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A reassessment of trends 
and rural–urban/regional 
differences in the total fertility 
rate in China, 2000–2020: analyses 
of the 2020 national census data
Long Li 1,5, Guangzhao Jin 1,5, Xiaozhen Lai 2, Rize Jing 3* & He Zhu 2,4*

The decline in the total fertility rate (TFR) is a key driver of population change and has important 
implications for population health and social development. However, China’s TFR has been a 
considerable controversy due to a lack of high-quality data. Therefore, this study used the 2020 
national population census of China (NPCC) data and reverse survival method to reassess temporal 
trends in the TFRs and to reexamine rural–urban differences and regional variations in TFRs from 
2000 to 2020 in China. Overall, there were significant gaps between the estimated and reported TFRs 
before 2020, and the estimated TFRs based on the 2020 NPCC data remained higher than the reported 
TFRs from government statistics. Although TFRs rebounded shortly in the years after the two-child 
policy, they have shown a wavelike decline since 2010. Additionally, the estimated TFRs fluctuated 
below 1.5 children per woman in urban areas compared to above 1.8 in rural areas, but the rural–urban 
differences continued to decrease. Regarding geographic regional variations, the estimated TFRs in all 
regions displayed a declining trend during 2010–2020, especially in rural areas. Large decreases of over 
25% in TFRs occurred in the north, east, central, and northwest regions. In addition to changing the 
birth policy, the government and society should adopt comprehensive strategies, including reducing 
the costs of marriage, childbearing, and child education, as well as promoting work-family balance, to 
encourage and increase fertility levels.

The total fertility rate (TFR), known as an estimate of lifetime fertility, is one of the most popular fertility 
rate measurements. The decline in the TFR is often attributed to reduced desires for  children1,2, and it can 
shrink working-age share, exacerbating the burden of the pay-as-you-go systems and undermining sustainable 
 development3,4.

The TFR is crucial to assess demographic changes and prepare for further development. However, the fertil-
ity levels in China, where the government performed a long period of strict birth control policy, have been a 
considerable controversy since the 1990s, as many demographers argued them inaccurate due to underreporting 
issues in the official statistical  system5. According to the national population censuses, China’s TFR was 1.22 chil-
dren per woman in 2000 and slightly decreased to 1.18 in  20106, both of which were among the lowest national 
TFRs in the world at that  time7. Unfortunately, they were misunderstood and widely cited by non-professionals. 
Meanwhile, other estimated TFRs for two years from previous studies ranged from 1.4 to 1.88. The potentially 
underestimated TFRs may be due to data collection difficulties in the context of massive rural-to-urban migration 
and avoidance of penalties under the one-vote-down family planning cadre responsibility system (i.e., failure to 
perform adequately in the area of fertility can lead to a major reduction in wages or even dismissal from one’s 
job)9. Previous studies have adopted various techniques to improve the estimation of fertility levels, yet few of 
them have reached an agreement because of the lack of high-quality raw  data10. Thus, China’s TFRs over the past 
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decades remain a puzzle. Despite considerable debates on fertility levels, China has begun to change its traditional 
birth control policy to address the predicted low TFRs recently, and a selective two-child policy (allowing couples 
with one spouse being an only child to have two children), a universal two-child policy, and a three-child policy 
were launched sequentially in 2013, 2015, and 2021,  respectively11,12.

The TFR and its pace of decline varied across rural–urban areas and geographic regions given different soci-
odemographic and socioeconomic conditions. In China, the implementation of the strict birth control policy 
has manifested large regional differences since its beginning, especially between rural and urban  areas13. The 
one-child policy was relatively strict to be enforced among urban residents, but rural families in most provinces 
were permitted to have a second child if the first was female due to certain feasibility concerns. Even in several 
provinces, mainly located in the southwest and northwest regions, all rural families were allowed to have a 
second child. Analyzing regional heterogeneities in fertility levels and identifying areas with very low TFRs are 
essential for designing targeted programs on better access to sexual and reproductive as well as maternal and 
newborn health services.

Inaccuracies in fertility estimates may hinder the understanding of fertility transition and health- and 
development-related outcomes. Most importantly, the improvements in data collection and quality in the 2020 
national population census data provide the opportunity to examine the temporal trends in TFRs in China. Taken 
together, this study aims to use the newest 2020 national population census data (1) to assess temporal trends in 
TFRs in China from 2000 to 2020 to make a comparison with the reported TFRs from government statistics and 
(2) to examine the rural–urban differences and regional variations in TFRs between 2000 and 2020.

Methods
Data sources
The 2020 national population census of China
Population data were retrieved from the 2020 national population census of China (NPCC), conducted by the 
National Bureau of Statistics (NBS) of China from November 1 to December 10, 2020. Compared to previous 
NPCCs, the 2020 NPCC has made significant improvements in the data collection process to reduce under-
reporting and increase data  accuracy14.

The 2020 NPCC was the first Chinese census to collect individual ID numbers, the unique and invariable 
legal number for each Chinese citizen. The government took the initiative to verify ID numbers in the census 
by using administrative records (e.g., household registration data and birth certificate data), which allowed it 
to capture the migrant population and identify potential missing misreported individuals in the census (Fig. 1). 
Moreover, the enhanced management systems of community residents during the COVID-19 pandemic helped 

Figure 1.  Process of cross-checking based on ID numbers between census data and administrative records in 
the 2020 national population census of China.
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reduce barriers to collecting data on the migrant population to improve coverage. Additionally, the 2020 NPCC 
fully employed information technologies in data collection including collecting data via electronic equipment, 
establishing an online registration channel, implementing online centralized management, and applying the big 
data of enterprises (more details refer to Appendix S1)14.

According to the post-enumeration check results, the 2020 NPCC was recognized to have the highest qual-
ity in China’s population census history with the lowest underreporting rate of only 0.05% (Table 1). Some data 
independent from the NBS system could also prove the high quality of the 2020 NPCC. For instance, the numbers 
of births reported in hospital-based birth records published by the National Health Commission of China were 
close to those in the 2020 NPCC by corresponding ages (Fig. 2).

Censuses and intercensal sample surveys from 2000 to 2019 in China
Except for the 2020 NPCC, this study also utilized censuses and intercensal sample surveys from 2000 to 2019 
conducted by the NBS of China. Since 2000, the NBS of China has conducted three national censuses in 2000, 
2010, and 2020, two 1% sample surveys in 2005 and 2015, and annual 1‰ sample surveys on population changes 
from 2001 to 2019 (excluding the years mentioned above). The previous censuses and sample surveys provided 
structural data as a reference, and this study did not use scaled data from previous censuses and sample surveys 
while reassessing fertility levels.

The censuses and sample surveys were all carried out through household interviews by trained enumerators. 
The questionnaire items were similar across all censuses or sample surveys. In the census, survey forms were 
divided into short form and long form. The short form covered sex, date of birth, ethnicity, residency, education 
status, etc., and was answered by all individuals who had Chinese nationality and resided in China. The long 
form covered all the items in short form and included more detailed items regarding marriage, childbirth dur-
ing last year, occupation, etc., and was answered by a 10 percent sample of randomly selected households. For 

Table 1.  Underreporting rates of national population censuses in China. Data were extracted from major 
data communiques of the national population censuses released by the National Bureau of Statistics (NBS) of 
China.

National population census of China Underreporting rate (%)

The 1982 national population census 0.06

The 1990 national population census 0.07

The 2000 national population census 1.81

The 2010 national population census 0.12

The 2020 national population census 0.05

Figure 2.  The number of births from the hospital-based birth records and the population of corresponding 
ages in the 2020 national population census of China. Note that before 2016, hospital-based birth records only 
recorded the live births of women with registered residences (a household registration system established in the 
1950s in China). Since 2016, the live births of women without registered residence have also been recorded to 
lead to higher hospital delivery rates, and therefore it could largely reflect the total births in China.
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the 1%/1‰ sample survey, the long form was taken to collect the information of households selected through 
stratified, multistage, and proportional probability sampling procedures.

Study variables
Total fertility rates (TFRs)
We used TFRs to measure the fertility levels. The TFR is defined as the average number of children that a cohort 
of women would have at the end of their reproductive period if they were subject during their reproductive lives 
(aged 15–49 years) to the age-specific fertility rates (ASFRs) of a given period and if they were not subject to 
 mortality15. The ASFR represents the number of births per 1000 women for a specific age group in the past year. 
TFR was counted as children per woman calculated by summing the single-year ASFRs in a given period, and 
it is considered to be “very low” if it falls below 1.5 and “lowest-low” if below 1.316,17.

Estimated TFRs
The estimated TFRs referred to the annual TFRs estimated by using the 2020 NPCC data in this study. The 2020 
NPCC provided the number of births to women of different ages and age-specific women populations at national, 
urban–rural, and regional levels in the year 2020. Therefore, the estimated TFRs overall and at different levels 
in 2020 could be directly extracted from the 2020 NPCC.

Considering the underreported issues in the official statistic system before 2020, we used scaled data from 
the 2020 NPCC and some structural data from censuses and sample data between 2000 and 2019 to estimate 
previous TFRs. To assess national TFRs from 2000 to 2019, we applied the reverse survival  method18 to the overall 
population aged 1–20 years old (n = 175,077,370 boys and n = 153,565,998 girls) and the female population aged 
16–70 years old (n = 505,951,153) obtained from the 2020 NPCC. The process of applying the reserve survival 
method to estimate previous TFRs is shown as follows:

(1) Estimate the number of births in each year preceding 2020.
We divided the population aged 1–20 years old in 2020 by using life table survivorship  ratios18 and cohort sur-

vival  probabilities18 to calculate the annual number of births before 2020. The survivorship ratio was expressed as

and the cohort survival probability was expressed as

In Eqs. (1) and (2), the Lx,t is the number of person-years of the population aged x years in the life table liv-
ing from x years to (x + 1) years in year t, and the l0,t is the initial population in the life table. The parameters 
Lx,t and l0,t were extracted from the Coale–Demeny West Pattern model life tables with life expectancy at birth. 
We included the life expectancy at birth in 2000, 2005, 2010, 2015, and 2020 provided by China NBS, and we 
calculated the life expectancy at birth of intermediate years by using the linear interpolation. The life expectancy 
at birth by sex for each year from 2000 to 2020 is displayed in Appendix S2.

The populations aged 1–20 by single years of age in 2020 were first divided by survivorship ratios to estimate 
the population aged 0 from 2000 to 2019, which was algebraically expressed as

In Eq. (3), the Nx,t is the population aged x in year t, and x plus t equals 2020.
Then, the populations aged 0 were divided by cohort survival probabilities to calculate the annual number 

of births in each year preceding 2020, according to the formula:

In Eq. (4), the Bt is the number of births in year t.
The estimations of births were implemented separately by sex. Afterwards, we summed the number of births 

by sex to obtain the total number of births from 2000 to 2019.
(2) Calculate the number of births to women of different ages in each year preceding 2020.
We adopted age-specific fertility  distributions18 to segment the total number of births into the number of 

births to women of different ages in each year preceding 2020. The age-specific fertility distributions in 2000, 
2010, and 2020 were obtained from the 2000, 2010, and 2020 NPCCs, respectively. As structural data, they were 
hardly affected by underreporting. The distributions in intercensal years were derived from the estimations by 
linear interpolations between every two censuses. The age-specific fertility distributions in 2000, 2010, and 2020 
are displayed in Appendix S3 and Appendix S4 displays the numbers of births to women of different ages (in 
thousands) in different years estimated from the data in the 2020 national population census of China.

(3) Calculate the number of women by age in each year preceding 2020.
Women of different ages between 16 and 70 in 2020 were divided by survivorship ratios to determine the 

populations of women of different ages between 15 and 49 in the years preceding 2020, according to the formula:

(1)Px,t =
Lx,t

Lx−1,t−1

,

(2)S0,t =
L0,t

l0,t
.

(3)N0,t =
Nx,2020

[(

Lx,2020
Lx−1,2019

)

∗

(

Lx−1,2019

Lx−2,2018

)

∗ · · · ∗

(
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)] .
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In Eq. (5), the t − x equals 2020− y.
We then averaged the populations of women between two adjacent years to generate the number of women 

as denominators of age-specific fertility rates (ASFRs). The numbers of women by age (in thousands) in different 
years estimated from the data in the 2020 national population census of China are displayed in Appendix S5.

(4) Calculate the ASFRs and total fertility rates (TFRs) preceding 2020.
After obtaining the number of births to women of different ages and the number of women by age in each 

year, we could generate annual ASFRs by the formula:

In Eq. (6), the fx is the fertility rate of women aged x, Bx is the number of births to women aged x, and Wx is 
the number of women aged x.

Then, TFR could be calculated by adding up the ASFRs according to the equation:

Since the census data including all the residents of the corresponding age and gender in China were used for 
analyses, no 95% confidence intervals (CIs) were reported.

Estimated rural–urban and regional TFRs
According to the NBS, urban areas refer to the areas under the jurisdiction of neighborhood committees (“Juwei-
hui” in Chinese), while rural areas encompass regions governed by village committees (“Cunweihui” in Chinese). 
To calculate the estimated rural–urban TFRs from 2000 to 2019, we first included the annual urbanization rate, 
referring to the share of population residing in the urban areas and as a resulting indicator of rural-to-urban 
migration, of women by age and birth numbers from the NBS of China before 2020. Next, we separated the 
age-specific numbers of women and their birth numbers from 2000 to 2019 estimated previously by the reverse 
survival method into rural and urban groups. Then, we transformed annual rural and urban birth numbers into 
age-specific patterns using rural and urban age-specific fertility distributions, respectively. Finally, we calculated 
the annual rural and urban ASFRs and TFRs before 2020 based on the above estimations.

We used the Chinese standard geographical classification of seven regions in mainland China: north, north-
east, east, central, south, southwest, and northwest. The TFRs by region and regional rural–urban location were 
calculated by using the same method as above.

Reported TFRs
The reported TFRs, which were considered to exist underreporting issues, represented those directly obtained 
from NPCCs and population sample surveys conducted and published by the NBS of China before 2020.

The detailed process to calculate estimated and reported TFRs in different years at different levels is shown 
in Fig. 3.

Data analysis
We first presented and compared the trends in estimated and reported TFRs from 2000 to 2020 at the national 
level. Next, the trends in the estimated rural and urban TFRs were also examined, and we also calculated the 
trends in differences between the estimated rural and urban TFRs in each year. Finally, the changes in estimated 
regional TFRs between 2010 and 2020 were calculated and displayed, stratified by rural–urban location.

Ethics approval and consent to participate
All methods were performed in accordance with relevant guidelines and regulations. All analyses were conducted 
based on published aggregated data, and ethical approval or informed consent was not required.

Results
Gaps between newly estimated and reported TFRs
Overall, there were significant gaps between the estimated and reported TFRs before 2020, and the estimated 
TFRs based on the 2020 NPCC remained higher than the reported TFRs from the previous government statistics 
(Fig. 4 and Appendix S6). The gaps in TFRs reached up to 0.5 from 2010 to 2016 and gradually narrowed after 
2017. The estimated TFRs have fluctuated above the very low fertility rate (TFR = 1.5) in the past two decades 
and have shown a wavelike decline in the past decade. Four years had an apparent increase compared with the 
last year: 2012 (TFR = 1.89), 2014 (TFR = 1.84), 2016 (TFR = 1.80), and 2017 (TFR = 1.88). The estimated TFRs 
showed an apparent drop in 2015, 2018, and 2020, with a decrease of more than 10% compared with the last year.

The average of the estimated TFRs from 2000 to 2020 was 1.64, close to the average number of children ever 
born by some particular cohorts of women who largely completed their fertility histories (Table 2). From 2000 to 
2019, the number of annual births estimated from the 2020 NPCC remained above 14 million and even exceeded 
18 million in several years, including 2009, 2011 to 2014, and 2016 to 2017 (Appendix S6).

(5)Nx,t =
Ny,2020
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Ly−1,2019
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Trends in differences between estimated rural and urban TFRs
In general, the rural–urban differences in the estimated TFRs decreased, especially after 2014. The estimated 
TFRs fluctuated below 1.5 in urban areas compared to above 1.8 in rural areas (Fig. 5 and Appendix S7). The 
estimated rural TFRs exceeded the replacement level of approximately 2.1 from 2011 (2.25) to 2014 (2.38). The 
estimated urban and rural TFRs showed homologous fluctuation modes, especially with rebounds in 2012, 2014, 
and 2016. However, in contrast to the estimated rural TFRs, the estimated urban TFR showed a larger rebound 
in 2016 (an increase by 13.30% in urban areas vs an increase by 2.97% in rural areas) and continued to rise in 
2017 (an increase by 8.02% in urban areas vs a decrease by 0.87% in rural areas). The differences between the 
estimated rural and urban TFRs demonstrated an overall increasing trend from 0.58 in 2000 to 0.88 in 2014, but 
they declined afterwards from 0.88 in 2014 to 0.35 in 2020. In both urban and rural areas, the estimated TFRs 

Figure 3.  Process of estimations of total fertility rates (TFRs) in different years at different levels. The 2000 and 
2010 censuses were used to provide some structural data including age-specific fertility distribution at different 
levels and rural/urban, regional, and regional rural/urban distributions of women by age and birth numbers to 
assist in estimating TFRs. The rural/urban distribution is known as the urbanization rate. The 1%/1‰ sample 
surveys were used to provide structural data on the urbanization rate from 2001 to 2019 (excluding 2010) to 
assist analyses.

Figure 4.  National trends in the estimated and reported TFRs in China, 2000–2020.
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remained higher than the reported TFRs over the study period, and the gaps between the estimated and reported 
TFRs were larger in rural areas than in urban areas (Fig. 5 and Appendix S7).

Differences in regional and regional rural–urban fertility between 2010 and 2020
The TFRs declined in all regions between 2010 and 2020, while the extents varied across regions (Fig. 6 and 
Appendix S8). Obvious decreases in TFRs by over 25% occurred in the north, east, central, and northwest 
regions, and among them, the central region experienced the largest decline by 30.57%. The number of regions 
below the threshold of the lowest-low fertility (TFR = 1.3) increased from only one (northeast) in 2010 to three 
(northeast, north, and east) in 2020. The northeast region continued to have the lowest fertility level in both 2010 
(TFR = 1.07) and 2020 (TFR = 0.86). For regions with the highest fertility level, we found a transition from the 
central region in 2010 (TFR = 1.91) to the southwest and south regions in 2020 (TFRs = 1.40 and 1.49).

The estimated regional rural–urban TFRs in 2010 and 2020 were mapped in Fig. 7 and exhibited in Appen-
dix S8. Women living in rural areas had a higher average number of births than their urban counterparts in all 
regions in both census years, except for the northeast region in 2020. The rural–urban differences in fertility levels 
declined between 2010 and 2020 in all regions, with a decrease of more than 70% in the northeast, northwest, 
and north regions. A decrease in estimated TFRs was also observed between 2010 and 2020 in all regional urban 
and rural areas, with rural areas experiencing larger decreases in all regions (Appendix S8).

Robustness checks
We further changed the combination of age-specific fertility distributions to conduct robustness checks. We 
adopted age-specific fertility distributions in 2000, 2005, 2010, 2015, and 2020, where data in 2005 and 2015 were 
respectively extracted from the 1% sample survey in 2005 and 2015, and the rest were obtained from censuses. 
The fertility distributions of other years were calculated by linear interpolation of the fertility distributions in 
these 5 years. The TFRs from robustness checks are very close to the previously estimated TFRs (Appendix S9).

Discussion
The fertility levels of China have been controversial in the recent two decades, and the 2020 NPCC offers an 
opportunity to assess TFRs to provide more accurate estimations based on the best data ever. To our knowledge, 
this study was the first to use the 2020 NPCC data to estimate TFRs and examine rural–urban and regional dif-
ferences in TFRs from 2000 to 2020 in China. Our results indicated that the reported TFRs in China were highly 
likely to be underreported, and there were significant gaps between newly estimated TFRs and reported TFRs 
over time. The estimated TFRs remained above 1.5 children per woman during 2004–2019 and rebounded in the 
years after the birth control policy changes. Additionally, rural areas had higher estimated TFRs than urban areas, 
but the rural–urban differences in the estimated TFRs started to narrow quickly after 2014. Regarding geographic 
regional differences, in 2020, the southwest and south regions had the highest estimated TFRs (1.40–1.49), fol-
lowed by the northwest (1.30) and central regions (1.39), and the northeast region had the lowest estimated TFR 
(less than 1.00). The estimated TFRs in all regions displayed a decline between 2010 and 2020, especially in rural 
areas, and the estimated TFRs in the rural north, east, central, and northwest areas even experienced a cliff-like 
decline. These findings have implications for dynamic changes in health and population policies.

In China, major sources of fertility data included NPCCs, intercensal sample surveys (including 1% sam-
ple surveys and 1‰ sample surveys), household registration systems, family planning statistics, and national 
retrospective fertility  surveys10. These data sources were collected through different channels to serve different 
purposes, but all of them faced the challenges of underreporting issues, especially for infants who were born 

Table 2.  The average number of children ever born by some particular cohorts of women. The data were 
extracted from the 2020 national population censuses of China.

Birth cohorts of women Age of women in 2020 The average number of children ever born to women

1985 35 1.56

1984 36 1.60

1983 37 1.60

1982 38 1.60

1981 39 1.62

1980 40 1.63

1979 41 1.61

1978 42 1.61

1977 43 1.60

1976 44 1.60

1975 45 1.60

1974 46 1.60

1973 47 1.59

1972 48 1.59

1971 49 1.59
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near the data collection  period10. The 2020 NPCC adopted data innovations beyond the traditional collection 
methods to reduce underreporting and improve  accuracy14. In particular, the 2020 NPCC used the ID number 
to verify and compare information across databases, which effectively reduced re-reporting and omission in 
the context of massive population migration.14 The quality of the data made us believe that our estimations 
were more accurate and were closer to the real TFRs in China, and the underreporting data contributed to the 
relatively low reported TFRs.

Figure 5.  The estimated TFRs by rural–urban location in China, 2000–2020.
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This study indicated that the official statistics might have previously underestimated and underreported 
TFRs in China. Our estimations were in line with existing studies with conclusions of higher  births19. Despite 
TFRs above 1.5 found in this study from 2000 to 2020, China still has a great risk of a declining and very low 
fertility level. One study stated that if China insisted on the universal two-child policy, the overall TFR would 
reach 1.81 in  203020. However, the trend in China’s TFRs was not that optimistic based on our estimates, which 
has gradually declined since 2018. The first possible explanation for decreasing TFRs is the significant delays 
in marriage and childbirth (Fig. 8). Since the late 1990s, the expansion of higher education has brought about 
a substantial increase in women’s education  level21. Similar to Europe, delayed childbearing partially resulted 
from the wider accessibility of tertiary education and the rising age of graduation in  China22. Second, China is 
experiencing a transition in fertility preferences, and couples are choosing to remain childless or to have fewer 
 children10,23. With the rapid development of social security, the traditional Chinese concept of “more children 
bring more blessings” has drifted away. In addition, young adults face the structural cost of living issues, includ-
ing high costs of time, childrearing, and  education24. Also, we cannot ignore the impact of COVID-19 on the 
2020 fertility rates in China, and a steep drop in the fertility rate was detected after the COVID-19 pandemic in 
some high-income  countries25.

We also observed that rural–urban differences in the estimated TFRs have shrunk in recent years. The birth 
control policy consists of a set of regulations, including the spacing of children (in cases in which second children 
are permitted)26. The one-child policy was strictly enforced for urban residents. In rural areas, it soon became 
clear that a one-child rule was unenforceable because of the importance of labor capital in the family-based 
agrarian economy, dependence on children in old age, and the tradition of son  preference27. In addition, entering 
the twenty-first century, China’s rapid economic development has led to significant improvements in rural areas, 
and the process of economic growth generates sufficient resources so that households can rear more children 
while still providing the desirable amount of education investment per  child28. Therefore, the increase in TFRs 
in rural areas from the beginning of the twenty-first century until the implementation of the two-child policy 
has been significant. The implementation of the universal two-child policy had short- and long-term effects on 
China’s TFRs, especially for urban areas. Some studies indicated that in addition to the prevalence of having 
additional children, the TFR of second children in rural areas was far higher than the TFR of second children 
in urban areas before  201629. The universal two-child policy did not have an impact on the TFR of the third and 
more child of the urban census registered population, because it was still illegal for the urban census registered 
population to have a third  child29. In addition, the relatively strict implementation of the one-child policy before 
the policy adjustment resulted in the accumulation of a large target group for the two-child policy in urban areas, 
which drove up the TFRs significantly; in rural areas, where the "one-and-a-half-child" policy was implemented, 
the target group for the two-child policy was basically confined to women of childbearing age who gave birth 
to boys, and the size of the target group was relatively smaller. Therefore, the implementation of the universal 
two-child policy mainly affects the TFR of second children in urban areas, but it was not a sufficient engine for 

Figure 6.  The estimated TFRs by region in China between 2010 and 2020.
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long-term fertility growth. However, there was a trend in that convergence of rural TFR toward the urban level 
in China, which was consistent with other developing countries in the  world30. Two reasons may contribute to 
the decreasing differences in rural–urban TFRs. The first is the convergence of childbearing willingness between 
rural and urban areas. Rural and urban residents in the eastern coastal areas had a similar preference for the 
number of  children31, and even in less-developed western areas, only a small proportion of rural dwellers pre-
ferred three or more children in  China20. Given the increased rearing costs and greater importance attached to 
childhood education, both urban and rural parents face similar barriers to  childrearing24. The second one is the 

Figure 7.  The estimated TFRs by regional rural–urban location in China between 2010 and 2020.
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convergence of childbearing time between rural and urban areas. The migration of rural populations leads to 
their childbearing time being delayed. Moreover, the improvement in educational attainment and reduction in 
the rural–urban education gap also displayed childbearing time delays in rural  areas32. In addition, some studies 
have reported that the earlier and more sustained decline in urban fertility in developing countries is accom-
panied by a more pronounced decline in rural fertility as society develops, and the decline of fertility is more 
moderate in the later stages of social development  and transition in urban  areas30. Taken together, the fertility 
patterns in rural areas have moved closer to those in urban areas, and relying solely on rural fertility levels was 
not expected to significantly increase the TFR in China.

The decreased estimated TFRs in all seven regions of China between 2010 and 2020 presented a huge chal-
lenge. It was suggested that regional variations in fertility levels mainly resulted from differences in economic 
structure, cultural tradition, and policy  implementation33,34. Our study indicated that the estimated TFRs in the 
southwest and south regions were the highest in 2020, and overtook the central regions. First, the southwest 
and south regions possess a high proportion of ethnic minority residents. The Chinese government allowed 
minority autonomous regions to formulate or modify their marriage laws and family planning policies in the 
context of local customs. For instance, a third child or getting married two years earlier is allowed for some ethnic 
 minorities26. Second, the socioeconomic, demographic, and cultural factors all play important roles in determin-
ing the TFRs. Southern China has a preference for multiple children or boys compared to other  regions35, so 
with the gradual relaxation of the birth control policy, the TFRs in the southwestern and southern regions have 
gradually overtaken that of the central region compared to 2010. In addition, drawing on past pandemics, schol-
ars have suggested that the COVID-19 pandemic will bring about fertility  decline25. China’s COVID-19 started 
in Hubei, an important province in the center of the country, and the closer to the epicenter of the outbreak, 
the more severe the  epidemic36. As a result, the TFRs in central China will decline in 2020. The estimated TFR 
in the northeast region was the lowest, which was consistent with previous  studies37. This may be attributed to 
the earliest regions to industrialize, population migration, and relatively poor economic development levels in 
recent  years38. It was also noticed that compared to 2010, the variations in the estimated TFR in 2020 decreased 
in all regions, further indicating the risk of low fertility levels all over China.

The fluctuations in estimated TFRs during 2000–2020 clearly demonstrated the impacts of fertility policies. 
Starting in the 1970s, the birth control policy was designed to develop the economy and improve living standards. 
Subsequently, in 2013 and 2015, the selective two-child and universal two-child policies were implemented, 
respectively. Our findings of the relatively higher TFRs after 2014 were in line with other studies of the two-child 
policy’s effects in  China19,39. There was a trough in 2015 and 2018, in which the demands were largely released 
in 2014 and 2016–2017, respectively, immediately after the enactment of these policies. Some studies indicated 
that most of women of child-bearing age in the policy adjustment year, who were restricted from having a second 
child by China’s previous stricter birth control policy but wanted to have a second child, would give birth to a 
second child in two years after implementation of the new fertility  policy40. Recent data on births indicated a 
further  decline42, and in 2021, a three-child policy was implemented quickly to cope with the risk of decreasing 
fertility levels, and further studies will be needed to examine its impact on TFRs.

Our studies showed that the two-child policy was related to a moderate and temporary increase in TFRs, but 
its impact has been extremely short-lived and has not been effective in curbing the overall trend of declining 
fertility levels. Therefore, in addition to the relaxation of the birth control policy, our results suggest that it is 
important to take comprehensive measures to stop the increasing risk of low fertility levels and help young people 
reduce childrearing barriers. Empirical evidence from low-fertility countries indicates that the implementation 
of fertility support policies, encompassing economic support policies (e.g. family allowances, maternity- and 
paternity-leave benefits, and tax breaks), service support policies (e.g. childcare services, maternal health care 

Figure 8.  The average age of women at first marriage and first childbearing in 2000, 2010, and 2020. The data 
were extracted from the 2000, 2010, and 2020 national population censuses of China.
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services, and educational input), and time support policies (e.g. maternity leave, paternity leave, and paren-
tal leave), has proven in boosting TFRs to some  extent43–45. According to surveys conducted by the National 
Health Commission, the average number of children planned by Chinese families in 2021 was 1.6446. This data 
suggests a notable potential for a substantial increase in China’s fertility rate if an effective fertility support 
system is established. First, the government should tackle measures that decrease the direct and opportunity 
costs of childbearing, such as providing sufficient parental leave, expanding available and qualified childcare 
facilities, regulating the price of childcare products and services, providing adequate career opportunities for 
rural residents to reduce economic and childrearing costs, and encouraging the development of early education 
institutions. Second, Chinese society from all regions and rural–urban perspectives should transmit the fertil-
ity thinking and make the family-planning policy more inclusive, such as making cities more family-friendly, 
improving work-life balance for females, helping them juggle work and childcare, and providing subsidies, tax 
relief and rewards for families with two or more children.

This is the first study to apply the reverse survival method to the 2020 NPCC data to assess trends in TFRs 
and its rural–urban and regional differences in China. The method has been well established to produce estimates 
that are consistent and hardly affected by erroneous  assumptions47. In addition, compared to other major sources 
of the fertility data including NPCCs, intercensal sample surveys, household registration systems, family plan-
ning statistics, and national retrospective fertility  surveys10, all of which faced the challenges of underreporting 
issues, the 2020 NPCC adopted data innovations beyond the traditional collection methods to reduce under-
reporting and improve the  accuracy14. In particular, the 2020 NPCC used the ID number to verify and compare 
information across databases, which effectively reduced re-reporting and omission in the context of massive 
population  migration14. The quality of the data made us believe that our estimations were more accurate and 
were closer to the real TFRs in China, and the underreporting data contributed to the relatively low reported 
TFRs. The findings from the reassessment of TFRs provided new evidence on the accurate fertility levels in 
the past two decades in China, and it helped better understand different roles of the family-planning program 
and the socioeconomic transformation in driving the fertility and population changes. Most importantly, they 
could help better project the fertility and population size in future, which has the great significance to establish 
fertility- and health-related policies in China and has inspiration for other low- and middle-income countries 
to improve family-planning programs.

There are several limitations to note. First, we interpolated to estimate the fertility schedules for individual 
years owing to unavailable age-specific fertility distributions in each year. Although many researchers believed 
that the effect remained limited, this limitation can affect the estimates of  TFR8. Second, due to the data were 
lacking on the census life tables calculated by the NBS of China, we used the model life tables as the standard to 
estimate the survivorship for children and women. As only a small minority of children and women died during 
the 20 years, the impact of errors in the estimates of survival probabilities would be little.

Conclusions
This study provides more reliable TFR estimates and their rural–urban and regional differences from 2000 to 
2020 by using the newly released high-quality 2020 NPCC data in China. Our findings indicated that although 
China’s TFRs were not as low as those previously reported by the official statistics in the past 20 years, China 
still has a greater risk of a very low fertility level in all national, regional, and rural–urban levels. Therefore, in 
addition to relaxing birth restrictions and policies, it is more important to adopt comprehensive strategies to 
improve social supportive policies and services, including reducing the costs of marriage, childbearing, and child 
education, as well as fostering work-family balance, to increase fertility levels.

Data availability
All data in this study can be made available upon request to the corresponding authors by email: rzjing@ruc.
edu.cn or he.zhu@pku.edu.cn.

Received: 26 August 2023; Accepted: 8 April 2024

References
 1. Mills, M. et al. Why do people postpone parenthood? Reasons and social policy incentives. Hum. Reprod. Update 17, 848–860. 

https:// doi. org/ 10. 1093/ humupd/ dmr026 (2011).
 2. Eshre Capri Workshop Group. Europe the continent with the lowest fertility. Hum. Reprod. Update 16, 590–602. https:// doi. org/ 

10. 1093/ humupd/ dmq023 (2010).
 3. Bloom, D. E., Canning, D., Fink, G. & Finlay, J. E. The cost of low fertility in Europe. Eur. J. Popul. 26, 141–158. https:// doi. org/ 10. 

1007/ s10680- 009- 9182-1 (2009).
 4. Vos, A. E. Falling fertility rates: New challenges to the European welfare state. Socio-Econ. Rev. 7, 485–503. https:// doi. org/ 10. 1093/ 

ser/ mwp007 (2009).
 5. Cai, Y. An assessment of China’s fertility level using the variable-r method. Demography 45, 271–281. https:// doi. org/ 10. 1353/ 

dem.0. 0003 (2008).
 6. National Bureau of Statistics of China. National data, , https:// data. stats. gov. cn/ easyq uery. htm? cn= C01 (2022).
 7. United Nations, Department of Economic and Social Affairs Population Division. World Population Prospects: The 2019 Revision. 

https:// popul ation. un. org/ wpp/ (2019).
 8. Zhai, Z., Chen, J. & Li, L. China’s recent total fertility rate: New evidence from the household registration statistics. Popul. Res. 39, 

22–34 (2015) ((in Chinese)).
 9. Retherford, R. D., Choe, M. K., Chen, J., Xiru, L. & Hongyan, C. How far has fertility in China really declined?. Popul. Dev. Rev. 

31, 57–84. https:// doi. org/ 10. 1111/j. 1728- 4457. 2005. 00052.x (2005).
 10. Zhang, G. & Zhao, Z. Reexamining China’s fertility puzzle: Data collection and quality over the last two decades. Popul. Dev. Rev. 

32, 293–321. https:// doi. org/ 10. 1111/j. 1728- 4457. 2006. 00119.x (2006).

https://doi.org/10.1093/humupd/dmr026
https://doi.org/10.1093/humupd/dmq023
https://doi.org/10.1093/humupd/dmq023
https://doi.org/10.1007/s10680-009-9182-1
https://doi.org/10.1007/s10680-009-9182-1
https://doi.org/10.1093/ser/mwp007
https://doi.org/10.1093/ser/mwp007
https://doi.org/10.1353/dem.0.0003
https://doi.org/10.1353/dem.0.0003
https://data.stats.gov.cn/easyquery.htm?cn=C01
https://population.un.org/wpp/
https://doi.org/10.1111/j.1728-4457.2005.00052.x
https://doi.org/10.1111/j.1728-4457.2006.00119.x


13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:8601  | https://doi.org/10.1038/s41598-024-59177-2

www.nature.com/scientificreports/

 11. Zeng, Y. & Hesketh, T. The effects of China’s universal two-child policy. The Lancet 388, 1930–1938. https:// doi. org/ 10. 1016/ s0140- 
6736(16) 31405-2 (2016).

 12. Marois, G., Gietel-Basten, S. & Lutz, W. China’s low fertility may not hinder future prosperity. Proc. Natl. Acad. Sci. USA 118, 1. 
https:// doi. org/ 10. 1073/ pnas. 21089 00118 (2021).

 13. Gu, B., Wang, F., Guo, Z. & Zhang, E. China’s local and national fertility policies at the end of the twentieth century. Popul. Dev. 
Rev. 33, 129–148. https:// doi. org/ 10. 1111/j. 1728- 4457. 2007. 00161.x (2007).

 14. Li, R., Liu, H., Zhang, Q., Quan, S. & Li, S. Practice and experience of the 7th population census: How to ensure and improve. 
Popul. Res. 45, 26–32 (2021) ((in Chinese)).

 15. World Health Organization. Total fertility rate (per woman), https:// www. who. int/ data/ gho/ indic ator- metad ata- regis try/ imr- detai 
ls/ 123 (2022).

 16. Lesthaeghe, R. & Willems, P. Is low fertility a temporary phenomenon in the European Union?. Popul. Dev. Rev. 25, 211–228. 
https:// doi. org/ 10. 1111/j. 1728- 4457. 1999. 00211.x (1999).

 17. Kohler, H.-P., Billari, F. C. & Ortega, J. A. The emergence of lowest-low fertility in Europe during the 1990s. Popul. Dev. Rev. 28, 
641–680. https:// doi. org/ 10. 1111/j. 1728- 4457. 2002. 00641.x (2002).

 18. Timaeus, I. Estimation of fertility by reverse survival, http:// demog raphi cesti mation. iussp. org/ conte nt/ estim ation- ferti lity- rever 
se- survi val (2012).

 19. Li, H. T. et al. Association of China’s universal two child policy with changes in births and birth related health factors: national, 
descriptive comparative study. BMJ 366, l4680. https:// doi. org/ 10. 1136/ bmj. l4680 (2019).

 20. Zeng, Y. & Wang, Z. A policy analysis on challenges and opportunities of population/household aging in China. J. Popul. Ageing 
7, 255–281. https:// doi. org/ 10. 1007/ s12062- 014- 9102-y (2014).

 21. Zheng, Y. et al. Socioeconomic status and fertility intentions among Chinese women with one child. Hum. Fertil. (Camb) 19, 43–47. 
https:// doi. org/ 10. 3109/ 14647 273. 2016. 11549 88 (2016).

 22. Buckles, K. Understanding the returns to delayed childbearing for working women. Am. Econ. Rev. 98, 403–407. https:// doi. org/ 
10. 1257/ aer. 98.2. 403 (2008).

 23. Ding, Q. J. & Hesketh, T. Family size, fertility preferences, and sex ratio in China in the era of the one child family policy: Results 
from national family planning and reproductive health survey. BMJ 333, 371–373. https:// doi. org/ 10. 1136/ bmj. 38775. 672662. 80 
(2006).

 24. Kang, L. et al. The prevalence of barriers to rearing children aged 0–3 years following China’s new three-child policy: A national 
cross-sectional study. BMC Public Health 22, 489. https:// doi. org/ 10. 1186/ s12889- 022- 12880-z (2022).

 25. Aassve, A., Cavalli, N., Mencarini, L., Plach, S. & Sanders, S. Early assessment of the relationship between the COVID-19 pandemic 
and births in high-income countries. Proc. Natl. Acad. Sci. U S A 118, 1. doi:https:// doi. org/ 10. 1073/ pnas. 21057 09118 (2021).

 26. Hesketh, T., Lu, L. & Xing, Z. W. The effect of China’s one-child family policy after 25 years. N. Engl. J. Med. 353, 1171–1176. https:// 
doi. org/ 10. 1056/ NEJMh pr051 833 (2005).

 27. Hesketh, T., Zhou, X. & Wang, Y. The end of the one-child policy: Lasting implications for China. JAMA 314, 2619–2620. https:// 
doi. org/ 10. 1001/ jama. 2015. 16279 (2015).

 28. Ohinata, A. & Varvarigos, D. Demographic transition and fertility rebound in economic development. Scand. J. Econ. 122, 1640–
1670. https:// doi. org/ 10. 1111/ sjoe. 12391 (2020).

 29. Li, H., Zhou, T. & Jia, C. The influence of the universal two-child policy on China’s future population and ageing. J. Popul. Res. 36, 
183–203 (2019).

 30. Lerch, M. Fertility decline in urban and rural areas of developing countries. Popul. Dev. Rev. 45, 301–320. https:// doi. org/ 10. 1111/ 
padr. 12220 (2019).

 31. Cai, Y. China’s below-replacement fertility: Government policy or socioeconomic development?. Popul. Dev. Rev. 36, 419–440. 
https:// doi. org/ 10. 1111/j. 1728- 4457. 2010. 00341.x (2010).

 32. Yang, J., Huang, X. & Liu, X. An analysis of education inequality in China. Int. J. Educ. Dev. 37, 2–10. https:// doi. org/ 10. 1016/j. 
ijedu dev. 2014. 03. 002 (2014).

 33. Hirschman, C. Why fertility changes. Annu. Rev. Sociol. 20, 203–233. https:// doi. org/ 10. 1146/ annur ev. so. 20. 080194. 001223 (1994).
 34. Axinn, W. & Yabiku, S. Social change, the social organization of families, and fertility limitation. Am. J. Sociol. 106, 1219–1261. 

https:// doi. org/ 10. 1086/ 320818 (2001).
 35. Li, T., Liu, T., Liu, J. & Cheng, T. Spatial analyses of stem families in China: Based on 2015 one-percent population sample survey. 

Popul. Res. 44, 3–19 (2020) ((in Chinese)).
 36. Li, L. et al. The associations of geographic location and perceived risk of infection with the intentions to get vaccinated against 

COVID-19 in China. Expert. Rev. Vaccines 20, 1351–1360. https:// doi. org/ 10. 1080/ 14760 584. 2021. 19699 17 (2021).
 37. Wu, X., Yu, D., Zhang, Y., Li, D. & Wang, X. Low fertility spread in China: A blended adaptation and diffusion explanation. Popul. 

Space Place 28, e2555. https:// doi. org/ 10. 1002/ psp. 2555 (2022).
 38. Myrskylä, M., Kohler, H. P. & Billari, F. C. Advances in development reverse fertility declines. Nature 460, 741–743. https:// doi. 

org/ 10. 1038/ natur e08230 (2009).
 39. Chen, H. et al. Association of China’s two-child policy with changes in number of births and birth defects rate, 2008–2017. BMC 

Public Health 22, 434. https:// doi. org/ 10. 1186/ s12889- 022- 12839-0 (2022).
 40. Zhai, Z. W., Li, L. & Chen, J. J. The impacts of the universal two-child policy on China’s population. China Popul. Dev. Stud. 1, 

1–18. https:// doi. org/ 10. 1007/ BF035 00915 (2017).
 41. Lin, Y.D., et al. The effect of gradually lifting the two-child policy on demographic changes in China. Health Policy and Planning 

czae008. https:// doi. org/ 10. 1093/ heapol/ czae0 08 (2024).
 42. National Health Commission of China. China health statistical yearbook 2021. (Peking Union Medical College Press, 2021).
 43. Kalwij, A. The impact of family policy expenditure on fertility in western Europe. Demography 47, 503–519 (2009).
 44. Wesolowski, K. & Ferrarini, T. Family policies and fertility. Int. J. Sociol. Soc. Policy 38, 1057–1070. https:// doi. org/ 10. 1108/ IJSSP- 

04- 2018- 0052 (2018).
 45. Zhang, Y. & Li, L. When fertility support policies are effective? Gender equality, the combination of fertility support policies, and 

the rebound of total fertility rate in 27 countries. Popul. Res. (Peking, China) 47, 3–19 (2023).
 46. Zhai, Z. & Jin, G. China’s family planning policy and fertility transition. Chin. J. Sociol. 9, 479–496. https:// doi. org/ 10. 1177/ 20571 

50x23 12057 73 (2023).
 47. Spoorenberg, T. Reverse survival method of fertility estimation: An evaluation. Demogr. Res. 31, 217–246 (2014).

Acknowledgements
The authors thank Professor Qingyue Meng and Yan Guo from Peking University for his constructive comments 
and suggestions for this study. This study was supported by the Fundamental Research Funds for the Central 
Universities, and Research Funds of Renmin University of China (grant number: 22XNQJ04).

https://doi.org/10.1016/s0140-6736(16)31405-2
https://doi.org/10.1016/s0140-6736(16)31405-2
https://doi.org/10.1073/pnas.2108900118
https://doi.org/10.1111/j.1728-4457.2007.00161.x
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/123
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/123
https://doi.org/10.1111/j.1728-4457.1999.00211.x
https://doi.org/10.1111/j.1728-4457.2002.00641.x
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
http://demographicestimation.iussp.org/content/estimation-fertility-reverse-survival
https://doi.org/10.1136/bmj.l4680
https://doi.org/10.1007/s12062-014-9102-y
https://doi.org/10.3109/14647273.2016.1154988
https://doi.org/10.1257/aer.98.2.403
https://doi.org/10.1257/aer.98.2.403
https://doi.org/10.1136/bmj.38775.672662.80
https://doi.org/10.1186/s12889-022-12880-z
https://doi.org/10.1073/pnas.2105709118
https://doi.org/10.1056/NEJMhpr051833
https://doi.org/10.1056/NEJMhpr051833
https://doi.org/10.1001/jama.2015.16279
https://doi.org/10.1001/jama.2015.16279
https://doi.org/10.1111/sjoe.12391
https://doi.org/10.1111/padr.12220
https://doi.org/10.1111/padr.12220
https://doi.org/10.1111/j.1728-4457.2010.00341.x
https://doi.org/10.1016/j.ijedudev.2014.03.002
https://doi.org/10.1016/j.ijedudev.2014.03.002
https://doi.org/10.1146/annurev.so.20.080194.001223
https://doi.org/10.1086/320818
https://doi.org/10.1080/14760584.2021.1969917
https://doi.org/10.1002/psp.2555
https://doi.org/10.1038/nature08230
https://doi.org/10.1038/nature08230
https://doi.org/10.1186/s12889-022-12839-0
https://doi.org/10.1007/BF03500915
https://doi.org/10.1093/heapol/czae008
https://doi.org/10.1108/IJSSP-04-2018-0052
https://doi.org/10.1108/IJSSP-04-2018-0052
https://doi.org/10.1177/2057150x231205773
https://doi.org/10.1177/2057150x231205773


14

Vol:.(1234567890)

Scientific Reports |         (2024) 14:8601  | https://doi.org/10.1038/s41598-024-59177-2

www.nature.com/scientificreports/

Author contributions
LL, GJ, RJ, and HZ contributed to the conceptualization and design of the study. LL and GJ designed the meth-
odology, managed the software used and contributed to the collection, analysis, and interpretation of the data. 
LL, GJ, and RJ accessed and validated the underlying data. LL, GJ, XL, RJ, and HZ led the data visualization. 
LL, GJ, and RJ wrote the original draft of the manuscript. All authors reviewed and edited the manuscript and 
approved the final version. LL and GJ are joint first authors. RJ and HZ were responsible for general supervision 
as joint corresponding authors.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 59177-2.

Correspondence and requests for materials should be addressed to R.J. or H.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-59177-2
https://doi.org/10.1038/s41598-024-59177-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A reassessment of trends and rural–urbanregional differences in the total fertility rate in China, 2000–2020: analyses of the 2020 national census data
	Methods
	Data sources
	The 2020 national population census of China
	Censuses and intercensal sample surveys from 2000 to 2019 in China

	Study variables
	Total fertility rates (TFRs)
	Estimated TFRs
	Estimated rural–urban and regional TFRs
	Reported TFRs
	Data analysis

	Ethics approval and consent to participate

	Results
	Gaps between newly estimated and reported TFRs
	Trends in differences between estimated rural and urban TFRs
	Differences in regional and regional rural–urban fertility between 2010 and 2020
	Robustness checks

	Discussion
	Conclusions
	References
	Acknowledgements


