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Abstract 

Many countries around the world confront problems related to longevity and investment 

difficulties caused by a slowdown in economic growth and low interest rates. To make 

insurance companies and pension plans financially sustainable, methods of risk evaluation 

and risk sharing, which incorporate properly non-financial risks (such as mortality risk and 

surrender risk) and financial risks, are required. In this paper, I develop the underlying asset 

liability model for insurance and pensions which consider correlations of between mortality 

risk and financial risks based on the empirical analysis of the relation between life 

expectancies and socio-economic factors. For the analysis, I use the data provided by the 

Japanese government through public organization inquiries and statistics. According to the 

analysis which I perform using the structural equation model and the sparse modeling to 

investigate the heterogeneity of the Japanese prefectures’ mortality, the unemployment rates 

clearly affect the life expectancy and the changes in the Japanese male mortality rates. In 

addition, referring to the results of prior studies, I incorporate the correlation between 

surrender rates for insurance or lump-sum selection rates for pensions, and macroeconomic 

variables such as interest rates and unemployment rates, to the model and expand it. Using 

these models, I show some cases which illustrate how the liability evaluation changes by 

considering the correlation between mortality risk and financial risks. Furthermore, based on 

these results, I state key points for risk management in insurance companies and risk sharing 

in pension plans. 
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1. Introduction 

Longevity has been progressing and the population structures are changing. In 

developed countries, changes regarding the variations of young and middle age mortality 

rates can be observed, as well as a decrease in the elderly mortality rates. Such changes 

regarding mortality rates, combined with the decrease in fertility rates, bring about an aging 

population, which means that the amount of elderly people in the total population is high. 

The decrease in population as well as a longer life expectancy and the expectations of 

individual attributions, such as income and health condition, do not provide enough 

information for risk management of insurance companies and pension funds. Regarding 

mortality rates, heterogeneities can exist, except for age and gender. However, studies of the 

macro-economic factors influencing mortality rates and their application to risk management 

of insurance companies and pension have not been performed detailed enough so far. 

 Developed countries are facing problems regarding a slowdown in economic growth 

and investment returns. For sustainability and financial soundness, design and risk 

management of insurance products and pension systems have to consider the above-

mentioned demographic changes and investment problems. With this in mind, I propose 

underlying asset liability modeling which considers mortality risk and financial risks for this 

paper. 

 Past research studies analyzed the relations between mortality rates and socio-

economic factors from a demographic point of view. I include some of them and the outline 

is explained below. 

 Tapia Granados (2008) analyzes correlations between macro-economic indices and 

cause-specific mortality rates in Japan, and considers the influence of economic conditions 

on mortality rates. Gao and Kakehashi (2006) state factors related to life expectancies using 

the data of Japanese prefectures regarding working couples, medical resources and costs, as 

well as nutrient intakes. Igawa (2016, 2017) analyzes factors associated with the differences 

in life expectancies in prefectures using the Japanese public statistics and macro-economic 

data, and furthermore create an index expressing the differences in life expectancy and apply 

it to mortality projections. The mortality data of Japanese prefectures in the Japan Mortality 

Database (JMD) was provided by the National Institute of Population and Social Security 

Problems of Japan starting in 2013. Ishii (2015) uses this data and the cause-specific mortality 

statistics of the Japanese government and calculates the transition of the cause-specific 

mortality probabilities by dividing the prefectures into four groups through cluster analysis. 
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Tapia Granados and Ionides (2008) use the Swedish long-time series data from the 19th and 

20th Century to analyze the relationship between economic growth and health progress that 

is indicated by the decrease in the mortality rate. While Brenner (2005) attributes the lag 

effect of the economic growth to the variations of mortality rates, Tapia Granados and Ionides 

(2008) point out that there are opposite variations of mortality rates to economic growth and 

that the lag is within 3 years. Edwards (2008) and Ruhm (2007) state that there are procyclical 

relations between the economic changes and the mortality rates variations. In spite of a lot of 

empirical analysis, controversy remains regarding the relationship between economic growth 

and mortality variations. 

 A few previous studies analyze the relation between mortality variables and socio-

economic factors in the mortality models. Reichmuth and Sarferaz (2008) utilize the 

Bayesian modeling which treats GDP growth rates and unemployment rates as covariates for 

analyzing the US mortality data. Hanewald (2011) examines the relations between each 

country’s GDP per capita, the cause-specific mortality rates, and the mortality index using 

the six OECD countries’ data and the Lee-Carter (LC) model. On the basis of the data of the 

five countries, which are England and Wales, France, the United States, Canada, and Japan, 

Igawa (2015) shows that heterogeneity and supplemental age-period effects can exist by 

using the Lee-Carter Vector Autoregressive (LC-VAR) model and states that the various 

socioeconomic conditions could be the roots of basis risk. 

 It is known that the socio-economic factors that relate to the mortality variations can 

possibly have influence on the surrender of insurance products and the lump-sum selection 

of pension benefits. Igari and Matsuyama (2014) as well as Kaguraoka (2011) show the 

possibility of unemployment rates affecting the surrender behavior of policyholders of life 

products and annuity. Igawa (2011) states that the lump-sum selection behavior of retirees 

may relate to the long-market yields and the pension benefit conversion rates referring to the 

empirical data of the corporate pension plan. Surrender and lump-sum selection influence 

projected cash flows. In case socio-economic factors affect both mortality variations and 

surrender or lump-sum behavior, cash flow variations are becoming more complicated. 

However, it seems there are not enough empirical analysis and modeling methods to measure 

such impacts on cash flows. 

 Based on the above, in this paper I analyze the socio-economic factors that associate 

with the life expectancies of Japanese prefectures using the Japanese public statistics. Further, 

I propose that the framework of asset liability modeling can deal with the mortality variations, 
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macro-economic variations, and dynamic surrender. I also illustrate the valuations of cash 

flows, single net premium, liability, assets, and surplus in some cases and consider pricing, 

risk management, and risk sharing. 

The remainder of this paper is organized as follows. Section 2 explains the basic 

models of mortality rates, macro-economic indices, and surrender. Section 3 shows the results 

of the empirical analysis using the structural equation modeling and the least absolute 

shrinking and selection operator (lasso) regarding the Japanese data of life expectancies and 

socio-economic statistics. Section 4 proposes the framework of the integrated asset liability 

modeling referring to the results of the empirical analysis. Section 5 shows the illustrations 

of cash flows, single net premium, liability, asset, and surplus using the integrated model. 

Section 6 considers risk management and risk sharing based on the illustrations. Section 7 

concludes. 

 

2. Basic Methods 

 In this section, I explain the basic models of mortality rates, macro-economic indices, 

and dynamic surrender rate, which are incorporated in the integrated asset liability model in 

the latter section. 

 

2.1 Mortality Model 

The LC model is one of the most popular models and used widely around the world. 

If 𝑚𝑥,𝑡  is the central death rate and 휀𝑥,𝑡  represents the residuals, the LC model is 

represented through the following formula: 

 

ln 𝑚𝑥,𝑡 = 𝛼𝑥 + 𝛽𝑥,1𝜅𝑡,1 + 휀𝑥,𝑡 (2.1) 

 

The parameter 𝛼𝑥 represents the general shape across age x of the logarithm of mortality 

rates; the variable 𝜅𝑡,1 (mortality index) represents the general level of mortality for year t; 

and 𝛽𝑥,1 represents the age-specific parameter corresponding to 𝜅𝑡,1. Lee and Carter (1992) 

propose the least squares approach to estimate parameters using singular value 

decomposition for which parameter conditions, such as in formula (2.2), are required: 

 

∑ 𝛽𝑥,1𝑥 = 1  ∑ 𝜅𝑡,1𝑡 = 0  (2.2) 
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κ𝑡,𝑗 series are applied in time series models, such as the autoregressive integrated moving 

average (ARIMA) model, which have features that allow the LC model to express decreasing 

trends as time passes. Formula (2.3) represents a case in which the κ𝑡,1 series is applied 

through a trend model, where 𝜆 is a drift parameter and 휂𝑡 is the residual term: 

 

𝜅𝑡,1 = 𝜆 + 𝜅𝑡−1,1 + 휂𝑡 (2.3) 

 

Renshaw and Haberman (2003) show the LC model can be extended as the following 

formula: 

ln 𝑚𝑥,𝑡 = 𝛼𝑥 + ∑ 𝛽𝑥,𝑗𝜅𝑡,𝑗

𝑗

+ 휀𝑥,𝑡 (2.4) 

 

2.2 Macro Economic Model 

I assume the real GDP growth rates, the unemployment rates, and the long-term 

yields as variables which express the state of the macro economy and describe them as vector 

𝑋𝑡. As the terms of the life products and annuities are sometimes middle-long or long, I apply 

the vector autoregressive model to 𝑋𝑡 series with the equilibrium levels as below. Θ in 

formula (2.5) expresses the long term expected level and a weak stationary condition is 

assumed. 
 

(𝑋𝑡 − Θ) = ∑ 𝐶𝑖(𝑋𝑡−𝑖 − Θ)

𝑚

𝑖=1

+ 𝑢𝑡 (2.5) 

 

2.3 Surrender Rate (Lump-sum Selection Rate) Model 

As dynamic surrender models, I assume a logistic model and an arctangent model. 

Igari and Matsuyama (2014) use the logistic model and analyze the economic factors that 

explain surrenders of Japanese life products and personal annuities. Let 𝑝𝑡  be surrender 

rates, and 𝑐  be the upper limit of 𝑝𝑡 , 𝑏  be a coefficient vector, 𝛸  be an explanation 

variables vector. The logistic model which Igari and Matsuyama (2014) use is described 

below. I assume the same model as one of the basic models. 
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𝑝𝑡 = 𝑐
exp 𝑏𝛸

1 + exp 𝑏𝛸
 (2.6) 

 

Assuming the surrender related to the market yield level, letting 𝑤 be a dynamic surrender 

which equals the dynamic surrender rate minus the assumed surrender rate and 𝑠𝑝𝑟𝑒𝑎𝑑 be 

the discount rate for 10 years minus the assumed interest rate for the premium, I also assume 

the following arctangent model practically used. 

 

𝑤𝑡 = 𝑎1 + 𝑎2 arctangent{100𝑎3(𝑠𝑝𝑟𝑒𝑎𝑑 − 𝑎4)} (2.7) 

 

3. Empirical Analysis for Considering Correlations 

 In this section, I show the results of the empirical analysis for the relations between 

mortality variables, socio-economic factors, and surrender behaviors to prepare for 

describing the integrated model in the following section. 

 

3.1 Mortality and Socio-Economic Factors 

 I explain the results of the analysis which I perform in Igawa (2016, 2017). In Japan, 

the micro data which practitioners can use is limited. Igawa (2016, 2017) uses the various 

public statistics and examines them using modeling methods from the viewpoint of the 

association between prefectures’ life expectancies and socio-economic factors. 

 

3.1.1 Data 

Igawa (2016, 2017) uses the life tables for Japanese prefectures 2010 and the Social 

Indicators by Prefecture 2015 as the socio-economic statistical data. In addition, considering 

the possibility of influence of lifestyle habits on life expectancies, I also use the National 

Health and Nutrition Survey Japan 2010. 

 

a) Life Tables for Prefectures 

The life tables for Japanese prefectures have been created every 5 years for the comparison 

of the death conditions in prefectures. 

 

b) Socio-Economic Statistical Data 

I use the data of Japanese prefectures related to economic base, labor, health and medical, 
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education, population, family, and nature as listed in Table 1 and according to the Social 

Indicators by Prefecture 2015 and Census 2010. ‘Aging rate’ means the ratio of population 

above age 65 in total population and ‘civilization rate’ means the ratio of population in 

densely inhabited district in total population. Regarding census, recently the number of non-

answering is increasing and it needs to be treated carefully. 

 

c) Lifestyle Habit Data 

The Ministry of Health, Labor and Welfare has conducted the National Health and Nutrition 

Survey every year. This is a sample survey and recently the ratio of cooperation to answer is 

decreasing, so it needs to be treated carefully. 

 

 

Table 1. Socio-Economic Statistical Data Items (Social Indicators by Prefecture 2015, Census 2010) 

 Items  Items 

Economic 

Base 

 

Prefecture’s GDP per Capita Population 

and 

Household 

(Continued) 

 

Number of Deaths from 

Lifestyle-related Disease 

Consumer Price Index Number of Deaths from 

Malignant Neoplasms 

Labor 

 

Unemployment Rate Number of Deaths from 

Cerebrovascular Disease 

Elderly Employment Rate Number of Deaths from Heart 

Disease (Excluding 

Hypertensive Disease) 

Health and 

Medical 

Health Care Cost per Capita Number of Deaths from Diabetes 

Education Ratio of More Than College 

Degree 

Number of Deaths from 

Hypertensive Disease 

Population 

and 

Household 

 

Civilization Rate Number of Suicides 

Aging Rate Number of Deaths from Other 

Causes 

Average Number of Family 

Members 

Nature 

Environment 

 

Average Temperature 

Divorce Rate Highest Temperature 

Marriage Rate Lowest Temperature 

(Note) ‘Number of Death’ in the above table means number of deaths per 100,000 population. 
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Table 2. Lifestyle Habit Data Items (The National Health and Nutrition Survey Japan, 2010) 

 Items  Items 

Lifestyle 

Habit 

(male) 

 

Vegetable Intake Lifestyle 

Habit 

(female) 

Vegetable Intake 

Salt Intake Salt Intake 

Number of Steps Number of Steps 

Smoking Habit 

Drinking Habit 

 

 

3.1.2 Models and Verification Results 

I extract the items associated with the prefectures’ life expectancy from the statistical 

data stated above. Then, using the methods of structural equation modeling and lasso, which 

is one kind of the sparse modeling, I explore the factors that explain prefectures’ life 

expectancies of age 0, 20, 65. I assume that life expectancies (𝑦𝑘) change with cause-specific 

mortality variations and unobservable factors (𝑓𝑖) which can be expressed by the items (𝑥𝑗) 

listed in Table 1 and Table 2. Let 𝛾𝑖,𝑗 and 𝛿𝑘,𝑙 be coefficients, the structural equation model 

is described as below. 

 

Measurement equation: 

𝑓𝑖 = ∑ 𝛾𝑖,𝑗𝑥𝑗

𝑗

 (3.1) 

Structural Equation: 

𝑦𝑘 = ∑ 𝛿𝑘,𝑙𝑓𝑙

𝑙

 (3.2) 

 

I examine some hypothesis structures, but these do not fit the data except for the case of 

Figure 1. In case of Figure 1, regarding male data in 2010, I can estimate the parameters (root 

mean square error of approximation: RMSEA=0.163). The estimated coefficients in the 

formula (3.1) are 0.456 (vegetable intake), -0.509 (salt intake), -0.216 (smoking habit) 

(p<0.05). These lifestyle habits may influence life expectancies. The estimated coefficients 

for stress factor in the formula (3.2) are 1.000 (life expectancy at age 0), 1.019 (life 

expectancy at age 20), and 0.570 (life expectancy at age 65), and the estimated coefficients 

for lifestyle habit factor are 1.000 (life expectancy at age 0), 1.021 (life expectancy at age 
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20), and 1.316 (life expectancy at age 65). Based on these results, it can be considered that 

the stress factor is bigger for active layer and the lifestyle factor is bigger for elderly layer. 

 Next, considering that there could be confounding and multicollinearity, I use lasso 

regression to select explanation variables. Let 𝑦𝑖 be objective variables, 𝑥𝑖,𝑗 be explanation 

variables, 휁𝑗  be coefficients, and lasso is the method to select and estimate the parameters 

with minimizing the below amount in formula (3.3) with the penalty term. 
 

∑ (𝑦𝑖 − ∑ 휁𝑗𝑥𝑖,𝑗

𝑗

)

2

𝑖

+ θ ∑|휁𝑗|

𝑗

 (3.3) 

 

As a result of applying this to the Japanese male life expectancy at age 0 (year 2010), 

unemployment rate, ratio of more than college degree, average temperature, and highest 

temperature are selected as explanation variables (see Table 3). Referring to the regressed 

coefficients, unemployment rate and ratio of more than college degree strongly affect the life 

expectancy. 

 From the results of the structure equation modeling and lasso, unemployment rate 

has an influence on life expectancies of Japanese males. Based on this, I examined the 𝜅𝑡,2 

(the second principal component) series and found it is highly correlated with the 

unemployment rate series (see Figure 2). This fact is consistent with the above results and it 

can make it easier to project mortality rates and macro economy indices, considering the 

correlations between them for risk evaluation and management of insurance companies and 

pension funds. 

 Although it is necessary to examine data other than Japanese data, in this paper and 

based on the above results, I describe the integrated model in the next section. 

 

  



9 

 

 

 Figure 1. Structural Equation Modeling for Japanese male in 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Explanation variables selected by lasso and estimation of coefficients 

（Year 2010, male） 

Classification Variables 
Standard Regression 

Coefficients 

Labor Unemployment Rate -0.2638 

Education 
Ratio of More Than 

College Degree 

0.2837 

Natural 

Environment 

Average Temperature 0.0548 

Highest Temperature 0.0187 

log 휃 = −1.8669 

 

Divorce Rate 

Unemployment 

Rate 

Number of 

Suicides 

Vegetable Intake 

Salt Intake 

Number of Steps 

Smoking Habit 

Stress 

Factor 

Lifestyle 

Habit 

Factor 

Life Expectancy 

(Age 0) 

Drinking Habit 

Life Expectancy 

(Age 20) 

Life Expectancy 

(Age 65) 
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Figure 2. Unemployment Rate and 𝜅𝑡,2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Surrender Rate (Lump-sum Selection Rate) and Macro Economic Indices 

It is known that the economic conditions can affect the surrender or lump-sum 

selection behavior. Using the statistical data of insurance companies for their analysis, Igari 

and Matsuyama (2014) as well as Kaguraoka (2011) show that the surrender rate may be 

related to the unemployment rate. Igawa (2011) states that the lump-sum selection rate could 

be related to the long-term yield observing an actual Japanese corporate pension. In this paper, 

based on these previous studies and assuming the logistic model and arctangent model, I 

describe the integrated model in the next section. 
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4. Integrated Model 

 In this section, I describe the integrated model based on the basic models and the 

empirical analysis. Let 𝑀𝑡 be a log mortality rates vector, Α𝑥 and Β𝑥 be each parameter 

vectors of the LC model as below. 

 

𝑀𝑡 = [

ln 𝑚0𝑡

ln 𝑚1𝑡

⋮
ln 𝑚𝜔𝑡

] Α𝑥 = [

𝛼0

𝛼1

⋮
𝛼𝜔

] Β𝑥 = [

𝛽0,1 ⋯ 𝛽0,𝑗

⋮ ⋱ ⋮
𝛽𝜔,1 ⋯ 𝛽𝜔,𝑗

] (4.1) 

 

Let 𝛫𝑡 be a variables vector of the LC model, and 𝑋𝑡 be a macro-economic indices vector 

as below. 

 

𝛫𝑡 = [

𝜅𝑡,1

𝜅𝑡,2

⋮
𝜅𝑡,𝑗

] 𝑋𝑡 = [

𝑥1

𝑥2

⋮
𝑥𝑛

]  (4.2) 

 

Let 𝑝𝑡  be surrender rates or lump-sum selection rates, and 𝜇𝑝  be an average of 𝑝𝑡 . 

Assuming that 𝑝𝑡 follow the function 𝑓(𝑋𝑡) of a macro-economic indices vector 𝑋𝑡, the 

integrated underlying asset liability model is described as below. 

 

[
𝑀𝑡

𝑝𝑡
] = [

Α𝑥

𝜇𝑝
] + [

Β𝑥𝛫𝑡

𝑓(𝑋𝑡)
] + 𝑍𝑡 (4.3) 

 

[
𝐾𝑡

(𝑋𝑡 − Θ)
] = Λ + ∑ 𝐶𝑖 [

𝐾𝑡−𝑖

(𝑋𝑡−𝑖 − Θ)
]

𝑚

𝑖=1

+ 𝑊𝑡 (4.4) 

 

𝑍𝑡  in the formula (4.3) expresses residual series and Λ ,  𝐶𝑖 , 𝑊𝑡  in the formula (4.4) 

respectively means constant vector, coefficient matrix, and residual series. 

 

  



12 

 

5. Asset Liability Projections and Risk Evaluations 

 In this section, I illustrate some cases of cash flow, single net premium and surplus 

using the integrated underlying asset liability model. Firstly, I explain the model parameters 

and other assumptions for projections, and then I show the results. 

 

5.1 Parameter Assumptions 

I use the parameter estimates in case that each basic model is applied to the Japanese 

data. I estimate the parameters related to some basic models using the parameter estimates 

for each basic model. 

 

a) Mortality Rate Parameters 

As parameters related to the mortality rates in the formula (4.3), I use the estimates in case 

that the LC model is applied to the Japanese male data (Age 15-90, Year 1971-2014) from 

Human Mortality Database (HMD) (see Figure 3). 

 

 

Figure 3. Mortality Rate Parameters (Age 15-90, Year 1971-2014, JP, male) 
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b) VAR model Parameters 

Using the data of real GDP growth rates (𝑋1) from the System of National Accounts (GDP 

statistics) of Japan, unemployment rates (𝑋2) from the Labor Force Survey of Japan, and 

long-term yields (𝑋3) from the Information on Yields of Japanese Government Bonds, I 

assume that the expected macro-economic indices are approaching the equilibrium level 

(respectively 0.8%, 4.3%, 1.4%) over ten years. The correlation matrix estimated by 

standardized long series (1995-2015) is as below. 

 

휀𝑡 = [
1.0000 −0.7240 0.7729

−0.7240 1.0000 −0.7959
0.7729 −0.7959 1.0000

] (5.1) 

 

As explained in the introduction section, according to the previous studies, the relations 

between economic growths and mortality variations are controversial, especially for the long- 

term period. For this reason, I do not consider the correlations between GDP growths and 

mortality variations (however, the integrated model can also incorporate such correlations). 

I consider the correlations between unemployment rates and mortality variations. In the 

coefficient matrix in the formula (4.4), the coefficient estimate of unemployment rates 𝑋2 

to 𝜅𝑡,2 series is 0.17314. 

 

c) Surrender (Lump-sum Selection) Rate Parameters 

In case of the logistic model, I use the same parameter estimates 𝑏 =

[−2.20132 0.14168]′ as Igari and Matsuyama (2014). In the case of the arctangent model, 

I set 𝑎 = 0.13285, 𝑏 = 0.106389, 𝑐＝1.5, d = 2.0 as parameter estimates and 1.0% as the 

assumed interest rate. 

 

5.2 Product Assumptions 

For illustrations, I assume a term insurance which is contracted at age 35 for a male for 10 

years (insurance amount equals 10 million JPY), and an annuity which is contracted at age 

55 for a male for 35 years (the commencement is age 60, monthly amount equals 100 

thousand JPY with 10 years guaranteed, and surrenders are permissible until age 60). 

Surrender value rate is 0.90 for a term insurance and 0.95 for an annuity. 
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5.3 Illustrations of Asset Liability Projections and Risk Evaluations 

 Based on the above assumptions, considering only uncertainty of macro-economic 

indices (including mortality variables with this uncertainty), I evaluate cash flows, single net 

premium, liability, asset, surplus for a term insurance, and an annuity using the Monte Carlo 

method. I assume that assets are invested in long term government bonds for simplicity (I 

can assume equity and foreign assets etc. in the integrated model.). 

The upper side of Figure 4 shows the uncertainty of cash flows (year = 5, 10) and 

single net premium for a term insurance. As the influence of unemployment rates on the 

mortality rate of people in their 30s is high, the uncertainty of the single net premium is great. 

The lower side of Figure 4 shows the uncertainty of liability, asset, and surplus. By using the 

integrated model, surplus variations can be grasped properly under the complicated 

correlation assumptions. 

The upper side of Figure 5 shows the uncertainty of cash flows (year = 10, 15) and 

single net premium for an annuity. As the influence of unemployment rates on the mortality 

rate of elderly people is little, the uncertainty of the single net premium is relatively little. 

However, the contract term is long and there is a risk of unemployment rates variations for a 

long period. The lower side of Figure 5 shows the uncertainty of liability, asset, and surplus. 

Using these results makes it possible to enhance the asset liability management. 

 Figure 6 and Figure 7 show the cases of Figure 4 respectively, assuming the logistic 

model and the arctangent model for surrender rates. Compared to Figure 4, Figure 6 shows 

that the uncertainty of single net premium and surplus becomes larger. Figure 7 shows that 

surrender behavior is influenced by long-term yields, and compared to Figure 6, distributions 

of single net premium and surplus are different. It is important to confirm what factors affect 

surrender behaviors. 

 Figure 8 and Figure 9 show the cases of Figure 5 respectively, assuming the logistic 

model and the arctangent model for surrender rates. Although the period for which a contract 

can be surrendered is assumed until the commencement age, surrender rates have great 

influence on the results. In the case of an annuity, it is important to grasp what factor has an 

influence on surrender rates. 
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Figure 4. Life Product (Age: 35, Insurance Period: 10 years, without surrender) 

 

 

Cash flow (after 5 and 10 years) and Single Net Premium 

 

 

 

 

 

 

 

 

 

 

 

 

Asset, Liability and Surplus (after 5 years) 
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Figure 5. Annuity (Age: 55, Insurance Period: 35 years, Commencement Age: 60, 

Guaranteed Benefit Period: 10 years, without surrender) 

 

 

Cash flow (after 10 and 15 years) and Single Net Premium 

 

 

 

 

 

 

 

 

 

 

 

 

Asset, Liability and Surplus (after 15 years) 
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Figure 6. Life Product (Age: 35, Insurance Period: 10 years, with surrender: logistic model) 

 

 

Cash flow (after 5 and 10 years) and Single Net Premium 

 

 

 

 

 

 

 

 

 

 

 

 

Asset, Liability and Surplus (after 5 years) 
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Figure 7. Life Product (Age: 35, Insurance Period: 10 years, with surrender: arctangent model) 

 

 

Cash flow (after 5 and 10 years) and Single Net Premium 

 

 

 

 

 

 

 

 

 

 

 

 

Asset, Liability and Surplus (after 5 years) 
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Figure 8. Annuity (Age: 55, Insurance Period: 35 years, Commencement Age: 60, 

Guaranteed Benefit Period: 10 years, with surrender: logistic model) 

 

 

Cash flow (after 10 and 15 years) and Single Net Premium 

 

 

 

 

 

 

 

 

 

 

 

 

Asset, Liability and Surplus (after 15 years) 
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Figure 9. Annuity (Age: 55, Insurance Period: 35 years, Commencement Age: 60, 

Guaranteed Benefit Period: 10 years, with surrender: arctangent model) 

 

 

Cash flow (after 10 and 15 years) and Single Net Premium 
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6.  Discussion 

Based on the illustrations showed in the previous section, the uncertainty evaluations 

change much when considering the correlations between mortality variables and macro-

economic indices, such as unemployment rates and long-term yields. Regarding term 

insurance products for young or middle-aged people and long-term annuity, it is desired that 

the asset liability modeling which considers correlations between mortality risk and financial 

risks, is used for pricing and risk management. I explore the relations between the Japanese 

male mortality and the socio-economic data using the structural equation modeling and the 

sparse modeling, and incorporate the relations into the integrated model. For the asset liability 

modeling that considers the correlations between mortality risks and socio-economic risks, it 

is necessary to further analyze the relation between demographic changes and socio-

economic factors. Furthermore, it is necessary to analyze what factors influence contractor 

behaviors, as this affects cash flow, surplus of insurance companies, and pensions. 

 The underlying asset liability model proposed in this paper can be used for risk 

evaluations and pricing, but for precise evaluations, the model structure should be examined 

further. The evaluation framework needs to be developed considering the available 

information and market data. 

 The proposed model can also be used for designing life products and pensions. 

Clarifying risks that contractors hold and evaluating them quantitatively allow for designing 

insurance and pensions for various risks. It also makes it easier to price premiums 

corresponding to sub-groups of these contractors considering heterogeneity risks. Due to 

population reduction and an aging society, this model is also useful for designing social 

security plans, such as the commencement age of public pensions and various benefits related 

to medical care, nursing, and unemployment. The proposed model can also provide 

information about subdivided risks. 

 

7.  Conclusions and Remarks 

 In this paper I propose the integrated model considering the correlations between 

mortality variables and macro-economic indices. I use this model for illustrating some cases 

of cash flow and liability uncertainty and consider risk management and risk sharing. To 

further refine this study, it is necessary to further examine the relations between mortality 

variables and socio-economic factors. In addition, it is also important to analyze factors that 

affect surrender behaviors. Through studies like this, we can enhance risk management for 
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insurance companies and pensions and apply them for designing social security planning. It 

is expected that these kind of studies will be performed. 

 I was able to write this paper based on discussions with a lot of people. I especially 

appreciate the comments from Miwaka Yamashita of the Institute of Actuaries of Japan, 

Futoshi Ishii, Motomi Beppu, Reiko Hayashi, Shiro Koike, and Keita Suga of the National 

Institute of Population and Social Security Research of Japan, Kohei Wada of Chuo 

University, Shuji Tanaka of Nihon University, Atsuyuki Kogure of Keio University, Naoki 

Matsuyama of Meiji University, Keiji Kanemura, and Yosuke Fujisawa of the Japanese 

Association of Risk, Insurance and Pensions, Tsuneto Yamauchi of Keio University, and 

Yoshinori Kawasaki of the Institute of Statistical Mathematics of Japan. 
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