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Abstract 
In this paper, we mode! the health related problems of the people of Niger 
Delta region of Nigeria. Mathematical models were used in illustrating the 
transmission dynamic of epidemiological disease which is commonly 
associated with oil producing region. In an effort to build a bridge between 
epidemiological and actuarial modeling, we analyze possible financial 
arrangements made against expenses resulting from medical treatments 
given to insured patients, it is recommended that apart from the newly 
established Niger-Delta Ministry which is expected to bring about human 
and physical development to the region, the federal government of Nigeria 
should: (i) give health insurance policy to the people of the region, (ii) 
review the 13% oil derivation formula upward to at least 30%, (i ii )  provide 
social amenities and job for the people of the areas. These will help to 
alleviate the suffering of the people and mitigate the unabated crisis in the 
zone. 

Introduction 
The oil producing area of the Niger Delta has been one of the problem spots of the federal 

government of Nigeria in recent times. As a result of petroleum exploration in the areas there-is 
incessant outbreak of epidemic in the region. Many damages are done to both humans and the 
environment. The gas -flaring and oil spillages have caused not only many infectious diseases but 
many chronic diseases such as cancer and respiratory tract infections and other numerous 
environmental health problems as a result of pollution and depiction of ozone layer in this region. Also 
the waters and farmlands for agriculture have been seriously damaged, leaving the people of this region 
with little or no means of sustenance. Most of these people are fishermen or peasant farmers. These have 
made the people in this area to demand for adequate compensation and review of the 13% derivation 
formula from the federal government of Nigeria since the country derives more than about 85% of its 
revenue from crude oil got from the region. In an attempt to model the health related problems of the 
people of this region and to suggest solutions to the federal government of Nigeria through insurance 
policy (not National Health Insurance Scheme, NHIS for federal workers) and other forms of 
compensation, the study is carried out. We also want to show that mathematical models have become 
important tools in analysing transmission dynamics and measuring the effectiveness of controlling 
strategies. 

One of the remarkable differences is that in a population exposed to an epidemic outbreak, 
there are several mutually dependent groups with different levels of vulnerability to the disease. 
Whereas mortality rates are often assumed to be constant among homogenous age-specific group, 
how four an infectious disease spreads with a population depends on the number of susceptible 
individuals, the number of infectious individuals and the social structure between the two groups. To be 
more specific in the contest of health insurance for an initially complete susceptible group, the number 
of insured bearing premium would acutely decrease in time, whereas the number of insured claiming 
benefits due to infection increases as the epidemic breaks out. Applying traditional life table method 
overlooks epidemiological dynamics and dependence between insurance payer (in this case the federal 
government) and beneficiaries. 

The idea of using epidemiological model to account for several interacting subgroups in a 
population and modelling the according financial arrangements is contained in this paper. 

According to Anderson and May (1991), over the last century, many contributions to the 
mathematical modelling of epidemiological and communicable disease have been made by a great  
number of public health physicians, epidemiological mathematicians and statisticians. Their brilliant 

work ranges from empirical data analysis to differential equation theory. But Allen and Burgin 
(2000)  claimed that some have achieved success in clinical data analysis and effective 
predictions. Barnes and Fulford (2000) considered mathematical modelling with case studies. And 
Brauer (2004) studies the deterministic compartment models in epidemiology for a complete 
review of a variety of mathematical and statistical models. Interested readers are referred to 



Hethcoat (2000), and Mollison et al (1994). According Fend and Garrido (2006) in their paper on 
epidemiological model in actuarial mathematics, they opined from a social point of view that an 
effective protection — against diseases depends not only on the development of medical technology 
to identify viruses and to treat infected patients, but also on a well-designed health-care system. 

None of the literatures cited above has been able to handle similar health related problems 
like the ones found in the Niger Delta region of Nigeria and possible methods of compensation for the 
people of this region. These are some of the issues addressed in this paper. 

Epidemiological Compartment Model 
In epidemiological studies, to model an epidemic, a whole population is usually separated 

into compartments with labels such as S, 1 and R. These acronyms arc used in different patterns 
according to the transmission dynamics of the studied disease. Generally speaking, class S denotes 
the group of individuals without immunity, or susceptible to a certain disease. In an environment 
exposed to diseases like the Niger Delta, some individuals come into eon (act with the virus. Those 
infected who are able to transmit the disease arc considered in class I. Through medical treatment, 
individuals, removed from the epidemic due to either death or recovery are counted in class K. This 
is illustrated in the upper part of Fig 1 describing the transferring dynamics among the three 
compartments. 

Another merit of this partition, from an actuarial perspective, is that the three 
compartments play significantly different roles in an insurance model. As demonstrated in lower part 
of figure 1, the susceptible individuals facing the risk of being infected in an epidemic, each 
contributes a certain amount of premium to the insurance funds in return for future coverage of 
medical expenses incurred as a result of infection. During the outbreak, the infected are eligible 
for claiming benefits for expenditures covered in the policy. Following on individual's death, a 
death benefit for funeral and burial expenses would be paid to specified beneficiaries. Interest will 
accrue on the properly managed insurance funds at a certain rate. 

Figure 1: General Transfer Dynamics and Insurance Principle among Compartments S, I 
and R. 

We start by looking at a typical model that serves fo characterize the interaction among the 
three compartments. Let S(t) denote the number of susceptible individuals at time t, whereas l(t)bc 
the 

 
 

  



according to the mass action laws commonly used in biological quantitative analysis. Compartment 
sizes are determined in terms of their derivatives. Therefore we assume that the number of members in 
each compartment is a differentiable function, defined with support on the non-negative side of the real 
line. 

Their qualitative relations arc given by the following system of differential equations known as 
the SIR model. 

S'(l) - -pS(t)I(t)/N, t>0, ( 1 )  
l'(t) = pS(t)I(l)/N - al(l), t>0,      
(2) 
R'(t) = al(t), t>0, (3) 
With given initial values S(0) = S0, 1(0) - I,, and S0 + I,, = N The 

model is based on the following assumption: 
a. The total number of individuals keeps constant, N= S(t) + I(t) + R(l) , representing the total 

population size. 
b. An average person makes an average number fi of adequate contacts (i.e. contacts sufficient to 

transmit infection) with others per unit time. 
c. At any lime a fraction a of the infected leaves class I instantaneously, a is also considered to 

be constant. 
d. There is no entry into or departure from the population, except possibly 'through death from 

the disease. For our purpose of setting up an insurance model, the demographic factors like 
natural births and deaths are negligible, as the time scale of an epidemic is generally shorter 
than the demographic time scale. 

Since the probability of a random contact by an infected person with a susceptible individual is S/N 
then the instantaneous increase of new infected individuals is |J(S/N)I=p'Sl/N. The third assumption 
implies that the instantaneous number of people flowing out of the infected class I in to the removal 
class R is a\. 

3. Actuarial Analysis 
The idea of setting up an insurance coverage against disease is akin to that of covering other 

contingencies like natural death and destruction of property. 
Since mortality analysis is based on ratios instead of absolute counts, we now introduce s((), i(l) and 
r(t) respectively as fraction of the whole population, in each of class S, 1 and R. Dividing equations 
(i)-(3)by the constant total population size N yields. 
S'(t) = -Pi(t)s(t),t>0,(4) 
i '( t)  = |3 i(t )s(t)-ai( t),t>0, (5)  
r ( t ) = l - s ( t ) - i ( t ) , t>0 ,  (6) 

One could actually interpret the ratio function s(t), i(t) and r(t) as the probability of an 
individual being susceptible, infected or removed from infected class respectively at the time spot t. Since 
ail these ratio functions vary between 0 and 1, we could easily interpret them as the probability of an 
individual remaining susceptible, infected or removed at the time point t. however, it should be noted 
that due to the laws of mass action, movements among the compartments rely on the sizes of each 
other. Thus these probabilities represent mutually dependent risks as opposed to the independent hazards 
one always sees in multiple decrement life insurance models. With these probability functions s(i), i(t) 
and r(t), we now incorporate actuarial methods to formulate the quantities of interest for an infectious 
disease insurance. 

4. Annuity for Premium Payments and Annuity for hospitalization 
We assume that the infection plan works in a simple annuity fashion. Individual premiums are 

collected continuously as long as the covered person remains susceptible, whereas medical expenses 
are continuously reimbursed to each infected policy holder during the whole period of treatment. Once 
the individual recovers from the disease, the protection ends right away. 

Following the international Actuarial Notation, the actuarial present value (APV for later use) 
of premium payments from an insured person for the whole epidemic is denoted by as

Q   with the 
superscript indicating payments from class s, and APV of benefit payments from the insurer is  

denoted by a^ with the superscript indicating payments to class I. 



On the debit side of the insurance product, the total discounted future claim is given by 

a'Q = re-*s(t)dt,        (7) 

while on the revenue side, the total discounted future premiums is 

al, = |V'\v(/V//,        (8) 

where 8 is the force of interest. Our study in this paper is based on the fundamental Equivalence 
principle in Actuarial Mathematics for the determination of level premiums, which requires. E[present 
value of benefits]=E[present value of benefits]. Therefore, the level premium for the unit annuity for 
hospitalization plan. 

/&)-%     W  
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Just like in life insurance, where the force of mortality is defined as the additive inverse of the ratio of the 
derivative of the survival function to the survival function itself, we define here the force of  
infection as 

 
Notice that the right hand side represents the perpetual annuity. The intuitive interpretation of the left hand 
side is that if everyone in the insured group is rewarded with a perpetual annuity, the APV of 

— s ~< 
expenses from class S accounts for GO and similarly that of expenses from class 1 adds flo to the cost. 
Recall that at any time a fraction a of the infected subgroup move forwards to class R. each of them 
would receive a perpetual of value 1/5 as well at the time of transition. Therefore, the APV of 
expenses from this compartment would be (a/S)a0  . I t  is reasonable that it should sum up to the 
value of a unit perpetual annuity regardless of the policyholder's location among compartments. With 
this relation in mind, we could easily find the net level premium for the unit annuity for 
hospitalization plan, as follows: 



^(«o)=4 = ---- ̂ T .  d 3 )  
ao     \-(S + a)ao 

Lump Sum for Hospitalization 
The analogy of the plan is with a whole life insurance in actuarial mathematics. When a 

covered person is diagnosed being infected with the disease and hospitalized, the medical expenses is to 
be paid immediately in lump sum and insurance protection ends. Then the APV of benefit  

payments to the infected denoted by Ao can be obtained as 

AoAfiTe^sWiWdt, O4) 
—    j) 

since the probability of being newly infected at time t is'Bs(t)ift) 

 
since a~x -(l/S)[l-(S + a)ao] by (12), it follows that 
— '  r- —' 
Ao = (o +a)ao - \ + SQ. 

The above proposition also provides an interesting insight into the break-down of expenses in 
each class. To understand (15), we suppose every susceptible individual claims one unit perpetual 
annuity. The APV of the total cost is sfl/5. From an another perspective, it is equivalent to give every one 
a unit annuity as long as person remains healthy in the group and then grant them each a unit perpetual 
immediately as he or she becomes infected. The APV of these two payments is exactly 

(VI $}A$ + ao. If one thinks of class I as a transit, the left hand side of (16) count the expenses at the front 
door. Since expenses for initial members is /0 IS and other individuals from class S each add 

1/8. Hence the total expenses add up to iQ IS + (l/S)Ao. While at the back door, every one already 
/ 

inside accounts for ao, and any one leaving the class takes away a perpetual of value 1/6. Thus the 

right hand side sums up to (a / <5)ao + ao. 
Therefore for the lump sum payment plan with a unit benefit, the equivalence principle gives the net 

ji 
level premium P(Ao): 

— i —;' 
— — /       Ao     (a + S)at)-iQ P(Ao) = — = ~—— ----- — .  

an       \-(a + S)ao 
  



 

Death Benefit 
It is necessary to point out that in the epidemiological literature the class R is composed of all 

individuals removed chronologically from a previous compartment, who either recover with immunity or 
die due to the disease. A more refined model would have separate compartments for the dead and the 
recovered. For our purpose of deducing an actuarial analysis based upon epidemiological models, we keep 
the model as simple as possible by assuming only one R compartment exclusively for deaths caused by the 
disease, which implies that nobody recovers from the disease. The SIR model remains the same as in 
(4)-(5), except that a can now be interpreted as the constant rate of fatality from class I. For most health 
insurance policies, death benefits differ in amount from healthcare benefits. We assume that in this 
infection disease plan, a death benefit of dt=l is paid immediately at the moment of 
death. 

~d Thus, 
the actuarial present value of a lump sum death benefit payment denoted by Ao is 

 

Conclusion and Recommendations 
Mathematical models have become important tools in analysing transmission dynamics 

of-communicable diseases and measuring the effectiveness of controlling strategies. In this paper we; 
have been able to use SIR model to illustrate the transmission of epidemiological disease as well as the 
introduction of insurance policy to the model. As a result, we recommend that the federal. 
government should give health insurance policy (not NH1S) to the people of Niger Delta region to 
alleviate the sufferings of the people of the area. This is one major way of mitigating the unabated crisis 
in the region. This policy should span from the actuarial present value of continuous payments to hospital 
and medical services, death benefits and premium income. Also, we recommend that social amenities and 
job opportunities should be provided for the people of the region. More so, the 13% oil derivation formula 
should be reviewed upwards to at least 30% for accelerated development of the area and the governors of 
the states in this region should be held accountable to give a monthly review of the developmental projects 
the said derivation funds have been used. 
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