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ABSTRACT

Dynamic financial analysis has become one of the important tools that actuaries use to model the underwriting and investment operations of insurance companies. The first step in carrying out the analysis is to investigate the most important factors affecting company performance. This paper identifies the determinants of the performance of U.K. general insurance companies using a panel data set consisting of economic data and FSA/DTI returns over the period 1986-1999.  Three performance measures are used to capture different aspects of the insurance operations. These performance measures are related to four economic variables and eight company-specific variables, chosen on the basis of relevant theory and literature. An ordinary least squares regression model and two panel data models for each of three performance measures are estimated. This paper also addresses several important econometric problems that are usually ignored in applied work in the context of panel data analysis. Based on the empirical results, this study finds that liquidity, unexpected inflation and interest rate level are statistically significant determinants of the performance of U.K. general insurance companies.
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1.  INTRODUCTION
1.1  Since 1994, the U.S. Casualty Actuarial Society has been promoting and developing Dynamic Financial Analysis (DFA) as a tool that actuaries use to model the complicated and interrelated underwriting and investment operations of insurance companies. The first step in carrying out DFA is to identify the determinants of insurance company performance.

1.2  Some actuarial professional bodies have suggested that actuaries should consider risk factors that might have great impact on company performance. For instance, Guidance Note 2 issued by the Faculty and Institute of Actuaries in 1996 suggests that actuaries should test variations in some assumptions and be alert to some risk factors when carrying out dynamic solvency testing (Faculty and Institute of Actuaries, 1996). The Standard of Practice on Dynamic Capital Adequacy Testing issued by the Canadian Institute of Actuaries in 1998 also suggests that actuaries should take into account some risk categories (Canadian Institute of Actuaries, 1998).

1.3  To identify the determinants, actuaries can investigate whether the company is exposed to the risk factors listed by the actuarial professional bodies. Another way of identifying the determinants is to conduct a statistical empirical analysis. The purpose of this paper is twofold: (1) to demonstrate how the analysis can be done using a panel data set consisting of economic and company-specific data and (2) to identify the determinants of the performance of U.K. general insurance companies.

1.4  This paper extends prior research and contributes to the literature on the determinants of performance in a number of ways. First, a comprehensive research on performance determinants using both FSA/DTI returns and economic data has not yet been conducted in the U.K. general insurance industry. Therefore, this paper can be used to fill the gap in the literature. Moreover, the results can be compared with the results of studies conducted in the insurance industry or other financial sectors across the world. Second, we address some econometric problems such as heteroskedasticity, multicollinearity and autocorrelation, which are usually ignored in applied work in the context of panel data analysis (See, for example, Swamy et al. (1996), Bennaceur & Goaied (2001) and Browne, Carson & Hoyt (2001)). Third, investment yield, a performance measure that has not yet been used in previous studies, is employed to particularly capture investment performance of general insurance companies. Fourth, the study provides insights into the factors affecting the performance or financial strength of U.K. general insurance companies. Therefore, this research will be of interest to insurance regulatory authorities, company managers and actuaries. 

1.5  The remainder of this paper is organised as follows. Section 2 reviews the relevant literature and formulates hypotheses. Section 3 discusses some theoretical considerations of model building. Section 4 constructs empirical framework employed in the analysis. Section 5 describes the data and their sources. Section 6 presents the empirical results. The final section summarises and concludes the paper.   

2.  LITERATURE REVIEW AND HYPOTHESIS FORMULATION
2.1  Introduction
This section reviews literature on the possible relationship between company performance and its determinants, and formulates hypotheses that match the underlying theory based upon the literature reviewed. The literature includes research not only on life and general insurance but also on banking. 

2.2  Unexpected Inflation
2.2.1  Inflation certainly plays a role in insurance and has adverse impact on many aspects of insurance operations, such as claims, expenses and technical provisions (Daykin, Pentikäinen & Pesonen, 1994). However, because U.K. inflation is currently small and relatively predictable over the term of general insurance liabilities, and expected inflation is taken into account when actuaries set actuarially fair premiums, inflation itself is unlikely to seriously impact on the performance of general insurance companies. Nevertheless, if inflation is significantly greater than expected, it could cause insurance companies financial difficulty.

2.2.2  For instance, unexpected inflation makes real returns on fixed-rate bonds lower than expected. As a consequence, profit margins of insurance companies are compressed and financial performance is accordingly impaired (Browne, Carson & Hoyt, 1999). Moreover, unexpected inflation could also have an adverse impact on equity returns (see, for example, Pearce & Roley (1988) and Giammarino (1998)). Given the negative relationship between unexpected inflation and returns on both fixed-income securities and equities, it is expected that the relationship between performance and unexpected inflation would be negative.

2.3  Interest Rate Change
2.3.1  Interest rate risk is one of the main risks faced by insurance companies. Although interest rate risk is likely to be avoided to a great extent if the durations of assets and liabilities are nearly matched, life insurance companies often intentionally mismatch the durations by holding assets with longer duration than liabilities to obtain higher returns. Nevertheless, general insurance companies usually invest high proportion of their funds in short-term investments because their liabilities are much shorter and less predictable in amount than their life counterparts (Booth et al., 1999). Therefore, it is safe to say that positive asset-liability duration mismatch is less common in the general insurance industry than the life insurance industry. However, this mismatch might still exist for some general insurance companies on return grounds.

2.3.2  Although interest rate change influences the value of assets and liabilities in the same direction, the impact on assets and liabilities is different if the two have different durations. Since interest rate risk increases with duration, interest rate change will normally have greater impact on the value of assets than that of liabilities if asset duration is longer than liability duration. In this case, it is expected that shareholders’ funds increase when interest rates go down and shareholders’ funds decrease when interest rates go up. If asset duration is shorter than liability duration, the reverse is true. Based on the above discussion, there is no prior expectation about the direction of the relationship between performance and interest rate change.

2.4  Interest Rate Level
Table A.1 shows that the U.K. general insurance industry as a whole invested 24.35% of its funds in bonds during the period 1986-1999 (Appendix A). Since bond portfolios account for a high proportion of the invested assets of general insurance companies, bond investment earnings are important for their investment performance. Bond returns largely depend on the level of interest rates. High interest rates bring high bond investment income, which accordingly enhance investment performance of insurance companies. Therefore, it is expected that the relationship between performance and interest rate level would be positive.

2.5  Equity Returns
Table A.1 also shows that the U.K. general insurance industry as a whole invested 12.54% of its funds in equities & other shares during the period 1986-1999 (Appendix A). Although general insurance companies tend to hold a relatively low proportion of their investment portfolios in equities because a high proportion of the portfolios in equities could increase insolvency risk (Booth et al., 1999), high returns on equities enhance their investment performance. Therefore, it is expected that the relationship between performance and equity returns would be positive. 

2.6  Company Size
2.6.1 It has been suggested that company size is positively related to financial performance. The main reasons behind this can be summarised as follows. First, large insurance companies normally have greater capacity for dealing with adverse market fluctuations than small insurance companies. Second, large insurance companies usually can relatively easily recruit able employees with professional knowledge compared with small insurance companies. Third, large insurance companies have economies of scale in terms of the labour cost, which is the most significant production factor for delivering insurance services. 

2.6.2 Browne, Carson and Hoyt (2001) have shown empirically that company size is positively related to financial performance for US life insurance companies. However, company size is not found to be an important determinant of operational performance in the Bermuda insurance market during the period 1993-1997 (Adams and Buckle, 2000). Based on the discussion above, it is expected that the relationship between performance and company size would be positive.

2.7 Reinsurance Dependence
General insurance companies usually take out reinsurance cover to stabilise earnings, increase underwriting capacity and provide protection against catastrophic losses. Nevertheless, there is a cost for reinsurance. As a result, determining an appropriate retention level is important for insurance companies, and they have to try to strike a balance between decreasing insolvency risk and reducing potential profitability. Although it increases operational stability, increasing reinsurance dependence, i.e. lowering the retention level, reduces the potential profitability. Therefore, it is expected that the relationship between performance and reinsurance dependence would be negative.

2.8  Leverage 

2.8.1 Insurance companies collect premiums in advance and keep them in reserve accounts for future claim settlements. For instance, most premiums collected by non-life insurance companies are kept in outstanding claims and unearned premiums reserves which are two main accounts in the liability side of the balance sheet. Outstanding claims reserve is considered riskier than ordinary long-term corporate debt since neither the magnitude nor the timing of the cash flows is known. Unearned premium reserve is similar to ordinary short-term loans because most general insurance policies are short-term and expire in one year (Briys and de Varenne, 2001). Policyholders receive a discount in their premiums to compensate for the opportunity cost of the funds held by insurance companies. Likewise, the discount is similar to the interest payments on corporate debt to policyholders by insurance companies (Berger, Cummins and Weiss, 1997). 

2.8.2 Like other ordinary stock companies, stock insurance companies issue debt and equity securities to obtain funds
. The choice of capital structure, the combination of different securities, has been one of the most important issues on corporate finance. However, does the so-called optimal capital structure exist? If yes, does the use of debt (financial leverage) increase the expected return on equity?

 2.8.3 According to Modigliani and Miller (1958), any combination of securities is as good as the other in perfect capital markets. Modigliani and Miller's (MM's) proposition I states that the overall market value of a company, i.e. the total market value of the debt and equity securities issued by the company, is independent of its capital structure in a perfect market. That is, the overall market value of a company's securities is the same despite the changes in the combination of its securities in a frictionless world with full information and complete markets, and without tax, cost of transaction and financial distress. If MM's proposition I holds, expected return on assets is not affected by the company's debt policy, since neither expected operating income nor total market value of its securities has been changed (Brealey and Myers, 2000). Moreover, MM's proposition II, derived from MM's proposition I, states that the relationship between expected return on equity and debt-equity ratio is positive. That is, the more financial leverage or gearing, the higher expected return on equity with the increase in risk. It should be noted that the two propositions do not contradict each other because of the trade-off between risk and return. Nevertheless, almost each aforementioned condition of the perfect capital markets is not met in the real world.  Therefore, MM's two propositions do not completely hold and financial leverage might have impact on company performance.

2.8.4 Insurance companies could prosper by taking reasonable leverage risk or could become insolvent if the risk is out of control. Adams and Buckle (2000) provide evidence that insurance companies with high leverage have better operational performance than insurance companies with low leverage. Nevertheless, more empirical evidence supports the view that leverage risk reduces company performance. Carson and Hoyt (1995) find that leverage is significantly positively related to the probability of insolvency. Moreover, a negative relationship between leverage and performance has also been found in Browne, Carson and Hoyt (2001). Based on the above discussion, it is expected that the relationship between performance and leverage would be negative.
2.9  Affiliated Investments
The U.K. general insurance industry as a whole invested 12.87% of its funds in affiliates during the period 1986-1999 (Appendix A). It is generally believed that affiliated investments would increase insolvency risk of parent companies. Therefore, it is expected that the relationship between performance and affiliated investments would be negative.

2.10  Solvency Margin
Solvency margin is one of the indicators of financial soundness. Insurance companies with higher solvency margin are considered to be more sound financially. Financially sound insurance companies are better able to attract prospective policyholders and are better able to adhere to the specified underwriting guidelines. By adhering to the guidelines, the insurance companies can expect a better underwriting result. Therefore, it is expected that the relationship between performance and solvency margin would be positive.

2.11  Stability of Underwriting Operation
Huge fluctuations in net premiums written indicate a lack of stability in underwriting operation of an insurance company. An unusual increase in net premiums written might indicate that the company is engaging in the so-called “cash-flow underwriting” to attempt to survive its financial difficulty. However, this is not necessarily the case. An unusual increase in net premiums written could indicate favourable business expansion if it is accompanied by adequate reserving, profitable operations, and stable products mix (NAIC, 2001a). The indicator of annual change in net premiums written is similar to the NAIC Life/Health Insurance Regulatory Information System (IRIS) Ratio 10 (Change in premium) and the NAIC Property/Casualty IRIS Ratio 3 (Change in net writings). Its usual range of values is between −33% and 33% (NAIC, 2001b, 2001a). The wide and equal both positive and negative ranges of normal values indicate that the indicator is not a very sensitive predictor of performance. Based on the above discussion, there is no prior expectation about the direction of the relationship between performance and stability of underwriting operation.

2.12  Liquidity
2.12.1 Assets can be divided into liquid and illiquid assets in terms of liquidity. Companies with more liquid assets are less likely to fail because they can realise cash even in very difficult situations. It is therefore expected that insurance companies with more liquid assets will outperform those with less liquid assets. Browne, Carson and Hoyt (2001) provide evidence supporting that performance is positively related to the proportion of liquid assets in the asset mix of an insurance company.

2.12.2 However, an alternative hypothesis can be formulated as follows. Maintaining high liquidity can reduce management’s discipline as regards both underwriting and investment operations. Moreover, according to the theory of agency costs, high liquidity of assets could increase agency costs for owners because managers might take advantage of the benefits of liquid assets (Adams and Buckle, 2000). In addition, liquid assets imply high reinvestment risk since the proceeds from liquid assets would have to be reinvested after a relatively short period of time. Undoubtedly, reinvestment risk would put a strain on the performance of a company. In this case, it is, therefore, likely that insurance companies with less liquid assets outperform those with more liquid assets. Nevertheless, agency costs and reinvestment risk can be effectively minimised if proper actions are taken. 

2.12.3 Based on the above discussion, it is expected that the relationship between performance and asset liquidity would be positive.
2.13  Stability of Asset Structure
2.13.1 Dramatic changes in asset structure indicate a lack of stability in the investment operations of an insurance company. An unusual change in asset structure might indicate that the company is rearranging its asset structure due to solvency concerns (Carson and Hoyt, 1995). Indicators of change in asset mix are the NAIC Life/Health IRIS Ratio 12 and the NAIC fraternal society IRIS Ratio 11. Its usual range of values is less than 5 per cent (NAIC, 2001a, 2001c). Based on the above discussion, it is expected that the relationship between performance and change in asset mix would be negative. That is, it is expected that the relationship between performance and stability of asset structure would be positive. 

.

3.  THEORETICAL CONSIDERATIONS OF MODEL BUILDING
3.1  Introduction
Several important issues need to be dealt with in specifying an empirical model. These include choice of suitable dependent and explanatory variables, measurement of these variables, choice of appropriate functional form and estimation techniques (see, for example, Studenmund (1997) and Swamy et al. (1996)). The remainder of this section discusses the above-mentioned issues, except the issue of estimation techniques that will be addressed in the next section.

3.2  Choice of Dependent Variables and their Measurement
3.2.1  Introduction
Because the main purpose of the paper is to identify the determinants of performance and there is no universally recognised unique performance measure, three key performance measures commonly used in the general insurance industry are utilised as dependent variables to measure different aspects of insurance operations. They are investment yield, percentage change in shareholders’ funds and return on shareholders’ funds. The first and second measures are focused on measuring the return from investment operations and the change in financial strength of insurance companies respectively. The third measure is intended to measure the profitability of overall operations. 

3.2.2  Investment yield
Investment yield is regarded as a summary statistic of the investment of an insurance company and is measured as follows. 

Investment yield

= 100%*[Net investment income] / {0.5*[(Total assets)t + (Total assets)t-1]}

3.2.3  Percentage change in shareholders’ funds
Percentage change in shareholders’ funds is a popular measure of the change in financial strength of an insurance company and is measured as follows.

Percentage change in shareholders’ funds

=100%*[(Shareholders’ funds)t − (Shareholders’ funds)t-1] / (Shareholders’ funds)t-1
3.2.4  Return on shareholders’ funds
Return on shareholders’ funds is a common indicator of the performance of an insurance company and is measured as follows:

Return on shareholders’ funds

= 100%*(Profit before tax) / {0.5*[(Shareholders’ funds)t + (Shareholders’ funds)t-1]}

3.3  Choice of Explanatory Variables and their Measurement
3.3.1  Introduction
The choice of explanatory variables is based on their theoretical relationship with the dependent variable. Generally speaking, the chosen explanatory variables are expected to partly explain the variation of the dependent variable. In this paper, we take into account both economic and company-specific variables affecting the performance of U.K. general insurance companies. There are four economic variables and eight company-specific variables considered to be explanatory variables in the empirical models. These explanatory variables and their measurement are as follows.

3.3.2  Economic variables
(a) Unexpected inflation 

The variable unexpected inflation (UI) is measured as the U.K. inflation rate minus interbank one-year middle rate. A similar measure is used in Browne & Hoyt (1995). 

(b) Interest rate change

The variable interest rate change (IRC) is measured as the difference in the U.K. three-month Treasury bill middle rate between the current year and the prior year.

(c) Interest rate level

The variable interest rate level (IRL) is measured by the U.K. ten-year government bond yield.

(d) Equity returns

The variable equity returns (ER) is measured by the FTSE All Share- total return index.

3.3.3  Company-specific variables
(a) Company size

This variable is measured as the natural logarithm of total assets (LOGTA). 

(b) Reinsurance dependence

This variable is measured as reinsurance ceded divided by total assets (RCTA).

(c) Leverage

This variable is measured as total net technical provisions divided by shareholders’ funds (TNTPSF). A similar measure is used in Adams & Buckle (2000) and Browne, Carson & Hoyt (2001).

(d) Affiliated investments

This variable is measured as total affiliated investments divided by shareholders’ funds (TAISF). 

(e) Solvency margin

This variable is measured as net assets divided by net premiums written (NANPW). 

(f) Stability of underwriting operation 

This variable is measured as the difference of net premiums written between the current year and the prior year divided by net premiums written prior year (ACNPW). The lower the value of ACNPW, the more stable the underwriting operation.

(g) Liquidity
This variable is measured as total liabilities divided by liquid assets (TLLA). Liquid assets include cash, bonds and equities & other shares. The lower the value of TLLA, the more liquid the company’s assets.

(h) Stability of asset structure

This variable is measured as the average of the absolute values of the percentage changes in nine different asset accounts (CAM). The nine asset accounts include property, cash, bonds, equities & other shares, affiliated investment, insurance debts, other assets, prepayments & accrued income and reinsurers’ share of technical provisions. The lower the value of CAM, the more stable the asset structure. 

3.4  Choice of Functional Form
Theory and literature seldom suggest a particular functional form for the empirical model. Studenmund (1997) argues that the linear form should be used until strong evidence that linear form is inappropriate is found. Moreover, empirical models of linear form have been extensively used in the literature on identifying performance determinants (see, for example, Swamy et al. (1996), Bennaceur & Goaied (2001), and Browne, Carson & Hoyt (2001)). We follow the previous studies and use linear functional form in this paper because there is no theory or literature indicating otherwise.

4.  EMPIRICAL FRAMEWORK
4.1  In order to obtain as much information as possible from the panel data set, several possible regression specifications and feasible estimation techniques are used. The general form of the empirical models is specified as follows.
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where

yit is the value of the performance measure for company i at time t.

xkit is the value of the kth explanatory variable for company i at time t.

k is the index of explanatory variables and k = 1, …., K.

i is the index of company and i = 1, …., N.

t is the index of time periods and t = 1, …., T.

αi and βk are parameters to be estimated.

εit is the error component for company i at time t and is assumed to have mean zero, E[εit]=0 and constant variance E[εit2]= σε2. 

4.2  In the regression model specified above, intercept terms are assumed to vary across companies, but slope coefficients are assumed to be constant. αi is time-invariant and accounts for an individual company effect that is not included in the regression (Baltagi, 1995). The heterogeneity across companies that can not be explained by explanatory variables is assumed to be captured by intercept variation. There are, at least, two reasons for not allowing variation in slopes in our empirical models. First, the scope for analyzing slope heterogeneity is limited when the number of time periods (only 14-year annual data available) is relatively small compared with the number of companies. Second, the long-run equilibrium responses are less likely to be subject to slope variation than short-run adjustment pattern across companies (Pesaran, Smith & Im, 1996). In addition, a dynamic panel model including a lagged dependent variable is not specified in this research because the observations in the unbalanced panel are not consecutive in time due to the removal of some extreme observations and the unavailability of part of the data. 

4.3  The time effect is not included in the model because the panel data set is short and economic variables in this research do not vary across the companies in a given period. Therefore, adding time effect dummies in the model would only create serious econometric problems. 

4.4  There are three regression specifications employed in this paper, including ordinary least squares regression model, one-factor fixed-effects model and one-factor random-effects model. The one-factor fixed-effects model is estimated by partitioned ordinary least squares without overall constant, whereas the one-factor random-effects model is estimated by feasible two-step generalised least squares (Greene, 1998).

4.5  The main difference among the three models is the assumption about the intercept term αi. In ordinary least square regression model, αi is assumed to be the same across companies. In one-factor fixed-effects model, αi is assumed to vary across companies, but to be constant over time t. In one-factor random-effects model, αi is assumed not only to vary across companies, but also to be a random variable with zero mean and constant variance. 

4.6  It would be useful to know which of the estimated models is the best. A number of issues and statistical tests about the choice among the models have been suggested in the literature (Appendix B). 

5.  THE DATA
5.1  Identification of the determinants is conducted using annual data over the period of 1986-1999. The data for performance measures and company-specific variables are computed using the FSA/DTI returns from 1999 SynThesys Non-Life (Version 3.32), while the data on the economic variables are obtained from Datastream.

5.2  The number of insurance companies in the data set of 1999 SynThesys Non-life is 346. Because this paper is only focused on the U.K. general insurance market, eight companies submitting global returns are excluded from this research.

5.3 Moreover, if a general insurance company ceases to exist in the U.K. market, fails to file statutory returns to the supervisory authority or files incomplete returns making the calculations of the performance measures or company-specific variables impossible, it is excluded from the panel. Newly established general insurance companies are included in the panel from the year it was established. Furthermore, extreme observations whose values are outside the range of 2 standard deviations are removed from the panel. The final panel data set consists of 1,922 company-year observations for 211 general insurance companies over 14 years.

5.4  Table 1 and Table 2 present descriptive statistics and correlation matrix for the sample firms respectively. It is noted that the correlation coefficients among the company-specific variables are very small. This reflects one of the main advantages of using panel data- the reduction in collinearity among the explanatory variables.

Table 1.  Descriptive statistics of dependent and explanatory variables

	Variable
	Mean
	Standard deviation
	Minimum
	Maximum
	Median
	Skewness
	Kurtosis

	IY
	5.45
	2.62
	4.45
	14.69
	5.43
	−0.17
	1.40

	PCSF
	16.44
	67.97
	−686.30
	739.11
	7.37
	1.73
	30.02

	RSF
	0.78
	72.24
	−1423.73
	370.70
	7.65
	−8.54
	131.63

	UI
	−4.92
	1.37
	−7.56
	−3.34
	−4.57
	−0.64
	−1.02

	IRC
	−0.42
	1.88
	−4.61
	2
	0.16
	−0.71
	−0.36

	IRL
	8.62
	1.81
	5.08
	11.80
	9.06
	−0.36
	−0.53

	ER
	6800.51
	3733.27
	2406.92
	14904.31
	4967.84
	0.83
	−0.55

	LOGTA
	11.44
	1.47
	7.88
	14.90
	11.45
	0.03
	−0.68

	RCTA
	10.30
	8.48
	−11.31
	35.49
	8.76
	0.69
	−0.26

	TNTPSF
	274.52
	573.70
	−7001.04
	7433.15
	182.13
	2.60
	74.46

	TAISF
	9.23
	23.79
	−69.03
	158.37
	0
	3.27
	11.55

	NANPW
	1961.83
	20846.65
	−243941.51
	252400
	275.65
	3.22
	66.41

	ACNPW
	5.64
	155.33
	−2100
	1702.56
	4.16
	−0.30
	64.75

	TLLA
	106.89
	66.44
	3.62
	1045.48
	98.09
	5.55
	54.66

	CAM
	2.57
	1.65
	0.06
	8.23
	2.10
	1.13
	0.86


Table 2.  Correlation matrix for dependent and explanatory variables

	Variable
	PCSF
	RSF
	IY
	UI
	IRC
	IRL
	ER
	LOGTA

	PCSF
	1.00
	0.16
	0.11
	−0.10
	0.05
	0.08
	−0.09
	−0.04

	RSF
	0.16
	1.00
	0.17
	−0.03
	0.10
	−0.04
	0.05
	0.04

	IY
	0.11
	0.17
	1.00
	−0.06
	0.04
	0.20
	−0.15
	−0.03

	UI
	−0.10
	−0.03
	−0.06
	1.00
	−0.23
	−0.37
	0.53
	0.18

	IRC
	0.05
	0.10
	0.01
	−0.23
	1.00
	0.12
	−0.06
	−0.01

	IRL
	0.08
	−0.04
	0.21
	−0.37
	0.12
	1.00
	−0.91
	−0.17

	ER
	−0.09
	0.05
	−0.15
	0.53
	−0.06
	−0.91
	1.00
	0.19

	LOGTA
	−0.04
	0.04
	−0.03
	0.18
	−0.01
	−0.17
	0.19
	1.00

	
	
	
	
	
	
	
	
	

	
	PCSF
	RSF
	IY
	UI
	IRC
	IRL
	ER
	LOGTA

	RCTA
	0.01
	−0.02
	−0.04
	−0.16
	−0.06
	0.22
	−0.24
	−0.07

	TNTPSF
	−0.04
	−0.05
	−0.01
	0.01
	0.02
	−0.02
	0.03
	0.17

	TAISF
	−0.01
	0.03
	−0.01
	0.01
	−0.02
	0.03
	−0.02
	0.30

	NANPW
	0.03
	−0.00
	−0.03
	0.02
	0.02
	−0.08
	0.09
	−0.04

	ACNPW
	0.06
	0.12
	0.05
	−0.05
	0.00
	0.09
	−0.10
	−0.02

	TLLA
	−0.15
	−0.19
	−0.39
	0.03
	−0.05
	0.03
	−0.03
	0.14

	CAM
	0.09
	−0.01
	0.11
	0.00
	−0.01
	0.10
	−0.09
	−0.14

	
	
	
	
	
	
	
	
	

	
	RCTA
	TNTPSF
	TAISF
	NANPW
	ACNPW
	TLLA
	CAM
	

	LOGTA
	−0.07
	0.17
	0.30
	−0.04
	−0.02
	0.14
	−0.14
	

	RCTA
	1.00
	−0.09
	−0.03
	−0.08
	0.08
	0.01
	0.12
	

	TNTPSF
	−0.09
	1.00
	0.03
	0.04
	0.00
	0.15
	−0.06
	

	TAISF
	−0.03
	0.03
	1.00
	0.02
	−0.03
	0.19
	−0.02
	

	NANPW
	−0.07
	0.04
	0.02
	1.00
	−0.02
	0.06
	−0.02
	

	ACNPW
	0.08
	0.00
	−0.03
	−0.02
	1.00
	−0.13
	0.06
	

	TLLA
	0.01
	0.15
	0.19
	0.06
	−0.13
	1.00
	−0.09
	

	CAM
	0.12
	−0.06
	−0.02
	−0.02
	0.06
	−0.09
	1.00
	


6.  EMPIRICAL RESULTS
6.1  The empirical analysis of determinants of performance is conducted based on 1,922 company-year data from 1986 through 1999 for 211 U.K. general insurance companies. Ordinary least squares regression model, one-factor fixed-effects model and one-factor random-effects model are used to estimate each of the three performance measures, investment yield, percentage change in shareholders’ funds and return on shareholders’ funds. Moreover, statistical significance tests about the direction of the relationship between performance and explanatory variables are performed. An upper-tail test is carried out if the predicted sign of the relationship is “+”; a lower-tail test is performed if the predicted sign of the relationship is “−”; a two-tail test is performed if there is no predicted sign. The empirical results are reported in Tables C.1, C.2 and C.3 (Appendix C).

6.2  It should be noted that not all the explanatory variables are included in the models for all three performance measures. Leverage and affiliated investments are not included in the models for return on shareholders’ funds, because the two explanatory variables and return on shareholders’ funds have the same denominator. By doing so, we can avoid false significance of some explanatory variables simply resulting from the same denominator.  

6.3  Multicollinearity, heteroskedasticity and autocorrelation are three common econometric problems in ordinary regression analysis, but they are usually ignored in applied work in the context of panel data analysis. We will show how the problems are addressed.

6.3.1  Multicollinearity
6.3.1.1  The phenomenon of multicollinearity is usually unavoidable if several economic variables are included in the models because of the interrelationship between them. The fairly high degree of correlation between interest rate level and equity returns shown in Table 2 indicates that there is potential for multicollinearity in the estimation of the three performance models. To give a formal indication of the severity of multicollinearity, the values of variance inflation factor (VIF) for each of the explanatory variables are calculated. Table 3 shows that all variables have very small VIFs, except interest rate level and equity returns. Their VIF values are 6.92 and 8.32, respectively. 

Table 3.  Variance inflation factor for explanatory variables

	Explanatory variable
	Variance inflation factor

	UI
	1.72

	IRC
	1.16

	IRL
	6.92

	ER
	8.32

	LOGTA
	1.22

	RCTA
	1.10

	TNTPSF
	1.06

	TAISF
	1.14

	NANPW
	1.02

	ACNPW
	1.04

	TLLA
	1.10

	CAM
	1.05


6.3.1.2  The correlated variables would be more likely to become insignificant and accordingly it would be difficult to distinguish the individual effects of the correlated variables. In the empirical analysis, interest rate level and equity returns are significant in the models for investment yield, but insignificant in most of the models for percentage change in shareholders’ funds and return on shareholders’ funds. Therefore, it is necessary to further explore the effects of multicollinearity on the models for these two performance measures. However, there is absolutely no need to consider taking any action to deal with possible effects of multicollinearity on the models for investment yield because both interest rate level and equity returns remain highly significant even in the presence of multicollinearity.

6.3.1.3  There are a few possible remedies for multicollinearity. It has been suggested in many econometric texts that doing nothing could be best remedy for researchers faced with multicollinearity because any other remedy could create other serious econometric problems (see, for example, Studenmund (1997) or Kennedy (1998)). In addition, dropping one of the two highly correlated variables is a possible remedy for multicollinearity in the models for percentage change in shareholders’ funds and return on shareholders’ funds. It is decided to drop equity returns instead of interest rate level because not only the former has the highest VIF value but also the latter has stronger theoretical relationship with performance than the former due to the high proportion of bonds in the asset mix of general insurance companies. Dropping equity returns in the models for percentage change in shareholders’ funds does make the estimated coefficients of interest rate level become significant and have expected sign, while the significance of other variables remain unchanged (Table C.4, Appendix C). Nevertheless, dropping equity returns in the models for return on shareholders’ funds does not lead to the estimated coefficients of interest rate level becoming significant. Therefore, it would be wise to keep both interest rate level and equity returns in the models for return on shareholders’ funds to avoid possible specification bias.

6.3.2  Heteroskedasticity
The panel data used in this paper is wide, but short. That is, the observations come from many cross-section companies, but the time periods are relatively limited. This kind of panel data is more oriented toward cross-section analysis (Greene, 2000) and heteroskedasticity is a potential problem in the analysis. Therefore, standard errors which are robust to heteroskedasticity are calculated and the t-statistics of the coefficient estimates are computed using White’s (1980) heteroskedasticity-consistent standard errors. 

6.3.3  Autocorrelation

Autocorrelation usually exists when the order of the observations has some particular meaning. Since there is no particular order across companies in the panel data set, it would be almost unlikely that autocorrelation would exist cross-sectionally. Besides, since the panel data set is short and the observations are not all consecutive in time because of the removal of extreme observations, it is infeasible to estimate the models with an autocorrelated error structure. Therefore, the models do not include an autocorrelated error structure. 

6.4  F-tests for the overall statistical goodness-of-fit of the empirical models are all significant at the 0.001 level. The adjusted R2 values range from 0.04 to 0.52. The best models of the three alternative regression specifications for each of the three performance measures are chosen based on the results of LM test and Hausman test. They are the one-factor fixed-effects models for investment yield and return on shareholders’ funds, and the ordinary least squares regression model for percentage change in shareholders’ funds. The results of three alternative regression specifications for investment yield are largely consistent and so are those for return on shareholders’ funds and percentage change in shareholders’ funds. To simplify the exposition, only the consistent results for each dependent variable are discussed. By consistent results, we mean the results holding for all alternative regression specifications in terms of sign and statistical significance.

6.4.1  Investment yield
Investment yield is positively related to interest rate level, equity returns, leverage, solvency margin, stability of underwriting operation, liquidity and negatively related to unexpected inflation, interest rate change, reinsurance dependence and stability of asset structure. The estimated coefficients of unexpected inflation, interest rate level, equity returns and liquidity are statistically significant (Table C.1, Appendix C). It is noted that the signs of the estimated coefficients of the significant explanatory variables are as predicted by theory. 

6.4.2  Return on shareholders’ funds
Return on shareholders’ funds is positively related to interest rate change, interest rate level, equity returns, company size, liquidity, stability of asset structure and negatively related to unexpected inflation, reinsurance dependence and stability of underwriting operation. The estimated coefficients of interest rate change and liquidity are statistically significant (Table C.3, Appendix C).

6.4.3  Percentage change in shareholders’ funds
Percentage change in shareholders’ funds is positively related to interest rate change, interest rate level, company size, affiliated investments, solvency margin, liquidity and negatively related to unexpected inflation, reinsurance dependence, leverage, stability of underwriting operation and stability of asset structure. The estimated coefficients of unexpected inflation, interest rate level, solvency margin, liquidity and stability of asset structure are statistically significant (Table C.4, Appendix C). 

6.5  The overall results show that the estimated coefficients of liquidity, unexpected inflation and interest rate level are all statistically significant in the models for, at least, two out of the three dependent variables. Contrary to the liquidity hypothesis developed from the theory of agency costs (Adams & Buckle, 2000), the evidence presented here indicates that insurance companies with more liquid assets outperform those with less liquid assets. Consistent with the hypothesis, the evidence also indicates that unexpected inflation exerts a negative impact on insurance companies’ performance. Consistent with the hypothesis, the evidence indicates that the relationship between interest rate level and performance is positive. All the evidence is in line with the findings of Browne, Carson & Hoyt (1999 and 2001).

6.5  It is hardly surprising that some of the results are not consistent among the three dependent variables because they measure different aspects of insurance operations. For instance, the estimated coefficients of equity returns, interest rate change, solvency margin and stability of asset structure are statistically significant in the models for one of the three dependent variables. It is worth noting that solvency margin is positively related to all the dependent variables. This result provides support to the hypothesis that insurance companies with higher solvency margin outperform those with lower solvency margin.

6.5 Consistent with the hypothesis, reinsurance dependence is found to be negatively related to performance in all the models. In particular its estimated coefficients in the models for investment yield are all statistically significant at the 0.01 level. This finding lends support to the notion that insurance companies with low retention limit act as if they were the brokers of reinsurers because a high proportion of their premiums have to be handed over to reinsurance companies and to a great extent their performance would depend on that of their reinsurers. 

6.6  No consistent evidence is found to provide support for the view of Adams & Buckle (2000) that insurance companies with high leverage have better performance than insurance companies with low leverage or that of Browne, Carson & Hoyt (2001) that the relationship between leverage and performance is negative. In addition, as with the study by (Adams & Buckle, 2000) for the Bermuda insurance company, company size is not found to be an important determinant of performance in this research.

7.  SUMMARY AND CONCLUSIONS
7.1  In this paper, the empirical analysis of identifying the determinants of the performance of U.K. general insurance companies is conducted using a panel data set consisting of economic data and FSA/DTI returns over the period of 1986-1999. Since there is no single universally recognised performance measure and insurance operations are complicated, three performance measures are used in this research to capture different aspects of insurance operations, including investment yield, percentage change in shareholders’ funds and return on shareholders’ funds. These performance measures serve as dependent variables. 

7.2  The choice of explanatory variables is based upon their theoretical relationship with the dependent variables and the chosen explanatory variables are expected to partly explain the variation of the dependent variables. In this research, we take into account both economic and company-specific variables affecting performance of U.K. general insurance companies. There are four economic variables and eight company-specific variables. 

7.3  Three models for each of three performance measures have been estimated, including ordinary least squares regression model, one-factor fixed-effects model and one-factor random-effects model. Several important econometric problems have also been addressed. The empirical results of all the models reveal that the performance of U.K. general insurance companies is positively related to interest rate level, equity returns, solvency margin and liquidity, and negatively related to unexpected inflation and reinsurance dependence.  Among these factors, liquidity, unexpected inflation and interest rate level are statistically significant determinants of the performance of U.K. general insurance companies.
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APPENDIX A
ASSET ALLOCATION OF THE U.K. GENERAL INSURANCE INDUSTRY

Table A.1 shows an overall average allocation of assets between categories for the U.K. general insurance industry during the period 1986-1999. The category of bonds was the dominant asset category. The second, third and fourth largest asset categories were reinsurers’ share of technical provisions, affiliated investments, and equities & other shares respectively.

Table A.1.  Overall asset allocation of the U.K. general insurance industry (1986-1999)

	Asset category
	Weight

	Property
	1.79%

	Cash 
	8.37%

	Bonds
	24.35%

	Equities & other shares
	12.54%

	Affiliated investments
	12.87%

	Insurance debts
	10.68%

	Other assets
	4.77%

	Prepayments & accrued income
	2.75%

	Reinsurers’ share of technical provisions
	21.88%


Notes:  

1. Figures are derived from FSA/DTI returns in 1999 SynThesys Non-Life (Version 3.32).

2. Bonds include debt securities and other fixed-income securities.

3. Reinsurers’ share of technical provisions includes provisions for unearned premiums, claims outstanding, and unexpired risks and other provisions.

4. Affiliated investments include investments in group undertakings (U.K. insurance dependants, other insurance dependants, non-insurance dependants and other group undertakings) and participating interests.

5. Equities & other shares include equity shares, other shares and variable yield securities, holdings in collection investment schemes and participation in investment pools.

APPENDIX B
ISSUES AND STATISTICAL TESTS ABOUT CHOICE AMONG MODELS

B.1  Issues
It has been suggested in the literature that two issues on the choice between fixed-effects model and random-effects model are worth considering (See, for example, Judge et al.  (1980) and Balestra (1996)).

(a) The nature of sample and inference

Fixed-effects model is considered to be appropriate when the sample is exhaustive and the researcher only intends to make inference with respect to the characteristics of the individual companies in the sample. In contrast, random-effects model is believed to be more appealing if the sample is drawn from a large population and the researcher intends to extend his or her inference with respect to characteristics of the sampled individual companies to the whole population in question. 

(b) Assumption of the relationship between individual company effects and the explanatory variables.

It is assumed that the individual company effects are uncorrelated with the explanatory variables in random-effects model. On the contrary, the fixed-effects model does not require this assumption. Therefore, if the researcher is sure that there is no correlation between explanatory variables and individual company effects, random-effects model is believed to be more appropriate than fixed-effects model.

B.2  Statistical Specification Tests
Breusch & Pagan (1980) and Hausman (1978) propose two statistical tests for choosing a better model among the alternative regression specifications:

(a) Breusch & Pagan (1980)

The specification test by Breusch and Pagan is the test of a classical regression model against panel data models, including fixed-effects and random-effects models. The Lagrange Multiplier (LM) test statistic is calculated using the ordinary least squares residuals from the classical regression model without individual company effects. 

Null hypothesis: The classical regression model is appropriate.

Alternative hypothesis: The panel data model (fixed-effects or random-effects model) is appropriate.

The LM test statistic is calculated as follows: 
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where

eit are the ordinary least squares residuals from the classical regression model

Under the null hypothesis, LM is asymptotically distributed as χ(1)2 for one-factor model.

Decision rule: If the LM test statistic is greater than critical chi-squared value, then the null hypothesis that the classical regression model is appropriate is rejected. That is, large value of LM test statistic argues in favour of fixed-effects or random-effects model.

(b) Hausman (1978)

The specification test by Hausman is the test of random-effects model against fixed-effects model. 

Null hypothesis: The random-effects model is appropriate.

Alternative hypothesis: The fixed-effects model is appropriate.

The Hausman test statistic is calculated as follows: 
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where

h is the vector of the slope coefficient of the least squares dummy variable estimator.

ĥ is the vector of the slope coefficients of the generalised least squares estimator.

M1 is the covariance matrix for h.

M0 is the covariance matrix for ĥ.

Under the null hypothesis, the Hausman test statistic is asymptotically distributed as χ(k)2 and k is the number of explanatory variables.

Decision rule: If the Hausman test statistic is greater than critical chi-squared value, then the null hypothesis that the random-effects model is appropriate is rejected. That is, large value of Hausman test statistic argues in favour of fixed-effects model.

APPENDIX C
EMPIRICAL RESULTS

Table C.1.  Alternative regression specifications for investment yield (IY)

	Explanatory variable
	Expected sign
	Ordinary least squares regression model
	One-factor fixed-effects model
	One-factor random-effects model

	Intercept
	
	−1.37

(−1.22)
	
	−0.32

(−0.28)

	UI
	−
	−0.80E−01

(−1.68)(
	−0.68E−01

(−1.69)(
	−0.93

(−2.24)(

	IRC
	
	−0.43E−01

(−1.33)
	−0.27E−01

(−1.14)
	−0.38E−01

(−1.56)

	IRL
	+
	0.68

(8.63)((
	0.64

(10.52)((
	0.67

(10.92)((

	ER
	+
	0.19E−03

(4.93)((
	0.19E−03

(6.27)((
	0.19E−03

(5.84)((

	LOGTA
	+
	0.76E−01

(1.88)
	−0.28

(−2.44)(
	−0.33E−01

(−0.52)

	RCTA
	−
	−0.25E−01

(−3.51)
	−0.26E−01

(−3.11)
	−0.30E−01

(−4.22)

	TNTPSF
	−
	0.20E−03

(1.62)
	0.59E−04

(0.59)
	0.11E−03

(1.23)

	TAISF
	−
	0.47E−02

(1.90)
	−0.48E−02

(−1.43)
	−0.21E−02

(−0.75)

	NANPW
	+
	0.29E−06

(0.11)
	0.21E−05

(1.30)
	0.19E−05

(0.89)

	ACNPW
	
	−0.30E−03

(−0.63)
	−0.86E−04

(−0.30)
	−0.10E−03

(−0.36)

	TLLA
	−
	−0.16E−01

(−9.16)((
	−0.90E−02

(−7.48)((
	−0.11E−03

(−12.65)((

	CAM
	−
	0.11

(3.08)((
	0.47E−01

(1.61)
	0.50E−01

(1.76)

	Number of observations
	
	1922
	1922
	1922

	Adjusted R-Square
	
	0.22
	0.52
	

	F test


	
	46.34

[0.00]
	10.28

[0.00]
	

	LM test
	
	
	
	934.78

[0.00]

	Hausman test
	
	
	
	54.32

[0.00]


Notes:

1. t statistics are in parenthesis.

2. p values are in brackets.

3. An upper-tail test is performed if the predicted sign is “+”; A lower-tail test is performed if the predicted sign is “−”; A two-tail test is performed if there is no predicted sign.

4. ( Significant at the 5% level; ((significant at the 1% level. 
5. Based on the results of LM test and Hausman test, we would conclude that of the three alternative regression specifications, the one-way fixed-effects model is the better choice.    
Table C.2.  Alternative regression specifications for percentage change in shareholders’

funds (PCSF)

	Explanatory variable
	Expected sign
	Ordinary least squares regression model
	One-factor fixed-effects model
	One-factor random-effects model

	Intercept
	
	20.33

(0.62)
	
	23.80

(0.64)

	UI
	−
	−2.60

(−1.83)(
	−2.86

(−2.13)(
	−2.67

(−1.83)(

	IRC
	
	1.00

(1.35)
	0.52

(0.72)
	0.82

(0.95)

	IRL
	+
	−0.65

(−0.26)
	0.10

(0.04)
	−0.47

(−0.22)

	ER
	+
	−0.16E−02

(−1.26)
	−0.20E−02

(−1.73)(
	−0.18E−02

(−1.54)

	LOGTA
	+
	0.83

(0.77)
	4.01

(1.19)
	1.41

(0.78)

	RCTA
	−
	−0.15

(−0.81)
	−0.94

(−4.09)
	−0.45

(−1.96)

	TNTPSF
	−
	−0.22E−02

(−0.53)
	−0.13E−01

(−2.19)(
	−0.78E−02

(−2.62)((

	TAISF
	−
	0.37E−01

(0.63)
	0.17

(1.89)
	0.81E−01

(0.89)

	NANPW
	+
	0.14E−03

(1.97)((
	0.18E−03

(2.41)((
	0.17E−03

(2.27)(

	ACNPW
	
	0.14E−01

(1.35)
	0.34E−02

(0.33)
	0.74E−02

(0.73)

	TLLA
	−
	−0.15

(−4.52)((
	−0.26

(−5.17)((
	−0.20

(−6.72)((

	CAM
	−
	3.06

(2.71)((
	2.98

(2.52)(
	3.19

(3.22)((

	Number of observations
	
	1922
	1922
	1922

	Adjusted R-Square
	
	0.04
	0.09
	

	F test


	
	7.50

[0.00]
	1.86

[0.00]
	

	LM test
	
	
	
	0.08

[0.77]

	Hausman test
	
	
	
	41.94

[0.00]


Notes:

1. t statistics are in parenthesis.

2. p values are in brackets.

3. An upper-tail test is performed if the predicted sign is “+”; A lower-tail test is performed if the predicted sign is “−”; A two-tail test is performed if there is no predicted sign.

4. ( Significant at the 5% level; ((significant at the 1% level. 
5. Based on the results of LM test and Hausman test, we would conclude that of the three alternative regression specifications, the ordinary least squares regression model is the better choice.     
Table C.3.  Alternative regression specifications for return on shareholders’ funds (RSF)

	Explanatory variable
	Expected sign
	Ordinary least squares regression model
	One-factor fixed-effects model
	One-factor random-effects model


	Intercept
	
	−36.69

(−0.93)
	
	−35.33

(−0.98)

	UI
	−
	−2.49

(−1.35)
	−3.36

(−1.58)
	−2.73

(−1.85)(

	IRC
	
	3.17

(4.01)((
	2.78

(4.26)((
	3.04

(3.48)((

	IRL
	+
	0.53

(0.21)
	1.31

(0.55)
	0.78

(0.35)

	ER
	+
	0.16E−02

(1.28)
	0.14E−02

(1.34)
	0.16E−02

(1.32)

	LOGTA
	+
	3.01

(2.50)(
	3.81

(1.08)
	2.97

(1.92)

	RCTA
	−
	−0.54E−01

(0.22)
	−0.52

(−1.29)
	−0.19

(−0.84)

	TNTPSF
	−
	
	
	

	TAISF
	−
	
	
	

	NANPW
	+
	0.22E−04

(0.43)
	0.45E−04

(0.87)
	0.32E−04

(0.42)

	ACNPW
	
	0.48E−01

(1.29)
	0.26E−01

(1.27)
	0.41E−01

(4.03)((

	TLLA
	−
	−0.20

(−3.24)((
	−0.26

(−2.46)(
	−0.21

(−7.65)((

	CAM
	−
	−0.68

(−0.69)
	−1.21

(1.09)
	−1.00

(−1.01)

	Number of observations
	
	1922
	1922
	1922

	Adjusted R-Square
	
	0.06
	0.16
	

	F test
	
	12.96

[0.00]
	2.65

[0.00]
	

	LM test
	
	
	
	49.15

[0.00]

	Hausman test
	
	
	
	31.17

[0.00]


Notes:

1. t statistics are in parenthesis.

2. p values are in brackets. 

3. An upper-tail test is performed if the predicted sign is “+”; A lower-tail test is performed if the predicted sign is “−”; A two-tail test is performed if there is no predicted sign.

4.  ( Significant at the 5% level; ((significant at the 1% level.
5. TNTPSF and TAISF are not included in the models, because the two explanatory variables and RSF have the same denominator.
6. Based on the results of LM test and Hausman test, we would conclude that of the three alternative regression specifications, the one-way fixed-effects model is the better choice.      
Table C.4.  Alternative regression specifications for percentage change in shareholders’

funds (PCSF)

	Explanatory variable
	Expected sign
	Ordinary least squares regression model
	One-factor fixed-effects model
	One-factor random-effects model

	Intercept
	
	−18.12

(−1.15)
	
	−18.77

(−0.75)

	UI
	−
	−3.61

(−2.83)((
	−4.01

(−3.15)((
	−3.79

(−3.01)((

	IRC
	
	0.70

(0.89)
	0.18

(0.24)
	0.49

(0.59)

	IRL
	+
	2.01

(2.33)((
	3.30

(3.20)((
	2.52

(2.59)((

	ER
	+
	
	
	

	LOGTA
	+
	0.80

(0.74)
	3.46

(1.05)
	1.29

(0.71)

	RCTA
	−
	−0.14

(−0.75)
	−0.90

(−3.93)
	−0.43

(−1.85)

	TNTPSF
	−
	−0.22E−02

(−0.53)
	−0.13E−01

(−2.19)(
	−0.77E−02

(−2.60)((

	TAISF
	−
	0.38E−01

(0.65)
	0.18

(1.91)
	0.83E−01

(0.92)

	NANPW
	+
	0.14E−03

(1.93)(
	0.18E−03

(2.35)((
	0.16E−03

(2.19)(

	ACNPW
	
	0.14E−01

(1.39)
	0.41E−02

(0.40)
	0.80E−02

(0.79)

	TLLA
	−
	−0.15

(−4.53)((
	−0.26

(−5.20)((
	−0.20

(−6.71)((

	CAM
	−
	3.07

(2.72)((
	3.02

(2.54)(
	3.22

(3.24)((

	Number of observations
	
	1922
	1922
	1922

	Adjusted R-Square
	
	0.04
	0.09
	

	F test


	
	8.02

[0.00]
	1.85

[0.00]
	

	LM test
	
	
	
	0.11

[0.74]

	Hausman test
	
	
	
	41.58

[0.00]


Notes:

1. t statistics are in parenthesis.

2. p values are in brackets.

3. An upper-tail test is performed if the predicted sign is “+”; A lower-tail test is performed if the predicted sign is “−”; A two-tail test is performed if there is no predicted sign.

4.  (Significant at the 5% level; ((Significant at the 1% level.
5. ER is not included in the models because of the concern of multicollinearity.
6. Based on the results of LM test and Hausman test, we would conclude that of the three alternative regression specifications, the ordinary least squares regression model is the better choice.       
� This paper has been submitted to the British Actuarial Journal for publication considerations and is currently under first revision. 


� In a mutual insurance company, "equity" does not exist. The net worth of a mutual insurance company is its solvency margin or policyholders' surplus, which is the remaining fund after payments of claims and costs of operations, and belongs to the policyholders. 
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