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CHAPTER 8 

N.E.W.S.: A MODEL FOR THE EV ALUATION 
OF NON-LIFE INSURANCE COMPANIES 

N.E.W.S. models the assessments made by the employees and account man
agers of the ISB. In the previous two chapters, this has been done by building 
two mathematical modeIs: an ordered logit model and a neural network. Both 
models 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 fin al 
assessment, they also use their expertise - partly in the shape of informal rules 
- to combine the financial figures of a company and other information that 
happens to be available about the company concerned. Therefore, to be really 
able to support the decision-making processes within the ISB, N.E.W.S. 
should be able to base its assessments both on an analysis of financial ratios 
and on the knowledge and expertise available to transform the financial 
figures into a fin al assessment. That is , N.E.W.S. should be based on the KB
DSS paradigm. 

In the KB-DSS paradigm the expert systems approach has been integra
ted into a DSS framework. Within N.E.W.S., this has been translated into the 
integration of an expert system and the mathematical models presented in the 
previous chapters. In this chapter the development of the expert system will 
be described, and the complete and integrated system will be presented. 

The output of N.E.W.S. is the priority to further investigate a company. 
This priority is based on the risk exposure of the company concerned. Com
panies with a high risk exposure will receive high priority; companies with a 
medium risk exposure will receive medium priority; and companies with a low 
risk exposure will receive least priority. 

The rules in the knowledge base look for "symptoms" that (may) indi
cate the weaknesses or a high(er) risk exposure of a company. Factors that 
are not considered important enough to increase the priority for further 
investigation 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 (informal) cIassification rules are described, which, 
according to tbe ISB employees involved in tbe development of tbe expert 
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system, are the most relevant in determining whether the risk exposure of a 
company is serious enough to give it a high priority for further investigation. 

The outcûme of the combination of the ordered logit model and the 
neural network, as presented in section 7.3.1, functions as an initial assess
ment of the risk exposure of a company. Depending on the rul es in the know
ledge base which are triggered, the initial cIassification can be adjusted in the 
expert system. Thus, the expert system has been developed in addition to the 
combination of the other modeIs. 

It would also have been possible to develop the expert system com
pletely independent of the other modeis. In such case, the result would have 
been another type of expert system. Very likely, the knowledge base would 
have been much larger since (part of) the assessment performed by the other 
models should then be performed by the expert system. Furthermore, the out
come of the expert system might not have been a priority for further inves
tigation of a company but rather the quality (e.g. very good, good, reasonable, 
mediocre, bad, very bad). However, the development of such a system would 
have been far more time-consuming for both the developer and the experts. 
The current approach already required quite a lot of the time of a number of 
people at the ISB. It would have been difficult to ask for even more time. 

In the following section, the knowledge acquisition process is described, 
followed by a description of the relevant factors found during the knowledge 
acquisition process. In section 3, the implementation of a number of the most 
relevant factors, each represented by one or more variables, will be described. 
The structure of the fin al system is presented in section 4. In section 5, the 
results of the tests of the adequacy of the system will be presented. This chap
ter will end with a short summary in section 6. 

8.1 KNOWLEDGE ACQUISITION 

To obtain the relevant factors for the risk exposure of non-life insurance com
panies, and to determine how the~e factors can be implemented within a rule
based model, a senior employee and an account manager of the ISB were 
asked to cooperate. These two people functioned as the experts in the know
ledge acquisition process for the rule-based model. Several sessions took 
place with both experts. These ses~ions wil! be described below. The results of 
these sessions will be presented in section 8.2. 

The first session can be described as an open interview. During this ses-
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sion, the purpose of the model was explained, the results to date were 
described, as well as what was expected from the two experts during the fol
lowing sessions. Next, they were asked to (briefly) describe the different steps 
they take when evaluating a company: what figures, tables and statements do 
they consider and in what order. If necessary, further questions were asked in 
order to get a proper understanding of the evaluation process. FinaIly, at the 
end of this first session both experts were asked to describe the factors they 
feIt were most relevant for the determination of the risk exposure of a non
Iife insurance company. 

During the second session, a first prototype of N.E.W.S. was shown in 
which the conc1usion of the model was based only on the combination of the 
ordered logit and the neural network model. In this prototype, the user first 
saw the values of the six financial ratios for a specific company, and a descrip
tion of the ratios. Next, the model presented the probability that the risk 
exposure of the company is low, medium, or high. The final conc1usion of the 
model was based on the category with the largest probability. Both experts 
were asked to comment on the model; i.e. they were asked whether or not 
they agreed with the outcome of the model, whether they feIt certain ele
ments were missing from such a model, what they thought of the layout, and 
they were asked to teIl something about the company evaluated by the model. 

In the third session, a knowledge acquisition technique called the reper
tory grid [Boose, 1986 & 1987] was utilized. The names of the companies eval
uated by the expert in the preceding year were written down on cards. Each 
card contained the name of one company. Each time three cards (i.e. three 
companies) we re presented to the expert. The expert was asked to pick out 
one company that differed from the other two with respect to a certain factor, 
to name this factor, and to explain how this company differed from the other 
two with respect to this specific factor. All companies were presented to the 
expert several times, each time in combination with two other companies. 
Applying this technique, several factors that we re not mentioned in earlier 
sessions could be identified. 

The result of the first three sessions was a list of fifteen factors that 
could influence the assessment of a non-life insurance company. With regard 
to each factor, the remarks made during the various sessions were grouped. 
This list of factors together with some of the accompanying remarks, which 
wil! be presented in the next section, was used to structure the following ses
sions. 

During the following sessions, the experts were asked to elaborate on the 
remarks they had made with respect to each particular factor. Furthermore, 
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as regards each factor tbey were asked to indicate in wbat way tbis factor 
could influence the overall assessment of a company. Using the results of 
these sessions, a number of rules could be implemented into N.E.W.S. Subse
quently, the outcomes of the new prototype were presented to the experts. 
Based on the experts' comments the rules were adjusted, and new rules were 
added to the knowledge base. This process was repeated severa\ times until 
the experts were satisfied with the results and could not think of any more 
additional rules. In other words, an iterative design strategy was used. 

With respect to the final stage of the knowledge acquisition process, 
several other account managers and (senior) employees were asked to test 
and comment on the system. Based on these comments, some fin al adjust
ments of the model we re realised. 

8.2 FACfORS OF THE QUALITY OF NON-LIFE INSURERS 

The following potentially relevant factors were found during the knowledge 
acquisition sessions: 

1. Solvency. Is the company sufficiently solvent? Are there any alarm
ing developments or trends in solvency surplus? Is the minimum 
required solvency margin based on premiums or claims? 

2. Profitability. How large are the profits or losses? How important are 
extraordinary profits and losses to the overall results? 

3. Quality of management. Is the management of the company suffi
ciently experienced in the field? Is it competent? 

4. The past. Did the company have any problems in the past? 
5. Adequacy and development of the technical provisions. Did the com

pany reserve enough to pay outstanding claims from previous years? 
How much did the company under- or over-reserve as compared to 
previous years? Does structural under- or over-reserving occur? 

6. Types of risk insured. Which lines does the company underwrite? 
Does it depend on one line? Does it underwrite mainly private or 
industrial risks? Is the company a property & liability insurer or a 
health insurer? How large is the share of automobile insurance or 
liability insurance? 

7. Performance of the different lines of business. Is there a line with 
large \osses? 
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8. Selection and acceptance policy. Does the company use sensible 
policyholder selection criteria? Does the company promote preven
tive measures to be taken by policyholders? Does the company have 
a large number of bad risks in its portfolio? 

9. The owner(s). Is the company in private hands or does it belong to 
a conglomerate? Is it a stock or a mutual insurer? Are the shares 
listed at the stock exchange? Is the parent company a bank, an 
insurer, or a non-financial institution? Is the parent a Dutch or a 
foreign company? How solid is the parent company? 

10. Distribution channels. Is the company a direct writer, or does it 
work with (authorized) agents? 

11 . Soundness of the rates. How does the company determine its pre
miums? Are the premiums adequate given the risks insured? 

12. Reinsurance . What types of reinsurance are used? How much and 
with which reinsurers? 

13. Asset management. What is the composition of the investment port
folio? Is there a dominant investment item? Are there large shifts 
in the composition of the investment portfolio? How important are 
the investments results to the profitabiJity of the company? 

14. Reputation in the marketplace. Is the company conservative or 
aggressive? What do other companies, agents or brokers say about 
the company? 

15. Size. How large is the company? How fast does it grow? 

A number of the above-mentioned factors , represented by one or more var
iables, can also be found in the list of seventy variables considered for incJu
sion in the ordered logit model and the neural network. Finally incJuded in 
the orde red logit model and the neural network are two solvency variables 
(SOLVRA and G2SURRSM), two profitability variables (PATNEP and 
GlCOMBRA), and two asset management variables (FISNTPSM and 
PROPERTY). 

The most important factors according to the senior employee were sol
vency, performance of the different lines of business, and the adequacy and 
development of the technical provisions. According to the account manager 
the following factors were most important: solvency, selection and acceptance 
policy, reputation in the market place, soundness of the rates, and types of 
risk insured. So, apart from solvency the senior employee and the account 
manager gave different factors . An explanation for this difference may be the 
different tasks of the senior employee and of the account manager, as 
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described in section 1.5. The senior employee performs the second round of 
the evaluation. In this round the financial statements are analyzed thoroughly. 
The account manager, who perfonns the final assessment, uses the outcomes 
of this thorough analysis, his knowledge about the company, and some addi
tional analyses to come to a final conclusion. Since the senior employee and 
the account manager operate at different stages of the evaluation process, it 
seems logical that their attent ion is at least partially focused on different fac
tors. 

8.3 THE IMPLEMENTATION OF A NUMBER OF FACfORS 

Not all factors presented in the previous section are included in the know
ledge base of N.E.W.S. For some factors , although the experts might give an 
indication of what is positive and what is negative with respect to this factor, 
they were unable to explicitly describe the intluence of the factor on the 
priority for further examination. Furthermore, some factors that are relevant 
to the overall quality of a company are not directly relevant to the determina
ti on of a company's priority. 

For instance, a ,multiline insurer with only a small percentage of car and 
liabiJity insurance is safer - if all other things are equal - than a single-line 
insurer with liabiJity insurance only (factor 6). However, the mere fact that a 
company underwrites liability insurance only is no reason to give it a high 
priority for further examination. Therefore, this factor is not included in the 
knowledge base. It does, however, indirectly affect the outcome of the system 
via factor 7, the performance of the different lines, where possible losses in a 
specific line are compared to the overall size of the company. To multiline 
insurers large losses in one line wiJl cause less of a problem than to single-line 
insurers. 

For the following factors , the intluence of the factor on the priority of a 
company could not be made explicit: types of risk insured (factor 6), distribu
tion channels (10), reinsurance (12) , and asset management (13). In the 
mathematical model the last factor, however, is covered by the variables 
PROPERTY and FISNTPSM. Furthermore, apart from the factor concerning 
distribution channels, these factors were at least partly covered by a number 
of the seventy variables considered for inclusion in the mathematical model. 
They were, however, not found significant. 

For several factors, the required data are currently not available in the 
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ISB database. These factors are the quality of management (factor 3), the 
selection and acceptance policy (8), the soundness of the rates (11), and repu
tation in the market place (14). Including these factors in the knowledge base 
would either require the data on these factors to be included in the ISB data
base, or N.E.W.S. to ask questions to the user of the system. 

Referring to the first option, someone would have to be responsible for 
obtaining the required information, to enter it into the database, and to keep 
the information up to date. However, this data information may be difficult to 
obtain. The information may be very scattered and it is hardly likely to have 
been recorded. To obtain the required information for all companies under 
ISB supervision would be extremely time-consuming. Furthermore, it is likely 
that the reliability of such information would be limited. 

With the second option, another type of system would be the result. 
When all the information N.E.W.S. wants to reach a conclusion is in the ISB 
database, the system can be run independently, immediately after the finan
cial statements have arrived. When the information is not in the database, 
someone has to give the system the necessary information while or before the 
system is running. Furthermore, when the person answering the questions 
posed by N.E.W.S. does not know the answers, he or she has to find them 
before the system can be run, because otherwise the system may be unable to 
come to a conclusion or its conclusion may be incomplete. This will require 
additional time of the people working at the ISB. I have chosen not to in
clude these factors in the knowledge base of N.E.W.S. so that the system can 
run, without human intervention, directly af ter the financial statements of a 
company have arrived. Naturally, they can always be added to the knowledge 
base at a later stage when the information is available in the ISB database. 

Again, although these factors are not included in the knowledge base, 
they can influence the outcomes through other factors such as solvency, 
profitability, and the quality of technical provisions. Furthermore, the rule in 
the knowledge base th at incorporates the past (factor 3) into the conclusions 
can be considered as a rule that aggregates into one score all factors the 
account manager considers relevant to the decision on a company's priority 
for next year's assessment. The reader is referred to the discussion of this rule 
in section 8.3.3 for a further explanation. 

Of the list presented in section 8.2, the following factors have been in
cluded in the knowledge base: solvency (see section 8.3.1), profitability of the 
company and the different lines of business (8.3.2), its past (8.3.3), the ade
quacy and development of the technical provisions (8.3.4), its owners (8.3.5), 
and size (8.3.6). 
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The knowledge base consists of two types of rules: rules that affect the final 
conclusions of the system, and rul es that add messages to the report but that 
do not affect the fin al conclusions. All rules of the first type and some rules 
of the second type will be described below. 

The final goal of the system is to determine, for each company, the prio
rity (high, medium, or low) for further examination. More than three possible 
values for the priority would have been possible; however, in that case the 
comparison of the outcome of the full model with the outcomes of the mathe
matical models would have been more difficult. The reasons for limiting the 
number of possible output values for the mathematical models are stated in 
section 6.1.2. 

The priority is determined by five rules. These rul es need the outcomes 
of other rules, presented in the following subsections, to be either confirmed 
or falsified. The five rules, including the references to the subsections in 
which the conditions will be discussed, are: 

RULE high priority 1 
IF captive = 0 
AND risk IS high 
OR tmin = 1 
OR the company is insolvent 
OR very heavy overall branch losses 
OR branch with very heavy losses 
OR urgency based on last year 
OR very large additions to the technica I provisions 
THEN priority IS high 

RULE medium priority 
IF tmin > 1 
AND the company is solvent 
AND NOT very heavy overall branch losses 
AND NOT branch with very heavy losses 
AND no urgency based on last year 
AND NOT very large additions to the technical provisions 
AND captive = 0 
AND risk IS medium 
OR tmin = 2 
OR tmin = 3 
OR heavy overall branch losses 
OR branch with heavy losses 
OR large additions to the technica I provisions 

(8.3 .5) 
(8 .3.6) 
(8.3.1) 
(8 .3.1) 
(8.3.2) 
(8 .3 .2) 
(8.3.3) 
(8.3.4) 

(8.3.1 ) 
(8.3.1) 
(8.3.2) 
(8.3.2) 
(8.3 .3) 
(8.3.4) 
(8.3.5) 
(8 .3.6) 
(8.3.1 ) 
(8.3.1) 
(8.3.2) 
(8 .3.2) 
(8 .3.4) 
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OR large increase in the additions to the technica I provisions 

THEN priority is medium 

RULE low priority 1 
IF the company is solvent 
AND tmin > 3 
AND NOT very heavy overall branch losses 
AND NOT branch with very heavy losses 
AND NOT heavy overall branch losses 
AND NOT branch with heavy losses 
AND no urgency based on last year 
AND NOT very large additions to the technica I provisions 
AND NOT large additions to the technical provisions 
AND NOT large increase in the additions to the technica I 
provisions 
AND risk IS low 
THEN priority IS low 

RULE high priority 2 
IF captive = 1 
AND the company is insolvent 
OR urgency based on last year 
THEN priority IS high 

RULE low priority 2 
IF the company is solvent 
AND no urgency based on last year 
AND captive = 1 
THEN priority IS low 

Tbe structure of the knowledge base is presented in figure 8.1. 

8.3.1 Solvency (1) 

(8.3.4) 

(8.3.1 ) 
(8.3.1 ) 
(8.3.2) 
(8.3.2) 
(8.3.2) 
(8.3.2) 
(8.3.3) 
(8.3.4) 
(8.3.4) 

(8.3.4) 
(8.3.6) 

(8.3.5) 
(8 .3.1 ) 
(8.3.3) 

(8.3 .1) 
(8.3.3) 
(8.3.5) 
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If a company does not meet the statutory required minimum, it is insolvent 
and the priority must be high . Whether or not a company is solvent is estab
lished in the following rule: 



Figure 8.1 THE STRUCTURE OF THE KNOWLEGDE BASE 

yes J I insolvent -\ priority is high 

.. no 
yes J I urgency based on last year 

I 
priority is high 

+ no 
yes I I captive = 1 -\ priority is low 

.. no 
yes J J risk is high 

1 
priority is high 

.. no 
yes I I tmin = 1 

1 
priority is high 

+ no 
yes 

.I I very heavy overall branch losses -\ priority is high 

.. no 
yes J I branch with very heavy losses 

Î 
priority is high 

.. no 
yes J I very large additions to technical provisions 

I 
priority is high 

+ no 
yes 

I I risk is medium 
1 

priority is medium 

+ no 
yes 

I I tmin ~ 3 -\ priority is medium 

+ no 
yes 

J I heavy overall branch losses 
I 

priority is medium 

+ no 
yes 

I I branches with heavy losses -\ priority is medium 

.. no 
yes 

J I large additions to the technical provisions 
I 

priority is medium 

+ no yes 
I I large increase in the additions -\ priority is medium 

to the technical provisions 

.. no 

priority is low 
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RULE solvency 
IF solvency surplus < 0 
THEN the company is insolvent 
ELSE the company is solvent 

167 

Solvency surplus is defined as the difference between the solvency margin and 
the statutory required minimum. 

Evidently, it is not only important that a company is solvent at present, 
but also that it will remain solvent in the coming years. Therefore, the devel
opment in the solvency surplus is also an important factor. In the priority 
rules, the variabie tmin represents the number of years within which the com
pany will become insolvent if the decline in solvency surplus in the next years 
will equal the decline in solvency surplus in the preceding year. I.e. if the sol
vency surplus has fallen by 50 per cent or more compared to the previous 
year, with a continuing trend the company will be insolvent the next year 
(tmin = 1). In such case, priority will be high. Priority will be medium in case 
solvency surplus has fallen by more than 25 per cent but less than 50 per cent 
(tmin = 2, or tmin = 3) uniess, of course, there are other reasons apart from 
solvency decline to give a company a high priority. The system will add a mes
sage to the report whenever the condition tmin s 5 is confirmed. 

Finally, the solvency factor is also represented by the variables SOLVRA 
(solvency ratio) and G2SURRSM (change in solvency surplus in the past two 
years) in the mathematical modeis. 

8.3.2 Profitability (2) & profitability by Hne of business (6) 

Within the system, the profitability of a company is measured in various ways. 
The mathematical models take the profit variabie PATNEP (profit after taxes 
divided by net earned premiums) and the cost variabie GICOMBRA (change 
in the combined ratio) . Moreover, the system adds a message to the report if 
the company has realised extremely large extraordinary profits or losses (i.e. 
wh en the extraordinary profits or losses divided by the net earned premium 
are over 5 per cent). These incidental incomes or expenses may have an enor
mous effect on the results of a company; if this is indeed the case, these 
extraordinary profits and losses should be studied in more detail. 

The condition "(very) heavy overall branch losses" in the priority rul es 
has been concluded from the following rules: 
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RULE very negative overall branch result 
IF solvency surplus> 0 

AND -1 * (overall branch result) > = solvency surplus 
THEN very heavy overall branch losses 

RULE negative overall branch result 
IF solvency surplus> 0 
AND -2 * (overall branch result) > = solvency surplus 
THEN heavy overall branch losses 

Chapter 8 

Thus, if the overall brancb re sult (i.e. tbe sum of tbe results of all brancbes/ 
lines of business) is negative, priority is bigb wben tbe loss exceeds tbe cur
rent solvency surplus, and the priority is medium wben tbe loss exceeds fifty 
per cent of the current solvency surplus. Furtbermore, a small loss can bave 
huge consequences wben tbe solvency surplus is also small. Of course, tbese 
rules do not apply wben tbere is na solvency surplus. 

Ta tbe results of eacb of tbe five main lines of business ("Accident and 
sickness," "Motor," "Marine, transport and aviation," "Fire and otber damage 
to property," and "Otber classes"), tbe same mIes apply as to tbe sum of tbe 
results of tbese lines . As for "Motor," for instance, tbe mIes are: 

RULE very heavy losses Motor 
IF solvency surplus> 0 
AND -1 * (result Motor) > = solvency surplus 
TH EN very heavy loss Motor 

RULE heavy losses Motor 
IF solvency surplus> 0 
AND -2 * (result Motor) > = solvency surplus 
THEN heavy 1055 Motor 

The condition "brancb witb (very) large losses" is tbe conclusion of tbe follow
ing rules: 
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RULE very heavy branch losses 
IF very heavy 1055 Accident and sickness 
OR very heavy 1055 Motor 
OR very heavy 1055 Marine, transport and aviation 
OR very heavy 1055 Fire and other damage to property 
OR very heavy 1055 Other classes 
THEN branch with very heavy losses 

RULE heavy branch losses 
IF heavy 1055 Accident and sickness 
OR heavy 1055 Motor 
OR heavy 1055 Marine, transport and aviation 
OR heavy 1055 Fire and other damage to property 
OR heavy 1055 Other classes 
THEN branch with heavy losses 

169 

From the priority and the profitability rules, it can be concluded that if there 
is at least one line of business with a loss larger than (halt) solvency surplus, 
priority will be high (medium). 

The system will add a message to the report when the overall branch 
result is negative because of the very bad performance of one or more lines. 
This message includes the name(s) of the line(s) and the severity of the loss 
(as a percentage of the total net earned premiums of the entire company) . 

8.3.3 The past (3) 

The condition "(no) urgency based on last year" in the priority ruIes is the 
conclusion of the following rule: 

RULE high priority based on last year's assessment 
IF assessment code last year = 2 
THEN urgency based on last year 
ELSE no urgency based on last year 

"Assessment code" is a field in the ISB database that is filled by the account 
manager at the end of the final assessment round of a company. If the 
account manager wants next year's financial statements of the company to be 
assessed as soon as possible, this field will get a value of 2. Therefore, if the 
assessment code for last year equals 2, the priority of tbis company is deter-
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assessment code for last year equals 2, the priority of this company is deter
mined to be high. 

The account manager's decision to give a company an assessment code 
of 2 can be based on all kinds of factors. Tbe company may be faced with sol
vency problems, it may have suffe red from severe losses, it may be in the 
middle of a reorganization, the account manager may have doubts conceming 
the soundness of their rates or selection and acceptance policy, etcetera. A 
company may even get an assessment code of 2 just because the account 
manager is interested in the development of the company, even if he or she 
does not expect any problems. In short, the account manager's decision on 
the value of the assessment code can be based on any (combination ot) fac
tor(s). Therefore, the assessment code can be seen as the outcome of the 
aggregation of all factors . 

The usefulness of the assessment code field in the ISB database could 
be further increased if the account manager were to add the reason for giving 
a company an assessment code of 2. This additional information could then 
be used by the model to refine (or comment on) its conclusions. 

8.3.4 Technical provisions (4) 

The quality of the technical provisions can, at least partly, be measured by 
considering the run-off figures. Here, the run-off fjgures are defined as the 
sums of money th at bave to be added to or can be released from the claims 
provisions of earlier years 1. If the run-off figures are negative, additional 
money has to be added to the provisions. If the figures are positive, a certain 
amount can be released from the provisions. In the first situation a company 
has underreserved, in the second it has overreserved. Ideally, the amounts 
added to or released from tbe provisions should approximate zero. Further
more, large additions to tbe provisions for a number of subsequent years, 
which indicates structural underreserving (at least in the past), is a negative 

1 In the claims provisions a certain amount is reserved, which is an estimate of the 
claims that have to be paid in the future due to losses that were incurred in the 
past. Due to new information these estimates can change, and thus the amount to 
be reserved may change. If the estimated amount is increased, additional money 
has to be reserved, and vice versa. 
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sign. The system report, therefore, presents the gross2 run-off figures for the 
past four years, so that the user can see whether or not there is a trend in the 
company's reseIVing-policy towards underreseIVing or otherwise, or that the 
company's reseIVing policy is solid. 

The "(very) large additions to the technical provisions" condition in the 
priority-rules is the conclusion of the following set of rules: 

RULE very large additions 1 
IF (gross run-oft/technical provisions last year) three years ag03 

< -0.15 
AND (gross run-oft/technical provisions last year) two years ago 
< -0.15 
AND (gross run-oft/technical provisions last year) one year ago 
< -0 .15 
AND (gross run-oft/technical provisions last year) < -0.15 
AND -1 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
TH EN very large additions to the technica I provisions 

RULE very large additions 2 
IF (gross run-oft/technical provisions last year) two years ago < -0.20 
AND (gross run-oft/technical provisions last year) one year ago < -0 .20 
AND (gross run-oft/technical provisions last year) < -0 .20 
AND -1 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
TH EN very large additions to the technical provisions 

RULE very large additions 3 
IF (gross run-oft/technical provisions last year) one year ago < -0.25 
AND (gross run-oft/technical provisions last year) < -0.25 
AND -1 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
THEN very large additions to the technical provisions 

2 Cross figures are the figures before subtracting the reinsurer's share, whereas nel 

figures are the figures af ter subtracting the reinsurer's share. 

3 That is , gross run-off (t-3) / technical provisions (t-4). 
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RULE very large additions 4 
IF (gross run-oft/technical provisions last year) < -0.30 
AND -1 * (net run-oft) > = solvency surplus 
AND solvencv surplus > 0 
THEN verv large additions to the technical provisions 

RULE large additions 1 

Chapter 8 

IF (gross run-oft/technical provisions last year) three vears ago < -0.10 
AND (gross run-oft/technical provisions last year) two years ago 
< -0.10 
AND (gross run-oft/technical provisions last vear) one vear ago < -0 .10 
AND (gross run-oft/technical provisions last year) < -0.10 
AND -2 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
TH EN large additions to the technical provisions 

RULE large additions 2 
IF (gross run-oft/technical provisions last vear) two vears ago < -0.15 
AND (gross run-oft/technical provisions last year) one year ago < -0.15 
AND (gross run-oft/technical provisions last year) < -0 .15 
AND -2 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
TH EN large additions to the technical provisions 

RULE large additions 3 
IF (gross run-oft/technical provisions last vear) one year ago < -0.20 
AND (gross run-oft/technical provisions last vear) < -0 .20 
AND -2 * (net run-oft) > = solvency surplus 
AND solvency surplus > 0 
TH EN large additions to the technical provisions 

RULE large additions 4 
IF (gross run-oft/technical provisions last vear) < -0.25 
AND -2 * (net run-oft) > = solvency surplus 
AND solvency surplus> 0 
THEN large additions to the technical provisions 

Thus, whether a company is assigned medium or high priority based on the 
run-off figures of its technical provisions does not only depend on the current 
year's figures , but also on the figures from the previous years. Furthermore, 
note that the test of the adequacy of the reserving policy is based on gross 
figures , whereas the effect on solvency surplus is based on a net figure. The 



N.E.W.S.: a model ror the evaluation or non-lire insurance companies 173 

test of the adequacy of the reseIVing policy is based on gross figures because 
these figures give a better, less obscured, idea of the adequacy of a company's 
reseIVing policy than net figures. However, the effect of an inadequate reser
ving policy is serious only with respect to a company's financial position if the 
additional money needed to strengthen provisions has to be paid by the com
pany itself rather than by its reinsurers. 

There is one more condition in the medium priority ru Ie , which is rela
ted to the quality of technical provisions: "large increase in the additions to 
the technical provisions." This condition can be concluded from the following 
two rules: 

RULE large increase in the additions 1 
IF (gross run-oft/technical provisions last year) one year ago < 0 
AND (gross run-oft/technical provisions last year) < -0.10 
AND ((gross run-oft/technical provisions last year) / 
((gross run-oft/technical provisions last year) one year ago)) > = 3 
AND -(net run-off) * ((gross run-oft/technical provisions last year) / 
((gross run-oft/technical provisions last year) one year ago)) > = 
soivency surplus 
AND solvency surplus> 0 
THEN large increase in the additions to the technica I provisions 

RULE large increase in the additions 2 
IF (gross run-oft/technical provisions last year) one year ago < 0 
AND (gross run-oft/technical provisions last year) < -0.20 
AND ((gross run-oft/technical provisions last year) / 
((gross run-oft/technical provisions last year) one year ago)) > = 2 
AND -(net run-oft) * ((gross run-oft/technical provisions last year) / 
((gross run-oft/technical provisions last year) one year ago)) > = 
solvency surplus 
AND solvency surplus> 0 
THEN large increase in the additions to the technical provisions 

Thus, the priority will be raised from low to medium when this year's addi
tions to the technical provisions are much larger than last year's additions, 
and wh en this trend is structural it will erase solvency surplus very soon. For 
instance, when in the first rule gross run-off relative to last year's provision is 
-30 per cent (i.e. an additional amount of money, equal to 30 per cent of last 
year's provisions, had to be added to these provisions), and one year ago this 
ratio was -10 per cent, the first three conditions of this rule are met. Further
more, if solvency surplus is two million Dutch guilders and a net addition to 
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the provisioos of ooe millioo was oecessary, the last two conditions are also 

met, and thus the conclusion, "large increase in the additions to the technical 

provisions," can be confirmed. 
Finally, the run-off figures of a specific line of business will be shown on 

the report when the ratio of the absolute value of the figure for this particular 
line and last year's technical provisions for th is line is higher than 10 per cent. 
However, the run-off figures per line of business do oot intluence priority. 

8.3.5 The owners (8) 

Within the priority rules, the owners factor is represented by the dummy var
iable captive. This dummy is equal to 1 when a company is a captive of a non
financial institution that is quoted on the stock exchange and that stands 
surety for possible deficits of its captive. These companies are assigned a high 
priority only in case of insolvency or in case a high priority was attached to 
the company for the current year at the end of last year's assessment. Other
wise, the company is given low priority. Apart from the captive condition, the 
owners factor does not intluence a company's priority. With the output of the 
system, however, the ' holding company, the owner(s) and/or the main share
holders are provided to the user as additional information. 

This factor is the only one that can lead to a lower priority than the 
priority that would have resulted from the outcome of the mathematical 
models as presented in the next section (8.3.6) . All other rules in the know
ledge base can only lead to a higher priority than the priority resulting from 
the mathematical models. 

8.3.6 Size & the mathematical model 

The only remaining condition from the priority rules is the risk condition. 
Risk (Iow, medium, or high) is the outcome of the combination of the 
ordered logit model and the neural network. This combination was introduced 
at the end of section 7.3.1 . Within N.E.W.S., the combination of the ordered 
logit model and the neural network will be called the mathematical model. 
The outcome of the mathematical model consists of three probabilities: the 
probability that the risk exposure of a company is low, the probability that it 
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is medium, and the probability that it is high. For each risk exposure, the 
probability is calculated as the average of tbe probability according to tbe 
ordered logit model and of the normalized output score from the neural net
work. 

In chapter 7, the risk exposure of a company was determined as the 
cIass with the highest probability. However, presenting the results of the 
mathematical model to the experts, these experts instinctively found it more 
appealing to use a weighted ave rage to cJassify companies, especially in those 
cases in which two out of three or all three probabilities were almost equal. 
Therefore, the following assignment rule was established: 

if one of lhe classes has a probability of 0.6 or higher, assign lhe com
pany 10 lhis class, olheIWise use a weighled average and round of! 10 

lhe nearesl class. 

The weighted ave rage is caIculated as: O'P(low) + l'P(medium) + 2·P(high) . 
Using {l ,2,3} instead of {0,1,2} would lead to the same concIusions, the 
weighted average wouid only be in the [1 ,3] interval instead of the [0,2] inter
val. The advantage of the option used here is that it is more efficient from a 
computational point of view since fewer caIcuiations have to be performed. 
Therefore, when not one cIass is given a probability of 0.6 or higher a com
pany is cIassified as low risk when the weighted average is in the [0, 0.5) 
interval; it is cJassified as medium risk when the weighted average is in the 
[0.5, 1.5) interval; and as high risk otherwise. 

A further adjustment was made to the assignment rul es by distinguishing 
between very small companies (gross booked premiums < 3 million Dutch 
guilders) and other companies (gross booked premiums ~ 3 million). Very 
small companies with only a moderate solvency surplus (defined here as less 
than twice the statutory required minimum) are relatively more risky than 
equally solvent companies of a larger size since the absolute amount of sur
plus is relatively low for these very small companies. Therefore, very small 
companies with only a moderate solvency surplus, which otherwise would 
have been cIassified as medium risk by the mathematical model, will instead 
be cIassified as high risk. The cJassification of very small companies cJassified 
as low risk and of very small companies cIassified as medium risk but with a 
large solvency surplus wiU not be adjusted. The fin al assignment rul es for the 
mathematical model are, therefore, as follows : 
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RULE risk is high 1 
IF P(medium) + 2*P(high) > = 1.5 

OR P(high) > = 0.6 
THEN risk IS high 

RULE risk is high 2 
IF P(medium) + 2*P(highl < 1.5 
AND P(mediuml + 2*P(highl > = 0.5 
AND P(low) < 0.6 
AND P(high) < 0.6 
AND gross booked premiums < 3 million 
AND (solvency margin/statutory required minimum) < 3 
THEN risk IS high 

RULE risk is high 3 
IF P(medium) > = 0.6 
AND gross booked premiums < 3 million 
AND (solvency margin/statutory required minimum) < 3 
THEN risk IS high 

RULE risk is medium 1 
IF P(medium) + 2 *P(high) < 1.5 
AND P(medium) + 2*P(high) > = 0.5 
AND P(low) < 0.6 
AND P(high) < 0.6 
AND gross booked premiums> = 3 million 
OR (solvency margin/statutory required minimum) > = 3 
THEN risk IS medium 

RULE risk is medium 2 
IF P(medium) > = 0.6 
AND gross booked premiums> = 3 million 
OR (solvency margin/statutory required minimuml > = 3 
TH EN risk IS medium 

RULE risk is low 
IF P(medium) + 2 *P(highl < 0 .5 
OR P(low) > = 0.6 
TH EN risk IS low 
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8.4 THE STRUCfURE OF N.E.W.S. 

The structure of the current version of N.E.W.S. is presented in figure 8.2. 
N.E.W.S. contains th ree programs. The neural network caIculates a score 
based on six financial ratios extracted from the ISB database. The Pascal pro
gram reads data from the ISB database and the output file of the neural net
work, it caIculates the ordered logit score and combines this score with the 
score of the neural network, and it calculates a number of variables that are 
needed in the rul es of the knowledge base of the expert system. 

Figure 8.2 THE STRUCTURE OF N.E.W.S. 

I user J 
company nr. 1 l priority & report 

Expert System: • user interface 

• knowledge base 
• inference engine 

com pany nr.l l aggregated data 

Pascal program scores 

incl. Orde red Logit neural network 

l l 
ISB-database 

The expert system can be seen as the main program. It functions as an inter
face for the user. Af ter the user has started the program, the program first 
asks the (unique) company number of the company to be evaluated. When 
tbis number is given, the system sends the company number to the Pascal 
program. The Pascal program subsequently performs the necessary caIcula
tions and sends the results back to the expert system. The expert system us es 
the information obtained from the Pascal program and the rules in the 
knowledge base to establish the priority of the company and to write a report. 
The report is both written down into a file and onto tbe screen . This report 
can then be used by the user, supposedly an ISB employee, so th at he/she can 
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decide on huther actions. A more tborougb discussion of bow N.E.W.S. could 
fit into the ISB evaluation process is presented in chapter 9. 

8.5 TEST RESULTS 

During tbe knowledge acquisition process, additional information about a 
number of companies became available. In tbis context, additional informa
tion refers to information tbat was not incIuded in tbe 1993 assessment report 
of a company, and tberefore was not used in tbe determination of tbe 1993 
risk exposure of a company, but tbat does influence tbe outcome of tbe 
assessment. Sometimes, tbis information was brougbt forward by tbe experts 
in one of tbe knowledge acquisition sessions. This information consisted of 
background information on tbe company's bistory, and on tbe expert's exper
ience witb tbe company concerned. 

Anotber part of tbe additional information was generated by running a 
prototype of N.E.W.S. on tbe 1993 data set during one of tbe later (i. e. after 
tbe tbird) knowledge acquisition sessions. In otber words, based on one or 
more rules, wbicb bad been brougbt forward by tbe experts in previous ses
sions, tbe N.E.W.S. reports contained relevant information on a number of 
companies, altbougb tbis information could not be found in tbe 1993 assess
ment reports of tbese companies. 

The fact tbat not all relevant information appeared in tbe 1993 assess
ment reports of companies may be - partly - explained by tbe bankruptcy of 
tbe Dutcb Iife insurer Vie d'Or in December of 1993. In 1994, tbe people 
working at tbe ISB bad to devote a lot of tbeir time to tbis bankruptcy. 
Therefore, tbere was not enougb time left to tborougbly examine the 1993 
financial statements of aU companies. Consequently, for a number of compa
nies tbe 1993 assessment procedure was sbortened, which meant th at only a 
quick check of the statements was performed. Thus, several checks, which 
normally would have been performed, were now omitted. Some of these 
checks are, however, incIuded in the knowledge base of N.E.W.S. Con se
quently, additional information could be obtained by running a prototype of 
N.E.W.S. 

Another explanation for the fact that additional information could 
become available is tbat not all potentially relevant information is always 
recorded in the assessment report, even if a full assessment procedure has 
been performed. However, although they did not write it down, the informa-



N.E.W.S.: a model for the evaluation of non-life insurance companies 179 

tion is often known to the experts so that they could bring it forward in one 
of the knowledge acquisition sessions. 

A consequence of the additional information was that the c1assification 
of several companies had to be changed. Most of these changes meant down
grading the c1assification of a company from low to medium risk (eleven com
panies), or even from low to high risk (five companies) . Moreover, the classi
fication of four companies had to be changed from medium to high risk, and 
for three companies the c1assification had to be changed from medium to low 
risk. For the remaining 170 companies the c1assification remained unchanged. 

At the end of the final assessment round for 1993, 16 of the 193 companies in 
the 1993 data set were given an assessment code of 2 (see section 8.3.3). That 
is, the account managers decided that, on the basis of their 1993 statements 
and the account manager's knowledge of these companies, these companies 
should be given high priority for the assessment of the 1994 statements. Of 
these sixteen companies, based on the 1993 statements 15 (or 94 per cent) 
received a high priority Iisting from N.E.W.S. The only company N.E.W.S. did 
not give high priority showed reasonable solvency and profitability figures , but 
was in the middle of a reorganization. 

Of the 193 companies in the 1993 data set, 20 received an assessment 
code of 2 at the end of the 1992 assessment round. This means that these 20 
companies will get a high priority listing for 1993. This high priority, however, 
is not linked to the 1993 financial statements. Based on these 1993 state
ments, the companies might have had a medium or even a low priority. 
Although the system including the "urgency based on last year" rule will be 
the most relevant one to the ISB, it could be better to exclude this rule to 
test the real performance of the system on the 1993 data set. Table 8.1, there
fore, presents the results of the system without the "urgency based on last 
year" rule. In comparison, table 8.2 presents the results for the complete sys
tem . Both the number of companies that should have a high priority and the 
number of companies that are actually given high priority are higher in the 
latter case. In both tables, the values for the actual priorities for the compa
nies are defined as the actual values for their risk exposures found by anal
yzing the assessment reports (i.e. the 1993 data set used in the preceding 
chapters), but where the values for 23 companies have been modified based 
on new information as described in the preceding paragraphs. The perfor
mance of the combination of the ordered logit model and the neural network 
on this modified data set are presented in Appendix F. 
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Table 8.1 ACTUAL AND PREDICTED PRIORITIES FOR N.E.W.S. EXCLUDING THE 
'URGENCY BASED ON LAST YEAR'-RULE, 1993 DATA SET 

predicted 
actual total score 

low medium high 
(%) 

low 129 5 0 134 96.3 

medium 2 18 4 24 75.0 

high 0 2 33 35 94.3 

total 131 25 37 193 93.3 

Table 8.2 ACTUAL AND PREDICTED PRIORITIES FOR N.E.W.S. INCLUDING THE 
'URGENCY BASED ON LAST YEAR'-RULE, 1993 DATA SET 

actual 
predicted 

total score 

low medium high 
(%) 

low 124 5 0 129 96.1 

medium 2 15 3 20 75.0 

high 0 1 43 44 97.7 

total 126 21 46 193 94.3 

The differences between the two tables result from the fact that all 20 com
panies with assessment code 2 are, by definition, correctly classified as high 
priority in table 8.2. In table 8.1., which does not take into account the out
comes of the 1992 assessment, though, only half of these companies are in 
this (high, high) range. Five of the companies with an assessment code of 2 
can be found in the (low, low) range in tab\e 8.1, th ree in the (medium, 
medium) range, one company can be found in the (medium, high) range, and 
one in the (high, medium) range. 

The scores in table 8.1 are quite convincing. No high priority company is 
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incorrectly classified as low priority, and no low priority company is incor
rectly classified as being high priority. Furthermore, the scores for high and 
low priority companies are very good. Even the score for medium priority 
companies is now quite good. Naturally, this good performance should not 
come as a surprise. The classifications are based on the assessments made by 
ISB employees . This model tries to partly mimic the assessment process and it 
uses TUles the employees also use to determine the classifications. The only 
reason why there are still some misclassifications is that not all TUles and 
knowIedge, used by the employees, are included in the knowledge base of 
N.E.W.S. 

Comparing the N.E.W.S. scores as presented in table 8.1 and the scores 
for the mathematical model as presented in Appendix F (tables F.I and F.2), 
it is clear that N.E.W.S., which includes the expert system, is better able to 
recognize medium priority companies (companies with a medium risk expo
sure) than the model excluding the expert system (i.e. the mathematical 
model only), and that the inclusion of the expert system makes the system 
more useful. It was to be expected that the full model would perform at least 
as good as the mathematical model since the outcome of the mathematical 
model is used for a preliminary indication, which is then .modified by the 
expert system, if necessary. The model is supposed to mimic the assessment 
made by an employee. In N.E.W.S., the outcome of the mathematical model 
is extended by an analysis based on TUles brought forward by the employees. 
It would be rather strange if the addition of these TUles would lead to degra
dation in performance. 

The current ordered logit model and neural network are estimated/ 
trained on the 1992 data set. These models could be updated and refined by 
re-estimating and retraining the models based on the final 1993 data set, that 
is, on the 1993 data set af ter the modifications resulting from comments made 
by the experts during the knowledge acquisition sessions. The current expert 
system combined with the updated mathematical model could th en be further 
tested by the people working at the ISB. Based on the comments during these 
tests, further refinements could th en be made to the knowledge base. Thus, 
N.E.W.S. can be refined constantlyon the basis of new experiences. 

A legitimate question at this stage would be whether the expert system 
in itself - i. e. without the mathematical model - could be a reasonable, or 
even a better, alternative to the combination of mathematical models and an 
expert system as used here. The answer must be in the negative, at least at 
this stage. The current expert system is very straightforward. The knowledge 
base is relatively small and simpie. To adopt the role of the mathematical 
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model, the number of rules would have to be much higher and the knowJedge 
base would become far more complex. The mathematical model is used for a 
preliminary indication of the company's quality by combining some of the pri
mary factors: solvency (SOLVRA, G2SURRSM), profitability (PATNEP, 
G1COMBRA), and asset management (PROPERTY, FISNTPSM). Sub se
quently, this initial classification is modified by the expert system, if necessary. 
The current expert system does not combine different factors but performs a 
number of additional checks for a number of factors . 

8.6 SUMMARY 

N.E.W.S. can be seen as a KB-DSS integrating a rule-based expert system 
and a combination of the two mathematical modeis, i.e. the ordered logit 
model and the neural network, as presented in the above chapters. The out
put of N.E.W.S. is a company's priority for further investigation (high, medi
um, or low) and a report that presents the main findings of the model. The 
outcome of the combination of the two mathematical models functions as an 
initial assessment, which is modified, if necessary, by the expert system. The 
rules in the expert system are obtained by interviewing a senior employee and 
an account manager at the ISB and by incorporating their comments on 
prototypes of the system. 

The performance of N.E.W.S. on the 1993 financial statements is very 
promising. Ninety-three percent of the 193 companies in the data set were 
c1assified correctly. Even the results for me,dium-priority companies are now 
quite reasonable with 75 per cent c\assified correctly. Furthermore, 15 out of 
the 16 companies that were given an urgency code by the account managers 
on the basis of the 1993 financial statements were also assigned a high prio
rity by N.E.W.S. based on these statements. 




