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SUMMARY 

Today the insurance industry is faced with a number of challenges. Liability 
claims are soaring. The insurability of property against natural hazards like 
floods and hurricanes is questioned. Politicians are talking about reforming 
social and health care insurance. In Europe, the European Union (EU) has 
introduced a single insurance market, and banks and insurance companies 
merge to establish large financial conglomerates. Managers of insurance com
panies, insurance supervisors, and politicians are occupied with these develop
ments . 

The insurance industry is subject to govemment regulation to safeguard 
the interests of, among others, the policyholders. In the Netherlands, the 
insurance companies are monitored by the Insurance Supervisory Board (ISB, 
in Dutch VelZekeringskamer). The primary goal of the ISB is to protect the 
insured against insurance companies who fail to meet their obligations. 
Insurer bankruptcy can lead to very serious problems for the policyholders 
and, more of ten than not, adequate supervision at an early stage could help 
avert these problems. 

The evaluation of the insurance companies is primarily based on annual 
reports which all Dutch insurance companies are obliged to hand in, and 
which include a number of prescribed financial statements. This evaluation is 
performed in a number of rounds. The findings of these rounds are written 
down in the assessment report. 

On-site inspections and periodical consultations can provide a much bet
ter picture of the quality of a company than a sole analysis of the financial 
statements. However, given the large amount of companies which have to be 
evaluated there is not much time left for these inspections and consultations. 
A computer based early waming system that can identify insurers with exces
sive risk exposure can, therefore, be a useful tooi to schedule the timing, 
intensity, and extent of a particular insurer's examination and to focus on 
potential remedial action. 

Traditionally, early waming systems are of ten defined as systems or 
models that try to predict bankruptcy. The parameters of these models are 
estimated by comparing samples of failed firms to samples of nonfailed firms. 
However, in order to be a useful tooi for the supervisor these systems should 
do more than predict bankruptcy only. This point is perfectly illustrated by 
Klein and Barth [1995, pp. 284-285] at the NAIC: 
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"Most of the research to date on solvency monitoring systems has 

focused on those companies that have been 'hit by a car,' rather 

than focusing on those companies th at have 'dashed into the street.' 
In the future, research on solvency monitoring systems will have to 
focus more closelyon the potential for 'running into the street,' 
rather than whether or not an insurer will become insolvenL .. The 
primary goal of a solvency monitoring system is not to predict 
insolvency, but rather to identify conditions which could lead to an 
insolvency and, hence, require further inspection and perhaps 
closer monitoring." 

In line with Klein and Barth, this study defines an early warning system as a 
system that can be used to identify companies with excessive risk exposure. 

The objective of this research project can be stated as follows: to build 
an early warning system that can be used by the ISB to improve the super
vision of Dutch non-life insurance companies by identifying possible problem 
companies at an early stage of the evaluation process. With such a system the 
ISB might be able to anticipate developments that can damage the interests 
of current and future insured before it is too late. 

To be adequate, the early warning system should meet several require
ments: 

1. the system should be able to identify companies witb an excessive risk 
exposure; 

2. the system should make use of the knowledge and expertise available 
at the ISB; 

3. the system should use relevant scientific classification techniques; 
4. the outcome of the system should be understandable to employees 

and account managers at the ISB; and 
5. the system should fit in with the ISB evaluation process. 

Therefore, the research question I will try to answer in this book is: how 
might such an early warning system, meeting the above mentioned criteria, be 
developed? The computer based early warning system that has been devel
oped in the process of answering this question is referred to as N.E.W.S., 
which stands for Non-life Early Warning System. 

Within N.E.W.S. three different techniques are applied: a multivariate statis
tical classification technique (orde red logit), neural network, and an expert 
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system. 
In chapter 3 an overview will be given of the most common statistical 

approaches. used in earlier studies on early waming systems or, more gen
erally, the classification of financial institutions: logit and multiple discrimi
nant analysis (MDA). An advantage of using the logit model rather than 
MOA is that it is relatively robust: many types of underlying assumptions lead 
to the same logistic formulation . No assumptions are made about the distribu
tion of the independent variables, but only about the error terms. The linear 
MOA approach, by contrast, is applicable only if the underlying variables are 
multivariately normal with equal covariance matrices. Even when the con di
tions for MOA are met, the performance of logit is nearly as good as that of 
MOA for reasonable sample sÏzes. In this study a polytomous extension to the 
standard binary logit model will be used, i.e. the ordered logit model. With 
the ordered logit model the dependent variabIe can take on a (finite) number 
of ordinally ranked values. The dependent variabIe used in th is study, the risk 
exposure of a non-life insurance company, can take on three possible values: 
low, medium, and high. 

In chapter 4 neural networks will be introduced. Neural networks are 
especially good at pattem recognition tasks. Neural networks consists of a 
(large) number of relatively simple processing units, which are usually 
arranged in layers . The most common number of layers is two: one input-to
hidden layer and one hidden-to-output layer. The output of a neural network 
is determined by the strengths (the weights) of the connections between the 
units and by the activation function which transforms the input into a specific 
unit into the output from this unit. In order to obtain the desired characte
ris tics, a neural network has to be train ed. During training the weights are 
adjusted until the performance is satisfactory. The most common training 
method is called back-propagation. Neural networks trained by back-propaga
tion can be considered a special type of nonparametric statistical classification 
methods. Neural networks, like nonparametric statistica 1 classification meth
ods, do not start with an a priori model of the relationships between input 
and output. Instead, they discover the relationship between input and output 
themselves. 

Both the ordered logit model and the neural network determine the risk 
exposure of a company by combining a number of financial ratios. However, 
the people working at the ISB do not only use financial ratios to determine 
the risk exposure of a company. In their assessment, they use their expertise 
to combine the financial figures of a company and other information that 
happens to be available about the company concerned. Therefore, N.E.W.S. 

_._-~-_.-
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should be able to base its assessments bath on an analysis of financial ratias 
and on the knowledge and expertise available to transform tbe financial fig
ures into a fin al assessment. To attain the above described characteristics, 
N.E.W.S. us es an expert system. Expert systems are introduced in chapter 5. 

An expert system is a computer program that us es models of the knowl
edge and inference procedures of an expert in order to solve problems. 
Within such a system, the relevant knowledge can be stored in different ways. 
In this study the knowledge is represented by means of production mies. By 
using production mIes, the evaluation mIes used by the people at the ISB can 
be made explicit. The relevant mies can be acquired by interviewing several 
ISB employees and account managers, and by asking them to comment on a 
prototype of tbe system. 

This study is new in its approach to c\assify companies. The c\assification is 
not based on whether or not an insurer went bankrupt. Instead, the c\assifi
cation is based on the knowledge generated by experts in the field. The idea 
behind th is approach is that since there is na objective or generally accepted 
criterion to c\assify insurance companies according to their riskiness except 
for "bankmpt or nonbankmpt," the best thing to do is to use "field exper
ience" to get a reasonably reliable, subjective c\assification. 

The c\assification of a company is based on the actual assessment made 
by the ISB, which is written down in the assessment report for the company 
concerned. It is assumed that the main weak and strong points of each com
pany are described in the assessment report. The c\assification of a company 
wiJl depend on the number and the seriousness of its weak and strong points 
as stated in the report. An advantage of this approach is, that it does not 
require any time from the experts. Furthermore, every year the ISB assesses 
the quality of each company. Thus, the sample consists of all companies in 
the population. 

The ordered logit model - which is the first part of N.E.W.S. - is described in 
chapter 6. Seventy variables were calculated for inclusion in the study. These 
variables were selected on the basis of their use in the assessment process at 
the ISB, and on their successful applications in previous studies. Stepwise 
selection was used to determine the variables to be included in the model. 
The data set used to select the variables and to estimate the model contained 
the 1992 data of 195 Dutch non-life insurance companies. Seven variables 
appeared to appeared to give a significant contribution to the determination 
of the risk exposure of a non-life insurance company: two solvency ratios, two 
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profitabiJity ratios, two investment management ratios, and areinsurance 
ratio. 

A tenfold cross-validation procedure was performed on tbe basis of tbe 
1992 data set. This test procedure included botb an estimation of tbe true 
error rate of tbe model and a test for tbe stability of tbe coefficients. A test 
for tbe stability of tbe coefficients can provide an insigbt into tbe possible 
existence of influential observations and tbe sensitivity of tbe coefficients of 
tbe model. Based on tbis test, tbe reinsurance ratio was de1eted from tbe 
model because it totally relied on one, outlying, observation. Witbout tbis ob
servation, tbe coefficient of tbe reinsurance ratio cbanged its sign and was no 
longer significant. 

Before applying a model in practice, it is preferabie to know wbetber tbe 
performance of tbe model is sufficiently stabie over tbe years. To test tbis, tbe 
assessment reports for 1993 were analyzed, and tbe companies concemed 
were classified on tbe basis of tbese reports. The 1993 data set contained 193 
companies. Witb tbis data set, 85 per cent of tbe companies (95 per cent of 
tbe low-risk and 85 per cent of tbe bigb-risk companies) we re classified cor
rectly. However, only 15 per cent of tbe medium-risk companies were classi
fied correctly. A reason for tbe bigb number of misclassifications of tbis group 
could be tbe fact tbat tbe group of medium-risk companies is ratber beteroge
neous. Anotber reason may be tbe relatively low size of tbe medium-risk 
group. Finally, it may be tbat tbere are just two classes in reality - bigb risk 
and low risk -, and tbe medium risk class may simply be a "don't know" class. 

The second part of N.E.W.S. is tbe neural network described in cbapter 7. A 
one-bidden layer back-propagation neural network bas been developed, wbicb 
assigns a score between zero and one to each possible risk category (low, 
medium, bigb). The input for tbe neural network is tbe same as for the 
ordered logit model. That is, two solvency ratios, two profitability ratios, and 
two asset management ratios are used as inputs. To deterrnine the number of 
neurons in tbe bidden layer, several networks bave been trained witb varying 
numbers of bidden neurons and tbe one tbat tested and predicted best bas 
been selected. 

The 1992 data set, witb 195 companies, has been divided into two sets: a 
training set used for determining tbe values of tbe weigbts, and a testing set 
used for deciding wben to stop training. Eigbty per cent (156 companies) of 
tbe 1992 data set is used for training, the remaining twenty per cent (39 
companies) is used for testing. Since tbe performance of the network may be 
influenced by tbe composition of tbe training and the testing set, ten random 
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80-20 partitions have been generated. To estimate the expected performance 
of the network in the future, a prediction set is used which contains the 1993 
data set of 193 companies. This data set is strictly set apart and is neither 
used in training nor to determine the termination of the training process. 

The final network was very good at identifying low- and high-risk com
panies (96 per cent correct for both). For low- and high-risk companies the 
performance of the neural network was better than that of the ordered logit 
model. However, the neural network completely failed to recognize medium
risk companies. A combination of the ordered logit and the neural network 
model shows an even better performance. For the 1993 data set, the com
bined model correctly classified 97 per cent of the low-risk and 96 per cent of 
the high-risk companies. 

The last part of N.E.W.S., the expert system, is described in chapter 8. The 
outcome of the combination of the ordered logit model and the neural net
work functions as an initial assessment of the risk exposure of a company. 
Depending on the rules in the knowledge base which are triggered, the initial 
classification can be adjusted in the expert system. Thus, the expert system 
has been developed in addition to the combination of the other modeIs. 

The rul es in the knowledge base look for "symptoms" that (may) indi
cate the weaknessesor a high(er) risk exposure of a company. Factors that 
are not considered important enough to increase the priority for further in
vestigation are not included in the knowledge base. Thus, the expert system 
does not model the full assessment process performed by the people working 
at the ISB. Instead, the classification rules are described, which, according to 
the ISB employees involved in the development of the expert system, are the 
most relevant in determining wh ether the risk exposure of a company is seri
ous enough to give it a high priority for further investigation. 

The rules in the expert system are obtained by interviewing a senior 
employee and an account manager at the ISB and by incorporating their com
ments on prototypes of the system. The result of these sessions was a list of 
fifteen factors that could intluence the assessment of a non-life insurance 
company. Not all factors were included in the knowledge base of N.E.W.S. 
For some factors , although they might give an indication of what is positive 
and what is negative with respect to th is factor, the employees were unable to 
explicitly describe the intluence of the factor on the priority for further exami
nation. Furthermore, some factors that are relevant to the overall quality of a 
company are not directly relevant to the determination of a company's prio
rity. The foJlowing factors have been included in the knowledge base: solvency 
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profitability of the company and the different Hnes of business, its past, the 
adequacy and development of the technical provisions, its owners, and size. 

The performance of N.E.W.S. on the 1993 financial statements is very 
promising. Ninety-four per cent of the 193 companies in the data set were 
cIassified correctly. Even the results for medium-priority companies are now 
quite reasonable with 75 per cent cIassified correctly. Furthermore, no high 
priority company is incorrectly cIassified as low priority, and no low priority 
company is incorrectly cIassified as being high priority. 

The output of N.E.W.S. is not limited to the priority for further research of a 
company. The N.E.W.S. report also incIudes a description of the main find
ings of N.E.W.S. So, if N.E.W.S. detects any weak points, these weak points 
will be presented in the report. Thus, the N.E.W.S. report incIudes the prio
rity of a company, the values of the six financial ratios used in both the 
ordered logit model and the neural network, the outcome of the combination 
of these two modeIs, and the weaknesses of a company as found by tbe expert 
system. This information can be useful in tbe following stages of tbe evalua
tion process and, if applicable, the periodical consultations and on-site exami
nations. 

N.E.W.S. could be run automatically right af ter the financial statements 
of a company bave been received and are loaded into the ISB database . Since 
N.E.W.S. does not need any information on otber companies or on tbe insur
ance market as a whoIe, it is not necessary to wait till the financial statements 
of all companies bave been delivered at the ISB. Furtbermore, N.E.W.S. can 
be re run for companies for which new information becomes availabJe. In this 
way, the intluence of this information on the risk exposure and priority of a 
company can be analyzed. 

The ISB employees and account managers who were involved in devel
oping N.E.W.S. indicated that the outcomes of the system and their own 
opinion of a company usually correspond quite weil. They also indicated that 
N.E.W.S. could be a useful tooi in the assessment process at the ISB. 

Especially in situations in which the time available for an assessment is 
limited, the system can be a very useful tooi for choosing the companies that 
should be thoroughly examined and those that may be handled by means of a 
shortened assessment procedure (i.e. a quick analysis of the financial state
ments will be enough). Furtbermore, a company report produced by N.E.W.S. 
can be a good starting point for a further assessment by tbe employees. Over
all, tb is should lead to information on problem companies at an early stage 
and also to a faster and improved eva lu at ion process . 






