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Abstract

This paper presents a stochastic population forecasthioa@vith a special emphasis on
population aging. Stochastic forecasting methods have diiantage of producing a
projection of the future population including a probabiligirediction interval. The so-
called scaled model for error was used to quantify theertenoty attached to the
population predictions in this study. Data scarcity wasmajor problem in the
specification of the expected error of the populationedast. Therefore, the error
structures estimated for European countries were employgd some modifications
taking the large size and heterogeneity of the Chinese gtapulinto account. The
stochastic forecast confirms the expectation of exthg rapid population aging during
the first half of the 21st century in China. The old agpeddency ratio (OADR) will
increase with certainty. By mid-century, with 80% prolghithe OADR will lie between
0.41 and 0.56, with the median of the predictive distrilbubeing 0.48, nearly five-fold
its current value of 0.1. In particular, the oldest-old pagan will grow faster than any
other age group. This development has major implicafmn€hina: to smoothly adjust
current birth control policies to less restrictive sngtrengthen the family support system,

and improve the social security system for the elderly.

Keywords: stochastic population forecast, predictive distbution, uncertainty,
scaled model for error, China, population aging



Introduction

China, with more than one-fifth of the world’s inhabtigrrepresents a significant factor
in the development of the world’s population. As a resd@ila dramatically declining
fertility and a steadily increasing life expectancy, Chlan@opulation is currently aging at
a rapid rate. In 1982, the proportion of the elderly (65alddr)* was 4.91% of the total
population, and this share increased to 5.57% and 6.81% in 199W@Gdrespectively.
In China it may take only about 20 years for the elderly [atjon to increase from five to
seven percent, while in many developed countries it ustadBs about 50 to 80 years to
develop the same level of population aging (Li 2005). Hgpapulation aging is likely to

be one of the great challenges China will face in tlae fugure.

As in most countries, the phenomenon of population amir@hina results from the
combined forces of mortality improvement and decliningliigstthe latter process being
especially pronounced due to Chinese birth control policiesFdbruary 2006, the
Chinese government announced the continuation of its biainplg policies. Starting
with the restrictive one-child policy in 1980, these poficlkave moved to a one-child
policy in urban aredsand a 1.5-child policy in rural areas (e.qg., if the fitsid is a girl,
the couple is allowed to have a second child, Zeng and G&®@@®@). These policies,
prescribing a below-replacement level of fertility bwJdave a large effect on recent and
future fertility, leading to an acceleration of populataging. The effects of these policies
will also reduce family size, and consequently influerarmilfy support for older adults,
such as instrumental and financial support, as well &giaing and emotional support --
factors playing a major role in taking care of the eldaml{China (Zimmer and Kwong
2003).

Mortality in China has declined steeply over the past 50syempecially in the early
years of the People’s Republic of China (Banister and 2i04; Riley 2004). Life
expectancy has increased from 48 years in 1950-1954 to over r&lbye2000 (Banister
and Hill 2004). Much of the mortality decline can be attt@al to the decline in infant and
childhood mortality rates achieved by an overall inagaaghe standard of living and the
educational level of the Chinese population (Banister and2804; Riley 2004). With
further improvement of socio-economic development, thigtality decline is likely to

continue in the near future.



The Chinese social security system for the elderly igeatly being transformed from
a solely government-financed system to a government-&tside. There are limited
numbers of older people who receive a pension (Zhang aaml 2d99). For example, in
1987, 63.7% of the elderly living in urban areas received pensaods56.63% and 4.7%
in small towns and the countryside, respectively (Zhamd) Xiao 1999). The coverage of
medical care cost is about 50% for employees in thesci#nd less than 10% for rural
inhabitants (Woo et al. 2002). Most of the older people in Chneapoor and cannot
support themselves. Furthermore, with family size declining,younger generation will
not be able to offer the traditional family care, eviethey are willing to do so (Li 2005).
Therefore, projecting the Chinese population into the hdare is of high importance
also for providing the relevant demographic background for gppte socio-economic

policy decisions.

Forecasting the Chinese population is a challenging tasstlyF China has been
experiencing major demographic changes in the recent gastimplementation of birth
control policies starting in 1970, especially the introductof the one-child policy in
1980, has resulted in a rapid fertility decline. The high of economic growth since the
Reform and Open-up policy in 1978 has improved public health aimd) Iconditions,
whereas the collapse of the healthcare system lgeively impacted the population’s
health status, and both have jointly affected the geefife expectancy. Secondly, data
available for forecasting are very scarce. Census fdatanly four time points are
available for forecasting mortality. Somewhat moreadat fertility are available, but data
quality is not too high. For example, fertility ratesvéddbeen underestimated in several
surveys and even in census data. Moreover, estimategdbfertility rate (TFR) based on
different data sources are not consistent with eackr.ot8tochastic approaches to
forecasting cope with these kinds of uncertainty [spasng a probability distribution for
the projected parameters. Several methods for stocHasticasting have been proposed
previously (e.g., Lee and Carter 1992; Alho and Spencer 200&iisIstudy the so-called
scaled model for error is employed, which has been dewklopélho and Spencer (2005:
280-283) and which has been extensively applied to the pomedf European
populations (e.g., Alho and Nikander 2004; Alho et al. 2006).

To date, most population forecasts for China have usednusistic projections,
which assess the range of possible outcomes by high andclenarios. Deterministic

models have some drawbacks, however. It is not clear tbowterpret a population



variable’s high -- low range unless a corresponding prétyafor the range is provided
(Li, Lee and Tuljapukar 2004). In addition, alternative sdesabased on judgment have
tended to under-predict mortality declines and gains inelfgectancy when compared
with the subsequent outcomes (Keilman 1997, 2001; Lee and [40&l). These errors
have led to under-prediction of the elderly population, @edicularly the oldest-old (Li,
Lee and Tuljapukar 2004), which could impede population aging odsedio our
knowledge, there are only two stochastic forecast€fona: one is a mortality forecast by
Li, Lee and Tuljapukar (2004); the other, by Lutz et al. (20@55 population forecast
based on expert opinion rather than empirical analyswvever, neither of these two

studies provides a detailed analysis of population aging.

This study reports the results of a stochastic foteohghe Chinese population
between 2001 and 2050. The forecasting approach follows AlhoSpadcer (2005).
Focusing on population aging, the main aims are to (Yigeoprobabilistic predictions of
total population size and (ii) to quantify the level ane m@tthe population aging process
using various indicators of age structure. The paper is aaghras follows: Section 2
introduces the data sources and forecasting methods amchpasss for population
processes. Stochastic forecasting results are provideection 3. Section 4 concludes the
study by summarizing the main forecasting results on populeiging and briefly

discusses their policy implications.

Materials and methods

Data sources

The sources of data used in this projection are detail@ble 1. Jump-off population
data are based on the 2000 census. Fertility data maimg érom the 2000 census and
the surveys conducted by State Family Planning Commissi@himla (SFPC) in 1982,
1988, 1992, 1997 and 2001. Some additional fertility data are providéoehyational
Bureau of Statistics of China (NBS). Mortality data faoen three censuses undertaken by
NBS in 1982, 1990 and 2000, as well as the Cancer EpidemiologyyStanéed out by
the Ministry of Health in the 1970s.

---- Table 1 is here -----



Forecasting method

Stochastic population forecasts are calculated by usihgreoomponent bookkeeping
under a linear (Leslie) growth model, with a determiaigtimp-off population and
probabilistically varying values for age-specific ferilitage-sex-specific mortality, and
net migration flows by sex and age. Témaled model for errowas applied to specify
uncertainty (Alho and Spencer 2005: 280-283). It assumes thatethographic rate for

agej at forecast yedr(t>0) can be expressed as follows:
R(j.t) = F(j.,t)exp(X(j,t)),

where F(j,t) is the point forecast an¥(j,t) is the error process which is modeled by a
random walk with a drift (in t). The error process is of the

formX(j,t) =&(j) +...+&(j,t), where the error increments are given by
e(j,t) = 3(J.t)(n7; +o(j.1)).

Here, S(j,t) is always positive and can be seen as a weiglscale on the error term

£(j,t). If an appropriates(j,t) is chosen, a random walk with a drift will replicateet

errors in the future welly; represents the error in the forecasted trends, Jngd)

describes the random fluctuations around theseldreh is assumed that for eaghthe

variables o(j,t ) are independent over time. Additionally, the Viales o(j,t) are

assumed independent of the varialglesvith both following a normal distribution:
n(j) ~N@Ok;); o(j,t) ~N(01-k;),

where0<k; <1 are known. In addition, autoregressive (AR(1))elation structures on
n; and d(j,t)across age (fertility and mortality) and sex (ratiry and net migration)

are assumed:
Corr(n(i),n(j)) = Corr(d(i,1),(j,t)) = p' ! for someO< p< 1

Since the increments are scaled by $lgt), the model is called the scaled model for
error. The function of the correlation parametersterms of age is to represent the
phenomenon that forecast errors of vital rateslasec ages tend to be similar, but in

distant ages they may be quite different.



Note thatk; = Corr(e(],t),e(j,t +h)) for all h # 0. Therefore, thek indicates the

independence or dependence of time and is always betwednlO E@nder a random walk
model, the error increments would be uncorrelated, Witld). Empirical studies on
European countries have shown that this may be approprigé#ility forecasting (Alho

and Spencer 2005: 254-255). Wienk; <1, a random walk with a drift is defined.

Again, empirical data from Europe suggest a random walk avithift in the case of

mortality and net migration forecasting (Alho and Spe2€85: 255-256).

Alho and Spencer (2005: Ch. 8) distinguish three differegthads to determine the
predictive distribution for the vital rates: (1) extrégimn of time-series data, (2) expert
opinion and (3) assessment of accuracy of past fore¢témtgever, in order to apply time-
series extrapolation methods, long and accurate dats desim the past are necessary,
which are not available in the case of China. Thus,tmshmates for fertility, mortality,
and migration were based on the scarce informationadlailand expert opinion (see
Section “Assumptions for population processes”). The dsatalable for China are too
scarce to estimate country-specific levels of uncdstdoased on the so-called “naive” or
baseline forecasts which estimate the forecast esdhe median level of uncertainty in
the past. Therefore, this study borrows the foreqasmor structure estimated by Alho
and Spencer (2005) applying the scaled model for error to Bonospean countries. With
regard to China’s huge population, however, some downwandtagnts of the European
values of scal&(j,t) were made. This seems appropriate because past foret&3ima

have been more accurate than those of European ceuigoregaarts and Bulatao 2000).

A general empirical finding is that forecasts of largerdries have tended to be more
accurate than those of smaller countries (Alho and &pe2005: 261). Intuitively, the
better accuracy appears to be due to the fact that latggries often consist of somewhat
independent sub-populations. Thus, the aggregate behaves ire sstaddle manner than
the parts. Borgy and Alho (2007) used a similar approachrézdst the population for
regions lacking demographic data of sufficient quality.His study, the three scales of
fertility, mortality and international migration wersultiplied by three constants, whereas
in the Borgy and Alho study all uncertainty parametgese multiplied by one constant

only.

For fertility, mortality and migration, it was assuinéhat the uncertainty increases

with the time forecasted and that the variances ef diemographic processes are



independent of each other. The errors for fertility aassumed to follow a random walk
with k=0, while for mortality the autocorrelation of errorspgesumed to increase, thus
specifying a random walk with a drift, witk=0.05. The uncertainty of migration is
expressed in absolute numbers and is again modeled by arravalk with a drift, with

k=0.3. The specification details of uncertainty paramdterthe three vital events will be

discussed shortly.

The forecast was made using the BEGIN (Yanulevskaya ahd 2005) and PEP
(Program for Error Propagation, Alho and Mustonen 2003) progy which are based on
the scaled model for error. BEGIN creates the fotewa®rror parameters and produces
output data files that serve as input in a subsequent@®ERhe cohort component model
was run 3000 times in PEP to determine the probabilityildigion of future population
size and structure. Forecasting results are reportestdmn with the accompanying 80%
prediction interval, because in most cases 80% intergave a better impression of
forecast uncertainty than the more usual 95% interveigch reflect extremes (Alders,

Keilman, and Cruijsen 2007).

Assumptions for population processes
Jump-off population

The latest time point for which detailed population date&China is available is the census
of 2000 conducted by the Chinese NBS. It provides informatiothe population by age
(up to 100+) and sex. The reference time for the censusG8,0dovember 1, 2000. Total
population was 1,265 million in 2000. The 2000 population censusavakicted on de
jure basis. Theade jure count included all persons who hold the nationalityaof] have
their permanent place of resideh@ethe People’s Republic of China. During the census,
each person was enumerated in his/her permanent pleegdence and should have been

enumerated in one place only (Population Census Office 2002).

With regards to the quality of the jump-off population ddtee post-enumeration
sample survey indicated an undercount of 1.81% in the censuseeation (Population
Census Office, 2002). Thus, it was necessary to adjusagbesex-distribution of the
jump-off population before forecasting. Based on the @jou census data in 1982 and
1990, as well as annual population size from 1981 to 2000 repoyt&BS in 2002,

Wang Guangzhou (2004) used survival analysis and target analysmalyze, evaluate



and adjust the age-sex structure data in the 2000 censusot@ihpopulation size from
Wang'’s estimation was 1.261 billion — close to the 1.26%hilleported by NBS.

To obtain a jump-off population starting at the turntleé year, Wang’s adjusted
population estimate was projected forward to 31 December 2084 tine assumption
that mortality and fertility in the last two monthgere constant across months. This
procedure resulted in a jump-off population of 1.260 billiothatend of the yedrGiven
the quality of the jump-off population data, additionabesrcould have been considered
in this forecast model. Unfortunately, the current warsaf PEP does not allow including

this kind of uncertainty.

Fertility

The latest source of information on age-specific lfgrtin China comes from the 2000
census. The TFR according to the census was 1.23. Howeskercounts were estimated
at 25% in the post-enumeration sample survey, suggektihghe real TFR had been 1.62
in 2000 (Retherford et al. 2005; Guo 2006; Zeng 2006). The age-specifityfrates
(ASFR) were adjusted accordingly. The lowest age fochvfertility rates are available is
15 years and the highest age is 49 years. The ASFR for 28Gbadged in 5-year age
groups. The coefficients of the Karup-King formula weredu break these groups down

to single-year fertility rates (Shryock 1976).

Fertility assumptions for China in the forecast wergeldaon the past trends in fertility
in 1950-2000 and birth control policies. The latter have plegyerucial role on fertility
decline and population control in China, and will also affature fertility levels. Before
1970, TFR fluctuated strongly. The dramatic decline at thecodnithe 1950s and the
beginning of the 1960s were due to the Great Leap Forward bagimil957, and
subsequently the catastrophic famine of 1959-1962. After tratTHR increased to a
higher level than before the Great Leap Forward andaimne (Figure 1. TFR, 1950-
2000). In the past three decades, the fertility trend im&has been dominated by the
impact of the “delayed childbirth (wan), longer birth meds (xi), and fewer births
(shao)” policy of the 1970s, the famous one-child polidyoiiuced in 1980, and the
current policy of allowing one-child in urban areas andchitd in rural areas (from 1984
onwards, couples are allowed to have a second child firghechild is a girl). As a result
of these policies, the fertility declined dramaticallprh 5.79 to 2.75 in the 1970s,



fluctuated between a maximum value of 2.86 and a minimum ofdudifg the 1980s,
and then fell substantially in the 1990s. Despite diffeesnin TFR estimated from
different data sources, the declining trend in fertditying the 1990s is evident (Figure 1.:
TFR, 1950-2000).

---- Figure 1 is here -----

According to the current birth control policies, theRTfarget is 1.47 (Guo 2004; Gu
et al. 2007f. Since China announced in February 2006 it would continue prEicies’
the downward trend is expected to continue until the taFrg® 1.47 is achieved in the
near future. The year in which the target TFR will bs/lbbeen reached was estimated
based on the trend of the past TFR. Since the datatirersampling surveys undertaken
by SFPC in the 1990s turned out to be severely biased olowhside (a regression
suggested that the target TFR had been already reaci®®5, the estimation simply
extrapolated the linear trend determined by two well-suppatéta points, namely 1985
and 2000 (undercount corrected census data). The 1985 surveyadatesed instead of
the 1982 census data because the TFR in 1982 was exceptionallylnig, the steepness
of the fertility decline would likely have been overesited, which would have led to an
unrealistically early reaching of the target TFR. Thehhig-R of 1982 is likely a period
effect due to a short-term reaction of the Chinese papul&b the one-child policy and
the 1980 Marriage Law (Griffith et al. 1989). The 1980 Marriag® lresulted in many
more marriages in the early 1980s than in the 1970s; mamgiages were postponed
from the 1970s to the beginning of the 1980s, and subsequedtlyo a peak in
childbirths. The scenario we have described suggests thtdrtiet TFR had been reached
in 2004 (Figure 1), which is close to Guo’s (2004) simulatiwere the target TFR would
be reached in 2005.

In the point forecast of TFR it was assumed thatdahget TFR of 1.47 could be kept
constant in the future, i.e., until 2050. This assumptiorbdased on the following
considerations. There is no sign at the moment thataCwill loosen its birth control
policies, for example, allowing every couple to have whddren. Moreover, previous
studies have reported a declining trend in the Chinesétyeideal, from 3 in the 1970s to
1.66 in 2002 (Chen and Zhang 2002; Parish and Whyte 1978; Wang 1996¢r fRort
young generations have accepted and internalized they pod@ their culture in many
places, especially in big cities such as Shanghaijn8eipalian and Shenyang (Nie and

Wyman 2005). Particularly, young Chinese women today are iy to consider
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childbearing not as a necessity, but as a choice. Thig also be due to the rising

competition in the labor market as well as the costmving more than one child.

The scaled model for error was used to specify the tawogr of the fertility
assumption. Given the very limited data available foin€, this study borrowed the basic
error structure provided by programs BEGIN and PEP. The ldefsues in BEGIN and
PEP were estimated by Alho and Spencer (2005: 253-255) usingirgipdan countries
(Denmark, Finland, Iceland, the Netherlands, Norway andd®n) over the time span
starting between 1751 and 1900, and ending in 2000. This period incindels
turbulence in fertility patterns in the countries stddie.g., the “baby boom” and the rapid
fertility declines at the end of the baby boom. Thus,atier structures derived can also
serve as a plausible starting point for other counaresb areas, such as China. It seems
reasonable to assume that uncertainty patterns in Ghiewility resemble the European

error structures to some extent.

The current birth control policies are actually looadizthat is, local governments have
modified the state policy of population control inithgrefectures according to their own
situation, under the general principle of slowing down patpart growth and encouraging
only one child per couple (Gu et al. 2007). As a result, @iffepolicies are applied within
the total population, i.e., 35.4% of the population fell undher one-child policy and
53.6% the 1.5-children policy at the end of 1990s (Gu et al. 200&)target TFR of 1.47
was estimated based on local fertility policies andesponding population distribution
(Gu et al. 2007). Borders and classification (urban versad) mir China’s prefectures are
changing frequently, and accordingly, the number of pemiect to different policies is
also changing. This will likely result in some turbuleni the TFR during the forecasting
period. In addition, there is still some possibility to ssen a reversal of the declining
trend in TFR in parts of country, especially in the paoal areas where son preferences

dominate and the government’s control is comparativebkwkKahn 2007).

The default values of the fertility scales in BEGINdaPEP, however, are slightly
modified downwards, taking into account the large size haef Chinese population
compared to the European countries the default values sed ba. The modification is
mainly built on the following empirical evidence. Bongaand Bulatao (2000: 210, 339)
estimated the relative error for the total populatio&bina in 2050 at the lead time of 50
years, using composite bootstrap procedures. Based on tbpeBn data, Alho and

Spencer (2005) showed that after a lead time of about 38 fealevels of forecast error
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are similar for fertility and mortality, thus, theyewe constrained to be equal at the end of
the forecasting period. In this study, the scales fdilifgr mortality and net migration
were adjusted until the relative error for the total papoih in 2050 matched the estimate
by Bongaarts and Bulatao (2000). This process resulteddtatve error for fertility of
0.32 in 2050.

In Figure 2 the predictive distribution of TFR is compamethe point forecast of TFR
underlying the median scenario of the UN projection. Uheforecast is much higher; it
assumes the TFR to converge toward a level of 1.85 in 2@d 3s&held constant at that
level for the remainder of the projection period (iwntil 2050). The 80% prediction
interval in this study covers the UN median foredestin 2028, and the 95% prediction
interval covers that from 2017 onwards. It should be nobed the current fertility
assumptions differ considerably from those of the Hhwever, assumptions used in this
study seem plausible, given the magnitude of fertilitynges during the past 30 years of
birth control policies, and the confirmed continuatidriteese policies in the near future,
as well as the change of the fertility ideal andilfgrtdesire of the younger generations.
These assumptions lead to 80% prediction intervals of [ILB38] in 2025 and [1.07,
2.01] in 2050, and 95% prediction intervals of [1.11, 1.95] ar@B[®.20], respectively.

----- Figure 2 is here ----

In addition, assumptions for two additional variableg thean age of childbearing
(MAC) and sex ratio at birth (SRB) are required for fine@cast. During the 1990s, while
the TFR declined, the MAC remained stable. In 2000, thiitierate for parity 3 reached
a very low level, and a substantial further declingdafoge seems unlikely (Guo 2004).
Thus, it was assumed that the MAC, without considematioparity, will remain constant
at 26.00 years until 2050. The SRB in China has begun to s&cr@aove the average
(1.05) since the 1980s and has kept rising steeply, reachingn120@0. A high incidence
of prenatal sex determination and sex-selective aloodiie the main causes of the high
SRB (Hesketh and Xing 2006). This has caused a female defibe ages 0-19 of 19.81
million in 2000 (Yuan and Tu 2005). Here, the point forecAshe® SRB is expected to
remain constant at 1.17, since there is currently noeau& for an increasing or

decreasing trend in SRB in China.
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Mortality

Age-specific mortality data for China are only availafue the years 1973-1975, 1981,
1990 and 2000. Data for the years 1981, 1990 and 2000 come from the afeh382,

1990 and 2000. The 1973-1975 data stem from the nationwide mosatitey, the

“Cancer Epidemiology Survey” that attempted to recordediths in nearly all of China’s
counties and city districts for the 3-year period 1973-75. $hisey provides age-sex-
cause-specific mortality rates for the period 1973-75. Inn&hthe years 1973-75
represented the time when both rural and urban populatiens @overed by basic but
efficient health-care systems (Banister and Hill 2004;Liee and Tuljapukar 2004). By
1981, the rural health-care system had collapsed, andtyheealth-care system became

inadequate due to the Reform and Open Up policy launched in 1978.

Mortality rates are given for single age-classes,doly up to age-class 90+. Thus, it
was necessary to extrapolate mortality trajectooegHe ages 90 to 100+. The Kannisto
model (Thatcher, Kannisto, and Vaupel 1998; Zeng and Vaupel 2003)useds to
extrapolate death rates up to age 198s.was the case for fertility data, the latest seur

of information on life tables comes from the 2000 cens@hina.

Due to data limitations, mortality assumptions in thedast were not only based on
the observation of past trends in China, but also badofnrom other countries. The age-
specific rates of initial decline and ultimate declinenortality are needed for the forecast.
The former was estimated using the available Chinese ddtereas the latter was

borrowed from the European countries.

Since its establishment, the People’s Republic of Chira exgerienced a rapid
decline in mortality. Life expectancy has increased fd@years to over 71 years during
the past 50 years, around 0.46 year per year (Banister dngOB4l). In the past three
decades, for both sexes, an improvement of mortalimadt ages has been observed,
except for ages 20-23 between 1973-75 and 1981 (Figure 3). The ddaimoetality for
men has been more modest than for women, especiabiutthood (Figure 3). One
possible explanation is that the improvement of mibytédr men has been slowed down
by sex-biased occupational and lifestyle factors, suchsmsking and alcohol
consumption, while women have benefited from a steepnéeicl fertility, concentration
of childbearing at the healthiest ages, longer spacingeestvbirths, and the use of

modern methods of birth control (Banister and Hill 2004).
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----- Figure 3 is here ----

It is believed that mortality will continue to declinethe oncoming years in China for
the following two reasons. Firstly, there is room dflacline. Life expectancy was 73.33
years for female and 69.63 years for male in 2000, whictarisbehind that in the
European Union (2002: 81 years for female and 75 for malepsEair2005: 80) and
Japan (2004: 85.58 years for female and 78.66 for male; HumealityjoDatabase 2006)
currently. Secondly, there is no indication that teeord life expectancy will slow or
stagnate in the near future (Oeppen and Vaupel 2002; Alho 20@6). Therefore, the
changes during 1973-75 to 2000 are used to calculate the ratagsabtiecline for age-
specific mortality (Figure 4: rate of initial decline).rHorecasting purposes, the rates of
initial decline were smoothed (using the “Running Median &hioprocedure) and they
were restricted to be positive. Mortality has continuedi¢oline fastest at the youngest
ages. In the working ages, the mortality decline for fema@&xceeded the decline for
males. At old ages, mortality decline was small comp#oedther age groups, and the
gender difference was rather small. Rate of initialidedFigure 4) also indicates that the
increase of life expectancy at birth in China during the fhase decades was mainly due
to the decline in infant, children and adult mortality eatthan the decrease of mortality

among older people.
----- Figure 4 is here ----

As known from empirical evidence, when mortality auger ages reaches a very
low level, further decline becomes much more difficoltaichieve. Then, improvement
against mortality at older ages is likely to becomeditvminant force in the increase of life
expectancy (Olshansky and Ault 1986). This is currently dage in many European
countries such as Germany, Sweden and Finland. Haseassumed that the pattern of
mortality decline in China in 2050 will closely resemble frattern shown by European
countries in the recent past (Figure 4: rate of ultindgeline). This seems plausible
because of epidemiological transitions changing thedageabution of deaths (Horiuchi
1997). That is, the rates of decline at younger ages, elpediddren and younger

women, will decrease and the rates of decline at alges will increase.

Because the estimated initial rates of mortality aecfor adult males are very low,
much scope for improvement in the future exists. Adult aws rates of mortality
decline have already reached a relatively high levetgtbee, the potential for a further

decline is decreased. Additionally, rates of mortalitglide might decrease because
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underemployment, which is likely to affecting women sger than men, might lower
relative female social status in the near future. Aesult, the gender differences in
mortality decline will become smaller at younger agesolder ages, both males and
females are expected to experience higher rates oélipdecline, because new cohorts
of the elderly may be healthier than older ones due torthpvement in living standards
and medical progress, but biological gender differencag masult in somewhat higher
rates of decline for females than for males. The godphte of ultimate decline illustrates
the smoothed rates of decline pattern for age-specifi¢alitgr(using Running Median
Smooth) in current European countries, which have been ssé#teaates of ultimate

decline in the forecast.

As for fertility, due to lack of long time-series data age-specific mortality, the error
terms estimated by Alho and Spencer (2005) for nine Europeantriss (Austria,
Denmark, France, Italy, the Netherlands, Norway, &ne&witzerland, and the United
Kingdom) were borrowed. Those data end in 2000 and startiausdimes, the earliest
being the United Kingdom in 1841. This was also a period of hiddtiNty of mortality.
For China the scale is again adjusted to a lower lbeehuse of the large level of
heterogeneity in the population (Alho and Spencer 2005; Boisgaad Bulatao 2000:
210, 339). The relative error in 2050 is thus calculated as Ut#2 resulting 80% and

95% predictive intervals for life expectancy are plotteBigure 5.

According to the forecast distribution, life expectaratybirth for both sexes will
increase linearly at a rate of about 2 years per detad#)50 females are expected to
enjoy a life expectancy of 84.88 years and males one of 78af2.yThe 80% prediction
interval, for males will be [77.20, 82.20] in 2050, coveringrge of 5 years (6.3% of the
median estimate); for females it will be [82.50, 87.32@%0, covering 4.8 years (5.7% of
the median estimate). The 95% prediction interval at 2@%@rs more than 6 years for

both sexes.

Figure 5 also compares the forecast of life expectancyhéo medium scenario
projection of the UN. The UN forecasts have tradaitynbeen rather conservative in
predicting progress against mortality and have generally restimated future life
expectancy (Keilman 1998; Bongaarts and Bulatao 2000). Mergthe forecast of life
expectancy in this study seems to be plausible consgié¢hie reinstatement of social

security, especially the health-care system at thena level, which has already been
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pronounced as one of the most important tasks by the @hgmeernment for the set goal

of “Building a Harmonious Society” until 2020.

----- Figure 5 is here ----

International migration

Based on the 1990 census and the 1995 1% sample survey, emifyaati China in 1995

was about 236,800 (Liang 2001). In 2000, the net migration rat€Hora was -0.3

migrants per 1,000 of population. This amounted to a losappfoximately 381,000
people? This means that the net migration as a percentage odtdl inhabitants was only
0.03%. The UN forecast predicts that net annual migratiirdecrease from 390,000 to
320,000 in 2050° This forecast was used for point estimates in this gtioje

In contrast to fertility and mortality, the uncertgirof international migration is
represented in absolute numbers. Its autocorrelatiomssacyears was assumed to be
constant. Analogous to fertility and mortality, theoererms for migration were borrowed
from Europe, in this case 18 European countries (Alho akdnder 2004). Again, based
on empirical evidence it was assumed that China withuge population and hence large
heterogeneity should be buffered well against large shifteigration (Alho et al. 2006:
261). Therefore it seemed appropriate that the scale Valsiesuld be set relatively low.
The resulting assumption of net migration with its agged uncertainty is shown in
Figure 6. Negative values of net migration indicate aomtmigration, i.e., when more
people are leaving the country than entering it. In 205080% uncertainty interval

ranges from -39 to +6 million and the 95% bounds are at -46 Hahdnillion.
----- Figure 6 is here ----

Indicators of population change

Certain demographic indicators are especially suitabldeszribe changes in population
size and structure. Period life expectancy gives theagedifespan of an individual if the
current mortality conditions were to persist throudé. liThe changes in the structure of
the population over time can be visualized by populationnpigl and the following

measures of population structure:

----- Table 2 is here ----
The division between male and female population is gixethe sex ratio, defined as

the male population divided by the female population.
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Results

Total population size up to year 2050

The median of the forecast distribution projects Chinatal population to increase from
the jump-off level of 1260 million at the end of 2000 tontaximum level at 1361 million
people in 2024, and thereafter predicts it to decline to 1243 mpkmple in 2050 (Figure
7: total population). Note that due to the large numbematilsition runs (3000), the mean
and median are equal. The long increase despite thée&lel replacement TFR is likely

due to a strong population momentum.

There is considerable uncertainty attached to the megiaimates, including temporal
as well a magnitude effects. The upper 80% prediction @ltsnggests an increase up to
1430 million people in 2040, whereas the lower one estinaafe=ak population of only
1314 million in 2020. In 2050 the 80% prediction interval coeerange of 1090 to 1419
million (i.e., 26% of the median estimate). Comparethe Chinese population forecast of
the United Nations World Population Prospects in 2004, thagpicets lie for the largest
part between the low and medium variant scenario. difierence is mainly due to the
fact that the UN assumed a higher TFR, i.e., 1.85 i@nedariant) by mid-century, while
we expect it to stabilize at 1.47 after 2004. Furthermbee /4N used rather conservative

mortality assumptions underlying their population projectio

The projected population development differs slightlyrf@les and females. Whereas
the male population will peak at 700 million in year 2023, fdmale population will
reach its maximum size in 2025 at 661 million. Figure 7 shibmassthe gap between the
number of males and females closes towards the ertk qirbjection period, as females

enjoy lower mortality at working ages and old ages.
----- Figure 7 is here ----
Age-sex structures

The population pyramids in Figure 8 illustrate the evolvigg-sex structure over the
projection interval, visualizing the rapid rate of popwlataging. From the predominance
of the childhood and working age class in current China,ptedicted to shift to an age-

structure characteristic of aging populations in Europe.

----- Figure 8 is here ----
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The population snapshots shown in Figure 8 depict how tbertamnty spreads from
the youngest age classes along the age axis over thea$vrperiod. For the old age
classes, the slower growth of uncertainty reflebtslower initial level of uncertainty for
mortality. This can be understood easily since the yauage classes are born during the
forecast years, while the older ones were already Ibefore 2000. As a result, the
younger age classes have a larger attached uncertaamtyhte older onegfter 50 years,
the predictive distribution of the Chinese population gosition ranges from a column-
like to a rather regressive age pyramid, with most @futicertainty attached to the base of

the pyramid.

The rapid pace of population aging in China can also be iseetier indicators of
population age-structure (Table 3). Life expectancy will@ase consistently for both
sexes (see Figure 5). Due to steady improvement in lithpmates, the proportion of
elderly (65+) is expected to increase nearly four-fold duttregnext 50 years from about
7% [6.96, 6.98] in 2001 to 29% [24.4, 32.4] in 2050 — almost one thitikdegbopulation.
Combined with the continuously below-replacement levelfestility, the decline in
mortality will raise the aging index even faster: aenfold increase from 28 [28.1, 28.3]
in 2001 to 253 [152, 409] in 2050 is predictdthe median age of the total population
increases from age 31 [31, 31] in 2001 to 52 [46, 56] in 2050.

----- Table 3 is here ----

Table 4 shows the temporal development of sex-speaificators of population age
structure. The gender gap in life expectancy is predictedctease moderately from 3.7
years in 2000 to 5.2 years in 2050. Due to the lower age-speudfrtality rates in
females, by 2050, the age-sex-structure is expected to bg hgyhrhmetrical with a sex
ratio of 0.8 [0.74, 0.86] among the elderly and 0.6 [0.50, G#idng the oldest-old. As a
further consequence, the gender differential in agindg mdrease rapidly. While the
median age of males and females is currently identiga2050, a gender gap of 4 years is
expected to have opened up. Also, in absolute numbers tladefeider and oldest-old
population increases much faster compared to those ahaltes, with the differentials

being largest for the 80+ population.

----- Table 4 is here ----
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Old age dependency ratio

There remains no uncertainty to the fact that the OADRhina will rise steeply over the
next 50 years (Figure 9): the median of the predictigéridution suggests a more than
four-fold increase from 0.102 to 0.474 — from a level typfoalAsian countries to one
comparable to that expected in more developed countriesasuglustralia (Wilson and
Bell 2004). Due to the highly biased sex-ratio at birth (1.1d) the lower mortality of
females in working ages, the absolute numbers of populatzenfor the ages 65+ and

80+ increases much faster for females than for males.

To evaluate how robust the OADR results are to theisp@assumptions made in the
forecast, they are compared with the OADR forecash®fUN. Regarding parameters of
population aging, the OADR of 0.47 [0.41, 0.55] in 2050, predictethéyorecast in this
study lies even above the low variant of the UN ptajac(upper grey dashed line in
Figure 9). The higher fertility assumption of the UN angotential bias in the predicted
mortality decline may result in a lower OADR (LI, Lesnd Tuljapukar 2004).

----- Figure 9 is here ----

Probabilistic forecasts for 18 European countries prediotad European OADR of
0.57 in 2050 (Alho et al. 2006). Note however, that Alho eusé a slightly different
definition of the OADR for the European forecast, emusing age group 20-64 instead
of 15-64 as denominator. If that definition were applied his tstudy, the forecasted
OADR would increase to 0.51 [0.44, 0.58] and be even clasehd OADR of the

European countries in 2050.

It is important to note though that for the European amsjtin the period 2000 to
2050, the OADR as defined above will double from 0.28 to 0.57. é&stioned before,
China will reach a level of 0.51 in 2050, using the Alho e{28106) definition, but starts
off from a much lower level, namely around 0.1 in 2000.ddethe OADR will multiply
by 5.1 over the 50 projection years. This means thapabe of aging is more than twice

as fast in China as in Europe.

The oldest-old (80+) class will expand even more ragidén the total old age class
(65+) (Figure 10). According to the median of the projecttbe, oldest-old dependency
ratio (OODR) will multiply by more than 10 for both &=t from 0.014 in 2001 to 0.15 in
2050. Figure 10 shows a sharp increase after 2040 that canlbmexby the baby-boom
cohort born in the 1960s that will reach the oldest-tdd<cin 2040. (See also Figure 1).
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----- Figure 10 is here ----

Discussion

This paper reports the results of a stochastic populdi@cast for China until 2050 with
a focus on the process of population aging, and quantifegxpected uncertainty. Data
limitation is a big challenge in projecting the Chinese pafpud. Thus, in this study
forecast errors estimated for some European countrids lang-term and reliable
historical data were borrowed, and some adjustmentscales were made, taking the
large size and heterogeneity of the Chinese populatimnconsideration. The relative
error of the total population at the lead time of 50 yd€ges, in 2050) matches the one
estimated by Bongaarts and Bulatao (2000: 210, 339). Theatatibahind this paper is to
make use of all available empirical sources to foretespopulation stochastically, while
acknowledging the uncertainty of the estimates, reguftiom the country’s lack of data.
The key result of this study is that while there isstd@rable uncertainty attached to the
predicted development of Chinese population size ovendke50 years, there can hardly
be any doubt that the Chinese population is aging quicklg. groportion of the elderly
population and the OADR will increase rapidly, which wdhd to a heavy burden of

support for the huge elderly population in China.

Population aging is certain in China 2001-2050

The extremely rapid pace of population aging in the fiedf of this century is the most
important and worrisome development in China. By mid-cgntwith 80% probability
the OADR will lie between 0.41 and 0.55, with the mediapreflictive distribution being
0.47, nearly five times the current number. This rapid populedging process results
from the steep fertility decline since the 1970s (assumiRB=L.47 remains constant
from 2004 to 2050) on the one hand, and progress against itjastakhe other. While
the extraordinary fertility decrease since the 1970ghaduced smaller cohorts of young
people, the improvement in mortality decline will enatile large baby-boom cohorts
born in the 1950s, 1960s and early 1970s to survive to old age. Teéasadn the OADR
is the main factor leading to concerns about the susthligaddi public old-age pensions
(Alho et al. 2006).
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Between 2001 and 2050, the population of the oldest-old will gesterf than any
other age group in China. The OODR will be ten times @g laompared to its current
value (from 0.014 to 0.15). In 2050, with 80% probability the OQMIRlie between 0.11
and 0.19. The share of the oldest-old to the elderly naildase sharply, especially after
2040 when the 1960s baby-boom cohort enters the oldest-ekl Mareover, due to the
huge population in China, the absolute size of the oldestlads is very large. Members
of this class differ from those of the young-old clabgy are much more likely to have
extensive co-morbidity, and the decline of their fundaloability accelerates with age
(Baltes and Smith 2003; Fries et al. 2000; Zeng et al. 2002), frfeysconsume amounts
of services, benefits and transfers far out of propofiotheir population share (Suzman,
Willis, and Manton 1992). Taken together, this indicates nibcessity to prepare for
providing sufficient care giving, services, benefits amhdfers for this rapidly growing

part of the population.

It should be recalled, however, that one of the fatog assumptions used was that
the ultimate rates of decline in mortality will be eqt@althose in European countries
currently. In case China does not achieve the sameaftiesline in mortality as Europe,
the current results for population size, life expecyaard OADR will be somewhat biased
high. The reasoning behind this assumption is two-fold. fireeis the lack of relevant
data to estimate the ultimate rates of mortality ideciThe second is that, based on the
epidemiological transitions, the mortality decline ofirrent European population
represents a plausible trend in the mortality declinde future Chinese population. How
far the other crucial assumption of the forecasting aaenwill be met, that is, the
constant below-replacement level of TFR=1.47, will l&ygiepend on Chinese fertility

policy decisions in the oncoming years.

This forecast points towards severe disadvantageselferly women in China.
Because females have a higher life expectancy than ,ntaéeshare of older females in
the population is larger and increases faster than &esnMoreover, this gap increases
over age and the projected time period (see Table 4). mu®us studies have shown
that elderly Chinese women are much more likely to be wadioand economically more
dependent (Zeng and George 2000). At the same time, tlaé¢ seairity for them is much
poorer than for their male counterparts (Jia 2006). Intsthvmmen’s quality of life in old

age will be at risk.
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Policy implications

Facing such a dramatically rapid pace of population agingt a#e the measures Chinese
decision-makers should consider? Potential countetiegtes should address the causes as
well as the symptoms of population aging, i.e., includingsachents of fertility policies

and elderly support systems.

China should smoothly adjust its current birth controlqied toward a less restrictive
one that allows more couples to have more than onkl. clihe present fertility
assumptions, i.e., a TFR of 1.47 and a SRB of 1.17 until 2060mainly based on the
current birth control policies. The future elderly of tfirecasting period have been
already born, but an increase in fertility would tesu a higher percentage of people in
the working ages. At the macro level, this would increhsedlenominator and thus reduce
the OADR. At the micro level, adjusting fertility poyi would also be helpful in reducing
adult children’s burden in the support of their elderly paréacause there will be siblings
to share the load. It is important to remember th&hima, due to its huge population, any
change in population policy could result in large absodtiEnges. Thus, any adjustment
should be planned very carefully. How to adjust theligrpolicy exactly is beyond the
present research. Further forecasting that focuseslmy making could help to evaluate

potential effects of different fertility policies on pdation aging.

In today’s China, the family support system which has wbfke thousands of years
still plays the dominant role on supporting the elde@d age insurance programs are
insufficient and poor, especially in rural areas. Chinanmsyet found a good model to
build up a functioning old age insurance program. More than @Q3ban residents have
no social security at all, and the remainder of the rurpapulation is covered by
inadequate social security. The majority of rural resgl@né without any social security
at present. Thus, in the next 50 years, besides cowirta encourage family support
through rewarding people who live with their old parentani®asures such as adequate
tax exemption and favorable housing policy, China shouldtdengsources to establish
age insurance and healthcare programs. Fortunately, timeseéhgovernment has now
realized that the lack of a sufficient social secuststem will impede sustainable
development in China. Establishing a functioning socialstgcsystem is one of the most
important tasks in the set goal of “Building a HarmoniBosiety” by 2020. As discussed
here, the severe disadvantages elderly women areootedrwith require special attention

from family, society and government. Old age insurancgrpros should benefit older
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women and men equally, and care services should takeyeldemen’s poorer health and

economic status into account.
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TABLE 1 Sources of the data used in the forecast

Forecast parameters Data sources
Jump-off population 2000 census, and adjustments by Wang (2004)
Fertility
Jump-off values for age-specific fertility rates an#000 census
TFR
Annual TFR, 1950-2000 Fertility surveys conducted by SFPC
Yearly data from NBS
2000 census
Mean age at childbearing 2000 census, Guo (2004)
Mortality
Jump-off values for age-specific mortality rates 2000 census
Rate of initial declines Cancer Epidemiology Survey (1973-1975)
1982 census
1990 census
2000 census
Rate of ultimate declines Current European rates (B&@GIN program)
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TABLE 2 Measures of population aging and their definitions

Measure

Definition

Proportion of elderly

Aging Index

Old Age Dependency Ratio
Oldest-old Dependency Ratio

Median age

population 65+ / total population

population 65+ / per 100 of population 0-14
population 65+ / population 15-64
population 80+ / population 15-64

median age of the total population
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TABLE 3 Population aging: temporal development of age structurendicators

Demographic indicator 2001 2020 2035 2050

Life expectancy at birth 71.6 75.6 78.8 82.3
[71.4, 71.9] [74.4, 78.6] [77, 80.6] [80.0, 84.7]

Proportion of elderly 0.070 0.120 0.213 0.286

(65+ / total population ) [0.070, 0.070] [0.114, 0.125] [0.195, 0.230] [0.244, 0.324]

Aging index 28.2 75.3 170.6 253.4
(65+ / (0-14 / 100)) [28.1,28.3]  [63.0,88.8] [124.5,228.8] [152.2, 408.9]

Median age (total 31 39 46 52
population) 31, 31] 38, 40] [44, 48] [46, 56]
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TABLE 4 Sex-specific indicators of population aging

2001 2035 2050
Indicator Male Female Male Female Male Female
Sex ratio total 1.069 1.045 1.033
population (M/F) [1.069, 1.070] [1.030, 1.061] [1.003, 1.060]
Sex ratio 15-64 1.068 1.097 1.134
(M/F) [1.067, 1.068] [1.087,1.106] [1.119, 1.147]
Sex ratio 65+ (M/F) 0.879 0.840 0.804
[0.878,0.879] [0.797, 0.881] [0.743, 0.864]
Sex ratio 80+ (M/F) 0.590 0.602 0.604
[0.588, 0.591] [0.513, 0.686] [0.496, 0.712]
Life expectancy at 69.8 73.5 76.3 81.4 79.7 84.9
birth [69.5, 70.0] [73.3,73.7] [74.3,78.2] [79.5,83.2] [77.2,82.2] [82.5,87.3]
Median age 31 31 45 48 50 54
[31, 31] [31, 31] [42, 47] [46, 49] [44, 54] [49, 58]
Population size 65+ 41.3 47.0 129.2 153.8 156.5 194.6
(millions) [41.2,41.4] [46.9, 47.1] [118.0, 140.1] [143. 8,163.3] [136.2, 176.8] [176.1, 213.0]
Population size 80+ 4.6 7.7 20.2 33.6 41.7 69.4
(millions) [4.5, 1.6] [7.7,7.8] [15.3,25.5] [27.8,39.5] [30.0,55.2] [56.0, 83.6]
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FIGURE 1 Total fertility rates in China in 1950-2000 and future trajectory of

point TFR assumed in the forecast
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FIGURE 2

prediction interval bounds

Estimated developments of total fertility rate and

Total Fertility Rates
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FIGURE 3 Observed logfy) at ages 0-89 and extrapolated log(x) at ages 90-100+

for males and females, based on Kannisto model fitted to alable data
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FIGURE 4

forecast. Rate of initial declines were estimated usinghinese data

Smoothed rates of decline in age-specific mort&i used in the

available. Rate of ultimate declines were borrowed from Ewpean

countries.
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FIGURE 5

males and females

Estimated life expectancy at birth and predicton interval bounds for
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FIGURE 6 Forecasted net cumulative migration in millions,China 2001-2050
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FIGURE 7 Projected development of China’s total population inmillions and
80% prediction intervals compared to UN high, medium and low

variants and male and female population in millions, 2001-2050
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FIGURE 8 Population pyramids for 2001, 2025, 2035 and 2050 and 80%
uncertainty  intervals. Inner pyramid shows lower boundary (0%)

and black the upper boundary (90%) of the 80% uncertainty inteval
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FIGURE 9

Predicted OADR and 80% prediction intervals, conpared to

UN forecasts low, medium and high variants. (UN high variant

gives the lower OADR).
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FIGURE 10 Total predicted OODR, and predicted ratio of 80+population over
65+ population, China 2001-2050
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Notes:

! Most developed countries have used the age of 65 to defihagel In China, the
definition of old by law is based on the retirement aearrently, the official retirement
age for Chinese males is 60 and for females it is 55. rloagly, some Chinese scholars
use the age of 60 to calculate their statistical redadisthe sake of comparability to other
countries, the present paper uses the age of 65 and over.

2 Currently, in cities, if both wife and husband aregkrchild, they are allowed to have
two children.

% In the 2000 census, time and space standard for permamsients were adjusted,
compared with the previous census in 1990. The time standamgefmanent residents
was reduced from one year to six months. The space sflands also reduced from
county (city) to township (street) in order to reflece tincreased mobility in the
population.

*In order to project the population forward to 31 DecemP@®0, the mortality
probability @x) from the life table in 2000 was used, which is easily ead to a two-
month probability:

6
= 365
qX( (nov-deq) qyear '

In case the mortality in November and December 2000 wkctirhigher than during
the remainder of the year, the estimated mortality ggvhbies will be underestimated and
the jump-off population estimates will be slightly @dsupward.

Analogously, for fertility, the number of births was @s®d to be constant over the
months of the given year. Therefore, birth number®Navember and December were
obtained by simply multiplying the number of births in ealy by61/365 These births

were then “survived” until 31 December 2000.

®In the current application, the Karup-King formula foteipolation caused unreliable
results for the first ages, which is also explainedsiryock (1976). The Karup-King
coefficients resulted in negative ASFR for the ages 15 Hhdwhich is of course
impossible. Therefore, the ASFR by single years from 199 weed to obtain the
distribution of ASFR between ages 15 and 19. Finally, ithglesyear ASFR from age 15
to 49 years were applied in PEP as a basis for theafstrec

® For estimates of target TFR see the article by Gu .e{2807) inPopulation and

Development Review
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’ Birth control policies have been adjusted to some éexieravoid the 4:2:1 family
structure (4:2:1 family structure is 4 grandparents, 2 passl child). For example, if

both parents are single children, they are allowed e h&o children.

8 Three models were examined to describe the hazarddunrfor China: (1) Gompertz,
(2) logistic and (3) Kannisto. The latter two were congdebecause existing evidence
suggests that at older ages the increase in mortalislestates (Thatcher, Kannisto, and
Vaupel, 1998). Models were fitted using maximum likelihood estion; model selection
was based on Akaike’s Information Criterion (AIC) as adiéged by Burnham and
Anderson (2002). For each year-sex combination, the Kanmmgtdel was strongly
supported by the data.

® See www.nationsencyclopedia.com/Asia-and-Oceania/Ghigeation.html

19 UN World Population Prospects: The 2004 Revision.
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