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Abstract: Providing affordable housing has become one of China’s key national policy agenda
items. The shared-equity model in Hong Kong, implemented since the late 1970s, has assisted many
families in owning a home in the public housing market. However, little attention has been paid to
their welfare after acquiring their subsidized units. This study aims to examine how shared-equity
homeownership distorts residential mobility through in-kind subsidies. Panel data analysis reveals
that the more in-kind subsidies owners receive, the longer they would hold on to their units in spite
of spatial mismatches. Private owners, on the other hand, would trade their units without such
distortion. Conceptually, the lower mobility of assisted owners could be interpreted as a new source
of misallocation in Glaeser and Luttmer’s welfare analysis. Practically, this throws into question the
sustainability of a subsidizing homeownership policy: does the government ultimately want assisted
homeowners to move from public housing to private housing in the future (for which high mobility
would be intended)? If so, new thinking on how to make in-kind subsidies transferable is needed.

Keywords: subsidized homeownership; residential mobility; misallocation; spatial mismatch; panel
data estimation

1. Introduction

Most welfare analysis of government subsidies follows the standard economic ineffi-
ciency argument that when the social surplus falls short of the money used for paying and
administering the subsidies, a so-called “deadweight loss” arises—subsidy recipients tend
to consume more of a product than they otherwise would. Such analysis typically assumes
that the allocative efficiency of subsidies remains the same over time. This is, however,
unrealistic when it comes to in-kind subsidies: do recipients who obtained the subsidies
a long time ago value the subsidies as much as non-recipients do? If not, such misalloca-
tion is another welfare loss that could persist. Subsidized housing is a prime example of
in-kind subsidization to promote homeownership. The question is how in-kind housing
subsidies lead to misallocation, ignorance of which may result in an over-optimistic view
of homeownership policy.

This paper develops a novel empirical strategy, which borrows and extends Glaeser
and Luttmer’s [1] rent control analysis, to assess the extent of misallocation by comparing
the residential mobility (i.e., turnover, or decision to move by selling the unit) of assisted
homeowners and private homeowners (In this study, residential mobility and turnover are
used interchangeably). Residential mobility can capture not only the inefficiency arising
from initial random allocation to eligible recipients [2], but also any spatial mismatches
that arise subsequent to initial allocation (e.g., as owners improve their socio-economic
status, their existing housing units are no longer good enough) [3]. While both private
and assisted owners could suffer from spatial mismatches, only the latter will incur the
loss of in-kind subsidies if they move out—an institutional feature that will be explained
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shortly. Private owners, on the other hand, have no institutional barriers to move, so
their turnover rates can serve as a ‘control’ when evaluating how in-kind subsidies distort
assisted owners’ turnover. One may, however, doubt if private housing is a valid control
because its better quality and investability can be attributed to its higher turnover rate. To
address this concern, a placebo group called ‘privatized housing’ is identified—it refers to
subsidized housing that has been legally converted into private housing. In other words,
privatized housing shares the same quality as subsidized housing but can be sold freely
as if the units were private. Comparing the turnover rates of subsidized and privatized
housing would provide a strong test of any misallocation due to in-kind subsidies. Table 1
summaries the key differences between the three housing groups.

Table 1. Subsidized, Privatized, and Private Housing.

Subsidized Housing Privatized Housing Private Housing

Housing Quality Government standard Government standard Market standard
Resale Price Subsidy-dependent Market-driven Market-driven

The subsidized homeownership model in Hong Kong, known as the Home Ownership
Scheme (HOS), is a shared-equity arrangement to help lower-income families own their
homes in the public housing market (see Section 3 for more details). The government
builds the housing units and subsidizes eligible families to purchase them. The idea behind
‘shared equity’ is that when assisted homeowners sell their units, they are only allowed
to keep the share of selling price proportional to their initial equity contribution, while
the rest will go back to the government. However, if they do not sell their units, they can
continue to stay without any extra payment to the government. Economically, selling their
units is equivalent to forgoing the in-kind subsidies, hence a disincentive to move out
until the cost of spatial mismatches (e.g., long commute to work) has reached a level that
outweighs the benefit of keeping in-kind subsidies. Our data analysis produces several
findings that support the disincentive to move. First, subsidized housing has had a much
lower turnover rate than its private counterpart on average, even after accounting for the
initial resale restriction period. Second, given the same level of spatial mismatches, owners
with more subsidies (in the form of initial purchase discounts) tend to own their units
longer. In particular, the panel data estimation suggests that a 1% increase in the housing
subsidy will reduce the transaction turnover by about 2%. Third, when privatized housing
is used as a counterfactual test, its turnover rate is no longer jointly determined by spatial
mismatches and subsidies as in the case of subsidized housing; rather, it is more correlated
with private housing’s turnover rate.

2. Misallocation under Subsidized Homeownership

Glaeser and Luttmer [1] show that under price control, as price mechanisms can no
longer guide the allocation of goods to consumers, the welfare loss due to misallocation
could exceed the welfare loss due to undersupply (Figure 1). Section 2 borrows and extends
their framework to examine how in-kind housing subsidies, in the form of subsidized
homeownership, induce two types of misallocation. Standard welfare analysis demon-
strates that imposing a price control (e.g., ∆ below market price) will reduce the quantity
relative to the free-market equilibrium, hence undersupply. Such classic deadweight losses
are depicted by the area of the triangle (ABC). If price-controlled products are allocated ran-
domly, there will be further welfare losses, captured by the area of the trapezium (AEFG),
because the average consumer who is allocated a price-controlled product does not value
it as much as those who can freely choose the products they want. This is the misallocation
advocated by Glaeser and Luttmer. With randomly (not efficiently) allocated products, the
average consumer valuation will be reduced.
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Figure 1. Welfare losses from rent control when apartments are randomly allocated across consum-
ers. Modified by authors based on [1] (p. 1029). 

Subsidies are just the flip side of price control. In the case of subsidized homeowner-
ship, the trapezium (AEFG) can depict the losses due to initial random assignment (ballot) 
of housing units to prospective homeowners. For example, the unit most preferred by 
owner A is given to B, and the one most preferred by B is given to C. This, however, is just 
the initial misallocation. Even if an owner had luckily allocated her most preferred unit, 
she might subsequently experience spatial mismatches such as changes in work, school-
ing, family or health status. The current unit is no longer her optimal housing choice, a 
situation that can be described as ex-post-misallocation. She could, in theory, sell her unit 
to the highest-valued buyer to eliminate such misallocation. However, the shared equity 
arrangement will discourage her from doing so because she would then lose the in-kind 
subsidy. Ex post misallocation would persist—probably also grow over time—such that 
the “Remaining Consumer Surplus” in Figure 1 would eventually dissipate. This means 
while it is optimal for individual owners not to move, the market outcome could be sub-
optimal as the average consumer valuation for subsidized housing will be further re-
duced. Empirically, ex post misallocation dictates that assisted owners are unwilling to 
move unless the cost of spatial mismatches is higher than the benefit of in-kind subsidies, 
an implication that will be tested in this study. 

3. Background of Subsidized Homeownership in Hong Kong 
While affordable homeownership programs exist in many forms in different coun-

tries (e.g. tax-deductible mortgage payments, tenant protection laws, supply-side subsi-
dies for state agencies, and direct grants for housing purchase), the term “shared equity 
homeownership” has been increasingly used to describe such subsidized homeownership 
programs according to their nature of finance [4]. Shared equity homeownership means 
the government offers cash or in-kind housing subsidies to eligible households to buy 
their properties at a below-market rate. In exchange, the potential capital gain arising from 
the resale of the unit has to be shared with the government (We used the term subsidized 
homeownership and shared-equity homeownership interchangeably). 

Hong Kong has used the shared equity affordable homeownership policy since the 
1970s; it is known as the Home Ownership Scheme (HOS). The HOS program was first 

Figure 1. Welfare losses from rent control when apartments are randomly allocated across consumers.
Modified by authors based on [1] (p. 1029).

Subsidies are just the flip side of price control. In the case of subsidized homeowner-
ship, the trapezium (AEFG) can depict the losses due to initial random assignment (ballot)
of housing units to prospective homeowners. For example, the unit most preferred by
owner A is given to B, and the one most preferred by B is given to C. This, however, is
just the initial misallocation. Even if an owner had luckily allocated her most preferred
unit, she might subsequently experience spatial mismatches such as changes in work,
schooling, family or health status. The current unit is no longer her optimal housing choice,
a situation that can be described as ex-post-misallocation. She could, in theory, sell her
unit to the highest-valued buyer to eliminate such misallocation. However, the shared
equity arrangement will discourage her from doing so because she would then lose the
in-kind subsidy. Ex post misallocation would persist—probably also grow over time—such
that the “Remaining Consumer Surplus” in Figure 1 would eventually dissipate. This
means while it is optimal for individual owners not to move, the market outcome could
be sub-optimal as the average consumer valuation for subsidized housing will be further
reduced. Empirically, ex post misallocation dictates that assisted owners are unwilling to
move unless the cost of spatial mismatches is higher than the benefit of in-kind subsidies,
an implication that will be tested in this study.

3. Background of Subsidized Homeownership in Hong Kong

While affordable homeownership programs exist in many forms in different countries
(e.g. tax-deductible mortgage payments, tenant protection laws, supply-side subsidies for
state agencies, and direct grants for housing purchase), the term “shared equity homeown-
ership” has been increasingly used to describe such subsidized homeownership programs
according to their nature of finance [4]. Shared equity homeownership means the govern-
ment offers cash or in-kind housing subsidies to eligible households to buy their properties
at a below-market rate. In exchange, the potential capital gain arising from the resale of the
unit has to be shared with the government (We used the term subsidized homeownership
and shared-equity homeownership interchangeably).

Hong Kong has used the shared equity affordable homeownership policy since the
1970s; it is known as the Home Ownership Scheme (HOS). The HOS program was first
launched in 1976 to help low-income people own their homes because Hong Kong’s robust
and sustained economic growth at the time raised the aspirations of many of its citizens
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for better living conditions, which meant owning, rather than renting, a unit. Since its
establishment, the HOS now boasts over 395,000 units, which house about one-third of the
owner-occupiers in Hong Kong.

Under the HOS, the government sells newly built units to eligible public housing
tenants and low-income residents at discounted prices, usually at 30–50 percent below the
market rates for comparable units in the private sector, subject to resale restrictions. After
the first three years of ownership, owners can resell their units to public housing tenants.
From the sixth year of residence, they can also choose to remove all the resale restrictions
and sell their units to any buyers by paying the government a premium proportionate to
the original purchase price discount. Those owners who have disposed of their subsidized
units will no longer be eligible for any other form of public housing under any circumstance.
Therefore, switching between subsidized units is not possible.

To show how the resale of subsidized units works, consider a typical case where the
government has sold a unit to an assisted owner at a discounted price equal to (1–d%) × P1,
where d% was the discount and P1 was the prevailing market price. The owner is usually
not allowed to resell his unit within the first few years of occupancy. Upon the expiration
of this restriction period, the owner can resell his subsidized unit, (1) to anybody at a
market price (P2) after paying the government a premium equivalent to d% of P2; or (2) to
public housing tenants at a negotiated price of about (1–d%) × P2 (The only difference
is that the buyer in the first case will be exempt from having to pay a premium when he
resells the unit, whereas the buyer in the second case will still be subject to the premium
payment requirement when he resells). Either way, the owner will receive net sale proceeds
of approximately (1–d%) × P2. Assuming no further transaction costs, the owner will
make a profit if the housing price has gone up (i.e., P2 > P1) but will incur a loss if the price
has gone down (i.e., P2 < P1). This outcome may also be affected by occasional changes
made to the discount factor, resale restriction period, etc., as has been evident in the past.
In general, given the prolonged upward trend of property prices in Hong Kong, many
assisted homeowners should be able to make considerable profits if they resell their units.

Despite this, the data available so far indicate an extremely inactive resale market.
Only about 1% of the total subsidized housing stock is sold to public housing tenants
each year, which is far below the 9% recorded for private housing. Why have so many
subsidized units remained “frozen” and unsold to potential buyers? To find out the
answers, we consider the initial purchase discount on subsidized units (d%) as an in-kind
rental subsidy to the owner. We will use panel data analysis to show that the subsidy
(initial purchase discount) is the primary factor behind the inverse relationship that exists
between housing subsidies and residential mobility.

4. Research Design
4.1. Development of Hypothesis

The idea behind the misallocation problem of subsidized housing can be better un-
derstood using an intuitive case. Suppose a person lives in a subsidized housing far from
his workplace. Frustrated by the long commute every day, he considers moving to a more
convenient location. If his existing unit were privately owned, he would be better off
selling it and buying another one nearby this workplace to save on the commute. However,
since he is an assisted homeowner, selling his subsidized unit would de facto give up the
in-kind subsidy from the government. As long as the commuting cost does not exceed the
in-kind subsidy, he will prefer to stay put and not to move elsewhere. In this sense, if there
is a spatial mismatch between where one currently lives and where one prefers to move
to, the in-kind subsidy will constitute a disincentive for assisted homeowners to relocate.
Such a mismatch could arise from a commute being too long, a unit being too small, or a
district not having famous schools, etc.

This illustration can be economically modeled as a residential location choice, where a
household’s decision to relocate hinges on the discounted net return from relocation at a
particular time. Psychological or sentimental factors are assumed to be idiosyncratic. If the
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net return is positive, the household will tend to move, and vice versa [5]. Consider first
the case without government subsidies. The relocation decision involves comparing the
imputed rental costs involved in the existing residence (Ru) and an alternative location (Rm).
The costs are ‘imputed’ because the household is assumed to be an owner-occupier who
leases back his premises (since HOS owners are allowed to rent out their subsidized units
only after payment of a land premium to the government, it is reasonable to assume that
they are owner-occupants). If Ru ≥ Rm, a mismatch arises, and the household will move to
eradicate the mismatch; otherwise, the household will stay. Even if there is no mismatch at
the beginning, as time goes by, a mismatch is likely to arise and become more apparent
due to changes in personal circumstances (e.g., a bigger unit is needed after marriage) or
in the neighborhood (e.g., a waste disposal facility is built nearby). All these changes will
induce a more significant mismatch, thereby giving the household more incentive to move.

Next, consider the case with government subsidies. Suppose the government offers a
rental subsidy, S. Whether or not the household will move is dependent on the relative size
of Ru + S and Rm. It is only when the rental cost of staying in the existing place becomes
too high (i.e., Ru + S ≥ Rm) that the household will decide to move. In other words, when a
mismatch occurs, a larger subsidy provides a disincentive for a household to move, as if he
were “compensated” to tolerate the mismatch. In the shared equity model, the stream of
rental subsidies can be thought of as the percentage discount to the price of a subsidized
unit (d%) offered by the government at the time of purchase. This can be translated into a
key testable hypothesis of this study:

In-kind Subsidy Hypothesis. Ceteris paribus, the larger the in-kind subsidy (price discount)
offered by the government, the less likely the homeowner will move; thus, a lower residential mobility
will result even with spatial mismatches.

More specifically, households facing a spatial mismatch are ‘trapped’ in their existing
units, giving rise to a subsidized housing market with low turnover. It does not only
increase the commuting cost of assisted owners but also prevents the subsidized units from
being reallocated to others in need. Although the urban economics literature contains many
residential mobility studies, little attention has been paid specifically to institutional factors,
notably the distorted incentives caused by housing subsidy programs. In the ensuing
subsection, the panel data estimation strategy will be presented, with an aim to mitigate
any unobservable bias and control for any confounding factors affecting households’
relocation decisions [6–9].

4.2. Empirical Model Setup

To begin with, it is essential to decide how to measure and compare residential
mobility in the resale market for subsidized housing. Several measures have often been
proposed to infer the degree of residential mobility: these include the length of residence,
the likelihood of a household moving, the sellers’ and buyers’ time-on-market, and the
turnover of housing/dwellings [10–13]. For this study, the turnover of housing units is
used. Since longitudinal data on household relocation is not available, it is impossible to
identify which assisted owners have sold their units and made their way into the private
market. As the second-best solution, the turnover rate of subsidized units at the ‘building
block’ level is used to measure residential mobility. The turnover rate (Tit) is defined as the
proportion of units traded out of total housing stock in the building block i at time t:

Tit =
VOLit

STOCKit
× 100% (1)

where VOLit is the number of subsidized units traded and STOCKit is the number of
subsidized units (stock) available. The subsidized housing stock could change over time
for two reasons. First, units subject to the initial resale restriction period should not be
counted; their turnover is by definition zero as resale is not allowed. Second, as time goes
by, some subsidized units would leave the shared equity model and can be traded as if they
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were private (which we called ‘privatized housing’). It is, therefore, necessary to ensure
that the denominator is accurate when measuring the turnover rate.

To consider the effects of spatial mismatches and in-kind subsidies (percentage price
discounts) on turnover, the following regression model is specified:

Tit = b0 + b1MISit + b2MISit × d%i + Zit + εit (2)

where MISit is a vector of mismatch measures; d%i is the in-kind subsidies (percentage
price discounts); Zit is other spatial-temporal factors that could affect turnover rate; εit is a
random error; and b0, b1, and b2 are the coefficients to be estimated. It should be noted that
the variable d% does not enter into Equation (2) on its own because it is not time-varying
and will become part of the fixed effect as we will see in Equation (5).

Regarding the mismatch variable (MISit), since direct observation is not possible, three
different measures are used as a proxy-based on the spatial mismatch literature [14], as
specified in Equation (3). The first measure is related to work-induced mismatches. As
discussed in our motivating example, mismatches may arise from a long commute to work.
Households working across districts usually incur higher transportation and time costs.
To capture such a work-induced mismatch, the proportion of working households who
have to commute to another district for work (i.e., WORKD) is used (later on, we will have
another measure, ACCESS, which captures the actual travel time between districts as a
further test). Higher WORKD indicates a higher chance of work-related mismatches. The
second measure is related to income-induced mismatches. As the income of households
increases, they may want to upgrade from subsidized housing to the better-quality private
housing and enjoy a higher standard of living. Per capita income of households living in
subsidized housing (INCit) is used as a proxy. Higher INC indicates a higher chance of
income-related mismatches. The third measure is related to amenity-induced mismatches.
Assisted owners may want to move to another neigborhood with better amenities, e.g., a
better school or transportation network. The hedonic literature establishes that housing
prices are capable of capitalizing such amenities [15–18] or externalities [19]. Relative
housing prices between neighborhoods can therefore provide a ranking of the overall
amenity level—a lower-price neighborhood has a lower amenity level and potentially
suffers more from amenity-induced mismatches than a higher-price neighborhood. The
proxy here is ‘house price relative’ (HPRit), which is defined as the ratio of the average
price of all private housing in Hong Kong at time t to the average private housing price of
a particular neighborhood at the same time. HPR < 1 means that the neighborhood has a
better amenity level than the Hong Kong average (which induces people to stay), while
HPR > 1 refers to an amenity level lower than average (which triggers people to leave).

Apart from the three proxies above, the length of time over which a household has
lived in subsidized housing could also matter. In general, the longer the time, the more
likely a mismatch arises due to changes in individual circumstances. For subsidized
homeownership, since a household’s decision to move is the same as its decision to sell, we
can, in principle, include an additional mismatch variable to measure the holding period of
subsidized units (LENit). However, as we will show later, such a length-of-time mismatch
will be eliminated when it comes to the first-differenced panel estimation. Nevertheless,
for completeness, the full vector of mismatch measures is specified:

MISit = c1WORKDit + c2 INCit + c3HPRit + c4LENit (3)

where c1, c2, c3, and c4 are estimated coefficients. According to our In-kind subsidy
Hypothesis, a larger discount should reduce the mismatch effects or make households
more tolerant of the mismatches. As a result, b2·c1, b2·c2, b2·c3, and b2·c4 are expected to be
negative.

Another challenging task is to control for other unobservable determinants of turnover
rates (e.g., financial consideration). From the literature, the turnover rate is known to vary
with property price levels [20] and property quality [21]. This means Zit can be broken down
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into a temporal effect (Zt) and a cross-sectional effect (Zi), assuming that the covariance of
both variables is independently and identically distributed:

Zit = Zt + Zi (4)

Zt can be approximated by the turnover rate of the private housing market at time t
in a ‘hot’ market, more people want to buy and sell. Finding a good measure for Zi is not
straightforward. Some subsidized housing estates could have higher turnover than others
due to quality differences such as building age and location. It is difficult, however, to fully
identify such quality attributes. An alternative solution, as this study proposes, is to use a
first-differenced panel data approach to eliminate any cross-sectional variation in quality
over time:

∆Tit = a + b1∆MISit + b2∆MISit × d%i + b3∆Zit + ∆εit (5)

Equation (5) is the first-difference of Equation (2), so all the time-dependent variables
are prefixed by a time change operator ∆Zi, including unobserved quality, are eliminated
in the differencing process, except for building age, which increases with a constant unit of
time. As a difference of two consecutive periods is always equal to one, the constant term
will capture this building age effect. The coefficients in Equation (5) are expected to have
the same sign as those of Equation (2). ∆Zit is the change in the turnover rate of private
housing within the immediate 400-m radius circle of a subsidized housing estate at the
same period t. This should help control for most, if not all, unobservable factors that could
potentially affect turnover.

4.3. The Panel Data

Measuring residential mobility by the turnover of subsidized units is intuitive. This
measure provides us with bottom-up information on household movements (Previous
studies used a small (5%) sample of census data to model whether a household has changed
homes in the past five years [22–24], but their data did not contain subsidy levels and
distinguish between subsidized and privatized units). The dataset used in this study
comes primarily from the Economic Property Research Centre (EPRC) and the Population
Census by the Hong Kong Census and Statistics Department. The data covers all property
transactions filed by the Land Registry (the official property title registration system) in
Hong Kong, including those for subsidized units that have been “privatized” and resold in
the open market. The data from the Hong Kong Population Census are available in several
different formats. For this study, the data used are based on the building block levels of
subsidized housing estates. It is worth noting that the household samples of the Census are
surveyed from the same building block. Although it represents panel data at the building
level, it does not necessarily involve the same set of households for each Census. Such data
refer to an average measurement. Nevertheless, suffice to say that the Census contains
all the essential data on household characteristics, including income and demographic
attributes at the building block level.

The background of the Hong Kong subsidized sales housing market can be observed
from the summary statistics of the variables in Panels (A) and (B) of Table 2. First, as Panel
(A) shows, the trading volume (VOL) of subsidized housing averaged 3.49 transactions
per building block per year, with a turnover (T%) of 1.09%. This is considerably smaller
than the 4.53% turnover rate recorded for privatized housing, even though quality is the
same. Welch t-test result in the last column of Panel (A) confirms that the difference is
statistically significant, providing preliminary evidence that the residential mobility of
subsidized housing is lower.
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Table 2. Definition of Variables and Their Descriptive Statistics.

Panel (A)—Measure of Residential Mobility

Subsidized (1) Privatized (2) Diff.
(2)–(1)

Variable Description Mean S.D. Mean S.D. t-test

T% Turnover rates (transactions per annum as % of housing stock) 1.09 1.12 4.53 5.57 73.2 **
VOL No. of transactions per annum 3.49 3.90 1.06 2.25 −66.3 **

STOCK No. of units in a building block 306 156 22 37 −218.7 **

Panel (B)—Measures of In-kind Subsidies, Mismatches, and Controls

Subsidized and Privatized Private

Variable Description Mean S.D. Min. Max. Mean

d% Percentage price discount as a proxy of in-kind subsidies 36.19 9.94 13.25 50.00 -
WORKD Proportion of workers who commute to another district for work (%) 77.7 10.3 33.2 99.3 70.4

ACCESS District-level accessibility index that measures the average travel time to other
districts weighted by working population (Furtherest North District = 100) 69.5 12.8 48.6 100 -

INC Median monthly household income (HK$) 23,865 9081 5758 211,954 27,090

HPR Housing price relative (i.e., private housing price in Hong Kong relative to
private housing price of a neighborhood) 1.11 0.37 0.26 2.56 1.00

PRIVATRADE Turnover rate (%) of comparable private housing (<HK$8 M; <400 m radius of
subsidized housing units) - - - - 5.46

No. of Observations 15,156 15,156 15,156 15,156 -

Notes: The sample period is from 1997 to 2014; 842 building blocks of subsidized housing are covered in the sample. Hence, the sample
includes 15,156 observations (i.e., 842 × 18). The residential mobility measure in Panel (A) is calculated according to the data from the Land
Registry and Economic Property Research Center (EPRC), while the mismatch measures in Panel (B) are based on 2001, 2006, and 2011
Census. The data for years in between are obtained by linear extrapolation. All variables indicate the average of building block i for each
year. “**” means the coefficient is significant at the 1% level.

As for Panel (B) of Table 2, the percentage price discount (d%, i.e., the housing subsidy)
of subsidized housing amounts to 36% on average, with some cases reaching a maximum of
50%. Generally speaking, the average household size of subsidized housing is larger than
that of their private counterparts, probably revealing a denser living condition. Regarding
the extent of mismatches among assisted owners, WORKD indicates that around 78% of
assisted owners worked outside their home districts, exceeding 70% for private owners.
Figure 2 graphically illustrates such a spatial mismatch. The dots represent the locations
of subsidized housing. Those in red indicate that almost 80% of residents need to travel
across districts for work. To a certain extent, the figures reveal that HOS households’
transportation costs (around 6–8% of total household expenditure) are higher than those of
their private housing counterparts.
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The income of households (INC) captures income-induced mismatches. When house-
hold income increases, there is a greater incentive for a household to trade up and move
to better quality private housing. The data indicate a median monthly household income
(INC) for subsidized housing at around HK$23,900, which is lower—only by about 10%—
than those living in private housing. Some of these assisted owners can well upgrade
to private housing, but somehow, they did not do so. The housing price relative (HPR)
captures amenity-induced mismatches. The average value of 1.11 suggests that subsidized
housing is generally located in neighbourhoods with a lower-than-average amenity level.

Finally, the turnover rate of the comparable private housing (PRIVATRADE) is added
to the estimation as another control. This variable PRIVATRADE is defined as the turnover
rate (T%) of private housing for which the consideration is less than HK$8 million and
within the immediate 400-m radius circle (5-min walk) of subsidized housing (Further
studies on the circle size could be done [19]). These selection criteria ensure that the control
(private housing) is comparable to subsidized housing in terms of location and prices (the
most expensive subsidized unit was sold for around HK$8 million). As expected, even
with similar location and prices, the average turnover rate of private housing (5.5%) is
much higher than subsidized housing (1.1%) but is closer to privatized housing (4.5%).

5. Empirical Results
5.1. Baseline Results

Table 3 present the panel estimation results. Hausman tests generally prefer fixed
effects to random effects. For models (4) and (8), although the chi-square statistics are
marginally significant at 10% (χ2 = 5665; χ2 = 9502), we decided to use the fixed-effect
estimators because 1) the efficiency gain in random-effect estimators is likely to be modest
while their finite sample properties could be worse [25], and 2) if the variable of interest
is not orthogonal to the error term, random-effect estimation would be inappropriate
(Breusch-Pagan LM test and Pesaran scaled LM test both suggest that time-invariant
unobservables are related to our regressors). Columns (1) to (4) use the change of the
turnover rate of subsidized units as the dependent variable. Different mismatch proxies,
namely ∆WORKD, ∆INC, and ∆HPR, are separately tried in Columns (1) to (3), while all of
them are used in Column (4). It is worth noting that the first-differenced panel eliminates
the variable LEN. To rule out any endogeneity concerns, all mismatch proxies are lagged by
one period. Regardless of the model specification, all estimated coefficients for the lagged
mismatch measures, i.e., ∆WORKD, ∆INC, and ∆HPR, are statistically significant with
positive signs, indicating that assisted owners do in fact respond to our mismatch proxies,
though only up to a certain extent.

In developing our In-kind subsidy Hypothesis, it was pointed out that while mis-
matches should lead to higher turnover rates, the in-kind housing subsidy, as manifested
by the percentage price discount (d%), acts as an opposing force to offset the mismatch
effects and hence reduces the turnover. The interaction terms between the initial purchase
discounts and mismatch variable measures (d% × ∆MIS) in Columns (1) to (4) demonstrate
an expected significantly negative result which points to such offsetting effects in our
sample. Moreover, it is worth noting that the first-differenced panel has also eliminated
the variable d% as the percentage price discount does not change over time. Indeed, the
cross-sectional fixed effect is also added to the models as a control.

From the panel data results, it is observed that the marginal effect of the housing
subsidy (percentage price discount) on turnover is about −0.07 (i.e., the sum of coefficients
for the interaction terms with d%). The estimation results can be interpreted as elasticities,
i.e., the responsiveness of the change in turnover to the change of the housing subsidy.
Based on the average turnover rate (i.e., 1.09%) and percentage price discount (i.e., 36%),
the arc elasticity of the transaction turnover with respect to the housing subsidy is estimated
at around 2.4% (Based on the panel data estimates, the arc elasticities of turnovers with
respect to subsidies are estimated as follows: ε = 0.36+(0.36+0.01)

1.09+(1.09−0.07) × 0.07
0.01 = 2.4). This implies

that a 1% increase in the housing subsidy will reduce turnover by about 2%.
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Table 3. Results of the panel data estimations.

∆ (Subsidized Housing Turnover in %) ∆ (Privatized Housing Turnover in %)

∆Panel Eq. Variable (1) (2) (3) (4) (5) (6) (7) (8)

Mismatch Effect

∆WORKD(−1) 0.037 ** - - 0.047 ** −0.077 - - −0.095
(0.007) - - (0.007) (0.047) - - (0.048)

∆ln(INC(−1)) - 0.995 ** - 1.519 ** - 0.258 - −2.971
- (0.214) - (0.244) - (2.007) - (2.216)

∆HPR(−1) - - 0.544 ** 0.607 ** - - −2.377 −1.865
- - (0.138) (0.153) - - (2.097) (2.060)

Subsidy Effect

d% × ∆WORKD(−1) −0.001 ** - - −0.002 ** 0.003 ** - - 0.003 **
(0.000) - - (0.000) (0.001) - - (0.001)

d% × ∆ln(INC(−1)) - −0.036 ** - −0.053 ** - −0.223 ** - −0.097
- (0.007) - (0.008) - (0.068) - (0.080)

d% × ∆HPR(−1) - - −0.016 ** −0.018 ** - - 0.103 0.078
- - (0.005) (0.005) - - (0.057) (0.054)

∆PRIVATRADE 0.018 ** 0.018 ** 0.019 ** 0.019 ** 0.521 ** 0.514 ** 0.433 ** 0.531 **
(0.002) (0.002) (0.001) (0.002) (0.032) (0.031) (0.030) (0.032)

Constant −0.047 ** −0.074 ** −0.072 ** −0.069 ** −0.020 0.007 0.387 ** 0.119
(0.009) (0.009) (0.009) (0.010) (0.067) (0.070) (0.061) (0.081)

Fixed effects? Yes Yes Yes Yes Yes Yes Yes Yes
Observations: 13360 13360 13360 13360 7133 7133 7133 7133
Adjusted R2 0.011 0.009 0.009 0.014 0.054 0.054 0.056 0.058

Notes: The dependent variable is the change in turnover rates of subsidized and privatized owners, respectively. “**” means the coefficients
are at the 1% significance level. Standard errors are presented in the parentheses. ∆(variable(−1)) represents the difference-lag operator,
such as ∆X(−1) = Xt-1 − Xt-2. The variable d% refers to the percentage price discount (i.e., the in-kind subsidy). WORKD is the proportion
of workers who commute to another district for work (%). It measures the work-induced mismatch. INC represents the per capita monthly
household income, which captures the income-induced mismatch. HPR is the housing price relative that proxies the amenity-induced
mismatch. HPR < 1 means that the district is of better quality than the Hong Kong average, while HPR > 1 refers to the opposite. The
variable ∆PRIVATRADE in % represents a change of the private housing turnover rate that has a value of less than HK$8 million and
is within the immediate 400-m radius of subsidized housing. The observations are fewer than those in Table 2 due to the use of time
differencing and time lags.

Meanwhile, the variable ∆PRIVATRADE, which is used to control another unobserv-
able effect (e.g., financial considerations) on the turnover rate (∆Zit) in Equation (5), is
positively significant for both subsidized and privatized HOS markets. The significant
coefficients of ∆PRIVATRADE also indicate that the variable effectively captures the spatial-
temporal effect (Zit), in particular the potential supply and market trends at the district
and in the period, because the private housing units are indeed potential competitors in
the housing supply.

5.2. Robustness Tests
5.2.1. Privatized Housing as a Counterfactual Test

As a counterfactual test, we have repeated the panel estimations with privatized
housing, which has the same quality as subsidized housing but is not subject to the
shared-equity arrangement. Owners of privatized housing are no longer subsidized and
should not be concerned about, or be less sensitive to, the percentage price discount (d%).
In this connection, a set of affirmative results is found in Columns (5) to (8) of Table 3.
The interaction terms between percentage price discounts and the mismatch variables
(d% × ∆MIS) are either insignificant or have the wrong sign. Also, these privatized owners
seem unresponsive to spatial mismatches, as the mismatch effects are insignificant. Rather,
the much larger coefficient of ∆PRIVATRADE in Columns (5)–(8) than (1)–(4) suggests that
privatized housing behaves more like private housing than subsidized housing does. A
plausible explanation is that the turnover decisions of both privatized and private owners
are driven more by financial considerations than by spatial mismatches.
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5.2.2. Alternative Measure of Spatial Mismatches

To measure the spatial mismatch, our use of the proportion of people working across
districts (WORKD) may cause concern that the variable may consider a particular dimen-
sion of spatial mismatch, e.g., commute frequency across districts, while overlooking the
time cost to commute. Nevertheless, since Hong Kong census data do not provide infor-
mation on residents’ place of work, a direct measure of time cost is impossible. Instead,
a district-level “accessibility index” is constructed using the average travel time to other
districts weighted by the working population (see Appendix A for how such an index
is formulated). After the accessibility indices for 18 council districts are compiled, the
index values are then weighted by the working population of the district to replenish
the deficiency of relying merely on the single variable WORKD to proxy the commuting
mismatch. Table 4 shows that the estimation results remain intact after replacing WORKD
with ACCESS. The crosscheck provides further support to our hypothesis—the coefficient
of the interaction term d% × ∆ACCESS(−1) is negative and significant for subsidized
housing, but positive and significant for privatized housing.

Table 4. Results of the panel data estimations by replacing WORKD with ACCESS.

∆ (Subsidized Housing
Turnover in %)

∆ (Privatized Housing
Turnover in %)

∆panel eq. variable: (1”) (4”) (5”) (8”)

Mismatch Effect

∆ACCESS(−1) 0.049 ** 0.063 ** −0.034 −0.080
−0.009 −0.009 −0.066 −0.0672

∆ln(INC(−1)) - 1.518 ** - −2.419
- −0.239 - −2.135

∆HPR(−1) - 0.604 ** - −1.784
- −0.152 - −2.06

Subsidy Effect

d% × ∆ACCESS(−1) −0.001 ** −0.002 ** 0.003 ** 0.003 **
0 0 −0.001 −0.001

d% × ∆ln(INC(−1)) - −0.053 ** - −0.097
- −0.008 - −0.08

d% × ∆HPR(−1) - −0.018 ** - 0.078
- -0.005 - −0.054

∆PRIVATRADE 0.018 ** 0.019 ** 0.521 ** 0.531 **
−0.002 −0.002 −0.032 −0.032

Constant −0.047 ** −0.069 ** −0.020 0.119
−0.009 −0.01 −0.067 −0.081

Fixed effects? Yes Yes Yes Yes
Observations: 13360 13360 7133 7133
Adjusted R2 0.011 0.014 0.054 0.058

Notes: This table extends the results of Table 3 by replacing WORKD with ACCESS. Only the relevant columns,
namely (1), (4), (5), and (8), are reported. The observations are fewer than that in Table 2 due to time differencing
and time lags. “**” means the coefficients are at the 1% significance level.

6. Conclusion and Policy Discussion

The housing market reform in China over the past four decades has significantly
improved the overall living conditions of urban households. Now, China is at a critical
phase of further developing its housing market to address the growing problem of housing
unaffordability and inequality, especially in major cities. Providing affordable housing
has, therefore, become one of the most salient items in the national policy agenda. A
growing literature has sought to understand the dynamics and consequences of the recent
shift in housing policy. Yet, many fundamental questions remain. For instance, should
homeownership be subsidized by the government? After assisting households in acquiring
affordable housing ownership, does the government want them to move on to private
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housing once their socio-economic status has improved (for which high residential mobility
is intended)? If not, does the government have a sustainable source of income and land to
build more affordable housing to satisfy new demand?

The subsidized homeownership experience from Hong Kong can shed light on these
questions. This study analytically illustrated that the shared equity model could generate
welfare losses through ex post misallocation—in-kind subsidies increase assisted owners’
opportunity cost of moving. Our key finding confirms that the more in-kind subsidies
owners receive, the longer they would hold on to their units in spite of spatial mismatches.
The lack of residential mobility has become a significant source of inefficiency and inequity
in the public housing market. Ignoring such a consequence may result in an over-optimistic
view of subsidized homeownership and an unsustainable housing policy.

In the shared equity model, a critical factor that affects owners’ moving decision is
the requirement to repay a share of the property price to the government upon resale
of the subsidized unit. The share is proportional to the initial subsidy provided by the
government. The bigger the initial purchase discount was, the bigger the repayment to the
government would be. Different interesting ideas have been proposed.

One is to ask the government to waive the repayment requirement [26]. This would
be a windfall to existing assisted owners and provide them with a strong incentive to take
profits by moving out—a smart and straightforward solution to residential immobility. The
drawbacks of this solution are (1) the loss of government income, which could in principle
be used to fund new affordable housing and (2) a negative impression that assisted owners,
who are already better off than renters, are benefited twice: first when they bought the
subsidized unit and second when they sold it.

Another idea is to impose a time limit on subsidized homeownership [27]. Instead
of perpetual ownership, assisted owners only own the subsidized units for a specified
period of time, after which the units have to be returned to the government. As the price
of subsidized units declines over time, the in-kind subsidies will also get smaller, thereby
weakening the disincentive to move. The government will not suffer a loss as she will
get back the units (and land) at the end. However, assisted owners would be worse off
because they may not be able to afford private housing after selling their subsidized units
at declining prices or upon expiry of the subsidized homeownership period.

There is a third idea developed in this study. Under the shared equity model, a
moving-out decision is a joint decision to give up (1) the subsidized unit and (2) the on-
going housing subsidy. If the two can be unbundled, then the latter would no longer be a
disincentive to move [28]. For example, when assisted owners sell their subsidized units,
let them keep the subsidies to purchase another unit in the private market. They only have
to repay the subsidies to the government when they resell their private units (This third
idea is a modified solution [29]). This arrangement to increase the flexibility of in-kind
subsidies resembles the idea of housing vouchers, which give recipients a wider choice of
housing units and hence a substantial improvement in their well-being [30]. In any case,
while our economic analysis has highlighted in-kind subsides as an obstacle to residential
mobility, the moving decision of individual households is also shaped by a complex set of
psychological and social factors not observed in this study. Further research is needed to
look into these factors in relation to other root problems such as housing inequality and
social exclusion [31].
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Appendix A.

Appendix A.1. Accessibility Index of 18 District Council Districts in Hong Kong

When tenure choices are considered, locational accessibility is an important aspect.
This is particularly so in Hong Kong, where significant housing price differentials are
observed just a mile away from the Mass Railway Transit. In order to measure the influence
of time cost for proxying the spatial mismatch, an accessibility index for 18 District Council
Districts in Hong Kong is constructed. Specifically, this accessibility index is a weighted
index that takes into account the travel time factor and the working population within a
corresponding district.

The travel time involved is compiled by using the Google map Distance Matrix API
through the function “gmapsdistance” in R (i.e., an open-source programming language
developed by GNU project [32]). Both the origin and the destination are the respective
centroid of the Council Districts. If the centroid of a DC is located at sea, an approximated
centroid within the land is selected. Using “Mass Transit” as the mode of transportation
and setting the departure time as Monday, 8:00 a.m., a travel time matrix can be developed.
For instance, the centroid of Wan Chai district is located near the Hong Kong Sanatorium
& Hospital; the “gmapdistance” in R will map out all travel times between this point and
the remaining 17 DCs.

Travel time is not the only consideration in examining the accessibility of a district.
The working population is also relevant in particular, when a spatial mismatch is a key
concern. Therefore, the working population in each district at a particular year is used as a
measure to weigh against the travel time aggregated. Based on the working population of
each DC and travel times between districts, an accessibility index for 18 districts in Hong
Kong is constructed.
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