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A scenario analysis of future Hong Kong age and
labour force profiles and its implications

BY CHRIS J. LLOYD, RAYMOND KWOK & PAUL S.F YIP
University of Melbourne, Carlton, 3053, AUSTRALIA
c.lloyd@mbs.edu

Summary. The consequences of reduced fertility and mortality on the age-distribution
are an issue for most developed countries, but especially for the “Asian tiger” economies.
We use functional data analysis forecasting techniques to project the population of
Hong Kong:, Our projections include error estimates that allow for forecasting error
as wellsassexogenous variations of fertility and migration numbers. We separate out
the effeetssof pure demographic shifts from projected behavioural changes in labour
force participation. This allows us to look at the kinds of changes in labour force
participation that would be required to offset the aging effects that we estimate.

Some Key Words: functional data analysis; economic dependency ratio; fertility decline; labour

force participation

1 ~Introduction

Population aging is a global challenge. It is the inevitable consequence of very high
post warfertility followed by much lower fertility in an environment of steadily reducing
mortalityseWorld-wide, the proportion of adults aged 65+ increased from 5.1% in 1950
t0 5.9% in 1980, but has since reached 8.3% in 2015 and is expected to increase to 15.8%
by 2050. Such trends are clearest in high income countries. The starkest example is
Japan swhere it is already 26%, and has one of the lowest fertilities and longest life
expectaneies in the world (United Nations, 2017).

'Thiere are several measures of the economic burden of population aging in common
use. The elderly dependency ratio is the number of elderly divided by the number of
productive, where productives are equated with the age range 15-64. Since this ignores

the burden of the young, we will prefer to look at the number of non-productive (i.e.
1
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young and old) per productive, which we call the age dependency ratio (ADR). This
has been called total dependency ratio by some authors. We will point out some of
the consequences of using this measure in the results section. Any measure based on
equating a crude age range with productivity takes no account of changing patterns of
work insresponse to aging. Indeed, in most countries where aging is a problem, labour
force participation rates (LFPRs) are increasing amongst the elderly while educational
credengialism is leading to lower participation in the 15-19 range. Therefore, we prefer
to replage the crude age-group surrogate with actual labour force participation, and
integratesaeross all ages to obtain the overall labour force participation. Of course, this
requirés data on, and projections of, age- and gender-specific labour force participation
rates, whieh-is why it is less commonly used. We call this the economic dependency
ratio (EDRY), though we note that Yip et al. (2010) used this term for the odds against
participation.

Aging patterns are especially pronounced in the highly developed Asian countries,
namely,Japan, South Korea, Singapore, Taiwan, and Hong Kong. While Japan is 15
years ahead of the others, all are projected to have in the order of 35% aged over
65 by 2050. The pace and magnitude of aging is expected to be faster and deeper
than the European experience, largely because of their common experience of extreme
fertility, decline The total fertility rate (TFR) in these five Asian countries dropped
from aréund 5 children per woman to below replacement (2.1) in only 25 years and
collapsed=t® between 1 and 1.4 thereafter. Despite pronatalist policies being in place,
these Asian countries show no sign of the fertility rebound seen in Europe. Meanwhile,
decreasing trends are observed in their labour force participation rates (LFPRs) among
males, 'partly offset by increasing rates for females. (ILO, 2015).

The trend being well established, interest is moving from the extent and timing of
the démographic transition to how countries can better prepare (Bouvier, 2001; Nagase
and Brinton, 2017). What kinds of changes to labour force patterns are required to

offset aging and to what extent can fertility recovery and immigration reverse the trend
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itself?

Hong Kong is our chosen case study of the potential impact of aging in the high
income Asian context. With a dense population of 7.4 million, TFR at 1.2, and life
expectancy amongst the highest in the world, Hong Kong underwent a rather extreme
versiongefidemographic transition over past decades (Yip et al., 2001; Yip et al., 2009;
Censusand -Statistics Department [C&SD], 2016). There are also two special and
interesting features of Hong Kong demography.

Firstly,ssince the large scale refugee migrations from mainland China in the 1930s,
Hong Kengdhas always been a “migrant metropolis” and mainland immigrants continue
to be & major source of overall population growth. Currently, there is a daily intake
of 150 migrants from mainland China known as “One-way Permit Holders” (OWPHs),
mostlysthesspouse or child of a Hong Kong resident. While the main purpose is family
reunion, OWPHs are eligible for permanent residency after seven years. Due to the
very low fergility in Hong Kong, the One-way Permit (OWP) scheme has been the
major 'source of population growth and has contributed to over 60% of population
growth in the past decade. Most OWPHs are in the productive age range (80.5% were
aged 15-64"in 2014) and are mainly female (66.6%) which mitigates the aging effects
of low fertility and mortality.

Secondly, cross-border marriage is a very unique situation in Hong Kong. Since
the 1997"S6vereignty change, Hong Kong has become a special administrative region of
the People’s Republic of China (PRC) and is governed under the so-called one country
two systems. There is a physical border between Hong Kong and PRC. PRC residents
do notr hayvesthe automatic right of abode in Hong Kong. The term “cross-border
marriage”means a marriage between a Hong Kong resident and a PRC resident. It has
become a‘substantial component of Hong Kong marriage, especially with the increasing
busiméss and social contact since 1997. At its peak, 45% marriages registered in Hong
Kong involveé a mainland spouse, but this has been leveling off and is now about 35%.

The majority of cases involve Hong Kong men marrying mainland women, which has
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imposed a shortage of local male marriage partners for local females, a point that has
not been recognised or addressed in other studies.

In this paper, we provide 50 year projections of Hong Kong’s total population,
including particularly the age-structure and various economic dependency ratios. There

are severalmoteworthy technical features of this work.

e We use functional data analysis (Ramsay & Silverman, 2005) to project mortality,
fextility, labour force participation and net migration. This technique is currently
under-utilised in demography and has several advantages. For instance, projected
fertility and mortality curves are automatically smooth and the uncertainty of

population projections are easily simulated.

e We,address the gender imbalance constraints on the Hong Kong population due
o female over-representation in immigration from PRC. We quantify the effects
of this imbalance which is caused by, but can also be mitigated by, cross-border

marriages and include projections of these cross-border marriages in our model.

e [nmassessing the effects of aging on economic dependency ratios, we separate
out. the effects of pure demographic shifts from projected behavioural changes in
labour participation. This allows us to look at the kinds of changes in labour force
that-would be required to offset projected aging effects. We supplement our pro-
jections with scenario analyses where fertility and net migration are exogenously

varied.and find that one of these has much more impact than the other.

The plan, of the paper is as follows. We give a short overview of functional data
analysiss=We then use this technique to model and predict fertility, mortality, labour
force partieipation and migration flow, all treated as (smooth) functions of age for each
genders™We then use these projections to project the Hong Kong population. We also
generate projections under a range of plausible scenarios where fertility and migration
flows are manipulated exogenously and evaluate the age burden as measured by ADR

and EDR. The policy implications are discussed in the final section.

4
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2 Projecting Functional data

Our projections involve fertility, mortality, labour force participation rates and mi-
gration, all of which depend on age. Functional data analysis (FDA) treats these
demographic features as functions, generically denoted by f(z), where x here repre-
sents age. We expect that f(x) is a smooth function of z and that the “shape” of
f(z)ewilliehange smoothly over time. FDA has been available for several decades but
its applieation to demography was first highlighted by Hyndman and Ullah (2007). A
systematic review on the application of FDA identified 84 articles post 1995 (Ullah &
Finch, 2013), only three in the field of demography. One was an application to Serbia
(Nikitowic,2011) and one an unpublished report on great Britain (Shang et al., 2013).

2.1 Functional data model

We haverobservations f;(z;) at time points ¢t = 1,...,T and ages z1,, .., z,. We arrange
this as a 1" X ¢ matrix with rows indexing time and columns age. For instance, for our
mortality data we have ¢ = 86 ages ranging from x; = 0 to xgg = 85+ and T' = 39 time
points fromul976 to 2014. Our goal is to make m step ahead projections fri.,(z;).

A"simplé but naive method is to analyse each age z; separately, i.e. take each
column of the data matrix, fit a time series model to fi(z;), and project this into the
future. This leads to forecasts fT+m(xj) that quickly become a non-smooth function of
xj. The idea of functional data analysis (FDA) is to describe the systematic changes
of fi(xf)y it ferms of a small number (often 2 or 3) of smooth features and to project
these into the future. This not only reduces statistical uncertainty because we use
2-3 forecast models instead of ¢ models, but also generates forecasts which mirror the
smoothness.of the historical data. It also provides a parsimonious way to describe how
the curvethas changed, and will change, over time.

With*functional data analysis, the basic observations are the rows f;(z) and these
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functions are described with a single equation
K
fe(x;) = plaj) + ; Berdr(x;) + edl(x;) (1)
for some value K < min(q,7T"). So the function fi(x;) at time ¢ is generated by a
baseling'mean function p(x;) plus a time progressing linear combination of K basis
functions'@,(#;). The case K = 1 is the well-known model of Lee & Carter (1992). For
applications were f;(x) is thought to be a smooth function of z, it is recommended to

first pres=smeoth each row of the data matrix.

2.2 Fitting

For a given K, the basis functions ¢, and the coefficients 3, are estimated by singular
value decomposition (SVD). Further theoretical details are in Appendix ?7.

As'in other modeling contexts, fit improves with more components K, either mea-
sured bystetal squared error or the sum of the first K eigenvalues of the SVD. If the
main aim ‘of the decomposition is forecasting then components can also be rejected on
the basis,of their contribution to the forecast; for those components whose coefficients
Bt @ré white noise (or a random walk) the forecasts of these coefficients will be zero
(or quickly decay to zero). It is common for this to occur and for only a small number

of compenents to be retained.

2.3 Forecasting

Foregasts-are generated by applying univariate time series methods to each of the &
sequences ;. By construction, these series are orthogonal and are modeled separately.
Forecasting these K series is the part of analysis where art as well as science is required,
though there are automatic time series algorithms available, such as auto.arima in R
which'we will utilise where appropriate.

It is common to measure the accuracy of a forecasting procedure conditional on

model selection. In this case, model selection is deemed to include extraction of the
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basis functions, so only the estimates of the future 3; ; involve statistical error, measures
of which are routinely output by the time series package used. Moreover, the squared
standard error of the m-step ahead forecast is given by

SE? (from(x)) = Z (SErima)on(x))”. e)

A useful feature of FDA methods is that this standard error can be used to generate
estimates of the statistical uncertainty of our final projections. To incorporate the un-
certaingy imour forecasts we simulate the population using fT+m(:E) +2xSE ( fT+m(:E))

where z¥ssdrawn from the standard normal distribution.

3 FEertility Rates

3.1 Historical patterns in fertility rates

We obtained data for 34 years (from 1981 to 2014) on age-specific fertility rate (ASFR),
age of mother being measured to the nearest year. Fertility is measured in units of live
birthssper=1000 females and is taken to be zero outside the age range 15-49.

Foreignedomestic helpers (FDHs) are an important population component in Hong
Kong, numbering more than 320,000 in 2017. They are overwhelmingly females, and
come mainly from the Philippines, Indonesia and other relatively low income countries
in Southsand Southeast Asia. The wage is relatively affordable (USD$550 per month)
compared t0 the medium household income (USD$ 3300 in 2017). On average there
is one FDH per eight households and they provide much needed elderly and child care
support to Hong Kong families (C&SD, 2017). However, they have no right of abode
in Hong.KKeng, neither do their children. For this reason, they are best considered as
a separatespopulation and fertility rates are computed after excluding them from the
database.

The leftapanel of Figure 1 plots the ASFR functions f;(x) against age x for each
year, darker lines being the most recent. The curves have been moving towards the

right, representing delay of child bearing. Total fertility, which is the area under the

This article is protected by copyright. All rights reserved



curve, is in the central panel and decreased steadily from 1981 to 2001. The rebound
from 2002 appears impossible to anticipate from the previous data and some might
argue that it is impossible to predict rates accurately in the future, since they are
partly driven by social trends that are inherently complex. This is supported by the

erratic behaviour of the TFR over the last three years.
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Figure 1: Historical fertility. Left: Historical ASFRs 1981-2014 (smoothed). Centre.
TFR versus time showing rebound from 2002. Right. Percentage growth over past 34

years (grey)land most recent 15 years (black). Absolute growth rate over last 15 years
(solideline)s

Thesright panel shows the rate of change of fertility by age. The grey points give
percentage change over the past 34 years. Rates decreased for all ages up to 32 but
mostly increased at ages above 32. The dark points give percentage change over the
past 15 years. It appears that fertility rates have increased even more strongly at all
ages aboeves28 while the tendency of decreasing rates at lower ages is still apparent.
Theserarerall percentage rates of change and suppress the absolute change. The solid
line shows the absolute growth in ASFR over the last 15 years. Most of the increase in
TFR is attributable to higher absolute rates in the age range 30-40 (which have grown
at about.3%' per annum), partly offset by decreases for ages 20-25.
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3.2 Functional data decomposition of fertility rates

The panel of fertility rates were log-transformed then smoothed (as recommended by
Hyndman and Ullah, 2007) using a seven degrees of freedom smoothing spline. The
backstramsformed data were earlier displayed in the left plot of Figure 1. FDA was
applied to the smoothed log-data and two clear components emerged, accounting for
95% of the variation. Moreover, all subsequent components have coefficients 3, that
follow white noise or random walk and so contribute nothing to long run forecasts. Plots
of thesé components and the time varying coefficients (3;; and (3, are in Figure 7?7 of
Appendix 77.

The,firsti component describes a tendency for higher fertility rates for mothers over
32 with a peak around 40 years of age and reduced rates at young age-groups. The
coefficients (3;1 have been increasing strongly over time, though at a reducing rate. The
second‘can be interpreted as a combination of two effects, namely higher total fertility
rates with*aisimultaneous shift to the right. So increasing ;5 will increase TFR but also
skew the ASFR’s towards older aged mothers. These coefficients decreased consistently
from 1981uto 2002 and then strongly rebounded, a very similar pattern to what we saw

in the'raw historical TFR.

3.3 Functional data forecasts of fertility rates

The FDA decomposition models the historical ASFR curves using two easily interpreted
components=and reduces forecasting these curves to forecasting the two sequences of
coefficientss3;; and [;s.

For'the first sequence f3;1, the forecast is based on a power model with AR(1) errors
and is displayed in the upper right panel of Figure ?? in Appendix ??7. The second
componentsis much harder to forecast. We have already noted the erratic behaviour
of the"FER in the last three years of the historical data and the same variability is
present in ;2. Details of our ensemble forecast model are in Appendix 77.

The left panel of Figure 2 shows historical data in grey and 50 years of FDA
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Figure 2. Projected fertility. Left: Projected ASFRs. Pale grey curves are 1981
to 20144 FKerecasts are from 2015 to 2064 starting light blue and ending dark blue.
Centre. Forecast ASFR function in 2064 with one standard error bands. Right. TFR
from summing the projected ASFRs at left, with standard error bands.

projections in shades of blue. The centre of the ASFR curve is projected to move
to thegightdby another 3 years over the next 50 years. The central panel shows the
projection 50 years hence. The right panel shows the projections of TFR with error
bands generated by simulation. The first component, which measures increases in
fertility for mothers over 32, is well estimated. It is the total fertility which is less
certain.“These wide bands indicate that TFR is hard to estimate and in later sections
we will interpret this to mean that fertility is best investigated by varying it exogenously
in our simulations rather than measuring uncertainty by statistical error.

The value of FDA here may appear nebulous. However, the shapes of the ASFR
curves aremwell estimated and this is important in our projections since population dy-
namics will‘depend on how these curves integrate with the age distribution of mothers.
The large standard error of the TFR warns us of the limitations of forecasting total

fertility while still allowing quite precise forecasts of ASFR.

4 Mortality Rates

We obtained data on registered deaths from 1976 to 2014, broken down by age and
gender, and converted these into mortality rates by dividing by the age- and gender-

specific mid-year population. The single-age population data we used has an open

10
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Figure_3: Historical mortality rates per 1,000 population. Left: Average age-
and gendersspecific mortality rates (1976-2014). LN(rates) versus age. Solid lines for
males and dashed line for females. Right: Reduction in mortality rates from 1976 to
2014.

age-group 85+4. The left panel of Figure 3 shows mortality rates averaged over the
39-yearsperiod for males (solid line) and females (dashed line), both log-transformed.
Thegight panel shows the absolute reduction between 1976 and 2014. Further detailed

data displays are in Appendix ?7.

4.1 Historical patterns in mortality rates

Males haveshigher mortality than females at almost all ages but mortality is reducing
for bethegenders and at all ages, largely due to improvement in hygiene and advances
in medical technology. Hong Kong has a universal and affordable healthcare system.
The decreases are largest for older age-groups and for males, where there is more
potential fer'improvement. These patterns will be detected and projected in our FDA
decompesition.

Mortality rates were log-transformed and then pre-smoothed from age 1 to 84, using

a smoothing spline with a fifteen degrees of freedom. Age 85+ was not included since

11
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it represents a discontinuity and age 0 was also treated separately since it is drastically

higher than age 1.

4.2 Functional data forecast of mortality rates

FDA was applied to the smoothed log-transformed data. The first component explains
90.5% rand“90:1% of the variation for males and females, respectively. The variation
explaimed by the second component drops to 3.5% and 4.1%. For both males and
femalesgisubsequent components are governed by coefficients (3 j, that are either white
noises orsome other stationary process for which forecasts will quickly decay to zero.

The first! two components are displayed in Figures 7?7 and ?? in Appendix 7?7 for
males andfemales respectively. The decompositions are quite similar. The first basis
function“isuniformly negative and describes a tendency for mortality rates generally
to reduce, and at a faster rate for younger than older people. The coefficients (;;
have steadily increased over the past 4 decades (top right panel of Figure ?7?) but at
a decreasing rate. The second component describes a tendency for lower mortality for
ages areund 20 with a simultaneous increase for children around the age of 10. For both
gendersythe coefficients ;5 were decreasing until the mid-1990s. This means that, on
top of the general decreasing tendency described by the first component, mortality for
children.around 10 was reducing faster and for those around 20 mortality was reducing
slower #hanithe long term trend. These effects reversed in the mid-1990s, reflecting
faster mortality reduction for those around 20 and slower for those around 10.

We used a two-component model for the forecast of mortality rates. The time series
for fuland.Bi» were carefully modelled (see Appendix ?7?). (34 is projected to continue
increasing but at a decreasing rate. The second component will eventually decay but
still has some effects in the following decade, suggesting additional mortality reductions
in ages around 20 and less for children around 10. The smoothed historical mortality

rates as well as b0-year projection on the log scale are displayed in Figure 4.
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Figure 4: Projected mortality rates for males and females. Left: Historical
and projected mortality rates per 1,000 for males on log scale. Right: Historical and
projectedsmortality rates per 1,000 for females on log scale. Pale grey curves are 1976
to 2014sdata. Forecasts from 2015 to 2064 start light blue and end dark blue.

5 Labeour force participation

We ebtained: data on labour force participation rate (LFPR) by age-group and gender
from 1994.to 2014. For reasons explained in section 3, FDHs are considered as a
separate population and excluded from analysis. A summary of the main patterns in
the daga is displayed in Figure 5. The left panel displays male and female rates by
age-groupsmaveraged over time. The right panel shows recent growth rates for each
age-group.and both genders. Further data displays are in Appendix ?77.

Thé broad patterns are easy to summarise. For males, rates are near saturation in
the 25-49 age range while female rates almost match male rates from 15-24 but then
fall short,reaching a peak of 84% in the 25-29 and decreasing thereafter. Single figure
estimates.of trends for the last 10 years only are in the right plot. For both genders,
rates have decreased strongly for 15-24, more so for males. The decrease is probably
due to impreving education opportunities and higher levels of training required in the
modern economy. For both genders rates have increased at higher ages. However, for

females this growth is much stronger (albeit off a lower base) and applies to middle

13
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Figure 5: Historical LFPRs. Left: Average rates 1994-2014 for males and females
by agesgreup. Right: Percentage growth rates from 2004 to 2014 in LFPR odds for
differentwage-groups. Source: CS&D, Hong Kong SAR.

as well.as.older ages. The broad patterns are easy to summarise. For males, rates
are near safiration in the 25-49 age range while female rates almost match male rates
fron1“15-24 but then fall short, reaching a peak of 84% in the 25-29 and decreasing
thereafter. Single figure estimates of trends for the last 10 years only are in the right
plot. For both genders, rates have decreased strongly for 15-24, more so for males.
The deetease is probably due to improving education opportunities and higher levels
of training required in the modern economy. For both genders rates have increased at
higher ages. However, for females this growth is much stronger (albeit off a lower base)
and applies to middle as well as older ages.

Telaveid extrapolating outside the range (0,1), we first applied the logit transform
to all rates.\We applied a seven degrees of freedom smoothing spline, and interpolated

to individual ages from 15 to 70. This gives a 21 x 56 data matrix for each gender.

14
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5.1 Functional data forecast of male rates

Two components account for 97.5% of the variation and for subsequent components the
Bt . follow a random walk or white noise. The two chosen components are displayed in
Figure ?2wof Appendix ??. In plain language, the first component describes a tendency
of increasing participation for the elderly and decreasing participation for those under
45. This tendency has steadily increased over time. The second component describes
a moresgeneral tendency for the LFPR curve to shift to the right. The tendency is

smallef in magnitude and has mainly been increasing over the past 10 years.
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Figure6e.Projected LFPRs for Males and Females. Left: Historical and projected
LFPRsforamales on logit scale. Right: Historical and projected LFPRs for females on

logit scale. Pale grey curves are 1994 to 2014 historical data. Forecasts from 2015 to
2064 start light blue and end dark blue.

The time, varying coefficients ;1 and (2 were carefully modeled (see Appendix 77)
and the-prejections with error bands are also indicated in the right panels of Figure ?77.
Asexpected from the projections and interpretations of the 3, x, the male LFPR as
a funetion of the age is projected to decrease for ages below 50 but increase for ages
above 50. "Wihile total LFPR depends on the age distribution, it appears as if this will
decrease. The smoothed historical data as well as 50 years of projection are displayed

in Figure 6 for easy comparison with female rates, to which we now turn.

15
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5.2 Functional data forecast of female rates

We know that female rates are strongly increasing in the central age-groups and have
seen that male rates are decreasing and are projected to continue decreasing. This
raisessthesprospect that forecasting female rates will exceed male rates and this indeed
occurs/for quite well supported forecast models of the female data. We considered it
unlikely that total female rates will surpass total male rates, though this has already
happened for the youngest ages where rates for both genders are quite low.

Figuire 72 in Appendix ?? shows the historical differences between male and female
rates on the logit scale (in grey). These have also been projected using FDA using a
method,that limits how far logit female rates may exceed logit male rates. Details are
in the appendix. Combining the forecasts of the difference with the forecasts for males
produces forecasts for females. These are displayed on the logit scale in the appendix

and omnithe ordinary scale in Figure 6 above.

6 Migration

Hong Konghas two qualitatively different migration channels, namely two-way flows
of Hong Kong permanent residents (HKPRs) and one-way inflow of migrants from
mainland China, known as One-way Permit Holders (OWPHSs). Their different natures
result in_distinct age and gender patterns. This justifies separate analyses.
HKPRshave freedom to move into and out of Hong Kong. The OWP is issued by
the PRC government granting PRC residents the right to leave the Mainland perma-
nently and move to Hong Kong or Macau. They are eligible for permanent residence
after seven years. There has been a long standing daily quota of 150 people (54,750
per annum). Although the primary purpose of the scheme is family reunion instead
of general immigration, OWPHs have become a significant constituent of population
growth In*"Hong Kong. The scheme has undergone recent amendments. Since April
2011, “overage children” (aged over 18 but less than 60) of HKPRs who live in PRC

may apply for OWP. Previously, this was limited to children under 18 years old.
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6.1 Net movement of Hong Kong Permanent Residents

We obtained data on net movement (inflow minus outflow) of HKPRs by gender and
single age (up to 85+) from 2007 to 2014. On average, net movement was —49, 332
per amnumgwith slightly more males moving out than females (female-to-male ratio
= 0.92). However, this is misleading: until 2013, around 64% of this net movement
were babies, overwhelmingly born in Hong Kong to mainland women with non-resident
fathers; known locally as type II babies. According to law, these babies were entitled
to permanent residence at birth. Between 91% and 99% return to mainland China
before the age of one, since their parents do not have residence right (C&SD, 2011).

Sinee 2003, the number of type II babies increased enormously, peaking at 35.7
thousand 1112011 and accounted for nearly 40% of all births in that year. It is estimated
that over 300 thousand type II babies were born. This was driven by mainland mothers
visiting.Hong Kong to give birth, partly to avoid the one-child policy and more generally
to takeradvantage of the superior healthcare services for delivery and the right of abode
of becoming a Hong Kong resident. This explains the huge outflow of HKPRs aged 0
in the data. Moreover, about 50% of these babies would return to Hong Kong before
age @for_schooling (C&SD, 2011) though this has recently reduced to about 25% (Yip
et al., 2017). Nonetheless, these flows ceased as a result of the zero-quota policy on
obstetriéservices for mainlanders imposed by the Hong Kong Government in 2013,
in response to severe strains on the local obstetric healthcare system. So, the earlier
pattern for age zero cannot be naively projected and some adjustments to the age 0
datagarestequired. Further details are in Appendix ?7. After adjustment, there were
a net"of 27,059 HKPRs moving out of Hong Kong averaged over eight years, with a
female-to-male ratio of 1.08.

The data were then pre-smoothed, age 0 excluded for reasons just explained. The
smoothed data were then modeled using FDA, which revealed two components ac-
counting for 88.2% and 91.1% of total variation for males and females, respectively.

However, all four sequences of coefficients 0, , were best modeled as white noise, con-
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tributing nothing to the forecast. The top left panel of Figure 7 displays the mean
functions extracted from FDA.

Future patterns of movement depend on numerous external factors that are hard
to predict. Historical trends should play an important role but no consistent trend has
been identified. Therefore, we will assume that future movement of HKPRs will stably
follow thesmean age-gender pattern, with a net number of 13,057 females and 11,992
males leaving Hong Kong each year. In our later projections, we vary total migration

numbers exogenously.

6.2 Inflow of One-way Permit Holders

We obtained data on inflow of OWPHs by gender and single age (up to 85+) from
2007 t6"2014. The top right panel of Figure 7 displays the age-gender pattern averaged
over 8lyears. Each year, there were an average of 44,820 PRC residents holding OWP
who moved.to Hong Kong, with a large 2.1 female-to-male ratio. Detailed displays of
the data axe in Appendix ?7. Clearly, females aged 20-50 are hugely over-represented,
drivenwby the large gender asymmetry in cross-border marriages. Historically, Hong
Kong ameén marrying PRC women has been 5-6 times more frequent than the reverse,
though the ratio is more like 2.5 in recent years.

The,data were pre-smoothed and FDA extracted two components accounting for
96.6% @and 96.2% of total variation for males and females, respectively. The gender-
specific mean functions revealed that the large inflow of females occurred within child-
bearing ages 21 to 49. However, all time varying coefficients (3 ; are white noise and
therefores.as with the HKPR decomposition, have zero contribution to the forecast.
Based 'on this, we could project the simple averages in the top right panel of Figure 7
into the future. However, we prefer a less naive approach.

Future inflow of OWPHs will be influenced by two drivers, neither of which are
predictable statistically. The first is the number of families requiring reunion. This is

driven by cross-border marriage which is in turn driven by the gap between quality
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Figure,7: Migration numbers. Top left: Mean function of net movement of HKPRs.
Solid line for males and dashed line for females. Top right. Historical average numbers
of inflow of OWPHs versus age for 2007-2014. Solid line for males and dashed line for
femaless=Bottom: Projected number of inflow of OWPHs versus age from 2015-2064,
starting from light and ending in dark blue. Left for males and Right for females.
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of life in Hong Kong compared to mainland China. Historically, this meant mainland
women marrying with Hong Kong men. The number of such marriages are already
diminishing as the differential in living standard reduces. It is reasonable to assume
that this trend will continue and drive a decrease in the inflow of female OWPHs of
childbearing age. On the other hand, the number of inflow of adults may increase due
to the «‘overage children” policy mentioned at the start of this section. Consequently,
we may observe female-to-male ratio moving towards parity in the future.
Making,use of the difference of male and female mean functions (up(z;) — pa(x;))
identifiedofrom FDA, we proposed a mathematical model to project the future inflow
of OWPHs, considering change in gender ratio and change in age distribution at the
same times-Details of the model are in Appendix 7?7 and projections are displayed in
the bottemspanel of Figure 7, with daily number ranging from 115 to 124 and gender
ratio decreasing from 1.93 to 1.36. We do not have a measure of forecast error for these

projections. ;However, migration numbers will be varied exogenously in section 8.

7 «Pepulation projections

Based on our forecasts of fertility, mortality and migration flows we project the Hong
Kong population using the standard cohort component method. All projections are

supplemented by estimates of statistical error.

7.1 Projection method

For eachwyear we first apply mortality rates to each gender/age segment using random
binomial generation, i.e. if n people are subject to mortality p then we generate a
binomial count with these parameters. This assumes that deaths occur independently,
both within”and between the groups. The amount of random variation involved is
typicallywsmall because of the large counts involves, but does accumulate over the 50
years of our projection.

We next apply fertility rates to females to generate births using the same binomial
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method. However, we do not include every female in the 15-49 age range. Why? In
2014, the ratio of females to males was 1.07. This is forecast to increase strongly
reaching 1.15 by 2030 and 1.25 by 2050. The gender skew is not driven by mortality
differences, which mainly affects older age-groups, but by a strong skew towards females
in net immigration. It is not clear whether or not all females in Hong Kong will find
a partmerswhen the gender ratio is 1.25. On the other hand, it might be argued that
there is an effectively inexhaustible supply of males from PRC. This is an issue that
has notybeen identified in the literature and is not easy to resolve, but it does have
a non-trivial effect on projections depending on how it is handled. In Appendix 77?7
we detail’our approach to this issue, which involves looking at trends in cross-border
marriages-for males and females and making reasonable projections. We also give some
resultssensthe level of difference that this whole issue can make to overall projections.
For the final steps of our projections, we apply net immigration flow excluding
OWPH to each age-gender-group and lastly OWPH to each age-gender-group.
Statistical variability is accounted for by using the FDA standard errors. For each
simulated projection, we perturb the forecast fertility, mortality and LFPR profiles
with their"standard errors multiplied by a standard normal variable. We summarise
1000 runs of this procedure using the mean and one standard deviation bands either

side.

7.2 Demographic projection

Figure 8 describes our results. The left plot shows the total population for 2015 to
2064 masewell as disaggregated numbers in three age-groups. Notionally, we deem the
youngest age-group to be economically inactive. In the previous literature, the eco-
nomically active group has often been taken to be aged 15-65 however, with increasing
participation, as forecast in section 5, it seems preferable to extend this to 15-70.

The total population is projected to peak at 7.47 million in 2033. The numbers in

the youngest age-group will be relative stable. The main changes will be a decrease
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Figure 8:/Projected population counts and ADR. Left: Summary of 1000 projec-
tions using™best forecasts of all drivers. Dark line is mean and bands are one standard
deviation. Right: Summary of projections of ADR. Blue is males, pink is females and
grey isshbeth' genders.

in the preductive age range from 5.38 million to 3.79 million at the same time as
the oldest age-group increases from 0.75 million to 2.11 million. As described in the
introduction, we measure age burden by the ratio of non-productive age-groups (i.e.
the youngest, plus the oldest) to the productive age-group, labeled ADR. Larger values
indicatesaslarger burden. This has been displayed separately for males and females,
and also overall, in the right panel. Not surprisingly, the female ratio is projected to
become higher than the males ratio in around 2036, almost entirely driven by the lower

mortality of females compared to males.

7.3 __Economic participation projections

We combine the population projections with our forecast age- and gender-specific LFPR
to investigate the effects of aging on overall labour force participation, known as EDR.

Let dgg(7,t) be the LFPR at time ¢, conditional on age=x and gender g = m, f.
We generated forecasts of Ly(z,t) in section 5. Roughly speaking, for central ages,
rates for females will tend to increase, and for males will tend to slightly decrease;

the population will both age and tend to skew to females. It is not clear from this
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qualitative discussion how overall participation will fare.

The EDR is obtained by integrating L,(z,t) with respect to the age distribution
my(z,t) at time t. We denote this E,(t), see Appendix ?? for its exact definition. We
have projected E,(t) 1000 times allowing for uncertainty in the forecasts of m,(z,1)
and Lg(@yt), and summarised results by the mean. The solid line in the left panel of
Figure:9uisdforsall genders and show that F(t) will decrease from 50% to 37% by 2064.
How much of this decline is due to demographic changes and how much to changes in
age- and gender-specific LFPR?

Wecansdnvestigate this by holding either my(x,t) or Ly(x,t) fixed at ¢t = 0. Again,
mathematical and notational details are in Appendix ??7. The dashed line shows the
mean valuegsof our projections where only the demography my(x,t) changes. This is
projectedsto fall to under 35%, slightly worse than E(t) because we are not factoring
in increases in LFPR, especially amongst the elderly. The dotted line shows the mean
value of our,projections where only L,(z,t) changes and demography is held fixed.
This is\projected to increase from 50% to 52%. So the short story is that underlying
economic participation will increase modestly but will be easily out-weighed by the

effects ofvaging.
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Figure 9: Eeonomic participation. Left: Projections of FE(t). Solid line is baseline
projection. Dashed line is projection with demographic changes only. Dotted line is
projectionawith changes in LFPR only. Centre. Effect on E(t) of changes in LFPR
assuming fixed demographics. Females are in pink, males in blue. Right. Effect of
demographic changes on E(t) assuming fixed L,(z). Females are in pink, males in
blue.
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It is helpful to decompose the separate effects of demographics and LEPR by looking
at the relevant differences. Formulas are again given in Appendix ??. The pure effect of
changes in L,(z,t), are displayed in the central panel of Figure 9. It shows the changes
in economic participation if the age distribution was held constant at m,(z,0). Female
participation (pink) would increase by about 0.045 and male participation (blue) would
decreasesby‘about 0.015. Overall, there would be an increase of 0.015 (grey). The right
panel shows pure effects of demography. The change is —0.12 for males and —0.16 for
females, This is because aging of the female population is more pronounced than for the
male population. These effects are almost an order of magnitude larger than the pure
economic effects. The conclusion from this analysis is that demographics effects will
swampstheforecast increased participation in older age-groups and amongst females

that hasssemetimes been touted as a solution to demographic aging.

8 Population scenarios

Our FDA "decomposition of fertility and migration flows had time varying coefficients
that follewed random walks or white noise. This suggests that they are not statistically
predi€étable; fertility is based on an accumulation of autonomous decisions which depend
on economic and political trends; sometimes, net migration and especially OWPH flows
are based"on economic and political decisions. This being the case, it seems pertinent
to exogenously vary these two drivers by plausible amounts to see what effect they will
have on.age.dependency and economic ratios.

In.this.section we consider the effects of exogenous manipulations of fertility and
migration on the age burden. This is measured by ADR, which is the ratio of non-
productives to productives and EDR, which is simply the overall labour force partici-
pation ratessWe remind the reader that neither of these measures makes a distinction

between, young and old non-productives.
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8.1 Scenarios considered

Our baseline scenario and projection method is as described in the previous sections.
Baseline fertility forecasts were described in section 3.3. Current government policy is
to gramt=503000 one way permits per year (though not all of these are always exercised)

and we described forecasts of the demographics of these in section 6.

Table 1: Projection scenarios considered. (s) means fertility change is introduced
slowly miemgradually over 50 years, (f) means it is introduced fast i.e. instantly in 2015.

Scenario fertility change OWPH change

1 none none
2 + 25%(s) none
3 + 25%(f) none
4 - 25%(s) none
5 - 25%(f) none
6 none +25k
7 none -25k
8 +25%(f) -25k
9 -25%(f) +25k
10 +25%(f) +25k
11 -25%(f) -25k

We willkmake three kinds of perturbations from the baseline forecast. The first is to
multiply the whole set of fertility curves by 14¢/100. This amounts to an instantaneous
and pérmanent change to fertility of ¢% and is termed fast. The second method is to
multiply the fertility curves for the projection m years ahead by (1 + ¢/100)™/°°. This
amountsstesgradually changing fertility by ¢% over a period of 50 years and is termed
slows=We=echose ¢ = 425 which means total fertility would be around 1.5 in the
high case and a little below 1 in the low case, which seems historically reasonable.
The third manipulation is to vary total OWPH numbers. We consider the effects of
increasingsthis to 75,000 or reducing it to 25,000. Note that OWPHs tend to be in
the productive 15-70 age-group and are skewed towards females. Whereas, increased
fertility introduces non-productive children into the population and slightly favours

males. The combinations of these manipulations are summarised in table 1.

25

This article is protected by copyright. All rights reserved



8.2 Age dependency

Figure 10 describes our results on the ADR. The first message from all of these plots
is that ADR is set to drastically increase over the next 50 years, regardless of fertility

or migratien levels.
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Figure 10: "Effects of fertility and netflow on age dependency ratio. The
measure issnumber of non-productive per 100 productive. Left: Baseline scenario 1
withimanipulations 2-7. Right. Baseline scenario 1 with manipulations 8-11.

Increased fertility is, perhaps surprisingly, associated with a higher i.e. worse de-
pendency ratio. This is because our measure includes the young as dependent. Looking
at the fast increase (s3), ADR increases and then begins returning towards baseline
as thelchildren enter the productive age range. After 50 years, it has just returned to
baselinemThe slow increase (s2) is similar to the fast increase, but delayed by about
25 years.“Eventually, the age distribution will converge to a limit, but this limit is
not reached in 50 years. Nor is it clear that that the limiting ADR would be more
favourable, even though the age distribution will certainly be younger, again because
the youngrare counted as dependent.

Increasing or decreasing OWHP leads to lower/higher dependency ratios, both im-
mediately and persistently. This is as expected since the majority of OWPH’s are

in the economically active age range. It is interesting to note that, by around 2035,
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the dependency ratio for the increased OWHP scenario 6 falls below the fast fertility
reduction scenario 5 and results in the lowest ratios into the future.

The right panel describes the effects of the fast fertility and OWHP manipulations
in combination. Scenarios 9 and 10, which both have an increase in OWHP, lead to
the lowestadependency ratios. The two differ in the fast fertility manipulation which
has ansimitial-effect but appears be largely swamped by the OWHP manipulation by
the end of the forecast period. Scenarios 8 and 11, which both have a reduction in
OWHP,lead to the highest ratios. Again the joint fertility manipulation has a strong

initial effeet but the curves are very close from around 2050 onwards.
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Figure 11: Effects of fertility and netflow on EDR. Left: Effect of varying fertility
by +30%. Right: Effect of varying LFPR in increments of 15000.

8.3 Economic dependency

The effeetsof fertility and OWPH manipulations on ADR do not tell the whole story,
because LFPR is projected to change as well. In section 7.3 we gave projections of
the EDR, obtained by integrating the LFPR forecasts with respect to the demographic
forecasts. Figure 11 presents results for the effects of fertility manipulations in the left

panel and OWPH manipulations in the right panel. Again, increases in fertility lead
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to a lower i.e. worse EDR and the effect is faster when the increases is instant rather
than gradual. In the right panel, increases/decreases in OWPH lead to higher/lower
participation rates. We have also run scenarios that combine fertility and OWPH ma-
nipulations and found similar results to those for ADR. Specifically, the best outcomes
are for Jower fertility and higher OWHP but plausible changes in OWPH seem to have
a largerreffect=than plausible changes in fertility.

These results are further discussed in the next conclusion section.

9 Discussion and Conclusion

In thisistudy, we have used modern FDA method to project fertility, mortality and
LFPR and wused these to project two measures of age burden out to 2064. The large
contribution of migration to population growth, as well as the gender skew that this
is causing, are interesting complicating factors and we have attempted to model these
less formally.

Our préjections suggest that large increases in the age burden are seemingly in-
evitablesfer Hong Kong. There are policy discussions in Hong Kong of how best to
increase. fertility and attract migrants to maintain a healthy population structure, yet
the ultimate effects of these changes were not well understood. This study quantifies
these impaets through scenario analyses, where these two drivers are varied by plau-
sible amounts. Our results indicate that varying fertility and migration has a modest
cumulative.and long-term effect on dependency ratios. The “best” outcomes follow
from.lower.fertility and higher migration regimes. Critical to this conclusion is that we
count the young as well as the elderly as dependent. The result for low fertility is not
surprising, as fewer babies mean fewer dependents, who will likely not enter the labour
force for atsleast twenty years. However, reducing fertility is obviously not a sustain-
able option for Hong Kong, where rates are already very low. They need to maintain a
healthy demographic structure in order to maintain sustainable development into the

future.
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9.1 Main results

Fertility. Our projections suggest further postponement of child bearing, associated
with the growing norm of delayed marriage. Fertility decisions are influenced by many
factors;mlneHong Kong, the major concerns are the financial burden of housing and
forgoné salary, and the weight of responsibility (The Family Planning Association of
Hong Kong, 2014). Public policies promoting childbearing appear to have limited effect
on total fertility, probably because they do not address these basic issues adequately.
Thére istno indication that the TFR will rise in the foreseeable future. Indeed,
low fertility now being the social norm of modern Hong Kong, it has perhaps acquired
its ownyinertia. Our modeling efforts uncovered no useful predictions of total fertility
which was, instead, varied exogenously in our projections.
Mortality. Reducing mortality rates mean a longer life span, but not necessarily a
longer disability-free life. Consequently, one can expect an increasing healthcare burden
in the future (Kwok et al., 2017). Natural increase in population has been low for many
years and will reduce to zero in around 2030.
Migration,, Hong Kong has received more than 1 million OWPH migrants in the past
two décades and newcomers from mainland China will account for an increasing share of
annual population growth. The majority are in the working age-group and so provide an
immediateand steady supply to the labour force. Again, there was no useful prediction
of total numbers and we varied this my plausible amounts in our projections.
Gender_balance. The proportion of females is increasing systematically, due mainly to a
genderskew,in OWPHs driven by a gender asymmetry in cross-border marriages. This
creates amarriage squeeze for Hong Kong women. There are signs that the reducing
economic gap between Hong Kong and mainland China will reduce this asymmetry
and that _cress-border marriages of Hong Kong women to mainland men are already
starting,to increase. The impact of increasing gender imbalance on fertility is unclear.
While we have modeled this process, it remains an open question whether every female

in Hong Kong can find a partner. Formal marriage is essential for a traditional Chinese
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culture like Hong Kong, where birth out-of-wedlock is still rare (about 6%).

Labour force participation. The main patterns are decreasing rates for the young, in-
creasing rates for the old, increasing rates for females 30-50 off a low base and decreasing
rates for males 30-50 off a high base. We address these in turn.

Thegdeereasing rates for the young reflect time spent in higher education. Skills
trainingmissimportant for those eschewing tertiary level education, so that they still
have an entry into the productive workforce. Labour participation rates among older
adults in Hong Kong are the lowest in the region (Chief Secretary for Administration’s
Office, 2045) but are strongly increasing. Taken together, the patterns for the old and
the young mean that the LFPR age-profile is moving to the right i.e. the labour pool
becomessolder, partly in response to demographics.

Femalesrates are increasing at ages over 30, from an historical pattern where rates

droppéd from the age of 25, due to family duties. While rates are moving in the right
direction, the projected increases in female rates are only projections and will need
family-friendly employment policy support to be realised. Male rates in the productive
years have reduced from 98% to 96%, possibly due to increasing affluence.
Age burden. Our two metrics of age burden, namely ADR and EDR, treat young
and old non-productives as equally burdensome. It is more common to only consider
the burden of the elderly which automatically leads to recommendations of increased
fertility?Tdeed, the higher the fertility the lower the proportion of elderly will be in
the limit»¥et, anyone who has had children knows that they are a cost, as well as a
joy.

Thus oumresults show that increasing fertility will increase the total economic bur-
den (ag'meagsured by ADR or EDR) both in the short and medium terms. In the very
long term, increased fertility means a younger average age but this can mean a higher
or lewer ADR/EDR, depending on the exact shape of the population and the labour
force patterns.

Without doubt, ADR and EDR are set to deteriorate drastically over the next
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50 years, regardless of fertility or migration settings. It is the latter that will have
the greatest mitigating effect based on plausibly policy changes, though such changes
are politically difficult. It is worth noting also that increases in migration from the

Mainland will not lead to over-population but rather to a population equilibrium.

9.2 Some specific policy issues

Since total population in Hong Kong will peak in around 2030 under current pro-
jectionsy inereased migration quota is a possible response to demographic burdens.
Howeverpthe migration policy lever might be limited by negative local sentiments if
the local carrying capacity is not improved accordingly.

Thewyounger a mainland child is admitted, the easier they can adapt to Hong Kong’s
education"system and local community (Bacon-Shone et al., 2008; Yip & Lee, 2000).
A flexible management scheme of the OWPH quota could avoid long waiting times for
family reunions and facilitate the supply of labour. Infrastructure needs to be built
to remove barriers to settlement so that this human capital can be unleashed into the
capaeity. building of the community.

Theré are encouraging signs that females and the elderly are increasing their labour
force participation. Most advanced countries have already extended their retirement
age, supplementing this with flexible working hours, re-training, and initiation of some
re-employment plans with affordable medical insurance coverage. The challenge for
Hong Kong, therefore, will be to support physically and cognitively fit older people to
remain,or even return to the workforce.

Pursuing’ a career and raising children are not necessarily incompatible. Some
OECD countries (e.g. Norway and Sweden) have maintained fertility rates at around
1.8, while female participation has shown large increases, going from about 50% to
75% ¢ during the period of 1975-2015. In France, both the TFR (about 1.7-1.8) and the
female LFPR (about 70 per cent) remain at high levels. Koppen (2004) shows that
compatibility between work and family life is high in France, where highly educated

31

This article is protected by copyright. All rights reserved



women are more likely to have a second child than less-educated women. The increase
in female labour force participation could generate further gains in income per capita
and lessen the acute labour shortage, and the example of other countries demonstrate
that this is achievable. Child care service for local working women in Hong Kong is

severelydaeking and unaffordable to many.

9.3 @ Conclusion

The demographic window of opportunity will soon close in Hong Kong, as in many
other highsincome Asian countries, such as Singapore, Taiwan and South Korea. Hong
Kong’s population growth will slow, the workforce will inevitably shrink, and the gender
balanceswill*become skewed towards females. Policies that attract outside talent and
which prémote fertility may slow these trends, but only at the margin. The poor ADR
and EDR in 50 years, which is the result of sharp fertility decline in the past and
consistent mortality decline, remains similar under all plausible scenarios. To tackle
the impact.of population aging, simple demographic inputs are necessary but just not
sufficient.

A _highly skilled, educated and sufficiently numerous workforce is vital if Hong Kong
seeks to become a successful knowledge-based and service-oriented economy. Hong
Kong needs a forward looking, integrated and evidence-based population, education,
labour@nd migration policy to achieve a sustainable and diversified economy. Training
and education opportunities should be provided to all the young people of age 15-24.
Policies targeting specific ages and levels of education, where the impact will be great-
est, should.be considered. Labour policy should focus on facilitating the participation
of women and those in older age-groups. Migration should focus on those in the pro-
ductive ages and reversing the gender skew. A key task will be to tune policy to utilize
the human capital from mainland migrants.

Embracing and understanding demographic challenges and economic burdens is

among the highest priorities of the Hong Kong Government today. This has largely
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motivated our analysis, which will also have a bearing on other societies which have

undergone a similar rapid demographic transition.
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