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| A MODEL FOR DETERMINING OPTIMAL
PRODUCT LINE COMBINATIONS:

AN EMPIRICAL STUDY FOR KUWAITI
INSURANCE MARKET

Moawad H. El-Habashi*

Introduction

In this paper certain concepts will be discussed
that are important for determining an optimal product
line combination for a multiple line property~-liability, |
or a sub-products for a life insurance company. In
particular expected value-variance approach and its
explination will be discussed in brief. It is the purpose
of this paper to develop & business portfolio selection
model consistent with insurance compenies decision-
making processes and the institutional constraints which
they face in portfolio selection. The suggested model
will be formulated in terms of & linear programming
approach and related techniques and this will be shown
to be equivalent to the E, 02 approach in certain
respects. However, this paper relies extensively on

theory and methodolgy developed in the field of fipance
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for portfolio selection under conditionsof uncertainty.
Therefore, we shall try to apply the concepts of mean-
variance efficient diversification to the selection of
an optimal product mix for a multiple line insurance

company or a sub-products for a life insurance company.

The use of mean-variance criterion in business
portfolio selection is not intended to imply that such
an approach actually is pursued by insurance companies.
In other words, this is not intended to imply that
insurance company managers consciously attempt to allo-
cate premium volume among product lines according to
the E, 02 criterion. Instead, the discussion is intended
to support the hypothesis that such an approach is
consistent with observed insurance company behaviors and

hence can be used to describe and predict such behaviors.

1. DECISION-MAKIKG CRITERIA

A certain amount of premium is to be allocated
among N product lines / sub-products of insurance

protection. Let u, refer to the underwriting profit

t

for the i h product line/sub-product and Wy refer to

the proportion of the premium to be allocated for the

i*™® product line/sub-product. Clearly, w; 3 0 and
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N
£ w, =1. Let W denote the vector of w; which

‘. i

;;1ca11ed a business portfolico. The main object
of the portfolio problem is to assess the perfor-
mance of a given portfolio and to choose one
portfolio from a given set of portfolios which is
optimal. In order to assessthe performance of
given portfolio, one has to lay down the criteria
of what constitute a good portfolio. We assume
the vector of underwriting profit margins

u = ( Ups Upy Ugy «ensy uN) is a random vector
with the mean vector U = ( Ups Ugs voes UN) and
dispersion matrix @ = G.:, 1.e. expected value

NxN 1]

f . 3 = 3 i 2 = (3] = .
of u,; = Eul Ul, variance of u 95 Vi

1
covariance between us and uj = Uij

and 1,j = 1,2,3, ...y N. This is quite reasonable
th

, where i # J

to assume as the underwriting profit u; on the i
product line/sub-product is uncertain and thus can

be assumed normally distributed random variables.

Let W = (wl, Woy Wy vees w.N) be a business

portfolio. The underwriting profit from W is
’ N 13
defined as Wu = I Wy ui‘. However, let W be
i=1
a business fortfelio. The expected underwriting

profit from W is defined by the formula:

* The transpose of a vector b is denoted by b'.
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wiU; and'is denoted by Eu(W). And, the
1l

risk of W is defined by formula:

’ N N 2
W aW= § . w, 0,. we and is denoted by ¢ (W).
i=1 j=2 * )

In determining the optimal product line
combinations an assessment of the performance of
a given combination W is carried out based on
the values of Eu(W) and uz(W). The implications
of the definition of Eu(W) are intuitively obvious
and the more the value of Eu(W) the more desir=-
able W is. The interpretation of uz(W) is not
immediately obvious. The variance of the under-
writing profit from W, i.e. the variance of
P , N N

Wu=z I W,u,, is equal to I P WeWsOaswe
j=1 % i=1 j=1 * 313

= o?(w).
The smaller the value of the variance, the more the
4
value of W u is concentrated around its expected
¢
value W U = Eu(W). Consequently, the smaller the
variance, the more sure we are of getting Eu(W) 'when

we employ W. In other words, the smaller the 6 2(w)

the more desirable W is.

Let W be a business portfolio. W is said to

be the best if for every other business protfolio, say,
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B, one has: Eu(W)>Eu(B) and oz(W)<uz(B). If a best

portfolio exists the portfolio selection problem

becomes simple. Unfortunately, except in trivial
¢circumstances, best portfolios do not exist. This

is mainly due to the fact that it is almost imposgi-
ble to minimize an objective function and maximize
another objective function simultaneously. There-
fore, some compromise between both criteria is needed

to choose portfolios which are optimal.

2. MEAN-VARIANCE APPROACH

This study demonstrates the linear programming
portfolic selection model of combining product mix
for an insurance company so as to minimize portfolio
risk for a given required underwriting profit for
the portfolio. The actual number of product lines/
sub-products is not a revelant consideration in
measuring portfolio diversification. If the corre-
lation among product lines/sub-products is perfect
and positive then naive diversification cannot
reduce portfolio risk. Only in situations where
the correlation is negative can naive diversifica-

tion reduce portfolio risk.
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The concept of portfolio diversification as it
is presented in protfolio theory by Markowitz extends
beyond naive diversification. He introduced
efficient portfolios. Let W be a business portfolio.
It is said to be efficient if :¢ Eu(W)3Eu(B) and
02(W5saz(8)dhm a business portfolio B.

Markow{tz develops what is known as the cri-
tical line method which gives all efficient port-
folios. He assumed that the variance-covariance

matrix is non-singular in his method (Markowitz 1952).

In the next section we shall .itroduce a model-for deter-
nining optimal product mix for a multiple. line-insurance company.
However, although Markowitz approach gaé'discussed
in detail, we add here some more analysis. In the
non-singular case a brief description of the mean-

variance approach is given below.

Let *» 30 be a real number. Letm¢x be the

function defined on the set of all business

protfolios defined by,

- 1 2
o, (W) =XEu(W) - 3 o°(W)
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Suppose W is a business portfolio satisfying
°x(ﬁ) = max. ¢1(W). Then W is efficient and any
efficient portfolio can be obtained in this way
for some X with the exception of the portfolio

obtained by maximizing W U over all business port-

folios

In particular, the business portfolio which
maximizes oo(W) or, equivalently, the one which
minimizes 02(W) is called Minimum Variance Portfolio
and is denoted by MVP. MVP is given by (press 1972), and

it is explained unmerically by (Francis 1976).

3., A LP MODEL FOR DETERMINING OPTIMAL PRODUCT MIX

We already know that in order to find effici-
ent portfolios one can maximize:
N N

L I W
i=1 §=1

¢}‘W=i\

£
<
1
R

%3945

T “Dne can prove this proposition as folrowss:
Let BeIP be a portfolio such that, W Ug¢B U and
WawzBaB. We have to show that W U = B U and
Waw = BaB. Suppose ﬁb<ﬁh. Then AW U<ABU since
Av0. Further, - % ﬁ& ﬁ g-%??B. °1ﬁ < ¢, B g ¢Aﬁ,

<
.

a contradiction. Suppose, WU = BU but abﬁ>9b3.
Iﬁis~again.gives a contradiction.
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This problem falls into the realm of quadratic *
programming. In this section, we propose a
method of solving this quadratic programming

problem by linear programming techniques.

Consider the function ¢ defined on IP by

L
YoerpW) = W 2 W

it is a continuous function on IP. Let Vo z

fin.erp ¥{(w) and VI = max...1p ¥(W). It 1s

obvious that 0<V_<V,<= . Also, V_ = o’(MUP).

&fnce IP is a compact connected subset of the
n-dimentional space Rn, every value in the interval

(Vo, Vl) is attained by some portfolio WeIP.

Let ‘WeIP be such that WU = max ep WU
= MaX.gorp Eu(W), we call this portfolio a maximum
underwriting profit portfolio (Max. UP). However,

one can easily find {max. UP).

One can propose that, in case Uk = max, _U.

~d
the business portfolio W = (0,0,4%1,0,0),

where unity in the kth position, is a maximum

underwriting profit portfolio and its risk is
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There are instances of systems where none of
the maximum underwriting profit portfolios which
are pure is efficient. We say that a portfolio
(Wl, Wz, W3, creeenny WN) is pufe if w, = 1 for
some i. In other words, a pure portfolio is one
where the entire amount of premium is allocated
to one business line (mainly with higher profit).
The following is an example: Consider a system
of N product lines/sub-products with
lf = {g:8:8:85+++.58) and Q- = IN’ the identity
matrix with ones iﬁ the diagonal and zeros in the
non-diagonal positions, where g>ois:constant. Any
portfolio of the form (0,0,04¢40... 31, .30,0,0)
is maximum underwriting profit portfolio with
expected profit g and risk 1. But the portfolio

%, %, %, Ces e et aeaney %) has expected under-

writing profit g and risk % and consequently is

better than any of the pure portfolios.

This proposition can be proved as follows:

Let ¥ = (Y1, Yo, Y, evvrnnnnn, Y)) be any
other business portfolio. Then Eu(Y) = Y U =
N N N
£ YU, s & Y, (max. U.) = L Y.su
i=1 Y1 j=1 1 1sisN D j=1 ik
DYy (W)
=y, (¢ Y = U, = Eu(W).
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Therefore, we propose that there exists at

least one portfelio with maximum underwriting profit

#
which is efficient .

. The objective of obtaining an optimal product

line combination of risk no greater than a prescri-

bed number and based on mean-variance efficient

diversification can be specified in matrix notation

as the following mathematical programming problem:

One can prove this proposition as follows:

Let E be the collection of all portfolios with
maximum underwriting. profit. This set is non-
empty as we can always find a pure portfolio
with maximum underwriting profit. We claim
that E is a closed subset of RN. Let wk.
kzl be a sequence in‘E converging to ﬁ. We

have to show that W ¢ E.

Let W(ks = wl{, w];, w'ac, erravens w]l:). ot} w(k)=
N«
z Wi Ui = g, constant for every k z 1. But
i=1l
? w(k) u k 31 converge to g ; U, = g
. s s . U, .
i=1 = - i=1l a 1

Hence, ﬁcE. Since E is a closed subset of the
compact set IP, E is also compact., Consequently,
minimum WoW exists and is ‘attained by a vector
YeE. Thus Y has maximum expected underwriting
profit and minimum risk among such vectors and
hence is efficient.
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G = real number lying between Vo

and V1

=
[}

problem

The Model:

where,

W

<>

Maximize : U,w

i7i
Subject to : aw, s Vey
Awi : B
we 3 ©
N
T w, =1
jge1 1

the vector of proportionsallocated to
each product line

the vector of expected underwriting
profit margins for each product line
the covariance matrix of underwriting
profit margins among product lines.
the acceptable level of risk within
the insurance portfolio.

a matrix of constraint coefficients,

solution to the business portfolio
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B = a vector of constraint constantsindicating
the ubper and lower limits applicable to
each constraint, levels of proportions of
total premiums that can be allocated to
the product lines.

Then W is an efficient portfolio of risk g Q?.

% The proof is carried out in the following steps:

(1) We first claim that a feasible solution to
the above linear programming problem exists.
For, let YeIP be such that Yoy = min.wGIP
wow = Vo. By proposition oz(Y) = ﬁisk of

the 1P product when Y is used = I
i=1

= vosi . Conséquently, Y satisfies all
the constraints imposed in the above con-
tribution. Hence, Y is a feasible solution
to this problem.

ainj

(2) We néxt claim that 02&56. For oW =
N N .. N N .
igl j£1 wiwj °ij = izl(jil'aij wj)w1 g
Nh‘ *Nﬁ » -~
i:1 v w; ® v 151 wy @ Vx1ls=V.

(3) Finally, we show that W is efficient.
Lt S = 02 W=WaWgeV. Let Dbe the
collection of all portfolios of risk S.
It is clear that among these portfolios
& has m?ximum expected underwriting profit.

Hence, W is efficient.
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4. AN EMPIRICAL STUDY IN MATHEMATICAL PROGRAMMING
OF BUSINESS. PORTFOLIO SELECTION

Having developed a linear programming portfolio
selection model in the field of business, we need
to test it using some real data. Our -investigation
was designed to measure the actual portfolio with
a view to developing a base for assessing future
efficient portfolios. The purpose here is not to
test the business decisions of the past only, but
to put forward a new procedure that could be

followed in the future.

(1) Formulating an empirical test:

Since an investigation into the experience
of an actual case study could yield useful
information, real data have been collected in
order to test the LP busines portfolio
selection model. For every product line
included in the investigation a fifteen years
record has been collected for analysis. Our
portfolic selection based on past performances
alone, assumes that average underwriting
profits of the past are agood estimate of the

"Likely" profit margins in the future, and

=




(ii)

variability in underwriting profits in thé past
is a good measure of the uncertainty of profit
margins in the future. However, although the
computer has been used to calculate expected
underwriting profits, variances and covariances,
a lot of hand work has been done in order to

furnish the original data for analysis.

Description and development of input data for

the case study:

We shall assume there is a LP portfolio
selection model which provides the insurer
with the highest expected underwriting profit
subject to a certain risk level. Although
the assumptions underlying the model may not
always .be entirely realistic, it provides
great computational advantages in that it
eliminates the need for using the non-linear
equations in formulating a portfolio selection
model ‘and consequently using linear programming

instead of quadLatic programming.

To test the model, data were collected

for the entire Kuwaiti insurance market (eighteen

v
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insurance companies,fdra period of fifteen
years commencing in 1870). For each company,
each year, and each of seven lines of
insurance, data for a number of accounting

®
and underwriting variables were collected.

Roughly. speaking, the underwriting profit
each year for a product line was defined teo he the
premiums earned minus (loss incurred plus other
underwriting expenses incurred), Table (1) shows
the average underwriting profit margins for all

seven product lines in the Xuwaiti insurahce companies. .

The underwriting profit'of each line was assumed to be
governed by one probability distribution.

The annual underwriting profit for each line in the
last fifteen years is then used to calculate the
arithmetical mean.

The average is approximate, of course, since the data
may have been affected by the lack of more original "
historical data. However, the results are presen-

ted in the following table

—-—

#The following items were obtained: earned
premiums, loss incurred, other underwriting

expenses, incurred commissions, expenses. However,
the entire Xuwaiti insurance market is defined as
all property-liability business presented by com-
panieé included in the 1984 Kuwaiti annual report
(Five domestic, six arab and seven foreign companies).
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Table (1)

The Expected Average of Underwriting Profit/Loss

Margins of Product Lines in Kuwaiti insurance companies

1970-1984
Expected Average
No. Line of Businegs/Code Name of Unde;yﬁ}tins
%
1l | Fire Insurance / FI (2.6)'*
2 | Marine & Aviation / MA 31.3
3 | Automobile Bodily injury and (14.2)
Property damage Liability / ABPL
4 | Automocbile Property / AP 13.9
5 | Worker's Compensation / WC 22.5
6 | Engneering Insurance / EI 131.7
7 | Miscellaneous Bodily Injury / MBI 60.6

¥ P/L means underwriting profit-loss margins ]
##% Number between parantheses correspond to loss margims.

Because business portfolic selection should consider

underwriting profit/loss margins and the effect of net

premiums of product lines on net profits and losses,

some more calculations were performed so that the estima-

ted parameters (profits/losses and covariance matrices)

would be more effective. The effect of net premiums

may be considered an objective as well as underwriting

profit/loss margins because the investment of net
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premiums is almost used to improve the net result of
several product lines. In addition, ignoring the
effect of earned premiums may distort the business
policy of companieé which have allocated a high propor-
tion of their premiums to third party insurance, for
example, they will feature as having been less profitable
in any comparigon with those that have concentrated on
engneering insurance. The weighted average of under-
writing profit/loss margin that represents the corner-
stone of business portfolio selection may be defined ;
underwriting profit-loss multiplied by net earned pre-
miun of each product line/total net earned premiums of

. ®
business lines.

Hence, the objective funetion is expressed as
maximize, U, where U stands for total weighted average
of business profit/loss margins from both the under
writing profit/loss and the effect of earned premiuﬁ
on these margins. Table (2) indicates the weighted
average of expected underwriting profit/loss margins

of product lines.

For example, the weighted average of underwriting
profit/loss margins for fire insurance product lines
is;

. . NEP (fire)
P/L (f;re) & NEP (fotal business/
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Table (2)

The Weighted Average of Expected Underwriting

Profit/Loss Margines of Product Lines

in Xuwaiti insurance companies

1970-1984
‘Weighted Average of
No.| Line of Business / Code Name| EXPected underwriting
P/L
%
1 | Fire Insurance / FI e
2 |[Marine & Aviation / MA 3.88
3 | Automobile bodily injury and (2.90)
Property damage liability /
ABPL.
4 | Automobile Property / AP 8.7
5 |Worker's Compensation / WC 2.8
6§ |Engneering Insurance / EI .44
7 |Miscellaneous Bodily Injuryy 1.9
MBI

According to the model and

the real data .presented

in table (1) and table (2), the underwriting manager's

objective is to allocate total premiums among the

business lines so as to maximize the weighted average

of expected underwriting profit margin or minimize the

weighted average of expected underwriting loss margin

vy
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of product lines subject to (i) an acceptable level of
risk and (ii) a set of linear constraints which restrict
the proportionsof total premiums which can be committed
to any particular business line. However, the allocation
pertains to the portion of total premium volume that is
allocated to the various business lines regardless of

the actual amount of total premiums.

More specifically, the figures published in the
above tables and the tables in Appendix A and Appendix B
were used in determining efficient business portfolios

using the data for the period 1970/1984% inclusive,
5.° RESULTS AND ANALYSIS

The business portfolio selection model is solved
twice for the type of business included in the study.
In the first solution the allocation is unconstrained,
In other words, neither upper nor lower bounds are
placed on the allocation of premiums to any product
line. In the second solution the allocation is cons-

trained. - For each company the constraints on some

business }ines are the company's historical upper or
lower businéss line allecations. The.procedure used

in this gtudy is, to assume that each company is

inforced by law to underwrite some particular business

mJ

such as automibile liabilities




In addition insurance companies in neal life do not
ignore complementarily among product lines. For
example, the two automobile covarages ABPL and AP have
some relation to one another in the amount of premiums
that can be allocated to either line of business.
However, no company has complete discretion in its
premium allocation but every company is able to
obtain allocation limits in the future that were

attained in the past.

In the light of that our purpose is not to
compute optimal business portfolios which conform
exactly to reality, the optimization results for the
best combination of business lines are presented in
table (3). For both constrained and unconstrained
optimization this table presents expected weighted
average of underwriting profit margins and risk
levels. Also, the results in table (3) emphasize the
impact of constraints upon obtainable expected

underwriting profit margins and risk.
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Table (3)

Optimal Business Line

Allocations

for An Insurance Company

Unconstrained Combination Constrained Combination

Business Line -
1 2 3 4 5
Fire/F1 .04
Marine/MA
Atom.
Liability/MA <2 .08 .32 .12
Atom.
Property /AP .8 .85 1 .64 .87
Wor. Compensa=-
tion/WC
Engn. Ins./EI .01
Mise.Bodily/
Inj./MBI
Risk s v2 .3 1 .1 .25
Max. ,obk .081 087 0ug 072
Underwriting
profit
Constraints wl;.ou,wag.zs w1+w25.12
on Product Wgs.20 w3+wu;.so
lines ws;.01
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Also, table (3) shows that Automobile liability
product line, which yields a negative profit margins,
is included in unconstrained portfolios in particular
when risk levels go down. This inclusion indicatesthat
it is not desired and is included only because its
contribution to the variability of portfolioc under-

writing profit margins is relatively small.

The results presented in tables(3) and(4).show
the various possible efficient portfolios available
to the business manager. Such a manager can easily
decide which éfficient portfolio will be the one which
coincides with his attitude towards risk. If he is
aggressive he would choose portfolio No.3 (risk level
= ,336 and gndgrwriting profit = .087), however, a
conservativé,manager can select portfolio No. 4_(risk
level = ,068 and underwriting profit = .046). In
addition, there are some other efficient portfolios
available to the business manager. However, as he
has some knowledge of his risk-underwriting profit
indifference function, the optimum combination of

business lines can easily be selected.
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Table (4)

Optimal Expected Underwriting

Profit Margins and Risk for

Five Portfolios Based on Historical Data

Portfolio Minimum Risk Maximum Under-
writing Profit

1 . 132 .0Bu

2 . 270 .081

3 .336 .087

Y .068 .0usé

5 :199 .072

The unconstrained minimum risk optimization

results can be useful to a company by indicating

which of its preoduct lines {(those absent from the

portfolio) might be candidates for reinsurance.

maximum profit margin results in the unconstrained

case are not useful.

These results imply that

The

companies should become specialty companies, generally

emphasizing one line of insurance, Atomobile Property.

However, the overall expected underwriting profit margin

can be decreased along the efficient frontier with

a slight decrease in the insurer's risk.
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6. - SUMMARY AND CONCLUSIONS

Thé primary purpose of this paper was to present a.
plausible model for determining the optimal product line
combination of a multiple line insurance company. The
model assumes that the objective function is to maximize
the expected weighted average of underwriting profit
margin subject to some permissible level of risk..
However, the former portfolioc selection models include
risk as a measured variable in a.manner which was repre-
sented-as quadratic linear programming function. In
this study the risk variable has been formulated as a
linear constraint on a miximization of underwriting profit
criterion. The suggested model provides an efficient
approach to the selection of optimal business portfolios
which can be followed mechanically without resort to

professional management.

Two sets of optimal product line combinations were
computed. In the constrained and unconstrained solutions
the computations were based upon the observed expected
value of underwriting profit margins and covariances of
profit margins for each line of business. In the const-
rained portfolios the constraints were based upon past
premiums allocations for each line of business. Also,
portfolio managers should prescribe risk levels for their

business povtfoiiOS.
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APPENDIX A
Table (A-2): Weighted Average of Exptected
Profit or Loss (Marine)
000' D.X.
| R i i T T T P W
_ Premiums & Ratios 70l 71 | 72 | 73 | 74| 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82| 83| 84
— +— —— —
Gross Earned Premiums / GEP 742| 776 | 893 1190|1758} 2114|2626 3066 2455 |2255 2729 |2434 2315 2269 2174 7
Incurred Loss / IL | 462| 309| 406 m@_imq_wﬂﬂmﬁm 3448|1423 562 (1034 |104e| 730/ 528, 533 _
Underwriting Expenses 117] 145! 196} 265! 101 482| 578| 631] .»mm_ 413 | 513| 438 #L 450! 476
Incurred / UEL m u m 7
Net Earned Premiums / NEP Coe2s mmL 637 | 925|1357)1632(2049 mhmmTwSLmnm.wwE 1998] 1848 Hmumm 1698
Net Underwriting Profit or 163] 322| 291] 76| {80} 89| (67)1013) mﬁwummo 1182 249{1117 Ewow 1165
Loss/NUP (L) _ _
Raito of NUP (L) to NEP % 26| 51| 42] 8l (63 8| (3] (a2 29| 70, 53, 48 80 71 54
Weight Ratio of NUP (L) to NEP% 5.8110.3 Q.L p.LS.E 1.4| (.6)(8.21 4.1 m.m_ 7 m.w_ 5.5 6.7 4.5

Weighted Average Ratio of

NUP (L) to NEP % _

3.88

= 1

‘ m'_J
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APPENDIX A

Table (A-4)}: Weighted Average of Exptected
D.K Profit or Loss (Automobile Property)
_ [ T
Premiums & Ratios 70 71 72 | 73 74 75 76 77 78 79 80 81 82 “ 83 84 ;
| | __ |
Gross Earned Premiums / GEP 1203|1579 mewwNmmh 2996| 4105| 5806 | 7434|8541 9286 wmom_OmumwmmHJuquwHOOy*
Incurred Loss / IL 1204|1207 qumWHmOm 2105 2885| 4229 mO»wﬂmm»q 6191|5444} 5567 mHOJ mmm& 4016
Underwriting Expenses 298| 385 mmmw 688 qmm__ 977i 1268| 1570|1851 | 2002 | 18161 218:{ 202} a7ed 2304,
Incurred / UEIX “ __ i
Net Earned Premiums / NEP . 9051193 mewmwmmm NMOL 3128] 4538 mmm»m_mmwo 7284{71785] B63 mmm& 8184 7710
Net Underwriting Profit or AMN$_ (14 nuqn* 160 ww_ 243] 309 mHumHHAw 1093 Nw»mwmomﬂ wmm% 2925 3694
Loss/NUP (L) m m .
Raito of NUP (L) to NEP % (33} (1} (11 8 5 m_, 7| 1al 17l 15 30 uj 3 s 37
Weight Ratio of NUP (L) to NEP% §10.5) (.4)(4.6| 3.4 2l 3.5 3.3] 8.4| 8.1 q.mw 14 ?M:.m 15.4 14.1
Weighted Average Ratio of O . - . .
NUP (L) to NEP % 8.7
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APPENDIX A
Table (A-6): Weighted Average of Exptected
000" D.K. Profit or Loss (Engnerring Insurance)
Premiums & Ratios 70 71 72 73 74 75 76 79 80 81 82 83 84
_ =
Gross Earned Premiums / GEP 34 11 14 15 23 28 | 71 84 65 74 :15) 23 | 149
Incurred Loss / IL 10 39 66 | (34) 29 8 12 54 37 32 14 41 62
Underwriting Expenses 8 3 4 4 6 7 16 27 26 13 12 15 20| 31 34
3
Incurred / UEI H
Net Earned Premiums / NEP 26 8, 10| 11} 17 21 55 102 96 | 66 | 53 | 59 | 65| 67| 113
Net Underwriting Profit or 16 | (31)| (56)| 45| (12) 13 | 43 73| 49 | 12| 16} 7| 51| 26| 53
Loss/Nup (L) _
Raito of NUP (L) to NEP % 82 | 388)] 560} 409 70 62 78 72| b1 18 30 | 12 79 39 46 |
Weight Ratio of NUP (L) to NEP% 6 (1. 1.2 .2 .3 8 3| -1 1 1.04]..3| .14} .26
Weighted Average Ratio of i ; b
NUP (L) to NEP % .44
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APPENDIX B

Table (1): Variance-Corariance Matrix
Variables FI MA ABPL Ap weC EI MBI
I .029 .008 .080| - .046 | - .008 .004 .008
1

MA - ,008 .231 - .088 .060 - 016 .002 .018
ABPL .080 .0B8 . 723 - .349 - 001 .022 .202
AP - .046 . 080 - 349 .336 . 008 - 012 . 002
w - 005 .016 - .001 .008 . 203 - .002 . 007
El .004 .002 .022 - 012 - .002 .002 .001
MBI . 008 Q18 . 020 - .0ozZ ~ .007 , 001 .012
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