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BALANCING INTEICNATIONAI.  I N S U R A N C E  
P O R T F O L I O S  AND E X C H A N G E  R I S K S *  

TAblIR AGMON AND YEHUI)A KAIIANE 

This paper  examines  the  balancing of the inves tment  and habd i ty  portfolios o t a  
(re)insurance hrm opera t ing  In the  in ternat ional  marke t  The model captalres two 
effects which are ignored by t radi t ional  ana lys t s  

(a) According to the In te res t  Par i ty  Theorem, the c.z'pecterl cha*zges m the exchange  
rates  should a l ready be reflected m the expected  rate  of re turn  on formgn invest-  
ments .  Therefore,  an insurer opera t ing  m a perfect  marke t  ~houhl be indifferent 
to the cur rency  denomina t ion  of its financial asseta. 

(b) A second effect  winch has often been ignored is related to the a(lchtlonal risA" 
resul t ing from the unexpec ted  f luctuat ions of the exchange rates.  

"l'he me l t> index  model suggested in t ins paper  is capable of cap tur ing  these 
effects.  The model can be used to examine  and analyze a l te rna t ive  policies of the  
firm opera t ing  in in te rna tmna l  markets .  For  example,  the  model can be used to 
examine  whether  an m~urcr should take posit ions m certain cltrrencies, or ra ther  
take a " fu l l -hedge"  policy 

I. INTRODUCTION 

A worlcl-wide diversification of national risks is one of the basic goals of 
the insurance industry.  As a result, insurance companies, par t icular ly  those 
specializing in reinsurance, are deeply involved in internat ional  t ransact ions 
to the extent  that  some may  be regarded as true multinationals.  Internat ional  
t ransact ions are carried out in a var ie ty  of currencies, and, therefore, the 
performance of in ternatmnal  insurance companies depends to a large extent  
on what  happens to the exchange rates. 

The flexible exchange rates system introduce(l in the developed countries 
in the early seventies led to more frequent  f luctuat ions in the exchange rates 
of all currencies in terms of a given numeraire.  I t  is, therefore,  not surprising 
tha t  insurers expressed deep concern about  the new regime of exchange rates 
and its effects on the recorded 1)rofitability of their 1)usiness. Most of the 
analysis which has appeared in t rade journals concentra tes  on the effects of 
changes in the exchange rates on the expected profi tabil i ty and disregards 
the compensa tory  effect of the difference in the rates of return on financial 
assets denominated  m different currencies. In addition, only slight a t tent ion 
is given to the way in whmh the f luctuat ions of exchange rates contr ibute  
to the riskiness of the future  earning streams of the insurer. 

This paper  has both positive and normat ive  aims. On the positive side, 
the effects of f luctuat ions in the exchange rates on the expected value and the 
variabil i ty of insurers'  income streams are examined.  The normat ive  part  of 

* Presen ted  at  the  14th ASTIN Colloqtlium. Taormma,  October  1978. 
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the paper deals with the simultaneous balancing of the insurance and the in- 
ves tment  portfolios f in an insurance company operat ing in the international 
market .  

Section 2 discusses the effects of changes in the exchange rates on the ex- 
pected l)rofitability. It  is argued that  such effects are part ial ly captured 
through marke t  equilibrium mechanism, so the firm can remain indifferent to 
such changes. Section 3 chscusses the contr ibut ion of the exchange rates to 
the riskiness of the firm's portfolio, and Section 4 suggests the model for 
balancing the insurance and investment  activities. The article is summarized 
with some concluding remarks in Section 5. 

2. EXCHANGE RATES AND I.;.XPF.CTEI) PROFITABILITY 

Changes in the exchange rates may  affect the expected rates of return on 
investment  and underwri t ing activities. Such effects, which are recognized in 
t rade journals  ', can best be demonst ra ted  through the analysis of a simple 
numerical  example.  Assume an inves tment  of S lOO in the U.S. which returns 
$ 12o at the t.nd of the year. F rom the point of view of an American firm, 
tl~e profi tabi l i ty  of this act ix i tv  is 200/o . However,  from the point of view of 
a U.K. firm, whose reference currency i~ the Pound Sterling, the rate of profit  
depends on an additional f a c to r - - t he  rate of exchange. If the rate of exchange 
at the beginning of the period was £ 1 = S 2.50, and at tim end of the year  it 
was £ I = $ 1.7o, tlie profit  would be 76.5°,{, 2. Similarly, such a movement  of 
the exchange rate would lower the rate of profit  expected by a U.S. firm in- 
vesting in a U. 1,2. project.  In fact, a profi table project  for the British firm may  
be a losing project  from tile point of view of an American investor  a 

In the same manner,  exchange rates movement  can affect the performance 
of an underwri t ing act ivi ty.  For  example,  assume an insured American risk 
with a premium of S l oo and assume tha t  claims (and expenses) equal $ 8o. 
Thus,  a U.S. insurer expects a 20% underwri t ing profit  from this policy. A 
British reinsurer, accepting a portion of tlais risk (under a proport ional  rein- 
surance treaty) ,  would expect  a much lligher underwri t ing profit  (76.5%). 

The above examples create the impression that  exchange risks must  be 
tlle major  worry of insurance companies. It  is our contention that  this would 
be an incorrect perception of tl~e situation. Interest  rates differentials would, 
in equilibrium, capture  the expcctecl changes in exchange rates. Thus, the 

t See for e x a m p l e  in t h e  Nl~( ; ' s  (?mtrlerly Letter ( t974) .  
1! "F.l]lS f igure  has  been  d e r i v e d  in t h e  fo l lowing way"  a £ 4 ° i n v e s t m e n t  ( e q m v a l c n t  to  

$ lOO a t  t i le  b e g l n m n g  of  t h e  5ear) r e t u r n e d  £ 7o.59 ($ 12o a't t he  end  of t h e  year)  Tiros,  
t he  p r o f i t a b i l i t y  of  t h e  U.S. p ro jec t ,  f r o m  t i le  p o i n t  of v m w  ol t h e  U . I (  f i rm wou ld  be 
76. 5 % - -  ((7 o 5 q - - 4 o ) / 4  o) 

'l . '\s.-,tlllle :t [, .K i n v e s t m c n t  ol .~, i oo ,  XVhlt'h ,it t h e  u n d  of  t h e  y c a l  y i t ' l d s  £ 12o. " l ' hus  
, L' .N. i n v e s t o r  e x p e c t s  ~t r a t e  of r e t u r n  of co°A, T h e  U.S.  i n v e s t o r  i n v e s t s  $ 25o, b u t  
x le lds  ~ 204 (I 7 o ×  J2o) i c ,  hlq e x p e c t e d  r , t te  of p r o f i t  is nnnu~  18.4°/, ((2o4-25o)/25o) 
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firm should pay a t tent ion only to the une.vpecled changes, at least with regard 
to its investment  portfolio. The following paragraphs arc used to elaborate 

this point. 
Economic theory indicates that ,  in the absence of transaction costs and any 

other barriers to free international  capital flows, currenl and expected future 
exchange rates in different countries will be consistent. The term "consis tent"  
means here that  ai D , investor, private or institutional,  is indifferent to the 
currency in which his holdings are denonfinated, as the expected changes 
in the exchange rates are conapensated for by interest differentials. This in- 
difference is expressed by the Interest  Rates  Par i ty  Theorem (1RPT) which 
relates interest rate, spot exchange rates, and forward exchange rates. The 
relationship between interest rates and exchange rates is based on the close 
connection between interest rates and inflation, and future exchange rates 
and inflation. Moreover, in a world without  any barriers to free movement  
of capital and with sufficient information, the future change in the exchange 
rate of country  i in terms of the currency of country  j will equal the differential 
inflation in the two countries. The above relationships can be demonstra ted 
by the following equations: 

Let  Pit be the price level of (tradable goods) of country i in period l and 
Xis,t be the exchange rate between the currencies of country  i and country  J" 
in period t. The relation between the change in the exchange rates and the 
changes in the price level (the inflation) in the two countries is given by 
equation (l) below: 

X~j,t P~,t/P~,t-t 
( t )  X = PS,e/Ps,t_," - i J , t - 1  

E q u a t i o n  (1) i$ known as the Purchasing Power Pari ty.  The H~_PT postulates 
tha t  : 

¥ gJ , t -1  - -  F i j , t  r.lt - -  r t t  

(2) X,s , t - t  = TT-Vrjt 

where 1; is the forward exchange rate at t -  I clue at t, and rt is the interest  
rate observed at t -  J on bonds redeemable at t. 

Irving Fisher suggested many  years ago that  the observed nominal interest 
rate contains two components:  (a) the real interest rate (pure time preference): 
and (b) the expected rate of inflation over the comparable holding period. 
Thus, rt, the interest rate in any  given currency, can be presented as: 

= * j ) e l p  (3) 1 4-~" t (I " t - r t )  t l  t , - t  

where r~ ~s the real interest rate and P~ is the expected price level at t. 
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By subst i tu t ing  (3) into (2) for currencies i and j and rearranging terms, we 
obtain : 

l"tj,t (l + r~t ) P~t / l ' i , t_ l  
(4) "\'q,t , ii + rjt ) I j t / l  S,t , 

Assuming that  the time l)reference is identical among countries, i.e. 
fa o r u = rjt , equation (4) becomes identical to (l) in an expected form. In other  

words, given our assumption (m no-barriers-market ,  the difference in the 
current  interest rates for tlie same holding periods in two currencies will 
reflect fully the exp('cted future change in the exchange rate between these 
two currencies. Thus, the investor  is indifferent with regard to the denomina-  
tion of his financial (riskless) assets. 

The Interes t  Rates Par i ty  Theorem is usually specified only in terms of 
riskless assets in the respective cltrrency. However,  the same princit)le holds 
when risky assets are concerned, provided that  they belong to the same risk- 
class. The term " r i s k - c l a s s "  was introduced by MODIGLIANI and MILLER (1958). 
The basic requi rement  is tha t  the distr ibutions of re turns  of any two assets 
within the same risk-class will be perfect ly posit ively correlated (a correlation 
coefficient of + i). Given this assumption,  and assuming fur thermore  tha t  the 
distr ibution of re turns  in terms of foreign currency of the asset in question 
is independent  from the distr ibution of the future  changes in the exchange 
rate,  the I R P T  holds for risky assets as well as for riskless assets. The 
implied relationship can be expressed as follows: 

Let Pett  be the unit price of an asset in risk-class k in currency i at t ime t 
to ma tu r i ty  7" periods hence. In other  words, I3ku is equal to the price of a 
discounted bond in cur rency i for 7" periods. Let PkJt  be the price of an asset 
in the same risk-class in terms of currency j ,  where the price is specified in 
terms of currency i. Given our assumptions on the risk-class, and the addi t iv i ty  
proper ty ,  every  capital  asset denominated  in currency j can be decomposed 
into two parts :  The first part  represents the distr ibution of re turns  of the 
underlying economic actlvitms expressed in terms of currency i, the numeraire  
currency.  The second par t  is the non-numeraire  currency asset which represents 
the distr ibution of returns associated with the future  value of currency j. The 
price of the non-numeraire  currency asset is: 

l)Jt = P k j t - -  PkU.  

For example,  P k u  may be the U.S. dollar price of a bond in risk-class k with 
3 periods to matur i ty .  P/cjt is the U.S. dollar price of a bond with three 
periods to ma tu r i t y  m a similar risk-class where the obligation is denominated  
in Deutsche marks. Pst  is the U.S. dollar price of the implicit Deutsche mark 
asset for three periods. P j t  is the price tha t  the investor  is willing to pay  for 
a future  contract ,  i.e. for having one unit of Deutsche marks three periods 
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f rom now. The return of the non-numera i re  currency asset can bc es t imated  
by a t ime series of the price relat ive Rt.-t where.  

Rat = PS(t+,j/Ps,. 

Many internat ional  investors,  individuals  and fil'ms alike, have  demons t r a t ed  
tha t  they  are not indifferent  with regard to tim denominat ion  of their  assets 
and liabilities. An obvious  reason for this 1)ehavior is tha t  the world financial 
marke t s  are not perfect  and man \ '  barriers  to the free flow of capi ta l  do exist. 
Therefore,  the above  equil ibrium conclition does not necessarily hold, and the 
inul t inat ional  f irm m a y  prefer  to hold its assets (and have  its liabilities) in a 
cer tain mix of currencies. 

Another  reason why the mul t ina t iona l  firm m a y  not be indifferent to the 
exchange rate  problem is related to the e lement  of uncer ta in ty .  The  I R P T  
model is based on the rnarket ' s  prediction of the exlSected fu ture  rate  of inflation. 
As m the case of any  other  r andom variable,  the expecta t ion  does not fully 
describe the project ,  and we should account  for the risk involved 1) 3 , looking a t  
some dispersion measure  such as the variance.  The potent ia l  exchange risk is 

re levant  par t icular ly  to insurers and reinsurers, as they  are susceptible to 
large losses due to the na ture  of the insurance t ransact ion  and taking addi t ional  
risk is not a lways  desirable. 

Thus,  there is a need for a model  to cap tu re  the unique risk of in ternat ional  
operat ions,  one which woulcl guide m a n a g e m e n t  with regard to balancing 
exchange risk in the contex t  of a to ta l  portfolio. Such a moclel is presented  in 

the following sections. 

3. EXCHANGE RISKS AND MULTINATIONAL INSURERS 

The effects of the f luc tua t ing  exchange rates are not l imited to the expec ted  
prof i tabi l i ty .  Since the rate  of exchange can be regarded as a s tochast ic  
var iable ,  ~t m a y  also affect  the var iabi l i ty  of the rates of re turn  on var ious  
activit ies,  thus affect ing their  risks. This effect turns out  to be even more 
compl ica ted  once the re turn  on each ac t iv i ty  is regarded as s tochast ic  in itself. 

Switching from the local a rena  to the in ternat ional  ma rke t  opens new 
oppor tuni t ies  but  adds  new risks. One risk, unique to the in ternat ional  marke t ,  
is the exchange risk. Exchange  risk i~ defined irl te rms of the 2Hta,tlicipated 
m o v e m e n t s  of the exchange rate  of a given currency in te rms of the re levant  
reference, or numeraire ,  currency.  Exchange  risks m a y  affect  the dis t r ibut ions  
of the rates  of re turn on both underwri t ing  and inves tmen t  activit ies.  Thus,  
in moving  in ternat ional ly ,  this addi t ional  specific risk has to be considered 
in the portfol io selection process of the insurer.  

The evaluat ion of exchange risk m a y  differ as the reference curren%, (the 

" h o m e  cur rency")  differs. Therefore,  local f irms m a y  face an ent irely different 
set of f inancial  ven tures  than  the foreign firm, though they  both face the same 
original i nves tmen t  and  underwr i t ing  projects.  
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Insurance companies deal with risky situation~ and their  fu ture  profits 
are uncertain.  One of their  major  problems is to design a proper  portfolio 
of assets and liabilities whmh comphes with theu" risk preferences given a 
certain rate of return.  This H a complex problem, since all the possible 
relationships between all inves tment  and underwri t ing activities must  be con- 
sidered simultaneously.  The problem is even more complex when the relevant  
marke t  for the insurer is the international  ra ther  than the domestic arena, 
since the same pure risks may  be regarded as having different levels of financial 
risks (according to their currency denominations)  a. 

A possible way which insurers may  use in order to reduce the effects of 
currency f luctuat ions is by holding investments  m many  currencies. One 
commoi1 policy is to hold investments  to cover the obligations in the same 
currency,  i.e. the firm is t ry ing to offset some of the currency risk by hedging. 
This is not ahvays possible in insurance markets ,  since the needs for offsett ing 
reserves in a certain cur rency are not fully predictable due to the stochastic 
na ture  of the claims process. This subject  is discussed at some length in the 
next  section. 

4. TttE INSURER'S PORTFOLIO PROBLEM IN THE INTERNATIONAL MARKET 

The financial h te ra ture  suggests techniques for selecting a portfolio of assets 
in an efficient way. Eff iciency is defined as having a portfolio with a min imum 
level of risk for a given expected rate of return.  The min imum level of risk 
is accomplished by  diversification. The risk of a diversified portfolio is generally 
smaller than the sum of the individual risks (measured by the variabi l i ty of 
the rates of return) for any given level of expected re turn  5. Several models 
for the opt imizat ion of the composit ion of the entire balance sheet (asset and 
liability portfolios) have recently been proposed in insurance l i terature  ~. 
These models are based on the extension of the Quadrat ic  Programming  
Model which is used in the selection of pure inves tment  portfolios;  see 
MARKOWITZ (1952). Recently,  I<AHANE (1977) suggested the use of the "diag- 
onal"  model developed by  SHARPE (1963) as an a l ternat ive  device. 

We suggested tha t  the more complicated problem of choosing an inter-  

4 The efficient  portfol io composi t ion  may  depend  on the  reference currency.  I t  is 
possible t h a t  Insurers and reinsurers  in dlf:ferent countr ies  (and wi th  d i f ferent  reference 
currencies) will select d i f ferent  portfol ios when they  :face the  same original set  of pure  
risks. Local ven tures  may  be perceived as less r isky by the  local firm. This may  be one of 
the  exp lana t ions  :for a growing isolation of the  local insurance marke t  t h a t  h inders  the  
optmml geographical spreading of risks, as a protection against local catastrophes. 

8 I t  is o:ften argued t h a t  f irms mus t  be risk neutral  and t h a t  inves tors '  risk avers ion 
would be expressed th rough  the  valuat ion of the  f i rm's  shares.  However ,  the  special 
a t t i t ude  of m a n a g e m e n t  and insurance regula tors  toward  the  risk of ruin may  jus t i fy  
the  a s sumpt ion  t h a t  insurers are risk averse in the  Markowitz  sense. 

¢, See, :for example,  AGNEW, et. al. (1969), FERRARI (1968), HAUGEN and I<RONCKV. 
(1970), }',7.AHANE and NYE (1975), KROUSE (1970), and QUIRIN, et. al. (1974). 
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national  portfolio, where exchange risks do exist, can be solved by  means of 
a mul t i - index model. The mult i - index model was originally proposed by COHEN 
and POGUE (1967) as an a l ternat ive  algori thm for the classical portfolio selec- 
tion l)roblem. This approach was used in the insurance context  by  BIGER and 
I(AH,XNI~ (1978) and in the context  of the internat ional  capital  markets  by  
AG:,IOX (t972), and AGO'ION and LEssam) (t977). 

Assume tha t  the insurance company  can underwri te  policies in ~ insurance 
lines and that  it considers inves tment  in n-m assets. The re turn  on each ac t iv i ty  
i is assumed to be a random variable with approx imate ly  normal distr ibution.  

The rate of re turn on equity,  }, is a linear combinat ion of the specific re turns  
and thus 3~ is normal ly  dis t r ibuted 7. 

~ t  n 

~; = Z x~2~ + Z xt}l,  
l--I , f - - T i t  + 1 

where gt = rate of profi t  on insurance line (percent of premium) for 
{ = 1, . . . , T n ,  

~ = rate  of re turn  on i n v e s t m e n t i f o r i  = r e + l ,  . . .  n; 
x~ = ratio of inves tment  in ac t iv i ty  i to total  equity,  for i = m +  1, 

• . .  n, and the ratio between the premiums in line i to the equity,  
f o r i  = 1, . . .  m. 

Assume now tha t  the stochastic variable represent ing the re turn  on each 
ac t iv i ty  is composed of a few elements. The first e lement  is a constant ,  
representing the expected re turn  for a highly diversified portfolio of such 
activities, where no exchange risk prevails. The second element  is a r andom 
variable with a zero expected value and a known variance.  This element  
represents  the stochastic deviat ions f rom the expected value, where no ex- 
change risk prevails. The  third element represents  the effects of the change of 
the exchange rates. 

This process can be described formally in the following way:  Assume tha t  

there  are s non-reference currencies, with periodical  f luctuat ions  l'k, where ~k 
represents the change of exchange rate  h. The underwri t ing profit  of ac t iv i ty  i 
is related to these cur rency indices with a coefficient B,~.. (Typically,  each 
t ransact ion is made in one currency,  so tha t  only one B~k ~ o and all o ther  
coefficients are zero.) The underwri t ing profi t  can thus be described as: 

(6) a¢ = .At + ~ Bt / j / c  + C,  ( i =  1, . . . ,  m)  

where C, is random. An addi t ive model is assumed as a first approximat ion .  

The  n o r m a l i t y  a s s u m p t i o n  is needed in order  to  jus t i fy  t he  use of t he  m e a n - v a r i a n c e  
app roach  for se lect ion of eff ic ient  por t fohos .  T lns  a s s m n p t i o n  is no t  as s t rong  as i t  m a y  
a p p e a r  in t he  f i rs t  ref lect ion.  E a c h  a c t i w t y  is in i tself  a por t fo l io  of m a n y  s imi la r  r isks (e.g., 
m a n y  insu rance  pohcms  in t he  same  line), and  t he  r a t e  of p ro f i t  on such  an  aggrega ted  
a c t i v i t y  can  be  a s sumed  n o r m a l  b y  the  L a w  of Large  N u m b e r s .  

I9 
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Quite a sinfilar model can b(, suggested for at mul t ip l ica t ive  case, where 
logar i thms  are used. 

Similarly,  the re turn  on inves tmen t s  can be described as: 
# 

(7) r~ = A~ + ~ &~/~.  + C~ ( i = ~ , ~ +  ~ . . . . .  n). 
L 1 

The following stat ist ical  assumpt ions  are cml)loy(,d for both underwri t ing  
profi ts  and inves tmen t  r e t u r n s  

E(G) = o 

(8) Vat (G) = (h 

Cov (6,, G) = o . ,  . )  

i =  I ,  . . . ,  111, . . . ,  l l )  

( 1 " =  1, . . . ,  11l . . . . .  Jl) 

( i~j .  i , j=  ~, 

i.e. the re turns  on inves tmen t s  and the underwri t ing  profits are assumed to 

be related only through the indices ~k- The d is turbances  ~,'~ are assumed 
random and uncorre la ted  so t ha t  thev  can be diversified away  by holding a 
portfolio. 

The f luc tuat ions  of exchange rates  arc assumed to be r andom and to fulfill: 

(9) l~ = . / I ,~.  + C,,+~ 

i.e. t hey  have  two elements,  one r andom (with a zero expected  value) and one 
cons tan t  (with no risk). 

( l o )  

Assuming tha t  

E ( C ~ , ~ )  = o 

Var  (Cn+k) = Qn+k 

Coy (~,,+~, C,,+z) = ,,k~ 

Cov (~.+~.,  G )  = o i =  1 ,  . . . ,  I l l ,  . . . ,  I I ,  

the return oll equi ty  in (5) becomes:  
n 

l 1 k I 

= Z x g ( A , + C , )  + Z x, Z B,g(A,~+A.+( ,~+g)  = 
1~ ,1  t' ,1 k 1 

p* n 

{ I k I I, I 
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Denot ing 
n 

(12) £ x ~ B ~  = X,~+~ 
t ~ t  

(1 l) reduces to 
n + a  

(,3) ) =  x x ~ ( A ~ + ~ ) ,  

with expected value 
n + t  

(~4) E ( } )  = X x~A~, 
1 t 

and variance 
n m a 

(,5) V a , - ( ) )  z 2 = xiQ,  + ~ -~ xm+k Xm+l ~lk" 

Consider an insurer whose object ive is to minimize the variance of the re turn  
on equi ty  for every  level of expected value. His problem is to ident i fy  the mix 
of inves tments  and underwri t ing activities, i.e. the set of xi ' s  which minimizes 
a lagrangian L" 

(16) Minimize L = Var (~) - XE(~) 

subject  to the constraints:  

(17) x, >_ o (i -- 1 . . . . .  n) 

n 

(18)  x~+~  = Z x,B~,~ (k = 1 . . . .  , s) 
I - I  

I t  m 

(J9) g x~ = £ x , g , + l .  
) t  m + l  i , , l  

Efficient  balance sheet composit ions are obta ined by sohdng equat ion (16) 
subject  to the constraints  (17) through (19). The set of inequalities in (17) is 
the usual set of non-negat iv i ty  constraints.  Equa t ion  (19) is the balance sheet 
constraint .  I t  s tates  tha t  to ta l  assets minus to ta l  liabilities must  equal equity.  

n t  

The term X xig,  reflects total  liabilities generated by the insurance company  per 

dollar of equity.  The coefficients gi represent  the amount  of reserves genera ted  
by  one p r e n s u m  dollar in insurance line i s. Note  tha t  the x,'s are expressed on 
a percent  of equi ty  capital  basis and therefore  the sum in (19) must  equal 1. 

n 

Finally,  the term X x, represents  to ta l  inves tment  (assets) per a unit  of equity.  
i , ) n + l  

B The liabilities of insurance companies are generated by collecting premiums in ad- 
vance, before they are earned, and by the delayed nature of payments of claims. The 
size of g'~t in different insurance lines depends on the velocity of claim settlements. 
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E q u a t i o n  (18) reflects the technical relationships defined in (12) and has 
an important economic meaning: x,~+~: represents the overall net investment in 
currency k through both the investment and underwriting activities (assets and 
liabilities). This is so since each activity creates an indirect holding in the 
va ious  currencies, according to the value of the coefficients B~k. The amount 
of currency k held may be positive or negative, according to the specific signs 
of these coefficients. The proportion xn+x represents the weighted sum of all 
these holdings for currency k. x~+e is determined as a by-product of the 
optimization process, and its size indicates the effects that a change in the 
exchange rate of this particular currency will have on the firm's portfolio. 

The fluctuations of exchange rates of various currencies tend to be correlated, 
and the correlation tends to be highly positive within certain currency areas 
(e.g. the Common ~Iarket or the Sterling Bloc). Optimal policy, therefore, can 
be specified in terms of a sub-group of representative currencies, where the 
currencies are chosen in such a way as to minimize the co-variability among 
themselves. Using these representative currencies is equal to using a set of 
orthogonal indices, which reduces the problems of multi-collinearity which 
would arise when the coefficients of equations (6) and (7) are estimated by 
means of regression analysis. In addition, the use of representative currencies 
has some obvious managerial advantages, as it involves a reduced number of 
policy variables. 

5'  SUMMARY AND CONCLUDING I<EiMARI(S 

The traditional analysis of the performance of large international reinsurers in 
an environment with fluctuating exchange rates typically concentrates on the 
effect of exchange rates on profitability of the firm. The multi-index model 
suggested in this paper captures and analyses two additional effects. 

One of these effects is the compensating effect of return on investments 
denominated in foreign currency. According to the Interest Rates Parity 
Theorem, the expected rates of return on foreign investments reflect the 
expected change in the exchange rate. Therefore, a firm operating in a perfect 
market would be indifferent to currency denomination of its financial assets. 
The firm should consider only the unexpected element ill the exchange rate 
movements. 

A second element which has been disregarded in the traditional analysis of 
multinational insurers is related to the exchange risks. Exchange rate move- 
ment can be regarded as a stochastic process. Thus, the uncertainty in the 
exchange rate contributes to the variability of the return on each investment 
and underwriting project. The firm should therefore be aware of this rlew 
element of risk while constructing its investment and insurance portfolios. 

The multi-index model suggests a way of accounting for these two effects. 
This is achieved by considenng each activity (insurance or investment activity) 
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as a combination of a few components: First, a constant element (At) which 
represents the expected rate of return on the activity, where exchange rates 
are assumed fixed. A second element (Q~) represents the risk of each project 
under the same situation. In addition, each activity is related to the changes 
in various exchange rates (through the coefficients Bl~). Representing the rate 
of return in such a manner facilitates the identification and analysis of the 
interest parity and the exchange risk effects. 

The multi-index model, besides its ability to handle explicity the above 
ideas can be used as a managerial technique for the simultaneous optimization 
of insurer's entire balance sheet (asset and liability portfolios). The optimization 
process takes into consideration the regular investment and underwriting risks 
and, in addition, con~iders exchange risks. This model can serve as an important 
tool for managerial decision-making, once the management exar~le estimates 
for the coefficients are given. 

The model enables identification and measurement of the exchange risk, 
which is implicit in each portfolio composition: Each risky activity is a combi- 
nation of random variables, and some of them represent exchange rates move- 
ments (in terms of the reference currency). Summing up all the variables 
related to a certain currency over all activities gives the net "investment" in 
this currency (equation (12)) and reflects the firm's vulnerability to its fluctua- 
tions. By analysing this term it is possible to examine alternative exchange 
rate policies. 

A common practice in the international capital market is a "full hedge" 
policy, which is attained when the insurer has a zero net position in any non- 
reference currency. This policy means that, for an), liability in a foreign 
currency, there exists an asset which exactly balances it. In the insurance 
industry, this is rarely, if at all, possible, since it is impossible to determine 
the exact amount of cash needed to covet" future claims. The firm can solve 
part of this problem by holding a reserve reflecting the ex~becled losses, but this 
does not give full protection against the fluctuations around the expected 
losses. The problem is even more complicated since the insurer, who pays 
claims in many currencies, must protect the real value of his profits. Using 
the model with real data would probably show that a "no exchange risk" policy 
is not necessarily efficient; exchange risks must be considered simultaneously 
with the other risks of the firm, and it is not inevitable that  the efficient solu- 
tion will revolve net (positive or negative) holdings of a certain currency. 

In cases where the Interest Rate Parity Theorem does not hold (due to 
market imperfections), the firm may not remain indifferent to the selection of 
its reference currency. ]n such cases, local risks may be considered less risky 
than other foreign risk (despite the fact that they represent similar pure risks). 
Thus, the local and the foreign insurers may hold completely different port- 
folios even though they face the same risks. The differences in the l)erception 
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of r i sks ,  due  to  t he  ef fec ts  of e x c h a n g e  ra tes ,  m a y  se rve  as an i n c e n t i v e  for  

i so l a t i on  of n a t i o n a l  i n s u r a n c e  m a r k e t s .  I f  th i s  effect  does  in f ac t  ex is t ,  i t  w o u l d  

be  a q u e s t i o n  of u t t e r  i m p o r t a n c e  for  t he  i n s u r a n c e  i n d u s t r y ,  as  i t  w o u l d  be a 

b a r r i e r  to  t he  g e o g r a p h i c a l  s p r e a d i n g  of n a t i o n a l  c a t a s t r o p h i c  r isks.  

T h e  se lec t ion  of t he  f i r m ' s  r e fe rence  c u r r e n c y  m a y  be a n o t h e r  i m p o r t a n t  

p r o b l e m  in a m a r k e t  w i t h  ba r r i e r s ,  s ince i t  m a y  a f fec t  the  r e p o r t e d  p r o f i t a b i l i t y  

of t h e  f i rm.  T h e  a c c o u n t i n g  p r o b l e m s  w h i c h  ar i se  in such  a wor ld ,  a n d  t h e i r  

implications for the taxation of the firm, and other related topics are currently 
be ing  s t u d i e d  b y  t h e  a u t h o r s .  

Tel Av iv  University,  Tel Aviv ,  Israel. 
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