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Background 

After the global economic downturn, the economies of the United States and China 

demonstrate substantial growth opportunities. Among many enterprises, insurance is one hopeful 

industry as more and more people are taking initiatives to protect themselves against risks in 

terms of lives, properties, investments, etc. While the insurance industry has been well-

established in the U.S., the insurance industry in China is only beginning to grow rapidly. 

Prior to China’s economic reforms in the late 1970’s, the insurance industry in China was 

non-existing as most properties and businesses were government owned. 
1
When the insurance 

industry was reinstated in the late 1970’s and early 1980’s, property insurance and especially life 

insurance were heavily promoted. According to the Swiss Re sigma study, the annual life 

insurance premium in 1999 totaled ten billion US dollars.
2
 Upon joining the World Trade 

Organization in 2001, China loosened its regulations and allowed foreign companies to 

participate in the insurance industry. Life-insurance premiums in 2006 grew to forty-six billion 

US dollars. The latest Swiss Re sigma study reports that China’s total insurance premium grew 

15.79% in 2009; life insurance premium alone increased by 13.9%.
3
 

Due to many issues including socio-political structures and economic circumstances, 

insurance in the U.S. and China is quite different in many ways. This project aims to explore and 

analyze their similarities and differences.  
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Introduction to Ratemaking 

Insurance is a business. An insured, or a policyholder, pays premiums to transfer his/her 

risks to the insurance companies, or the insurer. The goal of the insurer is to collect enough 

premiums to cover for losses should they occur as well as to make a marginal profit. In order to 

do so, they must price accurately, and the pricing of insurance is called ratemaking.  

To evaluate if the ratemaking is optimal, measurements like loss ratios are used. The 

most basic ones are
4
: 

 

This measures how much of the premiums received are used for settling claims. 

 

This calculates how much of the premiums received are used for issuing new policies. 

 

The sum of the two helps an insurance company gauge its actual cost of writing new policies and 

covering losses for a given period. The lower it is indicates more profits for the company. 

However, there is not one ideal loss ratio. Depending on industry subsidies and company 

objectives, companies’ target loss ratios vary greatly from 40% to sometimes over 100%.  

When the actual loss ratio differs from the expected loss ratio, a rate change is needed to 

correct the difference. Though a simple percentage surcharge or discount can be applied to the 

overall premiums, a rate change usually involves evaluating the entire ratemaking algorithm and 

revising individual rating variables. This process requires actuarial skills and can take weeks or 

months of time.  

                                                 
4
 "Glossary of Insurance Terms." A.M. Best Company. Web. 12 Dec. 2011. 

<http://www.ambest.com/resource/glossary.html>. 



To help understand how the insurance policy is priced and the interactions between 

different ratemaking factors, we created a simulation of a simple case on life insurance policy. 

We suppose there are a male and a female client, and both of them want to purchase a life 

insurance policy. The market research shows that the expected loss for a female client is $180 

and $200 for a male. How should they get charged? Should we charge them the same price or 

differently? We suppose there are two insurance companies, LA Life and CountryFarm. LA Life 

insurance company does not take gender as one of their rating factors, thus they charge the 

average price $190 for both genders. On the other hand, CountryFarm thinks that it is fair to 

consider the difference between genders, so it charge female applicants $180 while male 

applicants $200. It is assumed that all other conditions are held the same for both companies. The 

Figure 1 shows the summary of the initial scenario: 

 

Figure 1 

 

 From the chart above, we can see that both companies have 1000 clients in total and 

different product prices. Nevertheless, both of them can achieve a balanced 100% loss ratio at the 

beginning even if they charge premiums differently. However, can both companies keep this 

balance all the time? The consumers will constantly look for better rates. After one year, some of 

female clients in LA Life find out that there is a better rate at another company, and the male 

clients in CountryFarm also discover that LA Life has less expensive policy. Therefore, the 



clients will switch out of their own company and go to the better one. Figure 2 below shows the 

change in customer flow after one year. 

 

Figure 2 

 

             The chart above illustrates the new scenario: half of female clients in LA Life go to 

CountryFarm and half of male clients in CountryFarm come to LA Life. Even though both of 

companies still have the same total number of clients, LA Life incurred a loss ratio of 103% 

while CountryFarm is still 100%. The 3% increase in loss ratio is due to that LA Life have more 

male clients, who have higher loss cost. To avoid the loss, LA Life pricing department decides to 

increase their premium up to 3%, to $196. A summary of new scheme is shown in Figure 3. 

 

Figure 3 

 

 After the price adjustment, LA Life can reduce the loss and recover back to 100% loss 

ratio. However, the rising premium of LA Life will only lead to losing more female clients and 

absorbing more male clients as Figure 4 shows. 



 

Figure 4 

 

 Figure 4 shows that LA Life will still result in a loss of 101% although they raised up the 

premium while its competitor could keep a profitable loss ratio all the time. So far, the 

simulation describes a process called adverse selection. In insurance industry, it refers to a 

situation in which people only buy insurance when they expect high risks. The main mechanism 

insurance companies employ to use against adverse selection is pricing segmentation. The above 

simulation shows that it does not work out to charge the same price to people who actually have 

different loss cost. Therefore, we can see that gender should be included as one of the ratemaking 

factor; charging a uniform price towards groups have different loss costs will result in a loss very 

likely. We all know that there are not only one factor that affect the price of an insurance policy. 

When we do a quoting online, the insurance company website always asks about gender, age, 

and sometimes health condition for a common application. These are all possible factors that rule 

the pricing of the policy, but how the factors interact is also a key to pricing strategy. In the 

second part of simulation ,we will add another factor, smoking habit and discover the relation 

between two factors.  



 

Figure 5 

 

 Figure 5 summarizes the two factors we want to simulate. The first factor is still gender, 

and females have a lower loss than males since the females have longer life expectancy than 

males do. The one-level EP means the premiums earned only from one factor. Since females 

have lower loss, the males rate are adjusted based on the females' loss rate, the adjustment is 

calculated as (0.96/0.73-1)=0.32. The same adjustment is applied the smoking factor. To examine 

the relationship between two factors, we first assume they are independent of each other and no 

correlation exists. Thus, when we combine the two factors together to price the premium, we will 

just multiply the ratio independently as shown in Figure 6. 

 

Figure 6 

 

 Since female and non-smokers have lower loss relatively, a female who does not smoke 

will be a base and have lowest loss cost. To calculate the proposed premium for other 

combinations, we use current premium* (1+adjusted rate). For example, for a male who smokes, 

we will take 75000*(1+0.32)*(1+0.64)=1614130. Then we will compare the proposed premium 

with the loss cost to see the new loss ratio, which is indicated below. 

 



 

Figure 7 

 

 The calculation with proposed premium results in a negative adjustment rate for males 

and smokers, which indicates that the two groups get surcharged by the proposed premium. The 

phenomenon tells us that there must be some correlation between the two factors and they are not 

independent of each other. Otherwise, we should get zeros for indicated adjustment. Intuitively, it 

also makes sense that males probably tend to smoke more than females. Thus, it is important to 

explore the relationships between different factors when pricing an insurance product. The 

simulation explains the basic logic in insurance pricing, and also demonstrates the importance of 

locating correct correlation between different rate factors, and which is what we are going to do 

in our comparison of life insurance in China and US. 

As demonstrated in the simulations, ratemaking is complex involving many rating 

variables and their interactions. We wanted to examine the similarities and differences between 

ratemaking in China and in the U.S.. 

 

Exploration of Rating Variables through Linear Regression Analysis 

 

Suspecting that ratemaking differs in China and the U.S., we wanted to answer the 

following questions: 



1) Do the two countries employ different rating variables, i.e. savings rate?  

2) What are the influential rating variable for each country?  

 

Data & Methodology: 

Since life insurance is the most mature line of business in China, we chose to focus on 

life insurance. We would have liked to use real policy and claim data, but they are proprietary 

and confidential information.  Therefore, we created our own policies.  

From research, we selected six common rating variables in life insurance: age, education, 

income, health, gender, and marital status.
5
 We added a seventh variables— savings rate— 

because the Chinese have a much higher savings rate than the Americans; we believe that 

savings habit reflects if a person is risk-adverse or risk-loving, characteristics that are important 

to insurers.  

In summary:  

Rating Variable Type Notes 

Age Numerical Age of the insured 

Education Numerical Years of education of the insured 

Income Numerical Annual income in USD 

Health Categorical 0=standard health status, 1=preferred health status 

Gender Categorical 0=male, 1=female 

Marital Status Categorical 0=single, 1=married 

Savings Rate Numerical Percentage of disposable income 
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 Moreover, sixteen policies were created for each country. To capture the true 

demographics of the country, the profiles of the policyholders were based on census data and 

survey reports
6
. In addition to the most typical profile consisting of the median values for the 

respective country, a variety of individuals were accounted for—migrant workers, blue-collar 

workers, white-collar workers, college-educated professionals, retirees, self-employed 

individuals, etc. See appendix for detailed policies. 

Next, the Chinese policies were rated by two life insurance analysts in China; the U.S. 

policies were rated by two life actuaries in the U.S. Essentially, each associate assigned a 

premium relativity to each policy considering the seven columns of information provided. 

Setting 1 as the base, a value smaller than 1 represents a discount for a preferred policy, and a 

value greater than 1 represents a surcharge for an undesirable policy. In the end, each policy 

received two ratings. We took a simple average of the two relativities. In order to compare the 

relativities across the two countries, we rebased the relativities to the median by setting the 

relativity of each country’s median profile to be 1 (see appendix).   

Finally, we regressed premium relativity on age, education, income, health, gender, 

marital status, and savings rate. We used anova tests to identify which variables are statistically 

significantly associated with the premium relativity. To simplify the regression, we assumed that 

the variables were independent and only modeled for main effects. 
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Exploratory Data Analysis: 

 

 

 

 

 

 

 

 

 

 

Before running any regression, we used EDA to see if the response variable was 

appropriate for linear regression. As shown on the plots above, the values of response variable 

for both countries are about normally distributed and show no extreme skewness or multiple 

modes. Therefore, we proceeded to fitting linear models. 

 

Regression Models: 

U.S. 

To begin, we try a model consisting of all seven main effects.  

 

 

 

 



By the ANOVA type II test, only education is found to be statistically significant at the 

5% level; health is found to be associated with premium relativity at the 10% level holding other 

variables constant. Immediately we suspect that income absorbed the effects of the other 

variables. To check possible collinearity, we look at the variance inflator factors. It is clear that 

the variance of income’s estimated coefficients is inflated by a factor of 7.97 because it is highly 

correlated with at least one of the other explanatory variables in the model. For the same logic, 

age is problematic too. But since income is found to be statistically significant and has the 

highest VIF, we fit a second model excluding income but keeping age. 

 

 

 

 

 

 

The VIF’s look much more reasonable this time. According to anova type II test, 

education and age are statistically significantly associated with the response variable holding the 

other explanatory variables constant. In other words, deleting age or education from the model 

will result in a poorer fit. 

 

 

 

 

 

 



Therefore, the selected model for the U.S. data is: 

Premium relativity= 0.876 – 0.028*education +0.012*age 

 

To evaluate this model, we first note that the adjusted R-squared is high at 0.84, 

suggesting that 84% of the variability in the data is accounted for by the model.  

Furthermore, we looked at the residual analysis.  

 

 

 

 

 

 

 

 

 

Based on the QQ plot, most of the residuals lie within the 95% confidence intervals. Two 

points lie slightly outside of the confidence intervals. The Shapiro-wilk test calculates a p-value 

of 0.09057, suggesting that there is not enough evidence to reject the assumption of normal 

residuals at the 5% level. For a small sample size of 16, we conclud the residuals are normally 

distributed. 

To check the assumption of linearity, we plot the fitted values against the observed. There 

is no obvious pattern. For the most parts, the points are evenly scattered around the diagonal 

linear regression line. There is one exception at ~(0.85, 1.1). It deviates away from the regression 



line further from the rest. But again considering the small sample size, we believe that 

assumption of linearity is met. 

Finally to check the assumptions of independence and homoscedascity of the errors, the 

studentized residuals against the fitted values are plotted. We notice the same outlier again at 

fitted value ~1.1. Ignoring this point, the residuals are randomly scatted around 0; the variance is 

constant. The residuals are indeed independent and homoscedastic.  

 

China: 

Similarly, a model with all seven main effects is tried first.  

 

 

 

 

 

 

 

Income once again has the highest VIF and is thus deleted. 

 

 

 

 

 

 



In the second model, the VIF’s are all below 4—the general rule of thumb—suggesting 

collinearity is not an imminent problem. In this model, there is a statistically significant 

association between premium relativity and age, education, savings rate, and marital status. The 

model will be worse if any of these variables is deleted.  

Therefore, a selected model regresses premium relativity on age, education, savings, and 

marital status: 

 

 

 

 

 

 

 

 

 

 

          The R-squared is very high, indicating that 95% of the variability in the data can be 

explained by the model shown below: 

Premium relativity= 0.794+0.022*age –0.028*education–1.069*savings– 0.205*marital status.  

 

To be consistent, residual analysis is also used to check the assumptions of this model.  

 

 



 

 

 

 

 

 

 

All of the points are well within the confidence interval. The p-value from the Shapiro-

wilk test is very high at 0.5673. There is strong evidence of normally distributed residuals. 

Moreover, points in the fitted vs observed value plot are evenly scattered around the 

diagonal line, confirming linearity of the data.  

Lastly, the residuals vs fitted values plot is plotted to check homoscedascity and 

independence. Though randomly scattered, the variance does seem to increase as fitted values 

increase. However, considering the small number of values at higher fitted values, this violation 

of constant variance is not as alarming to us.  

Overall, the model does seem to be appropriate.  

 

Interpretation: 

U.S.: 

Premium relativity= 0.876 +0.012*age – 0.028*education  

Standardized Coefficients: 

Age: 0.264           Education: -0.126 



Based on the above linear regression analysis, the premium relativity in the U.S. rated by 

our American correspondents is highly associated with age and education. A year of increase in 

the insured’s age corresponds to a 0.012 increase in the relativity; a year of decrease in the 

insured’s year’s education corresponds to a 0.028 decrease in his/her relativity. Intuitively this 

makes sense because an older insured has a higher chance of fatality; insurance company charges 

higher premiums to compensate for higher risks. Education allows people to take better care of 

themselves in terms of diets, lifestyles, activity levels; responsible habits likely decrease chance 

of death, leading to a discount in life insurance premiums for more years of education.  

To compare the effects of the two variables, we standardize the coefficients by 

multiplying them by their inter-quartile ranges. After adjustment, age has a larger effect than 

education over the central half of premium relativity observed in the data. 

China: 

Single: Premium relativity=0.794 + 0.022*age – 0.028 *education -1.069 *savings  

Married: Premium relativity=0.589 + 0.022*age – 0.028 *education -1.069 *savings  

Standardized Coefficients: 

Age: 0.484           Education: -0.266         Savings: -0.160 

On the other hand, the premium relativity in China rated by our Chinese correspondents 

is associated with not only age and education but also savings rate and marital status. A married 

insured’s relativity is 0.205 lower than a single insured’s. A year of increase in the insured’s age 

corresponds to a 0.022 increase in the relativity; a year of decrease in the insured’s year’s 

education also corresponds to a 0.028 decrease in premium relativity like that in the U.S. model. 

Finally, a unit increase in savings rate is associated with 1.069 units of decrease in premium 

relativity. Again, these results make sense because an older insured is riskier. A married insured 



is more preferred because his/her spouse can care for each other. Higher education allows for 

self-care knowledge. High savings rate indicates more responsible behaviors and the ability to 

cover preventive cares and so on. 

After standardizing the coefficients, we see that in this model age has the largest effect 

over the central half of observed data followed by education and savings rate. 

 

U.S. VS China 

Through our linear regression analysis, we find that ratemaking indeed differs in China 

and the U.S. Based on our samples, U.S. life insurance companies tend to rate based on age and 

education while Chinese companies tend to rate on age, education, savings rate, and marital 

status. In both models, age stands out to be the most influential rating variable followed by 

education.  

However, recall that these regressions are extreme simplifications of ratemaking and rely 

heavily on the assumptions of independent variables. Moreover, the values of the response 

variable are the arbitrary judgments of a very small number of people. Any indication from these 

two models only prompts further examination and research. 

To further understand the complications and implications behind different factors that 

affect two insurance markets, we conducted researches to study the insurance markets in China 

and United States and look for how consumer behaviors and cultural differences impact on two 

markets so that same factor can have different effects on the model in different country. Since 

there are many possible factors implementing on the insurance pricing model, we choose to 

emphasize a few major factors that are commonly asked in a life insurance application, and they 

are gender, age, income, family structure, and an overall examination on social and cultural 

differences between two countries that have crucial influences on these factors.   



Gender 

 In US, although the overall statistics does not show an obvious difference or significance 

between the number of female life insurance policyholders and male life insurance policyholders, 

there is a recent trend that indicates more females are purchasing life insurance. According to the 

report from Insurance &Financial Advisor (IFA), sales of life insurance policies offering long-

term care benefits obtained a 79% increase in 2010, and women accounted for about 60% of the 

sales. The research from the American Association for Long-Term Care Insurance shows that 

women between the ages of 55 and 64 bought more than one-third of the policies sold in 2010. 
7
 

Also, male purchases tended to be slightly older. These evidences show that more women start to 

buy life insurance and they bought at earlier ages. One reason that women want to purchase life 

insurance is that women tend to have better rates than men have since women have a longer life 

expectancy. Another possible reason is that women will want to show more care and love toward 

their family so they would like to buy life insurance to protect their loved ones.     

            Whereas in China, in order to have a better idea of how various factors affect people’s 

decisions of buying insurance, an insurance survey for Chinese life insurance consumers was 

conducted
8
. The survey was conducted by doing face-to-face interviews in three major cities of 

China, which were Shanghai, Shenzhen, and Chengdu. In total, 295 insurance buyers 

participated in the survey, in which 37 were not counted as they were used as testing samples. 

Therefore, the total sample size of the survey was 258. Out of the 258 participants, 45.74% are 

male, and 54.26% are female. The result clearly indicates the fact that female is the majority of 
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insurance consumers in China. Therefore, under this category, we can conclude that female tend 

to be the majority of insurance consumers in both the U.S. and China.  

Age 
 

 The table below is the data showing life insurance buyers in different ages in US in 2007, 

from the American Association for Long-Term Care Insurance website.
9
 The data clearly 

illustrates that elderly people buy more life insurance in United State.  

 

Table 1 

Looking at the situation of China, the result of the same survey introduced under “Gender” 

category shows that more than 91% of the respondents are younger than 44 years old, among 

which 68% are between 25 and 44 years old
10

, which demonstrates that compared to elderly, 

young people are the main insurance buyers in China. Therefore, two insurance markets differ 

under “age”. While elderly people buy more life insurance in the United States, young people are 

the main consumers in China. 

Income 

 

Income is also an important factor in determining the price of insurance. When people 

have more extra money, they would more likely to buy insurance products. Oppositely, when the 
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economy is bad and unemployment rate is high, consumers will probably cut of the spending on 

life insurance. In 2010, the percentage of U.S. households with life insurance coverage is at its 

lowest in 50 years, leaving millions of families without a safety net, reported by USA 

Today.
11

According to the survey provided by LIMRA , an industry-sponsored group, only 44% 

of households have an individual life insurance policy, and 30% have no individual or employer-

provided life insurance. About 11 million households with children younger than 18, who are 

seen as families with the greatest need for coverage, have no life insurance. One plausible 

explanation for this serious lack of life insurance coverage in US recently is the economic 

downturn. The survey conducted showed that people would not spend on life insurance when 

they suffer from reduced income. 
12

 

And China faces the similar situation. Based on the same survey of insurance consumers, 

nearly 64% of the respondents were making over RMB 4,000 (≈ US $503) per month per family 

unit, while the average monthly income at the time of the survey (2006) was RMB 1058.89 (≈ 

US $ 133) at exchange rate of US $1 = RMB 7.9602
13

. The huge difference between two 

monthly income shows that the majority of people buying life insurance in China has much more 

higher income than average. Therefore, comparing the situation in the United States and China, 

we conclude that people with higher income tend to buy more life insurance than others. 

Family/Dependents 

In United States, protecting family is one of main top reasons why people purchase life 

insurance, especially for primary income earners in a family. The primary income earners want 
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to buy life insurance to cover for their family in case of any accidents happened to them and left 

their dependents vulnerable.  

China has slightly different situation under this category. The same life insurance survey 

shows that over 56% of the respondents do not have dependent children, while the rest have less 

and equal to 1 child. This indicates that people with fewer dependents buy more life insurance in 

China. And the main reason for this circumstance is that implementing “One family One child” 

policy has dramatically influenced people’s lives in China. When people start to have fewer 

children, the living expenses of a household will decline, thus people are able to earn more 

savings compared to before. Hence, the increase in people’s savings enables them to start to 

invest their money, and life insurance is one of the investments that people usually prefer.  

Social and Cultural Difference between two countries 

 

The comparison above demonstrates the differences between each country, and many of 

the differences can also be explained by understanding the social and cultural backgrounds. For 

example, more elderly purchase life insurance in US than old people do in China, and it could be 

explained by the societal evaluation on individualism. People in United States emphasize on the 

sense of individualism, thus, old people would like to buy life insurance for themselves to cover 

the funeral related expense occurred after their death and avoid shifting the burden to their kids. 

However, filial piety, a respect for the parents and ancestors, is one of the virtues to be held 

above all else in China. Holding a grand funeral is a traditional way for Chinese to show their 

love and respect to their parents. Since the social security system is still underdeveloped in China, 

most old people depend on their children after they retired. Thus, fewer old people in China 

purchase life insurance, since the policy is probably purchased by their kids. Another main 

difference in consumer behaviors between two country is due to the psychological barrier of 



facing death existing in US. The data shows that young people who are life insurance applicants 

are less than 50% of the total population. The procrastination is detected among young adults in 

US. Dr Ernest Becker, author of the Pulitzer Prize winning book, Denial of Death (1973) wrote 

that, "Denial of death pervades human culture. It is a subject we'd rather ignore than address."
14

 

This psychological refusal to face death leads to procrastination in purchasing life insurance. 

However in China, due to the growing awareness of risk and Chinese traditional way of showing 

love and respect to the elderly people, young people are the majority of life insurance consumers. 

Moreover, due to the difference of socio-demographic structure and traditional culture, while life 

insurance is a priority expense among all insurance products in China, it is not the same in the 

United States. Hence, people’s preferences and demands of insurance products differ in two 

countries as well. 

 

Conclusion 

 

In conclusion, by conducting the simulation of two insurance companies’ pricing 

strategies, we obtained a basic understanding of how pricing strategy works, and more 

importantly, how influential rating variables are in insurance markets. Then we proceeded to 

further analyze the rating variables in U.S. and China individually by our linear regression model, 

and compared the results jointly again between the two countries. Through these analysis and 

comparison, we observed that pricing strategy, influenced by variables including age, education, 

savings, and marital status, differs in China and the U.S.. However, age is observed to be the 

most influential rating variable in both countries.   
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Furthermore, we examined the two insurance markets by considering more variables 

associated with social and cultural background. By doing so, we had a better understanding of 

the differences and similarities between these two insurance markets not only from statistical 

perspective, but also from the impact that social and cultural aspect has on consumer behavior as 

well as consumer psychology. 

Lastly, we were very interested in the future development of these two insurance markets, 

especially in the undeveloped insurance market in China. While the insurance industry in the U.S. 

has rather stabilized, the growth of the insurance industry in China has very promising outlooks. 

Taking the historical (1999 to 2010) life insurance premiums in China published by China 

Insurance Regulatory Commission,
15

 we fitted a Seasonal ARIMA (1,1,1)x (0,1,  model.  

Using this model to forecast the premiums for the next six years, a clear upward trend is 

observed. More importantly, it is predicted to increase exponentially. But the confidence interval 

of our prediction gets much wider as we predict further into the future. Therefore, we suggest 

that the predictions are reliable up to January 2013.  
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Appendix 

Linear Regression Data: Policies for China  

Policy Age Years of Education Income Savings Health Status Gender Marrital Status Description

China1 35 6 7500 0.2 0 1 1 median profile, male

China2 35 5 7600 0 0 0 1 median profile, female, no savings

China3 35 5 7600 0.2 0 0 1 median profile, female, good savings

China4 32 6 4000 0 0 1 0 young male, uneducated, no savings, below average income, standard health status, single

China5 30 6 3500 0 1 0 0 young female , uneducated, no savings, below average income, healthy, single

China6 35 16 9600 0.2 0 0 1 college educated female, median age, middle-upper class, good savings, standard health, married

China7 36 16 10000 0.2 1 1 1 college educated male, middle-upper class, good savings,  health, married

China8 25 15 9000 0.05 1 1 0 young college educated male,middle-upper class, little savings, healthy, single

China9 28 18 10000 0.05 0 1 0 young male with graduate degree, middle-upper class, little savings, standard health, single

China10 42 16 10000 0.3 0 0 1 college educated married middle age female, middle-upper class, large savings, standard health

China11 45 6 8000 0.1 0 0 1 middle-age female with primary education, middle-class, moderate savings, 

China12 60 2 3500 0.1 0 1 1 unedcated older male, blow average earnings, moderate savings

China13 55 12 5000 0.1 0 1 1 educated middle-age male, below average earnings, moderate savings

China14 70 12 4500 0.1 0 0 1 educated older female, below average earnings, moderate savings

China15 65 10 4500 0.2 0 0 1 educated older female with low income but high savings

China16 80 3 3000 0.1 0 0 1 uneducated elderly female with low income, moderate savings  

Note: The “Description” column is intended for our reference. It was not sent to the actuaries. 

Linear Regression Data: Policies for the U.S.  

Policy Age Years of Education Income Savings Health Status Gender Marrital Status Description

US1 35 12 45000 0.2 0 1 1 median profile, male, good  savings

US2 35 10 45600 0 0 0 1 median profile, female, no savings

US3 35 12 45600 0.2 0 0 1 median profile, female, good savings

US4 32 9 24000 0 0 1 0 young male, high school drop out,  savings, lowincome, standard health status, single

US5 30 10 21000 0 1 0 0 young female , high school drop out, little savings, low income,healthy  single

US6 35 16 57600 0.2 0 0 1 college educated female, median age, middle class, good savings, standard health, married

US7 36 18 60000 0.2 1 1 1 college educated male, middle class, good savings,  health, married

US8 25 16 54000 0.05 1 1 0 young college educated male,middle class, little savings, healthy, single

US9 28 18 60000 0.05 0 1 0 young male with graduate degree, middle class, little savings, standard health, single

US10 42 16 60000 0.3 0 0 1 college educated married middle age female, middle class, large savings, standard health

US11 45 12 48000 0.1 0 0 1 middle-age female with high shcool education, middle-class, moderate savings, married

US12 60 9 21000 0.1 0 1 1 older male, middle school education, low income, moderate savings

US13 55 16 30000 0.1 0 1 1 educated middle-age male, low income, moderate savings

US14 70 16 27000 0.1 0 0 1 educated older female, low income, moderate savings

US15 65 16 27000 0.2 0 0 1 college educated older female with low income but high savings

US16 80 12 20000 0.1 0 0 1 high school educated elderly female with little income, moderate savings  

Relativities Averaged and Rescaled. 

 

 

 

 

 

 

 

 

 

 

 

Policy CN1 CN2 Average CN Rescaled

CN1 1.00 0.90 0.95 1.00

CN2 1.20 1.20 1.20 1.26

CN3 1.00 1.00 1.00 1.05

CN4 1.45 1.30 1.38 1.45

CN5 1.15 1.20 1.18 1.24

CN6 0.65 0.60 0.63 0.66

CN7 0.60 0.60 0.60 0.63

CN8 0.75 0.80 0.78 0.82

CN9 0.80 0.70 0.75 0.79

CN10 0.70 0.75 0.73 0.76

CN11 1.10 1.10 1.10 1.16

CN12 1.60 1.50 1.55 1.63

CN13 1.30 1.30 1.30 1.37

CN14 1.80 1.60 1.70 1.79

CN15 1.40 1.50 1.45 1.53

CN16 2.00 1.90 1.95 2.05

Policy US 1 US 2 Average US Rescaled

US1 1.05 1.10 1.08 1.00

US2 1.00 1.00 1.00 0.93

US3 1.00 1.00 1.00 0.93

US4 1.20 1.15 1.18 1.09

US5 1.20 1.10 1.15 1.07

US6 0.90 1.00 0.95 0.88

US7 0.80 0.85 0.83 0.77

US8 0.75 0.80 0.78 0.72

US9 0.90 0.90 0.90 0.84

US10 0.90 0.85 0.88 0.81

US11 0.95 0.90 0.93 0.86

US12 1.45 1.30 1.38 1.28

US13 1.30 1.30 1.30 1.21

US14 1.50 1.60 1.55 1.44

US15 1.50 1.50 1.50 1.40

US16 1.60 1.70 1.65 1.53



R-Code 

library(car) 

library(TSA) 

#reading data 

 

us=read.csv('us.csv',header=T,stringsAsFactors=F) 

china=read.csv('china.csv',header=T,stringsAsFactors=F) 

names(us)=c('policy','age','education','income','savings','health','gender','marital','factor1','factor2',

'avg','rescaled') 

names(china)=c('policy','age','education','income','savings','health','gender','marital','factor1','facto

r2','avg','rescaled') 

us= us[with(us, order(rescaled)), ]  

china= china[with(china, order(rescaled)), ]  

 

#EDA 

#US 

par(mfrow=c(3,1)) 

plot(us$rescaled,type='l',xlab='Policy Index',ylab='Rescaled Premium Relativities',main='Index 

Plot of the Rescaled Premium Relativities-US') 

plot(density(us$rescaled),main='Density Plot of Rescaled Premium Relativities-US') 

qqPlot(us$rescaled,main='QQ Plot with 95% Confidence Intervals-US',ylab='Rescaled Premium 

Relativities') 

 

#China 

par(mfrow=c(3,1)) 

plot(china$rescaled,type='l',xlab='Policy Index',ylab='Rescaled Premium 

Relativites',main='Index Plot of the Rescaled Premium Relativities-China') 

plot(density(china$rescaled),main='Density Plot of Rescaled Premium Relativities') 

qqPlot(china$rescaled,main='QQ Plot with 95% Confidence Intervals',ylab='Rescaled Premium 

Relativities') 

 

#US regressions 

us1=lm(rescaled~age+education+income+savings+health+gender+marital,data=us) 

Anova(us1) 

vif(us1) 

# delete income 

us2=lm(rescaled~education+age+gender+marital+savings+health,data=us) 

Anova(us2) 

vif(us2) 

#final 

us3=lm(rescaled~education+age,data=us) 

summary(us3) 

#residual analysis 

par(mfrow=c(1,3)) 

qqPlot(rstudent(us3),main='QQ Plot of the Studentized Residuals') 

plot(us$rescaled,us3$fitted,xlab='observed',ylab='fitted',main='Fitted vs Observed') 



abline(lm(us$rescaled~us3$fitted)) 

plot(us3$fitted,rstudent(us3),xlab='fitted',ylab='studentized residuals',main='Residuals vs Fitted 

Values') 

abline(h=0) 

shapiro.test(rstudent(us3)) 

summary(us) 

 

#China regression 

china1=lm(rescaled~age+education+income+savings+health+gender+marital,data=china) 

Anova(china1) 

vif(china1) 

#removes income 

china2=lm(rescaled~age+education+savings+health+gender+marital,data=china) 

Anova(china2) 

vif(china2) 

#final 

china3=lm(rescaled~age+education+savings+marital,data=china) 

summary(china3) 

#residual analysis 

shapiro.test(rstudent(china3)) 

par(mfrow=c(1,3)) 

qqPlot(rstudent(china3),main='QQ Plot of the Studentized Residuals') 

plot(china$rescaled,china3$fitted,xlab='observed',ylab='fitted',main='Fitted vs Observed') 

abline(lm(china$rescaled~china3$fitted)) 

plot(china3$fitted,rstudent(china3),xlab='fitted',ylab='studentized residuals',main='Residuals vs 

Fitted Values') 

abline(h=0) 

summary(china) 

 

#Time Series Prediction 

cnprem=read.csv('cn_premiums.csv',header=F,stringsAsFactors=F) 

cnts=ts(cnprem[,2],start=c(1999,1),frequency=12) 

 

par(mfrow=c(1,2)) 

plot(cnts,main='Time Series Plot: Monthly Life Insurance Premiums in China') 

plot(log(cnts),main='Time Series Plot: Log (Premiums)') 

 

par(mfrow=c(1,2)) 

plot(diff(log(cnts)),main='Difference of Log(Premiums)') 

spec(diff(log(cnts)),spans=c(3,3),main='Smoothed Spectral Density of the Difference of 

Log(premiums)') 

abline(v=c(1:5)/12,lty='dashed') 

#clear seasonality 

 

par(mfrow=c(2,2)) 

acf(diff(log(cnts)),main='ACF of the Difference of Log(premiums)',ci.type='ma',lag.max=48) 



pacf(diff(log(cnts)),main='PACF of the Difference of Log(premiums)',lag.max=48) 

acf(diff(diff(log(cnts)),lag=12),main='ACF of the First and Seasonal Difference of 

Log(premiums)',ci.type='ma',lag.max=48) 

pacf(diff(diff(log(cnts)),lag=12),main='PACF of the First and Seasonal Difference of 

Log(premiums)',lag.max=48) 

 

cn1=arima(log(cnts),order=c(1,1,1),seasonal=list(order=c(0,1,0),period=12)) 

#log likelihood = 54.82,  aic = -105.64 

 

cn2=arima(log(cnts),order=c(1,1,1),seasonal=list(order=c(0,1,1),period=12)) 

#log likelihood = 58.83,  aic = -111.66 

 

#final 

par(mfrow=c(3,1)) 

plot(cnts,lwd=2,main='Monthly Premiums Fitted by SARIMA(1,1,1)x(0,1,1)',ylab='10,000 

RMB') 

points(cnts-exp(cn2$resid),col='blue') 

legend('topleft',c('actual','fitted'),col=c('black','blue'),pch=c('-','o')) 

pre=predict(cn2,n.ahead=72) 

plot(pre$pred,type='o',main='Prediction Six-Year Forward from Jan 2011',col='blue') 

plot(cn2,n.ahead=72,main='Historical Premium Trend and Predictions on a Log Scale') 

points(pre$pred,col='blue') 

abline(v=c(2013,1),col='black',lty='dashed',lwd=3) 

legend('topleft','--- Jan 2013') 


