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1  Introduction
Because the aging population problem is becoming more serious, China faces a critical problem related to social security. The aging population problem has become a challenge to public pension systems, worldwide. The Chinese urban employee basic pension system developed rapidly and has become the largest pension insurance system in the world when measuring the population that is covered. However, a significant risk of financial imbalance is inherent in regional pension systems. The financial risks of basic pension systems were revealed in 2008. Since 2008, the growth rates of pension fund revenues were less than the growth rates of expenditures, and the growth rates of the accumulated surpluses of pension funds have also declined.

According to the China Ministry of Human Resources and Social Security, by the end of 2013, Chinese individual accounts had become ‘empty’ accounts and the lost value was as high as 3.1 trillion yuan and increases by more than 100 billion yuan a year. The Chinese government adopted a series of countermeasures to solve the aging population problem. Chinese pension reform has become a popular topic for academia at home and abroad. 
This research uses the panel data of 31 Chinese provinces during the time period 2001~2013 and includes 403 observations; empirical analyses are conducted to reveal the significant determinants of basic pension revenues. This research notes that local government participation and regional economic development are very important factors of the Chinese pension system, which has been widely ignored in prior studies. 
Traditional econometric analysis has not included spatial dependence as a variable; therefore, this research uses a spatial econometric technique to test the impact of local government on basic pensions. Based on the spatial econometric theory and the new economic geography theory, this study tests the spatial dependence of basic pensions among provinces and analyzes the role of basic pensions in fostering Chinese economic growth.

The spatial econometric analysis demonstrates a positive external effect of provinces on developing local economies to obtain political promotions and also demonstrates spatial dependence of individual provinces on adjacent neighborhoods. This analysis also indicates spatial dependence of basic pension revenues on provinces; basic pension revenues have a significant spill-over effect on neighboring provinces.

Based on spatial correlation testing, Moran’s I scatter plot and cluster indicates that spatial agglomeration and spatial dependence exist among Chinese basic pensions. This research asserts that basic pensions are affected by local government revenues local government debt, payment rates, replacement rates, dependency rates, and average wage rates. In addition, this study provides evidence that significant spatial dependence exists for local basic pensions and neighboring provinces. These results indicate that neighboring provinces in China should carefully collaborate and share social security resources to maintain a harmonious society. Based upon results from an empirical analysis, this research makes policy recommendations for the sustainability of Chinese basic pensions.
2  Literature Review

2.1 Research on Regional Differences in the Chinese Basic Pension

Su (2016) explored spatial agglomeration and spillovers of pension growth in China based on provincial panel data from 2005 to 2012; the empirical analysis of spatial effects on the growth of China's basic pension has been conducted. The research determined that first, there is a significant regional spatial agglomeration effect on the growth of basic pensions. Second, regional differences in economic strength are the primary reason for a gap in provincial basic pensions. Third, there is a significant feature related to the regional spatial dependence on the growth of provincial basic pensions and a spatial spill-over effect has been noted. However, the data used for this study is limited and the explanatory variables, such as pension income per capita, may introduce a problem of multi-collinearity with the dependent variable, pension fund per capita, which may lead to an inaccurate estimation.   

Based on a comparative analysis of the 31 provinces in the basic old-age insurance status, Wang and Zhao (2006) used actuarial models to estimate historical pension liabilities of different provinces and quantitatively analyzed the pension benefits, burden levels, and population structure of provinces. These scholars also analyzed gaps in pension fund solvency among regions and reasons for obstructing pension increases. Finally, the study provided advice for establishing an overall pension system.

Li and Cao (2010) analyzed regional distribution differences in China’s basic endowment insurance by using 2000-2009 interprovincial panel data and indicated that co-integration exists between the average basic old-age pension and regional average wages; therefore, both the central and local governments should extensively develop the economy, strengthen reform for the basic social old-age security system and work towards regional equalization of the basic social old-age security service.

Few prior studies have analyzed the factors that influence pension revenues, particularly studies that consider spatial factors. One study conducted an actuarial analysis and a qualitative analysis; however, it is rare for studies to engage in an empirical analysis of this topic. Prior studies regarding the establishment of an actuarial model utilize a prediction parameter hypothesis that prioritizes a qualitative and subjective analysis, which results in reduced prediction accuracy. Furthermore, there is lack of provincial level data in China, specifically the 31 national provinces and cities require additional quantitative analysis.
2.2. Research on Spatial Econometrics and External Effects

Anselin (1998) defined spatial econometrics as a series of methods used to analyze variables with spatial effects in regional studies. Similar to the precondition of conducting the panel data model, Moran’s I is an indicator that is used to test the existence of spatial auto-correlations for a dependent variable. If a spatial auto-correlation exists, the spatial econometrics model will then be designed to conduct estimation and tests. Spatial econometric models are designed to estimate the interactional effects among the economic behaviors of adjacent areas. Generally, classical econometrics models have not analyzed the spatial auto-correlation and heterogeneity of variables. Spatial auto-correlation (or spatial dependence) is the first trait of spatial effects when observation of mutual dependence among variables is missed; the second characteristic is spatial heterogeneity (or spatial difference) due to geographical data and is widely observed between developed and developing areas and between core and periphery areas, which accounts for the spatial differences in social and economic development and innovative behavior among different geographical areas.
Ying (2000) first adopted spatial econometrics in his study of China’s regional economic growth and provided strong evidence that the spatial effect is important in the study of regional economic growth. Ying adopted the exploring spatial data analysis (ESDA) method to study the distribution effect of spatial economies at the provincial level in China. Based on spatial econometric analysis, Ying (2000) analyzed cross-sectional data at the provincial level from 1978 to 1998 to study spatial correlations among provinces and studied the spatial effects of adjacent provinces from a core-peripheral perspective and concluded that the assumption of spill-over effects of disequilibrium of regional economic growth among coastal areas and inland areas cannot be rejected. Ying’s study determined that the Guangdong province was the source of national economic growth by using the ESDA method and indicated that Guangdong had different significant effects on the economic growth of four adjacent provinces. Interestingly, Guangdong had a positive effect on Hainan and Guangxi but had a negative effect on Hunan and Jiangxi; it did not have a significant effect on other provinces.  

Based on the production function, Zhang and Felmingham (2002) established three models to analyze the relationship of regional economic growth and determined that the spill-over effect of production growth existed from the eastern region to the central region and from the central region to the western region from 1984 to 1998. Brun, Combes and Renard (2002) analyzed the panel data of 28 provinces from 1981 to 1998 to study the spill-over effect from the eastern coastal regions to the central and western regions and determined that the eastern regions had a spill-over effect on the middle regions, but not the western regions and the spill-over effect from the east to central areas did not decrease the regional imbalance over a short period of time.

A basic assumption of this study is that spatial dependence and spatial heterogeneity occur for the local basic pensions of thirty-one provinces in China. The principle or secondary factors that affect each province’s basic pension scale vary; however, differences may be smaller between adjacent provinces.

3  Chinese Pension System

3.1 China’s current pension system

Because of reforms and the development of a market economy, China's current pension system has been gradually established. "Wide coverage, basic security, multi-level, and sustainability" are the basic principles of the Chinese pension system. With respect to coverage, China’s pension system is the largest pension scheme in the world. The period of the, "11th five-year plan (2006-2010)" is the most important period of rapid development for China's social security. During the "11th five-year plan", the Chinese Government constructed a multi-track pension system that includes rural and urban social pension insurance and an urban employee basic pension system. This study focuses on the urban employee basic pension system.
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<Figure 1> China’s current pension system

The pension system in China is highly dependent on the basic pension. Because of a growing problem related to the aging population, if the supplementary pension system is not developed in time and plays the role of the second or third pillar, then government finances will face great pressure in the future. "Sustainability" is the primary issue for the Chinese pension system. In the short term, the pressure that the basic pension faces is not serious; however, in the long term, the financial situation is considerable. Superficially, China's basic pension fund has accumulated numerous resources so that it can pay pension benefits to retirees on time. Most of the balance of the fund includes subsidies from the central and municipal governments. If these subsidies are excluded, basic pension resources are meaningless.

According to data provided by the Ministry of Human Resources and Social Security, by 2013, the empty account of the Chinese pension system will be as high as 3.1 trillion yuan. Lu (2012) noted that the primary reason for empty individual accounts is that in 1993, the Chinese government proposed to build a pension system that was a combination of social pooling and individual accounts. Because economic planning occurred prior to the reform, retired workers do not have the corresponding accumulation of funds, but can enjoy pension benefits. Their individual accounts are regarded as contributed; therefore, the accounts are empty. As a result, the pension funds that are collected each year are primarily used to fund pensions for the current 36 million retirees. In addition, because of the historical legacy debt pension system, mixed management, the illegal use or misuse and the "employees and employers contribute, localities manage and the central government is in charge" model, the national pension fund was faced with more expenditures than income.

3.2 Multi-pillar Pension System

As advised by the World Bank (2005)
, China's pension system consists of three pillars. The first pillar is the basic pension that China refers to as "mixed management" and is the combination of a social pooling account and an individual account. The essence of this basic pension is that it is a partially accumulating fund system. The second pillar is the enterprise annuity; the enterprise or individual autonomously decides whether to participate. The third pillar is commercial life insurance and is more flexible. Individuals can decide whether to participate. This pillar requires more exploration and developed as the supplementary pension. The multi-pillar design is more flexible because it can protect the elderly and ensure fiscal sustainability.
<Table 1> Current Multi-pillar Pension System in China

	
	
	Contribution Ratio
	Voluntary or not
	Account Type
	Management Institutions

	Pillar

I
Ⅰ
	Basic

Pension
	Employer: 20% of employee’s wages; min 60% of provincial wages.
	mandatory
	Social Pooling Account
	Co-ordination sectors

	
	
	Employee: 8% of his or her wages.
	voluntary
	Individual Account
	Organization of social insurance agency at the provincial level

	Pillar Ⅱ
	Enterprise Annuity
	Employers and employees make voluntary contributions
	voluntary
	Individual Account
	Ministry of Human Resources and Security

	Pillar Ⅲ
	Commercial Insurance
	Employees make voluntary contributions
	voluntary
	Individual Account
	China Insurance Regulatory commission


Note: Organized by Author

For the second pillar, the enterprise annuity, the state has explicitly taken a market-oriented approach. This section is the body of the pension market in the future. The third pillar is commercial insurance, which generally operates as a commercial insurance company. As a product of the insurance company, commercial life insurance should be constantly developed.

4  Empirical Analysis
4.1 Research Design

Spatial econometric models are designed to estimate the interactional effects that exist among economic behaviors of adjacent geographical areas. Generally, classical econometric models do not include spatial dependence and the heterogeneity of variables. Spatial dependence (or spatial auto-correlation) is the first characteristic of spatial effects if an observation on mutual dependence among variables is not observed. The second characteristic is spatial heterogeneity (or spatial difference) due to geographical data and is widely observed between developed and less-developed areas and also between central and peripheral areas. We must consider spatial differences in social and economic development and in innovative behavior among different geographical areas. 
4.2 Selection of Variables

Chinese academia has been highly concerned about the various risks of the basic pension system for urban employees. A quantitative analysis indicated that there was a deficit in basic pension funds for urban employees in half of the province. This research focused on the difference in the capacity to pay off the basic pension fund among different provinces and causes for these differences. The study also explored the sustainability of the pension system in China.
4.2.1 Dependent Variable

From the perspective of keeping the Chinese pension security level, this study considered the financial sustainability of urban employees’ basic pensions. Basic Pension Revenue is the dependent variable and measures the financial sustainability of the current pension system in China. This variable can determine if the current pension system has reached equilibrium. 

4.2.2 Explanatory Variables

This study utilized local government revenues, debt and expenditures for social security as variables because this study focuses on variables for local governments. The reasons of selecting these variables that are related to government are as follows. First, the pension is a public product and is formulated and produced by the government. Therefore, changes in policy and economic factors in the development of pension insurance and government are closely related. Second, the objective of this research is to propose a reform to the government program. Therefore, we cannot ignore the impact of government involvement or interference on pension levels.
<Table 2> Description of Variables

	Classification
	Variable
	Description

	Dependent variable
	Basic pension revenues (BPR)
	urban employees’ pension fund

	Explanatory

Variables:
	Research Variables
	Local government revenue (GR)
	Equals provincial economic scale

	
	
	Local government debt (GD)
	Calculated by local expenditures minus local revenues

	
	
	Payment rate (PR)
	the proportion of per capita payment to wage income base of the previous year

	
	
	Replacement rate (RR)
	the proportion of retired worker average pension to employee average wage rate

	
	
	Dependency rate (DR)
	the proportion of retired workers to on-the-job contributors

	
	Control variables
	Average wage (AW)
	economic capability of urban employee

	
	
	High education level (HEL)
	standard for the education of citizens

	
	
	Natural population growth rate (NPG)
	growth rate of natural population


Note: Organized by Author

4.3 Data and Sampling

The econometric model adopted in this study is based on the analysis of cross-section time series panel data between 2001 and 2013 in China, with a total number of 403 observations in 31 provinces.
The data for this study was obtained from official Chinese government publications at the national and sub-national levels. 
4.4 Statistical Analysis

4.4.1 Correlation Test

Correlation is a technique used to investigate the relationship between two quantitative, continuous variables.

<Table 3> Correlation relationships among variables
	
	lngr
	lngd
	pr
	rr
	dr
	lnaw
	hel
	npg

	lngr
	1.0000
	
	
	
	
	
	
	

	lngd
	0.6220
	1.0000
	
	
	
	
	
	

	pr
	-0.5976
	-0.0148
	1.0000
	
	
	
	
	

	rr
	-0.5340
	-0.3174
	0.3565
	1.0000
	
	
	
	

	dr
	-0.2538
	0.0719
	0.6432
	-0.2844
	1.0000
	
	
	

	lnaw
	0.5753
	0.5684
	-0.2635
	-0.7220
	0.1445
	1.0000
	
	

	hel
	0.4953
	0.0650
	-0.3807
	-0.6122
	0.0930
	0.6092
	1.0000
	

	npg
	-0.5218
	-0.1468
	0.2460
	0.3735
	-0.1650
	-0.1056
	-0.3968
	1.0000


4.4.2 Unit Root Test

The unit root test is a standard method to test the stationarity of a series. Prior to empirical analysis, a unit root test was conducted for each variable. According to the unit root test, after trends, all variables passed the unit root test. The unit root test result is illustrated in the table below.

<Table 4> Unit root test of explanatory variables
	variable
	LLC: level
	LLC: trend

	
	t- statistic
	p-value
	t- statistic
	p-value

	Lngr
	-1.4800
	0.0006
	
	

	Lngd
	-1.4800
	0.0694
	
	

	PR
	-0.5752
	0.2826
	-6.7483
	0.0000

	RR
	-18.2603
	0.0000
	
	

	DR
	0.7149
	0.7627
	-10.9320
	0.0000

	lnaw
	-5.8858
	0.0000
	
	

	Hel
	0.3322
	0.6301
	-5.0755
	0.0000

	npg
	-7.0384
	0.0000
	
	


Note: Calculated and organized by Author

4.4.3 Multi-Collinearity Test

The variance inflation factor (VIF) quantifies the severity of multi-collinearity in an ordinary least squares regression analysis. According to the international standard, if mean VIF ＞ 10, it indicates serious multi-collinearity; if 5 ＜ mean VIF ＜ 10, multi-collinearity exists and if mean VIF ＜ 5, the regression model is valid and can be adopted.
<Table 5> VIF of variables
	Variable
	VIF
	1/VIF

	lngr
	7.12
	0.140389

	pr
	5.08
	0.196722

	lnaw
	4.89
	0.204370

	dr
	4.47
	0.223794

	lngd
	4.33
	0.230953

	rr
	3.99
	0.250339

	hel
	3.01
	0.331888

	npg
	2.47
	0.405621

	Mean VIF
	4.42
	


Note: Calculated and organized by Author

As noted in Tables 4-19, the mean VIF is less than 10; therefore, multi-collinearity does not exist. Therefore, the regression model can be adopted and the result of the regression model is valid.

4.5 Test of Significance of Spatial Auto-Correlation

Prior to estimating the spatial econometric model, it is necessary to test the existence of spatial auto-correlation of the explanatory variables. Moran’s I was proposed by Moran in 1950 and is widely adopted as a spatial auto-correlation indicator. The Moran’s I includes Global Moran’s I and Local Moran’s I. 

4.5.1 Global Moran’s I and Local Moran’s I

Global Moran's I is used to measure spatial autocorrelation and was developed by Patrick Alfred Pierce Moran. Spatial autocorrelation is characterized by a correlation in a signal among nearby locations in space. This test checks if neighboring regions in an entire research area are similar, different (positive spatial correlation or negative spatial correlation), or independent of each other.

Global Moran’s I is defined as follows:
 QUOTE I=,n,i=1-n-,j=1-n-,ω-ij...(,x-i.-,x.)(,x-j.-,x.)-,i=1-n-,j=1-n-,ω-ij...,i=1-n-,(,x-i.-,x.)-2...=,,i=1-n-,i≠j-n-,ω-ij...(,x-i.-,x.)(,x-j.-,x.)-,s-2.,i=1-n-,j=1-n-,ω-ij....   [image: image3.png]NI S 0 (D) B, B 0y6q—R) (g —0)
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Where,
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 refers to the observed value of province i, and for this study is the basic pension.  
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 refers to the total number of observations; refers to the adjacent spatial weight matrix of a binary system.
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 refers to a spatial adjacent weight matrix.
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 for the adjacent status between region i and region j, 
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 for no-adjacent status between region i and region j, and
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 the mean of an observed value.
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  the variance of an observed value.

The value of Global Moran’s I has a range of -1 ≤ I ≤ 1. A negative value indicates a negative spatial autocorrelation and a positive value indicates a positive spatial autocorrelation. A value of zero indicates a random spatial pattern.
If the spatial agglomeration of area I needs to be known, the local Moran’s I should be used. Local Moran’s I is defined as follows:
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A positive value for Local Moran’s I indicates a spatial agglomeration of observed regions with similar values (High-High or Low-Low spatial clustering); a negative value for Local Moran’s I indicates a spatial agglomeration of observed regions with different values (High-Low or Low-High spatial clustering).  
4.5.2 Estimation of Spatial Econometric Model

Spatial econometrics includes various types of models. The spatial econometric model that is adopted in this research contains spatial effects (spatial correlation and spatial heterogeneity) and spatial constant coefficient regression models, including the spatial error model, the spatial lagged model (or spatial autoregressive model) and the spatial autocorrelation model.
1) Spatial Error Model (SEM)

SEM is expressed as
y X
W
Where, 

X represents a matrix of observations on the explanatory variables;  represents the vector of random error;  represents the spatial error coefficient of vector of n*1 cross-section dependent variables; and  represents the vector of random errors following formal distribution. The parameter  in SEM reflects the impact of the explanatory variable, X, on the explained variable, y. 

Parameter  measures the spatial dependence of sample observations, the direction and degree of the impact on the observed value y in an area adjacent to a neighboring area’s observed value y. 

If there is no spatial correlation between the errors, then ( = 0.

The spatial dependence effect of the error term measures the degree of an area’s observed value by the error impact of a neighboring area’s explained variable.

2) Spatial Autoregressive Model (SAR)

SAR primarily investigates the diffusion phenomenon of individual variables in an area. A pure spatial autoregressive model simply consists of a spatially lagged version of the dependent variable,
y = ρWy+ X β +  

 ~ N (0, σ2 In)
Where,
β reflects the impact of explanatory variables on the explained variable; Wy (spatial lagged dependent variable) is an endogenous variable that reflects the impact of spatial distance on local behavior; X is the explanatory variable matrix of n×k; ρ represents the spatial regression coefficient; and  represents vector of random error. 
If there is no spatial dependence and y does not depend on neighboring y values, then ( = 0. 

If the two spatial models mentioned above are analyzed using OLS, the estimated coefficient will be either biased or invalid. Generally, the instrument tool method, the maximum likelihood method and the generalized least square method are used to assist in the estimation. This research adopts the maximum likelihood method to estimate the coefficients of SAR and SEM.

3) Spatial Autocorrelation Model (SAC)
The spatial Autocorrelation Model includes a spatial error term and a spatial lagged term and is expressed as follows:
y =ρW1y+ X β + μ 

μ = λ W2 μ +  

 ~ N (0, σξ 2 In)
Where,
W is the spatially lagged dependent variable; X is a matrix of observations on the explanatory variables;  represents a vector of error terms; ρ represents the spatial coefficient; and λ represents the spatial error co-efficient of a vector of n*1 cross-section dependent variables. 
According to Liu and Zou (2012), scholars generally use Moran I, two Lagrange multipliers (LM-ERR
 and LM-LAG
), Robust LM-ERR (or R-LMERR) and Robust LM-LAG (or R-LMLAG) to determine whether there is spatial correlation of the economic behavior between geographical areas and also to measure whether the Spatial Lag Model (SLM) or the Spatial Error Model (SEM) is more aligned with objective reality. Because the existence of spatial dependence is not tested in the SLM and SEM models, it is necessary to test and select a spatial model that meets the objective reality. 
4.5.3 Hypotheses

Both Saavedra (2000) and Wheaton (2000) conducted an empirical analysis and determined that in the US, welfare competition existed among states. The reason for this competition was that the welfare policy of different states caused an outflow of net taxpayers and inflow of net welfare recipients. Therefore, when local governments determine welfare expenditures, they refer to the standards of adjacent states. Superior public service may attract more element inflows. The Tiebout model has been associated with Charles Tiebout (1956) and can solve two major problems regarding local government provision of public goods: preference revelation and preference aggregation. “Foot Voting” implies that local governments must compete by increasing expenditures.

As a welfare product, pension benefits can be used by local governments as a tool to attract essentially productive factors such as human capital and compete with neighboring provinces because of the Tiebout Model. Based on the theory of New Economic Geography, regional economic growth has spatial dependence among adjacent regions. To test the spatial dependence of the basic pension, the following hypotheses are proposed based on spatial econometric models.
Hypothesis 1: Spatial difference exists in basic pension revenues among Chinese provinces. 
Hypothesis 2: The spatial external effect exists in basic pensions among Chinese provinces
4.6 Spatial Econometric Analysis of Chinese Basic Pension Revenues
4.6.1 Global Moran’s I 
This research utilized Global Moran’s I to test the spatial dependence of basic pensions among provinces between 2001 and 2013. 

<Table 6> Global Moran’s I spatial dependence test on basic pensions
	Year
	Moran’s I
	P-Value

	2001
	0.158
	0.049

	2002
	0.194
	0.025

	2003
	0.174
	0.038

	2004
	0.183
	0.031

	2005
	0.176
	0.036

	2006
	0.158
	0.050

	2007
	0.188
	0.028

	2008
	0.171
	0.040

	2009
	0.128
	0.083

	2010
	0.091
	0.143

	2011
	0.086
	0.154

	2012
	0.156
	0.052

	2013
	0.125
	0.087


Note: Organized by Author

As illustrated in Tables 3-1, the spatial dependence of basic pensions was significant overall, excluding 2010 and 2011. 

4.6.2 Local Moran’s I
In contrast to Global Moran’s I, local Moran’s I demonstrates a narrow perspective of spatial dependence of basic pension revenues among regions. The horizontal axis represents local basic pension revenues for different provinces and the vertical axis represents basic pension revenues for neighboring provinces based on a spatial weight matrix.
Provinces that are located in the first and third quadrants have a positive value of local Moran’s I which implies that local basic pension revenues have a positive spatial dependence with neighboring provinces; Conversely, provinces that are located in the second and fourth quadrants have a negative value of Local Moran’s I, which suggests that a negative spatial dependence exists between basic pension revenues of local and neighboring provinces. 

To clearly demonstrate the spatial dependence of basic pension revenues among provinces, this study calculates values of Local Moran’s I between 2001 and 2013; the quantile maps are provided below.
[image: image26.png]g % i W N I NN R )

v





Note: Calculated and organized by Author
<Figure 2> Moran Spatial dependence cluster of basic pension revenues in 2001, 2005, 2009 and 2013
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Note: Calculated and organized by Author

<Figure 3> Quantile map of basic pension revenues among provinces in 2001, 2005, 2009 and 2013

[image: image20.png]I:L-H

TIANJIN, JILIN,INNER
MONGLIA, ANHUIJANGXI,
FUIIAN, HAINAN(7)

JUHES

TIBET, QINGHAI, GANSU,
NINGXIA, XINJIANG, SHANXI,
SHAANXI, CHONGQING,
YUNAN, GUIZHOU, HUNAN,
GUANGXI (12)

I:HH

BELING, LIAONING, HEBEI,
HENAN, SHANDONG,
JIANGSU, SHANGHAL,

ZHEIIANG(8)

IV:H-L

HEILONGIIANG, HUBEI,
GUANGDONG, SICHUAN (4)




[image: image21.png]I:HH

BELING, LIAONING, HEBEI,
HENAN, SHANDONG,
JIANGSU, SHANGHAL,

ZHEIIANG(8)

I:L-H

TIANJIN, JILIN,,
ANHULJIANGXI, FUIIAN,
HAINAN(6)

JUHES

TIBET, QINGHAI, GANSU, NEGHL
NINGXIA, XINJIANG, INNER HEILONGIIANG, HUBEI,
MONGLIA,SHANXI, SHAANXI, HUNAN,GUANGDONG,
CHONGQING, YUNAN, SICHUAN (5)
GUIZHOU, GUANGXI (12)





2001                                                 2005

[image: image22.png]I:L-H

TIANJIN, JILIN,SHANXI,
SHAANXI, ANHUI,
CHONGQING, JIANGXI,
FUIIAN, HAINAN(9)

JUHES

TIBET, QINGHAI, GANSU,
NINGXIA, XINJIANG, INNER
MONGLIA, YUNAN,
GUIZHOU, GUANGXI (9)

I:HH

BELING, LIAONING, HEBEI,
HENAN, SHANDONG,
JIANGSU, SHANGHAI(7)

IV:H-L

HEILONGIIANG, HUBEI,
HUNAN,GUANGDONG,
SICHUAN,ZHENGIIANG (6)




  [image: image23.png]I:HH

BELING, LIAONING, HEBEI,
HENAN, SHANDONG,
JIANGSU, SHANGHAL,

ZHEIIANG(8)

I:L-H

TIANJIN, JILIN,SHAANXI,
ANHUI, CHONGQING,
JIANGXI, FUJIAN, HAINAN(8)

JUHES

TIBET, QINGHAI, GANSU,
NINGXIA, XINJIANG, INNER

MONGLIA, SHANXI, YUNAN,
GUIZHOU, GUANGXI (10)

IV:H-L

HEILONGIIANG, HUBEI,
HUNAN,GUANGDONG,
SICHUAN (5)





2009                                                 2013

Note: Organized by Author
<Figure 4> Moran’s I Scatter Plot in 2001, 2005, 2009 and 2013

The quantile locations for the absolute scale of basic pension revenues of each province for different years are provided in Figure 4. The majority of provinces in the eastern region are in the first quantile. According to the quantile map that includes multiple years, the absolute scale of basic pension revenues portrays a geographical distribution and a decreasing pattern from east to west. 
Another characteristic of the spatial dependence of basic pension revenues is that numerous provinces are located in the first and third quadrant, which implies a positive spatial dependence; the remaining provinces are in the second or fourth quadrant, which indicates heteroskedasticity. The provinces in the first quadrant are primarily eastern and middle provinces and provinces in the third quadrant are primarily western provinces.

The spatial dependence test of basic pension revenues and quantile maps indicates a positive spatial dependence of basic pension revenues in China. Because traditional econometric models do not consider spatial effects, the regression results may be biased. For a better understanding of the impact of local governments on basic pension revenues, spatial econometric models are technically needed.

4.7 Empirical Results

Based on the spatial dependence test, basic pension revenues among provinces have a positive agglomeration, a spatial correlation and a spatial difference. Therefore, it is necessary to design appropriate models to analyze the influencing factors and relationships among these variables.

The existence of spatial dependence may undermine the validity of the general regression analysis and may lead to biased outputs. For a better understanding of the dynamic features of the spatial distribution of basic pension revenues of local governments, spatial econometric models are adopted. SEM-RE, SEM-FE, SAR-RE, SAR-FE and SAC-FE models are used for these additional tests.
<Table 7> Results of spatial econometric analysis 
	
	SEM-RE

	SEM-FE

	SAR-RE
	SAR-FE
	SAC

	lngr
	0.3319***
	0.2769***
	0.2599***
	0.2108***
	0.1772***

	
	(0.0389)
	(0.0357)
	(0.0376)
	(0.0348)
	(0.0347)

	lngd
	0.1313***
	0.1348***
	0.0984***
	0.0979***
	0.0945***

	
	(0.0254)
	(0.0245)
	(0.0244)
	(0.0235)
	(0.0211)

	pr
	0.0247***
	0.0246***
	0.0234***
	0.0232***
	0.0205***

	
	(0.0020)
	(0.0019)
	(0.0018)
	(0.0017)
	(0.0019)

	rr
	-0.0018*
	-0.0015
	-0.0015
	-0.0012
	-0.0008

	
	(0.0010)
	(0.0010)
	(0.0009)
	(0.0009)
	(0.0008)

	dr
	-0.0079***
	-0.0081***
	-0.0068***
	-0.0069***
	-0.0061***

	
	(0.0012)
	(0.0011)
	(0.0011)
	(0.0011)
	(0.0010)

	lnaw
	0.6674***
	0.7516***
	0.5007***
	0.5556***
	0.4893***

	
	(0.0664)
	(0.0615)
	(0.0696)
	(0.0666)
	(0.0691)

	hel
	0.0158***
	0.0157***
	0.0132***
	0.0129***
	0.0120***

	
	(0.0029)
	(0.0028)
	(0.0028)
	(0.0027)
	(0.0026)

	npg
	0.0114**
	0.0126**
	0.0127**
	0.0136***
	0.0144***

	
	(0.0057)
	(0.0055)
	(0.0054)
	(0.0052)
	(0.0049)

	Spatial
	
	
	
	
	

	lambda
	0.0826
	0.0728
	
	
	-0.2542**

	
	(0.0675)
	(0.0653)
	
	
	(0.1009)

	rho
	
	
	0.2408***
	0.2594***
	0.3505***

	
	
	
	(0.0439)
	(0.0428)
	(0.0559)

	R-sq
	0.71111
	0.6488
	0.6429
	0.5759
	0.5412


Note: Calculated and organized by Author
First, the spatial coefficient of  was not significant in the SEM model but was significant in the SAC model. Because of this inconsistency, we cannot confirm a significant spatial difference among provinces.
Second, the spatial coefficient of ρ is significant and positive for both the SAR and the SAC model. We note the existence of significant spatial dependence of pension revenues among provinces. Because ρ﹥0, positive external effects do exist. Competition of local pensions may result in a demonstration effect
 between neighboring regions. If ρ﹦0, then a significant external effect or spatial dependence do not exist between local and neighboring regions.
 Such a result indicates that basic pension revenues for one province do not depend on pension revenues for neighboring provinces.

Because the spatial external effect of public expenditures is complex, a negative external effect can be generated by excessive competition and a positive external effect can be generated by a demonstration effect. According to fiscal decentralization theories, a positive external effect improves local expenditure levels and increases the social welfare.
From the SEM, SAR and SAC estimation results, the p-values of the SAR and the SAC models are significant. The SAC model simultaneously includes the error term and the spatial lagged term and is the optimal model for this study.
<Table 8> SAC estimation of variables for basic pension revenues
	
	model1
	model2
	model3
	model4
	model5
	model6

	lngr
	0.1166***
	
	
	
	
	0.1772***

	
	(0.0332)
	
	
	
	
	(0.0347)

	lngd
	
	0.0873***
	
	
	
	0.0945***

	
	
	(0.0210)
	
	
	
	(0.0211)

	pr
	
	
	0.0114***
	
	
	0.0205***

	
	
	
	(0.0016)
	
	
	(0.0019)

	rr
	
	
	
	0.0024***
	
	-0.0008

	
	
	
	
	(0.0007)
	
	(0.0008)

	dr
	
	
	
	
	-0.0012
	-0.0061***

	
	
	
	
	
	(0.0008)
	(0.0010)

	lnaw
	0.4298***
	0.4582***
	0.5089***
	0.5753***
	0.5307***
	0.4893***

	
	(0.0639)
	(0.0598)
	(0.0671)
	(0.0662)
	(0.0657)
	(0.0691)

	hel
	0.0035
	0.0060**
	0.0099***
	0.0045*
	0.0046*
	0.0120***

	
	(0.0027)
	(0.0026)
	(0.0027)
	(0.0026)
	(0.0026)
	(0.0026)

	npg
	0.0117**
	0.0150***
	0.0114**
	0.0054
	0.0070
	0.0144***

	
	(0.0048)
	(0.0048)
	(0.0046)
	(0.0047)
	(0.0048)
	(0.0049)

	Spatial
	
	
	
	
	
	

	rho
	0.5527***
	0.5612***
	0.6188***
	0.5962***
	0.6062***
	0.3505***

	
	(0.0547)
	(0.0508)
	(0.0501)
	(0.0463)
	(0.0482)
	(0.0559)

	lambda
	-0.5525***
	-0.5941***
	-0.4803***
	-0.6188***
	-0.6188***
	-0.2542**

	
	(0.1022)
	(0.0975)
	(0.1184)
	(0.0949)
	(0.0962)
	(0.1009)

	Variance
	0.0080***
	0.0078***
	0.0071***
	0.0078***
	0.0080***
	0.0062***

	sigma2_e
	(0.0006)
	(0.0006)
	(0.0005)
	(0.0006)
	(0.0006)
	(0.0004)

	N
	403.0000
	403.0000
	403.0000
	403.0000
	403.0000
	403.0000

	r2
	0.5046
	0.3331
	0.2393
	0.3243
	0.3350
	0.5412

	r2_w
	0.9818
	0.9823
	0.9824
	0.9818
	0.9812
	0.9875

	ll
	386.9111
	389.5342
	409.9821
	385.6533
	380.9965
	459.7980

	aic
	-740
	-740
	-780
	-730
	-720
	-850

	bic
	-660
	-670
	-710
	-660
	-650
	-710


Note: Calculated and organized by Author

First, the estimation results suggest local government revenues’ positive impact on basic pensions. Therefore, the hypothesis that local government revenues positively affect regional pensions is accepted. 

Second, local governments’ debt had a positive coefficient, which implies that local governments often supplement the shortage of basic pension funds by borrowing money from the central government or banks. Therefore, increasing local debts have an unintentional positive correlation with basic pensions.
Third, the SAC estimation results indicate that payment rate had a positive impact on basic pension revenues at the 1% significance level. The higher the payment rate, the greater the basic pension revenue; however, a higher payment rate implies that more workers should contribute. 
Fourth, the replacement rate and the dependency rate had negative effects on pensions in the SAC estimation. Dependency rate is the proportion of retired workers to on-the-job contributors. The dependency rate’s negative effect on pension revenues implies that as the dependency rate decreases, the number of contributors increases and pension premiums also increase. However, the replacement effect is not found to be significant.
These results align with the new economic geography theory that regions with natural geographic endowments take advantage of basic pensions and may lead to population agglomeration and spill-over effects on neighboring provinces.

5  Conclusion
China’s aging population problem has become more serious, and accordingly, the Chinese pension system faces many challenges. Because the social pooling account is facing large deficits and increased expenditures, using capital from individual accounts has become a common policy option for the Chinese government. Poor management of pensions has resulted in a problem related to empty account in the individual account system. 

A spatial econometric analysis demonstrated a positive spatial correlation of basic pension revenues among thirty-one provinces and provided evidence for the hypothesis that spatial external effects exists among provinces. Therefore, increasing one province’s basic pension revenues may result in an increase of neighboring provinces’ pension revenues. Competition among pensions attract more talented workers by providing superior pension benefits and may promote the development of local economies. 

Based on the spatial correlation test, Moran’s I scatter plot and cluster indicate that spatial agglomeration and dependence exist in the Chinese pension system. The results also provide evidence of a significant spatial dependence of basic pensions with neighboring provinces. Therefore, the results indicate that neighboring provinces or provinces that are geographically adjacent should collaborate to foster infrastructure for mutual economic growth. 

Empirical analyses demonstrate that Chinese government reform measures regarding pensions are effective, accurate and timely. Decreasing the payment rate, extending the retirement age, and instituting the two-child policy may be effective methods to ease the critical situation of the current pension system. The new Chinese government appears to be paying good attention to social security. 
A wide gap exists in the level of basic pensions among provinces and the burden of the local governments appears to be unfair．Because of this situation, it is difficult to transfer basic pension funds between local regions and the insurance function of basic pension system is weakened. To eliminate local division of basic pensions, we should construct a new nationally coordinated universal basic pension that can cover all the local regions of China as a whole．
This study includes limitations that are due to the complex geographical distributions of China and province-level data may not accurately reflect regional distribution differences of basic pensions. China has 283 prefecture-level cities, 374 county-level cities and 1,636 counties. If county-level data can be obtained, geographical differences in the Chinese basic pension can be analyzed fully and completely. 

Pension task is arduous and results in empty individual accounts, pension fiscal imbalances and other problems. The basic pension insurance is the first pillar of the Chinese pension system and is burdened with too much responsibility; the second and third pillars have been developed too slowly. Therefore, the government should promote the development of enterprise annuities and commercial insurance to improve the Chinese pension system. The three pillars must work together to address the crisis of the aging population and. The enterprise annuity and commercial insurance are important components of China’s social security system.
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Abstract
Research on Regional Differences in Chinese Urban Employee Basic Pension Revenues 

Because the aging population problem is becoming more serious, China faces a critical problem related to social security. The Chinese pension system depends too much on the basic pension, which puts great pressure on the Chinese government to finance the basic pension. Specifically, individual accounts are at serious risk of becoming empty accounts. 
Differences in the economic development among Chinese provinces are a primary reason for differences in provincial pensions. Therefore, studying the characteristics and evolution of the spatial distribution of basic pensions can provide an important reference value to promote the social security of China and may suggest a positive response for problems related to an aging population.
From the perspective of a pension as a public product, this study analyzes local government revenues, debt level, pension payment rates, wage replacement rates and dependency rates. The econometric model is based on an analysis of panel data from 2001 - 2013. 
Using the Global Moran’s I and Local Moran’s I tests, this study demonstrates that spatial dependence and spatial differences exist for the basic pension among provinces. To confirm these spatial interactions in pensions among provinces, this research adopts the Spatial Error Model, the Spatial Autoregressive Model and the Spatial Autocorrelation Model to analyze and determine that a positive external effect exists among provincial pensions. If the pension revenues of one region increase, then the pension revenues of a neighboring province may increase accordingly. 
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� Generally, a spatial weight matrix is designed based on either an adjacent matrix or a distance matrix for the purpose of defining an adjacency relationship based on spatial observations.


� LM-ERR: Lagrange multiplier test for spatial error dependence


� LM-LAG: Lagrange multiplier test for spatial lag dependence


� RE: random effects


� FE: fixed effects


� Demonstration effects are effects on the � HYPERLINK "https://en.wikipedia.org/wiki/Behavior" \o "Behavior" �behavior� of individuals caused by observation of the actions of others and their consequences. The term is generally used in � HYPERLINK "https://en.wikipedia.org/wiki/Political_science" \o "Political science" �political science� and � HYPERLINK "https://en.wikipedia.org/wiki/Sociology" \o "Sociology" �sociology� to describe that developments in one location will often act as a catalyst in another location.
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