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In this paper one of the foundational theories in actuarial science -the Empirical Bayes credibility theory model 1 (Buhlmann model), is applied to estimate the pure risk premium based on the aggregate net claim data of 5 years (2009)(2010)(2011)(2012)(2013). This involves estimating the credibility premium in the next year (2014). Five different classes of risk are considered from the insurance industry in Nigeria -fire, accident, motor, marine and, oil and gas insurance portfolios. Verification of the unbiasedness of the structural parameters of the credibility factor is presented. A chi-square goodness of fit test is carried out to compare the estimated values with the actual claim data. The result shows that there is no significant difference between the estimated values and the actual values for the year 2014.

INTRODUCTION

One of the main branches of insurance mathematics is credibility theory. Intuitively, credibility theory generally deals with the measure of credence or 'trust' that should be assigned to a particular body of experience for the purposes of rate making. For example, if the loss experience in a given class of risk is termed as 'not credible enough', it means that we cannot rely on such data to forecast future events or costs because it will most probably produce incorrect results. Therefore being able to measure how reliable a given experience is, is very vital to the survival of any firm. It is an extremely useful tool in risk management practices. Furthermore, this study will aid in enlightening policyholders on issues regarding insurance claims.

Section 2 delves into the foundational principles of the EBCT model whereas section 3 deals with the data and methodology involved. In section 4, the data is analyzed and results are discussed. Conclusions are made in section 5.

THEORETICAL BACKGROUND

The advent of credibility dates back to Whitney, who in 1918 addressed the problem of assessing the risk premium m, defined as the expected claims expenses per unit of risk exposed, for an individual risk selected from a portfolio of similar risks. Advocating the combined use of individual risk experience and class risk experience, he proposed that the premium rate be a weighted average of the form

= z + (1 -z) μ
where is the observed mean claim amount per unit of risk exposed for the individual contract and μ is the corresponding overall mean in the insurance portfolio, the weight z was soon to be named credibility (factor) since it measures the amount of credence attached to the individual experience, and was called the credibility premium [START_REF] Norberg | Credibility Theory[END_REF]. Thus credibility theory is all about weighted averages. Different estimates of a quantity are to be weighted together. The more credible estimates get more weight. It is usually presented as a mathematically dense body of formulas [START_REF] Venter | Credibility Theory for Dummies 3[END_REF]. In a simpler way, [START_REF] Mahler | Chapter 8: Credibility[END_REF] describes it with a clear example. Rather than relying solely on recent observations, better estimates may be obtained by combining this data with other information. For example, suppose that recent experience indicates that carpenters should be charged a rate of $5 (per $100 of payroll) for workers compensation insurance. Assume that the current rate is $10. What should the new rate be? Should it be $5, $10, or somewhere in between? Credibility is used to weight together these two estimates. The basic formula for calculating credibility weighted estimates as:

Estimate = Z [Observation] + (1 -Z) [Other Information], 0 ≤ Z ≤ 1
where: Z is the credibility assigned to the observation. 1 -Z is commonly termed as the credibility complement.

If the body of observed data is large and not likely to vary much from one period to another, then Z will be closer to one. On the other hand, if the observation consists of limited data, then Z will be closer to zero and more weight will be given to other information. Therefore, solving the problem stated above: The current rate of $10 in the above example is the "Other Information." It represents an estimate or prior hypothesis of a rate to charge in the absence of the recent experience. As recent experience becomes available, then an updated estimate combining the recent experience and the prior hypothesis can be calculated. Thus, the use of credibility involves a linear estimate of the true expectation derived as a result of a compromise between observation and prior hypothesis. The carpenters' rate for workers compensation insurance is therefore Z * $5 + (1 -Z) *$10 under this model. Many different models having varying levels of complexity have been developed to solve credibility problems. Hans Buhlmann formulated the Empirical Bayes credibility theory (EBCT) model in 1967. The simplest of the EBCT models is the EBCT model 1. It provides a basic understanding of how EBCT models work and how the results obtained can be analyzed. One major advantage of EBCT models is that the collateral data speaks for itself-it is allowed to provide the 'between risks' rather than making distributional assumptions regarding the collateral data and the prior knowledge.

In summary EBCT= Bayesian credibility theory -distributional assumptions + collateral data, (Gray R.J. et al 2012). It can be regarded as a generalization of the normal/normal model -The Actuarial Education (2010). The literature covering the application of the EBCT model is quite rich especially in the developed countries. In developing countries, Africa in particular, the studies are quite scarce. [START_REF] Mawuli | Application of Buhlmann's Credibility Theory to an Automobile Insurance Claims[END_REF] applied Buhlmann credibility theory to an automobile insurance claims data from Ghana. Garnier (2016) has applied the model to life insurance. In order to estimate net premiums for catastrophic losses by world regions (continents), [START_REF] Jindrová | Empirical Bayes Credibility Models for Economic Catastrophic Losses by Regions[END_REF] applied both models 1 and 2.

DATA AND METHOD

In this section, we provide a brief description of the data and show how the method is applied.

Data

The data set was obtained from National Insurance Commission (NAICOM). Five different risk classes are chosen. The data shows the net claims paid over a 5 year period from the following insurance portfolios within the Nigerian insurance industry: Fire, accident, motor, marine, oil and gas. The data (in millions of naira) is given in Table 1.1. 

Objective

The aim of this research is to use the EBCT model 1 to analyze the above data in order to obtain the credibility premium. The experience of this collection of five risks is the collateral information. The result obtained will be used to project (compute) the expected claim payment (pure premium) for each class in the next year (2014). Furthermore, a goodness of fit test is carried out using the Chi-square goodness of fit test.

Method

Let

… denote the aggregate claims, or the number of claims, in successive periods for each risk. Thus we have different risks which we denote by N. In this case N=5. The risk data is collected over a couple of years, i.e. Y1,Y2,…Yn. The number of years is denoted by n. Similarly n=5 in this case. We need to estimate the expected value of Yn+1. To do this, the credibility factor Z, will first be computed. The formula is given as:

Z = = =
Then the credibility premium frequency is computed. The formula is given as

+

The following observations about Z are noted: (i) Z is always between zero and one.

(ii) Z is an increasing function of n. This implies that if more data from the risk itself is available, then we will rely more on it when the credibility estimate of the pure premium or number of claims is computed.

(iii) Z is a decreasing function of . Hence, if is higher in value relative to , then the data from the risk itself will vary more when compared to the data from the other risks in the collective. Hence, data from the risk itself will be less reliable. (iv) Z is an increasing function of . Hence, if the value of is higher relative to , more variability will exist between the different risks in the collective and hence it will be less likely that the other risks in the collective will resemble the risk that is of interest. Thus, less reliance should be placed on the data from these other risks.

Definition of the above quantities

i)
is the mean of each of the risks given.. , =rows (risks), = column (years), represents the aggregate claims in the th year from the th risk.

ii)

=

. This is the overall mean of all the risks combined.

iii)

. This represents the average variance of claim within the risk. The term in the parentheses on the right hand side of the equation represents the variance of each risk. iv)

=

-. This represents the variance of mean claims between (across) risks.

Assumptions for EBCT Model 1

1. The distribution of each depends on a parameter θ. The value of θ is fixed (and the same for all the ) but is unknown. 2. Given θ, the 's are independent and identically distributed (iid).

3. For different risk i ≠ j, the pairs ( ) and ( ) are iid.

The parameter θ is the risk parameter. It could be a real number or it could be a more general quantity such as a set of real numbers.

The structural parameters and their respective estimators

Table 1.2: A layout of the parameters and their estimators Structural parameter Estimator 1 2 3 -

Verification of the unbiasedness of the above estimators

One of the properties of a good estimator is that it should be unbiased. An estimator is unbiased if . This implies that the difference between the estimator's expected value and the true value of the parameter being estimated should be zero i.e.

. This is a very useful property because it tells us which estimator gives a more precise estimate.

Theorem 1 : If …, are independent with a common mean μ= and a common variance , 1≤i≤n and i is an integer .Then the sample mean and the sample variance respectively are: and . and are unbiased estimators for μ and respectively i.e. and . The former is easy to prove. The proof of the latter will help us understand 2 and 3 in table 1.2. A detailed proof is given in the appendix.

DATA ANALYSES AND DISCUSSION OF RESULTS

Each row represents observations for a different risk. The mean and variance for each risk is computed. Oil and gas displays the highest variance (Table 1.3). Further analysis shows that the variation within the risk is low compared to the variation between average claims across risks. This result is responsible for the high value of the credibility factor (Table 1.4). Given that overall variance is larger, it means that little weight can be put on the information that is provided by the data set as a whole but more weight can be put on the data from the individual risks.

The credibility premium for each risk is calculated. Table 1.5 displays the projected result for the expected claim payment (in millions of naira) under the EBCT model 1 for the year 2014. It should be emphasized that the risks are heterogeneous meaning that they have different risk parameters. Also we can observe that the credibility premium for each risk varies. This is a reflection of the claims experience of the risks. A quick inspection of the relationship between the mean claims in the available history of a risk and the credibility premium reveals that the higher the value of the mean claim of an individual risk set, the higher will be the credibility premium for that risk (Table 1.6) The actual claim payment data for the 2014 is obtained from NAICOM 2014 annual general business data as shown (Table 1.7). The largest difference between the expected and actual data exists in the motor insurance class. The plot (fig 1 .2) reveals that both the estimated and the actual (observed) data have similar trend with the estimated values being higher than the actual values. A Chi-square goodness of fit test is carried out to see how well the observed frequency matches the expected frequency where observed frequency is the actual data and expected frequency is the expected claim payment (credibility premium.. The difference between the observed and the expected frequencies has been computed in billions of naira to make the chi-square test computation easier.

Hypothesis testing

H0: O=E (i.e. there is no statistically significant difference between the observed (O) and the expected(E) frequencies)

H1: O≠E (i.e. there is a statistically significant difference between the observed (O) and the expected(E) frequencies)

Level of significance (α) =0.05

Decision rule: if p-value< α we reject H0 (i.e. the null hypothesis), if p-value>α we fail to reject H0. Diff. means difference, sq. means square.

Result:

The p-value = 0.28 > α =0.05, hence we fail to reject H0.

Report: There is no significant difference between the observed and expected frequencies at α =0.05.

This implies that the estimated value is acceptable.

Discussion of results

The estimated values for the expected claim payment are higher than the observed claim payments for the year 2014 in each class of risk. Notwithstanding this result, it can be said that it is a much safer estimate given to the fact that the result gives the insurer an idea of the amount to set aside as reserve for the payment of claims. It is better to set aside more reserves than less, so as to cover all claims that will be made in the coming year. Despite its shortcomings which includes the fact that the adjustments for the volume of business in each year is not taken into account and the assumptions are quite restrictive, the EBCT model 1 still gives an adequate estimate of the credibility premium for each class of risk.

CONCLUSION

This research showed how the EBCT model 1 can be used in estimating insurance premiums based on the data obtained from the Nigerian insurance sector. To improve on the work done, further research can be undertaken using the EBCT Model 2 which allows for changing levels of business. This reflects what happens in real life. Data for the volume of business in the insurance industry (on the given classes of risks), can be incorporated into the estimation process. This will give rise to better estimates and more approximate credibility premium results.
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APPENDIX

Proof of theorem 1.

Double expectation: The concept of double expectation makes it possible to write as when the mean is conditioned on .

i) is an unbiased estimator for E(m(θ))

Proof:

Since we first find the mean of each risk before we find the mean across risks. We can write: 

Fig

  Fig 1.1: Plot showing the trends for the 5 classes of risk.

Fig

  Fig 1.2: A graphical representation of the expected and observed claim payment.

  expectation of a sum is the same as the sum of the expectation, we therefore have: term and the second terms on the right hand side are unbiased estimators, it implies that is unbiased for .

  

Table 1 .1 General Insurance Net Claims (2009-2013) in millions of naira(N000,000)

 1 

		FIRE	ACCIDENT	MOTOR	MARINE	OIL & GAS
	2009	6696.89	4945.07	10777.66	3951.33	8161.73
	2010	4176.38	4841.85	11889.22	2217.64	-872.75
	2011	4029.035	5643.9096	11721.66	1534.436	1456.384
	2012	10168.35	8906.28	14853.84	5204.59	11899.45
	2013	8231.68	7290.17	22342.93	4046.65	10634.25
	Source: NAICOM 2013 Industry Statistical Analysis		

Table 1 .3: Results for the mean and variance of each risk.

 1 

	RISK/ YEARS 2009	2010	2011	2012	2013		Variance of
								each risk
	FIRE	6696.89	4176.38	4029.03	10168.35 8231.68	6660.47	6967600.773
	ACCIDENT	4945.07	4841.85	5643.91	8906.28	7290.17	6325.46	3040595.831
	MOTOR	10777.66 11889.22	11721.66 14853.84 22342.93 14317.06 22465140.14
	MARINE	3951.33	2217.64	1534.44	5204.59	4046.65	3390.93	2214140.035
	OIL & GAS	8161.73	-872.75	1456.38	11899.45 10634.25 6255.81	32126199.77
	SUM						36949.73 66813676.54

Table 1 .4: The credibility factor

 1 

	OVERALL MEAN (Ӯ)	7389.945534
	AVE. VAR OF CLAIMS WITHIN RISKS	13362735.31
	VAR OF MEAN CLAIMS ACROSS RISKS	19404702.23
	CREDIBILITY FACTOR	0.87894565

Table 1 .5: Credibility premium computation (in N000,000)

 1 

	RISK	EXPECTED CLAIM PAYMENT IN 2014
	FIRE	6748.773535
	ACCIDENT	6454.317026
	MOTOR	13478.50517
	MARINE	3875.027463
	OIL & GAS	6393.10448

Table 1 .6: Relationship between the mean claim of each risk and their respective credibility premiums (in N000,000) Risk Mean claim of each risk set Credibility premium

 1 

	FIRE	6660.47	6748.773535
	ACCIDENT	6325.46	6454.317026
	MOTOR	14317.06	13478.50517
	MARINE	3390.93	3875.027463
	OIL & GAS	6255.81	6393.10448

2: A graphical representation of the relationship in Table 1.6

  

Table 1 .7: Expected versus actual claim payment (for 2014) data EXPECTED CLAIM PAYMENT ACTUAL CLAIM PAYMENT DIFFERENCE

 1 

Table 1 .8: Hypothesis test result. Diff. in billions of naira Expected claim in billions of naira Diff. sq./expected claim

 1 

	1.12	6.75	0.19
	1.85	6.45	0.53
	5.93	13.48	2.61
	2.18	3.88	1.22
	1.79	6.39	0.50
		chi-sq. test statistic	5.05
		p-value of the statistic	0.28

We now make use of this standard result which generally states that the sample variance of a random sample of observations is an unbiased estimator for the population variance. By implication, if is an unbiased estimator for , then we can also say that is unbiased for meaning that, = . Furthermore, we note that, is simply the mean of . Hence is unbiased for .

iii) -is unbiased for .

Proof:

From the results obtained in (ii) above, we can also say that is unbiased for ………………………… (1*)

We then apply the law of total variance which states that = + as shown below.

Recall that . Similarly, .

Therefore applying the conditions of we can write:

………………………(1**) Given it implies that . Thus, equation 1** becomes