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Abstract：As the impact of aging population and the transition of pension insurance system in China, the contribution from in-work staffs cannot afford the benefits deserved by retirees, resulting in a payment gap of pension insurance. In this study, we developed actuarial models to calculate the payment gap of urban enterprise employees' basic pension benefits and analyzed the sustainability of the basic pension insurance system in China by prospective method, considering the difference of pension benefit composition for different aged employees. Based on the future mortality of urban population which was forecasted by the Lee-Carter model and Coale-Kisker method, as well as benchmark actuarial assumptions, we calculated the actuarial present value of payment gap of urban enterprise employees’ basic pension from year 2015 to year 2045. The results show that the actuarial present value of payment gap increases rapidly during the first 15 years with the peak value of 177 trillion CNY in 2030, followed by a decline trend with the average annual speed of less than 1%. The actuarial present value of pension benefits, contributions and payment gap vary with the gender. The sensitivity analysis shows that the influence extent of each factor on payment gap from strong to weak are the retirement age, salary growth rate, interest rate, contribution rate, pension replacement rate and age-linked-benefit growth rate. Based on the results, we proposed some policies on reducing the payment gap of basic pension benefits and improving the financial sustainability of basic pension insurance system.
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1. Introduction

In recent years, the income growth rate of urban enterprise employees’ basic pension insurance fund in China decreases, while the expenditure of that increases, resulting in a decline of current period surplus. The expenditure growth rate of urban enterprise employees’ basic pension insurance fund is 18.55% in 2014, which is almost three times higher than the income growth rate. The government work report of 2016 presents that the budget deficit rate has already reached 3% which is the international warning line proposed by the European Union. Since the combination of urban enterprise employees’ pooling account and individual account, the facts such as payment imbalance of pension fund, empty account and so on have aroused academic discussion and social concern. Moreover, the increasing longevity has further aggravated the burden of future pension expenditure. According to Chinese pension development report in 2015 reported by Zheng Bingwen, in 2014, the accumulated recorded benefits of urban enterprise employees’ individual account pension reached 4097.4 billion CNY, which was much higher than the accumulated fund of basic pension insurance (917.4 billion CNY). In other words, even if all the accumulated fund of urban enterprise employees’ basic pension insurance is used to pay the individual account pension benefits, there will still exists a large deficit of individual account. In China, the urban enterprise employees’ basic pension insurance fund consists of social pooling account and individual accounts. The operation of pooling account relies on financial subsidies and sometimes borrowing money from the individual account fund. As the occupational annuity in our country is developing, urban retirees mainly depends on social pension insurance to make a living. In the last decade, the Chinese governments raise the pension benefit level of enterprise retirees annually; however, there is still a large gap between the reality and the enterprise employees’ expectation. Therefore, there are two main aspects concerned by scholars and government: whether the basic pension insurance system possess the solvency ability or not and how much payment gap of basic pension will be produced. Employing the actuarial method to calculate the revenue and expenditure of basic pension insurance is conducive to analysis the system’s rationality and financial situation from a long-term view. That is also conducive to the government to discover potential risks and formulate fairness policy programs which are much more benefit to the system’s sustainable development.
Domestic researches on the pension insurance system mainly focus on the analysis of its relationship with policy parameters, economic factors and population. CAO and LU (2010) calculated and analyzed the future balance of social pooling account via long-term actuarial model. They suggested that integration of several pension insurance systems would not bring too much pressure on the financial. Wang (2010) analyzed the dependency rate and contribution rate, and suggested that properly reducing the pension replacement rate and gradually raising the retirement age would help ease the financial pressure. Wang (2013) estimated the payment gap of pooling accounts under different calibers and methodologies. Wei (2014) made actuarial valuations on the financial sustainability of the basic pension for enterprise employees; however, the calculation models used in the paper were typically expressed by text rather than formulas. Although the studies have focused on fiscal balance and payment gap, there are still some points which need to be further investigated. First of all, most domestic scholars focus on the study of revenue, expenditure in a certain period from the flow perspective; however, few researches analysis the balance of pension insurance from the stock perspective. Secondly, actuarial benchmark assumptions in some researches are not precise enough. For example, the death rate of population is based on the data released by China Life Insurance in 2003. The impact of demographic changes on pension systems over the next 30-40 years is greater than other economic and social factors. Actuarial calculation using the mortality life table of 2003 will reduce the accuracy of the final results. Thirdly, the calculation formulas of revenue and expenditure are general, which has not distinguished the type of employees, contribution and benefits in line with State Council Decision on Improving the Basic Pension Insurance System for Enterprise Employees (State Council Document #38 in 2005). Formulas taking the gender difference of employees into account will increase the results accuracy.
Take above tips into consideration, actuarial models of payment gap of basic pension insurance for urban enterprise employees were established in this study, considering the difference of pension benefits composition for different aged employees. Based on the Lee-Carter model, Coale-Kisker method and population forecasting model, the age-wise and gender-wise distribution of urban population were obtained. Then, the payment gap of basic pension insurance in next three decades was calculated in a vivid way, and sensitivity analysis of main parameters was also conducted. Based on the results, related policy recommendations were proposed.
2. Actuarial models of the payment gap
In a certain period, if the expenditure of basic pension insurance exceeds its revenue, there exit a payment gap of basic pension insurance. The payment gap of basic pension insurance for urban enterprise employees consists of two parts: payment gap of pooling account and that of individual account. The payment gap of individual account equals to pension benefits taken by employees beyond the calculated months. 

According to the Labor Law, the legal retirement age for male workers, female cadres, female workers are 60 years old, 55 years old and 50 years old, respectively. Considering the proportion of female cadres to female workers, this paper assumes the average retirement age for female employees is 52 years old. The retirement age for male employees is 60 years old and the minimum age for entry the basic pension insurance system is 18 years old which equals to the minimum legal working age. Let Ly,x denotes the number of x years old insured employees at the beginning of year y; LM  y,x denotes x years old insured male employees at the beginning of year y; L F y,x denotes x years old insured female employees at the beginning of year y. By,x the benefits deserved of a participant aged x in year y, npx the probability of a person aged x surviving to age x + n. iy, vy, gy, sy, jy denote the real interest rate, discount factor, wage growth rate, age-linked-benefit growth rate, accounting rate in year y , respectively. vy = 1 / (1 + iy). Let Vy = (1 + gy - 1) / (1 + iy), Uy= (1 + gy-1) / (1 + iy), Jy = (1 + gy-1) / (1+ jy).
The State Council Decision on establishment of a unified basic pension insurance system for enterprise employees (the State Council Document #26 in 1997) clarified the function of individual account. Assuming that the pension insurance system for urban enterprise employees began operating at the early year 1997 and z stands for that year. According to the State Council Document #26 in 1997 and the State Council Document #38 in 2005, employees can be divided into four types, old people, retired middle people, working middle people and new people, with PVSPO t, PVSPRM t, PVSPWM t, PVSPN t standing the actuarial present value of their future deserved pooling account pension benefits at the beginning of year t, respectively. Using PVCt stands the actuarial present value of future contribution from enterprises at the beginning of year t and PVIt stands the actuarial present value of individual account pension benefits received by retires after the calculated months at the beginning of year t. FBt denotes the actuarial present value of payment gap of basic pension for urban enterprise employees at the beginning of year t. 
2.1 The actuarial model of pooling account expenditure 
2.1.1 Old people’s actuarial present value of pooling account benefits deserved in the future
Employees who were already retired before the implementation of State Council Document #26 in 1997 are referred to as old people (including old men and old women). The age interval of old people is [r+t-z, ] at the measurement point in time t. The actuarial present value of pension benefits deserved in the future by all old people at the measurement point in time t is
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Assume that pension benefits for pensioners with border upon ages in a same year would grow at rate b, which represents the growth rate of age-linked benefits. Thus
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R represents the replacement rate. Sy,x stands for the contributory salary of a participant aged x in year y, while s stands for the growth rate of working-age salary. 
2.1.2 Retired middle people’s actuarial present value of pooling account benefits deserved in the future
Employees who were contributing to the pension system before the implementation of State Council Document #26 in 1997 and were retired before the measurement point in time t are referred to as retired middle people (including retired middle men and retired middle women). The age interval of retired middle people is [r, r+t-z-1] at the measurement point in time t. Their pooling account benefits consist of two parts: basic pension benefits and transition pension benefits. BRMB t,x denotes the basic pension benefits earned by one of the retired middle people aged x at the measurement point in time t and BRMT t,x the transition pension benefits. We assume that the annual growth rate of basic pension benefits and transition pension benefits are same (y).
The actuarial present value of pension benefits deserved in the future by all retired middle people at the measurement point in time t is

[image: image4.wmf]11

,,,,

0

0

()(1)

n

rtzx

RMRMRM

ttxtxtxtkxktk

xrn

k

PVSPLBBpV

w

+----

+++

==

=

éù

=++

êú

ëû

åå

Õ

             （4）

The pooling account benefits deserved by retired middle people increase at the growth rate of pension benefits based on their pension benefits deserved at retirement age. As long as the length of contribution period increases one year, basic pension benefits will enhance one percentage point of the mean value of last year’s local average economy salary and the individual’s indexed average contributory salary. Transition pension benefits equal the product of the indexed average contributory salary, payment coefficient and the length of the contribution period. The payment coefficient typically ranges from 1% to 1.4%, and we assume it be 1.2%. The basic pension benefits and transition pension benefits earned by one of the retired middle people aged x at the measurement point in time t are respectively
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2.1.3 Working middle people’s actuarial present value of pooling account benefits deserved in the future
Employees who were contributing to the pension system before the implement of the State Council Document #26 in 1997 and retire after the measurement point in time t are referred to as working middle people (including working middle men and working middle women). The age interval of working middle people is [e+t-(z-1), r-1] at the measurement point in time t. Their pooling account benefits also consist of basic pension benefits and transition pension benefits. As for a contributor aged x in year t, BWMB t+(r-x),r and BWMT t+(r-x),r represent the basic pension benefits and transition pension benefits deserved in the year when he reaches retirement age, respectively. 
The actuarial present value of pension benefits deserved in the future by all working middle people at the measurement point in time t is
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The basic pension benefits and transition pension benefits earned by one of the working middle people aged x at the measurement point in time t are respectively
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2.1.4 New people’s actuarial present value of pooling account benefits deserved in the future

Employees who began contributing after the implement of the State Council Document #26 in 1997 are referred to as new people (including new men and new women). The age interval of new people is [e, e+t-z] at the measurement point in time t. Employees who contribute no less than 15 years are eligible to receive basic pension benefits after retiring.

The actuarial present value of pension benefits deserved in the future by new people aged x at the measurement point in time t is
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The basic pension benefits earned by one of the new people aged x in year t at retirement age is
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2.2 The actuarial present value of future contributions
Since the old people and the retired middle people were already retired, Chinese urban enterprises only need to contribute to the pension system for the working middle people and new people. Let c1 represent the required contribution rate for pooling account, which is 20% according to the State Council Document #38 in 2005. 
At the measurement point in time t, the actuarial present value of future contributions made by enterprises for all employees is
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2.3 The actuarial present value of individual account pension beyond the calculated payment months 

2.3.1 Individual account pension
According to the State Council Document #38 in 2005, the individual account pension for employee contributing over 15 years equals his accumulated individual account fund divided by the calculated payment months. Using IRM t,x, IWM t,x, IN t,x represent the individual account benefits deserved by retired middle people, working middle people and new people, respectively. Let c2 represent the required contribution rate for individual account. Thus the formulas of individual account pension benefits deserved by retired middle people, working middle people and new people are
: 
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2.3.2 The actuarial present value of beyond calculated payment months’ individual account pension
Over calculated payment mouths’ individual account pension refers to the individual account pension received by retirees beyond the mx month. 

As for employees who have already retired more than mx months at the measurement point in time t, the actuarial present value of over calculated payment mouths’ individual account benefits deserved by them in the future is 
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As for employees who have not already retired more than mx months and still in-work at the measurement point in time t, the actuarial present value of over calculated payment mouths’ individual account benefits deserved by them in the future is 
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 Therefore, at the measurement point in time t, the actuarial present value of over calculated payment mouths’ individual account benefits deserved by all employees in the future is
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The payment gap of basic pension insurance for urban enterprise employees at the measurement point in time t is 
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3 The distribution of future urban population
3.1 Mortality prediction 
3.1.1 Lee-carter model
Li and Liu (2010) suggested that the weighted least squares method (WLS) has the best imitative effect to predict the parameters in lee-carter model, through comparing and analyzing the forecast effect of singular value decomposition (SVD), least squares (OLS), weighted least squares (WLS) and maximum likelihood (MLE) method’s. Therefore, this paper uses the WLS method to calculate the parameters in lee-carter model. 

The classical lee-carter model can be expressed as: 
[image: image21.wmf],,

ln()

xtxxtxt

mk

abe

=++


mx,t denotes the central death rate for age x in year t; x denotes the change of mortality linked by age x; x denotes the sensitivity of age x to the change of mortality rate; kt denotes the time-varying index;x,t is a set of random disturbances, x,t ~ N(0,). Assuming that 
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The reciprocal of death toll approximates to the variance of the logarithm of the central death rate (Wilmoth, 1997). Using the number of deaths, dx,t, as the weight of the sum of squares of residuals, then
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According to the research of Federico Girosi and Gary King (2007), Han and Wang (2010), this paper adopts the double stochastic process to fit the time term. Then, 
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According to the prediction method reported by Bell (1997), the future death rate can be expressed as:
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Taking the related parameters into equation (18) - (21), the age-wise and gender-wise mortality can be estimated at any time point in the future.
3.1.2 Mortality prediction model for elderly people
In order to improve the accuracy, we use the Coale-Kisker method to predict the mortality of elderly population aged 85 and over. This method assumes that mortality changes at a linear rate B. Let k(x)=ln(mx/mx-1), then as for x( [85,105]
k(x)=k(85)+B(x-85)                       （22）
As for
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             （23）
then, B = - (21k (85) + lnm84 - lnm105) / 210. Since the ultimate age is 105 years old, m105 equals 1. In order to reduce the effect of individual data’s fluctuation, m84 in equation (23) is replaced by the arithmetic mean of the mortalities from age 81 to age 87 and k85 in equation (23) is replaced by the arithmetic mean of k (x) from age 82 to age 88, which means k (85) = [ln (m88 / m81)] / 7.
3.1.3 Data sources
In this paper, the data of age-wise and gender-wise mortality of cities and towns population from age 0 to age 89 can be get from the China Population and Employment Statistics Yearbook and the China Population year book from year 1998 to 2015. Since the data were lost of year 2000 and 2010, there are a total of 16 Years data. Since the missing data is less than 5% of the total data, using the linear trend estimation method (through the SPSS software) to predict the missing data will not affect the final result’s authenticity.
3.2 Birth rate prediction
  The interval of appropriate fertility age is from age 15 to age 49 in China. According to the census data of year 1989, 2000 and 2010, China's total fertility rate was 2.25, 1.22 and 1.188, respectively. Over the past two decades, China's total fertility rate has been declining and the peak of child-bearing age has gone backwards. The Third Plenary Session of the 18th proposed the “selective two-child policy”. The Fifth Plenary Session of the 18th proposed the “two-child policy”. Therefore, fertility level in China is expected to be improved. Average annual total fertility rate in China from year 2011 to year 2014 are 1.035, 1.246, 1.223, 1.259, respectively. Comparing real population in China during the past few years with the data predicted by United Nations, we find that its middle fertility program is little higher than the actual fertility in China. With the implementation of “two-child policy”, the fertility rate in China will be gradually increased. Based on the middle fertility program of World Population Prospects, we estimate the urban women fertility. According to the sixth national census data in year 2010, we calculate the total population fertility of urban population is 84.98% times of the total fertility. Assuming that the urban population’s total fertility is corresponded to the whole country’s fertility per year, we can get the fertility data of urban population based on the fertility data published by the United Nations Population Division. The total fertility of urban population in year 2015 to year 2020 is 1.35, 1.38 in year 2020 to year 2024, 1.41 in year 2025 to year 2039, 1.43 in year 2030 to year 2034, 1.45 in year 2035 to year 2039, 1.46 in year 2040 to year 2045 .
3.3 The forecasting model of urban population
It,x denotes the number of immigrants aged x in year t; Im t,x denotes the number of male immigrants aged x in year t; If t,x denotes the number of female immigrants aged x in year t. Et,x is the number of migrants aged x in year t; Em t,x is the number of male migrants aged x in year t; Ef t,x is the number of female migrants aged x in year t. ft,x is the fertility of child-bearing age women aged x in year t. NBt denotes the number of newborns in year t. st denotes the proportion of male newborns in year t.
At the measurement in time t, the population number of x years old (x>0) male and female can be estimated by the following formulas, respectively.
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The population number of x years old (x=0) male and female can be estimated by the following formulas, respectively.
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Where 
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3.4 The steps of urban population forecasting
Step 1: According to the age-wise and gender-wise population distribution of cities and towns, the total number of urban population, the total fertility and mortality reported by the China Population and Employment Statistics Yearbook 2015, we estimate the age-wise and gender-wise distribution of urban population and its total number in the following years, as the result of natural growth and reduction. 

Step 2: Let the corresponding annual urbanization rate multiply the total numbers of China's future population predicted by the United Nations World Population Division. We can get the total number of urban population in the future.
Step 3: Subtracting the total population of the urban population measured by step 2 from the total population measured by step1 (as the result of natural growth and reduction), we get the number of migrants in each year.
Step 4: Multiplying the migrated population and the age-wise proportion of migrated population, 
 we obtain the number of migration at different ages. Supposing that the ratio of male immigration population to female immigration population is 1:1 and taking the number of immigration population into the measurement results of step 1, then, we get the age-wise and gender-wise distribution of urban population in the future years，which considering the influence of immigration. 
Step 5: The age-wise and gender-wise distribution of urban population participated in the pension insurance can be get, according to the results in step 4, the participation rate of age-wise labor force in each year and the coverage rate of pension insurance.
 

4. Actuarial basis
(1) Wage growth rate

World Bank (2012) forecasted that real GDP growth rate in China will be 7% from year 2016 to 2020, 5.9% from year 2021 to 2025, 5% from 2026 to 2030, and keep constant in the following years. After the economy of China enters the new normal, the economic growth rate slows down. Based on the above forecast, this paper assumes that the wage growth rate is higher than the economic growth rate of 0% - 1%. The real wage growth rate of urban employees is 7.9% in year 2015, 7.7% in year 2016 to 2020, 6. 6% in year 2021 to 2025, 5.7% in year 2026 to 2030 and remains constant in the later years. 
(2) Real interest rate and account rate

The value of real interest rate takes the average yield of 20-year bonds, i = 4.08%. The nominal account interest rate for individual account equals the one-year bank deposit rate. According to the one-year benchmark deposit interest rate of financial institutions released by the People's Bank of China, the nominal compound annual interest rate from the end of 1995 to the end of 2015 is about 3.27%. According to the data released by the National Bureau of Statistics, we calculate that the 20-year composite annual consumer price index is about 2.22%. Then, the actual account rate is about 1.05%.
(3) Pension replacement rate

Average annual replacement rate of pension can be estimated, according to the expenditure of pension insurance fund, the number of retirees and the average annual salary. According to the Annual Human Resources and Social Security Development Statistics Bulletin of 2015, the total expenditure of urban basic pension insurance was 2,175.5 billion CNY at the end of year 2015 and the number of retirees participated in the pension system was 85.93 million. China Statistical Yearbook 2015 announced that the average annual wage of urban employees was 57361 CNY in year 2014. Hence, the pension replacement rate of urban employees in 2015 was calculated near 44.14%. Comparing with the pension replacement rate calculated by Wang Xiaojun (2009) which was 44%, we can see that the growth rate of pension replacement rate is very slow. Therefore, this paper assumes that pension replacement rate increases linearly yearly from 44.14% to 55% which is the international warning level.

(4) The work-age salary growth rate and the growth rate of age-linked benefits
Referring to the research of Wang (2002) and Zhou (2009), this paper assumes that the work-age salary growth rate and the growth rate of age-linked benefits keep 1% level unchanged
(5) Contribution salary and pension benefits
According to the data in statistics yearbook, the average contribution salary in 2014 was about 39740 CNY, EQ \* jc2 \* "Font:Times New Roman" \* hps10 \o\ad(\s\up 9(_),S)2014 ≈ 39740. Contributory salary is calculated based on last year’s average economy salary; therefore, the average annual contribution salary of new employees in 2014 was about 28800CNY, assuming that the average monthly salary of new employees was 2,400 CNY. China Human Resources and Social Security Yearbook 2014 released that the average monthly retirement benefits of enterprises’ retirees was 1856 CNY in 2013. Considering that the pension benefit level of enterprises’ retirees has been improved at the rate of 10% annually for 11 years, the average pension of urban enterprises’ retirees in 2015 was calculated near 26,949 CNY, EQ \* jc2 \* "Font:Times New Roman" \* hps10 \o\ad(\s\up 9(_),B)2015 = 26949. Taking related value of parameters into equation (3), the pension of 52-year-old female retirees was calculated, BF 2015,52 = 22440 CNY. 
(6) The growth rate of salary-linked benefits
The growth rate of salary-linked benefits is generally from 40% to 80%. This paper assumes that it equals 60%. 
(7) Contribution rate

The State Council Document #38 in 2005 stipulated the contribution rate for pooling account was 20% and for individual account was 8%. 
(8) Sex ratio of newborn babies
According to the China Population and Employment Statistical Yearbook 2015, the sex ratio of urban newborn babies was 110.96 in year 2014 (female = 100). Since year 2008, the sex ratio of urban newborn tends to decline, we assume that the sex ratio of urban newborn decline linearly from 1.17 in year 2014 to 1.05 in year 2045.
(9) The calculation period

The interval of calculation period is from 2015 to 2045.
5 The calculation of payment gap 
5.1 Actuarial present value of payment gap of individual accounts pension
According to the equation (13) - (16) and the relevant parameter values, we calculate the actuarial present value of payment gap of individual account benefits, which will be burdened by the government. The results are shown in table 1.  
Table 1 the actuarial present value of payment gap of individual account benefits for employees
	year
	retired employees
	In-work employees
	Sum 
	year
	retired employees
	In-work employees
	Sum 

	2015
	1.10E+10
	1.10E+13
	1.11E+13
	2031
	2.52E+12
	1.13E+13
	1.38E+13

	2016
	1.22E+10
	1.17E+13
	1.17E+13
	2032
	2.57E+12
	1.11E+13
	1.37E+13

	2017
	1.34E+10
	1.21E+13
	1.21E+13
	2033
	2.61E+12
	1.09E+13
	1.36E+13

	2018
	1.46E+10
	1.25E+13
	1.26E+13
	2034
	2.67E+12
	1.08E+13
	1.34E+13

	2019
	1.55E+10
	1.29E+13
	1.30E+13
	2035
	2.69E+12
	1.06E+13
	1.33E+13

	2020
	1.67E+12
	1.33E+13
	1.49E+13
	2036
	2.71E+12
	1.04E+13
	1.31E+13

	2021
	1.71E+12
	1.31E+13
	1.48E+13
	2037
	2.71E+12
	1.02E+13
	1.29E+13

	2022
	1.80E+12
	1.30E+13
	1.48E+13
	2038
	2.72E+12
	1.01E+13
	1.28E+13

	2023
	1.93E+12
	1.28E+13
	1.47E+13
	2039
	2.76E+12
	9.89E+12
	1.26E+13

	2024
	2.03E+12
	1.27E+13
	1.47E+13
	2040
	2.77E+12
	9.74E+12
	1.25E+13

	2025
	2.11E+12
	1.25E+13
	1.46E+13
	2041
	2.78E+12
	9.57E+12
	1.24E+13

	2026
	2.19E+12
	1.24E+13
	1.46E+13
	2042
	2.84E+12
	9.40E+12
	1.22E+13

	2027
	2.24E+12
	1.23E+13
	1.45E+13
	2043
	2.83E+12
	9.29E+12
	1.21E+13

	2028
	2.32E+12
	1.21E+13
	1.45E+13
	2044
	2.81E+12
	9.18E+12
	1.20E+13

	2029
	2.38E+12
	1.20E+13
	1.44E+13
	2045
	2.81E+12
	9.08E+12
	1.19E+13

	2030
	2.45E+12
	1.14E+13
	1.39E+13
	
	
	
	


As shown in table 1, the actuarial present value of payment gap of individual account pension benefits at the beginning of year 2015 is about 11.1 trillion CNY, which increases heavily in the next five years, and reaches the peak in year 2020, which is almost 34.91% higher than that in 2015. The actuarial present value of payment gap of individual account pension benefits is slowly declining after 2020, which totally decreased 20.33% in 25 years and the mean value is relatively steady. The payment gap for in-work employees is far higher than that for retirees, which indicates that the payment gap of individual account benefits mainly coursed by the in-work employees. When current in-work staffs reach their retirement age, the financial burden will also increase heavily. 
5.2 The actuarial present value of payment gap of pooling account pension benefits  

According to equations (1) - (12) and the relevant parameter values, the actuarial present value of payment gap of pooling accounts pension can be calculated. The results are shown in table 2.  

Table 2 the actuarial present value of payment gap of individual account benefits for employees

	year
	male
	female
	sum
	year
	male
	female
	sum

	2015
	5.63E+13
	2.32E+13
	7.96E+13
	2031
	8.55E+13
	7.46E+13
	1.60E+14

	2016
	5.98E+13
	2.48E+13
	8.46E+13
	2032
	8.64E+13
	7.48E+13
	1.61E+14

	2017
	6.25E+13
	2.62E+13
	8.87E+13
	2033
	8.67E+13
	7.55E+13
	1.62E+14

	2018
	6.50E+13
	2.77E+13
	9.27E+13
	2034
	8.75E+13
	7.51E+13
	1.63E+14

	2019
	6.71E+13
	2.97E+13
	9.68E+13
	2035
	8.82E+13
	7.45E+13
	1.63E+14

	2020
	8.33E+13
	6.16E+13
	1.45E+14
	2036
	8.87E+13
	7.37E+13
	1.62E+14

	2021
	8.33E+13
	6.32E+13
	1.47E+14
	2037
	8.87E+13
	7.27E+13
	1.61E+14

	2022
	8.39E+13
	6.51E+13
	1.49E+14
	2038
	8.88E+13
	7.23E+13
	1.61E+14

	2023
	8.44E+13
	6.70E+13
	1.51E+14
	2039
	8.87E+13
	7.19E+13
	1.61E+14

	2024
	8.45E+13
	6.93E+13
	1.54E+14
	2040
	8.90E+13
	7.15E+13
	1.61E+14

	2025
	8.48E+13
	7.11E+13
	1.56E+14
	2041
	8.95E+13
	7.10E+13
	1.61E+14

	2026
	8.51E+13
	7.28E+13
	1.58E+14
	2042
	8.99E+13
	7.06E+13
	1.61E+14

	2027
	8.52E+13
	7.46E+13
	1.60E+14
	2043
	9.01E+13
	6.97E+13
	1.60E+14

	2028
	8.60E+13
	7.55E+13
	1.62E+14
	2044
	9.02E+13
	6.87E+13
	1.59E+14

	2029
	8.67E+13
	7.58E+13
	1.62E+14
	2045
	9.01E+13
	6.78E+13
	1.58E+14


As shown in Table 2, the actuarial present value of payment gap of pooling account benefits at the beginning of year 2015 is about 79.6 trillion CNY. From year 2015 to year 2034, the actuarial present value of payment gap increases continuously, especially in the next five years. After year 2034, the actuarial present value of payment gap of pooling account benefits shows a slow downward trend. The actuarial present value of payment gap of pooling account benefits from male employees is higher than that from female employees, which indicates that the payment gap of pooling account benefits mainly come from male employees.

5.3 Payment gap
According to equations (13) - (16) and Table 2, the actuarial present value of payment gap of basic pension for urban enterprises employees can be calculated. The results are shown in Table 3.
Table 3 the actuarial present value of payment gap of basic pension benefits

	year
	male
	female
	sum
	year
	male
	female
	Sum

	2015
	6.26E+13
	2.80E+13
	9.06E+13
	2031
	9.42E+13
	7.96E+13
	1.74E+14

	2016
	6.65E+13
	2.98E+13
	9.63E+13
	2032
	9.51E+13
	7.98E+13
	1.75E+14

	2017
	6.95E+13
	3.13E+13
	1.01E+14
	2033
	9.54E+13
	8.04E+13
	1.76E+14

	2018
	7.23E+13
	3.30E+13
	1.05E+14
	2034
	9.62E+13
	7.99E+13
	1.76E+14

	2019
	7.47E+13
	3.51E+13
	1.10E+14
	2035
	9.68E+13
	7.92E+13
	1.76E+14

	2020
	9.21E+13
	6.78E+13
	1.60E+14
	2036
	9.72E+13
	7.83E+13
	1.75E+14

	2021
	9.20E+13
	6.93E+13
	1.61E+14
	2037
	9.71E+13
	7.72E+13
	1.74E+14

	2022
	9.27E+13
	7.11E+13
	1.64E+14
	2038
	9.71E+13
	7.68E+13
	1.74E+14

	2023
	9.32E+13
	7.30E+13
	1.66E+14
	2039
	9.69E+13
	7.63E+13
	1.73E+14

	2024
	9.34E+13
	7.51E+13
	1.68E+14
	2040
	9.72E+13
	7.59E+13
	1.73E+14

	2025
	9.38E+13
	7.68E+13
	1.71E+14
	2041
	9.76E+13
	7.53E+13
	1.73E+14

	2026
	9.41E+13
	7.84E+13
	1.72E+14
	2042
	9.79E+13
	7.48E+13
	1.73E+14

	2027
	9.42E+13
	8.01E+13
	1.74E+14
	2043
	9.81E+13
	7.39E+13
	1.72E+14

	2028
	9.50E+13
	8.09E+13
	1.76E+14
	2044
	9.81E+13
	7.29E+13
	1.71E+14

	2029
	9.57E+13
	8.12E+13
	1.77E+14
	2045
	9.79E+13
	7.19E+13
	1.70E+14

	2030
	9.37E+13
	7.99E+13
	1.74E+14
	
	
	
	


As shown in table 3, the actuarial present value of payment gap of basic pension is about 90.6 trillion CNY. The expenditure of basic pension burdened by the government shows an overall upward trend, except for a few years slightly decreasing. From year 2015 to year 2029, the basic pension burdened by the government shows a sharply increase and reaches the peak of 177 trillion CNY in year 2029, fluctuating in the range of 1% after year 2029. The reason why the payment gap of basic pension benefits increases slowly or even shows a slight decline after year 2030 is mainly due to the growth rate of total urban population slowing down. The total number of urban population is calculated by the data from the United Nations Population Division, which predicts that the total number of population in China begin decline after year 2030, as shown in figure 1. The reduction of the number of total population will lead to a decrease in the total output of national economy. Therefore, under such economic and demographic circumstances, the relative stability of total expenditure of basic pension actually means that the pension burden is increasing. 
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Figure 1: 2015-2045 national population and growth forecast

Source: United Nations Population Division
6. Sensitivity analysis
Taking the data of year 2015 as an example, we make sensitivity analysis for six parameters: the retirement age, contribution rate, interest rate, growth rate of salary, replacement rate and growth rate of age-linked pension benefits. The results are shown in table 4. 
Table 4 Elasticity of payment gap of basic pension with respect to some parameters

	Parameter
	Parameter changes
	(FB
	(FB/FB
	Elasticity

	r
	1
	-5.987E+12
	-0.074
	-4.150

	c
	0.20%
	-2.751E+11
	-0.003
	-0.196

	i
	1%
	-2.533E+13
	-0.315
	-1.286

	g
	1%
	4.158E+13
	0.517
	3.989

	R
	4.40%
	5.836E+11
	0.007
	0.073

	b
	0.01709%
	2.333E+11
	0.003
	0.029


Obviously, the payment gaps of basic pension benefits have an inverse relationship with the retirement age, interest rate and contribution rate, but show a same change direction with the growth rate of salary, replacement rate and growth rate of age-linked benefits. The effects of the elements on the payment gap of basic pension benefits rank in descending order are the retirement age, growth rate of salary, interest rate, contribution rate, replacement rate, and growth rate of age-linked benefits.

Raising the retirement age means prolong the contribution period and shorten the pensioner period. Therefore, the future net expenditure of pooling account benefits and that of individual account benefits will be reduced. The payment gap of basic pension benefits will also be reduced. The discount rate is decided by the interest rate, which has the same effect as the return rate on pension funds. Hence, the elasticity of payment gap of basic pension benefits with respect to interest rates would be the same as that to the return rate on pension funds. A raise in return rate on pension funds will reduce the payment gap. The contribution rate directly influences the actuarial present value of future contributions. Thus, raising the contribution rate will decrease the payment gap. Rise in the growth rate of salary will increase the actuarial present value of future benefits and contributions at the same time. The contributions are based on last year’s average economic salary, but the benefits increase along with years. Thus the increase in benefits is faster than that of contributions. Thereby, rise in the growth rate of salary will increase the payment gap. The replacement rate and growth rate of age-linked benefits directly influence the actuarial present value of pension benefits. Hence, raising the two factors will increase the payment gap. 

7. Conclusions and suggestions
In this paper, the actuarial model of the basic pension payment gap is established considering the difference of gender and types of insured participants. The payment gap of basic pension benefits of urban enterprises in China in the early 2015 is about 90.9 trillion CNY. From year 2015 to year 2029, the basic pension burdened by the government shows a larger increase and reaches the peak of 177 trillion CNY in year 2029, fluctuating in the range of 1% after year 2029. There exist gender differences in the actuarial present value of future benefits, contributions as well as payment gap. The individual account benefits burdened by the government in the future mainly come from current in-work employees. Therefore, it is necessary to take preventive measures to avoid pension payment crisis when the working contributors reach retirement ages. The sensitivity analysis results show that raising the retirement age, market interest rate and contribution rate can alleviate the payment gap; increasing the wage growth rate, pension replacement rate and growth rate of age-linked pension benefits will increase the payment gap. The payment gap is more sensitive to the change of retirement age, wage growth, and market interest rates, compared with other parameters. In order to ensure the benefits deserved by retirees, the financial sustainability of pension insurance system and narrow the gender difference, policy reform program should be made with consideration of following tips. 

1. The policy of delaying retirement age should not "one size fits all". The results show that the future burden of basic pension from current contributors is much higher than that from retirees, and the expenditure burden from male employees is much higher than that from female employees. Therefore, the development of deferred retirement age policy should focus on the long-term financial sustainability of the pension system, rather than the payment gap mitigation in short-term. In China, the legal retirement age for female employees is lower than that for men; however, the average life expectancy of women is higher than that of men. Therefore, delaying the retirement age for female employees should be considered a priority, which is more obvious for alleviating the payment gap.
2 Raise the return rate on pension fund. Low returns on pension funds not only restrict the financial sustainability of pension system, but also reduce people’s enthusiasm to participate in it. The Basic Pension Insurance Fund Investment Management Approach issued by the State Council in 2015 allows pension funds to be invested in capital markets. The 13th Five-year Plan for National Economy and Social Development also proposes widening investment channels for social insurance funds, strengthening risk management and improving return on investment. 

3. In order to ensure the sustainable development of pension fund, recommend policies should balance the interests of all parties. Sensitivity analysis results show that single adjustment of policy parameter can’t achieve the win-win situation for government, enterprises and individuals. For example, increasing the contribution rate can reduce the payment gap, but will increase the financial burden of enterprises. Increasing pension replacement rate and growth rate of salary-linked pension benefits can improve the treatment standard of retirees, but will increase the payment gap. Therefore, the adjustment of parameters of pension insurance system should analysis the impact of parameters’ change on the government, enterprises and individuals. 

4. Develop the pension industry and promote the supply-side reform. It can be seen from the results that the pension benefits deserved by the in-work staffs are far higher than that deserved by retirees. While raising the retirement age, return rate on pension fund will help to alleviate the payment gap, but only adjust a single policy parameter is difficult to guarantee the living standards of retirees. Excessive adjustment of policy parameters will inevitably damage the interests of government, enterprises or individuals. What’s more, that may course instability factors. Under the new normal circumstance, the government should encourage the development of pension industry, institutional pension and the social pension industry. Through promoting the supply-side reform, the living standards of retirees will be guaranteed and improved. 
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� Using the structure proportion table of migrating population published by Bingwen Zheng(2012). 


�  According to the Annual Report on Social Insurance Development in China 2014, the coverage rate of basic pension insurance in China's urban areas has reached 80%. This paper assumes that the coverage rate increases linearly every year and achieves full coverage by 2020.
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