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ABSTRACT 
Term life insurance is an insurance that provides protection for a certain period that has been agreed upon in the policy. The policy is an agreement that contains the participant's obligation to pay premiums contributions to the insurance company and the insurance company's obligation to pay benefits in the event of a risk to the insurance participant as agreed in the policy. Interest rates will influence the calculation of premium value and benefits in the long term. So we need a model of interest rates that will change by time. One of the models that can be used is the CIR model. This research purposes to simulate the CIR model that will be carried out to determine interest rates for calculating term life insurance premiums for five years, with premiums paid at the beginning of the interval or monthly premium payments and benefits paid at the end of the interval when the participant dies. The case that will be discussed is when the benefit various. The results of this study are the CIR model can be applied to calculate the term life insurance premiums for five years and the premium calculation results show that the amount of the premium increase every year with varying benefits.

Keywords: premium; term life insurance; CIR model; varying interest rates
Introduction
Insurance is a risk transfer from a financial loss caused by the deaths of insurance participants to an insurance company based on a policy agreement. One type of insurance is life insurance. Life insurance is insurance to cover the financial costs of death. Life insurance consists of four types namely whole life insurance, term life insurance, pure endowment insurance and endowment insurance [1]. In insurance, there is an agreement called a policy between insurance participants and insurance companies that include participants' obligation to pay premium contributions to insurance companies and insurance liability to pay the benefits if something happens to insurance participants has been compromised in policy, and other agreements associated with insurance. 
Premiums and benefits are affected by interest rates. Normally the interest rates used are constant even though the payment of the premiums for long-term payments on which interest rates will change over time. The CIR model is one of the stochastic models used for fluctuating rates in period of time. The CIR model has a characteristic that the movement of interest rates would lead to the average interest rate and  CIR model ensures that interest rates will be positive [2].
Research relating to the CIR model has been done, such as the moment for solution of the CIR model [3],[4] then installment joint life insurance actuarial models with the stochastic interest rates [5] , premiums calculation for life insurance [6],[7] and the Cox Ingersoll Ross estimate model at the Indonesian bank using the Maximum Likelihood Estimation method [8]. The CIR model involving life insurance premiums has been carried out, by determining long-term life insurance premiums with interest rates following Vasicek and the Cox Ingersoll Ross [9] and calculating joint life insurance premiums with Vasicek and CIR [10]. Research related to varying benefits and varying rates of interest has been researched regarding the annual net premium of term life insurance for cases of multiple decrements with varying interest rates [11] and single net premium of units linked term life insurance using the point to point method with varying benefits [12] .
Research that has been done before still calculates annual insurance premium payments and annual single premium payments paid at the beginning of the year. Therefore, this research aims to determine varying interest rates in the future using CIR model simulation to calculate term life insurance premiums 5 years with premiums paid at the beginning of  year intervals with months or premiums payment every month and benefits paid at the end of    year interval of death or at the end of each month of death with the amount varying benefits each year.

Methods 
Data 
This research used secondary data such as monthly history data BI interest rates period January 2015 until December 2020 and Indonesian Life Table 2019. The data analysis process was done using Octave Software and Microsoft Excel. 
Estimation CIR Model
	The CIR model is one of the stochastic models used for changes in interest rates. The need for an accurate model for changes in interest rates makes this model increasingly popular to application. The algorithm in the process of determining CIR model is listed as follows :
a. Input monthly history data BI interest rates period Januari 2015 until December 2019.
b. Estimate parameters CIR model using algorithm as following the equation [9] .
 			  (1)
 			  (2)
			  (3)
where  is the speed of mean reversion,  is the long-term value,  is the volatility interest rate,  is the interest rates period of time,  is a lot of data used, and  is the interval of time.
c. Fit Test CIR Model using the equation
							  (4)
where  is an actual data by BI interest rates,  is a data estimation by the CIR model, and  is a lot of data used [13].
Simulation The Future Interest Rates  
	The CIR model can be used to simulate changes in interest rates in the future. The algorithm in the interest rate simulation process for the future using the CIR model with the following steps :
a. Input parameter values such as dan .
where  is interest rates in BI rates,  is the speed of mean reversion,  is the long-term value,  is the volatility interest rate,  is a lot of simulations, and  is the interval of time, and  is the due date monthly.
b. Generate random variable  used to calculate interest rates . 
where  is a random number which is normally distributed,  an interest rates period of time.
c. Calculate future interest rates with octave software as follow the equation 
					              	(5)
	where  is an interest rates in the CIR model
d. Monte Carlo simulation for interest rates which is calculated following the equation
	(6)

Determination Term Life Insurance Premium 
	This research to determine term life insurance premium paid at the begginning of each month. The steps of research are carried out as follow :
a. Calculate monthly interest rates in the CIR model using the equation
					              (7)
where  is monthly interest rates,  is an interest rates in the CIR model
b. Calculate the discount factor of interest rates in the CIR model using the equation
    		              (8)
where  is the discount factor in  month
c. Calculate the probability of death for age fraction in Indonesian Life Table 2019
					              (9)
where  is probability of death at fractional age with  and 
d. Calculate the actuarial present value of the annuity of term life insurance using the equation
(10)
where  is the actuarial present value of the annuity monthly,  is the discount factor, is the probability of survival at fractional age with  
e. Calculate the actuarial present value of the varying benefits of term life insurance using the equation 
    	            			            (11)
where  is the actuarial present value of the varying benefits, is the varying benefit each year,   is the discount factor,  is the probability of survival at fractional age with  , is the probability of death at fractional age.
f. Calculate the value of monthly net premiums term life insurance using the equation 
				 	        		      	(12)
Where  is the net premiums monthly ,  is the actuarial present value of the varying benefits, and   is the actuarial present value of the annuity monthly. 
Results and Discussion 
Data 
	This research used data monthly interest rates from the BI 7-Day Repo Rate from January 2015 until December 2020 which was accessed from website https://www.bps.go.id/indicator/13/379/12/bi rate.html.   The data monthly interest rates from BI as shown in Figure 1.

Figure 1.  Interest Rates BI 7-Day Repo Rate

Estimation Parameter CIR Model 
	Estimation parameters in the CIR Model calculates using equation (1) to (3) and solved with octave software. Estimate parameters CIR model as shown in Table 1. 
Table 1. Parameters CIR Model
	Parameter
	Value

	
	0,5309

	
	0,047218

	
	0,7679


Based on Table 1, the parameter values are  is the speed of reversion as 0,5309,  is the long-term value as 0,047218 and  is the volatility as 0,7679. The error value of the parameter values in the CIR model using MAPE in equation 4 is 3,9014%. Error MAPE <10% indicates that the estimated data is excellent for describing the actual data in BI interest rates. The comparison between data interest rates in BI and estimated data interest rates in the CIR model is shown in Figure 2.

      	Figure 2.  Interest Rates BI and Estimate Interest Rates CIR Model

Simulation The Future Interest Rates 
Interest rates in the CIR model for January 2022 to December 2026 with numeric variable , , , simulated 100 times and calculated using equation (5) with octave software. The results to estimate future interest rates as shown in Table 2.
Table 2. Interest Rates in the CIR Model
	Month
	Interest
Rate
	Month
	Interest
Rate
	Month
	Interest
Rate
	Month
	Interest
Rate
	Month
	Interest
Rate

	1
	0,025255
	13
	0,050327
	25
	0,053169
	37
	0,052515
	49
	0,036882

	2
	0,027668
	14
	0,056575
	26
	0,051294
	38
	0,047182
	50
	0,029854

	3
	0,025565
	15
	0,056146
	27
	0,044594
	39
	0,057194
	51
	0,040682

	4
	0,018886
	16
	0,055893
	28
	0,041811
	40
	0,053692
	52
	0,027046

	5
	0,016036
	17
	0,053001
	29
	0,037798
	41
	0,056603
	53
	0,048051

	6
	0,023475
	18
	0,045527
	30
	0,032737
	42
	0,061089
	54
	0,050728

	7
	0,028245
	19
	0,049414
	31
	0,038453
	43
	0,051467
	55
	0,048738

	8
	0,034898
	20
	0,052352
	32
	0,036794
	44
	0,031064
	56
	0,050071

	9
	0,029248
	21
	0,056978
	33
	0,044810
	45
	0,036524
	57
	0,043225

	10
	0,035791
	22
	0,047014
	34
	0,062456
	46
	0,038016
	58
	0,053388

	11
	0,040769
	23
	0,052004
	35
	0,072659
	47
	0,036822
	59
	0,065475

	12
	0,056432
	24
	0,052581
	36
	0,068307
	48
	0,032409
	60
	0,062451


The Effective Interest Rates Monthly CIR Model
This research will calculate the value of term life insurance premiums for 5 years with premiums paid at the beginning of with  = years or premiums paid every month, so the effective interest rates in the CIR model are required every month. Calculate the effective interest rates every month using equation (7). The results of interest rates every month in the CIR model are shown in Table 3. 



Table. 3 Interest Rates Monthly in the CIR Model
	Month
	Interest Rates
	Month
	Interest Rates
	Month
	Interest Rates
	Month
	Interest Rates
	Month
	Interest Rates

	1
	0,002081
	13
	0,004100
	25
	0,004326
	37
	0,004274
	49
	0,003023

	2
	0,002277
	14
	0,004597
	26
	0,004177
	38
	0,003849
	50
	0,002454

	3
	0,002106
	15
	0,004563
	27
	0,003642
	39
	0,004646
	51
	0,003329

	4
	0,001560
	16
	0,004543
	28
	0,003419
	40
	0,004368
	52
	0,002226

	5
	0,001327
	17
	0,004313
	29
	0,003097
	41
	0,004599
	53
	0,003919

	6
	0,001936
	18
	0,003717
	30
	0,002688
	42
	0,004954
	54
	0,004132

	7
	0,002324
	19
	0,004027
	31
	0,003149
	43
	0,004191
	55
	0,003974

	8
	0,002863
	20
	0,004261
	32
	0,003016
	44
	0,002553
	56
	0,004080

	9
	0,002405
	21
	0,004629
	33
	0,003660
	45
	0,002994
	57
	0,003533

	10
	0,002935
	22
	0,003836
	34
	0,005061
	46
	0,003114
	58
	0,004344

	11
	0,003336
	23
	0,004234
	35
	0,005862
	47
	0,003018
	59
	0,005299

	12
	0,004585
	24
	0,004280
	36
	0,005521
	48
	0,002661
	60
	0,005061


From the monthly effective interest rates in the CIR model, the value of the discount factor is calculated using equation (8). The results of calculating the discount factor with the monthly effective interest rate in the CIR model are shown in Table 4.
Table 4. The Value of Discount Factor in the CIR Model
	Month
	Discount Factor
	Month
	Discount Factor
	Month
	Discount Factor
	Month
	Discount Factor
	Month
	Discount Factor

	1
	0,997924
	13
	0,966780
	25
	0,918514
	37
	0,875933
	49
	0,838325

	2
	0,995657
	14
	0,962357
	26
	0,914693
	38
	0,872574
	50
	0,836272

	3
	0,993564
	15
	0,957986
	27
	0,911373
	39
	0,868539
	51
	0,833498

	4
	0,992016
	16
	0,953654
	28
	0,908268
	40
	0,864762
	52
	0,831646

	5
	0,990702
	17
	0,949558
	29
	0,905464
	41
	0,860804
	53
	0,828400

	6
	0,988788
	18
	0,946042
	30
	0,903037
	42
	0,856561
	54
	0,824991

	7
	0,986496
	19
	0,942247
	31
	0,900202
	43
	0,852986
	55
	0,821726

	8
	0,983680
	20
	0,938249
	32
	0,897495
	44
	0,850814
	56
	0,818387

	9
	0,981320
	21
	0,933926
	33
	0,894223
	45
	0,848274
	57
	0,815506

	10
	0,978448
	22
	0,930358
	34
	0,889719
	46
	0,845641
	58
	0,811979

	11
	0,975195
	23
	0,926435
	35
	0,884534
	47
	0,843097
	59
	0,807699

	12
	0,970744
	24
	0,922488
	36
	0,879677
	48
	0,840859
	60
	0,803632


The Actuarial Present Value of The Initial Annuity Term Life Insurance
The actuarial present value of the initial annuity of term life insurance is used to obtain 5 years term life insurance premium will be calculated using equation (10). For example, calculating the actuarial present value of the annuity of 5 years term life insurance for an individual aged 30 years using equation (10) as follow.
	 								



	The results of calculating the initial annuity of 5 years term life insurance with varying interest rates in the CIR model for ages 30 to 75 years are shown in Figure 3.

Figure 3.  The Actuarial Present Value of The Initial Annuity Term Life Insurance

The initial annuity value for a 30 years man is 4.522019, and the initial annuity value for a woman is 4.523243. The annuity value for a 31 years man is 4.521676, and the annuity value for a 31 years woman is 4.522986. The annuity value decreases every year because the older individual,  the annuity value will decrease.

The Actuarial Present Value of The Varying Benefit Term Life Insurance
It is assumed that the number of benefits varies each year as in the first year is   unit, in the second year is   unit, in three years is   unit, in four years is   unit, and in five years is   unit. Calculate the actuarial present value of the varying benefits paid at the end of   years of death for an individual aged 30 years using equation (11) as follow.
						   
 
	

The results of calculating the actuarial present value of 5 years term life insurance with varying benefits for ages 30 to 75 years are shown in Figure 4.

Figure 4.  The Actuarial Present Value of The Varying Benefits  Term Life Insurance

Figure 4 shows the value of the varying benefits of term life insurance with various interest rates in the CIR model from ages 30 to 75 years for man and woman. The benefits value for a man aged 30 is 0.0078436, and the benefit value for a woman aged 30 is 0.0058254. The value of benefits for a man aged 31 is 0.0084167, and the value of benefits for a woman aged 31 is 0.0062626. The results of the varying benefits in term life insurance for men and women increase every year because the older a person is the greater the possibility of someone's death, so the varying benefits obtained will increase yearly.
Net Premium Term Life Insurance
The monthly net premium value of term life insurance with interest rates in the CIR model and varying benefits using the equivalence principle in equation (12). The results of calculating the monthly net premium for five years term life insurance paid at the beginning of each month for individuals aged 30 years are as follows

The results of calculating the net premium term life insurance with various interest rates in the CIR model for ages 30 to 75 years are shown in Figure 5.

Figure 5.  The Net Premium Term Life Insurance
Figure 5 shows that the value of term life insurance premiums monthly for a man aged 30 is 0,0017345 and for a woman aged 30 is 0,0012879. The premium for a man aged 31 is 0,0018614 and for a woman aged 31 is 0,0013846. The value of the premium paid to men and women aged 30 years to 75 years increases every year. Because of the greater chance of someone’s death  so the premium payments will increase.

CONSLUSIONS
 The CIR model simulation can be applied to obtain variable interest rates in the future with parameter values ​​κ=0.5309, θ=0.047218, σ=0.7679 and an error value in MAPE of 3.9014%, indicating that the estimated CIR model value is very good to describe the actual data. The results of the premiums obtained from varying interest rates in the CIR model show that the older individual is the greater premiums paid with the varying benefits obtained increasing every year. For further research can be suggested to use another stochastic model as a simulation to obtain interest rates that will be used to calculate premiums in whole life insurance or other life insurance.
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Benefit value for man	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	7.8435499999999995E-3	8.4166893361568018E-3	9.0556409338157784E-3	9.7978011217952164E-3	1.0652860128827289E-2	1.1748108046885836E-2	1.2922163826154222E-2	1.4349214542605057E-2	1.5992021571660561E-2	1.785373104287577E-2	1.9953729575717907E-2	2.2308583338060486E-2	2.4951948776105643E-2	2.7882027602060232E-2	3.1080157177864297E-2	3.4509522934669787E-2	3.8193127044750363E-2	4.2080648847452815E-2	4.6222314474412482E-2	5.0677662358041518E-2	5.5429994260352639E-2	6.0438558321438837E-2	6.5557931814925752E-2	7.0549666823870247E-2	7.5141993597988649E-2	7.9154919162068432E-2	8.2560550773703764E-2	8.5431365604073592E-2	8.7860711847956352E-2	9.008316869262388E-2	9.2407066937578136E-2	9.5079234952524044E-2	9.833951696083873E-2	0.10231642537810123	0.10704926960397862	0.1124993351738007	0.11855595332155122	0.12521453251508666	0.13246616990629745	0.14039089924651407	0.14907157733332307	0.1586455557455031	0.17358692271256759	0.19395320780441219	0.21927201061631163	0.2521770110652527	Benefit value for woman	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	5.8253574295498685E-3	6.2625812637815128E-3	6.7359014108233049E-3	7.2610777688636597E-3	7.8223158440878984E-3	8.4649134814115939E-3	9.1296155848353579E-3	9.8963599672168018E-3	1.0781642129086834E-2	1.1771629401910471E-2	1.2883407038540077E-2	1.4149164476774329E-2	1.5639273533311786E-2	1.7276438335413688E-2	1.9074873910045871E-2	2.1011001408734038E-2	2.31242685221821E-2	2.5403994032812731E-2	2.7902642791388071E-2	3.0614729563534792E-2	3.3585862795121338E-2	3.6787851230524624E-2	4.0165281690015875E-2	4.3611347764305509E-2	4.7062509296815783E-2	5.0408427924876376E-2	5.3641218461798687E-2	5.6803946142970886E-2	5.9999588979452942E-2	6.3309822625716397E-2	6.6817702535615364E-2	7.060711643596039E-2	7.4786815058679734E-2	7.9456845396073644E-2	8.4656849586450894E-2	9.0343943509748392E-2	9.6497704327246775E-2	0.1031100853533147	0.11019428823092942	0.11784967684142271	0.12619062333578451	0.1353142451981636	0.14533467541011474	0.15638302982256325	0.17141995129568136	0.19567590985932976	Age (year)


Benefit Value




Man Premium	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1.7345239696924745E-3	1.8614093713748066E-3	2.0028823836359655E-3	2.1672292932433381E-3	2.3566166179351759E-3	2.5992384900593948E-3	2.8594299163330222E-3	3.1757789716125497E-3	3.5401019654380879E-3	3.9531773788395695E-3	4.419355714965701E-3	4.9424150674362332E-3	5.5299408896830691E-3	6.1816789252314751E-3	6.8936583339359262E-3	7.657833024017055E-3	8.4794573921838593E-3	9.3474969824805364E-3	1.0273249753691609E-2	1.1270230052738908E-2	1.2335039252678719E-2	1.3458800595728435E-2	1.4609343570505121E-2	1.5733245591853875E-2	1.6769211579855191E-2	1.7676184861543875E-2	1.8446981586680029E-2	1.9097348851543766E-2	1.9648022471957689E-2	2.0151749030566494E-2	2.0678199088433744E-2	2.1283353318354886E-2	2.2021833467685405E-2	2.2923613623426868E-2	2.3998387154796061E-2	2.5238130498507108E-2	2.6618547775637772E-2	2.813891923024418E-2	2.9798025073286983E-2	3.161473214258486E-2	3.360905846715391E-2	3.5814032474474497E-2	3.9249649063968384E-2	4.3955620357634007E-2	4.984631726257175E-2	5.7557831622392024E-2	Woman premium	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	1.2878719909322493E-3	1.38461200409126E-3	1.4893524688497359E-3	1.6055832288130506E-3	1.7298143972348629E-3	1.8720697499536078E-3	2.0192519528371704E-3	2.1890562598000287E-3	2.3851438404359788E-3	2.6044851703973617E-3	2.8508786922592107E-3	3.1314738278723254E-3	3.4619115761742483E-3	3.8251244108998867E-3	4.2243117104153348E-3	4.6543026432709182E-3	5.1238761745876875E-3	5.6307109516281033E-3	6.1865635901281919E-3	6.7903264664197112E-3	7.4522643629184003E-3	8.1662392767784756E-3	8.9200712565819067E-3	9.6900593893419328E-3	1.0462048961693844E-2	1.1211342719678639E-2	1.1935995791242455E-2	1.264552415339275E-2	1.3362937709520427E-2	1.410658981958705E-2	1.4895301599789123E-2	1.5748069407897341E-2	1.6689564384151256E-2	1.7742614522257748E-2	1.8916703358850893E-2	2.0202879672187809E-2	2.1597064199202713E-2	2.3097918528530676E-2	2.4708857644671491E-2	2.6453308720737798E-2	2.8357184338047674E-2	3.0444978833832154E-2	3.2743891932874976E-2	3.5285870557644101E-2	3.8746922825221845E-2	4.433972376629635E-2	Ages (year)


Premium value
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