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Abstract

:

As the aging of China’s population continues to intensify as well as deepen, and fiscal support continues to increase, improving the efficiency of fiscal expenditure on aging undertakings has become the key to actively responding to the national strategy of sustainable population aging. This paper uses a global super-efficiency slacks-based measure model to measure the efficiency of fiscal expenditure on aging undertakings in China from 2011 to 2020. The results show, firstly, that the efficiency values are generally increasing. The eastern region’s fiscal expenditure efficiency has output deficiencies overall; all western, central, except Anhui, and northeast, except Jilin, provinces have input redundancies and output shortages. Secondly, the relatively effective provinces in terms of aging undertakings are mainly concentrated in the eastern coastal region; the number of effective provinces in the northeast is gradually increasing. Thirdly, excluding the eastern region, the efficiency values for all regions show a convergence trend; when controlling for region-specific influencing factors, the efficiency values of each region will converge to their respective steady-state levels. It is concluded that the trend in the fiscal management of aging undertakings in China is positive, and the levels of fiscal management as well as technology are higher in the east, lower in the west, less stable in the central, and more progressive in the northeast.
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1. Introduction


Population aging profoundly impacts the long-term development of a country’s economy and society. Global population aging is continuously increasing. As the world’s most populous country, China has the largest elderly population in the world. By the end of 2021, China’s population of people aged 65 and older reached 201 million, accounting for about 27% of the world’s total population in that age range. In 2000, 2010, and 2020, the proportion of the population aged 65 and older to the total population of China was 7%, 8.87%, and 13.5%, respectively, with an average annual growth rate of 2.7% to 5.2% [1,2,3]. The aging of China’s population is becoming deeper and deeper.



Population size and age structure are important factors affecting social productivity, and China’s increasing proportion of elderly people will affect many aspects of the country’s economy and society, including the labor market, economic development, and the national fiscal system [4]. Zhang and Shi argue that China’s aging population is causing labor shortages and triggering demographic debt [5]. Feng finds that a retirement age system can reduce participation in the older workforce, and delayed retirement can in turn decrease intergenerational care and disadvantage younger generations’ labor supply [6]. At the same time, the decline in the health status of the elderly population will further worsen the labor supply, which is reflected in lower rates of individual participation in work, shorter working hours, and lower employment rates [7,8,9]. Considering that the labor force is an important variable affecting the potential growth rate of the economy, population aging is bound to act on economic development as well. Gordon and Wang find that population aging inhibits economic development in the United States and China [10,11]. Cao et al. find that population aging in China has a positive contribution to high-quality economic development, and this contribution gradually diminishes with deepening population aging [12]. In addition, there is regional heterogeneity between population aging and economic development in China, and economically developed regions are more likely to promote economic growth [13,14].



Population aging has equally profound implications for the national fiscal system. It has been shown that, on the one hand, population aging can inhibit the effectiveness of national fiscal policy. The reason for this is that population aging has increased social security expenditure dramatically, resulting in a sharp increase in the government’s budget deficit; at this point, it becomes difficult to expand government expenditure [15]. In addition, population aging affects personal consumption, investment, and employment, thereby dampening the effects of fiscal policy [16]. On the other hand, population aging affects fiscal sustainability. For example, studies on Australia, Canada, the United States, Europe, and Asia have found that a decline in the working-age population will lead to the shrinking of the government’s tax base [4,17,18], as well as a reduction in total labor supply and GDP, which will reduce government tax revenues [19]. Additionally, population aging will rapidly increase the size and proportion of government expenditure on social security and Medicare, leading to a continued rise in the fiscal deficit and government debt [20,21,22,23].



Actively responding to population aging is an important measure for resolving fiscal risks, improving fiscal sustainability, and enhancing peoples’ well-being. In the context of downward economic pressure, the impact of COVID-19, and deepening population aging, China’s fiscal revenue situation is more severe, and fiscal expenditure in the areas of public healthcare and elderly services is under more pressure. Based on existing research, the countermeasures mainly focus on two aspects: On the one hand, adjusting the tax system and fiscal structure, eliminating unreasonable benefits, raising the retirement age, encouraging the elderly to take up employment [20,22,24,25,26,27,28], increasing the consumption level of the elderly [29], and improving the efficiency of healthcare resources [30]. On the other hand, optimizing the existing fiscal support policies for aging undertakings and the elderly industry, i.e., using fiscal revenue tools, fiscal expenditure tools, and fiscal investment as well as financing tools to precisely support the development of the elderly services industry and social security for the elderly [31,32]; increasing the intensity of fiscal support and optimizing the structure of fiscal investment [33,34]; precisely positioning fiscal subsidies for the supply and demand of elderly services [35,36,37]; adjusting the methods of fiscal subsidies for personal accounts of urban and rural residents’ basic pension insurance [38]; and improving the mechanisms of government purchases of elderly home services [39,40].



Moreover, it is also important to improve the efficiency of fiscal funds in coping with population aging. At present, China’s fiscal funds with which to cope with population aging are mainly invested in elderly social security and elderly services. To ensure the sustainability of fiscal funds for aging, it is necessary to improve the efficiency of fiscal expenditure so that limited fiscal resources can be used more effectively and widely. Academic research on fiscal expenditure efficiency has become more mature, while aging-related research has focused on livelihoods. Studies have found that fiscal expenditure efficiency is generally better in the eastern and central regions of China than in western ones [41,42,43]; social security expenditure efficiency varies significantly between regions [44]; healthcare expenditure efficiency values are generally on the rise [45]; healthcare expenditure efficiency is generally higher in the central, western, and northeastern regions than in eastern ones [46]; and the fiscal expenditure efficiency of basic public services, including education, healthcare, and social security, has a clear trend of convergence within each region [47].



In addition, existing studies have mainly used DEA-CCR and BCC models, the two-stage DEA and DEA–Malmquist models to measure and analyze the supply efficiency of elderly care institutions as well as medical and nursing institutions [48,49,50]; a three-stage DEA model to measure and analyze the efficiency of fiscal expenditure on elderly services [51]; and a Malmquist model as well as robust DEA model to analyze and measure the efficiency of China’s basic pension insurance system [52,53,54]. DEA is called data envelopment analysis, proposed by the United States researchers Charnes et al; this method can be used to measure decision making unit (DMU) efficiency values. The DEA method has two classical models: the CCR model and the BCC model. The first DEA model was jointly created by Charnes, Cooper, and Rhodes [55], and the second DEA model was proposed by Banker, Charnes, and Cooper [56]. It can be seen that most studies on the efficiency of coping with population aging in China have focused on the supply of elderly institutions and the basic pension insurance system, and there is a lack of overall measurement and analysis of the efficiency of using fiscal funds to cope with population aging. In addition, concentration has been on the use of DEA-CCR and BCC models as well as DEA–Malmquist models; however, such models have comparative difficulties in intertemporal efficiency analyses.



In summary, this paper focuses its research theme on improving the efficiency of fiscal funds used to cope with population aging. Furthermore, the active response to population aging is to promote the synergistic development of the aging industry and aging undertakings. Generally speaking, the nature of aging undertakings belongs to governmental action activities of social public management, and the nature of the elderly industry mostly refers to the market economic activities of economic units. Aging undertakings are not only basic guarantees for the development of the elderly industry, but also an important channel through which the government safeguards the basic rights and interests of the elderly, as well as improving inclusive elderly services [57]. Therefore, this paper focuses on measuring and analyzing the efficiency of fiscal expenditure on aging undertakings in China. Moreover, to solve the difficulty of comparing efficiency values during this period, this paper relies on a super-efficiency slacks-based measure (SBM) model as well as global reference technique, and uses a global super-efficiency SBM model to measure the efficiency of fiscal expenditure in aging undertakings [58,59,60], also considering that there may be differences in efficiency within regions or between provinces in China. To address this issue, this paper introduces a convergence analysis method to investigate whether such differences persist. This method, which primarily checks whether differences between economies have decreased over time, has been commonly used in the analysis of the convergence of fiscal expenditure efficiency. This paper mainly measures and analyzes the fiscal expenditure efficiency and its convergence in China’s aging undertakings in order to fill the gap in existing studies on the efficiency of the use of fiscal funds in response to population aging, as well as to improve fiscal sustainability from the perspective of improving efficiency. This study on China not only provides a theoretical and mathematical basis for the formulation and optimization of fiscal policies to actively cope with population aging, but is also an important reference for other countries in the world.




2. Materials and Methods


2.1. Data Envelopment Analysis Method (DEA)


2.1.1. Super-Efficiency SBM Model


The classical models for DEA efficiency assessments are the CCR and BCC models; however, the values of effective DMUs in both traditional CCR and BCC models are 1, which are not able to be compared among multiple effective DMUs [61]. The super-efficiency model overcomes this drawback very well by reordering the effective DMUs, such that they are comparable with each other. The SBM model can solve the problem of the CCR and BCC models not being able to measure all slack variables, and can accurately measure the efficiency level of DMUs. Indeed, in the radial DEA model, the measure of the degree of ineffectiveness only includes the proportion of the equal proportional reduction (increase) of all inputs (outputs). For invalid DMUs, in addition to the equiproportional improvement component, the gap between its current state and the strongly effective target value also includes the slack improvement component, which is not reflected in the efficiency value measurement. Rather, the SBM model incorporates slack variables into inefficient DMU measurements [62]. Therefore, Tone (2002) proposed the super-efficient SBM model, which can solve both the efficiency ranking comparison and efficiency assessment accuracy problems for DMUs [58]. The model assumes that the technical efficiency of n DMUs needs to be measured, denoted as DMUj (j = 1,2, …, n). Each DMU has m inputs, and q outputs, denoted as    x i  ,  y r  , ( i = 1 , 2 , … , m ; r = 1 , 2 , … , q )  . At this point, for SBM-efficient DMUK   ( K = 1 , 2 , … , n )  , a super-efficient SBM model based on the variable returns to scale (VRS) assumption is given in Equation (1):


    min ρ =   1 +  1 m    ∑  i = 1  m      s i −     x  i k         1 −  1 q    ∑  r = 1  q      s r +     y  r k             s . t .  {      ∑  j = 1 , j ≠ k  n    x j   λ j  −  s  −    ≤  x k        ∑  j = 1 , j ≠ k  n    y j     λ j  +  s  +  ≥  y k        ∑  j = 1 , j ≠ k  n    λ j    = 1      λ j  ,  s  −  ,  s  +  ≥ 0     i = 1 , 2 , … , m ; r = 1 , 2 , … , q ; j = 1 , 2 , … , n ( j ≠ k )        



(1)




where  ρ  is the technical efficiency value measured based on the assumption of non-orientation;    λ j    denotes the input and output weights of the jth DMU;    s −  ,  s +    denote slack variables;    s i    −    is the input redundancy value of    x i   ; and    s r    +    is the output deficiency value of    y r   . At this point, the set of production possibilities consisting of DMUs is as in Equation (2):


  s =  {    ( x , y )  |  x ≥   ∑  j = 1  n    x j   λ j    , y ≤   ∑  j = 1  n    y j   λ j  , λ ≥ 0    }   



(2)







However, the super-efficiency SBM model mainly measures the relative efficiency of each DMU in a single period, and the efficiency values of each DMU in different periods are not comparable. Considering that this paper uses panel data, using the super-efficiency SBM model to measure efficiency values at this time would present a cross-period comparison challenge.




2.1.2. Global Reference Technique and DMU Cross-Period Evaluation


Panel data DMU intertemporal evaluation is generally found in Malmquist index analyses. At present, based on the adjacency reference, serial reference, fixed reference, window fixed reference, and global reference techniques, the DEA method can define the production frontier by constructing different sets of production possibilities to measure the Malmquist index of DMUs in each period, where the Malmquist indices measured based on the fixed reference, window fixed reference, and global reference techniques are transferable and can achieve interperiod evaluation and comparison among DMUs.



As far as the fixed reference data envelopment analysis method is concerned, the fixed reference technique takes the production possibility set determined by the input and output values of DMUs in a fixed period as the reference set and constructs the optimal production frontier surface to ensure that the frontier is fixed. The common reference set for each period is    S f  =  {  (  x j f  ,  y j f  )  }   , and f is the number of 1—T, along with j = 1,2, …, n. On this basis, the analysis of changes in efficiency and technology is based on the same reference frontier [63]. At this time, the Malmquist index is    M f  (  x  t + 1   ,  y  t + 1   ,  x t  ,  y t  ) =    E f  (  x  t + 1   ,  y  t + 1   )    E f  (  x t  ,  y t  )    ; however, using a fixed period as a reference set may have the disadvantage of insufficient information exploitation [64].



For the window fixed reference data envelope analysis method, which was first proposed by Charnes and Cooper in 1984, the basic idea is to place multiple-period DMUs in the same window based on a certain width, and the same DMU in the window can be regarded as multiple different DMUs [65]. Asmild et al. applied the window fixed reference data envelopment analysis method to the Malmquist model and used the data contained in the window to construct a reference set as well as determine the production frontier surface [66]. At this time, the Malmquist index is    M  w f   = (  x  t + 1   ,  y  t + 1   ,  x t  ,  y t  ) =    E  w ( f )   (  x  t + 1   ,  y  t + 1   )    E  w ( f )   (  x t  ,  y t  )    , in which the window is mainly determined by the window width (d) and the offset (f); the default window is composed of t and the d−1 periods which are before t, i.e.,   w ( t ) =  {  t , t − 1 , ⋅ ⋅ ⋅ , t − d + 1  }   ; in addition, moving the window can be done by setting an offset, f, i.e.,   w ( t ) =  {  t + f , t − 1 + f , ⋅ ⋅ ⋅ , t − d + 1 + f  }   . The Malmquist index is not only transferable but also cumulative. However, there is ambiguity in the choice of window width, which limits its application. In addition, both the window and the fixed reference data envelopment analysis method have the problem of no feasible solutions for the VRS model.



In terms of the global reference data envelope analysis method, this method can solve the above-mentioned problems. The data envelopment analysis method based on the global reference technique takes the production possibility set formed by the input and output data of all periods containing DMUs, uses it to determine the production frontier surface, evaluates the efficiency of all DMUs under a uniform boundary, and finally obtains the Malmquist index [59]. At this point, the common reference set of DMUs for each period is    s g  =  s 1  ∪  s 2  ∪ ⋯ ∪  s p  =  {  (  x j 1  ,  y j 1  )  }  ∪  {  (  x j 2  ,  y j 2  )  }  ∪ ⋯  {  (  x j p  ,  y j p  )  }   , where p is the number of periods, and the Malmquist index is    M g  (  x  t + 1   ,  y  t + 1   ,  x t  ,  y t  ) =    E g  (  x  t + 1   ,  y  t + 1   )    E g  (  x t  ,  y t  )    . In conclusion, the Malmquist index based on the global reference data envelopment analysis method is transferable and recyclable, and can effectively avoid the problem of no feasible solutions as well as exclude the technical regression situation.




2.1.3. Global Super-Efficiency SBM Model


Based on the above analysis, the global reference technique can be applied to the super-efficiency SBM model. At this point, a global super-efficiency SBM model based on variable scale payments can be constructed for n DMUs with period T. Equation (3) represents the production possibility set that consists of DMUs. Equation (4) represents the global super-efficiency SBM model planning equation if DMUK is SBM-efficient at period t (  t = 1 , 2 , … , T  ). In conclusion, the global super-efficiency SBM model can solve the problem that the super-efficiency SBM model DMU efficiency values cannot be compared across periods and have no feasible solutions [67,68].


  p  s   =  {  ( x , y )  |  x ≥   ∑  τ = 1  T     ∑  j = 1  n    x  j τ     λ  j τ        , y ≤   ∑  τ = 1  T     ∑  j = 1  n    y  j τ     λ  j τ    , λ ≥ 0        }   



(3)






    min  ρ g  =   1 +  1 m    ∑  i = 1  m      s  i k t  −     x  i k t         1 −  1 q    ∑  r = 1  q      s  r k t  +     y  r k t             s . t .  {      ∑  τ = 1  T     ∑  j = 1 ( j ≠ k   i f   τ = t )  n    x  j τ     λ  j τ        −  s  k t  −  ≤  x  k t          ∑  τ = 1  T     ∑  j = 1 ( j ≠ k   i f   τ = t )  n    y  j τ       λ  j τ      +  s  k t  +  ≥  y  k t          ∑  τ = 1  T     ∑  j = 1 ( j ≠ k   i f   τ = t )  n    λ  j τ        = 1      λ  j τ    ,  s  k t  −  ,  s  k t  +  ≥ 0     i = 1 , 2 , … , m ; r = 1 , 2 , … , q ; j = 1 , 2 , … , n ; τ = 1 , 2 … , T        



(4)




where    ρ g    denotes the efficiency value, m is the number of input indicators, q is the number of output indicators, and j denotes the number of DMUs.    x  k t      and    y  k t      denote the inputs and outputs of DMUK at period t, while    s  k t  −    and    s  k t  +    denote the slack variables of the inputs and outputs at period t; moreover,    s  k t  −    and    s  k t  +    respectively represent the input redundancy value and the output deficiency value.    λ  j τ      denotes the weights of inputs and outputs of the jth DMU at period τ.   p s   stands for the production possibility set.





2.2. The Convergence Analysis Method


2.2.1. The σ Convergence


Convergence generally refers to a state to which a certain indicator is gradually being approached in quantity or quality among different economies. In economics, convergence mainly includes σ convergence and β convergence. σ convergence describes a continuous decrease in the dispersion of an indicator between economies as time passes, as well as a tendency for individual differences to decrease. At this point, a σ convergence model can be used to analyze whether there is a convergence trend in the efficiency of fiscal expenditure on aging undertakings in China’s provinces; at this point, the σ convergence model can be expressed by Equation (5).


   σ t  =         ∑  i = 1  N     (  Y  i t   −    Y t   ¯  )  2     N         Y t   ¯     



(5)




where    Y  i t     refers to the efficiency of fiscal expenditure on aging undertakings in a province in period t,      Y ¯   t    denotes the average fiscal expenditure efficiency in all provinces at period t, and N indicates the number of provinces. A larger value of    σ t    indicates a divergent trend in expenditure efficiency, and vice versa a convergent trend.




2.2.2. The Absolute β Convergence


Absolute β convergence generally refers to the fact that different economies converge to the same steady-state level without considering exogenous influences. It also shows that the economic growth rate is negatively correlated with the initial level of economic development, and the economic growth rate in regions with a high initial level of economic development is slower than that in regions with a low initial level of economic development; as time passes, the economic differences between regions disappear and eventually reach the same steady-state level. Applying absolute β convergence to the analysis of the efficiency of fiscal expenditure on aging undertakings, at this point the absolute β convergence can be expressed by Equation (6):


  ln (    Y  i , t      Y  i , t − 1     ) =  β 0  +  β 1  ln  Y  i , t − 1   +  ϑ i  +  η t  +  ε  i t    



(6)




where    Y  i , t     denotes the efficiency of fiscal expenditure on aging undertakings in province i at time period t,   ln (    Y  i , t      Y  i , t − 1     )   is the growth rate of the fiscal expenditure efficiency of aging undertakings in the province from period t−1 to t, β1 is the absolute convergence coefficient (when the value is negative and passes the significance test, it shows that there is absolute β convergence in the expenditure efficiency; when β1 passes the significance test as positive, it indicates that the fiscal expenditure efficiency of aging undertakings in each province is diverging), and    ϑ t   ,    η t   , and    ε  i t     denote the individual effect, time effect, and random disturbance term, respectively.




2.2.3. The Conditional β Convergence


In contrast to absolute β convergence, conditional β convergence assumes that, under the influence of many factors and regional heterogeneity, economies will not all converge to the same steady-state level over time, but will reach their stable growth rates and levels. To this end, conditional β convergence in the efficiency of fiscal expenditure on aging undertakings can be expressed by Equation (7):


  ln (    Y  i , t      Y  i , t − 1     ) =  β 0    1  +  β 1    1  ln  Y  i , t − 1   + δ c o n t r o l +  ϑ i  +  η t  +  ε  i t    



(7)




where    β 1    1    is the conditional convergence coefficient. When the value is negative and passes the significance test, it indicates that there is conditional β convergence, and vice versa it diverges.   c o n t r o l   denotes a set of control variables.  δ  is the control variable coefficient matrix.






3. Results


3.1. Selection of Input and Output Indicators


Clarifying input and output indicators is the basis and key to assessing the efficiency of fiscal expenditure on aging undertakings. Before the selection of indicators, it is necessary to reasonably define the connotations of aging undertakings. Aging undertakings refer to the non-profit-oriented public service activities that focus on elderly services and elderly social security, implemented or participated in by the government, emphasizing on ensuring the basic living and elderly care needs of senior, low-income, economically disadvantaged, and disabled elderly groups, and supporting the development of elderly services with an inclusive nature. The fiscal input indicators of aging undertakings mainly represent the government’s fiscal expenditure, while the output indicators mainly reflect the development of inclusive elderly services and social security for the elderly.



3.1.1. Input Indicator Selection


The government’s fiscal input funds for aging undertakings are mainly derived from the general public budget and governmental fund budget. For the general public budget, its fiscal subsidies to the basic pension insurance fund, old-age welfare, aging affairs (including aging health and elderly services), and administrative as well as institutional retirement expenditure accounts (collectively referred to as fiscal aged expenditure) are the most intuitive reflections of the fiscal investment in aging undertakings. On the one hand, the expenditure on aging affairs can reflect the fiscal subsidy expenditure on elderly services, including supporting elderly service institutions to provide home community elderly services, providing operation and construction subsidies to private non-profit elderly service institutions, providing construction, repair, and renovation subsidies to public elderly institutions, and covering the work expenses related to aging affairs. On the other hand, fiscal subsidies to the basic pension insurance fund include fiscal subsidies to enterprise employees and urban as well as rural residents, which are an important source of income for the basic pension insurance fund; elderly welfare expenditure, including funding subsidies for the provision of basic old-age service protection in financial difficulties, such as the elderly and disabled people; and expenditure on administrative and public institutions’ retirement, mainly for the retirees of such institutions. The above expenditures can reflect the government’s fiscal investment in social security for the elderly.



As far as governmental fund budgets are concerned, based on policy requirements, no less than 50% of local government social welfare lottery funds have been used to support the development of elderly services in recent years, with a focus on supporting the expansion of the coverage of inclusive elderly services. Based on this, the local government’s fiscal aged expenditure and its 50% portion of social welfare lottery funds (referred to as welfare lottery funds, as below) basically cover the financial funds needed to support the development of elderly services and social security for the elderly, which can be used as an input indicator for the efficiency of fiscal expenditure on aging undertakings.




3.1.2. Output Indicator Selection


This paper mainly relies on the “12th Five-Year Plan” for the development of China’s aging undertakings and the “13th Five-Year Plan” for the development of national aging undertakings and the construction of the elderly care system to determine the output indicators, and also refers to Fan and Wang’s, as well as Zeng and Zhao’s, related studies [69,70]. The indicators include the number of employees in registered elderly institutions, the total number of elderly institutions and facilities, the number of beds per 1000 elderly people, the number of urban workers’ pension insurance participants, the number of urban and rural pension insurance participants, and the per capita pension level, where the number of registered elderly institutions’ employees, the total number of elderly institutions and facilities, and the number of beds per 1000 elderly people can reflect the development of the construction of elderly institutions as well as facilities and the supply of inclusive elderly service resources, the number of urban workers’ pension insurance participants, and the number of urban and rural pension insurance participants. The per capita pension level can reflect the pension insurance participation and distribution, as well as present the current situation of social security for the elderly.




3.1.3. Data Sources


Considering that most provinces did not disclose the fiscal aged expenditure data from 2011 to 2020, this paper obtains them through the way of requesting government information disclosure, while other data are mainly obtained from the “China Statistical Yearbook “, the “China Civil Affairs Statistical Yearbook”, the “China Social Statistical Yearbook”, and the Government Budget and Final Accounts Public Platform The statistical description of the data is shown in Table 1.





3.2. Efficiency Measurement and Analysis


3.2.1. Time Trend Analysis


This paper is based on the global super-efficiency SBM model (Equation (4)), substitutes input and output data (Table 1) into MATLAB2020 software, measures the efficiency of fiscal expenditure on aging undertakings in 26 provinces of China from 2011 to 2020, and summarize them by category.



The time trend of the efficiency of fiscal expenditure on aging undertakings is shown in Figure 1. By region, the efficiency of fiscal expenditure on aging undertakings in the eastern region is generally in a decreasing trend, while it is basically in an increasing state after 2017, in which the average value of efficiency in 2011 is 0.91, higher than that of the central, western, and northeastern regions, as well as the national average; in 2020, the efficiency value drops to 0.78, higher than that of the western region and the national average. The possible reasons for this are, firstly, the fact that the overall efficiency level of fiscal expenditure on aging undertakings in the eastern region is higher than that in other regions, the fiscal management level and technical level of aging undertakings have been improved to a lesser extent, and the growth rate of the efficiency value is much lower than that in other regions, resulting in a relative decrease in the efficiency value of fiscal expenditure in the eastern region. Secondly, the increase in the number of beds per 1,000 elderly people from 2011 to 2020 is similar to the trend in changing efficiency values in the eastern region. The increase in this output indicator decreases annually between 2014 and 2018, after which it increases, suggesting that changes in the number of beds per 1000 elderly may be the key to the impact.



From 2011 to 2020, the efficiency of fiscal expenditure on aging undertakings in the central region shows the evolution of “continuous decrease—continuous increase”, with the lowest efficiency value dropping to 0.35 in 2015 and the highest efficiency value reaching 0.95 in 2020, which is higher than the average level in the east, west, northeast, and the whole country. From 2011 to 2020, the efficiency of fiscal expenditure on aging undertakings in the northeast region shows the evolution of “dynamic fluctuation-continuous improvement”, with the lowest efficiency value dropping to 0.19 in 2015 and the highest efficiency value reaching 0.82 in 2020, which is higher than the average level of the east, west, and the whole country. The overall efficiency in the western region from 2011 to 2020 shows a steady fluctuating upward trend, in which the efficiency value in 2020 is 0.48, which is lower than the average level in the east, central, northeast, and the whole country. By comparing the temporal trends in input and output indicators, it is found that the increase in the number of employees in registered elderly institutions is consistent with the changing trend in the efficiency value in the central region, indicating that the change of this indicator is the main reason for the evolution of the central region; the change of the total number of elderly institutions and facilities is an important influence factor in the northeast and west regions.



At the national level, the efficiency of national fiscal expenditure on aging undertakings has generally been fluctuating and increasing since 2011–2020, with a clear trend of continuous increase after 2016, indicating that both the level and technology of the Chinese government’s fiscal management of aging undertakings have been developing in a good direction in recent years, also indicating that the Chinese government has become more active and proactive in actively addressing the issue of population aging. In addition, combining the time trends of the efficiency of fiscal expenditure on aging undertakings at the regional and national levels, the overall efficiency of fiscal expenditure on aging undertakings showed a downward fluctuation from 2011 to 2015, and basically showed a steady increase after 2016. This phenomenon may be related to the reform of China’s fiscal management system. The years 2011–2015 saw the implementation phase of China’s “12th Five-Year Plan”, which involved the reform of the taxation system, the improvement of the budget management system, and the adjustment of the fiscal relationship between the central and local governments; this round of fiscal reform was basically completed in 2016 with key work and tasks. For this reason, the period before 2016 is in the stage of reform promotion and tackling difficulties, and there may be efficiency losses in the reform process.




3.2.2. Input–Output Redundancy Analysis


From the time trend analysis of the efficiency of fiscal expenditure on aging undertakings, it is clear that the average value of efficiency in the east, central, west, and northeast, as well as national aging undertakings, from 2011 to 2020 has not reached relative efficiency. To this end, input redundancy and output deficiency analyses were conducted to explore efficiency improvement channels. Where input redundancy and output deficiency are expressed as input redundancy rates and output deficiency rates, input redundancy rates = input redundancy value/input and output deficiency rates = output deficiency value/ output, see Table 2.



As far as the eastern region is concerned, Shandong Province is relatively efficient in terms of fiscal expenditure on aging affairs, with no input redundancies or output shortages. Guangdong, Hebei, Jiangsu, and Zhejiang do not have input redundancies; Guangdong has output deficiencies in the number of workers in registered elderly institutions and the total number of elderly institutions and facilities; and Hebei, Jiangsu, and Zhejiang have output deficiencies in terms of per capita pension expenditure or the total number of elderly institutions and facilities. There are no input redundancies in Hainan and Shanghai, but there is a clear output deficit, which is more evident in the number of urban and rural pension insurance participants in addition to the total number of pension institutions and facilities. There are input redundancies in Tianjin’s welfare lottery funds expenditures and there is a shortfall in each output indicator, except for beds per 1000 elderly indicators. In summary, there are no significant input redundancies in the eastern region overall, but there are varying degrees of output deficiencies. At this point, with no change in investment, focusing on increasing the number of urban and rural pension insurance participants as well as the total number of pension institutions and facilities is conducive to improving the efficiency in the eastern region.



In terms of the central region, there are no input redundancies in both the fiscal pension and welfare lottery funds in Anhui Province, and there is a more significant output shortfall in the total number of institutions and facilities for the elderly indicators. There are input redundancies in Henan and Jiangxi only for welfare lottery funds, as well as more obvious input redundancies in Hunan and Shanxi; Hunan, Shanxi, and Jiangxi have obvious output deficits in the total number of institutions and facilities for the elderly and per capita pension expenditure. In summary, all provinces in the central region, except Anhui, should focus on reducing the redundancies in welfare lottery funds or increasing the total number of elderly institutions and facilities, as well as the level of per capita pension spending, to improve the efficiency of fiscal expenditure on aging undertakings.



In terms of the western regions, Guizhou, Inner Mongolia, Ningxia, Qinghai, Xinjiang, and Yunnan only have redundant welfare lottery funds inputs; Guizhou and Yunnan have more obvious output deficiencies in all output indicators, except for the number of urban and rural pension insurance participants, Inner Mongolia has output deficiencies in all output indicators, except for the number of beds per 1000 elderly people, and Ningxia as well as Qinghai both have obvious deficiencies in the number of employees in registered pension institutions in addition to the number of urban and rural pension insurance participants, the total number of pension institutions and facilities, and the output indicator of per capita pension expenditure. Gansu, Guangxi, Shaanxi, and Sichuan have significant input redundancies and output deficiencies, and Sichuan only has significant output deficiencies in the number of registered nursing institution workers, the total number of nursing institutions and facilities, and the per capita pension expenditure output indicators. In summary, the western provinces have different degrees of input redundancies and output shortages. Reducing the redundancies of welfare lottery funds inputs and increasing the number of registered nursing institution workers, the total number of nursing institutions and facilities, and per capita pension expenditure are the keys to improving the efficiency of fiscal expenditure on aging undertakings.



In the northeast region, input redundancies exist in both Heilongjiang and Liaoning, except for Jilin, where there are no redundancies in inputs. Jilin has significant output deficiencies in regard to the issues of the total number of pension institutions as well as facilities and per capita pension expenditure, while Heilongjiang and Liaoning have significant output deficiencies in the output indicators of the number of urban and rural pension insurance participants, the total number of pension institutions and facilities, and per capita pension expenditure, among which the output deficiency of a total number of pension institutions and facilities is more obvious. In summary, except for Jilin Province, Heilongjiang and Liaoning need to reasonably regulate financial investments in old-age and welfare lottery funds while also focusing on expanding the number of urban and rural old-age insurance participants, the total number of old-age institutions and facilities, and per capita pension outputs. At the national level, reducing the redundancies of inputs, especially the redundancies of welfare lottery funds, while increasing the total number of pension institutions as well as facilities and per capita pension outputs, remains the focus of improving the efficiency of fiscal expenditure on aging undertakings.




3.2.3. Spatial and Temporal Distribution Characteristics Analysis


This section examines the spatial and temporal distribution characteristics of the efficiency of fiscal expenditure on aging undertakings in 26 provinces of China in 2011, 2014, 2017, and 2020 using 3-years periods, as shown in Figure 2.



The relatively effective provinces in terms of the efficiency of fiscal expenditure on aging undertakings are mainly concentrated in the eastern coastal region. This result is consistent with the characteristics of the regional distribution of the efficiency of fiscal expenditure on basic public services [47]. In terms of spatial and temporal distributions, in 2011, 2014, 2017, and 2020 the efficiency of fiscal expenditure on aging in Guangdong and Zhejiang is greater than 1, reaching relative effectiveness; Shandong and Jiangsu have efficiency values greater than 1, except for 2017, with efficiency values of 0.98 and 0.96, respectively; and Hebei has efficiency values greater than 1 in all years except for 2011, with an efficiency value of 0.57, basically in relative effectiveness. These results indicate that the fiscal management and technical levels of aging undertakings are higher in the eastern region, especially in Guangdong, Zhejiang, Shandong, Jiangsu, and Hebei, and that the levels of economic development, science and technology, and government governance in this region are generally higher.



The efficiency of fiscal expenditure on aging undertakings in the northeast is gradually increasing in the provinces. In 2011, the efficiency values in the three northeastern provinces were below 0.66; in 2014 and 2017, the efficiency values of fiscal expenditure in Jilin Province were 1.02 and 1.01, which were greater than 1 and reached a relatively efficient state of efficiency; and in 2020, the efficiency values of Heilongjiang and Jilin were 1.02 and 1.01, which both reached a relatively efficient state, and the efficiency value of Liaoning also rose from the first interval to the second interval. The possible reasons for this are that the three northeastern provinces have more seriously aging populations, lower levels of fiscal revenue, and are under greater fiscal pressures. The coexistence of fiscal pressure and the challenges of aging populations has pushed governments to continuously improve the fiscal management and technology of aging undertakings.



There are more effective provinces in the central region than in the western region. In 2020, the efficiency values of the central provinces Anhui, Henan, Jiangxi, and Hunan were 1.03, 1.03, 1.20, and 1.00, respectively, being relatively effective. The efficiency statuses were unstable, and, except in Henan and Shanxi Provinces, the efficiency values of each province varied between being relatively effective and ineffective in other years. In the western provinces of Sichuan and Guizhou, there exists relative effectiveness; Sichuan’s efficiency has improved significantly, with an efficiency value of 0.30 in 2011 and reaching 1.01 in 2020. The possible reasons for this are that Sichuan ranks third in the country in terms of the size and proportion of the elderly population in the “7th Population Census”, it has a large degree of social aging, it is a large province in terms of its population, economy, and resources, with high fiscal pressure, and that it receives the highest amount of transfer payments from the central government each year, driving its efficiency of fiscal expenditure on aging undertakings to continue to improve. The efficiency in Xinjiang, Qinghai, and Inner Mongolia has not undergone significant improvements, and the region’s general level of economic development, relatively poor geographic and climatic conditions, average transportation conditions, and numerous ethnic minorities may limit the improvement of its fiscal expenditure level on aging undertakings.





3.3. Efficiency Convergence Analysis


3.3.1. σ Convergence Test and Analysis


Equation (5) was used as a basis to measure the σ values of the efficiency of fiscal expenditure on aging undertakings from 2011 to 2020; see Figure 3. At the national level, σ values are generally in a state of dynamic fluctuation, but after 2017 σ values keep decreasing and show a basic convergence trend. On a regional level, the σ values in the northeast and central regions show dynamic fluctuations in general, but the σ values keep decreasing after 2017, showing a basic convergence trend in the provinces within the region. The overall σ value in the eastern region increases gradually from 0.26 to 0.48 between 2011 and 2020, which is the lowest value in the “13th Five-Year Plan” period. In the eastern region, the overall σ value gradually increases from 0.26 to 0.48, with a basic dispersion. The σ value in the western region shows a fluctuating decrease with a convergence trend. Combining the time trend of the efficiency of fiscal expenditure on aging undertakings (Figure 1), it can be seen that, except for the eastern region, the efficiency value of fiscal expenditure on aging undertakings in each region gradually tends to be effective, with an overall upward convergence trend.




3.3.2. Absolute β Convergence Test and Analysis


Equation (6) is a panel static model. Estimating this type of model requires a choice between a random effects regression model as well as a fixed effects regression model. Therefore, in this paper, the Hausman test is conducted on the above model, and the test results significantly reject the original hypothesis, indicating that a fixed effects regression model should be selected. In addition, this paper also conducts a joint significance test for time effects, and the test results show that there is a significant time effect in the panel model. In summary, this paper adopts a panel two-way fixed effects regression model and uses Stata 16 software, based on the data of the values of the efficiency of fiscal expenditure on aging undertakings, to regress Equation (6). Table 3 gives the regression results of absolute β convergence for the efficiency of fiscal expenditure on aging undertakings from 2011 to 2020. From the results, it can be seen that the β convergence coefficients at the east, central, west, northeast, and national levels are all significantly negative at a 1% significance level, indicating that absolute β convergence exists in all regions, i.e., the provinces with low levels of efficiency of fiscal expenditure on aging undertakings have larger efficiency growth rates, and the differences in efficiency between provinces gradually decrease and reach the same steady-state level over time.




3.3.3. Conditional β Convergence Test and Analysis


(1) Control variable selection



In this paper, fiscal pressure (FP), economic development level (GDP), population density (PD), urbanization rate (UR), old-age dependency ratio (ADR), real per capita disposable income (PCI), and real per capita transfer payment (RT) are introduced as control variables in the conditional β convergence model. Among them, FP is expressed as (general public budget expenditure−general public budget revenue)/general public budget revenue; the GDP, PCI, and RT are deflated using 2010 as the base period; PD is expressed as the number of people per square kilometer, reflecting the sparseness of the geographical distribution of the population; the ADR expresses the elderly population aged 65 and above/working population, measuring the social consequences of population aging; and the UR expresses the urban population/total population, measuring the level of regional urbanization. The data are mainly derived from the wind database, the “China Statistical Yearbook”, the “China Financial Yearbook”, and various local statistical yearbooks.



(2) Analysis of the results of the conditional β convergence test



In this paper, the Hausman test and the joint significance test of time effects indicate that we should use a panel two-way fixed effects regression model. For this reason, we use Stata 16 software, based on Equation (7), to conduct a regression analysis of the growth rate of the efficiency of fiscal expenditure on aging undertakings in each province of China from 2011 to 2020, as shown in Table 4. After adding the control variables, there is a significant negative correlation between the expenditure efficiency and the growth rate of expenditure efficiency in the east, central, west, northeast, and the whole country at a 1% significance level, which passes the conditional β convergence test, indicating that with other heterogeneous influencing factors the efficiency of fiscal expenditure on aging undertakings both nationally and within each region develops toward their respective steady-state levels, and this result is consistent with the convergence trend of the efficiency of fiscal expenditure on basic public services [47].



In addition, compared to the absolute β convergence coefficient, the absolute values of conditional β convergence coefficients are larger for the national, eastern, central, and western regions, indicating that the efficiency of fiscal expenditure on aging undertakings converges faster after considering heterogeneity as well as control variables, among which the eastern region converges the fastest and the central region converges the slowest. There is significant regional heterogeneity in the factors affecting the convergence of the efficiency of fiscal expenditure on aging undertakings in the national, east, central, west, and northeast regions.



At the national level, FP, GDP, PD, UR, PCI, and RT significantly affect the fiscal expenditure efficiency growth rate at significance levels of 10%, 5%, 1%, 5%, 10%, and 5%, respectively. On the one hand, PD and PCI significantly and negatively affect the growth rate of fiscal expenditure efficiency, indicating that increasing PD and PCI will prevent the efficiency of fiscal expenditure on aging undertakings from converging to a higher steady-state level, but has a facilitating effect on narrowing the fiscal expenditure efficiency between localities. Possible reasons for this are the higher complexity of the implementation of the government’s aging undertakings in regions with a higher PD, a greater density of the elderly population, and the need to face more complex public issues such as elderly care, medical care, and the construction of environmentally friendly cities for the elderly, which makes the development of the government’s aging undertakings more difficult and reduces the rate of improvement in the efficiency of fiscal expenditure, and a greater demand for higher pension levels in regions with a high PCI, which can lead to insufficient outputs. On the other hand, FP, GDP, UR, and RT are positively correlated with the growth rate of the efficiency of fiscal expenditure on aging undertakings, indicating that increasing such influencing factors will promote the fiscal expenditure efficiency to converge to a higher steady-state level, but have a suppressive effect on narrowing the fiscal expenditure efficiency among localities. Possible reasons for this are that local governments with a higher FP have more incentives to improve fiscal expenditure efficiency; higher governance capacity and means of governance in areas with a higher GDP and UR, as well as greater RT, are conducive to the effective exercising of local governments’ responsibility for underwriting, which in turn improves the efficiency of fiscal expenditure on aging undertakings.



By region, control variables such as FP and GDP have significant heterogeneity effects on the efficiency of fiscal expenditure on aging undertakings in the east, central, west, and northeast. Only the UR in the eastern region significantly and positively affects the growth rate of the efficiency of fiscal expenditure on aging undertakings at a 1% significance level, indicating that an increase in UR significantly promotes the efficiency of fiscal expenditure on aging undertakings in the eastern provinces, but has a suppressive effect on the differences in fiscal expenditure efficiency in the provinces within the region. This may be because the urbanization process in the eastern region is the earliest and the government governance level as well as capacity are higher, which is conducive to the improvement of the efficiency of fiscal expenditure on aging undertakings in the region. At the same time, the difference in UR in the eastern region is a contributing factor to the disparity in fiscal expenditure on aging among provinces.



None of the control variables have a significant effect on the efficiency of fiscal expenditure on aging undertakings in the central region. The GDP in the western region significantly and positively affects the efficiency of fiscal expenditure at a 10% significance level, in addition to promoting the convergence of the efficiency of fiscal expenditure on aging undertakings to higher values. It can also greatly increase local government revenue, optimize the structure of fiscal expenditure, and further improve the efficiency of government fiscal expenditure. In addition, the disparity in GDP in the western region is a contributing factor to the disparity in the efficiency of fiscal expenditure on aging undertakings between provinces. The PCI in the northeast region significantly and negatively affects the efficiency of fiscal expenditure on aging undertakings at a 10% significance level, while FP, GDP, PD, and UR significantly and positively affect the efficiency of fiscal expenditure at 5%, 5%, 5%, and 10% significance levels, respectively. Among them, for PD, the northeast region is a region with more serious population loss and has a lower PD; at this time, increasing PD is conducive to achieving scale effects and improving government expenditure efficiency. In summary, it can be seen that the factors influencing conditional β convergence are different in each region, and the plans as well as policies to improve the efficiency of fiscal expenditure on aging undertakings should be specified differently.






4. Conclusions


This study uses 2011–2020 data to measure the efficiency of fiscal expenditure on aging undertakings in 26 provinces of China based on the DEA global super-efficiency SBM model and tests the σ convergence, absolute β convergence, and conditional β convergence; the main findings are as follows.



First, the overall fiscal management level and technical level of aging undertakings in the eastern region are higher, and the efficiency gap among provinces needs to be narrowed. The overall fiscal expenditure efficiency level for aging undertakings in the eastern region is higher than that of the northeast, central, and western regions, as well as the national average. However, in the eastern region, there is σ divergence in the efficiency of fiscal expenditure on aging undertakings; for this reason, narrowing the gap in the efficiency of fiscal expenditure within the region should be the focus of efforts, especially to narrow the difference in the level of urbanization within the region and improve the management and technical levels of fiscal funds in lagging provinces.



Second, the central region’s fiscal management level and technical level of aging undertakings are not stable enough. Except for the eastern region, the overall level of the efficiency of fiscal expenditure on aging undertakings in the central region is high, and the efficiency value converges to the effective level, i.e., there is σ convergence, absolute β convergence, and conditional β convergence. However, the efficiency values of provinces such as Hunan and Jiangxi fluctuate between relatively effective and ineffective under the time trend. For this reason, it is important to maintain the smooth fluctuation of efficiency values between relatively effective and ineffective in each province, optimize the fiscal support inputs, and improve the outputs of aging undertakings, focusing on improving the fiscal management and technical levels of some ineffective provinces, such as Shanxi.



Third, the western region’s aging undertakings’ fiscal management and technical levels, in general, are low. They show a trend towards convergence at the effective level, i.e., there is σ convergence, absolute β convergence, and conditional β convergence. However, except for Sichuan, Guizhou, and Ningxia, where the fiscal expenditure efficiency is relatively effective in some years, other provinces are basically ineffective. For this reason, it is important to improve the efficiency of fiscal expenditure on aging undertakings in the western provinces in general, optimize the financial support inputs, and improve the outputs.



Fourth, the fiscal management and technical levels of aging undertakings in the northeast region have progressed more. The average growth rate of the efficiency of fiscal expenditure on aging undertakings in the northeast region is 5.1%, and the trend in efficiency improvement as well as convergence is obvious. For this reason, maintaining the current trend and level of expenditure efficiency improvements should be the focus for actively coping with population aging.




5. Policy Recommendations


The policy recommendations in response to the above conclusions mainly concern two aspects.



On the one hand, they emphasize the improvement of the efficiency of fiscal expenditure on aging undertakings and constantly optimize the fiscal inputs and outputs. The study shows that, from 2011 to 2020, the mean values of the efficiency of fiscal expenditure on aging undertakings in the east, central, west, northeast, and the whole country are 0.78, 0.57, 0.45, 0.46, and 0.58, respectively, which are in a relatively inefficient state. To do this, first, at the national level, while further improving the level of government fiscal management, expanding government information disclosure, strengthening budget supervision, improving government effectiveness, and optimizing the fiscal expenditure structure for aging undertakings, we should reasonably regulate the fiscal expenditure on the elderly and the social welfare lottery funds for aging undertakings, optimize and adjust the fiscal support policy system for aging undertakings, and formulate more effective fiscal support as well as incentive policies, focusing on expanding the talent pool for elderly services, increasing the total number of elderly institutions and facilities, and raising the per capita pension level. Second, at the regional level, while maintaining the steady improvement in the efficiency of fiscal expenditure on aging undertakings in the eastern and central regions, we should focus on adjusting the fiscal inputs and outputs in the western and northeastern regions, specifically including the reasonable regulation of the expenditure on welfare lottery funds for the elderly, focusing on increasing the total number of elderly institutions and facilities, as well as the level of pensions per capita. Third, at the intraregional level, we should focus on provinces with low efficiencies of fiscal expenditure on aging undertakings, such as Xinjiang, Yunnan, Liaoning, Gansu, Shanxi, and Shaanxi, as well as guide active interaction, cooperation, and exchange among provinces to further increase the sharing of technology, resources, and experience, including the use of social welfare funds for aging undertakings, the construction of elderly institutions and facilities, and the improvement of the per capita pension level among provinces, to drive provinces with low efficiencies of fiscal expenditure on aging undertakings to make continuous improvements.



On the other hand, zonal policies and the development of aging undertakings should be tailored to local conditions. Considering that there are large differences in economic, social, and natural resource endowments among provinces, this study found that there are large differences in σ convergence, absolute β convergence, and conditional β convergence in the east, central, west, and northeast; the eastern region should take advantage of its high urbanization rate to narrow the gap between provinces in terms of fiscal management level and technical level, further improve the policy of supporting talents for the development of aging careers and elderly industries, and attract elderly services- and nursing-oriented talents to join elderly services institutions in addition to medical and nursing institutions. In the western region, economic development should drive the development of aging undertakings, and, based on economic development as the main goal, promote scientific and technological innovation, technological progress, focus on the development of the digital economy, and promote the improvement of the efficiency of fiscal expenditure on aging undertakings by improving the management level and technological progress. In the northeastern region, the improvement of the efficiency of fiscal expenditure on aging undertakings needs to deal with the relationship between population size and population structure, and should further strengthen the policy of fertility promotion in addition to solving the problem of “one old man, one small child”, improving the policy of attracting and retaining talents at the same time.



Due to the difficulty in obtaining data, the data analysis was limited to 26 provinces in China. In the future, we will strive to further expand the research group as well as include the Hong Kong and Macao Special Administrative Regions, Taiwan and Hubei Provinces, and other provincial-level administrative regions, so as to better grasp the efficiency of the use of fiscal support funds for population aging.
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Figure 1. Time trend of the efficiency of fiscal expenditure on aging undertakings. 
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Figure 2. Time and space distribution of the efficiency of fiscal expenditure on aging undertakings. 
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Figure 3. σ value of the efficiency of fiscal expenditure on aging undertakings. 
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Table 1. Descriptive statistics of input and output indicators.
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Indicators

	
Mean

	
Std. Dev.

	
Min

	
Max

	
Unit






	
Input

	
Fiscal aged expenditure

	
Ind1

	
337.75

	
254.82

	
33.42

	
1172.65

	
RMB billion




	
Welfare lottery funds

	
Ind2

	
3.43

	
2.13

	
0.37

	
10.94




	
Output

	
The number of employees in registered elderly institutions

	
Ind3

	
11,622.89

	
9247.31

	
338

	
46,882

	
Person




	
The number of beds per 1000 elderly people

	
Ind4

	
26.27

	
10.31

	
4.53

	
58.32

	
Sheet




	
The number of urban workers’ pension insurance participants

	
Ind5

	
1237.29

	
1049.80

	
81.52

	
5392.43

	
10,000 people




	
The number of urban and rural pension insurance participants

	
Ind6

	
1702.7

	
1326.93

	
76.2

	
5255.9

	
10,000 people




	
The total number of elderly institutions and facilities

	
Ind7

	
4629.63

	
6389.89

	
71

	
35347

	
Individual




	
The per capita pension level

	
Ind8

	
0.28

	
0.16

	
0.11

	
2.15

	
RMB 10,000








Note: The data on fiscal aged expenditure in 26 provinces, including Anhui, Gansu, Guangdong, Guangxi, Guizhou, Hainan, Hebei, Henan, Heilongjiang, Hunan, Jilin, Jiangsu, Jiangxi, Liaoning, Inner Mongolia, Ningxia, Qinghai, Shandong, Shanxi, Shaanxi, Shanghai, Sichuan, Tianjin, Xinjiang, Yunnan, and Zhejiang, were obtained through the way of information disclosure upon request from 2011 to 2020, and the data of Beijing, Hubei, Fujian, Chongqing, the Tibet Autonomous Region, Taiwan Province, and the Hong Kong as well as Macao Special Administrative Regions were not obtained. In addition, Ind1 to Ind8 represent the corresponding input and output indicators, respectively.
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Table 2. Fiscal expenditure efficiency mean input redundancy and output deficiency rates for 2011–2020.
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Region

	
Province

	
Input

	
Output




	
Ind1

	
Ind2

	
Ind3

	
Ind4

	
Ind5

	
Ind6

	
Ind7

	
Ind8






	
East

	
Guangdong

	
0.0

	
0.0

	
0.1

	
0.0

	
0.0

	
0.0

	
0.2

	
0.0




	
Hainan

	
0.0

	
0.0

	
1.0

	
0.1

	
0.2

	
0.2

	
5.1

	
0.1




	
Hebei

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1




	
Jiangsu

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1

	
0.0




	
Shandong

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Shanghai

	
0.0

	
0.0

	
0.0

	
0.1

	
0.2

	
16.8

	
5.9

	
0.0




	
Tianjin

	
0.0

	
0.2

	
0.3

	
0.0

	
0.1

	
9.1

	
14.6

	
0.2




	
Zhejiang

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.1

	
0.0




	
Central

	
Anhui

	
0.0

	
0.0

	
0.2

	
0.0

	
0.2

	
0.0

	
4.4

	
0.2




	
Henan

	
0.0

	
0.1

	
0.1

	
0.0

	
0.0

	
0.0

	
0.3

	
0.0




	
Hunan

	
0.2

	
0.3

	
0.3

	
0.5

	
0.1

	
0.0

	
0.9

	
0.9




	
Jiangxi

	
0.0

	
0.3

	
0.2

	
0.0

	
0.0

	
0.0

	
2.2

	
3.9




	
Shanxi

	
0.2

	
0.4

	
0.8

	
0.6

	
0.1

	
0.0

	
3.3

	
2.0




	
West

	
Gansu

	
0.3

	
0.4

	
3.5

	
0.1

	
2.1

	
0.0

	
0.2

	
3.7




	
Guangxi

	
0.4

	
0.4

	
0.6

	
0.3

	
0.2

	
0.0

	
0.0

	
3.4




	
Guizhou

	
0.0

	
0.1

	
0.7

	
0.1

	
0.2

	
0.0

	
0.2

	
1.3




	
Inner Mongolia

	
0.0

	
0.1

	
0.4

	
0.0

	
0.2

	
0.4

	
2.4

	
1.7




	
Ningxia

	
0.0

	
0.2

	
0.3

	
0.0

	
0.1

	
0.5

	
2.1

	
0.3




	
Qinghai

	
0.0

	
0.1

	
4.9

	
0.0

	
1.9

	
0.3

	
0.7

	
1.1




	
Shanxi

	
0.6

	
0.5

	
0.4

	
0.3

	
0.1

	
0.0

	
0.7

	
2.8




	
Sichuan

	
0.1

	
0.2

	
0.2

	
0.0

	
0.0

	
0.0

	
1.7

	
1.6




	
Xinjiang

	
0.0

	
0.6

	
1.0

	
0.2

	
0.2

	
1.3

	
17.8

	
0.1




	
Yunnan

	
0.0

	
0.2

	
2.0

	
1.1

	
1.1

	
0.0

	
10.3

	
2.6




	
Northeast

	
Heilongjiang

	
0.2

	
0.2

	
0.5

	
0.3

	
0.0

	
1.1

	
9.9

	
1.6




	
Jilin

	
0.0

	
0.0

	
0.1

	
0.1

	
0.0

	
0.0

	
0.5

	
1.6




	
Liaoning

	
0.2

	
0.2

	
0.2

	
0.3

	
0.0

	
1.4

	
7.5

	
2.9




	
National

	
National

	
0.1

	
0.2

	
0.2

	
0.1

	
0.1

	
0.1

	
1.2

	
1.1
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Table 3. β convergence regression results.
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	Variable
	East
	Central
	West
	Northeast
	National





	   ln  Y  i , t − 1     
	−0.828 ***

(0.07)
	−0.765 ***

(0.10)
	−0.773 ***

(0.16)
	−1.377 ***

(0.04)
	−0.765 ***

(0.08)



	Cons
	−0.245

(0.18)
	−0.350 *

(0.14)
	−0.689 ***

(0.20)
	−1.321 ***

(0.10)
	−0.466 ***

(0.09)



	Time effect
	Control
	Control
	Control
	Control
	Control



	Fixed effects
	Control
	Control
	Control
	Control
	Control



	N
	72
	45
	90
	27
	234



	R-sq
	0.506
	0.768
	0.506
	0.814
	0.472







Note: *, and *** denote significance at the 10%, and 1% levels, respectively; standard errors are indicated in parentheses.
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Table 4. Regression results of conditional β convergence.
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	Variable
	East
	Central
	West
	Northeast
	National





	   ln  Y  i , t − 1     
	−1.147 ***

(0.17)
	−0.793 ***

(0.09)
	−0.887 ***

(0.20)
	−1.058 ***

(0.04)
	−0.871 ***

(0.12)



	FP
	0.824

(0.89)
	−0.570

(0.48)
	−0.039

(0.46)
	2.680 **

(0.43)
	0.330 *

(0.17)



	GDP
	0.106

(0.10)
	−0.046

(0.32)
	0.679 *

(0.34)
	7.675 **

(1.61)
	0.237 **

(0.10)



	lnPD
	1.567

(1.64)
	−5.462

(5.17)
	−2.059

(3.48)
	6.812 **

(1.28)
	−3.943 ***

(1.20)



	ADR
	0.029

(0.05)
	−0.089

(0.07)
	−0.044

(0.07)
	−0.354

(0.14)
	−0.037

(0.04)



	UR
	20.597 ***

(5.03)
	−2.629

(24.61)
	−4.032

(5.29)
	112.487 *

(29.57)
	7.578 **

(3.63)



	lnPCI
	−5.072

(3.15)
	2.694

(2.42)
	−2.674

(2.19)
	−12.618 *

(4.09)
	−1.667 *

(0.93)



	lnRT
	−0.381

(0.44)
	−0.156

(1.03)
	1.508

(0.99)
	−3.217

(1.95)
	1.128 **

(0.46)



	Cons
	27.953

(34.43)
	10.385

(31.55)
	23.576

(27.26)
	34.660

(39.51)
	23.901 **

(10.30)



	Time effect
	Control
	Control
	Control
	Control
	Control



	Fixed effects
	Control
	Control
	Control
	Control
	Control



	N
	72
	45
	90
	27
	234



	R-sq
	0.641
	0.832
	0.569
	0.964
	0.533







Note: *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. To reduce covariance and the influence of heterogeneity on the regression results of this paper, it takes the logarithms of PD, PCI, and RT, which are denoted as lnPD, lnPCI, and lnRT, respectively.
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