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ABSTRACT 

To build confidence in the results of computational actuarial models, a key regulatory requirement 

is to establish a mathematically dependable process. The method employed for the estimation of 

interest intensities is analytically involving but only open to avid pricing actuaries. Understanding 

the investment process is essentially critical as actuaries seek alternative ways to develop new 

methodologies for the insurance industry. This paper deploys intuitive analytical and numerical 

representations to describe how interest rate intensities could be estimated for a broad range of 

configurations. The objective is carry-out an independent investigation in the analysis of nominal 

interest rate by constructing models for the continuous force of interest applicable in life insurance 

valuation. The main result consists of a generalisation of Bernoulli polynomial in modelling 

continuous interest rate intensity and the presentation of a series of analytically rigorous 

arguments. The central contribution includes the derivation of procedure for determining both 

lower and upper bound for the interest rate intensity. Given a tolerance limit of 0.04% = ,

empirical evidence shows that the non-decreasing absolute difference of the estimated force of 

interest 
0.4%exaxct estimated − 

. This difference is an indication of fair performance of the 

model when computing the actuarial present value of expected claims and benefits. 
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INTRODUCTION 

The mathematical solution to the present 

value problem in the financial market is 

complex with deep economic 

implications. Therefore, this paper serves 

as a pedagogical presentation of the 

interest rate modelling process to 

insurance professionals and actuaries to 

deepen an intuitive knowledge of the 

concept and the analytically innovative 

techniques involved. The concept of force 

of interest currently applied in actuarial 

science defines a measure of interest 

which can change continuously across 

time horizons. It is particularly useful for 

modelling continuously compounded 

interest rates, and it is defined as the 

instantaneous rate of interest. It describes 

the continuous measure of interest 

accumulation over time, and it is central to 

the computation of present and future 

values in compounding interest 

frameworks. 

Following arguments in Aalaei (2022) and 

Sari, Deautama, and Febrisutisyanto 

(2023), the researchers deduce the 

following implications of the force of 

interest (i) Again, mortality rates and 

present value calculations heavily depend 

on the force of interest hence, it is applied 

in computing life insurance premiums and 

reserves. (ii) Investors regularly deploy 

the force of interest to analyse the returns 

on investments, particularly in cases 

where insurance assets are expected to 

generate continuous returns. (iii) The 

force of interest can adapt to fluctuating 

conditions in financial markets allowing 

for modelling of sophisticated risk and 

returns. 

 

LITERATURE REVIEW 

Recent literature explores short-term 

interest rates where the force of interest is 

treated as a random process. Short-term 

models such as the Vasicek model or the 

Hull-White model analyse the dynamics 

of interest rates over time. According to 

Binsbergen, Diamond and Grotteria 

(2022) the force of interest is used in many 

areas of finance for instance bond pricing, 

insurance and pension planning. 

However, actuarial literature often 

examines its implications for risk 

management and portfolio optimisation. 

There is ongoing research into how the 

force of interest relates to yield curves and 

its implications for predicting economic 

conditions.  

 

According to Sari, Deautama, and 

Febrisutisyanto (2023), changes in the 

force of interest usually signal shifts in 

monetary policy or economic outlook. 

With the advent of computational finance, 

many papers focus on numerical methods 

to approximate solutions involving the 

force of interest, particularly in scenarios 

with complex financial instruments. Some 

studies in behavioural finance investigate 

how psychological factors influence 

perceptions of interest rates and 

investment decisions, indirectly touching 

on the concept of the force of interest. 

 

Current actuarial literature assumes 

constant interest rate intensity when 

conducting life insurance valuation. 

Although the application of Taylor’s 

series expansion for the force of interest is 

very common, closed-form expressions 

that are universally or reasonably 

acceptable have not been provided for the 

estimation of the force of interest. For 

example, Okam, Garba, Mamu, 

Oluwaseun and Kanti (2018) deployed the 

Euler’s sequence to study interest rates. 

Although, the authors proved the 

Bernoulli inequality, there was no closed 

form expression for the force of interest or 

the interest rate intensity.  

 

Actuaries and insurance professionals 

adopt conservative interest rates a priori to 

soothe life insurance valuation. This 

constitutes a problem in the quest for the 

development of functional forms for the 

interest rate intensity function

( )ln 1 i = + . This study overcomes 
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this problem by deploying the Euler-

Maclaurin series formula. This innovative 

analytical approach is developed to model 

the force of interest in line with the 

valuation of life insurance products.  

 

Alternatively, the force of interest is 

usually defined through the accumulation 

function ( ),A s t  for instance insurance 

transaction taking place between two 

different Investment times s  and t  in 

future. However, a major problem is that 

the accumulation function does not have 

any known explicit, analytically 

developed models. Therefore, the Euler-

Maclaurin series formula will be deployed 

in creating a market model and testing its 

proximity to specified functional values. 

Since the force of interest function is 

continuous, the estimated values can be 

employed to generate a functional form in 

the neighbourhood of a small number to 

obtain the deviation between the exact 

value and the estimated functional value.  

 

The derivations obtained here are driven 

from the theoretical perspectives and are 

meant to set aside the comparatively 

intractable process of deterministic 

interest rate intensity computations. In life 

contingencies, estimating analytical 

models have rarely been constructed for 

the force of interest function ( )   

principally applied in the valuation of life 

insurance schemes whereas all other key 

actuarial functions such as
x  +

;
xp ; 

e −
 v  and 

1

1 i+
 seem to have been 

numerically modelled. 

 

The problem of obtaining the interest rate 

at which discounting is performed is of 

crucial implication in actuarial valuation. 

The choice of this rate is technically based 

on the analysis of the financial market 

state and the accuracy of evaluating the 

present value of the future economic 

amounts depends on the right choice of the 

rate. Following this, the study examines 

the present value dynamics by applying 

the power series polynomial to model the 

interest rate intensity.  

 

In life insurance, definite assumptions 

have to be made by the life office about 

the interest rates, mortality rates and other 

expenses that could be incurred in future 

year for the purpose of setting the 

premium rates or assessing the liabilities 

under the insurance policies. Therefore, it 

becomes necessary to ensure a correct 

estimate of these factors is obtained, 

otherwise the actuarial results deduced 

from those initial assumptions will not be 

proximal to the actual experience of the 

insurer. The insurer depends on the 

mortality experience of the policy holders 

observed in the recent past as a basis for 

approximating the probabilities of 

survival and death. Consequently, interest 

rates modelling and determination assume 

a functional role in setting the premium 

rates for any life insurance policy. 

 

In long term financial modelling, 

compound interest is employed to 

accumulate the principal amount. 

Following Kellison (1991), Kellison 

(2009), in the computation of compound 

interest, the principal amount is not 

actually considered as the base but the 

value obtained after the interest 

computation and after adding the interest 

to the amount of the balance at the 

preceding period. The aggregate of the 

interest and the original base is described 

as the interest capitalization. The 

capitalization evolves in line with the 

following identities.  

( )1C Ci C i+ = +                        (1) 

( ) ( ) ( )( )1 1 1 1C i C i i C i i+ + + = + +

(2) 

( ) ( ) ( )
2

1 1 1C i C i i C i+ + + = +  

                                                        (3) 
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( ) ( ) ( ) ( )
2 2 2

1 1 1 1C i C i i C i i+ + + = + +  

                                                        (4) 

( ) ( ) ( )
2 2 3

1 1 1C i C i i C i+ + + = +  

                                                        (5) 

 

( ) ( ) ( )
1 1

1 1 1
n n n

C i C i i C i
− −

+ + + = +  

                                                        (6) 

 

 

The accumulation with compound interest 

is defined by 

( )1
n

S C i= +
              (7) 

Following McCutcheon and Scott (1986), 

Howard (1995), Anggraeni, Rahmadani 

Utama and Handayani (2023), when the 

terms of financial transaction are 

announced, the annual interest rate is 

usually defined, and the number of interest 

payments per annum is often specified, for 

instance, as quarterly or monthly. The 

nominal interest rate is defined by 
j

. 

Suppose the number of interest payments 

per annum is m . Then the interest 

computation will be performed at the rate 

j

m  and the number of payment intervals 
n  years is mn . The accumulated amount 

is given by  

1

mn
i

S C
m

 
= + 

    (8) 

Hence, the nominal rate defines the annual 

interest rate computation m times a year. 

The bigger the number m , the faster the 

process of the principal sum 

accumulation. To compare the different 

conditions of interest rate computations at 

various nominal rates and different 

number of computations, the effective rate 

of interest is applied. Consequently, the 

effective rate of interest is the annual rate 

of interest calculated once a year which 

provides the same financial result as m  

single calculations per year with the use of 

nominal rate
j

, hence 

( )1 1

m
j

i
m

 
+ = + 

                 (9) 

where i  is the effective interest rate, 

hence 

1 1

m
j

i
m

 
= + − 
                (10) 

The exchange of the nominal rate 
j

 at 

interest calculation m  times a year for the 

effective rate consistent with formula (10) 

will not invalidate the financial 

obligations of either party. In financial 

mathematics, the continuous nominal 

interest rate as it applies to life insurance 

underwriting can be modelled through 

sophisticated numerical tools such as 

Bernoulli polynomials. 

 

The Continuously Compounded 

Interest Rate 

Suppose the initial capital sum is invested 

for s  years at an annual rate i  where the 

interest rate is compounded n  times per 

year, then the interest rate of each 

conversion period is

i

n , consequently, 

there will be n s conversion periods in 

all. Therefore, the compounded amount at 

the end of s  years become.  

1

ns
i

a C
n

 
= + 

               (11) 

It is observed that when the interest rate is 

compounded more frequently, the 

compounded amount becomes very large 

for a fixed sum capital, duration and 

annual interest rate. Although the 

compounded amount increases 

indefinitely as the frequency of 

compounding increases, there exists an 
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upper bound on the compounded interest. 

In this case, the amount a  is defined by, 

 

lim 1

ns

n

i
a C

n→

  
= +                    (12) 

lim 1

ns

n

i
a C

n→

  
 = +               (13) 

lim 1

n
is

i

n

i
a C

n



→

 
   = +   
        (14) 

lim 1

is
n

i

n

i
a C

n→

 
   = +   
          (15) 

lim 1

is
n

i

n

i
a C

n→

 
   = +   

            (16) 

1
lim 1

is
n

i

n
a C

n

i

→

 
  
  
  = + 

     
   
     (17) 

Using the substitution

n
m

i
=

, observe 

that m→  as n→ . Therefore 

( )
1

lim 1

is
m

n
a C

m→

  
 = +               (18) 

lim 1

m

m

i
e

m→

 
+ = 

                 (19) 

  isa Ce =                 (20) 
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Bernoulli Power Series 

In actuarial mathematics domain, the 

Bernoulli polynomials represent a 

generalisation of the Bernoulli numbers in 

the modelling of interest rates. According 

to Tuenter (2001), Si (2019) and Apostol 

(2008), the Bernoulli polynomials have 

the following representations. Given that 

1n   and 

 

 

 

 

 

 

( ) ( )( )( ) ( )1 2 3 ... 1
n

m m m m m m n= − − − − +
   (20a) 

 

( )
0

1m =
       (20b) 

 

( )

( )0

1

m xy
m

uxm n

u

B y x xe

m
e




−=

=

=


     (21) 

 

( )

( )0 1

m xy
m

x
m n

B y x xe

m e



=

=
−


     (22) 

 

( )

( )0 1

m

m xy

x
m n

B y x x
e

m e



=

= 
−


     (23) 

 

( )

( ) ( )

( )

( )0 0 0

mm m
m m

m m mn n n

B y x xyB x

m m m

  

= = =

  
 =  

  


  
  

   (24) 

 

( ) ( )

( )0 0 0! ! !

m nm nm
m n

m m n

B y x xy B x

m m n n

−
 

= = =

 
=  

−  
 

   (25) 

( )

( )0 0! ! !

m m nm
m mm

m m n

B y x y B
x

m m n n

− 

= =

=
−

 
    (26) 
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( )

0 0 0! !

m mm
m m n

n

m m n

mB y x x
y B

nm m

 
−

= = =

 
=  

 
 

   (27) 

Comparing the terms in x  at the left and right-hand summations, we obtain. 

( )
0

m
m n

m n

n

m
B y B y

n

−

=

 
=  

 


     (28) 

Applying these recurrence relations, we obtain 

( )0 1B y =
       (29) 

( )1

1

2
B y y= −

       (30) 

( ) 2

2

1

6
B y y y= − +

      (31) 

( ) 3 2

3

3 1

2 2
B y y y y= − +

     (32) 

( ) 4 3 2

4

1
2

30
B y y y y= − + −

     (33) 

( ) 5 4 3

5

5 5 1

2 3 6
B y y y y y= − + −

    (34) 

( ) 6 5 4 2

6

5 1 1
3

2 2 42
B y y y y y= − + − +

    (35) 

Observe that the polynomials are of the form 

( )
0

n
k n k

n n k

k

B y C B y −

=

=
      (36) 

( ) ( )1n n

d
B y nB y

dy
−=

      (37) 

( ) ( ) 1

0

n
k n k

n n k

k

d
B y C n k B y

dy

− −

=

= −
    (38) 

( )
1

1

1

0

n
k n k

n n k

k

d
B y n C B y

dy

−
− −

−

=

= 
     (39) 

( ) ( )1n n

d
B y nB y

dy
−=

      (40) 
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Evaluating the values at
0y =

yields the rational Bernoulli numbers 

( )0 0 1B =
       (41) 

( )1

1
0

2
B = −

       (42) 

( )2

1
0

6
B =

       (43) 

( )3 0 0B =
       (44) 

( )4

1
0

30
B = −

       (45) 

( )5 0 0B =
       (46) 

( )6

1
0

42
B =

       (47) 

For 
0 1y 

, 

( )1

1

2
B y y= −

       (48) 

 The Fourier series of 
( )1B y

can be computed as 

( )1

1

1 1 sin 2

2 k

kx
B y y

k







=

−
= − = 

    (49) 

Since the 
( )nB y

are analytic, their Fourier series converge and hence can be integrated to 

obtain 

( ) ( )
( )

( )

1

2 2 2
1

2 2 ! cos 2
1

2

n

n n n
k

n ky
B y

kn


+

=

= − 
    (50) 

( ) ( )
( )

( )

1

2 1 2 1 2 1
1

2 2 1 ! cos 2
1

2

n

n n n
k

n ky
B y

kn


+

+ + +
=

+
= − 

   (51) 

By combining these two equations for 
0 1y 

, we have 

( )
( )

( )

2

0

!

2

iky

n n n
k

n e
B y

ki



 

−
= 

     (52) 
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( )nB y
 is bounded as n→and 

( ) 0nB y →
 uniformly on the unit 

interval. The objective of this paper is to 

carry out an independent investigation 

into the analysis of nominal interest rate 

by constructing models for the force of 

interest applicable in life insurance 

valuation.  

 

The main result consists of a 

generalisation of the Bernoulli polynomial 

in modelling continuous interest rate 

intensity and the presentation of a series of 

mathematically rigorous arguments. The 

central contribution includes the 

derivation of a procedure for determining 

both lower and upper bounds for the 

interest rate intensity.  

Currently extant literatures, such as 

Kellison (1991) and Kellison (2009) 

adopted Taylor’s expansion as an infinite 

series to model the force of interest 

( )log 1e i+
 without obtaining any 

closed-form expression, and this accounts 

for why we deviate from this line of 

reasoning. 

 

Bernoulli polynomials exhibit interest 

rates periodic behaviour which makes 

them particularly useful for estimating 

periodic interest rate intensities functions. 

In contrast, Taylor series are typically 

centred on a point and may not capture the 

periodicity behaviour well. For sums of 

powers of interest rates intensities, 

Bernoulli polynomials provide closed-

form expressions, allowing more efficient 

computations compared to using Taylor 

series, which often require too many terms 

to attain accuracy. While Bernoulli 

polynomials can provide a better global 

approximation for the interest rate 

intensity functions, Taylor series offer 

local approximations around a point.  

 

Bernoulli polynomials facilitate the 

numerical integration of life insurance 

benefit functions, especially in the context 

of the Euler-Maclaurin formula, making it 

easier to compute intractable benefits 

integrals and evaluate sums. For certain 

life annuity problems, especially in life 

contingencies, Bernoulli polynomials can 

reduce the number of computations 

required compared to using a higher-order 

Taylor series. Bernoulli polynomials may 

converge faster than the Taylor series for 

specific life insurance functions. Bernoulli 

polynomials are closely linked to 

immediate annuity-theoretic identities, 

offering additional insights that are not 

apparent from Taylor series alone. These 

advantages make Bernoulli polynomials a 

powerful tool in financial modelling, 

particularly in contexts where summation 

is required.  
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RESEARCH METHODS   

The death density is defined as  

 

 

 

( ) ( )
xT x

d
f p

d



= −       (52a) 

( )x x x

d
p T

d
  


+ = =P      (52b) 

x xq q =         (52c) 

( ) ( )x x x x x

d d
p q q q

d d
   

 
+ = =  =    (52d) 

Replacing x  by x +  in (52d) to get 

x x xp q    + + + +=       (52e) 

The continuous whole life insurance function implies that 

( ) ( )
1

00

x

x x x x xA e p d e p d


 

   
 

   
− +

− −

+ +

=

 
= =  

 
   (52f) 

The uniform distribution of death (UDD) assumption implies that the whole life insurance 

function for a life aged x  becomes 

( ) ( )
1

1

0 0

x x x xA p v e e p d  

    


 


+ −

+ + +

=

=     (52g) 

Apply (52e) to the integrand in (52g) to get 

( )
1 1

1 1

1
0 00 0

x x x xA v p q e e d v q e e d     

  
 

 
 

+ − + −

+

= =

= =    (52h) 

1

0

1 1
x x

e e
A A e e d e

 
  

  

−   −
=  = − = 

 
    (52i) 

1

1

x x

xx

AA e

A eA









−
=  =

−
     (52j) 
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Observe the relation, 

m
m

a i a  =        (52k) 

Therefore  

( )
( )

( ) ( )
( )1 1

m mm m

m e em m i m

a a i a a

 



− −
= = = 

 
   (52l) 

 

 

1 x

m m xm

m m e m A

a Aa a





 −
=  =  

 
       (52m)  

( )

( )

1 1 1

1 1

1

m m
m

m

x

m
x

m m e m e m e

a a e e

A m

A e

  

 





  





− −

−

     − − −
=  =  =      

 − −     
 
 

−
= 

−

(52n) 

The fourth term in (52n) can be expressed as 

( ) ( )
1 1 1

11 1

1

mm m

m e m e m

ee e

e

 

 



  

  −− −

   − − − − 
 =  =      

− − −     
 

− 

 (52o) 

Equation (52o) is now in the form of Bernoulli polynomial and the expansions are given in 

equation (53) 

2 2 4 4 6 6 8 8

10 10

2 4 6 8 10

1

1

1

1 1 1 1 1
1

2 12 720 30240 1209600

1
...

47900160

1 1 1 1 1 1
1 ...

2 12 720 30240 1209600 47900160

m

m

e

e

m m m m m

m









    



     

−

− 
 = 

−   
 

− 

 
+ + − + −  

 
 + +
  

 
− + − + + − + 

 

 

        (53) 

 

The expression in the left hand-side of (54) can be expanded as follows: 
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2 4 6 8

10

1 1 1 1 1
1

1 2 12 720 30240 1209600

1
...

47900160

e


    



= − + − + +
−

+ +

  (54) 

Using the quartic estimation, the fifth term and beyond in the numerator and denominator can 

be ignored to obtain the following relations. 

2 2 4 4

2 4

1 1 1
1

2 12 720
1 1 1

1
2 12 720

m

m m m
m

a

  

  

+ + −

=

− + −

    (55) 

Subtract 1  from both sides to get 

2 2 4 4

2 4

1 1 1
1

2 12 7201 1
1 1 1

1
2 12 720

m

m m m
m

a

  

  

+ + −

− = −

− + −

       (56) 

2 2 4 4 2 4

2 4

1

1 1 1 1 1 1
1 1

2 12 720 2 12 720

1 1 1
1

2 12 720

m

m

a

m m m     

  

 −

 
+ + − − − + − 

 =

− + −

 (57) 

2 2 4 4 2 4

2 4

1

1 1 1 1 1 1
1 1

2 12 720 2 12 720
1 1 1

1
2 12 720

m

m

a

m m m     

  

 −

+ + − − + − +

=

− + −

  (58) 

Let 1

m

m

a
 = −  ;  

then  

m

m

m a

a


−
=         (58a) 
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2 2 4 4 2 4

2 4

1 1 1 1 1

 

1

2 12 720 2 12 720
1 1 1

1
2 12 720

m m m     


  

+ −



+ − +

=

− + −

  (59) 

2 4

2 2 4 4 2 4

1 1 1
1

2 12 720

1 1 1 1 1 1

2 12 720 2 12 720
m m m

   

     


 
− + − 

 

= + − + − +

  (60) 

 

2 4

2 2 4 4 2 4

1 1 1

2 12 720

1 1 1 1 1 1

2 12 720 2 12 720
m m m

   

     

 − + −

= + − + − +

  (61) 

 

4 4 4 4 2 2

2 2

1 1 1 1

720 720 720 12

1 1 1 1 1
0

12 12 2 2 2

m m

m

   

     

 − − −

+ + − − − + =

   (62) 

 
4 4 4 4 2 2 2

2

60 60

60 360 360 360 720 0

m m

m

    

    

 − − − +

+ − − − + =
    (63) 

( ) ( )
( )

4 4 2 21 60 60 60

360 360 360 720 0

m m

m

   

  

− − − − −

− + + + =
     (64) 

Substitute (58a) into (64) to get 

4 4 2 21 60 60 60

360 360 360 720 0

m m

m m

m m

m m

m a m a
m m

a a

m a m a
m

a a

 



      − −
 − −  −  − −    

      
      

    − −
− + +



 + =   
    
    

  (65) 
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This equation (64) is of the form; 

4 3 2 0A B C D E   + + + + = ,     (66) 

where 

( )4 1A m = − − ; 0B = ; ( )260 60 60C m = − − −  ; 

( )360 360 360D m = − + + ; 720E =  

The transformation is used to arrive at the following depressed expression for positive integral 

power of  ; 

  

4

B

A
 = −          (67) 

2

2
2

2

4 4 4 4 4

4 4 16

B B B B B

A A A A A

B B B

A A A

     

  

      
= − − = − − −      
      

  
= − − −  
   

  (68) 

2
2 2

2

2

4 4 4 16

B B B B

A A A A
    

  
 = − − = − +  

  
   (69) 

2 2
2 2

24 4 4 2 16

B B B B B

A A A A A


    

     
 = − − = − − +     

     
  (70) 

2 2
3 2 2

2 2

2 2

4 16 4 4 16

B B B B B

A A A A A
     

   
 = − + − − +   

   
  (71) 

2 2 3
3 3 2 2

2 2 3

2 2

4 16 4 16 64

B B B B B

A A A A A
     

   
 = − + + − + −   

   
 (72) 

2 3
3 3 2

2 3

3 3

4 16 64

B B B

A A A
    = − + −      (73) 
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2 2

4

2 2
2 2

2 2

4 4

2 2

4 16 4 16

B B

A A

B B B B

A A A A

  

   

   
 = − −   

   

  
= − + − +  
  

    (74) 

 

2 2
4 2 2 2

2 2

2 2
2

2 2

2 2 2

4 16 4 4 16

2

16 4 16

B B B B B

A A A A A

B B B

A A A

      

 

   
 = − + − − +   

   

 
+ − + + 

 

  (75) 

2 2 3
4 4 3 2 3 2

2 2 3

2 3 4
2

2 3 4

2 2 4 2

4 16 4 16 64

2

16 64 256

B B B B B

A A A A A

B B B

A A A

      

 

 = − + − + −

+ − +

  (76) 

2 3 4
4 4 3 2

2 3 4

4 6 4

4 16 64 256

B B B B

A A A A
     = − + − +    (77) 

Substitute expressions (77), (73), (70), (67) in (66) to obtain 

 
2 3 4

4 3 2

2 3 4

2 3
3 2

2 3

2
2

2

4 6 4

4 16 64 256

3 3

4 16 64

2
0

4 16 4

B B B B
A

A A A A

B B B
B

A A A

B B B
C D E

A A A

   

  

  

 
− + − + 

 

 
+ − + − 

 

   
+ − + + − + =   

  

   (78) 

2 3 4 2
4 3 2 3 2

2 3

3 4 2
2

2 3 2

4 6 4 3

4 16 64 256 4

3 2
0

16 64 4 16 4

B B B B B
A B

A A A A

B B BC B C B
C D D E

A A A A A

     

   

 − + − + + −

+ − + − + + − + =

 (79) 
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2 3 4
4 2

2 3

2

2

3 3

8 2 8 256

0
16 4

B BC B B
A C D

A A A A

B C BD
E

A A

  
   

 + − + − + −   
   

+ − + =

  (80) 

Divide through by A  to obtain the depressed form of quartic equation: 

 

2 3
4 2

2 2 3

2 4

2 3 4

3

8 2 8

3
0

4 16 256

C B D BC B

A A A A A

E BD B C B

A A A A

  
   

+ − + − +   
   

 
+ − + − = 
 

    (81) 

4 2 0P Q R   + + + =       (82) 

where 

2

2

3

8

C B
P

A A

 
= − 
 

       (83) 

3

2 32 8

D BC B
Q

A A A

 
= − + 
 

      (84) 

2 4

2 3 4

3

4 16 256

E BD B C B
R

A A A A

 
= − + − 
 

     (85) 

Equation (82) can be solved using standard methods in Okoli, Oraekie, and Okeke (2019) and 

Prodanov (2021) assuming the existence of unknown parameters , ,U V W  such that the 

zeroes of the auxiliary function  

( ) ( ) ( )
22 2, , ,h U V W V W U  = + − +     (86) 

solves the quartic equation of the form 

4 3 2 0A B C D E   + + + + =      (87) 

with 
4

B

A
 = −  and 0B =  

It follows that 
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( ) ( ) ( )
22 2, , , 0 0h U V W V W U  =  + − + =    (88) 

 

( ) ( ) ( ) ( )
2 22 22 20V W U V W U   + − + =  + = +    (89) 

Consequently 

Use the + on the right-hand sides of (90) to get  

( )2 U V W + =  +        (90) 

2 2 0U V W V U W   + = + +  − + − =     (91) 

 

( )2

2
4

0
2

V V U W
V U W  

 − −
− + − =  =    (92) 

 

 

( ) ( )2 2

1 2

4 4
;

2 2

V V U W V V U W
 

− − − + − −
= =   (93) 

 

Next use the− sign on the right-hand sides of (90) to get  

( )2 U V W V W  + = − + = − −      (94) 

2 0V U W  + + + =       (95) 

 

 

( )2 4

2

V V U W


−  − +
 =      (96) 

 

( ) ( )2 2

3 4

4 4
;

2 2

V V U W V V U W
 

− − − + − + − +
 = =   (97) 

 

 1 2 3 4, , ,     is the solution set to the depressed form 

4 2 0P Q R  + + + =       (98) 

Recall equation (89) 

( ) ( )
22 2 0V W U + − + =       (99) 
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Equation (99) can be expanded to get 

 

2 2 2 4 2 22 2 0V V W W U U   + + − − − =     (100) 

 

Multiply through by 1−  to obtain 

2 2 2 4 2 22 2 0V V W W U U   − − − + + + =     (101) 

 

( )4 2 2 2 22 2 0U V VW U W   + − − + − =     (102) 

 

Comparing equations (82) and (102) yields 

( )
2

22
2

P V
P U V U

+
= −  =      (103)  

 

2
2

Q
Q VW W

V
= −  = −       (103a) 

 

 

2 22
2 2

2 2

P V Q
R U W R

V

 +  
= −  = − −   

  
    (104) 

 
2 2 4 2

2

2

4 4

P PV V Q
R

V

+ +
 = −      (105) 

 

 
2 2 4 2

2 2 2

2

2
4 4 4

4 4

P PV V Q
V V V R

V

 + +
 −  =  

 
   (106) 

 
6 4 2 2 2 22 4 0V PV P V RV Q + + − − =     (107) 

 

( ) ( ) ( )
3 2

2 2 2 2 22 4 0V P V P R V Q + + − − =     (108) 

 

 

Letting 

2V T=         (109) 

 

( )3 2 2 22 4 0T PT P R T Q + + − − =      (110) 
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T  can be solved for to obtain V  

 

Equations (103), (103a) and (104) yields 

2 3

2 2 2

P V Q VP V Q
U W

V V

+ + −
+ = − =      (111) 

 

 
2 3

2 2 2

P V Q VP V Q
U W

V V

+ + +
− = + =      (112) 

 

Then using equations (93) and (97) we have partially solved equation (82) as follows 

 

( )

3
2

2

1 1

2 3

4
4 2

2 2

2 4 2

VP V Q
V V

V V U W V

V V VP V Q

V

 

 + +
− −  

− − −  
=  =

 + +
= − − 

 

 (113) 

 

( )

3
2

2

2 2

2 3

4
4 2

2 2

2 4 2

VP V Q
V V

V V U W V

V V VP V Q

V

 

 + +
+ −  

+ − −  
=  =

 + +
= + − 

 

 (114) 

 

( )

3
2

2

3 3

2 3

4
4 2

2 2

2 4 2

VP V Q
V V

V V U W V

V V VP V Q

V

 

 + −
− −  

− − − +  
=  =

 + −
= − − − 

 

 (115) 
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( )

3
2

2

4 4

2 3

4
4 2

2 2

2 4 2

VP V Q
V V

V V U W V

V V VP V Q

V

 

 + −
− + −  

− + − +  
=  =

 + −
= − + − 

 

 (116) 

 

 

( )
( )

2

4

60 60 60

1

mC
P P

A m





− − − 
=  = 

− − 
    (117) 

( )

( )4

360 360 360

1

mD
Q Q

A m





− + + 
=  = 

− − 
    (118) 

( )4

720

1
R

m




=

− −
       (119) 

Since 0B = in (66), then the equations (66) and (82) have the same partial solutions and 

   

We need to solve the cubic equation (110) in T completely in order to solve equation (82) 

completely 

( )3 2 2 22 4 0T PT P R T Q+ + − − =      (120) 

Let  

2

3 3

b P
T y T y

a
= −  = −       (121) 

2

3

P
T y

 
= − 
 

        (122) 

2 2 2 2 2 2

3 3 3 3 3

P P P P P
T y y y y y

      
 = − − = − − −      

      
  (123) 

2
2 2 2 2 4

3 3 9

P P P
T y y y

  
 = − − −  

   
     (124) 
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2
2 2 4 4

3 9

P P
T y y = − +       (125) 

2
3 22 4 4

3 3 9

P P P
T y y y

  
 = − − +  

  
     (126) 

2 2 3
3 3 2 24 4 2 8 8

3 9 3 9 27

P P P P P
T y y y y y

   
 = − + − − +   

   
  (127) 

2 3
3 3 26 12 8

3 9 27

P P P
T y y y = − + −      (128) 

Substituting (122), (125), (128) into equation (120) yields  

( )

2 3 2
3 2 2

2 2

6 12 8 4 4
2

3 9 27 3 9

2
4 0

3

P P P P P
y y y P y y

P
P R y Q

 
− + − + − + 

 

 
+ − − − = 

 

    (129) 

 

 
2 2 3

3 2

3 3
2

12 24 8
4

9 9 27

8 2 8
0

9 3 3

P P P
y y y P y Ry

P P RP
Q

 + − + − −

+ − + − =

    (130) 

Leading to the depressed cubic equation    

2 3
3 23 8 2

4 0
9 3 27

P RP P
y R y Q

   
− + + − − =   
   

    (131) 

Following Simakov (2011), Okoli, Laisin, Nsiegbe and Eze, (2020), we assume the existence 

of unknown parameters , ,U V W  such that the zeros of the auxiliary function  

( ) ( ) ( )
3 3

, , ,H U V W Vy W y U = + − +     (131a) 

solve the cubic equation (120) where 
2V T=  and 

2

3

P
T y

 
= − 
 

        (132) 

    

Note that  
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( ), , , 0H U V W =        (133) 

( ) ( )
3 3

0Vy W y U + − + =       (134) 

 

( ) ( ) ( ) ( )
3 3

Vy W y U Vy W y U + = +  + = +    (135) 

 

( )1V y U W − = −        (136) 

Therefore, the solution to the depressed equation (131) are obtained using 

( )

( )1

U W
y

V

−
=

−
        (137) 

 

Expanding equation (134), 

( ) ( )( ) ( )( )
3 2 2 2 2 2Vy W Vy W Vy W Vy W V y W VyW+ = + + = + + +  (138) 

 

( )
3 3 3 2 2 2 33 3Vy W V y W Vy V y W W + = + + +    (139) 

 

Similarly  

( )
3 3 2 2 33 3y U y U y y U U+ = + + +      (140) 

Equation (134) transforms to 

( )3 3 2 2 2 3 3 2 2 33 3 3 3 0V y W Vy V y W W y U y y U U+ + + − + + + =  (141) 

 

 
3 3 2 2 2 3 3 2 2 33 3 3 3 0V y W Vy V y W W y U y y U U + + + − − − − =  (142) 

 

 

( ) ( ) ( )3 3 2 2 2 2 3 31 3 3 3 3 0V y V W U y W V U y W U− + − + − + − =  (143) 

 

Compare (131) and (143) to get 

3 31 1 2V V− =  =        (144) 

 

 
2 23 3 0V W U U V W− =  =       (145) 
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2
2 2 4

9 3

P R
W V U

 
− = − + 

 
      (146) 

 

 
3

3 3 28 2

3 27

RP P
W U Q

 
 − = − − 

 
     (147) 

From equation (145),  

2U V W=         (148) 

Plug (148) into (146) to obtain 

2
2 4 2 4

9 3

P R
W V V W

 
− = − + 

 
      (149) 

 

( ) ( )
2 2

4 2 3 24 4
1

9 3 9 3

P R P R
V V W V V W

   
 − = − +  − = +   

   
 (150) 

 

Put (144) into (150) to get 

2 2
2

2

4 1 4

9 3 9 3

P R P R
VW V

W

   
= +  = +   
   

    (151) 

Plug (148) into (147) to yield 

3
3 6 3 28 2

3 27

RP P
W V W Q

 
− = − − 

 
     (152) 

( )
3

6 3 28 2
1

3 27

RP P
V W Q

 
 − = − − 

 
     (153) 

 

( )( )
3

2
3 3 28 2

1
3 27

RP P
V W Q

 
 − = − − 

 
    (154) 

 

( )( )
3

3 3 3 28 2
1 1

3 27

RP P
V V W Q

 
 − + = − − 

 
    (155) 

 

( )( )
3

3 3 3 28 2
1 1

3 27

RP P
V V W Q

 
 − + = − + + 

 
   (156) 

 

Substitute (144) into (156) to obtain 



ISSN 2738-2028 (Online) | Vol. 9 | No. 2 | 2025 July 

108 | P a g e  
 

( )
3

3 3 28 2
1

3 27

RP P
V W Q

 
+ = − + + 

 
     (157) 

 

Plug (151) into (157) to secure 

3
2 3

3 2

6

1 4 8 2
1

9 3 3 27

P R RP P
W Q

W

     
+ + = − + +    

     

   (158) 

 
3

2 3
3 2

3

1 4 8 2

9 3 3 27

P R RP P
W Q

W

     
 + + = − + +    

     

   (159) 

 

3
3 2

6 2 38 2 4
0

3 27 9 3

RP P P R
W Q W

   
 + − − + + =   

   
   (160) 

 

Let  

 
3S W=          (161) 

 

Substitute (161) in (160) to obtain 

3
3 2

2 28 2 4
0

3 27 9 3

RP P P R
S Q S

   
+ − − + + =   
   

    (162) 

 

( )

 

2 3
3 3 2

2 28 2 8 2 4
1 4

3 27 3 2

2

7 9 3

2

; 1,

S

RP P RP P P R
Q Q

     
− − − + − − − − +     
     

=



i

i

i

(163) 
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( )

 

2
3

2

3
12

3
2

1,2

8 2

3 278 2
1

3 27 4
4

9 3

2

;

S

RP P
Q

RP P
Q

P R

−

 
− − 

   
− − − + − 
   

− + 
 

=



i

i

i

  (163a) 

 

 

From (161), we have 

( )

 

2
3

2

3
2

3
23

8 2

3 2

2

78 2
1

3 27 4
4

1

9 3

2

; ,

RP P
Q

RP P
Q

P R

W

 
− − 

   
− − − + − 
   

− + 
 

=



i

i

i

  (164) 

 

 

 

( )

 

2
3

2

3
2

3
23

1

1,2

8 2

3 278 2
1

3 27 4
4

9 3

2

;

W

RP P
Q

RP P
Q

P R

−

 
− − 

   
− − − + − 
   

− + 
 

=



i

i

i

  (165) 

 

 

From equation (151) 
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( )

2
2

2

2 2

2
2 2

4

9 31 4
1 1

9 3

4
1

9 3

P R
W

P R
V

W W

P R
W V W

 
+ − 

   − = + − = 
 

 
 − = + − 

 

   (166) 

 

Put (145) and (151) into (137) to secure 

( ) ( ) ( )2 2 3 2 3

2 22
2 2

2

1 1

4 41 4
1

9 3 9 39 3

V W W V W V W
y

P R P RP R
W W

W

− − −
= = =
      

+ − + −+ −      
     

 (167) 

 

 

( )( )

( )
( )

3

2

1 1
1

1

V V W
y V W

W V

− +
 = = +

−
     (168) 

2

2

1 4
1

9 3

P R
y W

W

  
 = + +   

  
     (169) 

21 4

9 3

P R
y W

W

 
 = + + 

 
      (170) 

plugging the values of iW  in (164) into (170) yield the following solution to the depressed 

equation (131) as follows 
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( )

 

2
3

2

3
2

3
23

1
3

2

2 3
3 2

3
2

2

8 2

3 278 2
1

3 27 4
4

9 3

2

8 2

3 2

2

7

8 2 4
4

3 27 9 34

9 3 2

,; 1

RP P
Q

RP P
Q

P R

y

RP P
Q

RP P P R
Q

P R

−

 
− − 

   
− − − + − 
   

− + 
 

=

  
 − − − 
  
 
    

 − − − +    
      + +  
 

 
 
 
 
 
 
 



i

i

i

  (171) 

 

Consequently, by using (132), two solutions of (120) become 
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( )

( )

2
3

2

3
2

3
23

1

2
3

2

3
2

3
23

2

8 2

3 278 2
1

3 27 4
4

9 3

2

8 2

3 278 2
1

3 27 4
4

9 34

9 3 2

2

3

i

i

i

RP P
Q

RP P
Q

P R

T

RP P
Q

RP P
Q

P R

P R

P

−

 
− − 

   
− − − + − 
   

− + 
 

=

 
  

− −      − − − + − 
    
 − + 

   
+ +  
  

 
 
 
 
 
 

−

(172) 

              

 

 1,2i  

 

Let the solutions
1iT r=  

The other 2r  and 3r  of equation (120) can 

be found using the expressions for the sum 

of roots and product of roots. Using 

equation (131) as our reference point 

yields  

1 2 3

b
r r r

a

−
+ + =  (173) 

 

1 2 2 3 1 3

c
r r r r r r

a
+ + =  (174) 

 

1 2 3 0r r r+ + =   (175) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ISSN 2738-2028 (Online) | Vol. 9 | No. 2 | 2025 July 

113 | P a g e  
 

2

1 2 2 3 1 3

3
4

9

P
r r r r r r R

 
+ + = − + 

 
    (176) 

Since we know 1r  already, we can make 
2r  the subject of the formula in (172) (175) to get  

( )2 1 3r r r= − +                       (177) 

Plug (177) into (176) to secure 

( ) ( )
2

1 1 3 3 1 3 1 3

3
4

9

P
r r r r r r r r R

 
− + − + + = − + 

 
    (178) 

2
2 2

3 1 3 1

3
4

9

P
r rr r R

 
 − − − = − + 

 
     (179) 

 

2
2 2

3 1 3 1

3
4 0

9

P
r r r r R

 
 + + − − = 

 
     (180) 

 

 

2
2 2

1 1 1

3

3
4 4

9

2

P
r r r R

r

 
−  − − − 

 
 =     (181) 

 

 

( )2 1 3r r r= − +         (182) 
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2

2 3
3 3 2

2 2

3

1
3

2

2 3
3 2

3
2

2

2
2 2

1 1 1

8 2 8 2 4
4

3 27 3 27 9 3

2

8 2

3 27

8 2 4
4

3 27 9 34

9 3 2

3
4 4

92

3

r

RP P RP P P R
Q Q

RP P
Q

RP P P R
Q

P R

P
r r r R

P

−



     
− − −  − − − +     
     

−

  
 − − − 
  
 
    

 − − − +    
      = − +  
 

 
 
 
 
 
 
 

 
−  − − − 

 
+ −

2

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  

 

         (183) 

 

Therefore using equation (109): 
2V T r= = , the solutions defined by (113), (114), (115), 

(116) have been completely obtained to model the force of interest   

 

FINDINGS AND DISCUSSION 

The coefficients in equation (64) have been as presented in Table 1 .  

Table 1: Value of Coefficient 
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Using the rows of table 1 , there will be 

100  equations to be formulated and 

solved. As we formulate and solve the first 

two equations to test our model, we 

discovered that the results were very close 

to the exact solution. Row 1  of Table 1  is 

used to formulate equation (184) while 

row 2  of same Table is used to formulate 

equation (185) as follows. 

 

 

 

 

 

 

4 20.05 3 738 36 0; 1m  − + − = =     (184) 

( )4 214.9243902 175.463415 1107.21951

54.4390244 0; 2m

  − −

+ = =
   (185) 

The equation (184) was solved in R with the results stated below.    

 

> coefficient = c(-36, 738, -3,0, 0.05) 

 

> roots = polyroot(coefficient) 

> print(roots) 
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[1]   0.04879016+ 0.00000j 

[2] -25.36012003+ 0.00000j 

 

[3]  12.65566493-20.53618j 

   

[4]  12.65566493+20.53618j 

> coefficient = c(54.4390244, -1170.21951, -175.46341, 0, 14.9243902) 

 

> roots = polyroot(coefficient) 

 

> print(roots) 

 

Equation (185) was also solved in R with the results stated below. 

 

[1]  0.04620037-0.000000j 

  

[2]  -2.61028482+2.906008j 

  

[3]  -2.61028482-2.906008j 

 

[4]  5.17436927+0.000000j 

 

From the above results, the roots of these 

equations are complex in the form 

j  =  . We then pick the correct 

real part. So for equation (184), the force 

of interest is 0.04879016 =  while 

for equation (185), the force of interest is 

0.04620037 = . When the ruling rate 

of interest is 5% . The true value of the 

force of interest is 

( )log 1 0.05 0.0487901642e = + =  

using ( )log 1e i = +  where i  is the rate 

of interest. From the results obtained, we 

can now set bounds for both   and e . 

Consider Taylor’s approximation of 

( )A i  
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( ) ( )
( )

( )
( ) ( )

( ) ( ) ( )

( ) ( ) ( )
( )

( )

( )
( ) ( )

1 2

1 2

3 1

3 1

1! 2!

...
3! 1 !

m

m

i i
A i A A A

i i
A A

m

 
  

 
 

+

+

− −
= + +

− −
+ + +

+

   (186) 

for i   . The exact value of the parameter   is undetermined but it is bounded. The 

bounds on   essentially determine the upper and lower bounds on ( )log 1e i+  

In actuarial practice, the value of interest rate i  is conservatively very small and therefore 

setting 0 = and 0m = we obtain its linear Taylor’s approximation of one term and the 

error term as ( ) ( ) ( )0A i A iA = +      (187) 

for 0 i  ; ( )A i  is now a function of i  

Set  

( ) ( )log 1eA i i= +        (188) 

Then  

( ) ( )
1

log 1 0
1 1

e

i
A i i

 
= + +  =

+ +
     (189) 

But the interest rate i  is always greater than zero, we can find the maximum and minimum 

value on 0 i   as 
0
max

1i

i
i

  

 
= 

+ 
 and 

0
min

1 1i

i i

i  

 
= 

+ + 
 noting that 

0

arg max 0
1i

i

  

 
= 

+ 
 and 

0

arg min 1
1i

i

  

 
= 

+ 
 

By definitions ( )log 1e i = + ; 
1

1
v

i
=

+
and d iv= ,  thus  ( )log 1

1
e

i
i i

i
 + 

+
 

iv i           (190) 

implying that 

d i                       (191) 

Exponentiating the last inequality, yields 
d ie e e   
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Observe that 

( )( )
( )

( )
0

1 1
log 1

1 1

m

e

m

d
i i

di i i



=

+ = = = −
+ − −

     (192) 

In general, evidence from equations (190) and (191) may support lowering discount rates 

under a feasible best guess, based on the available financial information that the lower 

discount rate should be at most i  while the upper discount rate should be at least d ; hence, 

upper and lower bounds can be set for equations (113)-(116) as follows: 

(i) 

2 3

2 4 2

V V VP V Q
d i

V

  + + 
  −   

   

    (193) 

and (ii)  

2 3

2 4 2

V V VP V Q
d i

V

  + − 
 −  −   

   

    (194) 

where 
( ) ( )

( )

( )

2

min ,

m n i
i d

m n
−  for 

,m n +Z   

The result obtained on the force of interest 

is applicable in various areas, including 

bond pricing, insurance and pension 

planning. Investors can use the results on 

the force of interest estimated to analyse 

the returns on investments of life 

insurance funds, particularly in 

environments where insurance assets are 

expected to generate continuous returns. 

For example, let Ti  be the technical rate 

of interest which is only be issued by the 

regulatory authorities such as Nigerian 

National Insurance Commission or 

Central Bank. Then ( )T Ti = will be 

the corresponding technical interest rate 

intensity calculated from the derived 

model above. However if an assumed 

interest rate Ai  is used, then ( )A Ai =   

 

 

 

 

 

 

 

 

will be the corresponding assumed interest 

rate intensity.Past literatures such 

asKellison (2009) have adopted Taylor’s 

series expansion which do not offer a 

closed-form expression to model interest 

rate intensities and hence Taylor’s series 

is doomed in this context. Finally the 

result also found out that the model is an 

alternative expansion for the function 

( )log 1e x+  for 0 1x  . 
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PRACTICAL IMPLICATION 
 

The estimated force of interest has several 

important implications for life insurers: It 

enables precise valuation of future liabilities, 

ensuring that the present value of expected 

claims and benefits is accurately calculated. 

This accuracy is crucial for financial stability 

and regulatory compliance. Insurers can use 

the force of interest to set premiums that 

adequately reflect the time value of money, 

ensuring that they collect enough funds over 

time to cover future claims. Understanding 

the force of interest allows insurers to align 

their investment portfolios with their 

liabilities. By anticipating interest rate 

changes, they can optimise returns and 

manage risks associated with interest rate 

fluctuations. By incorporating the force of 

interest into actuarial models, insurers can 

better assess the risks associated with 

different interest rate environments. This 

informs their strategies for hedging and 

capital management.  

 

The force of interest influences how insurers 

determine the reserves needed to meet future 

obligations. Adequate reserves ensure that the 

insurer remains solvent and can meet 

policyholder claims. Regulatory bodies often 

require insurers to maintain certain solvency 

levels. The force of interest helps ensure that 

insurers can demonstrate they have sufficient 

capital to meet future obligations. The force 

of interest impacts the design of insurance 

products, including how benefits accumulate 

over time.  

 

LIMITATIONS 
 

Based on the rigour of modelling in this study 

and the experience of the Nigerian financial 

markets, Bernoulli polynomials have some 

limitations when modelling interest rates. 

Interest rates are usually characterised by non-

linear behaviour and influenced by factors 

like inflation and central bank policies. 

Possibly, Bernoulli polynomials may not 

effectively capture all these complexities. 

Financial markets are subject to sudden 

changes and volatility, which can be 

challenging for Bernoulli polynomial models 

that assume smoothness and continuity. 

Interest rates can switch between two 

different regimes (low-rate and high-rate 

environments). Bernoulli polynomials may 

find it difficult to adapt to these random shifts.  

 

Since the behaviour of short-term rates differs 

significantly from long-term rates, Bernoulli 

polynomial models may not capture the 

nuances of the yield curve effectively. While 

polynomial fitting can be simple, it may result 

in overfitting, particularly in scenarios with 

limited data points. This can reduce the 

model's predictive power. Bernoulli 

polynomials assume a level of smoothness 

and continuity which may not reflect the 

often-discontinuous nature of the financial 

market context. The application of higher-

order Bernoulli polynomials may complicate 

the interpretation of results, making it difficult 

for actuaries to obtain actionable insights. 

Bernoulli polynomials are primarily used in 

specific mathematical contexts and may less 

integrate well with other models used in 

finance such as those based on stochastic 

processes. 

 

CONCLUSION 
From the results presented, the force of 

interest represents the instantaneous rate of 

return on investment. In life insurance, it 

allows for the calculation of present values of 

future cash flows using continuous 

compounding. This is particularly useful 

when evaluating policies with varying cash 

flows over time. Life insurance policies 

promise future benefits, such as death benefits 

or cash values. The force of interest helps 

actuaries discount these future cash flows 

back to their present value, which is essential 

for determining the policy's fair value.  

By incorporating the force of interest into 

models, insurers can establish premium rates 

that reflect the time value of money. This 

ensures that premiums are adequate to cover 

future liabilities. Insurers need to maintain 

reserves to meet future claims. The force of 

interest is used to calculate the present value 

of expected future claims, helping insurers set 

appropriate reserves. The force of interest can 

be varied to assess the impact on valuations 

under different interest rate scenarios. This is 
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important for risk management and regulatory 

compliance.  

Understanding the force of interest helps life 

insurers in optimising their investment 

strategies, as they can align their asset returns 

with their liabilities based on interest rate 

projections. In summary, the force of interest 

is fundamental in determining the present 

value of future cash flows, establishing 

premium rates, calculating reserves, and 

managing the financial aspects of life 

insurance products effectively. The force of 

interest is a critical concept in financial 

engineering, underpinning the theoretical 

framework for computing interest rates in 

continuous time. This study explores its 

implications across various financial and life 

insurance products and environments, 

specifically within the advent of complex 

financial instruments. 

 

FUTURE RESEARCH DIRECTIONS 

Future research direction may integrate 

behavioural insights into the analytical 

economic models to attain a more holistic 

understanding of interest rates in emerging 

economies. 
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