Fertility Level, Changing Trends and Possible
Relaxation of the One-Child Policy in China

Abstract

Age-specific fertility rates in China decrease from 1990 to 2000. From 2000
onward, these rates for first-born babies increase everywhere and at all ages except for
women under 27 in cities, under 26 in towns, and under 25 in counties (rural villages,
excluding towns) because young people marry late. For second and above babies,
fertility rates have also increased, exceeding the limits set by the one-child policy.
Comparisons of the predicted age-specific rates for 2009 and the observed rates from
an annual survey of the 0.1% of the entire population in 2009 validate the conclusions
on the assessments of the fertility level and the changing trends. Based on the
estimated age-specific fertility rates over years and current women's age distribution,
China is supposed to be experiencing a peak or peaks of new born babies, and it is not

a good timing to relax the one-child policy right now.
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1. Introduction

Fertility in China is affected by the government's one-child policy, which is one
for women with non-agriculture household registration, 1.5 children for women with
agriculture household registration, and 2+ children for ethnic minorities. The policy
was launched in 1979 when the country counted a quarter of the world's population.
In 2011, though the population is still increasing, it represents one fifth of the world's
population.

Hesketh, Lu, and Xing (2005) and Wang (2005) review the implementation and
the consequences of the policy regarding the decreasing TFRs, unbalanced sex ratio,
the growing proportion of elderly people, and the increasing ratio between elderly
parents and adult children. Hesketh, Lu, and Xing (2005) and Greenhalgh and
Bongaarts (1987) suggested that everyone could be allowed to have up to two
children, with a birth space of at least five years. Wang (2005) suggested an
immediate change of the policy.

We shall assess the age-specific fertility rates and the TFR over years in China.
The data are from the China Population Statistics Yearbooks (National Bureau of
Statistics of China 1988-2009) and The Fifth Population Census Data (National
Bureau of Statistics of China 2000), and the model is a modified Lee-Carter model

(Zhao 2011).

2. Fertility Level and Changing Trend in China

2.1 Fertility Data in China



In recent years in China, censuses were carried out in 1982, 1990, 2000, and 2010,
surveys of about 1% of the entire population were conducted in 1987, 1995, and 2005,
and smaller surveys of about 0.1% of the entire population were conducted in the rest
of the years. The China Population Statistics Yearbooks (National Bureau of Statistics
of China 1988-2009) and The Fifth Population Census Data (National Bureau of
Statistics of China 2001) contain valid age-specific and birth order-specific fertility
data of four groups of women, the country, cities, towns, and counties for 1987, 1990,
1995, 1997, and 1999-2008, where the three no overlapping groups: cities, towns, and
counties(rural villages, excluding towns), make up the country. Birth order in the
original data contains four categories, all babies, first-born babies, second babies, and
third and above babies. In this study, the data for second babies and third and above
babies are put in one group, the second and above babies. There are 35 age groups for
women of ages between 15 and 49, and we use the middle point of an age period to
represent the age of the group. For instance, 15.5 is used to represent the age of the
group of women between 15 and 16.

The data for 1996 and 1998 are dropped, as the data for 1996 are in 5-age groups
and the numbers of babies born in 1998 in cities, towns and counties do not add up to
the numbers in the country where the number for cities and towns are recorded as the
same for all ages and birth orders by mistake. Besides the number of babies, we have
also added up the average numbers of women in cities, towns, and counties, and have
checked if they match the corresponding numbers in the country. The data for 2009

were not available when we started the analysis; the census data for 2010 are not



available yet.

Overall, there are 12 subsets of data, three birth orders (all babies, first-born
babies, and second and above babies) for each of the four groups of women (the
country, cities, towns, and counties). In each subset, the average number of women
aged x in year t and the number of babies these women give birth to can be written as
(n(t,x),d(t,x)).

For all babies in the country, the observed age-specific fertility rates d(t,x)/n(t,x)
for the major years, 1987, 1990, 1995, 2000 and 2005 are shown in Figure 1. For each
age group, over the years, the fertility rate reaches its peak and dip in 1990 and 2000,
respectively, except for women of ages between 23.5 and 25.5, for which the lowest
fertility rates are achieved in 2005. The peak in 1990 reflects the phenomenon of the
so called “extra-birth guerrilla” era in China, during which some families with
daughters move secretly from place to place to escape the birth-control regulators
hoping to produce a son. There is a dramatic drop in fertility after 1990, and the main
reason is the promulgation of the “Provisional Regulations on the Enrollment of
Tuition-paying Students in the Regular Higher Education Institutions” by the National
Education Committee (1990), effective as of July 9, 1990, which made parents feel
the financial pressure of raising a child. The higher education (four years college)
used to be tuition free in China but was accessible only for the elite. Those students
who did not have a chance to enter college before used to get married earlier and to
give birth to babies. Attending college postponed their ages for having a baby. In

addition, some of those who had paid tuition by themselves preferred the DINK



(Double Income No Kids) lifestyle after their graduation, which also contributes to
the low fertility in the late 1990s.

The observed age-specific fertility rates d(t,x)/n(t,x) are good estimates of the true
age-specific fertility rates for census years, but not for the survey years of the 0.1% or
1% of the entire population. Using the well-known Lee-Carter model (Lee and Carter
1992), Lee (1993) analyzed age-specific fertility in US. For the fertility data in China
(2000-2008), we estimate the expected age-specific fertility rates using a modified

Lee-Carter model (Zhao 2011).

2.2 Modeling Age-specific Fertility
For a fixed set of knots Q,_ ={x,,---,X,}, the general form of the modified

Lee-Carter model is

(1)
+ ¥ Z(X) + Loot + Lot o1 (X) + LotZ, (X) + StZ,(X) + 2{,6}tzi(x)}
where p(t,x) is the unknown fertility rate at age x and year t, and y, «;, 5,;,(1=0,1,2),
a;, , B (i=01L...,m) are all unknown parameters; the functions of age,
Z,,(X),Z,(X),Z,(X),Z,(X),...,Z,,(x) are defined as (al), (a2) and (a3) (see
Appendix) for models with cubic, quadratic and linear functions above the last knot,
respectively. Z,(x)=0 and Z,(x)=Z,(x)=0 are defined for models with
quadratic and linear restrictions below the first knot, respectively. For each of the

nine scenarios of the linear, quadratic, and cubic restriction combinations at the two

tails, model (1) is a logistic regression when fitted to annually collected binomial data



(n(t,x),d(t,x)).

For each of the 12 subsets of fertility data, following a two-step procedure, a final
best model is selected. The procedure is: a. For a fixed scenario and a fixed number of
knots m, an optimal set of knots that produces the smallest residual deviance is
selected among all possible integer knots by running an optimal search program, and
the model with the optimal knots is stored as a candidate for the final best model; b.
Among all the candidates models, a model with relatively smaller residual deviance
and smaller p values is chosen as the final best model. Note that using different model
selection criteria, we may have different final best models, but the expected
age-specific rates do not differ much.

Table 1 lists the final best model with the optimal knots, the scenario of
restrictions at the tails, and the residual deviance for each of the 12 subsets. For
example, the final model for all babies in the country is:

|n(%) = 37.555-15.996Z,,, (X) + 3.438Z, (X) - 14.096Z, (x) +11.288Z,,(x)
— ,X

(049) (<.0001)  (<.0001)  (<.0001)  (<.0001)
-1.991Z,,(x) + 3.365Z,(x) - 0.023t +0.009tZ,,, (X) - 0.002tZ, (X)
(<.0001) (<.0001)  (.0151) (<.0001) (<.0001)
+0.007tZ,,(X) - 0.006tZ, (x) + 0.001tZ,, (x) - 0.002tZ, (X)
(<.0001) (<.0001)  (<.0001) (<.0001)

Where Z, (x) = (x-15),, Z,(x) = (x - 21)> — (x=19)%, Z,(X) = (x —22)® — (x — 21)°,
Zy(x) = (x=30)] = (x=22)}, Z,(x) = (x = 32)? — (x=30)}, Zs(x) = (x~33)] —(x~32);
and the values in the brackets below the estimates are the corresponding p-values.

For each of the three birth orders, all babies, first-born babies, and second and

above babies, Figures 2-4 show the observed and fitted (2000, 2005 and 2008)



age-specific fertility rates for women in each of the four groups of people. In general,
the observed and fitted rates fit each other well for years 2000 and 2005 - the year
with a larger sample size plays a bigger role in estimating the unknown parameters in
the model, but not so well for year 2008. It is worth noting that the so called observed
rates are actually the estimates of the real rates except for census years, therefore the
observed rates for 2008 and 2005 exhibit larger volatility than that for 2000.

In Figure2, there is a hump around 30 in each of the figures for the country, towns
and counties, but not for cities, which reflect the special “1.5 children” policy for
women holding an agricultural household registration, i.e., a second birth is allowed if
the first child is a daughter over five years old. The women with “agricultural
household registration” are in the group of towns or counties while none of them are
in the group of cities by definition.

In Figure3, for first-born babies, the fertility reaches its peak at about age 23 for
counties' group, 24 for towns' group and 25 for cities' group. Over the years, the fitted
fertility increases for women over 28 in cities, over 26 in counties and over 27 in the
country and towns, and decreases significantly for women ages 23.5-26.5 in the cities'
group. For women under 26 in cities and under 25 in towns and counties, the observed
rates are lower than the fitted values, a sign that the fertility rates might have reached
their peaks in 2005.

In Figure4, for second and above babies, the observed and the fitted fertility rates
fit each other well for towns, but not so well for cities, counties, and the country in

2008. The fertility reaches its peak at 30-31 for cities, 29-30 for towns, and 28-29 for



counties, which is a five-year shift from that of the first-born babies, and hence
produces the humps around 30 for all babies as in Figure4, as the fertility rate for all
babies is the sum of the fertility rates for first-born babies and second and above

babies.

2.3 Period Total Fertility Rates

To avoid confusion, TFR1 and TFR2+ are used to denote the total first and second
and higher fertility rates respectively, i.e., TFR is the sum of the corresponding TFR1
and TFR2+. The observed (2000-2008) and the fitted and predicted period total
fertility rates over the years based on the final models listed in Table 1 are shown in
Figure 5, where the fitted (2000-2008) and the predicted (2009-2010) rates are
presented in lines.

For second and above babies, the observed and the fitted TFR2+s fit well for
towns, but the fitted TFR2+s seem a little higher than the observed values for cities
and counties after 2005. Examining the values of the observed TFR2+s, we find that
in the most recent years, 2005-2008, the values are over 0.15 and 0.65 for cities and
counties, respectively, which have exceeded the birth limits set by the one-child
policy of one for cities and “1.5 children” for towns and counties. Though there are
some rich people who prefer to pay the penalty to have a second baby, the number of
such people is limited. The observed and the fitted TFR2+s for the towns' group are
reaching 0.50.

For first-born babies, the observed and the fitted TFR1s fit well for all four groups



for 2000-2008. For towns and counties, the observed values are already beyond 1 in
2008, and there is not much space to grow.

For all babies, the observed and the fitted TFRs fit well for cities and towns, but
the fitted TFRs appear higher than the observed TFRs for counties for 2007 and 2008,
as both TFR1 and TFR2+ exceed the limits set by the one-child policy.

In the country, the observed and the fitted TFRs fit well for all the birth orders.
The comparison of the observed and fitted total fertility rates provide a reason why
the observed and fitted age-specific fertility rates do not match each other well for

some of the subsets.

2.4 Predicted and Observed Age-specific Fertility Rates for 2009

The discrepancy between the observed and expected age-specific rates in 2008
indicates the existence of nonlinear change of fertility over period 2000-2008 and
reflects the fact that data in 2000 and 2005 play larger roles in estimating the
unknown parameters than that in 2008. For first-born babies and all babies, the
fertility rates may have reached their peaks in 2005 for young women, which may be
caused by the rebound after extreme low fertility around 2000 and the fact that young
women tend to get married relatively late in the very recent years (Zhao, Hou, and
Zhao 2011).

Because of the delay, we can re-estimate the age specific rates based on the
2005-2008 data. For example, in the country, a final best model is chosen using the

two-step procedure, and the observed and fitted age-specific rates for 2005 and 2008



are presented in Figure 6. They match each other well.

After we had finished the analysis, we obtained the China Population Statistics
Yearbook (2010), which contains the fertility data for 2009 from an annual survey of
0.1% of the entire population. The observed age-specific fertility for the country are
calculated and added to Figure 6 with the predicted rates for 2009 based on
2005-2008 data. They fit each other well for ages under 25, which confirm the delay
in giving birth to babies. Unfortunately, there is still a difference between the
observed and predicted rates for ages over 25 in 2009, which may be a result of
possible under-counting of new born babies in 2005 or 2009, or over-counting from
2006-2008 or nonlinear change over the years for these ages.

We added the observed TFRs, TFR1, and TFR2+s for 2009 to Figure 5. As we
have expected, due to the limits set by the one-child policy, for second and above
babies, the observed TFR2+ and age-specific fertility rates for 2009 are at about the
same level as that in 2008, lower than the predicted values for 2009 based on the
model, but higher than the level in 2000 for all the four groups. For first-born babies
and all babies, the observed TFR1 and TFR for 2009 are close to the predicted values

in cities but lower than the predicted values in towns and counties.

3 Discussion and Conclusion
Prediction of age-specific fertility is difficult especially for a huge and constantly
changing country like China. Yet, we have no doubt that with the continued economic

prosperity in the recent years in China, the fertility is increasing and has grown



beyond the limits set by the one-child policy for certain groups of women.

Over the years, more and more women in cities attended higher education, four
years of college, and even graduate school over the years, hence they postponed
giving birth. But why are the changes for the women in towns and counties relatively
slow? In China, those who were in towns or counties, as long as they passed the
college entrance exam and entered a regular college, their registrations (“hukou’)
were changed from “agriculture household registrations” to ‘“non-agriculture
household registrations (cities)”. As long as they can find a job in a city, they will
remain holding their “non-agriculture household registrations”, thus classifying them
in the group of cities. For those who did not pass the exam, they may have a chance to
be admitted to a short-term college (two-year or three-year) to receive technical
training if their scores are not too low, but their registrations will not be changed.
After two or three years' training, most of them prefer to find a job in a city or town,
and few would like to return to counties. Therefore, the percentage of women in the
groups of cities and towns are increasing over the years, but the percentage in the
group of counties is decreasing. From the 2000 census, there were totally 32,736,216
women between ages 15 and 49 in the country, 8,681,998 (26.5%) from cities,
4,620,932 (14.1%) from towns, and 19,433,286 (59.4%) from counties. From the
2005 survey, the total number is 4,676,587 in the country, 1,435,645 (30.7%) from
cities, 835,360 (17.9%) from towns and 19,433,286 (51.4%) from counties. That is,
some women in the counties' group have moved into the cities' or towns' group; some

women in the towns' group have moved into the cities' group; those who stay behind



would observe the local culture of getting married and giving birth to babies at the
traditionally expected ages, though there is a slight delay in ages of getting married
(Zhao, Hou, and Zhao 2011) which certainly results a slight delay of giving birth to
new babies.

There are sudden drops in the observed TFR1 in 2009 in towns and counties,
besides the possible under-counting of new born babies in the annual survey of 0.1%
entire population in 2009, the rapid urbanization that is happening in China may be
another possible reason. In the very recent years, more and more people in towns or
counties had been relocated to spare their house or land for massive construction
projects such as new roads, highways, shopping centers and residential buildings.
Most of these people have to live in rented apartments or houses for 2-3 years before
moving in the new apartments compensated by the government. The relocations may
also caused delay in producing new babies.

The 2010 census data in China are not available yet, to get a preliminary
population projection in the country, the fitted rates for 2000-2004 for all babies in
Figure2 and the fitted rates for 2005-2008 in Figure 6 can be used as the fertility rates
for the years, and the estimated fertility rates for 2009 can be corrected by replacing
the rates over 25 with the rates of the corresponding ages in 2008. After the correction,
the estimated TFR is 1.5083 for 2008 and 1.4779 for 20009.

Should China relax the one-child policy right now? Besides the fertility level,
other factors that are related to the size of population should also be considered, such

as the rapidly decreasing mortality in China (Zhao et al. 2011), which contributes to



the increase of total population in China. In fact, the population in China is still
increasing each year and the increase will last for over a decade according to our
preliminary results in a population projection study. Also, the distribution of
woman's age should also be considered. In China, females born around 1990
(“extra-birth guerrilla” era) are about to give birth to new babies. Though we do not
have access to the 2010 census data, based on 2000 census data, a bar plot of the
number of women for different age groups in 2000 is presented in Figure 7, which
shows that there were much more women aged 10-15 in 2000. These women should
be 20-25 in 2010, and they are about to at the ages of high fertility. Therefore, there is
supposed to be a peak in the number of new born babies in the very near future, and it
is not a good timing to relax the one-child policy right now. Since the urbanization
and the shift of the composition of women's registration do affect the fertility in the
long run, further studies are needed to find a good time to relax the policy in the

future.



Appendix
Three sets of formulae used in the modified Lee-Carter model
Zo;()=(x=%), =12,  Z()=(x-x)}, i=0L...m, (al)

ZOj(X) = (X_Xo)i, 1=12;
Z,(X)=(x-%) —(x=x,)}, i=01..m-1 @2)
Zm(x) :O;

and

Zo(X) = (X=%0).; Zop(X) = (X—X%,)2 — (X=X )? = (X=Xp)7 .

" 3(Xm - Xm—l) ,
Zi(x)z(x_xi)i_(x_xm—l)i Xn =% +(X—Xm)i Xna =% ,i=01..m-2; (a3)
Xn — X1 Xn = Xma

Zm(x) = Zm—l(x) =0.

where (x—x)! isdefinedas(x—x)’ for x>x and0for x<x.
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Figure 1: For all babies, observed age-specific fertility rates for the major years in

the country.
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Figure 2: For all babies, the observed and fitted age-specific fertility rates for
each of the four groups of women for 2000, 2005, and 2008 based on models

listed in Table 1.
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Figure 3: For first born babies, the observed and fitted age-specific fertility rates
for each of the four groups of women for 2000, 2005, and 2008 based on models

listed in Table 1.
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Figure 4: For second and above babies, the observed and fitted age-specific

fertility rates for each of the four groups of women for 2000, 2005, and 2008

based on models listed in Table 1.
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Figure 5: Observed, fitted and predicted period total fertility rates based on the models
listed in Table 1 (based on 2000-2008 data). Newly obtained observed rates for 2009

are added and marked with solid points.



fertility in the country

T ¥ 2005 - X

0.12 Ko\ 2009 --- +
2008 o

0.10

0.08

0.06

0.04

0.02

X -?-+
000 ] TX TR SK =X~ =X =X =X =X

I I I I I I I I
15 20 25 30 35 40 45 50

Age

Figure 6: Observed, fitted (2005 and 2008) and predicted (2009) age-specific fertility
based on the 2005-2008 fertility data in China. Newly obtained observed rates for

2009 are added and marked with crosses.



number of women (in millions)

14

5 HHHHHHHmHm,,,.,,,._..

[ [ [ [
0 20 40 60 80 100

Age inyear 2000

Figure 7: Bar graph of the number of women in different age groups in 2000 (Data

source: The Fifth Population Census Data in China (2000)).



