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ABSTRACT 

Life insurances are important financial instruments that exists in our daily life.  In 

Taiwan, this importance is supported by government statistic numbers in which each 

person holds 2.3 life insurance policies on average. Life insurance have many aspects, 

including whole life insurances, termed life insurances, and annuities. This research 

focus on pricing quanto-typed life insurances, which the policy is sold in one currency 

and invested into a foreign currency. 

We designed a system based on the FinancialCloud architecture, by adding foreign 

exchange rate simulator and foreign interest rate estimator modules to support pricing 

of quanto-typed life insurances. These modules acquires daily market information to 

calibrate pricing parameters, giving update to date price movements. Users can use this 

system to compute the internal rate of return of insurance policies and make suitable 

investments. 

 

Keyword: Life insurance, foreign exchange, interest rates, cloud computing, optimal 

investments 

 

1. Introduction 

Life insurance industry is a highly competitive and important financial industry. Global 

premium income from life insurances reached 260.81 billion USD in 2013, which is 

56.2% of the total premium income from all insurances [1]. The proportion of life 

insurances versus all insurances of different regions in the world is summarized as 

follows: 70.3% in Asia, 69.0% in Africa, 58.0% in Europe, 52.9% in Oceania, 42.3% 

in Latin America, and 43.7% in North America. This proportion is especially high in 

Taiwan, which reached 82.5% in 2013, raking 9th in the world. In 2013, Taiwan has 

the highest penetration of insurance of 17.6%, surpassing the second place South Africa 

by 2.2%. This consecutive streak of first place since 2007 shows the first sign of 

importance of life insurances in Taiwan. The GDP of Taiwan is approximately 516  



 
Fig. 1. Taiwan government statistics. This figure shows the growth of life insurance industry trend of 
Taiwan from 2004 to 2014. 

 

billion USD, ranking 24th in the world. Although Taiwan’s GDP is less than the 20 

major countries which have large insurance sectors, 17% of this GDP income has been 

invested in insurances, which is the highest among all other countries. 

Moreover, the population growth of Taiwan is significantly slower than the number 

of life insurance policies sold (see Fig. 1) [1, 2, 3]. The ratio of the number of life 

insurance policies sold to the total population in 2014 is 2.3, indicating that each person 

holds at least 2 policies on average [1] . Previous researches have provided modules to 

price insurances within the country, however, for insurances sold in one currency but 

invested into another foreign currencies, we need another approach to compute its value 

[4]. We call these insurances as quanto-typed life insurances. In this paper, we present 

a system to estimate the value of quanto-typed life insurances by adding an exchange 

rate simulator module and a foreign interest rate estimator module. These modules will 

allow the FinancialCloud to let policy holders compare quanto-typed life insurances 

with domestic life insurances. 

This paper is organized as follows. Section 2 provides background information on 

fixed income securities and life insurances. Section 3 shows how the quanto-typed life 

insurance policies can be priced by using the FinancialCloud cloud-based architecture. 

In addition, we also offer a USD exchange rate simulation module and its process. 



Section 4 presents experiments and results of pricing quanto-typed life insurance 

policies. Finally, Section 5 concludes this paper. 

 

2. Background 

Life insurances are contracts between insurance policy holder and an insurer. The 

insurer promises to pay an agreed sum of money (also called the “benefits”) to a 

beneficiary upon an event (usually death, made disabled, or critical illness) of the 

insured person. The policy holder typically pays a premium, either as a lump sum or by 

regularly intervals. The contract signed may also limit the liability of the insurer; 

common examples are claims relating to suicide, fraud, war, riot and civil commotion.  

Life insurances can also be classified into two categories. The protection policies, 

which are designed to provide a benefit in the event of specified event, typically with a 

lump sum payment. A common form of this design is term insurance. The other is 

investment policies, where the main objective is to facilitate the growth of capital by 

regular or a single one lump premiums. Common forms include whole life, universal 

life and variable life policies. This type of investment life insurance policies sometimes 

provided the policyholder annuity after the premiums have been paid. The insurer can 

then reinvest the premiums into other financial instruments for a higher return, such as 

foreign exchanges (FOREX) discussed in this paper. We call these types of policies as 

a quanto-typed life insurance policy. 

Life insurances can be viewed as a type of fixed income security, which are 

investments under which the borrower or issuer is obliged to make payments of a fixed 

amount on a fixed schedule. Other examples of fixed income securities include 

government bonds, corporate bonds, and mortgage loans. For government and 

corporate bonds, the borrower gives the issuer a lump of money. For the following 

period, the issuer pays interest to the borrower either at a fixed or floating rate at certain 

pre-designated intervals, and repay the face value (principal amount) at maturity. As 

for mortgage loans, it is the opposite. The issuer first gives the borrower a lump of 

money. For the following period of time, the borrower has to pay a premium and interest 

at a fixed or floating rate once a year until maturity (also called amortization). Bonds 

are also very import instrument to derive forward rates, which are required for the 

FinancialCloud to price insurance policies. Forward rates can be interpreted as 

indicating market expectation of future interest rates, future inflation rates, and future 

currency depreciation rates [5]. The source of interest rates can have significant impact 

on the final value of an insurance policy, e.g., bonds issued by lower credit rating 

companies must have higher rates to compensate for the risk. We can choose our 

preference for risk by selecting different interest rate sources. 



The structure and content of a quanto-typed life insurance policy and domestic 

currency policy may not be so different. Quanto-typed life insurance requires extra 

attention on foreign interest rate trends and the currency exchange rate fluctuation. 

Foreign currency policy has several advantages. First, it has higher predetermined 

interest rates for return estimation. Currently, quanto-typed life insurance policies 

provides a 3-4% predetermined interest rate and for domestic policies (invested in 

NTD), it is around 2% [4] . Second, investing in FOREX currencies may be more 

profitable by earning extra volatility in addition to interest rate volatility. Although 

these types of investment can lead to additional gains from FOREX volatilities, 

however, the excess risk has not been addressed in this research. Moreover, quanto-

typed insurance contracts does not allow policy holders to change the underlying 

FOREX currency, which limits the flexibility of this financial instrument. 

We use the Monte Carlo (MC) method to simulate FOREX movements as this 

method has been very well suitable for simulating future trends pricing exotic financial 

derivatives. Moreover, MC method is high flexibility and friendly with respect to future 

extensions [6]. Successful applications of the MC method have been surveyed. 

Ammann et al. proposed a pricing model for convertible bonds based on MC method 

and presented an empirical study of the US derivative market [7]. Stippinger et al. 

proposed a pricing approach to price collateralized debt obligation (CDO) by using a 

combination of MC method and Laplace-transform [8]. Jasra and Moral summarized 

the development of sequential MC-based methods for option pricing; and many option 

pricing problems, such as the arithmetic Asian option, can be enhanced via sequential 

MC-based method [9]. Rosca and Rosca applied a combined MC and Quasi-MC 

method to the valuation of barrier options [10]. Seghiouer et al. introduced a 

combination of MC method and Trapezium scheme to value Asian options in parallel. 

They also indicated the price computing time can reduce significantly [11].  

 

3. Pricing Insurances with FinancialCloud 

A cloud infrastructure is the ensemble of pricing software delivered as services with 

Software as a Service (SaaS) model and computing hardware and networking [12]. It 

provides high computing performance, security, and compliance requirements. Cloud 

infrastructure also helps users outsource their IT framework and reduce establishment 

cost. The FinancialCloud hosts modularized financial services in an open distributed 

framework [13]. These modularized financial services, including software and data, 

can be integrated flexibly and dynamically to meet customers’ requirement. We added 

modules to the FinancialCloud architecture to price quanto-typed life insurances. The 

architecture in Fig. 2 demonstrates the combination of Data Extraction Layer, 

Presentation Layer, Simulation Layer, and Database Layer. The Data Extraction Layer 



 
Fig. 2. FinancialCloud architecture to price life insurances. This framework contains information from public 
sources, data from private databases, and various financial algorithms required for life insurance valuation. 

 

collects exchange rate data and derive the implied interest rates from market 

information. This information is vital for the Simulation Layer to simulate the trends of 

foreign exchanges. The Presentation Layer is in charge of visualizing the data, and 

present the returns of designated policies to assist users chose their investment. 

Historical information and insurance policy contracts are stored within the Database 

Layer. The key module in this research is Simulation Layer, which estimates the future 

exchange rates. It requires historical information from the Database Layer to calibrate 

parameters, i.e., the drift and volatility, and current market information from the Data 

Extraction Layer to initialize the simulation state. All the final data is passed onto the 

original FinancialCloud to derive the cash flow of selected policies. 

 

3.1 Simulation the Exchange Rate 

We use Monte Carlo, a random sampling technique that uses random numbers and 

probability statistics to predict the number of non-random value problem, to simulate 

future exchange rates [4]. The dynamics foreign exchanges under risk neutral and log-

normal returns is shown in Formula (1): 



 
Fig. 3. Simulating of the future. This figure shows the simulation of the exchange rate (TWD to USD) from 
2012 to 2127. 

 

∆ ∆ ∙
, (1)

where  is the current exchange rate,  is our future exchange rate at time ,  is 

the domestic interest rate,  is the foreign interest rate, σ is the historical volatility of 

the exchange rate, and  is the Weiner process. The current exchange rate is 

obtained from the Central Bank of Taiwan [14, 15]. Historical parameters are used to 

estimate . Our database holds exchange rate information from 2012 to 2015, which 

we can compute the drift and volatility of log-returns with different intervals to obtain 

. Fig. 3 shows an estimation of the exchange rate 111 years from now, simulated by 

using 4 million paths along with antithetic variables. This is done in the Exchange Rate 

Simulator submodule. 

Fig. 4 shows the flowchart of the Exchange Rate Simulator working. A background 

scheduler extracts daily exchange rate from Central Bank of Taiwan and stores it into 

the database. Following, Formula (1) is used to simulate future exchange rates. The 

results are then stored and provided to the pricing modules to compute the returns of a 

policy. Note that since this information changes as the market changes, daily prices will 

differ from simulation to simulation. 



 
Fig. 4. The exchange rate simulation process. This figure shows how the future exchange rate is simulated in 
the FinancialCloud along with the data flow. 

 

 
Fig. 5. Insurance Model Process. This figure shows the policyholders uses our system to compare difference 
IRR between different life insurances. 

 

3.2 Life Insurance Comparison 

The major objective of this research is to allow policy holders to compare different 

contracts. Shown in Fig 5, policy holders can compare the returns of different life 

insurance contracts by using the Insurance Data Presenter submodule within the 

Presentation Layer module. Users start with the Insurance Data Extractor submodule to 

list their objective policies. These policies are then transferred to the pricing module. 

The pricing module of the original FinancialCloud calls exchange rate values, simulated 

at the Simulation Layer, to obtain a final price. The prices of the selected policies are 

then visualized at the Presentation Layer for comparison. For fair comparison, we have 

annualized the returns of all policies. 

The discrepancies between policies, i.e., the premium, the term, and the contents, 

makes it difficult to compare its values. The pricing modules within the FinancialCloud 

gives prices of policies in net present value, or called the rate of returns (ROR) as shown 

in Formula (2). This value sums the total gain over the  years. Besides being on 

different time scales, ROR is also subjected to the premium volume. Larger premium 

usually bias the ROR measure as it gives higher gains. The results must be normalized 

(annualized) to provide a fair basis for comparison. We use the internal rate of return 



(IRR) measure in Formula (3) to annualize a  years ROR measure, allowing all 

policies to be compared fairly under annualized gains. 

ROR , (2)

1 ROR 1 IRR ,  

IRR √1 ROR 1. (3)

 

4. Experiment Results 

Our experiments are constructed and executed on the FinancialCloud architecture. 

The parameters for policy pricing is as follows. The policy holder’s age is 1 year old, 

insured coverage is 100 thousand NTD, and a 10-year life insurance term. Based on 

above condition, we chose five policy with different premium requirements for 

experiment: two are invested in NTD, 2W2 (issue by Prudential Life Insurance) [7] and 

ENLPEC (issued by Taiwan Life Insurance) [7], and the other three are invested in 

USD, FWM (issued by Fubon Life Insurance) [8] and FWT and NUPL (issue by Nan 

Shan Life Insurance) [9]. 

FWM, FWT, and NUPL are quanto-typed life insurance sold in Taiwan under the 

NTD currency, but invested in the US under the USD currency. We need the Exchange 

Rate Simulator submodule to simulate future conversion rates from TWD to USD and 

vice versa. All policies selected in this scenario are whole life insurance that gives 

annuities until the end of term, usually when the policyholder reaches an age of 100 to 

115, and then an extra lump of money upon surviving up to the end of term. The features 

of each contracts are as follows. 2W2 gives the policy holder a 5% simple interest 

increase of the insured value and gives double payoff of the insured value during 

installation period. ENLPEC gives the policy holder 10% of the insured amount as 

survival coupon 3 years after installment. After the installation period, this policy pays 

20% survival coupon. FWM gives no payoff during the term, however, the insured 

amount grows 2.775% compounded annually. NUPL and FWT is similar except the 

initial premium required. 

We show the gains of the above policies in Fig. 5. Analyzing Fig. 5, under current 

market, 2W2 policy gives the best outcomes. As expected on real world markets, 2W2 

policy is currently sold out and not available for purchase. For long term, we see that 

quanto-typed insurances (FWM, FWT, and NUPL) are more promising as the value 

grows over time. Since the contracts listed allow policy holders to enter once they are 

born, we may use the average lifespan information from life tables to make our decision, 

by choosing the range of 70 to 90 for decision making. 

 Fig. 6 demonstrates the tabulation of a single insurance product FWM installed at 

30 years old, listing in details the discounted cash flow each year. This information 



 

Fig. 5. Comparing NTD and USD lifelong term life insurances. Analyzing different currency whole 

life insurances. The insurer entered the contract at the age of 1 in 2016, and this plot shows the IRR of 

each life insurance. 

 

gives users an insight of the payment flows and the effect of each payment discounted 

to the present value today. For example, we can compute that after 40 years of 

investment into the policy FWM, the annualized payoff will be 0.54%, in which we 

start to earn positive gains. 

 

5. Conclusion 

In this research, we provided modules to the FinancialCloud to enable the computation 

of quanto-typed life insurances. By extracting information of interest rates, exchange 

rates from the market, and simulating future exchange rates, we can analyze and reveal 

knowledge on the performance of each policy. However, our model does not consider 

the interest rate change, both the domestic rate and foreign rate, during the period of 

simulation, which impacts the accuracy of simulation over a long period of time. Future 

works includes the consideration of multifactor simulations of exchange rates, mortality 

rate, life tables on average life span and health assessment of the extent to enhance our 

decisions. 
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