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Abstract Concern about ensuring old-age support in 4-2-
1 families—consisting of four older people (paternal and
maternal grandparents), two parents, and only one child—
has risen with the increase in the number of families with
only one child. In this article, using life table data and
probability theory, we examine survival probabilities and
coexistence durations for China’s 4-2-1 family structure, as
well as urban and rural differences and conduct a sensitivity
analysis. We find that once the grandparents have all entered
the “old-age” phase (over 60 years old), the probability that
all four will survive is only 0.61. The four grandparents are
likely to coexist for 16 years after the birth of their grand-
child, then one will die and the remaining three will probably
spend another 8 years together; finally, after another dies, the
surviving two will coexist for another 5 years. There is no
significant difference between urban and rural families in
terms of the duration of their coexistence. As the ages at
which the parents had their child rise, the durations become
shorter. The pressure of old-age support in such families is
not as severe as expected.
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Introduction

The 4-2-1 family structure refers to families in which three
generations coexist in a variety of family forms. The
structure emphasizes a social living community, including
four older people (paternal and maternal grandparents), two
parents, and one child, based on relationships of marriage,
kinship, and adoption. This family structure falls under the
generalized concept of a family household, rather than being
restricted to the real coexistence of family members within a
household (Song 2000). Consequently, the so-called 4-2-1
family structure is formed as long as direct kinship exists,
without there being any need for all the family members to
actually live together (Guo et al. 2002). The formation of the
4-2-1 family structure has three requirements: first, three
generations coexist with paternal and maternal grandparents
and parents all living; second, the marriage relation is
between only children, i.e., both the father and the mother
are the only children in their families; and finally, the child
is the only one in the family (Song 2000).

In addition to the above mentioned strict definition of
the 4-2-1 family structure, some researchers have defined
the community as consisting of the only child couple,
grandparents from both sides and the child as a generalized
4-2-1 family structure, but in which other structures are
included, such as the 4-0-1 family and the 3-1-1 family, up
to a total of 24 distinct family structures (Qi and Guo
2007). The 4-2-1 family structure discussed in this article,
unless specifically stated otherwise, is that corresponding
to the strict definition.

Due to the traditional Chinese concept of “more chil-
dren, more happiness”, the 4-2-1 family structure rarely
appeared before the one-child family planning policy was
strictly implemented in China, so it did not receive much
attention. With the overall implementation of the family
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planning policy and the appearance of low fertility levels,
the total amount of only children increased quickly. At the
end of 2007, the quantity of only children younger than 30
was more than 150 million (Yang and Wang 2007). With
more and more only children reaching marriageable age,
the probability of marital unions between only children has
increased greatly, and in big cities the probability might be
as high as 70% (Liu and Liu 1996). By 2015, there will be
1.58 million 4-2-1 families in China with the total reaching
1.85 million in 2035. If we calculate the amount in terms of
the more general definition, in 2015 there will be 2.91
million such families and 13.47 million in 2035 (Qi and
Guo 2007).

The 4-2-1 family structure has had a great impact on
many issues, such as population reproduction, sex ratio at
birth, population aging, and old-age support. The issue
which has received the most attention is the enormous
impact exerts on family support, which refers to the finan-
cial support, instrumental support, and emotional support
which children (especially the adult son and his family)
offer to their elderly parents, and a series of social services
such as those providing medical expenses, care of sick
parents, and funeral services (Wang 2003). In rural China,
the majority of older adults who had lived as peasants or
worked in certain informal sectors when they were young
and continued to work when older until becoming unable to
do so, had scant access to social security (Randel et al.
1999). Recently China has begun the establishment of
social security retirement system in rural areas. However, in
the foreseeable future, such a system will not cover all of the
rural population, and the pension that these rural residents
receive will be far from sufficient to support them in their
old age. Even in the cities, the old-age social security sys-
tem fails to cover all the older people; furthermore, the
nursing institutions for the older adults are not perfect. As a
result, almost all the elderly have to live by relying upon the
help and care that their children or relatives provide (Ikels
1997). Because family support is the main method of sup-
porting the older adults, many people are afraid that the
4-2-1 family structure will burden the family support sys-
tem; more specifically, the parents, i.e., the middle gener-
ation, will have to support two pairs of grandparents and the
only child. Even worse, when both parents get old, the only
child, i.e., the third generation, will eventually have to
support two parents and all four grandparents, six persons in
all (Tu 1995; Song 2000).

These concerns are based on an imprecise understanding
of the question, due to the fact that people have taken it for
granted that four or six older people will coexist for a long
time after they pass into old age. As far as the pressure to
support older adults is concerned, the first issue that needs
to be considered is at what point the grandparents will pass
into old age after the formation of the 4-2-1 family. Even if
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a 4-2-1 family is formed which has both paternal and
maternal grandparents, while all four are young enough to
work, the support pressure will not be intense or may not
even exist during this period. On the contrary, younger
grandparents tend to offer their son or daughter financial
support or take care of the grandchild (Silverstein et al.
2007). Second, even though all four grandparents may
grow old, as their ages increase they will pass away.
Consequently, the probability of coexistence will decrease
with increased age, and the 4-2-1 family will turn into a
3-2-1, 2-2-1, or even 1-2-1 family structure, so a couple
will not have to support four older people at the same time.
Finally, the percentage of older people aged from 60 to 64
who cannot take care of themselves is only 3.2%, and for
older people in the 60—-69 age range, the percentage is only
5.1%, so the problem of daily nursing care for older people
under 70 is not that prominent (Du and Wu 2006). How-
ever, by merely overemphasizing the four older people or
even the six older people in the 4-2-1 structure, we may
exaggerate the family support problem to some extent.

Until now, the quantitative study of potential old-age
support pressure for the 4-2-1 family has been an under-
developed subject. Even less is understood about the evo-
lution of the 4-2-1 family structure after its formation: how
many grandparents will coexist for how long? One study
has projected the number of 4-2-1 families (Qi and Guo
2007), but, to our knowledge, no study has examined the
possibilities of the existence of 4-2-1 families and shared
years of the family while 4, 3, 2, or 1 grandparents are
alive. With a view to clearing up misapprehensions about
support in the 4-2-1 family, this study, based on the
hypothesis that the parents and the child are all living, has
taken data from life tables and probability theory to ana-
lyze the survival probability and survival time of the 4-2-1
family after its formation. In order to assess the influence
that change in family structure has had on the pressure of
supporting older family members, this study has also ana-
lyzed the duration of the 4-2-1, 3-2-1, 2-2-1, and 1-2-1
family and the ages of the grandparents in each family
structure. Due to the significant urban—rural divide in
China, we also analyze the urban—rural difference in the
above mentioned indicators. Furthermore, as some
parameters are so important in calculating these indicators,
we also carry out a sensitivity analysis with age variations
for the mother and father.

Methods and data
Methods

Due to the fact that the focus of the study is the survival
situation of grandparents and the pressure experienced by
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the family regarding their support, survival analysis, and
probability theory have been adopted to investigate the
survival probability of grandparents while the child and
parents are all living.

The probability analysis of the coexistence of three
generations

In survival probability analysis, the population of x years
old in the life tables is /,, the population aged x + n is [,
and the probability of survival from x to x + n is Py, so,

; Px _ lx+n‘ (1)
lX

In the 4-2-1 family structure, the birth of the child makes
the structure come into effect. Henceforth, we will use the
age of the child as a standard and define the initial age of
the child as 0, and the age difference between the child and
the father is f, while the difference between the child and
the mother is m; the age difference between the child and
the paternal grandfather, paternal grandmother, maternal
grandfather, and maternal grandmother are, respectively,
labeled ff, fm, mf, and mm. We use events to define
individual survival. See Table 1.

If we suppose that the loss of a spouse or child has no
influence on expected lifespan and death probability, the
above mentioned events are independent. We infer from
Formula 1 that the probability that the father can live from
fto f+ n can be expressed as ,Pr(Az) = lff For the sake
of convenience, we will use P as the short form of ,P,,
correspondingly, P(A3) = ‘ , P(A) :% P(A4) = l”,%,
P(As) = I”"*” , P(Ag) = fT;, and P(A;) = ”””*” One point

that needs to be mentioned is that all the formulas refer to

male life tables and female life tables, respectively, based
on the sex associated with the event objectives. After the
individual survival probability has been calculated, we can
use it as a basis to obtain the survival probability of dif-
ferent numbers of people among the grandparents.

The survival probability of all four:

7
= P(4sNAsN4s47) = gP(Ai)~ )

The survival probability of at least three among the four:
P(C) = P(A4As5A6 | JA4AsA7 | JAsAsA7 | JAsAGA7)
7 7
= 30 PA)xP(A)xP(A) -3 ] P(A). (3)
i=4

if k=4
i#j#k

The survival probability of at least two among the four:
P(D) = (A4A5 UA4A6 UA4A7 JAsAq | JAsA7 UA(,A7)
= Z -2 Z (A)><P(A)><PAk)+3HP

ij=4 ij.k=4 i=4
i#j i#j#k

(4)
The survival probability of at least one among the four:
P( ) = (A4 UAsUAs UA7)
—ZP Z P(A;) xP(A))+ Z P(A)xP(4;) xP(Ar) ll[P
i=4

ij=4 ij,k=4
i ik

(5)

Accordingly, on the condition that the child and parents
are living, the probability formula of the coexistence of the
three generations in the 4-2-1 family structure can be
rewritten as follows:

While the child and parents are all living, the survival
probability of the four grandparents is:

Table 1 Key to event labels

Ay The child survival event

A, The father survival event

A The mother survival event

Ay The paternal grandfather survival event

As The paternal grandmother survival event

Ag The maternal grandfather survival event

A, The maternal grandmother survival event

B All four grandparents coexistence event

C At least three grandparents survival event

D At least two grandparents survival event

E At least one grandparent survival event

F The four grandparents coexistence event when the child and the parents are alive

G At least three among the four survival event when the child and the parents are alive
H At least two among the four survival event when the child and the parents are alive
1 At least one among the four survival event when the child and the parents are alive
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3
P (F)=P(A1A2A3) x P(B/A1AA3) = P (B) x [ [ P(A).

G

While the child and parents are all living, the survival
probability of at least three among the four is:

P (G)=P(A1A2A3) x P(C/A1A2A3) = P (C) x f[P(Ai).

(7)

While the child and parents are all living, the survival
probability of at least two among the four is:

3
P (H)=P(A1A2A3) x P(D/A1AyA3) = P (D) x [ P(A)).

o w®

While three generations coexist, the survival probability
of at least one among the four is:

©)

Analysis of the number of years the three generations
will coexist

In addition to the coexistence probability, we are also
concerned with the number of years the grandparents will
coexist, which is crucial to the study of the pressure of
supporting older family members. Formulas 6-9 can help
us obtain a series of survival probabilities which produces a
survival probability curve which can correspond to a life
table with an initial number of persons of 1; we can then
use each curve to calculate the number of years that three
generations coexist in the 4-2-1 family. In each formula,
P, represents the coexistence probability when the child
is x + 1 years old, and P, is the coexistence probability
when the child is X years old; L, stands for the duration of
three generations’ coexistence when the child is from 0O to
N years old, so according to the life table calculation
method, based on the age of the child, in each year from 0
to N, the duration of the coexistence is:

Lx:Px+Px+l

,(x=1,2------ N). (10)

Because the maximum age of the life tables we have
adopted is 90, when the child is N + 1 years old, the
paternal grandfather is already 90, the maximum age in the
tables. As in the method for calculating the number of
person-years lived for the final open-ended group in life
tables, when we calculate the duration of coexistence when
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the child is N + 1 years old, we can refer to the following
formula:

LN+1 = PN+1 X 10g10(100000 X PN+1). (11)

By adding up the survival years of the grandparents at
the child’s different ages, we can obtain the number of
years the three generations will coexist after the birth of the
child.

N+1 N

Px+Px 1

Data

The formation of the 4-2-1 family is influenced by many
factors, such as, expected life span at birth, age differences
between the male and the female, and childbearing age, etc.
(Song 2000). We can see from the “Methodology” section
that the data is mainly from the life tables plus some age
data. The life tables are based on the 2000 population
census, generally speaking, which was a successful census,
but nevertheless suffered from a serious problem—the rate
of missing reports is 1.81% (Population Census Office of
the State Council 2002). Although this rate is acceptable
according to international standards, it is much higher than
the 0.06% of missing reports in the 1990 population census
(Lavely 2001; Walfish 2001). In the population census in
2000, population death indicates that people died between
November 1st, 1999 and October 31st, 2000. The data on
the death rate is also questionable because the missing
death reports make the reported death rate lower than it
ought to be (Li and Sun 2003). This study has used the life
table developed by Li et al. (2005) in which the missing
reports of population and death are adjusted for. Since the
4-2-1 family structure appears both in urban and rural
areas, the life tables used in this study are the male and
female life tables for the urban population, the total pop-
ulation and the rural population. For the specific data itself,
see Li et al. (2005).

As for average childbearing age, different data sources
provide different results. Childbearing is usually influenced
by the marriage age. According to previous childbearing
studies, the beginning of the childbearing age is 1 year
later than the age at first marriage (Guo 2004). Guo (2004)
analyzed the year 2000 population census data and found
that in 1990, for a male, the average first marriage age was
23.8, and for a female it was 22.0; in 2000, for a male, the
average had reached 25.6 and for a female 23.6. However,
in accordance with the standardized average first marriage
age table obtained using the data from the family planning
and reproductive health survey of 2001, after the stan-
dardization of the age structure to the 1990 structure, the
average first marriage age of childbearing-aged women
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Table 2 Ages for old generations when the child is born

Age Urban National Rural
Father 26 25 24
Mother 24 23 22
Paternal grandfather 51 49 47
Paternal grandmother 49 47 45
Maternal grandfather 49 47 45
Maternal grandmother 47 45 43

increased from 21.8 in 1990 to 22.4 in 1995, and 22.6 in
2000; i.e., the age increased by 0.8 years in 10 years (Pan
2003). In contrast, other data showed that in 1980 the first
child bearing age was 24.4, which decreased to 23.4 in
1990 and then maintained a steady state (Liang 2004).

The average childbearing age is thus still controversial.
Moreover, there can be widely varying age differences
between the father and the child, between the mother and the
child, as well as between the grandparents and their grand-
child. This study restricts the data as shown in Table 1. For
the whole country, when the child is born, the father is 25,
the mother is 23, the paternal grandfather is 49, the paternal
grandmother is 47, the maternal grandfather is 47, and the
maternal grandmother is 45. Ages for urban families are
higher than those of the total population, and ages for rural
families are the lowest, as can be seen in Table 2.

Results
In accordance with the methods and data described above,

this study has obtained the following results. We will first

Fig. 1 Age-specific survival

discuss the survival probability and duration of coexistence
of three generations for the total population.

Survival probability

The survival probabilities for the total population are
exhibited in Fig. 1. The horizontal axis represents the age
of the child and the vertical axis, the survival probability.

Survival probability when all four grandparents
are living

We can see from Fig. 1 that after the baby is born (0 years
old), the survival probability of the grandparents goes into
almost a linear decline. When the child is 15, the grand-
parents officially cross the threshold into old age, at
60 years old; however, the co-survival probability of the
four is as low as 0.61. When the child is 20, the coexistence
probability of the four is only 0.41; in addition, their ages
are under 70, which belongs to younger old age. When the
child’s age is from 20 to 29, the four older adults enter into
the middle old-age period, while the coexistence proba-
bility decreases dramatically from 0.41 to 0.09. After the
child reaches age 30, the four grandparents cross into the
oldest old-age period, and the coexistence probability
becomes very low.

Survival probability of at least three among the four

The survival of at least three grandparents includes two
possible scenarios: three older people are living or all four
are living. In this situation, the probability is higher than
that of having all four co-survive. While the child passes

probability curves concerning
the coexistence of three
generations in the 4-2-1 family

Survival probability

structure
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from age 20 to 29, the survival probability of at least three
grandparents decreases from 0.82 to 0.40, respectively;
from 30 to 35, the probability falls from 0.34 to 0.11; by
the time the child is aged over 35, all the four older people
will have entered into the oldest age bracket, and the sur-
vival probability of at least three drops to below 0.10.

Survival probability of at least two among the four

Compared with the survival probability of at least three
grandparents, the survival probability of at least two is
higher. When the child is 34, the probability is 0.50, and
while the child is between the ages of 35 and 41, during
which all the grandparents are in the oldest period of old
age, the probability decreases steadily to 0.13.

Survival probability of at least one among the four

Before the child’s 25th birthday, the survival probability of
at least one grandparent is above 0.99, and between the
ages of 25 and 30, the probability decreases to 0.95; this
means that the probability that all four grandparents will
have died before the child reaches his or her thirties is
under 0.05. Between the ages of 31 and 41, the survival
probability decreases from 0.95 to 0.52.

A duration analysis of the coexistence of three
generations

While the child and his or her parents are living, the years
of coexistence of all three generations in the 4-2-1 family is
shown in Fig. 2. The years of coexistence during which all
four older people are living is 16.31 years. During this
period, when the age of the child is from 0 to 10, all four
grandparents are under 60, while when the child is aged
from 11 to 16, they pass into old age, but still remain in a
younger old-age period, during which they are under 65.

Fig. 2 Survival years of
grandparents in the 4-2-1 family

When the child reaches 16, one of the grandparents will
pass away, leaving a family structure of 3-2-1. For 8 years,
when the child is aged from 16 to 24, there will only exists
three older people, whose ages are between 61 and 73,
during which period the majority can take care of them-
selves, and what they need is mainly financial and emo-
tional support. However, for older persons in rural areas,
their daily care needs might be more considerable.

When the child is 24, two of the grandparents will have
died, while another two remain living, which makes for a
2-2-1 family structure with a 5-year duration, after which
there will be only one older person still existing in the
family. When the child is aged between 30 and 35, only
one of the grandparents will still be living.

Urban and rural difference

China’s dualistic urban and rural system has produced a
large gap in socio-economic development between the
cities and the countryside. Here we are not going to present
the survival probability figures due to the difficulty in
recognizing the urban and rural difference, as the lines are
too close. See Table 3 for the difference in coexistence
durations.

As can be seen from Table 3, while the child and the
parents are living, the years of coexistence during which all
four older people are still alive in urban areas is
17.00 years, while those for rural 4-2-1 families amount to
16.55 years. The four urban durations are longer than their
corresponding rural ones, but generally speaking the dif-
ference is not very significant.

When the child is born, the ages of the urban paternal
grandfather, paternal grandmother, maternal grandfather,
and maternal grandmother are 51.0, 49.0, 49.0, and
47.0 years old, respectively, and those of their rural
counterparts are 47.0, 45.0, 45.0, and 43.0, with a gap of
4 years when the child is born. So even if there are no
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Table 3 Urban-rural difference in survival years

Survival years Urban Rural
Four 17.00 16.55
Only three 8.20 7.96
Only two 5.90 5.41
Only one 491 4.68

obvious differences in those durations, there are differences
in the grandparents’ ages when the structure changes from
one mode to another.

The urban population enjoys higher life expectancy,
which indicates better access to medical care than their
rural counterparts. And, given higher educational attain-
ment and better work opportunities, the urban population
usually marries at a later age. The age gap between urban
and rural fathers is 2 years, the same as the gap between
urban and rural mothers. In addition, different life expec-
tancies for urban and rural populations mean different
mortality patterns and levels. All these age differences and
life expectancies affect the results obtained.

Sensitivity analysis of the effect of ages on coexistence
durations

Since some key parameters like ages are so important in the
final results, we will now introduce a sensitivity analysis to
examine how age variations can affect survival probability
and coexistence durations. Here we will simply present the
results of coexistence durations. As there are too many age
variations, we will merely modify the age gap between the
father and the child from 25 to 31 and keep the other age
gaps fixed. The results are shown in Table 4.

As can be seen from Table 4, as the father’s age when
his child is born rises from 25 to 31, and the mother’s age
changes from 23 to 29, with the spousal age gap being
fixed, the most significant resulting change affects the
duration of the four grandparents’ coexistence, which
decreases from 16.31 to 12.44 years, but no obvious
changes occur to other durations.

Table 4 Sensitivity analysis on coexistence durations (years)

Father’s age when  Four Only three  Only two  Only one
child born

25 16.31 798 5.59 4.88

27 1497 7.2 5.53 4.87

29 13.68 7.43 5.46 4.86

31 1244 7.2 5.37 4.83

Discussion

Chinese culture is rooted in filial piety, which is also the
basis of Chinese society (Xie 2000). The sense of filial
piety is central to generate the public opinion supervision
system of the traditional intergenerational support model;
in addition, public opinion and laws have enforced the
centrality of family support for their elders (Hong and
Liu 2000). Conventionally, the security of older people
depends on the family, and corresponding social norms and
policies have come into being. Furthermore, in rural China,
the concept of “raising children for old age” has become
rooted in people’s minds, so much so that the idea of
saving money for one’s own old age is seldom considered
(Chu 2001). In rural China, the support of older people
depends on their families; hence, family support provided
by adult children has been the dominant form of ensuring
the security of older people in rural areas (Xu and Yuan
1997).

With the steady development of the economy, the Chi-
nese government will gradually acquire the capacity to take
over the duty of caring for older people which has tradi-
tionally been assumed by families (Burgess 2002). How-
ever, for the foreseeable future, China will not be able to
establish a reliable, high-quality old-age social security
system covering both rural and urban areas. China will take
steps to establish a social security system for the elderly;
nevertheless, for a long period in the future, family support
will remain the main form of care in rural areas (Chen
2000; Chu 2001). Given this situation, an increase in the
numbers of one-child families in China causes people great
anxiety regarding the old-age support issue in 4-2-1 fami-
lies. This study, to the best our knowledge, to explore
survival probabilities and durations of coexistence for the
4-2-1 family structure by means of the application of life
table data and probability theory, has reached the following
conclusions.

First of all, the coexistence probability of the four
grandparents decreases rapidly, being only 0.61 when they
are all elderly (i.e., 60 or older). After the child is born, the
four coexist for 16 years, and then one of them dies, which
turns the 4-2-1 family model into a 3-2-1 structure. We can
infer from the intergenerational age difference that during
the 16 years when the four grandparents are alive, their
individual ages are no higher than 65, so they possess the
capacity to work for most of that time. Even after turning
60, the percentage of older people aged from 60 to 64 who
cannot take care of themselves is only 3.2% (Du and Wu
2006), and so they are still able to work and live inde-
pendently. During this period, for families living near one
another, say in a city or in a village, grandparents can
provide financial support and look after the child. Even if
they live apart, urban grandparents can also provide
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financial support for couples, and rural grandparents can
take care of a grandchild left behind, as more and more
rural couples migrate to cities to seek opportunities and
jobs. To sum up, we can say that the probability of having
to support four older people simultaneously is very slim; on
the contrary, it is the grandparents who will provide
financial support and take care of the child during the first
16 years.

Second, during the 8 years when the child is
16-24 years old, there are only three grandparents living,
and the parents will still be under 50; as a result the
problem of the coexistence of four or even six elderly
people in a family does not exist. During this period, the
grandparents still belong to the “young” old-age bracket,
and the percentage of older people aged from 65 to 69 who
cannot look after themselves is as low as 5.1% (Du and Wu
2006), so care of the elderly in daily life is not the domi-
nant problem. When the child reaches 24 years of age, the
oldest grandparent in the family is 73 and the youngest 69.
At this point, the elders cross into the “middle” old-age
bracket (70-79). Here, while the percentage of families
who have to take care of an ailing member increases, rel-
atively speaking it is still low. During this period, financial
support is the dominant issue in rural areas, as the child has
to support elderly grandparents who have already lost their
capacity to work.

Third, when the child is aged over 24, even though all the
older people are in the “middle” old-age bracket, the family
structure becomes 2-2-1 or even 1-2-1 because there are
only two grandparents or even one grandparent surviving.
As a result, the problem of support is not that serious.

Fourth, there is no significant difference in the length of
coexistence between urban and rural families. When the
4-2-1 structure shifts from one mode to another, urban and
rural grandparents have different ages due to the age gap
between urban and rural grandparents existing when the
child is born.

Finally, key age parameters exert an influence on
coexistence durations. If the ages of the parents at the time
their child is born go up, the four durations decrease, and
the most significant drop occurs for the durations of four
grandparents coexisting.

The emergence of the 4-2-1 family is a result of the one-
child policy, and the marriage of two only children is the
factor leading directly to the emergence of the 4-2-1
family, a prominent feature of which is the separation of
two nuclear families and the building of a new family
rather than a simple combination of two nuclear families
(Liang 2004). In traditional Chinese culture, on the con-
dition that three generations are alive, there are two kinds
of families which may be formed around such a kinship
structure. In one, the one-child couple and their child make
up a nuclear family while two pairs of older couples make
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up two independent empty nest families; in the other, one
of the older couples, the only child couple and the child
build a nuclear family together while the other older couple
makes up an empty nest family. The central problem that
the 4-2-1 family will bring is a special contradictory rela-
tionship between three generations, or between two or three
families and the emergence of a large number of “DINK”
(Double Income, No Kids) families. But as China’s pop-
ulation rapidly ages and the proportion of the elderly rap-
idly increases up to 25% in 2050 according to an UN
projection, the 4-2-1 family structure, intertwined with
rapid aging, may go beyond the individual family and
burden the social security system, if this elderly population
is covered in such a system.

There exist some limitations to this study. The
assumptions made regarding the age differences have an
impact on the results. And the assumption that all survival
events are independent is quite draconian, as longevity is
hereditary and some events, such as death of the spouse,
exert a corresponding effect on physical and psychiatric
illnesses and will also affect survival. Another factor which
affects the numerical results lies in the life tables. With the
increase in life expectancy, it would be better to use a
higher maximum age, for example 100 years. But, due to
data limitations, we are unable to obtain life tables with
higher maximum ages—the maximum age in the life table
we have used in the study is 90. Moreover, the results we
obtain will be affected by the mortality pattern in the life
tables. This study, which examines survival probabilities
and coexistence durations for China’s 4-2-1 family struc-
ture, as well as urban and rural differences and sensitivity
analysis, is an investigation based on certain hypotheses
with the help of life tables and probability theory, but it
will be necessary to use empirical data to test the results.

Acknowledgments This work is jointly supported by the Program
for Chang Jiang Scholars and Innovative Research Team in Univer-
sity of the Chinese Ministry of Education (Project No. IRT0855) and
the National Social Science Foundation of China (Project Nos.
09XSHO005, 08BRK004). We would like to thank to the Editor and
two anonymous reviewers for their valuable comments.

References

Burgess R (2002) Modernization and son preference in the People’s
Republic of China. ADB, Manila

Chen CX (2000) Economic independence is the pre-condition to a
happy life for the rural elderly—an analysis on ways of
supporting the rural elderly based on Homans’ exchange theory.
Popul Res 24(2):53-58

Chu JH (2001) Study on financial dependence and activities of daily
living of the oldest population segment among the Chinese
elderly. Chin J Popul Sci 15(s):66-70

Du P, Wu C (2006) The self-reliance of the Chinese elderly: status
and change. Popul Res 30(1):50-56



Eur J Ageing (2011) 8:119-127

127

Guo ZG (2004) A further study on low fertility in China in the 1990s.
Chin J Popul Sci 18(4):16-24

Guo ZG, Liu JT, Song J (2002) The present population policy and the
future of family structure. Chin J Popul Sci 16(1):1-11

Hong YY, Liu WT (2000) The social and psychological perspective
on elderly care. In: Liu WT, Kending H (eds) Who should care
for the elderly? An east-west value divide. Singapore University
Press, Singapore

Ikels C (1997) Long-term care and the disabled elderly in urban
China. In: Sokolovsky J (ed) The cultural context of aging:
worldwide perspectives. Bergin & Garvey, Westport

Lavely W (2001) First impressions from the 2000 Chinese census.
Popul Dev Rev 27(4):755-769

Li S, Sun F (2003) A mortality analysis of China’s 2000 population
census data: a preliminary examination. China Rev 3(2):31-48

Li SZ, Sun FB, Jiang QB (2005) Death reports from the fifth
population census in 2000 in China. In: Population Census
Office of the State Council and National Bureau of Statistics
(eds) Population in a transformational period: National key
project of population census in 2000. China Statistics Press,
Beijing

Liang QS (2004) Four-two-one structure: a special mixture of society,
family and the relationship between generations. Popul J
26(2):61-65

Liu HY, Liu YZ (1996) Only children and their future marriage
structure. Chin J Popul Sci 10(3):33-37

Pan GY (2003) Collection of data of 2001 national family planning
and reproductive health survey data collection. China Population
Press, Beijing

Population Census Office of the State Council (2002) China
population census data in 2000. China Statistics Press, Beijing

Qi XF, Guo ZW (2007) Micro simulation models for “4-2-1" families
and their applications. Popul Res 31(3):32-40

Randel J, German T, Ewing D (1999) The ageing and development
report: poverty, independence and the world’s older people.
Earthscan Publications Ltd., London

Silverstein M, Cong Z, Li SZ (2007) Grandparents who care for their
grandchildren in rural China: benefactors and beneficiaries. In:
Cook IG, Powell JL (eds) New perspectives on China and aging.
Nova Science Publishers Inc, New York, pp 49-71

Song J (2000) The four-two-one structure: its formation and
development. Chin J Popul Sci 14(3):41-45

Tu P (1995) China’s population aging and population control. Chin
Soc Sci 6:61-70

Walfish D (2001) China’s census: national count reveals major
societal changes. Science 292(5523):1823

Wang XY (2003) A study on old age support in China. M.A. Thesis,
Northeast Normal University

Xie BG (2000) The essence of Chinese filial piety. Shanghai
Academy Social Science Press, Shanghai

Xu Q, Yuan Y (1997) The role of family support in old-age security in
China. In: China Population Association (eds) 23rd IUSSP
General Population Conference: a symposium on the demogra-
phy of China. Beijing. Xin Hua Press, Beijing, pp 265-273

Yang SZ, Wang GZ (2007) An indirect estimation method for the
quantity of only children. Chin J Popul Sci 21(4):58-63

@ Springer



	The 4-2-1 family structure in China: a survival analysis based on life tables
	Abstract
	Introduction
	Methods and data
	Methods
	The probability analysis of the coexistence of three generations
	Analysis of the number of years the three generations will coexist
	Data

	Results
	Survival probability
	Survival probability when all four grandparents are living
	Survival probability of at least three among the four
	Survival probability of at least two among the four
	Survival probability of at least one among the four
	A duration analysis of the coexistence of three generations
	Urban and rural difference
	Sensitivity analysis of the effect of ages on coexistence durations

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


