Annual returns are reported separately for each trading company within conglomerate groups. There have been a large number of mergers and acquisitions particularly during the late 1990s, and inter-company restructures within big group affect the consistency of company data. 

In order to avoid problems with companies which were either dormant or had restructured in some way, insurers were selected from the dataset according to three main criteria:

1. The discounted total claims paid in calendar-years t+1 to t+5 (Claimst5) must be positive.

2. Insurers must transact some general business in year t. Companies were rejected if total gross earned premiums on general business were non-positive in calendar-year t. 

3. Reported results should not be affected by any restructuring, or missing data, between the calendar years t and t+5: this, of course, is absolutely crucial in order to be able to match up reserves in year t with subsequent claims development over the next five years. This was checked by comparing the figure for ‘claims outstanding at the end of accident year’ t-1 (Form 23, Col 2, Row 12) in calendar year t with the corresponding figure for the same accident year in the five calendar years t+1 to t+5 (ie Rows 13 to 17 respectively)
. Companies were rejected if any one of these five comparisons differed by 5% or more of the original figure.

These conditins produced an unrestricted sample of 1405 company-years from between 104 and 130 companies, as described in Table 1 for the period 1985 to 1996. A further restriction was introduced for data descriptive purposes (although not for the econometric analysis) in order to exclude those companies which restructured (and hence disappeared from the sample) in year t+1 or those which had zero gross earned premium in year t+1. The impact of the restructuring in the UK general insurance market between years t and t+5 is evident in the low number of included companies from the early 1990s onwards.

Reserve Errors in UK General Insurers, 1985 to 1996

Table 1 provides an initial indication of the extent of reserve errors among UK general insurance companies between 1985 and 1996. Over the twelve years, the weighted average reserve error was  –4.3% as a percentage of total admissible OLT assets, -22.3% of the initial reserve Rit, and –16.7% of capital (‘net admissible assets’ in Form 10 of the regulatory returns). Chart 1 shows the pattern of average reserve errors as a percentage of the initial reserve and of capital over the period.

Some idea of the dispersion of reserve errors as a % of initial reserve can be obtained from Chart 2, which shows a slightly skewed distribution, with 78.7% of all companies reporting negative reserve errors over the twelve-year period. Over 48% of all company/years were over-reserved by at least a 20% prudential margin.

Chart 3 illustrates the relationship between average reserve errors as a % of initial reserve and capital as a % of OLT assets, net profits as a % of capital, and company size (based on assets deflated by the GDP Deflator index). Companies are divided into decile groups (for size, capital% and profit%) and the average reserve error computed for companies within each decile. The chart shows clearly that companies become more over-reserved as company size, capital strength and profitability increases. 

5.
Tests of Reserve Error Motivation

Previous empirical studies on loss reserving errors have suggested that general insurance companies use accounting discretion, via their loss reserving practices, to smooth income, bolster solvency, and increase net profits (Grace, 1990; Petroni, 1992; Gaver & Paterson, 1999 ). The essential argument is that insurers may generate reserve errors in order to adjust reported current performance.

In order to explore whether similar behaviour is manifest in the UK general insurance market, we test a causal relationship between reserve errors in calendar-year t and current and future performance in year t+5 as specified in Equation (2) above. The absolute value of estimated reserve error ERRORit deflated by the GDP Deflator is the key dependent variable. 

The main endogenous performance variables to be included relate to solvency and profitability.  The impact of solvency includes both the solvency margin SOLVEit - expressed as capital (‘net admissible assets’) as a % of admissible assets, and a dichotomous variable LOWSOLVEit which signals if the company has a margin close to or below the regulatory minimum
. Previous research has indicated that companies with high solvency margins, or proximity to the legal minimum, might have achieved these by under-reserving (so that the predicted coefficients are positive for SOLVEit and negative for LOWSOLVEit). 

Similarly variables are included to reflect net-of-tax profitability deflated by the GDP Deflator (PROFITit) plus a dichotomous variable LOWRETNit to pick up companies that have a low return on capital
: the expected signs on these are positive and negative respectively. The proportion of ‘outwards’ reinsurance premiums paid to (admissible assets + reinsurance premiums paid)
 in subsequent years t+1 and t+2 (REINSit1 and REINSit2) are also included to pick up the impact on Rit5 of any retrospective reinsurance decisions made after time t to reinsure away the remaining liabilities reported in year t. Additional exogenous variables are also introduced to control for company size (based on total OLT assets) and business composition. A brief definition and description of the main variables is provided in Table 2 and the correlation matrix based on first differences appears in Table 3.

Performance variables such SOLVEit and PROFITit are obviously endogenous since their values are determined by the contemporaneous over- or under-reserving decision. Failure to take such endogeneity into account in the estimation process can lead to serious problems
. 

Clearly Equation (2) cannot be estimated using pooled time series/cross section ordinary least squares or even conventional panel data methods if lagged dependent variables are to be included. This is because ERRORit-1 also includes the unobservable firm-specific component ui (which will then be correlated with the individual effects term ui in the residual). We therefore estimate (2) using the method of dynamic panel data pioneered by Arrelano and Bond (1991), which removes the individual effects by first differencing and estimates the resulting equation using instrumental variables for the endogenous and predetermined varaibles
. The methodology assumes that there is no second-order autocorrelation in the first-differenced residuals εit. The methodology has the advantage of dealing explicitly with the endogeneity of the included performance variables.

Results for the regressions are provided in Tables 4-6 for the full model (Table 4), and after omitting the impact of the predetermined reinsurance variables (Table 5) and additionally the exogenous business composition variables (Table 6). All estimates are corrected for possible heteroscedasticity (ie ‘robust’). All three tables have a high degree of overall significance (captured by the Wald chi-squared test), and the null hypothesis of zero autocorrelation in the first-differenced residuals is accepted. Similarly in all cases, there is very strong evidence that reserve errors are strongly positively influenced by the previous-year’s reserving, with a significant coefficient on the first-order lagged dependent variable of around 0.8. This suggests a clear time-dependency in reserving which may indicate, as Beaver & McNichols (1998) suggest, that companies are not fully-updating their estimates in accordance with the most recent information. Furthermore the joint existence of first-order autocorrelation of residuals indicates that there is a cyclical pattern to reserve errors.

All models report that net profitability in year t (as captured by the variable rnprof1it) has a positive and significant impact on reserve errors, as does profitability in year t+5 - although the coefficient on the variable rnprof5it (around 0.03) is almost an order of magnitude smaller than the corresponding coefficient on year t profits (around 0.2). Thus firms with higher net profits in years t and t+5 are more likely to have under-reserved in year t.

The impact of company solvency on reserve errors also appears to be in line with predictions in that the coefficient on the variable solve1it (being capital as a % assets in year t) is also positive, so that companies with stronger solvency positions in year t are more likely to have under-reserved in that year (although the significance of the solvency variable is only 6% to 8%).

6. 
Conclusion
This paper attempts to measure the size of reserve errors in the accident-year accounted business of UK general insurers over the period 1985 to 1996. Loss reserves are estimates for outstanding claims costs - for claims that have already been reported or incurred but not reported. Reserve errors occur where the reported total loss reserves differ from the ‘correct’ reserve that should be reported at the end of a financial year. If the loss reserves at time t plus previous claims payments exceed the ultimate actual claim costs, there will be an over-reserving error in year t; while if the loss reserves (plus previous payments) are less than the ultimate claim costs there will be an under-reserving error. The analysis indicates that, over the six years between 1985 and 1996, the reserve error averaged around –22% of the initial reserve indicating that the typical company was over-reserved by a substantial margin.

Many factors can lead to loss reserve errors. The difficulty in estimating the magnitude and timing of future claims naturally involves some estimation errors, and insurers will want to estimate their liabilities with a degree of prudence. However previous research has also suggested that managers of general insurance companies may use accounting discretion to manage accounting income through loss reserving practices. In order to test whether this behaviour is manifest in the UK general insurance market, the paper reports tests of a causal relationship between reserve errors and current and future performance using dynamic panel data analysis. This is undertaken in order to reduce the problems of contemporaneous correlation inherent in many previous studies. 

The empirical evidence from 130 UK general insurance companies over a twelve-year period to 1996 suggests that companies with high net profitability and stronger solvency margins are also ones that tend to under-estimate their liabilities.
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	Table 1: Number of Sample Companies and 

Reserve Errors as % Initial Reserve*



	
	Number


	Reserve Error as 

% Initial Reserve Rit

	Year
	Full Sample
	Restricted Sample
	Full Sample
	Restricted Sample

	
	
	
	
	

	1985
	104
	104
	-23.5472
	-23.5472

	1986
	123
	119
	-25.0825
	-25.2310

	1987
	120
	118
	-21.0503
	-21.1208

	1988
	130
	121
	-24.1735
	-26.6054

	1989
	120
	116
	-22.4561
	-22.4443

	1990
	120
	111
	-21.1595
	-21.5418

	1991
	120
	111
	-24.1369
	-20.2865

	1992
	115
	108
	-16.4807
	-16.8427

	1993
	117
	106
	-17.3841
	-16.2981

	1994
	106
	93
	-25.5402
	-24.9794

	1995
	108
	95
	-24.6177
	-24.5193

	1996
	122
	122
	-25.4752
	-25.4752


* NB A negative figure indicates over-reserving on average.

Table 2: Data Descriptives, 1985 to 1996

Key

rerror 

Reserve Error deflated by GPD Deflator Index (1995=100)

rasset

OLT Admissable Assets deflated by GPD Deflator Index (1995=100)

rnprof1

Net-of-tax Profits in year t deflated by GPD Deflator Index (1995=100)

lowretn

1 if net-of tax profits as % capital ≤ 1%, 0 else

rnprof5

Net-of-tax Profits in year t+5 deflated by GPD Deflator Index (1995=100)

solve1

Capital as a % OLT Admissable Assets, year t

lowsolve 
1 if capital ≤ 25% of average of net and gross earned premium income, 0 else

solve5

Capital as a % OLT Admissable Assets, year t+5

reinspc

Reinsurance premiums paid as % gross earned premium income, year t

reins1

Reinsurance premiums paid as % gross earned premium income, year t+1

reins2 

Reinsurance premiums paid as % gross earned premium income, year t+2

motpc

% of gross earned premiums in motor insurance

proppc

% of gross earned premiums in property insurance

tplpc

% of gross earned premiums in third party liability insurance
year         variable |      mean        sd       min       max         N

----------------------+--------------------------------------------------

1985           rerror | -17074.87   46477.5 –244312.4  23138.56       104

               rasset |  402791.8  958288.5  1195.238   5508729       104

              rnprof1 |  3387.561  19506.48 –102890.5  101417.5       104

              lowretn |  .4326923  .4978482         0         1       104

              rnprof5 | -6550.641  48275.17   -277481  281360.7       104

               solve1 |  29.96843  19.52779         0  91.97428       104

             lowsolve |  .1346154  .3429651         0         1       104

               solve5 |  25.45468  16.76731         0  86.18696       104

              reinspc |  32.57529  28.91015         0     96.81       104

               reins1 |  7.993558  8.641667         0     42.98       104

               reins2 |   7.36625  8.497901      -.04     47.22       104

                motpc |  24.82144  32.55472         0       100       104

               proppc |  40.70317  33.36863         0       100       104

                tplpc |  11.47952  19.87015         0       100       104

----------------------+--------------------------------------------------

1986           rerror | -17218.05   47558.3 –286255.3  11163.92       123

               rasset |  418694.1   1057307  1063.077   6285065       123

              rnprof1 |  9154.309  27283.59 –12112.31  159150.8       123

              lowretn |  .3333333  .4733326         0         1       123

              rnprof5 | -18461.01  85319.66 –584047.8  126132.2       123

               solve1 |   29.7922  19.70334 –25.17267  85.43239       123

             lowsolve |   .097561  .2979337         0         1       123

               solve5 |  24.38021  18.38387 –5.914099  78.04878       123

              reinspc |  30.33707  27.78305         0     99.17       123

               reins1 |  7.042033  8.126217      -.04     47.22       123

               reins2 |  6.146341  6.862918      -.01      37.6       123

                motpc |  23.68797  31.51675         0       100       123

               proppc |  40.71358  33.42464         0       100       123

                tplpc |  11.67626  20.40757         0       100       123

----------------------+--------------------------------------------------

1987           rerror | -15590.21  42724.87 –270540.5  3876.073       120

               rasset |  386788.4  979823.2   526.087   6300784       120

              rnprof1 |  9137.512  25263.12  -18091.3  143072.5       120

              lowretn |  .2416667  .4298883         0         1       120

              rnprof5 | -585.9664  41848.15 –249959.6  253742.5       120

               solve1 |  29.41673  17.66525         0  76.19469       120

             lowsolve |        .1  .3012579         0         1       120

               solve5 |  23.37634  18.64397 –35.10059  71.65343       120

              reinspc |  25.48692  24.21163      -.04       100       120

               reins1 |  6.445083  6.904744      -.01      37.6       120

               reins2 |  5.954167  7.406676     -7.22     49.14       120

                motpc |  22.70775  31.72787         0       100       120

               proppc |  39.62967  33.67956         0       100       120

                tplpc |  12.28883  21.29579         0       100       120

----------------------+--------------------------------------------------

1988           rerror | -18304.71  52942.84 –304114.5  33625.99       130

               rasset |  408888.9   1077273   2301.37   6976240       130

              rnprof1 |  15045.24  44828.91 –34027.39  283582.2       130

              lowretn |  .1923077  .3956381         0         1       130

              rnprof5 |  11526.06  54452.96 –197488.5  328861.5       130

               solve1 |   31.4849  17.87649         0    92.234       130

             lowsolve |  .0615385   .241245         0         1       130

               solve5 |  26.62448  19.78517 –60.76345  95.22542       130

              reinspc |  24.74408  25.61691      -.01       100       130

               reins1 |  6.001154  7.633871     -7.22     49.14       130

               reins2 |  5.913308   6.90386      -.09     38.76       130

                motpc |  22.38431  32.40252         0       100       130

               proppc |  34.96785  32.98021         0       100       130

                tplpc |    11.703   21.4646         0       100       130

----------------------+--------------------------------------------------

1989           rerror | -18398.33  57450.05 –315852.1  76162.39       120

               rasset |  452753.8   1220071  1420.513   7737580       120

              rnprof1 |  14237.56   40416.2 –16283.33    236891       120

              lowretn |  .2166667  .4137009         0         1       120

              rnprof5 |   20157.6  68967.13 –49071.43  479910.2       120

               solve1 |  31.28353  16.58049  3.326186  85.02839       120

             lowsolve |  .0583333  .2353554         0         1       120

               solve5 |  26.66518  20.91025 –63.98848  93.35979       120

              reinspc |  20.89575  23.00733    -39.39     93.55       120

               reins1 |  5.485417  6.325611      -.09     34.24       120

               reins2 |   5.31375  5.614063      -.86     30.12       120

                motpc |  22.08733  32.53511         0       100       120

               proppc |  32.40133  33.12914         0       100       120

                tplpc |  11.88683    21.953         0       100       120

----------------------+--------------------------------------------------

1990           rerror | -18715.55  62593.62 –348235.5  22377.66       120

               rasset |  385513.1   1017578  1205.952   6743481       120

              rnprof1 | -2525.833  41635.97   -277481  281360.7       120

              lowretn |  .4416667  .4986677         0         1       120

              rnprof5 |  48401.04  157537.9    -13293   1023896       120

               solve1 |  29.63022  18.30387  1.691922  89.26557       120

             lowsolve |       .05  .2188588         0         1       120

               solve5 |  29.18514  18.84011 –13.44166  96.21804       120

              reinspc |  22.27875  24.48103      -.09       100       120

               reins1 |  5.652667  6.188099      -.86     30.12       120

               reins2 |  6.203167  6.768578      -.02     32.93       120

                motpc |  19.50025  30.31186         0       100       120

               proppc |  34.69233  34.70811      -.02       100       120

                tplpc |  10.60783  19.40945         0       100       120

----------------------+--------------------------------------------------

1991           rerror | -23933.72  93601.36 –652365.5  24340.54       120

               rasset |  379063.3  981709.6  1148.889   6816915       120

              rnprof1 |    -14610  83257.14 –584047.8  126132.2       120

              lowretn |  .4166667  .4950738         0         1       120

              rnprof5 |  18756.46  51136.33 –71588.35  322497.1       120

               solve1 |  29.14385  19.97474 -.8354607  94.01176       120

             lowsolve |  .0583333  .2353554         0         1       120

               solve5 |  28.16881  25.70635 –157.6543  97.11025       120

              reinspc |  19.01783  57.15011   -534.62     97.83       120

               reins1 |  6.224833  6.794206      -.02     32.93       120

               reins2 |     6.519  7.407147      -.03     36.93       120

                motpc |  20.46575  32.01254         0    100.08       120

               proppc |    34.803  34.77729      -.08       100       120

                tplpc |  10.88092  19.72708         0       100       120

----------------------+--------------------------------------------------

1992           rerror | -10264.21  37872.42 –330545.5  10629.14       115

               rasset |  295007.3  708893.8  1254.255   5062528       115

              rnprof1 |    5287.4  36876.97 –71035.11  261191.5       115

              lowretn |  .3391304   .475486         0         1       115

              rnprof5 |  26841.18  99245.42 –61973.59  826255.7       115

               solve1 |  27.81555  19.87927 –35.10059  91.89725       115

             lowsolve |  .0695652  .2555263         0         1       115

               solve5 |  27.57799  29.21889 –200.9697  97.28125       115

              reinspc |  22.90383  23.52117     -4.35     96.86       115

               reins1 |   6.44087  7.128882      -.03     36.93       115

               reins2 |  7.422174  8.229774         0     36.15       115

                motpc |  20.39009  33.00862         0       100       115

               proppc |  33.84139  34.93612      -.01       100       115

                tplpc |   9.63887   18.2101      -.01       100       115

----------------------+--------------------------------------------------

1993           rerror | -11407.49  33912.91 –252281.2  28346.18       117

               rasset |  344325.2  816594.9  1189.583   6134247       117

              rnprof1 |  7561.325  35964.55 –197488.5  275846.9       117

              lowretn |  .2478632  .4336291         0         1       117

              rnprof5 |  42355.01  290065.4 –139122.7   3072095       117

               solve1 |  30.33322  19.51074 –15.27781  95.27483       117

             lowsolve |   .025641  .1587417         0         1       117

               solve5 |  30.07021  19.20558  1.792662  98.48103       117

              reinspc |  23.48496  24.49861     -2.36       121       117

               reins1 |  7.482393  8.288742         0     36.15       117

               reins2 |  7.240171  8.647638         0     40.96       117

                motpc |  22.55479  34.16548      -.74       100       117

               proppc |  30.95487  33.49634         0       100       117

                tplpc |  8.721709  16.44331         0     81.47       117

----------------------+--------------------------------------------------

1994           rerror | -17140.04  50630.56 –343978.6  6778.888       106

               rasset |    309257  630321.7  961.2245   4366650       106

              rnprof1 |  10273.36  34946.22 –49071.43    322200       106

              lowretn |  .2264151   .420499         0         1       106

              rnprof5 |  11602.82  55039.12  -56235.4  487721.3       106

               solve1 |  28.16513  16.83069 –18.90379  93.35979       106

             lowsolve |  .0471698  .2130091         0         1       106

               solve5 |  29.28285  20.50133  2.114474  98.69111       106

              reinspc |  24.15726  24.29932      -.44     92.72       106

               reins1 |   7.49783  8.695366         0     40.96       106

               reins2 |  6.596038  8.147315      -.02     48.17       106

                motpc |  19.58736  32.86591         0       100       106

               proppc |  33.36151  34.12757         0       100       106

                tplpc |  9.727736  17.15711         0     80.17       106

----------------------+--------------------------------------------------

1995           rerror | -13648.83   39917.8 –280219.5   2799.52       108

               rasset |  307770.1  670701.2       308   5272113       108

              rnprof1 |  17522.19   39809.8    -12143    212059       108

              lowretn |  .1944444  .3976175         0         1       108

              rnprof5 |  6160.403   33892.7 –112056.5  166914.8       108

               solve1 |  30.32056  17.68012 -.5024292  96.21804       108

             lowsolve |  .0462963  .2111056         0         1       108

               solve5 |  27.56394  21.17111 –28.98637  99.21402       106

              reinspc |  26.44324   27.2029      -.12     94.94       108

               reins1 |  6.754074  8.394989     -7.07     48.17       108

               reins2 |  6.866296  8.816948         0     47.49       108

                motpc |  17.26546  31.79725         0       100       108

               proppc |   33.4988  35.58199         0       100       108

                tplpc |   10.2363  18.43589         0     80.06       108

----------------------+--------------------------------------------------

1996           rerror | -13727.41   40527.3 –276904.5  30906.27       122

               rasset |  302268.8  635127.5  395.1456   5007869       122

              rnprof1 |   7998.52     46806   -362201  206752.4       122

              lowretn |  .2131148  .4111968         0         1       122

              rnprof5 |  -284.244  47229.47 –214923.1  263284.6       122

               solve1 |  31.76388  20.41308 –12.00049  99.32255       122

             lowsolve |   .057377  .2335207         0         1       122

               solve5 |  30.05841  21.41934 –5.641884   99.1201       122

              reinspc |  23.78795  29.22264     -69.3     96.82       122

               reins1 |  6.687787  9.433814    -35.28     47.49       122

               reins2 |  6.445984  8.173664      -.34     46.16       122

                motpc |  15.77025  30.27372         0       100       122

               proppc |  30.24402  34.11818         0       100       122

                tplpc |  9.907623  18.75117         0     97.52       122

----------------------+--------------------------------------------------

Total          rerror | -16334.86  52918.67 –652365.5  76162.39      1405

               rasset |  367365.6  919420.1       308   7737580      1405

              rnprof1 |  6856.081  43497.23 –584047.8    322200      1405

              lowretn |  .2903915  .4541046         0         1      1405

              rnprof5 |  13421.16  112080.8 –584047.8   3072095      1405

               solve1 |  29.96029  18.67827 –35.10059  99.32255      1405

             lowsolve |  .0669039  .2499445         0         1      1405

               solve5 |  27.35371  21.16289 –200.9697  99.21402      1403

              reinspc |  24.59636  29.86897   -534.62       121      1405

               reins1 |  6.612719  7.757652    -35.28     49.14      1405

               reins2 |  6.475039  7.637168     -7.22     49.14      1405

                motpc |  20.94307  32.06756      -.74    100.08      1405

               proppc |  34.96606  34.05445      -.08       100      1405

                tplpc |  10.75122  19.50104      -.01       100      1405
Table 3 Correlation Matrix of First Differences

             |   rerror   rasset  rnprof1  rnprof5   solve1   solve5  reinspc   reins1   reins2    motpc

-------------+------------------------------------------------------------------------------------------

rerror       |

          D1 |   1.0000

rasset       |

          D1 |   0.0095   1.0000

rnprof1      |

          D1 |   0.2484   0.3242   1.0000

rnprof5      |

          D1 |   0.2785   0.0585   0.0393   1.0000

solve1       |

          D1 |   0.0611   0.0951   0.1317  -0.0060   1.0000

solve5       |

          D1 |  -0.0148  -0.0515  -0.0163   0.0854  -0.0219   1.0000

reinspc      |

          D1 |   0.0078   0.0015   0.0004   0.0023  -0.0242   0.2018   1.0000

reins1       |

          D1 |   0.0021   0.0179  -0.0120   0.0134  -0.0077   0.0021  -0.0217   1.0000

reins2       |

          D1 |  -0.0048   0.0136   0.0079  -0.0064   0.0402  -0.0054  -0.0051  -0.0917   1.0000

motpc        |

          D1 |   0.0191  -0.0039   0.0328   0.0036   0.0404  -0.0017  -0.0723  -0.0527   0.0029   1.0000

proppc       |

          D1 |  -0.0085   0.0246  -0.0063   0.0041  -0.0256   0.0254   0.0356   0.0239   0.0085  -0.2929

tplpc        |

          D1 |  -0.0197   0.0191   0.0074  -0.0038   0.0046   0.0006   0.0656   0.0166  -0.0089  -0.2097

             |        D.       D.

             |   proppc    tplpc

-------------+------------------

proppc       |

          D1 |   1.0000

tplpc        |

          D1 |  -0.3473   1.0000

Table 4: Dynamic Panel Data Results, Full Model

. xtabond  rerror  rasset motpc proppc tplpc, pre(reinspc) pre(reins1) pre(reins2) pre( solve1) pre( lows

> olve) pre( solve5, lagstruct(0,3)) pre( rnprof1) pre( lowretn) pre( rnprof5, lagstruct(0,3)) lags(2) ro

> bust

Arellano-Bond dynamic panel-data estimation     Number of obs      =       761

Group variable (i): code                        Number of groups   =       147

                                                Wald chi2(15)      =    265.16

Time variable (t): year                         Obs per group: min =         1

                                                               avg =  5.176871

                                                               max =         9

One-step results

------------------------------------------------------------------------------

             |               Robust

D.rerror     |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

rerror       |

          LD |   .7856007   .1299295     6.05   0.000     .5309436    1.040258

         L2D |   .0085319   .0878918     0.10   0.923    -.1637329    .1807967

reinspc      |

          D1 |   3.923948   11.97981     0.33   0.743    -19.55604    27.40394

reins1       |

          D1 |    55.7047   58.36831     0.95   0.340    -58.69508    170.1045

reins2       |

          D1 |   -56.1181   77.19889    -0.73   0.467    -207.4251    95.18895

solve1       |

          D1 |    132.528   70.84367     1.87   0.061     -6.32308     271.379

lowsolve     |

          D1 |   -825.237   1501.759    -0.55   0.583    -3768.631    2118.157

solve5       |

          D1 |   -29.9089     60.343    -0.50   0.620     -148.179    88.36121

rnprof1      |

          D1 |   .1921199   .0766222     2.51   0.012     .0419431    .3422966

lowretn      |

          D1 |   2626.949   2194.598     1.20   0.231    -1674.383    6928.281

rnprof5      |

          D1 |   .0323449    .007766     4.16   0.000     .0171239    .0475659

rasset       |

          D1 |  -.0136979   .0137705    -0.99   0.320    -.0406876    .0132918

motpc        |

          D1 |  -100.8611   147.0564    -0.69   0.493    -389.0863    187.3641

proppc       |

          D1 |  -76.21407   66.19784    -1.15   0.250    -205.9595    53.53132

tplpc        |

          D1 |   14.38262   128.4195     0.11   0.911     -237.315    266.0802

_cons        |  -618.7076   409.9064    -1.51   0.131    -1422.109    184.6942

------------------------------------------------------------------------------

Arellano-Bond test that average autocovariance in residuals of order 1 is 0:

         H0: no autocorrelation   z =  -2.52   Pr > z = 0.0118

Arellano-Bond test that average autocovariance in residuals of order 2 is 0:

         H0: no autocorrelation   z =  -1.12   Pr > z = 0.2636
Table 5: Dynamic Panel Data Results, Omitting Reinsurance

. xtabond  rerror  rasset motpc proppc tplpc, pre( solve1) pre( lowsolve) pre( solve5, lagstruct(0,3)) pr

> e( rnprof1) pre( lowretn) pre( rnprof5, lagstruct(0,3)) lags(2) robust

Arellano-Bond dynamic panel-data estimation     Number of obs      =       761

Group variable (i): code                        Number of groups   =       147

                                                Wald chi2(12)      =    294.44

Time variable (t): year                         Obs per group: min =         1

                                                               avg =  5.176871

                                                               max =         9

One-step results

------------------------------------------------------------------------------

             |               Robust

D.rerror     |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

rerror       |

          LD |   .7918076   .1308714     6.05   0.000     .5353044    1.048311

         L2D |     .01245   .0906123     0.14   0.891    -.1651469    .1900469

solve1       |

          D1 |   132.5109   72.02006     1.84   0.066    -8.645823    273.6676

lowsolve     |

          D1 |    -625.08   1788.312    -0.35   0.727    -4130.106    2879.946

solve5       |

          D1 |  -56.63312   77.90368    -0.73   0.467    -209.3215     96.0553

rnprof1      |

          D1 |    .191419   .0763725     2.51   0.012     .0417317    .3411062

lowretn      |

          D1 |   3009.117   2561.433     1.17   0.240    -2011.199    8029.433

rnprof5      |

          D1 |   .0327079   .0078096     4.19   0.000     .0174014    .0480145

rasset       |

          D1 |  -.0127564   .0145351    -0.88   0.380    -.0412447     .015732

motpc        |

          D1 |  -127.4243   166.0814    -0.77   0.443    -452.9379    198.0894

proppc       |

          D1 |  -85.49456   79.05211    -1.08   0.279    -240.4339    69.44474

tplpc        |

          D1 |   14.78804   146.5513     0.10   0.920    -272.4472    302.0233

_cons        |  -718.5445   442.5011    -1.62   0.104    -1585.831    148.7418

------------------------------------------------------------------------------

Arellano-Bond test that average autocovariance in residuals of order 1 is 0:

         H0: no autocorrelation   z =  -2.54   Pr > z = 0.0111

Arellano-Bond test that average autocovariance in residuals of order 2 is 0:

         H0: no autocorrelation   z =  -1.12   Pr > z = 0.2625
Table 6: Dynamic Panel Data Results, Omitting Reinsurance and Exogenous Variables

. xtabond  rerror , pre( solve1) pre( lowsolve) pre( solve5, lagstruct(0,3)) pre( rnprof1) pre( lowretn) 

> pre( rnprof5, lagstruct(0,3)) lags(2) robust

Arellano-Bond dynamic panel-data estimation     Number of obs      =       761

Group variable (i): code                        Number of groups   =       147

                                                Wald chi2(8)       =    232.85

Time variable (t): year                         Obs per group: min =         1

                                                               avg =  5.176871

                                                               max =         9

One-step results

------------------------------------------------------------------------------

             |               Robust

D.rerror     |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------

rerror       |

          LD |   .7914549   .1348594     5.87   0.000     .5271354    1.055774

         L2D |   .0106648   .0907347     0.12   0.906    -.1671718    .1885015

solve1       |

          D1 |   127.8218   73.11354     1.75   0.080    -15.47807    271.1217

lowsolve     |

          D1 |  -13.33112   1877.869    -0.01   0.994    -3693.887    3667.225

solve5       |

          D1 |   -19.0243   78.89976    -0.24   0.809     -173.665    135.6164

rnprof1      |

          D1 |    .180233   .0666651     2.70   0.007     .0495718    .3108943

lowretn      |

          D1 |   3036.255   2642.619     1.15   0.251    -2143.184    8215.693

rnprof5      |

          D1 |   .0274866   .0061463     4.47   0.000     .0154402    .0395331

_cons        |  -976.1021   289.8125    -3.37   0.001    -1544.124   -408.0801

------------------------------------------------------------------------------

Arellano-Bond test that average autocovariance in residuals of order 1 is 0:

         H0: no autocorrelation   z =  -2.43   Pr > z = 0.0151

Arellano-Bond test that average autocovariance in residuals of order 2 is 0:

         H0: no autocorrelation   z =  -1.20   Pr > z = 0.2286
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Chart 2: Reserve Errors, 1991-1996
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� As opposed to those reserve errors computed on an accident-year basis ie relating to the liabilities estimated in the year of origin of the business.


� On average, these reserves represent around 30% of total technical provisions and 75% of net earned premiums of sample companies.


� Which is termed business accounted using “accident-year accounting” in the regulatory returns.


� But generally excludes marine, aviation, transport and inwards treaty reinsurance.


� General insurance companies normally have reserving control systems that require the reference of large or serious cases to a higher level of management. This is because reserve misjudgment in larger or more serious cases is likely to have a greater distorting effect upon the measurement of financial results than misjudgment in the smaller cases.  


� A comprehensive summary is available in Faculty and Institute of Actuaries (1997)


� The 2002 Royal Commission report into the failure of the Australian general insurer HIH recommended that a prudential margin be added to the central estimate of loss reserve in order to provide a greater than 75% probability that the reserves will be sufficient to meet all claims obligations, � HYPERLINK "http://www.hihroyalcom.gov.au/finalreport" ��www.hihroyalcom.gov.au/finalreport� (p44, para8)





� However it is unclear why insurance companies need to manipulate their loss reserves in order to bring-forward profits to offset against losses when most tax authorities already allow the carry-forward of losses to be offset against future profits.


� Since increased share-price volatility increases the value of share options.


� The UK regulatory returns include reserves for ten accident years t, t-1, .. , t-9. We concentrate on the reserves for the 5 most recent accident years, and collect run-off data on these over the following five calendar years.


� In general, the loss reserves for accident years t-5 to t-9 form a small part of total reserves.


� For short-tailed business, Rit5 is likely to be relatively small, so that (Rit5 + Claimst5) approximates closely to μit. For long-tailed business, Rit5 may also be subject to reserve bias arising from the reserving decisions made in (t+5). Rit5 may also be affected by retrospective reinsurance decisions made after time t (to reinsure away the remaining liabilities reported in year t).


� For example, including the nine most recent accident years would restrict the analysis to a one-year event window (as after that the data for accident year t-8 would disappear).  


� Downloaded from the British Government Securities Database, Heriot-Watt University, � HYPERLINK "http://www.ma.hw.ac.uk/~andrewc/gilts" ��www.ma.hw.ac.uk/~andrewc/gilts� 


� This data thus enable the calculation of reserve errors for the period 1985 to 1996


� So long as claims paid in the relevant calendar-year were non-zero, and the relevant claims outstanding figure was positive.


� LOWSOLVEit = 1 if capital  ≤ 25% of the average of gross and net premium income.


� LOWRETNit = 1 if net of tax profit as a % capital ≤ 1%


� The denominator (admissible assets + reinsurance premiums paid) is used because the more-obvious alternative of gross earned premiums may be zero in years t+1 to t+5.


� The endogeneity bias and inconsistency arising from such contemporaneous causation is a feature of most previous work on reserve errors.


� Using lagged levels of the dependent variable and predetermined/endogenous variables and differences of the strictly exogenous variables as instruments.
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