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Abstract
Amidst the backdrop of continually declining total fertility rates and a population structure trending towards super-aging 
in China, can simple adjustments to birth policies effectively address the challenges of low fertility and aging? This study 
constructs a three-phase overlapping-generation model that incorporates fertility rates and delayed retirement. It investigates 
the economic impact of adjustments in birth policies and delayed retirement, and utilizes simulations and analyses based on 
real-world data from China. The research yields several key findings:
1. Although theoretically, the impact of population aging on economic growth rates is uncertain, empirical data simulations 
indicate that the current level of population aging in China has already exerted a certain adverse impact on economic growth.
2. Given the current population structure, delayed retirement can, to some extent, promote economic growth. However, due 
to potential vulnerabilities of older individuals who choose delayed retirement, such as reduced labor efficiency and learning 
abilities, the implementation of delayed retirement policies should be flexible and context-specific.
3. Increasing fertility rates can mitigate the economic impact of the current demographic challenges. Thus, relaxing birth 
policies remains a crucial strategy that China must implement. A coroneted ad-justment of delayed retirement and fertility rates 
is more likely to enhance economic growth.
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1. Introduction
In the over 70 years since the founding of the People's Republic of China, the country has experienced robust economic and social 
development. As society has evolved and birth policies have been adjusted, China's population structure has undergone significant 
transformations. Today, the "baby boomer" generation born in the 1960s is reaching retirement age, while the "baby bust" generations 
born in the 1990s and 2000s are entering the labor market. This demographic shift is resulting in a shortage of the working-age population 
and a rapid increase in the elderly population.

According to China's population census data, the number of people aged 65 and above has increased from 26.32 million in 1953 to 210 
million in 2022, with the proportion rising from 4.4% to 14.9%. China has entered a stage of deep aging. Additionally, China's total 
fertility rate has been continuously declining, from 5.81 in the early 1970s to less than 1.1 in the seventh population census, ranking 
among the lowest in the world. The era of negative population growth has arrived, and the trends of aging, declining birth rates, and a 
rising number of people choosing not to marry are expanding.

In response to these challenges, the Chinese government has made adjustments to birth policies, but the results of the "two-child" policy 
have not been as expected, and concerns about the "three-child policy" are growing. Can simple adjustments to birth policies effectively 
address the challenges of low fertility and aging? Can other methods be introduced to cope with the profound changes in population 
structure and maintain economic growth?
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Research on the macroeconomic impact of birth policies has delved deep, but simple adjustments to these policies are no longer 
sufficient to address China's current demographic challenges. A coordinated adjustment of multiple policies is needed. Therefore, this 
paper builds upon existing literature, expanding upon it by incorporating aging into the overlapping generations (OLG) model, adjusting 
birth policies, and introducing delayed retirement policies. It discusses how the joint adjustment of delayed retirement and birth policies 
influences Chinese households' decisions regarding educational investment and economic growth within the framework of a three-phase 
generational model that considers intergenerational transfers.

2. Literature Review
Since the latter half of the 20th century, Europe has been grappling with the phenomenon of low birth rates, and today, this issue has 
become widespread [1]. In fact, Asia has now emerged as the region with the lowest birth rates. Scholars from various countries have, 
in recent years, focused their research on low birth rates within three primary dimensions.
	
(1) Investigating the core factors and underlying mechanisms behind the decline in birth rates from multiple perspectives. Research from 
different countries consistently points to the direct causes of the current global low birth rate predicament, which stem from economic 
instability worldwide, resulting in income volatility, exorbitant housing prices, and the high cost of child-rearing [2-7]. Some scholars 
argue that the deteriorating reproductive health caused by industrialization and its association with increasing exposure to chemical 
substances, whether directly or indirectly derived from fossil fuels, should not be overlooked [8]. In regions heavily influenced by 
Confucian thought, such as East Asia, the influence of Confucian culture affects birth rates through its impact on women's roles in the 
household, the effectiveness of birth policies, and the burden of parental human capital investment [9].

(2) Characterizing the intrinsic logic behind fertility desires and behaviors. Fertility expectations can be reflected through various 
aspects, such as the number of children, gender preferences for offspring, and the timing of pregnancies. A woman's fertility intentions, 
her desired number of children, and the desired interpregnancy interval (IPI) are influenced by factors at both the micro (individual) and 
macro (sociocultural) levels [10]. At the individual level, factors include the desire for children, income, human capital, and the potential 
influence of biological and genetic traits [11]. At the macro level, these intentions are heavily influenced by national policies [12]. On 
the other hand, fertility intentions can be particularly unstable during uncertain times. For instance, after the outbreak of the COVID-19 
pandemic in 2019, fertility intentions experienced significant fluctuations [13].

(3) Exploring the effectiveness of different fertility policies. Maternity leave policies are implemented in various countries, and while 
the details may differ, the implementation of such policies can enhance women's job continuity, as well as their employment rates 
several years after giving birth [14-16]. However, extended leaves exceeding one year can have negative impacts on women's income, 
employment, and career development [17]. Free maternal and child health policies have had mixed effects on increasing access to 
maternal health services; they should aim to improve women's job continuity and enhance their employment rates several years after 
childbirth [18]. Longer leaves can adversely affect women's income, employment, and career development [19]. The "two-child" policy 
in China has also shown mixed results. Based on the 2010-2018 four-wave Chinese Family Panel Studies (CFPS), the PSM-DID method 
was used to further identify the impact of the "universal two-child" and "selective two-child" policies on family fertility behavior. The 
results suggest that the "universal two-child" policy's effectiveness is not particularly promising, and the population structure faces 
challenges [20].

Currently, many countries have implemented policies for delaying retirement [21,22]. Delaying retirement is an essential response to the 
challenges posed by an aging population and the alleviation of labor shortages [23]. Moreover, it has the potential to positively impact 
birth rates. There are two primary pathways for achieving this: On one hand, delaying retirement results in increased income during the 
senior years, allowing individuals to reduce their savings and work hours during their working-age years [24-28]. This, in turn, enhances 
their endowment for childbearing [29]. Delaying retirement has far-reaching implications for the labor market, with some studies 
focusing on its effects on employment opportunities, particularly for the younger generation of workers [30]. For older individuals who 
choose to delay retirement, their physical and cognitive functions can benefit from a few additional working years [31]. Regarding the 
effectiveness of these policies, voluntary delayed retirement is preferable to involuntary delayed retirement, and the effectiveness of 
voluntary delayed retirement is further enhanced by increases in life expectancy and labor productivity [32].

In summary, Chinese scholars have conducted multidimensional research on birth policies and delayed retirement policies. However, 
there is a lack of studies on the macroeconomic impact of joint adjustments to birth policies and delayed retirement policies in the 
context of low birth rates. This paper builds upon the model developed by Yang Shuyue and Chen Zhen and incorporates delayed 
retirement policies, capturing individuals' behaviors of extending retirement in the model [33]. By combining relevant data from China, 
this study examines the combined effects of these two policies on the macroeconomy. Finally, numerical simulations are conducted to 
provide quantitative support for the rational design of birth policies and delayed retirement policies in China.
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3. Theoretical Model
3.1. Basic Assumptions
This paper adopts the three-period overlapping generations model and basic assumptions proposed by Yang Shuyue and Chen Zhen 
[33]. We assume that the economy consists of a single type of good that can be used for both consumption and investment. The 
representative individual's life is divided into three periods: childhood, adulthood, and old age, each with a unit of time endowment. 
During childhood, there is no work, and in adulthood, all time is allocated to earning wages. In old age, only a part of the time is spent on 
earning wages, while the remaining time is devoted to enjoying retirement life. Therefore, at time t, there exist three generations in the 
population: Nt

y(Childhood), Nt
w(Adulthood), and Nt

o(Old age). The total population at time t is denoted as Nt=Nt
y+Nt

w+Nt
o. We assume 

that the number of children each adult chooses to have is regulated by the government's birth policy, represented as the fertility rate nt. 
Furthermore, we assume that each representative individual has a probability of surviving to adulthood and a probability of surviving 
from adulthood to old age pt（pT<1）.Thus, the population relationships are as follows:                                       . If we normalize the 
total population at time t to "1", then the population structure distribution at time t is as follows:
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𝑐𝑐𝑡𝑡𝑤𝑤 + 𝑠𝑠𝑡𝑡 + 𝑛𝑛𝑡𝑡𝑞𝑞𝑡𝑡 + 𝑝𝑝𝑡𝑡−1𝜏𝜏𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 + 𝜉𝜉𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 = 𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 +
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𝑛𝑛𝑡𝑡−1
 (1) 

149 
𝑐𝑐𝑡𝑡+1𝑜𝑜 = 𝑅𝑅𝑡𝑡+1𝑠𝑠𝑡𝑡 + 𝑛𝑛𝑡𝑡τ𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1 + (1 − 𝑥𝑥)𝜇𝜇𝑡𝑡+1 + 𝑥𝑥𝑥𝑥𝑤𝑤𝑡𝑡+1 (2)

 150 
In the context provided, "𝑐𝑐𝑡𝑡𝑤𝑤 𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑡𝑡+1𝑜𝑜 " represent the consumption of the representa-151 

tive individual during adulthood and old age, "𝑠𝑠𝑡𝑡" denotes savings during period "t," "𝑞𝑞𝑡𝑡" 152 
represents the total cost of providing education for their children, "𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡" stands for the 153 
total wage of the representative individual during adulthood, "𝜉𝜉" represents the tax rate, 154 
"𝑅𝑅𝑡𝑡" is the interest rate factor, "𝜇𝜇𝑡𝑡+1" indicates the retirement benefits received in period 155 
"t+1," "(1 − 𝑥𝑥)𝜇𝜇𝑡𝑡+1"represents the pension received after delayed retirement. Delayed re-156 
tirement is characterized by an increase in the elderly period's working time (x) and a 157 
decrease in the retirement time (1-x). The utility function of the representative individual 158 
is given by: 159 

𝑈𝑈 = ln 𝑐𝑐𝑡𝑡𝑤𝑤 + 𝛽𝛽 ln 𝑐𝑐𝑡𝑡+1𝑜𝑜 + 𝑛𝑛𝑡𝑡1−𝜀𝜀𝛷𝛷 ln 𝑞𝑞𝑡𝑡 (3) 
  

In this context, 𝛽𝛽 represents the subjective discount factor of consumption, 𝛷𝛷 de-160 
notes the utility discount factor for parental investment in children's education, and 161 
1 − 𝜀𝜀（𝜀𝜀 > 0） signifies the offspring quantity weight index factor. This factor implies that 162 
the weight of children in the parental utility function decreases as the number of off-163 
spring increases. 164 

3.3.Enterprises 165 

Within a closed economic system, all enterprises produce homogeneous products. 166 
These enterprises aim to maximize profits and operate in a market environment charac-167 
terized by perfect competition, utilizing capital and labor for production. The production 168 
function of enterprises is formulated as follows: [Please provide the specific mathemati-169 
cal or functional representation of the production function you want to be translated： 170 

𝑌𝑌𝑡𝑡 = 𝐷𝐷𝐾𝐾𝛼𝛼𝐿𝐿1−𝛼𝛼（0 < 𝛼𝛼 < 1） (4) 
 171 

In the context of delayed retirement, 𝐾𝐾𝑡𝑡 and 𝐿𝐿𝑡𝑡 represent the capital and labor used 172 
in period t, respectively, while D represents the material capital production technology 173 
parameter. With delayed retirement in place, the total amount of labor is given by 174 
𝐿𝐿𝑡𝑡 = 𝑙𝑙𝑡𝑡𝑁𝑁𝑡𝑡𝑤𝑤 + 𝑥𝑥𝑝𝑝𝑡𝑡−1𝑁𝑁𝑡𝑡−1𝑤𝑤 , where c represents the current labor force and d represents those 175 
who choose to delay retirement. The output per unit of effective labor and the capital 176 
stock are denoted as 𝑦𝑦𝑡𝑡 = 𝑌𝑌𝑡𝑡 𝐿𝐿𝑡𝑡⁄ ，𝑘𝑘𝑡𝑡 = 𝐾𝐾𝑡𝑡 𝐿𝐿𝑡𝑡⁄ , respectively. Assuming that capital expe-177 
riences full depreciation within the same period, the condition for maximizing corporate 178 
profits is as follows: 179 

𝑅𝑅𝑡𝑡 = 𝐷𝐷𝐷𝐷𝑘𝑘𝑡𝑡𝛼𝛼−1              𝑤𝑤𝑡𝑡 = 𝐷𝐷(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 (5)
 180 

3.4.Market Clearing 181 

When the economy reaches equilibrium, total output equals the sum of total labor 182 
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𝑙𝑙𝑡𝑡 = 1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − v𝑛𝑛𝑡𝑡 of working time available for each adult. Considering intergen-143 
erational transfers, representative adult agents allocate a fraction τ of their income to 144 
support their parents. In the event that the parents of an adult agent pass away before 145 
reaching old age, the savings of the deceased parents will be inherited by their children as 146 
an estate. Therefore, the lifecycle budget constraint for the representative agent is as fol-147 
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In the context provided, "𝑐𝑐𝑡𝑡𝑤𝑤 𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑡𝑡+1𝑜𝑜 " represent the consumption of the representa-151 
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total wage of the representative individual during adulthood, "𝜉𝜉" represents the tax rate, 154 
"𝑅𝑅𝑡𝑡" is the interest rate factor, "𝜇𝜇𝑡𝑡+1" indicates the retirement benefits received in period 155 
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In this context, 𝛽𝛽 represents the subjective discount factor of consumption, 𝛷𝛷 de-160 
notes the utility discount factor for parental investment in children's education, and 161 
1 − 𝜀𝜀（𝜀𝜀 > 0） signifies the offspring quantity weight index factor. This factor implies that 162 
the weight of children in the parental utility function decreases as the number of off-163 
spring increases. 164 

3.3.Enterprises 165 

Within a closed economic system, all enterprises produce homogeneous products. 166 
These enterprises aim to maximize profits and operate in a market environment charac-167 
terized by perfect competition, utilizing capital and labor for production. The production 168 
function of enterprises is formulated as follows: [Please provide the specific mathemati-169 
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who choose to delay retirement. The output per unit of effective labor and the capital 176 
stock are denoted as 𝑦𝑦𝑡𝑡 = 𝑌𝑌𝑡𝑡 𝐿𝐿𝑡𝑡⁄ ，𝑘𝑘𝑡𝑡 = 𝐾𝐾𝑡𝑡 𝐿𝐿𝑡𝑡⁄ , respectively. Assuming that capital expe-177 
riences full depreciation within the same period, the condition for maximizing corporate 178 
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𝑅𝑅𝑡𝑡 = 𝐷𝐷𝐷𝐷𝑘𝑘𝑡𝑡𝛼𝛼−1              𝑤𝑤𝑡𝑡 = 𝐷𝐷(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 (5)
 180 

3.4.Market Clearing 181 

When the economy reaches equilibrium, total output equals the sum of total labor 182 
income and total capital income, that is, 𝑌𝑌𝑡𝑡 = 𝑅𝑅𝑡𝑡𝐾𝐾𝑡𝑡 + 𝑤𝑤𝑡𝑡𝐿𝐿𝑡𝑡. The capital income is obtained 183 
by the living elderly and the deceased parents' offspring, namely： 184 

𝑅𝑅𝑡𝑡𝐾𝐾𝑡𝑡 = 𝑁𝑁𝑡𝑡𝑜𝑜𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1 +
(1 − 𝑝𝑝𝑡𝑡−1)𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1

𝑛𝑛𝑡𝑡−1
𝑁𝑁𝑡𝑡𝑤𝑤 = 𝑝𝑝𝑡𝑡−1𝑁𝑁𝑡𝑡−1𝑤𝑤 𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1 +

(1 − 𝑝𝑝𝑡𝑡−1)𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1
𝑛𝑛𝑡𝑡−1

𝑁𝑁𝑡𝑡𝑤𝑤 



Politi Sci Int, 2024 Volume 2 | Issue 1 | 4

Where                        represents the proportion of lifetime resources allocated to elderly savings. From equation (5), we can derive                                                                                                                                           
                              . Combining equations (7) and (12), we obtain the dynamic equation for per capita private capital:

the same period, the condition for maximizing corporate profits is as follows:
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support their parents. In the event that the parents of an adult agent pass away before 145 
reaching old age, the savings of the deceased parents will be inherited by their children as 146 
an estate. Therefore, the lifecycle budget constraint for the representative agent is as fol-147 
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1 − 𝜀𝜀（𝜀𝜀 > 0） signifies the offspring quantity weight index factor. This factor implies that 162 
the weight of children in the parental utility function decreases as the number of off-163 
spring increases. 164 

3.3.Enterprises 165 

Within a closed economic system, all enterprises produce homogeneous products. 166 
These enterprises aim to maximize profits and operate in a market environment charac-167 
terized by perfect competition, utilizing capital and labor for production. The production 168 
function of enterprises is formulated as follows: [Please provide the specific mathemati-169 
cal or functional representation of the production function you want to be translated： 170 
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parameter. With delayed retirement in place, the total amount of labor is given by 174 
𝐿𝐿𝑡𝑡 = 𝑙𝑙𝑡𝑡𝑁𝑁𝑡𝑡𝑤𝑤 + 𝑥𝑥𝑝𝑝𝑡𝑡−1𝑁𝑁𝑡𝑡−1𝑤𝑤 , where c represents the current labor force and d represents those 175 
who choose to delay retirement. The output per unit of effective labor and the capital 176 
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riences full depreciation within the same period, the condition for maximizing corporate 178 
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𝑌𝑌𝑡𝑡 = 𝐷𝐷𝐾𝐾𝛼𝛼𝐿𝐿1−𝛼𝛼（0 < 𝛼𝛼 < 1） (4) 
 171 
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3.4.Market Clearing 181 
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𝑛𝑛𝑡𝑡−1

− 1+𝑛𝑛𝑡𝑡
1−𝜀𝜀𝛷𝛷

𝑝𝑝𝑡𝑡𝛽𝛽
�𝑛𝑛𝑡𝑡𝜏𝜏𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1

𝑅𝑅𝑡𝑡+1
+ 𝜉𝜉𝑤𝑤𝑡𝑡+1(𝑛𝑛𝑡𝑡𝑙𝑙𝑡𝑡+1 𝑝𝑝𝑡𝑡⁄ +𝑥𝑥)

𝑅𝑅𝑡𝑡+1
�� 210 

(12)211 

Where 𝛤𝛤𝑠𝑠,𝑡𝑡 = 𝑝𝑝𝑡𝑡𝛽𝛽
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑡𝑡𝛽𝛽
represents the proportion of lifetime resources allocated to 212 

elderly savings. From equation (5), we can derive𝑅𝑅𝑡𝑡𝑘𝑘𝑡𝑡 = 𝑤𝑤𝑡𝑡 𝛼𝛼 （1 − 𝛼𝛼）⁄ . Combining 213 
equations (7) and (12), we obtain the dynamic equation for per capita private capital: 214 

 

 185 
Because it exists 𝑁𝑁𝑡𝑡𝑤𝑤 = 𝑛𝑛𝑡𝑡−1𝑁𝑁𝑡𝑡−1𝑤𝑤 , therefore:186 

𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1 =
𝑅𝑅𝑡𝑡𝐾𝐾𝑡𝑡
𝑁𝑁𝑡𝑡−1𝑤𝑤 = 𝑅𝑅𝑡𝑡(𝑙𝑙𝑡𝑡𝑛𝑛𝑡𝑡−1 + 𝑥𝑥𝑝𝑝𝑡𝑡−1) (6)

187 
In a market-clearing scenario, the capital market and the labor market each reach 188 

their respective equilibriums： 189 

𝑘𝑘𝑡𝑡+1 =
𝑠𝑠𝑡𝑡

𝑛𝑛𝑡𝑡 + 𝑥𝑥𝑝𝑝𝑡𝑡
 (7)

𝐿𝐿𝑡𝑡 = 𝑙𝑙𝑡𝑡𝑁𝑁𝑡𝑡𝑤𝑤 + 𝑥𝑥𝑝𝑝𝑡𝑡−1𝑁𝑁𝑡𝑡−1𝑤𝑤     (8)
 190 

3.5.Government Sector 191 

Drawing on the setup proposed by Zhang Shiwei and Wang Jie[34] in their work in 192 
2023, we adopt a pay-as-you-go pension system with a current revenue and expenditure 193 
approach. Under this system, the government collects pension contributions from both 194 
currently employed adult individuals and elderly individuals who are still in the work-195 
force, and these contributions are used to fund the pensions of retired elderly individuals 196 
in the current period.The guiding principle of the government sector is fiscal balance, 197 
which means the government aims to ensure that its pension-related revenues match its 198 
pension-related expenses. So there will be: 199 

𝑁𝑁𝑡𝑡+1𝑜𝑜 (1 − 𝑥𝑥)𝜇𝜇𝑡𝑡+1 = 𝜉𝜉𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1𝑁𝑁𝑡𝑡+1𝑤𝑤 + 𝜉𝜉𝜉𝜉𝑤𝑤𝑡𝑡+1𝑁𝑁𝑡𝑡+1𝑜𝑜  

The pension that adult individuals can receive in period t+1 is: 200 

 𝜇𝜇𝑡𝑡+1 = 𝜉𝜉𝑤𝑤𝑡𝑡+1
𝑛𝑛𝑡𝑡𝑙𝑙𝑡𝑡+1 𝑝𝑝𝑡𝑡⁄ +𝑥𝑥

1−𝑥𝑥
 201 

4.Model Analysis 202 

Solving the utility maximization problem for the representative agent yields the op-203 
timal consumption and optimal education investment at each period: 204 

𝑞𝑞𝑡𝑡 = 𝑛𝑛𝑡𝑡−𝜀𝜀𝛷𝛷𝑐𝑐𝑡𝑡𝑤𝑤 (9)

𝑐𝑐𝑡𝑡+1𝑜𝑜 = 𝑝𝑝𝑡𝑡𝛽𝛽𝑅𝑅𝑡𝑡+1𝑐𝑐𝑡𝑡𝑤𝑤 (10)

                         (1 + 𝑛𝑛𝑡𝑡1−𝜀𝜀𝛷𝛷 + 𝑝𝑝𝑡𝑡𝛽𝛽)𝑐𝑐𝑡𝑡𝑤𝑤 = (1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 + (1−𝑝𝑝𝑡𝑡−1)𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1
𝑛𝑛𝑡𝑡−1

+ 𝑛𝑛𝑡𝑡𝜏𝜏𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1
𝑅𝑅𝑡𝑡+1

+ 𝜉𝜉𝑤𝑤𝑡𝑡+1(𝑛𝑛𝑡𝑡𝑙𝑙𝑡𝑡+1 𝑝𝑝𝑡𝑡⁄ +𝑥𝑥)
𝑅𝑅𝑡𝑡+1

    205 

                                                      𝑐𝑐𝑡𝑡𝑤𝑤 = 𝛤𝛤𝑐𝑐,𝑡𝑡 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 +
(1 − 𝑝𝑝𝑡𝑡−1)𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1

𝑛𝑛𝑡𝑡−1
+
𝑛𝑛𝑡𝑡𝜏𝜏𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1

𝑅𝑅𝑡𝑡+1
+
𝜉𝜉𝑤𝑤𝑡𝑡+1(𝑛𝑛𝑡𝑡𝑙𝑙𝑡𝑡+1 𝑝𝑝𝑡𝑡⁄ + 𝑥𝑥)

𝑅𝑅𝑡𝑡+1
� 

(11)206 

Where𝛤𝛤𝑐𝑐,𝑡𝑡 = 1
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑡𝑡𝛽𝛽
 represents the share of lifetime resources allocated to con-207 

sumption during the adult period. Substituting the above equation into the budget con-208 
straint: 209 

                       𝑠𝑠𝑡𝑡 = 𝛤𝛤𝑠𝑠,𝑡𝑡 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)𝑤𝑤𝑡𝑡𝑙𝑙𝑡𝑡 + (1−𝑝𝑝𝑡𝑡−1)𝑅𝑅𝑡𝑡𝑠𝑠𝑡𝑡−1
𝑛𝑛𝑡𝑡−1

− 1+𝑛𝑛𝑡𝑡
1−𝜀𝜀𝛷𝛷

𝑝𝑝𝑡𝑡𝛽𝛽
�𝑛𝑛𝑡𝑡𝜏𝜏𝑤𝑤𝑡𝑡+1𝑙𝑙𝑡𝑡+1

𝑅𝑅𝑡𝑡+1
+ 𝜉𝜉𝑤𝑤𝑡𝑡+1(𝑛𝑛𝑡𝑡𝑙𝑙𝑡𝑡+1 𝑝𝑝𝑡𝑡⁄ +𝑥𝑥)

𝑅𝑅𝑡𝑡+1
�� 210 

(12)211 

Where 𝛤𝛤𝑠𝑠,𝑡𝑡 = 𝑝𝑝𝑡𝑡𝛽𝛽
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑡𝑡𝛽𝛽
represents the proportion of lifetime resources allocated to 212 

elderly savings. From equation (5), we can derive𝑅𝑅𝑡𝑡𝑘𝑘𝑡𝑡 = 𝑤𝑤𝑡𝑡 𝛼𝛼 （1 − 𝛼𝛼）⁄ . Combining 213 
equations (7) and (12), we obtain the dynamic equation for per capita private capital: 214 

Because it exists                              therefore:

In a market-clearing scenario, the capital market and the labor market each reach their respective equilibriums：

3.5. Government Sector
Drawing on the setup proposed by Zhang Shiwei and Wang Jie in their work in 2023, we adopt a pay-as-you-go pension system with a 
current revenue and expenditure approach [34]. Under this system, the government collects pension contributions from both currently 
employed adult individuals and elderly individuals who are still in the workforce, and these contributions are used to fund the pensions 
of retired elderly individuals in the current period. The guiding principle of the government sector is fiscal balance, which means the 
government aims to ensure that its pension-related revenues match its pension-related expenses. So there will be:

The pension that adult individuals can receive in period t+1 is:

4. Model Analysis
Solving the utility maximization problem for the representative agent yields the optimal consumption and optimal education investment 
at each period:

Where                          represents the share of lifetime resources allocated to consumption during the adult period. Substituting the above 
equation into the budget constraint:
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When the economy reaches a steady state, the endogenous variables in the model converge to constant values, i.e.,                     . 
Substituting this into equations (13) and (14) and rearranging, we obtain:

 

                      (𝑛𝑛𝑡𝑡 + 𝑥𝑥𝑝𝑝𝑡𝑡)𝑘𝑘𝑡𝑡+1 = 𝛤𝛤𝑠𝑠,𝑡𝑡{𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡−1+𝑥𝑥𝑝𝑝𝑡𝑡−1)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)

� 215 

                           (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 −
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷
𝑝𝑝𝑡𝑡𝛽𝛽

[𝑛𝑛𝑡𝑡𝜏𝜏(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) + 𝜉𝜉 𝑛𝑛𝑡𝑡(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) 𝑝𝑝𝑡𝑡⁄ +  𝜉𝜉𝜉𝜉] 1−𝛼𝛼
𝛼𝛼
𝑘𝑘𝑡𝑡+1} 216 

(13)217 

Combining equations (7), (9), and (11), we can obtain the dynamic equation for ed-218 
ucation investment: 219 

            𝑞𝑞𝑡𝑡 = 𝑛𝑛𝑡𝑡−𝜀𝜀𝛷𝛷𝛤𝛤𝑐𝑐,𝑡𝑡 �𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡+𝑥𝑥𝑝𝑝𝑡𝑡)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)

� (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 +  [𝑛𝑛𝑡𝑡𝜏𝜏(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ −220 

𝑣𝑣𝑛𝑛𝑡𝑡+1+𝜉𝜉𝑛𝑛𝑡𝑡1−𝑝𝑝𝑡𝑡𝑛𝑛𝑡𝑡−𝑣𝑣𝑛𝑛𝑡𝑡+1𝑝𝑝𝑡𝑡+ 𝜉𝜉𝑥𝑥1−𝛼𝛼𝛼𝛼𝑘𝑘𝑡𝑡+1                                  (14) 221 

When the economy reaches a steady state, the endogenous variables in the model 222 
converge to constant values, i.e., 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡 = 𝑘𝑘∗. Substituting this into equations (13) and 223 
(14) and rearranging, we obtain: 224 

(𝑘𝑘∗)𝛼𝛼−1  =
�1+𝑛𝑛1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑝𝑝�(𝑛𝑛+𝑥𝑥𝑥𝑥) (1−𝛼𝛼)⁄ +�1+𝑛𝑛1−𝜀𝜀𝛷𝛷�[𝑛𝑛τ(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+

𝜉𝜉𝑛𝑛�1−𝑝𝑝𝑛𝑛−𝑣𝑣𝑣𝑣�
𝑝𝑝 +𝜉𝜉𝜉𝜉]/𝛼𝛼

𝐷𝐷𝑝𝑝𝑝𝑝[(1−𝜉𝜉−𝑝𝑝τ)(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+(1−𝑝𝑝)(𝑛𝑛+𝑥𝑥𝑥𝑥) 𝑛𝑛⁄ (1−𝛼𝛼)]
               (15) 225 

𝑞𝑞∗ =226 227 228 

                                                      
(1−𝛼𝛼)𝑛𝑛−𝜀𝜀𝛷𝛷{𝐷𝐷[(1−𝜉𝜉−𝑝𝑝τ)(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+(1−𝑝𝑝)(𝑛𝑛+𝑥𝑥𝑥𝑥)𝛼𝛼 𝑛𝑛(1−𝛼𝛼)⁄ ](𝑘𝑘∗)𝛼𝛼+�1+𝑛𝑛1−𝜀𝜀𝛷𝛷�[𝑛𝑛τ(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+

𝜉𝜉𝑛𝑛�1−𝑝𝑝𝑛𝑛−𝑣𝑣𝑣𝑣�
𝑝𝑝 +𝜉𝜉𝜉𝜉]𝑘𝑘∗/𝛼𝛼}

1+𝑛𝑛−𝜀𝜀𝛷𝛷+𝑝𝑝𝑝𝑝
  229 

(16)230 

Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 

𝑌𝑌∗ =  𝐷𝐷𝑁𝑁∗(𝑘𝑘∗)𝛼𝛼(𝑙𝑙𝑡𝑡 + 𝑥𝑥𝑥𝑥) 

𝑦𝑦∗ = 𝑌𝑌𝑡𝑡/𝐿𝐿𝑡𝑡 = 𝐷𝐷(𝑘𝑘∗)𝛼𝛼 

𝑤𝑤∗ = 𝐷𝐷(1 − 𝛼𝛼)(𝑘𝑘∗)𝛼𝛼 

Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 

 

                      (𝑛𝑛𝑡𝑡 + 𝑥𝑥𝑝𝑝𝑡𝑡)𝑘𝑘𝑡𝑡+1 = 𝛤𝛤𝑠𝑠,𝑡𝑡{𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡−1+𝑥𝑥𝑝𝑝𝑡𝑡−1)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)

� 215 

                           (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 −
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷
𝑝𝑝𝑡𝑡𝛽𝛽

[𝑛𝑛𝑡𝑡𝜏𝜏(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) + 𝜉𝜉 𝑛𝑛𝑡𝑡(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) 𝑝𝑝𝑡𝑡⁄ +  𝜉𝜉𝜉𝜉] 1−𝛼𝛼
𝛼𝛼
𝑘𝑘𝑡𝑡+1} 216 

(13)217 

Combining equations (7), (9), and (11), we can obtain the dynamic equation for ed-218 
ucation investment: 219 

            𝑞𝑞𝑡𝑡 = 𝑛𝑛𝑡𝑡−𝜀𝜀𝛷𝛷𝛤𝛤𝑐𝑐,𝑡𝑡 �𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡+𝑥𝑥𝑝𝑝𝑡𝑡)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)
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When the economy reaches a steady state, the endogenous variables in the model 222 
converge to constant values, i.e., 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡 = 𝑘𝑘∗. Substituting this into equations (13) and 223 
(14) and rearranging, we obtain: 224 
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�1+𝑛𝑛1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑝𝑝�(𝑛𝑛+𝑥𝑥𝑥𝑥) (1−𝛼𝛼)⁄ +�1+𝑛𝑛1−𝜀𝜀𝛷𝛷�[𝑛𝑛τ(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+

𝜉𝜉𝑛𝑛�1−𝑝𝑝𝑛𝑛−𝑣𝑣𝑣𝑣�
𝑝𝑝 +𝜉𝜉𝜉𝜉]/𝛼𝛼

𝐷𝐷𝑝𝑝𝑝𝑝[(1−𝜉𝜉−𝑝𝑝τ)(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+(1−𝑝𝑝)(𝑛𝑛+𝑥𝑥𝑥𝑥) 𝑛𝑛⁄ (1−𝛼𝛼)]
               (15) 225 

𝑞𝑞∗ =226 227 228 

                                                      
(1−𝛼𝛼)𝑛𝑛−𝜀𝜀𝛷𝛷{𝐷𝐷[(1−𝜉𝜉−𝑝𝑝τ)(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+(1−𝑝𝑝)(𝑛𝑛+𝑥𝑥𝑥𝑥)𝛼𝛼 𝑛𝑛(1−𝛼𝛼)⁄ ](𝑘𝑘∗)𝛼𝛼+�1+𝑛𝑛1−𝜀𝜀𝛷𝛷�[𝑛𝑛τ(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+

𝜉𝜉𝑛𝑛�1−𝑝𝑝𝑛𝑛−𝑣𝑣𝑣𝑣�
𝑝𝑝 +𝜉𝜉𝜉𝜉]𝑘𝑘∗/𝛼𝛼}

1+𝑛𝑛−𝜀𝜀𝛷𝛷+𝑝𝑝𝑝𝑝
  229 

(16)230 

Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 

𝑌𝑌∗ =  𝐷𝐷𝑁𝑁∗(𝑘𝑘∗)𝛼𝛼(𝑙𝑙𝑡𝑡 + 𝑥𝑥𝑥𝑥) 

𝑦𝑦∗ = 𝑌𝑌𝑡𝑡/𝐿𝐿𝑡𝑡 = 𝐷𝐷(𝑘𝑘∗)𝛼𝛼 

𝑤𝑤∗ = 𝐷𝐷(1 − 𝛼𝛼)(𝑘𝑘∗)𝛼𝛼 

Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 
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ucation investment: 219 
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When the economy reaches a steady state, the endogenous variables in the model 222 
converge to constant values, i.e., 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡 = 𝑘𝑘∗. Substituting this into equations (13) and 223 
(14) and rearranging, we obtain: 224 
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Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 
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𝑤𝑤∗ = 𝐷𝐷(1 − 𝛼𝛼)(𝑘𝑘∗)𝛼𝛼 

Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 
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When the economy reaches a steady state, the endogenous variables in the model 222 
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Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 

 

                      (𝑛𝑛𝑡𝑡 + 𝑥𝑥𝑝𝑝𝑡𝑡)𝑘𝑘𝑡𝑡+1 = 𝛤𝛤𝑠𝑠,𝑡𝑡{𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡−1+𝑥𝑥𝑝𝑝𝑡𝑡−1)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)

� 215 

                           (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 −
1+𝑛𝑛𝑡𝑡

1−𝜀𝜀𝛷𝛷
𝑝𝑝𝑡𝑡𝛽𝛽

[𝑛𝑛𝑡𝑡𝜏𝜏(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) + 𝜉𝜉 𝑛𝑛𝑡𝑡(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡+1) 𝑝𝑝𝑡𝑡⁄ +  𝜉𝜉𝜉𝜉] 1−𝛼𝛼
𝛼𝛼
𝑘𝑘𝑡𝑡+1} 216 

(13)217 

Combining equations (7), (9), and (11), we can obtain the dynamic equation for ed-218 
ucation investment: 219 

            𝑞𝑞𝑡𝑡 = 𝑛𝑛𝑡𝑡−𝜀𝜀𝛷𝛷𝛤𝛤𝑐𝑐,𝑡𝑡 �𝐷𝐷 �(1 − 𝜉𝜉 − 𝑝𝑝𝑡𝑡−1𝜏𝜏)(1 − 𝑝𝑝𝑡𝑡−1 𝑛𝑛𝑡𝑡−1⁄ − 𝑣𝑣𝑛𝑛𝑡𝑡) + (1−𝑝𝑝𝑡𝑡−1)(𝑛𝑛𝑡𝑡+𝑥𝑥𝑝𝑝𝑡𝑡)𝛼𝛼
𝑛𝑛𝑡𝑡−1(1−𝛼𝛼)

� (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡𝛼𝛼 +  [𝑛𝑛𝑡𝑡𝜏𝜏(1 − 𝑝𝑝𝑡𝑡 𝑛𝑛𝑡𝑡⁄ −220 

𝑣𝑣𝑛𝑛𝑡𝑡+1+𝜉𝜉𝑛𝑛𝑡𝑡1−𝑝𝑝𝑡𝑡𝑛𝑛𝑡𝑡−𝑣𝑣𝑛𝑛𝑡𝑡+1𝑝𝑝𝑡𝑡+ 𝜉𝜉𝑥𝑥1−𝛼𝛼𝛼𝛼𝑘𝑘𝑡𝑡+1                                  (14) 221 

When the economy reaches a steady state, the endogenous variables in the model 222 
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Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 
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𝑤𝑤∗ = 𝐷𝐷(1 − 𝛼𝛼)(𝑘𝑘∗)𝛼𝛼 

Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 
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When the economy reaches a steady state, the endogenous variables in the model 222 
converge to constant values, i.e., 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡 = 𝑘𝑘∗. Substituting this into equations (13) and 223 
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Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 
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Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 
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When the economy reaches a steady state, the endogenous variables in the model 222 
converge to constant values, i.e., 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡 = 𝑘𝑘∗. Substituting this into equations (13) and 223 
(14) and rearranging, we obtain: 224 

(𝑘𝑘∗)𝛼𝛼−1  =
�1+𝑛𝑛1−𝜀𝜀𝛷𝛷+𝑝𝑝𝑝𝑝�(𝑛𝑛+𝑥𝑥𝑥𝑥) (1−𝛼𝛼)⁄ +�1+𝑛𝑛1−𝜀𝜀𝛷𝛷�[𝑛𝑛τ(1−𝑝𝑝 𝑛𝑛⁄ −v𝑛𝑛)+

𝜉𝜉𝑛𝑛�1−𝑝𝑝𝑛𝑛−𝑣𝑣𝑣𝑣�
𝑝𝑝 +𝜉𝜉𝜉𝜉]/𝛼𝛼
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Based on the above analysis, 𝑘𝑘∗，𝑞𝑞∗are functions of the birth rate 𝑝𝑝 and delayed 231 
retire ment duration 𝑥𝑥. By simultaneously solving for 𝑘𝑘∗，𝑞𝑞∗, we can then obtain the 232 
total output at equilibrium 𝑌𝑌∗, per capita output 𝑦𝑦∗, and equilibrium wage 𝑤𝑤∗: 233 

𝑌𝑌∗ =  𝐷𝐷𝑁𝑁∗(𝑘𝑘∗)𝛼𝛼(𝑙𝑙𝑡𝑡 + 𝑥𝑥𝑥𝑥) 

𝑦𝑦∗ = 𝑌𝑌𝑡𝑡/𝐿𝐿𝑡𝑡 = 𝐷𝐷(𝑘𝑘∗)𝛼𝛼 

𝑤𝑤∗ = 𝐷𝐷(1 − 𝛼𝛼)(𝑘𝑘∗)𝛼𝛼 

Indeed, from the above equations, we can analyze that birth policies can influence 234 
the birth rate 𝑝𝑝 and, in conjunction with delayed retirement 𝑥𝑥, affect per capita private 235 
capital𝑘𝑘∗, thereby impacting per capita output 𝑦𝑦∗ and total output 𝑌𝑌∗. Given the com-236 
plexity resulting from numerous model parameters, conducting static analysis becomes 237 
challenging.Therefore, in the subsequent sections, this study will proceed with reasona-238 
ble parameter values and employ numerical simulations to examine the effects of birth 239 
policies and delayed retirement policies on various economic variables. The numerical 240 
approach allows for a comprehensive exploration of the dynamic interactions among 241 
different policy scenarios and their implications for the economy. Through these simula-242 
tions, we can gain valuable insights into the potential impacts of different policy 243 
measures and obtain a clearer understanding of their effects on the economy over time. 244 

5.parameter value 245 

Based on the above expressions, this study requires values for the parameters 246 
𝛼𝛼, 𝜀𝜀,𝛷𝛷,𝑛𝑛,𝛽𝛽, v, 𝜉𝜉, τ,𝐷𝐷,𝑁𝑁∗,𝑝𝑝. Taking into account China's specific context and referring to 247 
relevant literature, the parameters are set as follows: 248 

5.1. Discounting Parameters 249 

1.Subjective discount factor for consumption 𝛽𝛽: Existing literature often sets the 250 
subjective discount factor for consumption to 0.98 or 0.99. In this study, we continue to 251 
adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model 252 
assumes a period of 30 years, 𝛽𝛽 = 0.9930 ≈ 0.74. 253 

Combining equations (7), (9), and (11), we can obtain the dynamic equation for education investment:

Based on the above analysis, k*，q*are functions of the birth rate p and delayed retire ment duration x. By simultaneously solving for 
k*，q*, we can then obtain the total output at equilibrium Y*, per capita output y*, and equilibrium wage w*:

Indeed, from the above equations, we can analyze that birth policies can influence the birth rate p and, in conjunction with delayed 
retirement x, affect per capita private capitalk*, thereby impacting per capita output y* and total output Y*. Given the complexity 
resulting from numerous model parameters, conducting static analysis becomes challenging. Therefore, in the subsequent sections, 
this study will proceed with reasonable parameter values and employ numerical simulations to examine the effects of birth policies 
and delayed retirement policies on various economic variables. The numerical approach allows for a comprehensive exploration of 
the dynamic interactions among different policy scenarios and their implications for the economy. Through these simulations, we can 
gain valuable insights into the potential impacts of different policy measures and obtain a clearer understanding of their effects on the 
economy over time.

5. Parameter Value
Based on the above expressions, this study requires values for the parameters α,ε,Φ,n,β,v,ξ,τ,D,N*,p. Taking into account China's specific 
context and referring to relevant literature, the parameters are set as follows:

5.1. Discounting Parameters
•	 Subjective discount factor for consumption β: Existing literature often sets the subjective discount factor for consumption to 0.98 or 

0.99. In this study, we continue to adopt the setting used by Yang Shuyue and Chen Zhen, which is 0.99. Since the model assumes 
a period of 30 years, β=0.9930≈0.74.

•	 The utility discount factor for parents' investment in their children's education Φ, based on Pecchenino and Pollard, is initially set 
at 0.98, considering the altruistic effect towards their children [35]. However, influenced by traditional Chinese culture, Chinese 
parents tend to place greater emphasis on investment in their children's education. Therefore, setting Φ=1 aligns better with the 
actual situation in China, indicating that parents prioritize investment in their children's education at the same level as their own 
consumption.

•	 The index factor for the weight of the offspring's quantity ε, The index factor for the weight of the offspring's quantity is subject 
to significant variations in different literature. In this study, following the setting by Wang Wei, and considering the influence of 
the "family planning" policy, although the current birth policy has been relaxed, some individuals may still be dissatisfied with the 
number of children allowed under the current policy. Therefore, ε is set to 0.1 to reflect this factor.

5.2. Economic Parameters
•	  Share of capital investment α, The capital share in the investment is subject to variations among different researchers. For instance, 
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Wang Xiaolu and Fan Gang estimated a capital share of 0.5, while Guo Han and Ren Baoping empirically found a capital share of 
about 0.4 [36,37]. Taking into account China's specific context, where the capital-output elasticity is not expected to remain at a high 
level in the long term, this study sets α=0.4.

•	 Tax rate ξ, According to the information released by the National Bureau of Statistics, ξ = Total Tax Revenue / Total Income = 0.15.
•	 Material capital production technology parameter D, Following the approach of Zhang et al., when we set D=42.7, the economic 

growth rate becomes (0.093×30 = 2.79), which aligns with the actual situation in China over the past 30 years (annual economic 
growth rate of 9.3%) [38].

•	 The income ratio for supporting parents τ, According to the research by Liu Yongping and Lu Ming, this study sets τ=0.3 [39].
•	 The time factor for taking care of children v, Each child requires the mother's care for 9 months after birth, and the period is 30 

years. Therefore, v=0.75⁄30≈0.03.

5.3. Population Parameters
•	 Fertility rate n, based on the latest results from the seventh national population census in China in 2020, was 1.3 for the total fertility 

rate of women of childbearing age. However, the current fertility rate in China is even lower, so we take it as 1.1.
•	 The survival probability into the elderly period p, According to the "2021 Statistical Bulletin on the Development of Health and 

Health Care in China" by the National Health Commission, the current life expectancy is 78.2 years. Referring to the method of 
elderly survival rate proposed by Qu Dehua, this study sets p=0.87 [40].

•	 The number of adult individuals N*, The number of adult individuals can be adjusted to change the scale of economic variables 
without affecting the research mechanism and conclusions in this study. In theory, it can take any positive value. For the sake of 
convenience in the study, we set N*=10.

parameters meaning value
β Subjective discount factor for consumption 0.74
Φ The utility discount factor for parents' investment in their 

children's education
1

ε The index factor for the weight of the offspring's quantity 0.1
v The time factor for taking care of children 0.03
n Fertility rate 1.1
p The survival probability into the elderly period 0.87
N^* The number of adult individuals 10
α Share of capital investment 0.4
ξ Tax rate 0.15
τ The income ratio for supporting parents 0.3
D Material capital production technology parameter 42.7

Table 1: Parameter Calibration

6. Numerical Simulation
6.1. Numerical Simulation of Delayed Retirement
The current retirement policy in China allows women to freely choose their retirement time after the age of 55, while men can do the 
same after reaching the age of 60. Figures (1) to (3) show the trends of various economic variables when the average retirement age is 
extended from 55 to 65, assuming a life expectancy of 78.2 years per capita.
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The Mechanism of the Impact of Delayed Retirement on Private Capital "k": Delayed 306 
retirement implies an extension of the working period for laborers. While this prolonga-307 
tion delays the time at which laborers start receiving retirement benefits, it also grants 308 
them more time to accumulate wealth and savings. Despite the decrease in pension in-309 
come compared to wages, laborers experience an overall increase in income during their 310 
later years. However, from the perspective of smoothing two-period consumption, indi-311 
viduals tend to balance current and future consumption. This leads to a reduction in 312 
savings during the working years to fulfill present needs, consequently resulting in a 313 
decrease in the accumulation of private capital. 314 
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The Mechanism of the Impact of Delayed Retirement on Private Capital "k": Delayed retirement im-plies an extension of the working 
period for laborers. While this prolongation delays the time at which laborers start receiving retirement benefits, it also grants them 
more time to accumulate wealth and savings. Despite the decrease in pension income compared to wages, laborers experience an 
overall increase in income during their later years. However, from the perspective of smoothing two-period consumption, individuals 
tend to balance current and future consumption. This leads to a reduction in savings during the working years to fulfill present needs, 
consequently resulting in a decrease in the accumulation of private capital.
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Figure 2: Delayed Retirement and Total Output Y

The mechanism of delayed retirement's impact on total output: Delayed retirement means that workers extend their participation in 
the labor market, as they continue to work and provide labor. This increases the overall labor supply, as more workers are involved in 
production, leading to an increase in total output. Moreover, delayed retirement workers may continue to receive training and learn new 
skills, which, with accumulated experience and skills, can enhance their productivity and efficiency. Highly efficient labor Furthermore, 
delayed retirement can also slow down the pace of population aging. As elderly workers continue to work, the number of retirees relative 
to the workforce contributes to higher productivity, thus increasing total output.

Furthermore, delayed retirement can also slow down the pace of population aging. As elderly workers continue to work, the number 
of retirees relative to the workforce decreases, helping to mitigate the aging trend in the labor force structure and partially alleviate the 
negative impact of aging on total output.
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retirement extends the working time of the elderly generation, leading to an increase in 333 
labor supply. More labor supply means more people participating in production activi-334 
ties, thereby increasing the overall labor force and output. However, as age increases, the 335 
productivity of elderly workers may decline, especially for physically and mentally de-336 
manding tasks. Delayed retirement changes the labor structure, with a relatively smaller 337 
proportion of younger workers and a relatively larger proportion of elderly workers. 338 
Younger workers typically have higher educational qualifications and skill levels, while 339 
elderly workers may have slower skill updates. This leads to a decrease in the average 340 
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The mechanism of delayed retirement's impact on labor productivity (y): Delayed retirement extends the working time of the elderly 
generation, leading to an increase in labor supply. More labor supply means more people participating in production activities, thereby 
increasing the overall labor force and output. However, as age increases, the productivity of elderly workers may decline, especially 
for physically and mentally demanding tasks. Delayed retirement changes the labor structure, with a rel-atively smaller proportion of 
younger workers and a relatively larger proportion of elderly workers. Younger workers typically have higher educational qualifications 
and skill levels, while elderly workers may have slower skill updates. This leads to a decrease in the average skill level of the overall 
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labor force, which, in turn, affects labor productivity and labor productivity per capita.

6.2. Numerical Simulation of Fertility Rate Variation
The most immediate change resulting from adjustments in the fertility policy is the variation in the fertility rate. Following the definition 
set by Yang Shuyue and Chen Zhen, the fertility rate "n" is de-fined as the number of children born to a representative couple [33]. 
Therefore, when examining the impact of the fertility rate on economic variables, "n" is taken as half of the actual fertility rate. Con-
sidering the specific circumstances in China, this paper simulates the changes in relevant economic variables associated with a total 
fertility rate ranging from 1 to 3.
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more family members, increasing household consumption demand. The increased 372 
household consumption demand promotes the demand for goods and services, thus 373 
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The mechanism of fertility rate's impact on private capital (k): There is a "inverted U-shaped" rela-tionship between fertility rate and 
private capital. When the fertility rate is either very low or very high, private capital tends to be relatively low. However, at a moderate 
fertility rate, private capital is rela-tively high.

Low fertility rates are often associated with an aging population structure, where there is a relatively larger proportion of elderly 
individuals and a smaller proportion of young labor force. Elderly indi-viduals usually have a higher savings tendency but are less 
involved in production and investment activities, leading to lower private capital.

On the other hand, high fertility rates may result in an oversupply of labor in the labor market, leading to intense competition and lower 
returns on capital investment. This is not conducive to the accumu-lation of private capital.

The figure shows that private capital reaches its maximum value at around a fertility rate of 2.3. Therefore, China still needs to continue 
relaxing its fertility policy to maintain private capital accu-mulation.
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The mechanism of fertility rate's impact on total output : High fertility rates imply an increase in the number of births, which directly 
leads to an increase in labor supply, thereby driving the growth of total output. At the same time, high fertility rates result in more family 
members, increasing household consumption demand. The increased household consumption demand promotes the demand for goods 
and services, thus positively affecting economic output. Moreover, high fertility rates also lead to an expansion of the market size. More 
population means more potential consumers and demand, which stimulates businesses to increase production and propel economic 
growth.
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The relationship between the two also exhibits a "inverted U-shape". On one hand, when the fertility rate is low, families are typically 
more inclined to invest in the education of their children because there are fewer family members, allowing for more concentrated 
resource allocation. This, in turn, enhances the quality and skills of the future workforce, thereby increasing labor productivity per 
capita. However, when the fertility rate is excessively high, family resources are spread across a greater number of children, which may 
lead to diminishing marginal returns on educational investments, thus affecting the quality of the workforce and labor productivity per 
capita.

On the other hand, when the fertility rate is low, there is a relatively scarce labor force in the labor market, and this scarcity may result 
in higher labor productivity per capita. However, when the fertility rate is high, there is an oversupply of labor in the market, and 
competition for jobs can lead to a decline in labor productivity per capita.
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Figure 7: The Relationship between Delayed Retirement and Fertility Rate under Different Com binations and Economic Variables.

The figure above describes the examination of the impact of delayed retirement or fertility rate on economic variables under the given 
assumptions of either delayed retirement time or fertility rate. From a practical standpoint, in the future, delayed retirement and fertility 
policy adjustments are likely to occur simultaneously, making it necessary to study the combined changes of both.

To investigate the relationship between fertility rate and delayed retirement, we have plotted a plane parallel to the base and intersected it 
with the graphical surface. The arcs formed by these intersections represent various combinations of fertility rate and delayed retirement 
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under conditions where private capital remains constant, labor productivity per capita remains constant, and total output remains constant. 
Through such analysis, we can observe that delayed retirement can, to some extent, offset the negative effects of the current low fertility 
rate and promote population growth.

6.3. Sensitivity Analysis
In the OLG model, the representative agent's tax rate can be an important policy variable that affects resource allocation and 
intergenerational equity in the economy. In real policy-making, the tax rate for the representative agent is often determined based on 
economic and social conditions. Policymakers typically consider multiple factors, such as the public finance needs, economic growth, 
and social equity, to establish an appropriate range for the tax rate. Lower tax rates can promote economic growth and individual 
investment but may lead to fiscal deficits. On the other hand, higher tax rates can finance public expenditures but may affect individual 
consumption and savings behavior.

To ensure the internal validity of the findings, this study conducts sensitivity analysis on the tax rate parameter ξ and examines its impact 
when varied within a reasonable range. It would include how different tax rates affect private capital, total output, labor output, and 
other relevant economic variables. The analysis would also consider the interactions between the tax rate and fertility rate, as well as the 
tax rate and delayed retirement policy. By analyzing the results, the robustness of the effects of fertility rate and delayed retirement on 
economic variables is tested. The analysis results are as follows: 

Table 2: Sensitivity Analysis Results on Delayed Retirement

Table 3: Sensitivity Analysis Results on Fertility Rate

sensitivity 
factors

economic 
variables

delayed retirement x,n=1.1
x=0                x=2/30         x=4/30    x=6/30    x=8/30        x=10/30

ξ=0.18 k 2.15 2.07 2 1.94 1.88 1.83
y 57.96 57.1 56.32 55.65 55 54.42
Y 102.6 134.51 165.67 194.67 224.64 254.13

ξ=0.21 k 2.07 1.99 1.92 1.86 1.8 1.75
y 57.07 56.19 55.39 54.71 54.05 53.46
Y 101.02 132.37 162.94 191.38 220.76 249.65

ξ=0.24 k 1.99 1.91 1.84 1.79 1.73 1.68
y 56.24 55.34 54.53 53.84 53.18 52.58
Y 99.55 130.37 160.42 188.34 217.18 245.53

sensitivity 
factors

fertility rate n,x=0
                     n=1.4 n=1.6 n=1.8 n=2.0 n=2.2 n=2.4 n=2.6 n=2.8 n=3.0

ξ=0.18 k 0.5 0.83 0.95 0.97 0.94 0.9 0.85 0.8 0.75
y 52.91 89.13 101.3 103.22 100.78 96.16 90.7 85.07 79.57
Y 345.23 537.04 559.67 523.84 461.05 391.84 324.27 261.59 204.9

ξ=0.21 k 0.56 0.86 0.95 0.95 0.92 0.88 0.82 0.77 0.72
y 59.49 91.54 101.81 101.81 98.53 93.45 87.76 82.03 76.52
Y 201.22 375.06 470.05 512.21 529.42 527.77 515.14 496.38 474.45

ξ=0.24 k 0.62 0.88 0.94 0.94 0.9 0.85 0.79 0.74 0.69
y 66.14 93.6 100.85 100.21 96.12 90.61 84.71 78.91 73.41
Y 223.7 383.87 468.51 504.13 516.46 511.71 497.24 477.5 455.16
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According to the results of sensitivity analysis, it is evident that within a reasonable range of variation in the tax rate parameter ξ, the 
impact of fertility rate and delayed retirement on economic variables remains unchanged: as the delay in retirement age increases, the 
equilibrium state of private capital k decreases continuously, labor productivity per capita Y decreases, and total output increases. All 
economic variables exhibit a "inverted U-shape" trend as the fertility rate is adjusted. This indicates that the conclusions drawn in this 
study are robust.

By observing the table above, it can be noted that as tax rates increase, the fertility rates at which economic variables reach their peaks 
gradually decrease and are notably lower than the standard re-placement rate of 2.2. This suggests that excessively high tax rates can 
increase economic pressure, thus influencing family fertility decisions. Therefore, when designing fertility policies that encourage 
childbirth, appropriate adjustments to tax rates should also be considered within the scope of deliber-ation [41].

7. Conclusion and Recommendations
In the context of continuously declining total fertility rate and an aging population structure in our country, this paper has constructed 
a three-period overlapping generations model incorporating birth rate and delayed retirement. The study examines the effects of birth 
policy adjustments and delayed retirement on the economy and conducts simulations and analysis based on real data from China.

Research findings reveal the following: (1) Although the theoretical impact of population aging on economic growth rate is uncertain, 
empirical data simulations show that China's current level of population aging has already exerted a certain detrimental influence on 
economic growth. (2) Under the current population structure, delayed retirement can to some extent promote economic growth. This 
indicates that delayed retirement policies can mitigate the negative effects caused by low birth rates in the context of population aging, 
proving that delayed retirement is a feasible policy for China at present. However, changes in labor productivity show that older workers 
under delayed retirement may face weaknesses in terms of labor efficiency, learning ability, etc., resulting in an increase in overall labor 
output but a decrease in labor output per capita. Therefore, it is essential to implement the delayed retirement policy flexibly based on 
specific circumstances. (3) Increasing birth rates can alleviate the impact of the current population challenges on the economy, and 
easing birth policies remains a necessary approach for China. However, there exists a peak in economic growth, while simultaneously 
lowering household utility. Synergistic adjustments to delayed retirement and birth rates will better facilitate economic growth.

In the current trend of declining birth rates and an aging population, the pressures of elder care and labor shortages continue to rise, 
and the demographic dividend is rapidly diminishing. To address the negative impact of population aging on the economy and society, 
the government has undertaken necessary adjustments to birth policies. However, merely relying on relaxing birth restrictions cannot 
achieve the expected outcomes. On one hand, people's willingness to have children has generally de-creased, as they are aware that the 
pressures on themselves would continuously increase with the number of children, potentially leading to reduced family well-being. On 
the other hand, solely in-creasing the birth rate has limited effectiveness in alleviating aging pressures and sustaining economic growth. 
Therefore, a singular focus on birth policies is inadequate to tackle the challenges posed by population aging. The government needs 
to comprehensively consider various factors and develop holistic policies to promote the accumulation of human capital in society. By 
doing so, it can better address the pressures of aging and achieve sustained and stable economic development. This paper proposes the 
following recommendations.

First and foremost, it is essential to recognize that implementing a delayed retirement policy is a rational and necessary choice for the 
country to address population challenges. With improvements in healthcare systems and the quality of material and spiritual life, people's 
life expectancy after retirement has been increasing, leading to the waste of human resources and increasing the government's burden 
for elder care. To address the negative impact of population aging and declining birth rates on the economy and society, the government 
must not only adjust the delayed retirement policy but also implement necessary adjustments to birth policies.

Implementing a delayed retirement policy can partially alleviate the shortage of human resources and the pressure of aging. However, 
relying solely on this policy will not resolve the declining birth rate issue. Therefore, the government must ensure that the public fully 
understands the necessity of delayed retirement and adjustments to birth policies from both an individual and national long-term devel-
opment perspective. Public understanding and support are key to ensuring the smooth implementation of these policies.

Additionally, the government should consider adopting complementary policy measures to encourage childbirth and extend working 
years. Providing ample support, retraining opportunities, and other incentives will help individuals adapt to the changing demographic 
landscape and promote sustainable economic growth. Taking a comprehensive approach and combining these measures will be crucial 
in effectively managing population dynamics and fostering long-term economic development.

Furthermore, when implementing the delayed retirement policy, several factors should be considered comprehensively:
(1) Gradual Delayed Retirement: To mitigate the pressure caused by reduced productivity among elderly workers, the delayed retirement 
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policy should be gradually implemented rather than suddenly enforced. This approach allows elderly workers time to adapt and prepare, 
while also giving society and businesses the opportunity to make necessary adjustments.
(2) Flexible Retirement Options: The policy can provide flexible retirement choices, allowing elderly workers to make decisions based 
on their individual circumstances. For instance, different retirement age options can be set, enabling elderly workers to choose the most 
suitable retirement time based on their health, family situation, and career characteristics.
(3) Provide Training and Job Transition Opportunities: With delayed retirement, elderly workers may need to adapt to different job 
requirements. The policy can offer training and job transition opportu-nities to help them acquire new skills and adjust to new work 
environments, thereby enhancing their productivity and labor output.
(4) Safeguard the Rights of Elderly Workers: While implementing delayed retirement, it is crucial to ensure the rights and welfare of 
elderly workers. The policy can provide corresponding social security and welfare measures to guarantee sufficient life security for 
elderly workers after retirement.
(5) Guide Business Adaptation: The delayed retirement policy will also impact businesses and em-ployers. The government can guide 
companies to adapt to the policy through tax incentives, subsidies, or other incentives, promoting the willingness to hire and train elderly 
workers.
(6) Research and Evaluation: After implementing the delayed retirement policy, regular research and evaluation of its effects are necessary. 
This approach allows understanding the actual impact of the policy, identifying issues in a timely manner, and taking corresponding 
adjustment measures.

By considering these factors, the delayed retirement policy can be effectively implemented, benefiting both elderly workers and society, 
and contributing to a more sustainable and stable economic devel-opment amidst the challenges of an aging population and declining 
birth rates.

Finally, regarding adjustments to the birth policy:
(1) Provide Comprehensive Birth Support: The government can consider increasing support for fam-ilies, including providing birth 
allowances, supporting career development for women of childbearing age, and offering high-quality childcare services. These measures 
can reduce the financial burden of raising children for families and stimulate people's willingness to have more children.
(2) Introduce Flexible Maternity Leave Policies: It is recommended that the government introduce more flexible maternity leave policies, 
allowing parents to allocate maternity leave time flexibly. This approach enables more families to strike a better work-life balance and 
can potentially boost the birth rate.
(3) Promote Pension Insurance System Reform: Optimize the pension insurance system and increase flexibility between individuals and 
businesses. This will instill more confidence in families to raise children by providing better social security, thus alleviating the burden 
of childcare.
(4) Expand Investment in Education Resources: Increase investment in the education sector to enhance the quality of education. This not 
only improves the human resources pool but also alleviates the pressure of raising children for parents.

By implementing these measures, the government can create a more supportive environment for families and address the challenges 
posed by an aging population and declining birth rates. Encour-aging childbirth and supporting families in raising children will contribute 
to sustainable economic and social development in the face of demographic changes.
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