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Abstract

The thesis contains two papers focusing on different aspects of housing markets in

Hong Kong. The first paper investigates the nexus between housing price index,

exports, loans and housing rental index. Using the vector error-correction models,

it provides empirical evidence on the links among housing price, rents, exports

and private loans. Although some past studies have argued for the importance of

exports on housing price growth in the long run, we observe a less dominating

effect. Instead, we find that private loans and housing rental index are more

important determinants of housing price index. The second paper studies the

crowding out effect between public and private housing stocks. Our empirical

results reject the hypothesis that public housing stock crowds out private housing

stock. Instead, they confirm a strong positive long-run relationship between the

private and public owner-occupied housing stocks. Our model also provides

evidence for a positive relationship between private housing stock and household

size, and a negative relationship between public housing stock and household size.

These relations imply that the government should bring housing issues into the

formulation of population policy.
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Essay One

Hong Kong Housing Price Dynamics and the
Macroeconomy

Introduction

Housing markets have multiple linkages with the real economy. Similar to

any other financial assets, dynamics in housing prices are capitalization of

relevant changes in the macroeconomy (e.g. interest rates, inflation rate). In the

traditional view, however, housing prices are not linked to the macroeconomy,

except for mortgage rate which measures cost of financing. However, housing

price dynamics are increasingly argued to influence the real economy through

aggregate private spending. This observation has triggered studies on the

aggregate effect of housing price dynamics and drawn government authorities'

attention on how policy makers should react to such changes.

There have been studies showing a positive correlation between housing

prices and international trade. Some researchers propose that economic openness

facilitates higher productivity growth in traded sectors through the "quality of life

channel" and the "Balassa-Samuelson channel" (Wang, Yang & Liu, 2011).

Productivity of traded sector in an economy increases with trade because of

greater market size, learning effects, competition effects, etc. (Bardhan et al.

2004). All else constant, this biased productivity growth would alter relative

prices between traded goods and non-traded goods. Since housing is a non-traded

good, its relative price should therefore be affected by trade.

Theoretical linkages between monetary variables, housing prices, and the

macroeconomy are multifaceted. Optimal portfolio adjustment mechanism

suggests a causal link from the money market to housing prices. A discretionary



expansion of money would alter prices of a broad range of assets because of

changing expected returns. Profit-maximizing agents would then adjust to equate

the marginal returns derived from different investment portfolios. In Hong Kong,

households rely on mortgages to finance their housing purchases. The expansion

of money supply lowers market interest rates, thus lowering mortgage financing

cost that in turn increases overall housing price.

The other link is between credit volume and housing prices. For an

economy with excess credit availability, an increase in investors' confidence

would be reflected by an increase in credit volume. For example, if an economy

has high expected economic growth, investors will expect for a higher rate of

returns for all investment portfolios. This expectation induces investment demand.

In this case, even if the market interest rates adjust upward, credit volume

increases. Since some of the loans are for the housing market, empirically credit

volume should have a positive effect on housing demand.

There can also be a wealth effect that results in positive correlation of

credit volume and housing price. Consider a permanent housing price appreciation

increases owners' book value on balance sheet. This wealth effect, under life-

cycle model, would induce an increase in spending and borrowing by the balance-

sheet effect, and collateral effect (Mishkin, 2007). Therefore, we shall observe a

long-run positive link between credit volume and housing price.

The main objective of this study is to explore and differentiate the long-

run and short-run macroeconomic determinants of private housing prices in Hong

Kong, controlling for standard real estate economics variables. Specifically, we

are interested in the relations between housing prices and (1) exports, (2) private

loans and advances and (3) rents.

2



Readers should, however, avoid treating our empirical result as a

representation of structural links, since forward-looking behaviour might be

captured and misintepreted by the statistical tools. As discussed in Goodhart &

Hofmann (2008, p. 11), "For example, a positive effect of house prices on GDP

may reflect the housing wealth and collateral channels [...], but it may also be due

to forward-looking agents in the housing market anticipating future movements in

GDP and the repercussions of such movements on the future returns of housing

assets." Our study aim solely to show the existence of links among variables and

to provide a new angle for further researches.

The remainder of the paper proceeds as follows. Section 2 introduces the

Hong Kong economy and the housing market. Section 3 reviews selected

iterature. Section 4 describes the methodology. Section 5 presents data issues and

related tests . Section 6 reports empirical results and section 7 concludes.

2 Background

Hong Kong, as a small open economy, presents a noteworthy case for

investigation of the relation between the housing market and the macroeconomy.

The importance of the Hong Kong case is threefold. First, Hong Kong has a

heated housing market. High transaction volume affirms the empirical validity of

Housing Price Indices we use throughout this study. Second, under the Linked

Exchange Rate System and full capital account convertibility, Hong Kong cannot

have discretionary monetary policies. Market interest rates in Hong Kong are

driven by the US interest rates, and are essentially exogenous. Hence, the amount

of loans may become the major repercussive channels through which housing

prices affect the macroeconomy. Third, as an entrepot and global financial centre,

3



Hong Kong's prosperity relies heavily on the global economic outlook. If export

activity facilitates housing price growth, global economic shocks could influence

the local housing market more severely, thus complicating government

supervision of the housing market.

Figures below provide the historical trends in housing price and an array

of related variables from 1986 to 2011. The housing Price Index (HPI) started

from a low level of 40 in 1986 and climbed steadily until 1991. It rapidly grew

over 30% from 1991 to 1992. Although the upward trend was then replaced by

prolonged fluctuations, the HPI finally crested in 1997Q3. The Asian Financial

Crisis brought Hong Kong housing market to a disastrous plunge. By the 2003Q4,

the HPI dropped by over 70 %, to 58.57 compared to the 97 crest of 134.41.

Housing prices finally troughed in 2003 and started to recover.

The outbreak of the Global Financial Tsunami in 2008 dampened the

housing market in Hong Kong. However, the public's concern has changed to the

surge in housing prices since mid-2009. To prevent the building up of risks in the

housing sector, the government has adopted a number of policy measures. For

instance, the Loan-to-value (LTV) ratio limits* have been reduced and special

2
stamp duties arrangements imposed (Craig & Hua, 2011, pp.3-5). However, these

policy changes were introduced recently, the full impacts cannot be seen

immediately. Our study will not take them into account.

In 2011 Q3, the HPI overshot the 1997 crest, attaining the ever-high value

of 142.86. The high price level also warned investors of their potentially excessive

* See Wong et al. (2011) for details of policy on LTV ratio and its effectiveness and drawbacks as
a macroprudential tool.
2 Please visit http://www.ird.eov.hk/ens2/faa/index.htm for details.

4



risk taking and triggered new debates in Hong Kong. Discussion centred on low

housing affordability, asset bubbles, housing supply and high land prices.

Although media have tried hard to uncover the problems, local academia seemed

inactive enough, possibly due to the lack of resources to explore these problems.

Based on the hypotheses detailed in Section 1, we postulate a close

alignment between HPI and real total loans and advances, but the relationship

between HPI and real best lending rate are expected less prominent. Hong Kong

has employed a Currency Board arrangement since October 1983. Interest rates

are then determined by US monetary policy and the risk premium required by

investors. Since no discretionary monetary policy could be done, only

administrative measures have been used for regulation. Fig. 2-4 shows a loose

relation between HPI and interest rate3. This observation serves as primary

evidence supporting the view that interest rate is seen as less important to housing

prices than credit volume in Hong Kong context.

We also observe export of goods and services growing close over time,

due partly to the Mainland and Hong Kong Closer Economic Partnership

Arrangement (CEPA) signed on 29 June 2003. It opened up markets for Hong

Kong goods to designated spots in mainland of China by lowered (or even free)

tariff treatment and preferential treatments of workers entering mainland service

sectors. Under the Individual Visit Scheme that allows individual mainland

visitors to visit Hong Kong, the effective number of tourists visiting Hong Kong

jumped dramatically, thereby restoring Hong Kong's stagnant tourism industry.

Best Lending Rate (BLR).

5



Hence, export of goods and services from Hong Kong show great increases and

becoming more cyclical after 2003.
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3 Literature Review

This section has two parts. Part 1 introduces literature on the nexus

between monetary variables and the housing market. Part 2 presents studies about

relation of exports and the housing market.

3.1 Nexus between Exports and Housing Market

Economists until recently have paid little attention to the role of exports in

asset price determination, especially for real estate. Traditional housing market

model totally ignored the impact of exports dynamics to local housing market.

DiPasquale & Wheaton (1994) presented a classic housing price model stylized

below:

k

PH = aP'H + ^r^t (2.1)

The first term on the right hand side of equation (2.1) is the adjustment to

long-run equilibrium price, while the second allows for effects from other

exogenous variables in the short run. As discussed in their study, housing price

should in the long run be determined by interest rates, existing housing stock,

rents and some undiscovered factors. Recent literature proposes that exports may

appear as a long-run or short-mn factor, a topic to be further examined by this

study.

Bardhan et al. (2004) explored a transmission mechanism of economic

openness and international trade to housing prices dynamic. Their empirical result

shows a significant positive effect from economic openness to housing prices.

Wang, Yang, & Liu (201 1) extended the discussion to a panel of data, and

examined the linkage between urban economic openness and urban housing prices

9



with respect to the "quality of life channel" and a traditional Balassa-Samuelson

model. The former emphasizes that an increase in quality of life resulted from

openness enhancement would induce an increase in housing demand. The latter

hypothesizes an increased labour productivity from more international trade

would facilitate housing price appreciation by increased marginal cost of inputs.

They found a positive effect of openness index on housing prices which is in line

with the expectation.

For a Hong Kong case, Ho and Wong (2008) applied the "economic base"

.4theory in explaining the role of housing market in the relationship between export

and aggregate demand. They showed that housing market serves as a crucial link

between exports and domestic expenditure. By identifying the cointegrating

relations among housing price, total exports, interest rates and private domestic

spending, their empirical results confirmed the positive long-run relation between

total export and housing price in Hong Kong. In addition, their estimates have

provided evidence to the hypothesized role of housing as a bridge between export

and private domestic demand.

3.2 Nexus between Macroeconomy and the Housing Market

In monetarists view, expansion of money supply lowers expected marginal

product of money relative to other assets, and the marginal utility of consumption.

Because of the change in expected returns, agents would then increase their

consumption and investment due to lowered marginal cost of financing (Meltzer,

1995). Additional demand in housing market will therefore lead to a property

4 The mechanism proposed by this theory is similar to the Balassa-Samuelson hypothesis that
relative prices of housing changes as a result of a sector-bias productivity growth.

10



prices growth. However as discussed in Section 2 the Linked Exchange Rate

System employed by the Hong Kong government restricted the nominal exchange

rate of HKD against USD to fluctuate within a narrow interval, Hong Kong is in

essence under a fixed exchange rate regime. As a result, together with full capital

account convertibility. Hong Kong has no freedom in monetary policies.

As discussed in Goodhart & Hofmann (2006, p. 14), there is a very close

correlation between real housing price inflation and real credit creation in most

developed countries. Their reasons for this coincidence of cycles are two-fold.

First, housing price affects consumption (to smooth consumption over the

lifecycle ) and investment through wealth effect and Tobin's q effect; Changes in

housing price also affect the availability of credit for borrowing-constrained

households. These factors altogether result in changes in credit demand. Second,

by affecting the banks' balance sheets, housing price fluctuations alter the value

of bank capital and loans secured by real estates (Kiyotaki and Moore, 1997) and

influence the supply of credit. Bemanke and Gertler (1989) highlighted in their

theoretical model that because of financial market imperfections (asymmetric

information), banks are reluctant to give out loans. Households and firms could

only borrow if they offer collateral. Since property is commonly used as collateral,

property prices determine the overall borrowing capacity, hence the credit size of

an economyf

Similarly, credit expansion influences the housing demand directly. An

increase in the availability of credit may lower market interest rates and stimulate

expected economic growth. Property prices, as the sum of discounted future

This comes from the lifecycle model of household consumption by Ando and Modigliani (1963).5

11



stream of property returns, may then rise because of higher expected returns and

lower discount factor. On the other hand, given higher credit availability,

consumption demand of housing also increases if households are financially

constrained (Hofmann, 2003). Since housing price growth would induce credit

expansion, a potential two-way causality between bank lending and housing price

may lead to a mutually reinforcing cycle in both markets.

Hofmann (2003) analysed the dynamic interaction between bank lending

and property prices based on a sample of 20 countries from 1985 to 2001. He

found that in the long run, causality appears to go from property prices to lending;

while in the short run, causality goes in both directions, implying possibility for a

"mutually reinforcing element" in credit and property markets. Gerlach and Peng

(2005) studied the same relationship in Hong Kong over the period of 1980-2001

and found similar result. They proposed the strong correlation between two

variables comes from bank lending adjustment to property prices, and the link

should be going from property prices to bank credit rather than conversely.

However, as revealed by the short-mn correlation, the mutual reinforcing element

of credit and housing price growth can yet be ruled out.

Goodhart & Hofmann (2008) observed the question from a wider angle.

They investigated empirically the link between an array of monetary variables and

housing markets in 17 industrialized countries spanning the period from 1970 to

2006. Their empirical results from the Granger causality tests revealed strong

evidence that broad money growth and credit expansion are Granger-causing

growth in housing price (nominal). They also proved the existence of significant

backward link from housing price appreciation to growth in money supply and

credit size which is in line with proposition of literature.
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3.3 Nexus between Rents and Housing Prices

Past papers have explored theoretically and empirically the relationship

between rents and housing prices. In general, housing price is the present value of

the discounted stream of rents earned by the housing unit. This implies that

housing price growth should in the long run be nearly equal to rental growth, in

absence of changes in discount rate. On the other hand, when housing price

increases, the opportunity cost of not selling the housing unit increases because

the higher the rate of return of the sale means the higher the profit to be sacrificed.

To compensate this sacrifice, the rental payment demanded by home owners will

increase. This rental adjustment will finally result in an overall increase in rental

index in the long run. Therefore, no matter in which directions, rents and housing

prices should be positively correlated.

In spite of the fact that demands in rental and homeownership markets

could be substitutes because of the trade-off between purchasing and renting

(Cheung, Tsang & Mak, 1995), as the long-run housing supply should be adjusting

the market back to equilibrium according to construction cost, the relationship

between rents and housing prices should be positive in the long run.

Chang, Cutts & Green (2005) investigated this relationship with 27

American metropolitan areas through 1998. They found that even after quality

adjustment, rents in most studied areas rose faster than housing prices. This result

suggests that rents are very possibly the leading factor of the virtuous rent-price

cycle. Gallin (2008) highlights the relative adjustment magnitude and speed of

rents and prices. Using error-correction models and long-horizon regression

models, the study examines the predicting power of rent-price ratio in changes of

housing price in the US. The main findings are that periods of high house prices
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relative to rents are found followed by periods in which real rent growth is faster

than usual, and real housing price growth is slower than usual, and that the

response of prices dominates that of rents. Cheung, Tsang & Mak (1995)

examined the causal relationships between housing price and rental rate changes

in Hong Kong. Using quarterly data of sale prices and rental rates for different

categories of residential property in different districts, they found in 29 cases out

of 40 significant causal relationships. In short, no matter it is rent affecting price

or the reverse, it is undoubtedly worthy to incorporate rental index in our price

model.

4 Methodology

In our study, we do not attempt to construct a theoretical model for the

relationships between our list of explanatory variables and housing prices. Our

study serves to testify the proposed relationship empirically.

This study aims to evaluate the long-run and short-mn effect of different

variables on the focused dependent variables over time. One method for observing

this relationship is the cointegrated Vector Autoregression model. In most

econometric textbooks, it is also called the error correction model (ECM) because

the model allows a "correction process" from the short-run disequilibrium in the

dependent variable(s) back to its long-run equilibrium.

Precisely, whenever two or more variables have common stochastic (and

deterministic) trends, they will show a tendency to move together in the long run.

This special relation is valid when there is a stationary linear combination of a set

of nonstationary variables. This relation (cointegrated relation) is often interpreted

as the long-run economic steady-state relation (Juselius, 2006). Therefore,

14



specifying the variables in an ECM allows researchers to filter out the short-run

adjustment from the long-run relation.

(4.1) represents a typical ECM,

Ayt = rrAXt + a(yt-i - /?X(_i) + £t (4.1)

y changes between t-1 and t as a result of changes in the values of the

explanatory variable (AX(), and also in part to correct for any disequilibrium that

existed in last period (yc-i -/?X(_i). For y and x are "cointegrated" with

cointegration coefficient /?, the error correction tenn yc-i - ^Xc-i will be 1(0)

even if the constituents y and x are 1(1).

In particular, (S represents the long-run relationship between y and x; n

defines any short-run relationship between Ax and Ay; a indicates the speed of

adjustment back to the equilibrium. In case of more than two variables, the model

can be modified as (4.2), in which x^, y^, w^ are cointegrated.

Ay TTiAXt + TTzAWt + a(yt_i - P^Xt-i - /?2Wt-i) + St (4.2)nmuf

For an error correction term including k variables (including y), it can be

generalized follows.

Ut-i = y^-i - ^o - /?i^i,t-i - ?2X2,t-l -...- PkXk.t-1 (4.3)

This study investigates the model using the full information maximum

likelihood (FIML) estimator developed by Johansen (1988). Therefore the

Johansen and Juselius's likelihood ratio test (Johansen and Juselius, 1990) is also

applied to test for the existence of cointegration relations. One major reason for

using Johansen approach is that unlike other popular approaches (e.g. classic

Engle and Granger (1987) and Engle and Yoo (1991)), it requires no prior

knowledge of the number of cointegrating relations. Instead, the suitable model is

tested and chosen through the test.
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5 Model and Data

5.1 Model Specification

We specify our baseline model (Model 1) as in Ho and Wong (2008). The

underlying hypothesized cointegrating relations of Model 1 can be summarized by

the following:

In HPI = /?io + /?iz In DD + R^ In TOTALEX + ^ In BLR + ^ (5.1)

In DD = ^20 + /?zi 1" HP! + /?z3 In TOTALEX + /?z4 In BLR + r?2 (5.2)

where HP/ is housing price index, DD is domestic demand, TOTALEX is total

exports and BLR is Best Lending Rate. Time subscripts are suppressed for

convenience. Ho and Wong (2008) argued that Equation (5.1) is a reduced form

equation capturing the effects of supply and demand under the assumption of

market equilibrium in the long run. They did a similar estimation with restrictions

on various parameters in the equations. In their model, they excluded domestic

demand (InDD) from (5.1), and the total exports (In TOTALEX) and interest rates

6
(ln5Lff) from (5.2).° Mathematically it is to restrict/?^ = 0 and p^ = /?^ = 0,

with respect to our model. However, we give no prior restrictions on the parameters

other than the normalization restriction for two reasons. First, as long as the model

is well specified, significance and magnitude of the coefficients of variables

would reveal their relative importance. Therefore prior restrictions are not

necessary. Second, our model achieves better generality without prior restrictions.

The underlying VEC model can be expressed in matrix form by (5.3),

which is comparable with (4.1).

6 Please note that definitions of variables in our models are slightly different from Ho and Wong
(2008).
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Ax;: = IIAXt_i + FXt_i + fz + Sf (5.3)

MnHPIt
"-11 n-14 Vn ,14. . . . .

A In DDf t * t

AXt= ,n= fl ,r=
< t

t * < t ^ t
t t t t *

A In TOTALEXf
"'41 n-44 ,41 V44I t . . .

AlnBZJ?t

Matrix nAX(._i contains coefficients representing the short-run effects of

the first difference (change) of variables, which corresponds to n in (4.1). Matrix

FX(_I can be expanded into ap'Xt_i. a is the adjustment (to the long-mn

equilibrium) speed while p' is the long-mn partial effect of designated level

variables. They correspond to a and /? in (4.1) respectively.

If we express the first relation (A In HP If) in linear form, we have the

following:

A In HPlt = n-nA In HP/t-i + "'12^ In DDt_i + TiigA In TOTALEX^
(5.4)

+ n^BLRt-i + an(»7it_i) + ^iC^-i) + ^

where r^^_^,i = 1,2 represents the first and second cointegrating relationships

respectively as in (5.1) and (5.2). In our specification, we include only 1 period

lag of differenced variables following the conclusion of Cheung, Tsang and Mak

(1995) that information flow in Hong Kong is fast and not costly, so price

reactions should take a short time.

5.2 Data Source and Description

Table 5-1 summarises the definition and source of data. Most data are

obtained from the website of the Census & Statistics Department of HKSAR.

Private Domestic (Housing) Price Index is obtained from the website of the

Rating & Valuation Department of HKSAR, while other monetary variables are

retrieved from the website of Hong Kong Monetary Authority.
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Table 5-1 List of variables and definitions
Abbreviation Description Data Sources

InHPI Log of quarterly overall private domestic (housing) Rating & Valuation
price index 2009=100, deflated by Composite CPI Department
(2009=100)

\nHRI Log of quarterly overall private domestic (housing) Rating & Valuation
rental index 2009=100, deflated by Composite CPI Department
(2009=100)

InDD Log of quarter-total domestic private spending Census & Statistics

(Private Consumption Expenditure + Gross Department
Domestic Fixed Capital Formation), deflated by
implicit price deflator ofGDP (2009=100)

\nTOrALEX@ Log ofquarter-total exports of goods and services, Census & Statistics

deflated by implicit price deflator ofGDP Department
(2009=100)

In LOANS Log ofquarter-total loans and advances from Hong Kong Monetary
authorized institutions in Hong Kong, deflated by Authority
implicit price deflator ofGDP (2009=100)

InBLR Log of real quarter average Best Lending Rate Hong Kong Monetary
(quoted by HSBC). Real BLR is obtained from this Authority

t

equation

TrR,t = 7w,t - ("'/^p^~1) R - real, N - nominal
@ Data are retrieved from "Table 031: GDP and its main expenditure components at current

market prices". Figures may be different from the disaggregate data for merchandise trade
and services trade.

All data (except BLR) are seasonally adjusted using the X12 procedure in EViews.

We adjust for seasonality for most variables because of two reasons. First,

data like exports, loans, and private spending are highly seasonal. Although

seasonality could be handled directly through model specification (e.g. seasonal-

dummies augmented VECM), we choose a more convenient alternative for the

sake of simplicity. Second, the main focus of the current study is on the long-run

relations between variables. Since the smoothed data could serve our purpose

equivalently efficient as the raw data, we choose to adjust for seasonality prior to

analysis.

Generally, the independent variables we focus on can be divided into three

categories: 1) monetary factor, 2) exports factor and 3) other demand factors. The

monetary factor variables include in LOANS (including those for use in Hong

Kong or else), and In BLR. As discussed, Hong Kong has no freedom to undergo

discretionary monetary policy. Given that the market interest rates in Hong Kong
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are forced to follow the US rates while the money base is not, they are not

necessarily correlated. In this sense, \nBLR does not only reflect the cost of

financing7, but also the overall economic environment in Hong Kong. In LOANS

is added to the model to test for our hypothesis in later section. It represents the

condition of credit market. We expect that an increase in total loans represents a

more optimistic investment environment and should trigger a boom in asset

demand, hence increasing housing prices as well. Unlike Gerlach and Peng (2005),

we do not differentiate between loans for use in Hong Kong or else. This

specification is modeled to investigate the overall effect of local credit growth

towards housing prices. Therefore, we use the total loans and advances from

authorized institutions in Hong Kong rather than those loans used in Hong Kong.

Exports factor variables are simply log of total exports retrieved from the

Census and Statistics Department of Hong Kong. Other demand factor variable

is InDD. Following Ho and Wong (2008), we use the domestic private spending

instead of Gross Domestic Product. This treatment helps to filter out the pure

effect of domestic component from the gross output.

The last variable is InHRI. Yet some economists argue rents to be the

fundamental value of a housing unit, some other advocate the other way that

housing price in essence set the rent. This study is not made to clarify the casual

link between price and rent, though it is added to the extended model for better

specification and comparison among variables.

7 D-W model and the subsequent studies argue that the total cost of a housing unit consists of
current down payment and the discounted stream of mortgage repayment.
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6 Estimation

6.1 Unit Root Test

We begin with the necessary statistical tests for stationarity of the time

series data. The Augmented Dickey-Fuller (ADF) and the Phillips-Perron (PP)

tests are used for this purpose. Table 6-1 presents the test statistics.

Table 6-1 Augmented Dickey-Fuller Test of Unit Root (1984Q1 to 2011Q4)
Variable Test on Intercept Trend Conclusion

In HP/ Level -2.414 -2.560
1(1)

lstDiff -4.817*** -4.806 ***

In HRI Level -2.347 -2.622
1(1)

15tDiff .4.804 *** -4.779 ***

InDD Level -2.289 -2.413
1(1)

ls'Diff -8.281 *** -8.436 ***

\nTOTALE L̂evel -0.705 -2.606
1(1)

lstDiff -4.862 *** -4.833 ***

In LOANS Level -1.603 -1.747
1(1)

lstDiff -4.522 *** -4.500 ***

\nBLR Level -2.115 -3.236
1(1)

lslDiff -4.670 *** -4.705 ***

Notes: The numbers of lags are determined by the BIC, with maximum lag-
length of 4 periods.
*, **, *** denote 10%, 5% and 1% significance levels respectively.
Critical values are based on MacKinnon (1996). Since the numbers of
lags are determined automatically by EViews, the critical values for the
series are slightly different depending on the number of lags. Specific
test results are available upon request.

In this study, we restrict the maximum lag length of the model to be four

quarters. This choice is based on the assumption that the movements in the rents

respond rapidly to the movements in the housing prices, and vice versa (Cheung,

Tsang & Mak, 1995). The ADF test results fail to reject the null of a unit root for

all level data at 5% level of significance, but are able to reject the null for first-

differenced data at 1% level of significance.
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Table 6-2 Phillips-Perron Test of Unit Root (1984Q1 to 2011Q4)
Variable Test on Intercept Trend Conclusion

InHPI Level -1.78 -1.86
1(1)

15tDiff -4.28 *** -4.23 ***

\nHRI Level -1.53 -1.63
1(1)

lstDiff -4.18 *** -4.15 ***

InDD Level -2,02 -2.41
1(1)

st ***Diff -8.47 -8.57***

InTOTALE)Level -1.05 -2.37
1(1)

ls'Diff .7.98 *** -7.95 ***

In LOANS Level -1.97 -1.93
1(1)

lstDiff -4.52 *** -4.50 ***

InBLR Level -1.83 -2.62
1(1)

lstDiff -6.52 *** -6.48 ***

Notes: The numbers of lags are determined by the BIC, with maximum lag-
length of 4 periods.
*, **, *** denote 10%, 5% and 1% significance levels respectively.
Critical values are based on MacKinnon (1996). Since the numbers of
lags are determined automatically by EViews, the critical values for the
series are slightly different depending on the number of lags. Specific
test results are available upon request.

The PP test results (Table 6-2) also confirm the stationarity of the first-

differenced data. Therefore, we are confident that all variables are 1(1).

An exogenous dummy variable Y97 is also added to the model as in Ho

8and Wong (2008) to account for a structural break before and after the Asian

Financial Crisis in 1997. Y97 equals to 1 starting from 1998Q1 and equals to 0

before that.

8 Ho and Wong (1998) conducted a Chow Test on the break point, the result of which suggested
the presence of a structural break in the first quarter of 1998. This dummy variable might account
for factors other than the impacts of the Asian Financial Crisis because a number of events
occurred around that period of time. For instance, it might also absorb the effect of the
privatisation of public housing (Wong, 1998), the expectation changes resulted from the return of
Hong Kong's sovereignty to China, and the relaxation of the limit of new land to leased by the
government according to the Annex III, The Joint Declaration.
(http://www.legislation.gov.hk/blis_ind.ns£/CURALLENGDOC/OOOAlA5C0717B3D9482565Dl
000945 23 ?OpenDocument)

Is
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6.2 Empirical Results

6.2.1 Relationships between Exports and Housing Price (Model 1)

We first check if a linear combination of the 1(1) series is stationary, i.e.

1(0). If there is a stationary linear combination of the chosen nonstationary

variables, the series are cointegrated and the Vector Error Correction Model

(VECM) should be used. The Johansen and Juselius's likelihood ratio test result

of our baseline model (Model 1) is presented in Table 6-3. The trace tests reject at

1% level the hypothesis of no cointegrating vector, and reject at 5% level of

significance of having one or less cointegrating vector. Although the results of

^.max tests are marginally different, they indicate that there are two cointegrating

relations at the 10% level of significance. Therefore, a VECM with 2

cointegrating vectors is applied for investigation instead of a simple VAR model.

Table 6-4 and Table 6-5 present the VECM estimation of Model 1. Our

sample period is from 1986Q1 to 2011Q4. The error-correction model remains

only one lagged-difference for all variables (see discussion in Section 5.1, p. 16).

Table 6-3 Johansen and Juselius's likelihood ratio test results (Model 1)
Model 1

0.01 0.05 0.10
Null Test critical critical critical

Variables hypothesis Hypothesis statistics
t . value value value

In HP! , In D D, Trace tests. Trace statistic

\nTOTALEX,\nBLR r=0 r>0 57.43 *** 54.46 47.21 43.95

r<l r>l 32.98 35.65 29.68 26.79**

r<2 r>2 12.36 20.04 15.41 13.33

A max tests: A max statistic>

r=0 r= 1 24.46 32.24 27.07 24.73

r=l r=2 20.61 * 25.52 20.97 18.60

r=2 r= 3 9.59 18.63 14.07 12.07

Test assumption: no trends in cointegrating equations and VAR.
* ** *** denote 10%, 5% and 1% significance levels respectively.? ?
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Table 6-4 Normalized long-run cointegratingcoefficients(Mo^
Relation 1 (ECM_1) Relation 2 (ECM_2)

Variables Coefficient (Standard Error) Coefficient (Standard Error)
Intercept 29.14 22.27
In H PI 0

InDD 0

\nTOTALEX -2.341 (0.390) *** -2.397(0.413)***
\nBLR -1.620(0.536)*** -1J^HO,56'7)***
Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.

The cointegraing vectors shown in Table 6-4 suggest that in the long run,

InTOTALEX is the major driving force of In H PI and In DD. On the other hand,

InBLR interesting exerts significant positive effect on housing price index and

domestic private spending in the long run. This could be a result of

countercyclical monetary policy. If the government think the economy is over-

heated, one usual way to tackle the problem is to raise the interest rates. Although

the Hong Kong government cannot adjust the market interest rates because of the

Currency Board arrangement, when we are facing economic shocks, the market

interest rates will adjust accordingly. However, if investors strongly believe that

the housing price will go up further the strong speculative housing demand will

persist despite of the high interest rates. At the end, high housing price and high

f t

interest rates coexist.
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Table 6-5 Error Correction Re ) resentation of Johansen Models (Model 1)
A In JW/ MnDDf ^InTOTALEX, MnBLRtt

Regressors Coefficient Coefficient Coefficient Coefficient

(Standard Error) (Standard Error) (Standard Error) (Standard Error)
Intercept 0.047 0.024 -0.001 -0.018

(0.011)*** (0.005) (0.009) (0.020)***

fCM.lt-i -0.122 -0.025 -0.031 0.029

(0.027) *** (0.013) * (0.021) (0.048)
ECM_2t-i 0.105 0.019 0.052 -0.012

(0.025) (0.012) * (0.019) (0.044)*** ***

AlnHP/t-i 0.587 0.092 0.133 0.053

(0.096) (0.046) (0.075) * (0.172)*** **

AlnDDt- -0.075 -0.092 0.565 0.089I

(0.259) (0.122) (0.201) (0,463)***

MnTOTALEXt- -0.165 0.015 -0.022 0.1521

(0.123) (0.058) (0.096) (0.220)
AlnBLflt-i -0.034 0.021 0.058 0.415

(0.054) (0.026) (0.042) (0.097) ***
Y97 -0.069 -0.024 0.021 0.019

(0.017) (0^008) (0.013) (0,030)*** ***

Adj. R-squared: Adj. R-squared: Adj. R-squared: Adj. R-squared:
0.473 0.130 0.268 0.136

Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.
A denotes first difference.

In the short run (Table 6-5), we observe a virtuous cycle in housing price.

A positive coefficient ofAIn//P/t_i (0.587) means a 1 percentage point growth

of housing price last year would induce another 0.59 percentage point price

growth in current year. Coefficients of ECMs (the error-correction term) are the

adjustment coefficients indicating the direction and speed of adjustment of each

variable in the model towards the long-mn equilibrium. Adjustment terms in

A In HPIt equation indicate that small amount of disturbance in housing price

index in the short run will be corrected each year. This result also indirectly

confirms that the housing market is in disequilibrium level, allowing for short-mn

adjustment back to the long-run equilibrium.

9
We have tested the cointegration restrictions as in Ho and Wong (2008) .

Our empirical result is statistically significant and consistent with their conclusion:

there is a positive relation between property price and exports, and a positive

9 Available upon request.
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relationship between property prices and private domestic demand. The only

difference between their model and ours is that we have a positive coefficient for

best lending rate which has been explained above.

6.2.2 Relationships between Loans and Housing Price (Model 2)

In Model 2, we extend Model 1 with In LOANS . Since new variable is

added to the model, we repeat the cointegration test and re-do the estimation

accordingly. Table 6-6 gives the test result; Table 6-7 and Table 6-8 show the

cointegrating vector and the error-correction model of Model 2 respectively.

Table 6-6 Johansen and Juselius's likelihood ratio test results (Model 2)
Model 2

0.01 0.05 0.10
Null Test critical critical critical

Variables hypothesis Hypothesis statistics
. » value value value

\nHPl,\nDD, Trace tests: Trace statistic*

\nTOTALEX,\nBLR, r=0 r>0 97.15*** 76.07 68.52 64.84
In LOANS r< 1 r> 1 56.72 *** 54.46 47.21 43.95

r<2 r>2 22.56 35.65 29.68 26.79
A max tests. A max statistic1

r = 0 r= 1 40.42 *** 38.77 33.46 30.90

r=l r=2 34.16*** 32.24 27.07 24.73

r=2 r= 3 15.42 25.52 20.97 18.60

Test assumption: no trends in cointegrating equations and VAR.
*, **, *** denote 10%, 5% and 1% significance levels respectively.

As shown in Table 6-7, when In LOANS is added the the model, the

positive effect of In TOTALED declines substantially, and even turns negative. It

appears that the positive effect that exports exert on housing price detected in

Model 1 is actually coming from the omitted variable, In LOANS. However,

In TOTALEX remains to be positively affecting domestic private spending in the

long run as shown in ECM_2. This result confirms the importance of\n LOANS in

enhancing housing price growth in the long run, but has also raised doubts on the I

real effect of exports.

I
s

^
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Table 6-7 Normalized long-run cointegrating coefficients (Model 2)
Relation 1 (£'CM_1) Relation 2 (ECM_2)

Variables Coefficient (Standard Error) Coefficient (Standard Error)

Intercept 5.70 -0.04

In HP I 0

InDD 0

InTOTALEX 0.144(0.108) -0.957(0.121)***
\nBLR 0,181 (0.092) -0.182(0.103) *

In LOANS -0.780 (0.088) *** 0.026 (0.099)
Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.

Table 6-8 Error Correction Representation of Johansen Models (Mode! 2)
AlnHP/t MnDD A In TOTALEX,MnBLRt MnLOANStt

Regressors Coefficient Coefficient Coefficient Coefficient Coefficient

(S.E.) (S.E.) (S.E.) .(SJE.) (S.E.)
Intercept 0.034 0.024 -0.012 .0.005 0.022

(0.010) (0.005) (0,009) (0.019) (0.007)*** *** ***

ECM_lt- -0.199 -0.037 -0.079 0.038 -0.003
1

(0.036) (0.018) (0.031) (0.070) (0.024)*** ** **

ECM_2t- -0.108 -0.040 0.062 0.009 -0.069
1

(0.030) (0.015) *** (0.025) (0,057) (0.020)*** ** ***

AlnWJt-i 0.640 0.090 0.162 .0.006 0.016

(0.095) (0.047) * (0.081) ** (0.182) (0.062)***

AlnDDt-i 0.053 -0.067 0.549 0.019 0.135

(0,243) (0.119) (0.207) °r (0.467) (0.160)*

MnTOTALEXt--0.126 0.025 0.020 0.196 0.145

(0,115) (0.057) (0.098) (0.221) (0.076) *
AlnRU?t-i -0.008 0.022 0.054 0.381 -0.001

(0.051) (0.025) (0.044) (0,099) (0.034)***

l\lnLOANSt -0.253 -0.085 0.217 0.062 0.3211

(0.155) (0.076) (0.132) (0.298) (0.102) ***

Y97 -0.040 -0.022 0.033 -0.005 -0.029

(0.014)* (0,006) *** (0.011)*** (0.025) (0.009) *****

Adj. R- Adj. R- Adj. R- Adj. R- Adj. R-
squared: squared: squared: squared: squared:
0.535 0.171 0.224 0.117 0.509

Note *, **, *** denote 10%, 5% and 1% significance levels respectively.
A denotes first difference..

»

In the short run, coefficients of most variables remain statistically

significant in Model 2. The housing price growth (AlnHPJ^.i) remains to be an

important factor contributing to housing price changes. With respect to a

relatively big improvement in Adjusted R-square, Model 2 seems to have a better

specification.
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6.2.3 Relationships between Rents and Housing Price (Model 3)

In Model 3, we replace In LOANS with In HR!. This estimation is done to

testify the highly possible correlation between rental index and housing price

index. By this model, we can compare the relative importance of exports with

rental index.

Table 6-9 presents the cointegration test result. Although the A testmax

only rejects the null hypothesis of having two cointegrating vectors at 10%

significance, the Trace test suggests that there exist two cointegrating equations at

5% level of significance. Therefore, a VECM with 2 cointegrating vectors is

applied for investigation.

Table 6-9 Johansen and Juselius's likelihood ratio test results (Model 3)
Model 2

0.01 0.05 0.10
Null Test critical critical critical

Variables hypothesis Hypothesis statistics
* t value value value

\nHPI,\nDD, Trace tests. Trace statistic

\nTOTALEX,\nBLR, r==0 r>0 77.27 ** 76.07 68.52 64.84
\nHRI r< 1 r> 1 49.08 ** 54.46 47.21 43.95

r<2 r> 2 22.74 35.65 29.68 26.79
A max tests: A max statistict

r=0 r= 1 28.19 38.77 33.46 30.90

r=l r=2 26.33 * 32.24 27.07 24.73

r=2 r= 3 10.89 25.52 20.97 18.60

Test assumption: no trends in cointegrating equations and VAR.
* ** , *** denote 10%, 5% and 1% significance levels respectively.

Estimation results are shown in Table 6-10 and Table 6-11. For long-run

effects, in co integrating equation 1 (ECM_1), we observe highly positive and

significant effect from \nHRI to In HP!. At the same time, inTOTALEX remains

to exert mild positive effect on housing price growth, while the best lending rate

shows also a significant positive effect. In ECM_2, In TOTALEX bears negative

coefficient, showing that exports are driving Hong Kong's domestic demand in

the long run. However, In HRI is shown to be not contributing to domestic

demand with the insignificant effect on In DD in the long run.
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Table 6-10 Normalized long-run cointegrating coefficients (Model 3)
Relation 1 (ECMJ.) Relation 2 (ECMJ.)

Variables Coefficient (Standard Error) Coefficient (Standard Error)

Intercept 101.9 16.23

In H PI 0

InDD 0

\nTOTALEX -3.408(1.619)** -1.882(0.384) ***

InBLR -3.921 (1.933)** -1.359(0.458)***
In HRI -11.58(4.479)*** -0.333(1.061)
Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.

In the short run, A In HPI^^ remains to be promoting further housing price

growth. A point to note is that A In HPIf-i affects A In HRIt-z positively, but that

AlnW?/t_i affects A In HPIf-i negatively, yet insignificantly. This observation

raises a puzzle on the direction of causal links between rents and housing prices.

Table 6-11 Error Correction Representation of Johansen Models (Model 3)
MnHPlt AlnDDt MnTOTALEX,MnBLR MnHRItt

Regressors Coefficient Coefficient Coefficient Coefficient Coefficient

(S.E.) (S.E.) (S.E.) (S.E.) (S.E.)
Intercept 0.058 0.031 0.009 -0.003 0.013

(0.012) *** (0.006) (0.010) (0.023) (0.007)*** *

ECM.lt-z 0.024 0.007 0.008 0.002 0.010

(0.005^** (0.0021*** ((U)04i* (0.009) (0.003) **** *

ffCM_2(_i -0.097 -0.031 0.005 0.013 -0.035

(0.0191*** (0.009) (0.016) (0.036) (0.011)******

AlnWP/t_i 0.570 0.062 0.021 -0.064 0.201

(0.118)*** (,0.057) (0.096) (0.224) (0.069) ** *

MnDDt-i 0.029 -0.071 0.572 0.058 0.156

(0.244) (0,118) (0.199) (0.465) (0.143)***

MnTOTALEXt-^-0.125 0.004 -0.077 0.061 -0.082

(0.125) (0.061) (0.102) (0.238) (0.073)
AlnSZ,/?(_i -0.077 0.007 0.034 0.404 0.017

CQ.052) (0,025) (0,043) (0.099) (0.031)***

AInW^/t-i -0.314 -0.032 0.191 0.272 0.330

(0.180)* (0.087) (0.147) (0.342) {0.105)***
Y97 -0.092 -0.036 0.007 -0.003 -0.027

(0.018)*** (0,009) (0,015) (0,035) (0.011)*****

Adj. R- Adj. R- Adj. R- Adj. R- Adj. R-
squared: squared: squared: squared: squared:
0.533 0.188 0.282 0.128 0.556

Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.
A denotes first difference.
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6.3 Discussion

In the preceding analysis, we have testified the long-run effect of exports,

loans and rents on housing price growth.

First for exports, we have found significant positive effect in two out of

three models in this study. This result is consistent with those of the previous

studies. However, as mentioned above, previous studies (Bardhan, Edelstein and

Leung, 2004; Ho and Wong, 2008) argued for the impact of exports on housing

due to the sector-biased productivity growth in an open economy. That means

unless exports activities are in fact inducing sector-biased productivity growth,

even if exports and housing price growth are statistically linked, the validity of the

model has not been proven. Our findings of a positive correlation between exports

and housing price suggest that more theoretical and empirical studies need to be

done.

For loans, our results show that the amount of outstanding loans and

advances given out by authorized institutions in Hong Kong is positively

correlated with housing price growth in the long run. Controlling for the best

lending rate, the partial effect of growth in bank loans towards housing price is

significantly positive. This suggests that an increase in bank lending contributes to

an increase in housing price in the long run. As discussed, an increase in the

amount of bank loans may induce households to expect for higher expected

returns on property investment and a lower discount factor (interest rates).

(Goodhart and Hofmann, 2006) This increases the effective demand for housing

and adds fuels to further housing price growth. Our results are in line with this

hypothesis that in the long run, loans and housing prices are positively correlated.
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As for rents, the estimation reveals that housing rental index is in the long

run positively related to housing price index. The result is consistent with the

theory that housing price is the present value of the streams of rental payment

received by the home owner. Whenever rents increase, average housing price shall

also increase. In reverse, if housing price increases, the opportunity cost of

holding" (not selling) housing units increases. The rent payment demanded byu

home owners will also increase. Therefore, casual links between rents and

housing prices could be bilateral. In the short run, if consumers do not adjust to

such changes fast enough, rental market and ownership market could be

substitutes. (Cheung, Tsang & Mak, 1995) Given a fixed budget constraint in the

short run, a rise in demand in ownership market could lead to a downward

adjustment in rental index because of a drop in rental demand (shifted to

ownership market). This hypothesis therefore explains the unexpected (yet

insignificant) short-run negative effect from a rise in rental price to housing price

observed in Table 6-11.

6.4 Granger Causality Test

We proceed to test the direction of causality between housing price index,

exports, loans and rental index. Based on Ho and Wong (2008), the short-run

relationships between variables are tested by the Wald test of the joint

significance lag terms of other variables in the underlying short-run equations.

Since the purpose of this test is to show the short-run causal relations between

variables, though test results are not consistent, they are kept for reference. We

report the test results in Table 6-12 to Table 6-14 respectively.
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Table 6-12 Granger Causality Test (Model 1)
2Dependent variable Null hypothesis X. Prob.

A In HP/ A In TOTALEX does not cause A In HPI 1.79 0.181

MnTOTALEX A In H PI does not cause A In TOTALEX 3.15 0.076 *

10Table 6-13 Granger Causality Test (Model 2)
2Dependent variable Null hypothesis x Prob.

2.66 0.103A In HP! A In LOANS does not cause A In HPI

0.07 0.797A In LOANS A In HPI does not cause A In LOANS

Table 6-14 Granger Causality Test (Model 3)8
2Dependent variable Null hypothesis I Prob.

A In H PI A In HRI does not cause A In HP I 3.06 0.080 *

8.48 0.004 ***MnHRI A In H PI does not cause A In //fi/
***, **, * represents 1%, 5% and 10% significance level.

The above test results show that A\nTOTALEX does NOT Granger

cause A In H PI at any significance level. As for the hypothesis that A In H PI is

causing A In TOTALEX, it is significant at the 10% significance level. For loans,

results show that In LOANS marginally (10.3% significant) Granger

causes A In H PI, but not the reverse. Finally for rental index, we find both of the

change in housing price index and the change in rental index are Granger causing

each other at 10% significance level. However, the causal link is more substantial

for that going from price index to rental index because this relationship is

significant at 1% significance level.

6.5 Variance Decomposition

In this section, we go through a variance decomposition analysis. This

analysis shows the proportion of variance of the forecast error attributed to an

exogenous shock of one standard deviation to each endogenous variable in the

system. By doing this we can compare the relative importance of the shocks.

10 The Granger tests result between housing price and exports in Model 2 is similar to Model 1, but
that in Model 3 becomes insignificant. This may happen from the addition of rental index, which
absorbs much of the correlation between housing price and other variables.
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For each of the model, we only present the proportion of variance resulting

from the innovations of our targeted variables: housing price index, exports, loans,

and rental index. Table 6-15 to Table 6-17 report the results of variance

decompositions for In HP I with a 16 quarter horizon for Model 1, 2 and 3

respectively (see also Fig 6-1 to Fig 6-3). The variance decompositions for other

variables are not reported because their variations are mainly explained by their

t ^

own innovations.

Table 6-15 Variance Decomposition of In HP I (%) - Model 1
Period S.E. In HP/ InDD InTOTALEX InBLR

0.040 100 0 0 0

4 0.110 99.385 0.050 0.381 0.184
0.139 96.228 2.597 0.673 0.502

12 0.150 86.852 8.863 2.384 1.900

16 0.159 78.118 15.565 3.890 2.427

Table 6-16 Variance Decomposition of In HPl (%) - Model 2
Period S.E. In HP/ InDD \nTOTALEX InBLR In LOANS

0.038 100 0 0 0 0
4 0.093 98.117 0.385 0.190 0.950 0.359

0.122 65.424 0.379 12.345 3.352 18.499

12 0.167 34.924 0.719 27.258 2.434 34.665
16 0.209 22.234 0.976 34.979 1.628 40.183

Table 6-17 Variance Decomposition of In HPl (%) - Model 3
Period S.E. \nHPl InDD inTOTALEX \nBLR In HRI

0,038 100 0 0 0 0
4 0.105 81.896 1.660 0.094 0.659 15.691
8 0.155 51.144 3.827 1.087 0.495 43.448

12 0.194 34.640 4.690 2.019 0.727 57.924

16 0.227 25.802 5.240 2.232 0.584 66.142

As shown, forecast error variance of \nHPI is dominated by its own

shocks within 8 periods and this effect diminishes with time. In Model 2 and 3,

despite the variations of In H PI could still be explained by their own shock by

around 20%, the major factors changed to In LOANS and In HRl respectively as

time goes by. This reflects the effects of all other variables emerge only slowly in

the long run. Besides, effect of In TOTALEX is inconsistent among models.
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Although in Model 2 it explains over 30% of variations in In H PI, it accounts for

less than 10% in Model 1 and 3. It concludes that the correlation between

In TOTALEX is not as strong as that of In LOANS and In HRI when they are added

to the model.
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7 Conclusion

The objective of this study is to explore and differentiate the long-run and

short-run macroeconomic determinants of private housing prices in Hong Kong.

We are particularly interested in the relations between housing prices and (1)

exports, (2) private loans and advances, and (3) rents.

We reaffirm some of the empirical results of previous studies. For exports,

we have found significant positive effect in two out of three models. However, the

magnitudes of effects are not as high as expected. For loans, our results show that

the amount of outstanding loans and advances given out by authorized institutions

in Hong Kong is positively correlated with housing price in the long run. Finally

for rents, our estimation reveals that housing rental index is in the long run highly

positively related to housing price index.

In Section 6.4, from the Wald test we find that each of the positive

relationships between exports, loans and housing price are only significant in the
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long run. Housing rental index, being the most important determinants of housing

price index, Granger causes (and is caused by) housing price index both in the

short run and long run.

In conclusion, we have revisited the hypothesis of Ho and Wong (2008) and find

that exporting activities are promoting housing price growth only mildly. After

introducing loans and housing rental index separately, the significance of exports

diminishes. Our results improve the specification of Ho and Wong (2008) and

have identified other two important determinants of housing price: private loans

and advances, and housing rental index.
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Essay Two

Subsidized and Unsubsidized Housing Stocks in Hong
Kong: A Test of the Crowding Out Effect

Introduction

The crowding out effect is a major concern in most economic contexts. In

the field of macroeconomics, the most frequently asked question related to this

may be whether or not government expenditures have crowded out private

investment. Studies on this topic are multifaceted, including studies in insurance

market (Cutler and Gmber, 1996), and private donations (Okten and Weisbrod,

2000). In the studies of housing market, the major concern is whether public

housing programmes have crowded out private housing.

In spite of the large expenditure on housing programmes and the eagerness

the governments are to improve the needy families' living environment,

effectiveness of the programmes are doubtful in reality. In this study, we test

empirically whether subsidized housing programmes have simply increased the

total housing stock, or they have crowded out private housing provision in the

long run.

This study advances the literature by providing a special regional example

of Hong Kong. We investigate the crowding out effect between public housing

and private housing in Hong Kong by applying Vector Error Correction model

(VECM). The econometric model is constructed with reference to Murray (1999)

who links housing stocks with one another. The long-run and short-run relations

are then derived. They can be used for further discussions on public policy.

Using time-series data on different housing stocks (private, public owner-

occupied and public rental), number of households and income level in Hong
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Kong, we find that public owner-occupied housing (Home Ownership Scheme

housing, HOS) stock appears to co-move with the private housing stock in the

long run after accounting for the demand factors; while the effect from public

rental housing (PRH) stock is minimal. These findings stand against the widely

believed argument, "increased public housing provision crowded out private

housing".

This study does not argue for the appropriateness of public housing

programmes. Instead we argue that if public housing programmes have efficiently

achieved the policy objectives of government without severely discouraging

private spending, it could be considered as a second best solution to market failure

(if any). In addition, we attempt to investigate the relation between housing supply

and household fonnation decision. Although the series of available data is

relatively short, we conduct the study in order to stimulate more discussions on

public housing issues in Hong Kong.

In next section, we introduce the potential market effects of public housing

programmes, and explain the conditions in which the crowding out effect between

private and public housing may exist. The historical and institutional background

will then be given in Section 3, while in Section 4 we will present a selected

literature review. Following discussion on hypothesis and model specification in

Section 5, we present our empirical results of baseline model and extended model

in Section 6 and 7 respectively. Finally, Section 8 concludes the study.

2 Market Effects of Housing Policies

As suggested by Keynes' analysis, government expenditure may under

certain circumstances be inefficient in boosting the economy because of crowding
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out. In short, crowding out is the situation that expansionary fiscal policy

implemented by the government has been cancelled out (totally or partially) by a

decrease in private spending. To begin our discussion on crowding out in housing

market, below we discuss the market effects that government housing policies

may bring along, and the necessary conditions under which those effects are

substantial. Readers should note that housing programmes hereafter refer to

project-based programmes" only, since "tenant-based programmes" (Sinai andti

Waldfogel, 2005) discussed in previous studies on other countries are not popular

11in Hong Kong #

The impact of public housing provision on total housing supply depends

on the price elasticity of private housing supply, and the substitutability between

public and private housing. When there is an increase in public housing supply,

private housing demand would substitute from private market to the public market.

This substitution affects the selling price of existing private housing units, and in

the long run induces a reduction in private housing supply until housing price

restores its long-run equilibrium. Therefore in the long run, if public housing units

are substitutes to private units, there should be a crowding out effect between the

two housing stocks.

As highlighted in Sinai and Waldfogel (2005), it could be that the "process

of allocating housing units provides the demand management that determines the

equilibrium impact of the program". Starting with one extreme, suppose there is a

newly built public housing unit allocated to family that was formerly unable to

" "Tenant-based programmes" are regarded as demand-side programmes because the governments
do not provide housing units. What they do is providing needy households housing vouchers
which allow them to buy or rent housing units under subsidy. Hong Kong has small-scale "tenant-
based programmes" in the past, yet the duration and number of recipients is minimal comparing
with existing "project-based programmes".

40



12purchase housing and paired up with other families within a flat Then the
9

housing programme would at the same time provide supply and demand as the

family does not contribute to changes in existing housing demand - they would

not have purchased housing in absence of the programme. Since private demand

is not affected by the new public housing supply, there should not be any changes

in private housing price and hence, will be no changes in private housing supply.

In contrast, if the units are given to families that planned to purchase even

without the programme, it would reduce private housing demand. With respect to

this allocation method eligible households simply shift from private demand to

public demand, making private developers less profitable to produce private

housing. As a result, total private supply declines and has been crowded out.

Therefore, if the programme fails to identify the neediest households and has

allocated units to the others, crowding out would occur. However, one should note

that the targets of different public housing programmes may differ. As we will

show in later sections, because of the difference in objectives, different housing

programmes exert substantial inconsistent crowding out effects on private housing.

Finally, one should also consider the interactions between public housing

supply and household behaviours. Suppose that individuals nowadays demand for

more privacy, they may demand for larger living space than in the past. Since the

existing housing stock is unchangeable in size and plot design, if the change in

consumers' taste persists, this may lead households to change their household

composition instead. To understand this, imagine that there were two low-income

families with adult offspring demanding 50m2 and 100 m2 of living space

12 This is so called "subdivided unit" (ftJM) in Hong Kong. It counts as one housing unit in
statistics, yet housing more than one household.
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13 2
respectively . If all existing housing stocks are of 50m , the first family (Fl)

would be happy because the available units suit their needs. However, the second

2
family (F2) would face a trade-off: (1) tolerate living in a flat of 50m or (2) split

up into two households (households here do not necessarily means families) and

2consuming two discrete flats of 50m , hence adding extra demand to total housing

demand. Given that (2) is impossible because the possibility to consume two

housing units also means the family is too wealthy to be considered as "low-

income household", under our set up F2 is forced to live over-crowdedly. If now

F2 is able to receive a subsidized housing unit from the government by splitting

up, the hidden demand would be released and contributes to an additional housing

demand. However, as this demand is only realized with presence of public

housing, there will not be crowding out. Although the above example seems

oversimplifying the reality, it highlights the possibility that public housing

programmes, no matter intentionally or not, may not result in crowding out under

.

some circumstances.

This causal link could be deduced in reverse. For instance, if the HA

announces that single persons will be given priority in the process of allocation,

14
what will happen? For a household with adult offspring , this policy may induce

the household to split up because the higher possibility of receiving housing unit

increases the opportunity cost to stay together. This would lower the average

household size, and at the same time leads to increases in total demand for

housing (counted by number of households). Finally, an increase in public

13
The family demanding for more living space represents households with higher demand for

t

pmacy^
This assumption allows for the possibility to split up.

42



housing supply would not lead to crowding out because the newly increased

demand does not exist in absence of public housing.

Up to this point, one should see there is no clear-cut conclusion to the

crowding out hypothesis. Our current study therefore serves to provide empirical

evidence for disentangling this puzzle from a regional perspective.

3 Background

3.1 The Land Supply System in Hong Kong

According to Article 7 of the Basic Law of the Hong Kong Special

15
Administrative Region , "[tjhe land and natural resources within the Hong Kong

Special Administrative Region shall be State property. The Government of the

Hong Kong Special Administrative Region shall be responsible for their

management, use and development and for their lease or grant to individuals, legal

persons or organizations for use or development. The revenues derived therefrom

shall be exclusively at the disposal of the government of the Region." The Chief

Executive of Hong Kong has the powers to lease and grant state land to the public

for a limited period of time (legally defined as "leasehold" land). Most of the

leases are transferable upon permission from the government, and the land market

is a market of land leases (Peng and Wheaton, 1993).

Private developers usually obtain land for new housing developments by

public auctions and tenders (Li, 2000). Although the main source of land comes

from redevelopment (redevelopment accounted for over 80% of land for

residential and commercial uses in 1993), the government is the only supplier of

15 See the full text of the Basic Law at http://www.basiclaw.gov.hk/en/basiclawtext/index.html.
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new land, and is the biggest single land supplier. Thus, the government can play a

crucial role in regulating land supply, and hence private housing supply indirectly

(Chiu, 2007). Land for special low cost housing projects (e.g., PRH) and Home

Ownership Schemes (HOS) as well as for public utilities, schools, churches,

temples, clinics, welfare and certain charitable purposes is usually granted by

"private treaty". The premium charged varies from nothing up to the full market

value for public utilities depending on purposes (Liu, Wu and Lee, 1997). Owing

to this preferential treatment on land premium, large-scale public housing

programmes are therefore possible in Hong Kong.

As to deal with the rapid economic adjustments, the government has been

actively modifying the land disposal methods and the amount of land supplied to

the market. Helping the community tide over the economic downturn, and

stabilize housing prices, the Financial Secretary of Hong Kong in June 1998

launched a series of relief measures. One of the measures was to suspend all land

sales by auction or public tender for the remainder of the 1998-99 financial year,

and freeze Private Treaty Grants for Sandwich Class Housing sites. In February

1999, the Government announced that land sales would resume from April 1999

16and introduced the Land Application List System . This land lease method is

regarded as more flexible, more responsive to market demand and complies more

with the market principle because the supply and prices are determined by the

conditions of the market. (Lands Department, 2008) However, due to prolonged

economic downturn, all scheduled land auctions were again stopped and the

16 Under the System, a developer who is interested in any site on the "reserve list" (published by
government annually) may apply to the government for the sale by offering a minimum price. If
the government accepts the minimum price, then auction or tender will be arranged, and if there is
no other higher bids, the developer purchases with the minimum price.
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Application List was suspended until the end of 2003. Thereafter, the supply of

new land would only be triggered from the Application List. In October 2003, the

government announced further measures to consolidate the housing policy,

including the resumption of the Application List System from January 2004. Since

then, the System subsequently has become the major way of land sale. (Lands

Department, 2008) The number of sites included in the Application List since its

introduction in 1999 and that of the sites on the List sold until 2009 are as follows:

Table 3-1 Number of sites included/sold in the Application List (1999 -2009)
Application List Sites included in the List Sites on application sold

Total Area (ha) Total Area (ha)No of Sites No. of Site
about about

1999/2000 32 33.27 6 8.50
2000/2001 28 24.51 2.60
2001/2002 34 39.69 4 3.40
2002/2003 29 33.37 2 2.50
2004/2005 17 13.10 6 6.33
2005/2006 35 26.84 3 2.80
2006/2007 45 38.30 6.69
2007/2008 47 38.20 9 11.65
2008/2009 62 59.73

Sources: Lands Department (2008) Background Notes on the Application List System.

While the Hong Kong government has maintained the Application List

System as its principal mechanism for the sale of government land, the Financial

Secretary announced in The 2010-11 Budget that several urban residential sites in

the List would be put up for sale actively by auction or tender in the following two

years depending on market conditions. This govemment-initiated land sale

arrangement was modified in later Budgets. In the 2011/12 financial year, the

government specified in the List four residential sites for sale, and had put up for

sale by tender five residential sites on top of those sites on the Application List.

Then in The 2012-13 Budget, the number of residential sites actively leased by the

government increased to 27, which was three times of that in the previous

financial year. In the most recent The 2013-14 Budget, the government has
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increased the number of residential sites for sale further to 46 among which 28 are

new sites (Financial Secretary, various issues).

Over time, the government has been adjusting its land sale method from

the Land Sales Programme, to a combination of the Application List System and

the Programme. This policy mix allows more flexibility for the government to

monitor total land supply. In times of bust, the government paused the Land Sales

Programme and allowed private developers to demand for land only within the

List System; in times of boom, resumption of the Programme increased

significantly the effective land supply, and provided individuals better information

on the quantity of land that would be sold. Although residential land supply now

becomes more market orientated under the mixed system, the government still has

major influence on land supply.

3.2 The Planning System in Hong Kong

Other than land supply, urban planning system could potentially affect the

extent of public housing programmes. At the city-wide level, the Territorial

Development Strategy provides long-term planning frameworks for integrating

government policies on land use, transportation and environmental issues. Then,

the Sub-regional Development Strategies divide the objectives of the Territorial
17

Development Strategy into more specific ones for the sub-regions". Each Sub-

gional Development Strategy would then provide more detailed district planningre

and works programmes in the district level. (Chiu, 2007) Within the hierarchy of

plans, locations of housing sites are determined in the district plans given in the

17 They are the Metropolitan area, the Northeast New Territories, the Northwest New Territories,
the Southeast New Territories and the Southwest New Territories.
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Sub-regional Development Strategies. The plot ratio, site coverage, building

height restrictions and gross floor area are determined in the outline zoning plans

given by district plans, while the development intensity is determined in

accordance to the Town Planning Ordinance (Chiu, 2007). Therefore, while the

provision of housing land in the planning process is triggered by the government,

and the distribution and development intensity are given by the technical

government departments and planning authorities, the Hong Kong government

has significant influence on the number of housing units to be finished. Private

developers are in essence bidding for the lease of the land to gain permission to

develop and sell to consumers (Hui, 2004).

3.3 History of Public Housing Programmes

Public housing programmes were first introduced in 1954. Wong (1998)

gave a detailed account of the policies since then18. In the 50s, housing policy

concerned about rental housing only and the quality of housing provided was

minimal. The first large-scale public housing programme was first introduced

after the squatter fire in Shek Kip Mei in December 1953. In 1954 the

Resettlement Department was formed with the objectives of squatter clearance

and resettling squatter residents to free up land for urban development. With

public funds, resettlement estates were hence built by the Public Works

Department. In the same year, the government increased its support for the

Housing Society (HS) and has established the Housing Authority (HA) to provide

better public housing for a wider population with higher income. In 1961, the

government introduced a Government Low Cost Housing Scheme (Low Cost

18

Information described in this section, unless other specified, are obtained from Wong (1998).
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Housing), which was managed by the HA, to provide accommodation upon

application for households in bad living conditions with monthly incomes lower
than $500. By 1964 - 65, the total number of persons accommodated in HS and

HA housing were over 180,000, while that accommodated in Resettlement Estates

600,000. However, as the government decided to require the HA andwere over

HS to become self-fmancing, the Low Cost Housing programmes were halted

because of lack in loans and subsidies. Although the government had set up a ten-

year housing plan in the Review of Policies for Squatter Control, Resettlement and
Government Low Cost Housing issued in 1964, the actual number of housing units

built at the end of 1974 was less than half of the planned production.

During "MacLehose Era" (1973 - 83), new towns developments grew

extraordinarily fast. New towns development is a major characteristic of Hong

Kong. The primary goal of such development plan was to address the grievances

of an immigrant society, especially after the 1966 and 1967 riots. With his

conclusion that "inadequacy and scarcity of housing and all that this implies, ... ,

is one of the major and most constant sources of friction and unhappiness between

the government and the population", he put into force the biggest satellite towns
f

development plan in Hong Kong. In 1973, all existing housing agencies were

unified into the HA. During the period, an actual number of rental units and Home

Ownership Scheme flats being built were 176,623 and 23,020 respectively.

Public housing programmes have become more important as a way to

provide adequate housing units for the needy families in 1980s. As MacLehose

continued to rely heavily on public housing supply in solving the housing problem,

the public sector has gained an increasing share in the housing market. However,

economics conditions continued to improve, demand for better housing roseas
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substantially. As the primary purpose of public housing programmes was to

provide basic shelter for the neediest, housing condition for public units was

inferior to that of the private ones. Since the increasing demand for better housing

quality had created growing political pressure on the government, the HA was

forced to realign its policy instruments and housing designs to target different

housing resources for groups with different needs.

With the announcement of Long Term Housing Strategy in 1987, the

policy objective of public housing had changed further to emphasize on home

ownership. For example, the Home Ownership Scheme (HOS) and Private Sector

Participation Scheme (PSPS) were aimed at households with higher income yet

difficult to purchase housing units in the private sector. In later time, as to reduce

the long waiting list for public housing, these two programmes have also been

used for encouraging well-off public housing tenants to relinquish their units.

Therefore, the role of HA has expanded accordingly as the major housing

provider for needy households, as well as a broader range of middle income class

households.

In 1996, after reviewing the HOS programme, the HA recommended a

new resale restriction regime and a secondary HOS flats market. In particular, the

HOS flats were allowed to be sold back to the HA after five years; flats that had

been under the HOS for ten years could be sold freely on the market. The

authorities did not only actively provide public housing units, but also subsidized

targeted households in purchasing private housing. In line with the objectives,

certain extensions and introductions of new policies have been made. In 1997, a

secondary market (for eligible buyers) of HOS units had been allowed for units

being occupied for three years. Pledges to solve the problem of lowering housing
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affordability, the Chief Executive ofHKSAR announced in his policy address to

build more public housing. Including PRH, HOS, PSPS and sandwich class

housing, approximately 85,000 (35,000 private and 50,000 public) housing units

were planned to be built each year. In the same year, the Tenants Purchase

Scheme (TPS) was also proposed to sitting PRH tenants.

Unfortunately, owing to the Asian Financial Crisis which broke out at

around the time of announcement of the new policy, most previously set targets

eventually abandoned. In 2002, the government further announced thewere

termination of home ownership policy and halted new HOS/PSPS projects. For

the unfinished and newly completed HOS/PSPS flats, most of them were allocated

for rental use while a little of them has been sold recently. (Chiu, 2007)
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Kong"(Hong Kong: Hong Kong Centre for Economic Research).
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Hong Kong Property Review (various issues)

Fig. 3-1 shows the stock of private and public housing units in Hong Kong

from 1982 to 2011. In the chart, "Owner-occupied" refers to HOS/ PSPS and
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more recently, TPS units. According to the description in Hong Kong Annual

Digest of Statistics, from 1998 onwards rental units sold under TPS were

excluded from "Rental" units; they were added to "Owner-occupied" instead.

Therefore, we see substantial increases in "Owner-occupied" housing from 1998

to 2001, and at the same time stagnation in "Rental" housing increment. Despite

of this, there are apparent increasing trends for both rental and owner-occupied

housing throughout the sample period. By the end of 2011, there are over 0.7

million and 0.4 million of public rental and public owner-occupied units

respectively.

In comparison, the private housing stock grows more stably along the

years. Private housing stock is computed from raw data19. Throughout the years,

total private housing units increased from less than 0.4 million to over 1.1 million.

In general, increases in private housing stock have always been higher than, and

independent of the public sector, even when there was stagnation in public

housing supply. This adds doubt to the argument, "increased public housing

provision crowded out private housing".

4 Literature Review

This study relates to the crowding out literature concerning how public

expenditure affects private spending by altering individuals' behaviour. Studies on

this topic are multifaceted, including analyses in insurance market (Cutler and

Gruber, 1996), and private donations (Okten and Weisbrod, 2000).

19 Details are given in Section 5.
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Public housing programme has always been the largest single expenditure

item (excluding military expenses) in the government budget. It is therefore

always taken as an example of government expenditure that may crowd out

private investment. Murray (1983) proposed two mechanisms by which

subsidized housing starts crowded out unsubsidized housing starts. The first

channel is the same as discussed in Section 2 that increases in supply of

subsidized housing absorbed households that would otherwise consume private

housing; while the second advocates that the demand for conventional mortgages

to finance subsidized housing might switch mortgage suppliers away from private

sector and hence bidding up market interest rates. Although empirical result

shows presence of crowding out between public and private housing starts,

Murray (1999) has revisited the problem using "stocks" data rather than "starts"

and found that public housing has steadily added to the total stock of housing in

the US since its inception in 1935. However, moderate-income, subsidized

housing added only a little. In other words, crowding out has been observed

between private housing and moderate-income housing in the US, but not for low-

income housing in the long mn.

Malpezzi and Vandell (2002) investigate the tenant-based Low-Income

Housing Tax Credit (LIHTC) programme in the US. From their estimations of a

cross-sectionai data in the US, they found that there was no significant

relationship between the number of LIHTC units built and the size of current

housing stock. This result implies a high degree of substitution between two

dwellings. Sinai and Waldfogel (2005) utilize similar cross-sectional data in the

US and found there is partial crowding out between low-income housing and

private housing. Additionally, the authors find that crowding out is smaller in
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markets with more excess demand for existing subsidized housing stock

(measured as the number of families potentially eligible for subsidized housing

per existing stock). More recently, Eriksen and Rosenthal (2010) found consistent

result for the same housing programme with census-level data. Their findings

suggest that the LIHTC programme displaces unsubsidized rental housing

construction, but imprecisely has a much moderate effect on owner-occupied

housing. Although the above three studies have applied reduced-form model

different from the VAR model being used in Murray (1999), they reaffirmed the

existence of crowding out between public housing and private housing in the US.

From a regional perspective, research in this field in the Pacific region is

minimal. As an exception, Lee (2007) advances the literature by using data from

South Korea. With the panel VAR model, he concludes that in South Korea public

and private housing investment Granger-cause each other asymmetrically, and

that the crowding out effect between two housing investment is quite substantial

and increases with housing availability ratio (number of total houses per

household).

For the nexus between housing market and household formation, most

existing literature answer this question by housing prices. Since housing

expenditure is the single largest necessary expenditure of a normal household that

can hardly be substituted, increases in housing expenses may lead households to

reduce other expenses. As discussed in Section 2, increases in housing price

should lead to decreased privacy consumption (hence, decreased housing

consumption). Since changes in housing supply will necessarily affect housing

prices when housing demand remains unchanged, if public housing stocks crowd

out private stocks, the net effect of public housing on price might be different.
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Hence, the effect of public housing stocks on household formation decisions

might be different too.

This strand of literature started early in 1970s. Borsch-Supan (1986)

specifies and estimates a housing demand model including the decision of

individuals to form independent households (headship). Empirical results reveal

that the headship rate increases with benefit received from the housing voucher

programme. In this view, household formation is an endogenous variable to the

housing market. Eriksen (2010) investigates the Tulsa Individual Development

Account (IDA) programme in the US and find that homeownership subsidies have

a direct causal effect on marriage. For studies in Pacific region, Yi and Zhang

(2010) predict a negative income and substitution effect of housing price on birth

rate. This is argued that housing prices change the households' budget constraint

and may induce a substitution away from giving birth to babies. More recently,

Hui et al. (2012) studied the relationship between birth rate, housing price and

elderly dependency in the case of Hong Kong. They also find that increases in

housing price would cause a decrease in birth rate, which is in line with previous

studies. In short, previous studies have confirmed a crucial effect of housing

prices on household formation decisions. Our current study, yet not directly,

revisits this question by looking into the effect of public housing supply on

household size.

5 Methodology

This study aims to investigate the relationships between the private and

public housing stocks. Specifically, if public housing stocks are negatively
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correlated with private housing stock, we can conclude that generally public

housing is crowding out private housing.

If the variables have common stochastic (and deterministic) trends, they

will show a tendency to move together in the long run. This relation (cointegrated

relation) is interpreted as the long-mn economic steady-state relation in error-

correction models (ECMs). By identifying this long-run relation, specifying the

variables in an ECM allows researcher to filter the short-run adjustment from the

long-mn relation (Juselius, 2006).

The following equation presents a typical ECM.

Ayt = TTA^ + a(yt_i - pXf-z) + £t (5.1)

y changes between t-1 and t as a result of changes in the values of the

explanatory variable(s) x (AX(), and also in part to correct for any disequilibrium

that existed in last period (yi-i - ^t-i). For y and x are "cointegrated" with

cointegration coefficient ft, the "error correction term" will be 1(0) even though

the constituents are 1(1).

P represents the long-run relationship between x and y; n defines any

short-mn relationship between changes in x and changes in y; a indicates the

speed of adjustment back to the equilibrium. In the case of more than two

variables, the model can be modified as (5.2), in which Xf, Yt, W( are cointegrated.

Ay n^Xt + nz^Wt + a(y(_i - PiXt-i - PzWt-i) + £( (5.2)t

For an error correction term including k variables (including y), it can be

generalized as (5.3).

"t-i = Yt-i -Po- PiX^t-i - /?2^2,t-l - Pkxk,t-l (5.3)^ f #

This study investigates the model using the full information maximum

likelihood (FIML) estimator developed by Johansen (1988) because it requires no
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prior knowledge of the number of cointegrating relations. Instead, the suitable

model is tested and chosen through the test.

5.1 Research Questions

Following Murray's (1999) cointegrated VAR model framework, we

proceed to test for the crowding out effect between public rental housing units,

subsidized owner-occupied housing units and private housing units in Hong Kong.

This study provides important policy implication. If public housing is a

substitute to private housing, provision of public housing may trigger a wave of

potential private housing demand switching to the public housing market. As new

housing supply takes years to finish, this rapid demand shift may pull down the

overall private housing value in the short run. When homeowners, especially

investors expect a decline in housing value, there may be a serious underselling as

to prevent further capital lost. Since underselling would induce another wave of

housing price drop, this vicious cycle continues until meeting homebuyers'

preservation price. This scenario is exactly what the critics of public housing

programmes proposed to stand against the advocates. Above all, if public housing

is less a substitute to the private housing, provision of public housing would bring

relatively less harm to the housing market and the economy. Discovering the

crowding out effect is therefore a reasonable way to disentangle the debate

between advocates and critics of public housing programmes.

The hypotheses of this study are as follows. First, we expect that public

housing units (no matter rental or owner-occupied housing) are substitutes to

private housing. Therefore, public rental and owner-occupied housing stocks

should crowd out private housing stock in the long run (HI). Second, however,
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given the fact that the allocation process of public housing units may differ

according to policy objectives, the extent of crowding out may be different. Under

the current policy, PRH units are mainly allocated to families that are unable to

purchase housing, so the receivers should be less potential consumers of private

housing; HOS units are targeting at middle-class, so the receivers should well be

potential private market consumers. As a result, we expect public rental housing

stock to exert less crowding out effect on private housing stock than that of

public owner-occupied housing (H2).

5.2 Model Specification

Our empirical model aims to testify the stated hypotheses with respect to

different housing stocks variables in Hong Kong over time. The cointegrated

VAR model, also called the error correction model (ECM) is used for the

estimation. The use of an ECM requires two or more variables to have common

stochastic (and deterministic) trends and move together in the long run. This

special relation is valid when there is a stationary linear combination -

cointegrated relation - of a set of nonstationary variables. In this study, we follow

the Johansen's (1988) FIML procedure.

If at least one cointegrating vector is found, the housing stocks equations

can be identified by the cointegrating vector and viewed as a long-run relationship

among the variables. The underlying error correction model is given below.

AX( = rAX(_i + OXt-i + p. + ^ (5.4)
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where \nSpRi, In^py^.o, inSpug^ are public rental housing stock, public owner-

occupied housing stock and private housing stock (all in natural-log) respectively,

In Y is natural-log of real disposable income per capita, In HH is natural-log of the

number of domestic households. Spyg^ stands for either public rental housing (R)

or public owner-occupied housing (0) stock. This setting allows for easy

comparison of crowding out between rental and owner-occupied housing towards

private housing. In our extended model In HH size, the natural-log of average

household size, is added to the baseline model for understanding the long-run

relationship between household formation and housing supply.

6 Estimation

6.1 Data Issues

The series used in this study are constructed from annual data in Hong

Kong covering the period from 1982 to 2011 (n=30). Although the time series

data suffered from the problem of being too short, this study is still worthwhile

given the importance of the issue. Table 6-1 summarises the definition and source

of data.

L
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Table 6-1 List of variables and definitions
Abbreviation Description Data Sources Expected

Sign
ln5 20 Log of private residential housing Wong (1994), Hong Kong DependentPR1

stock (units) Annual Digest of Statistics var

InS Log of public owner-occupied Wong (1994), Hong KongPUB.O
Strongly -housing stock (units) Property Review

ln5' Log of public rental housing stock Wong (1994), Hong KongPUB.R
Weakly -(ynits) Property Review

in y Log of real Gross Domestic Product Hong Kong Annual Digest
+

of Statistics
\nHH Log of number of domestic Hong Kong Annual Digest

+households of Statistics

Most data are obtained from the website of the Census & Statistics

Department ofHKSAR. Public housing stocks are retrieved from Wong (1994)

and various issues of Hong Kong Annual Digest of Statistics, while private

housing stocks are obtained from Wong (1994) and various issues of Hong Kong

Property Review. All variables enter the model in logarithmic form, and the

marginal effects of variables are interpreted as percentage change.

Private residential housing stocks consist of all housing units built by

private developers in Hong Kong, excluding "New Territories Exempted Houses

(NTEHs)" built by indigenous villagers under the New Territories Small House

Policy. The reasons for this exclusion in our study are two-fold. First, NTEHs are

built only by indigenous villagers in the New Territories who have land use right.

That means the supply of NTEHs is less restricted comparing with ordinary

private housing. Second, NTEHs have different design (houses), location (mainly

in urban fringe) and average size (normally of over 100m2 per unit) so they are

mostly incomparable with normal private housing.

20 Data before 1994 are from Wong (1994), while the rest are from Hong Kong Annual Digest of
Statistics and Hong Kong Property Review respectively.
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NTEHs are excluded from the statistics suddenly from 2002 onwards. We

therefore approximated and computed the private housing stock series by

21
assuming a constant number of NTEHs completion The raw series and

#

computed series are compared in fig. 6-1 and fig. 6-2. Apart from the big jump in

2002, the growth rates of two series are highly coherent and the first-differences

of both are having similar dynamics along the years. Hence, the computed series

should serve the model perfectly equal to the raw series.
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21 Unadjusted stock in 2002=1093447; adjusted stock in 2002 (reported in later yearbooks)
=981976. Unadjusted completions in 2002 =34035; adjusted completions =31052. Therefore we
assume the stock of NTEH in 2002 equals 1093447-981976=111471; and year-completions as
34035-31052=2983. By keeping year-completions constant over whole sample period, and
subtracting stock ofNTEH, the computed series is obtained.
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Another definition change occurs in the public housing stock data. From

1998 onwards, Tenants Purchase Scheme (TPS) housing units have been excluded

from rental housing; instead they are counted as owner-occupied housing. Also

starting from 2002, owner-occupied housing units sold in the second-hand market

after paying land premium are regarded as private housing units. In this study, we

follow the government classification of dwelling types by ownership so no further

changes are needed. This classification is important because our study focus

mainly on the action-reaction pair of private and public housing. If public housing

units are allowed to trade freely in private market, it is in essence out of

government's allocation process. As a result, it is no longer "public" housing.

Other than housing stocks, we include two control variables accounting for

demand-side factors that may also induce growth in housing stocks. They are

natural-log of real GDP of Hong Kong and natural-log of number of residential

households. Real GDP reflects the prosperity of Hong Kong economy while the
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number of households serves as a proxy for potential housing demand. We expect

housing stocks to increase in a more prosperous economy, and with more number

of households.

6.2 Unit Root Test and Cointegration Test

We begin with the unit root test of the data. The Augmented Dickey-Fuller
f »

(ADF) test is used for this purpose. Table 6-2 presents the test statistics »

Table 6-2 Augmented Dickey-Fuller Test of Unit Root: baseline model
Variable Test on Intercept Trend

\nS Level -12.251 *** -0.134PRI

F'Diff -0.430 -4.065 **

\nS Level -9.184*** -3.117PUB.O

15tDiff -3.559 ** -3.477 *

}nS Level -2.425 -2.339PUB.R

ls'Diff -3.392 ** -3.576 *

In Y Level -1.846 -2.202

ls'Diff .4.437 *** -4.643 ***

lr\HH Level -2.181 -1.079

st -3.840 ***Diff -3.093 **

Notes: The numbers of lags are determined by the BIC, with maximum lag-
length of 4 periods.
*, ** *** denote 10%, 5% and 1% significance levels respectively.
Critical values are based on MacKinnon (1996). Since the numbers of
lags are determined automatically by EViews, the critical values for
the series are slightly different depending on the number of lags.
Specific test results are available upon request.

With respect to Table 6-2, the ADF tests reject at 10% level of

significance the null hypothesis of a unit root for all first-differenced series when

we include a trend (and at 5% significance level without trend, except for \nSpni ).

This indicates that the series are 1(1) with linear trend. Therefore we also add

trend terms to our adjacent analysis.
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Table 6-3 Johansen and Juselius's likelihood ratio test result: baseline model
0.01 0.05 0.10
critical critical critical

Variables Null hypothesis Hypothesis Test statistics value value value
\nS Trace tests: Trace statisticPRh

InS r=0 r > 0 98.32*** 85.76 77.74 73.40PUB.O'
InS r< 1 r> 1 52.85 * 61.24 54.64 50.74PUB.Rf

In Y, In HH r<2 r> 2 27.84 40.49 34.55 31.42
A max tests. A max statistic

r=0 r==l 45.46 *** 41.58 36.41 33.74
r= 1 r==2 25.01 35.68 30.33 27.76
r=2 r=3 16.31 28.83 23.78 21.53

* ** ***Note: denote 10%, 5% and 1% significance levels respectively.) 5

Test assumption: quadratic deterministic trend (both intercept and trend in ECM and the
underlying VAR) in the data. r indicates the number ofcointegrating vectors.

The Johansen and Juselius's likelihood ratio test results are given in Table

6-3. The null hypothesis of no cointegration among variables is rejected at 1%

confidence level by both tests. Although the Trace test indicates a possibility of

having two cointegration relations at 10% confidence level, A Test is not ablemax

to reject the null of having only one cointegration relation. Therefore, we estimate

our model with one cointegrating vector.

6.3 Empirical Results

Table 6-4 and Table 6-5 present the results of the cointegration analysis.

Table 6-4 Normalized Long-run Cointegrating Coefficients: baseline model
Variables Coefficient (Standard Error)
Intercept -4.577
\nSPRI

\nS -0.297(0.016)***PUB.O

\nS 0.111(0.098)PUB.R

In/ -0.277(0.061)***
\nHH -0.419(0.127)***
Trend 0.008

2
x 1627.49 (p=0.00)

Note: denote 10%, 5% and 1% significance levels respectively.* ** ***
; ?

The cointegrating vector reported in Table 6-4 suggests that there are

significant positive correlation between public owner-occupied housing stock, real

output level and the number of households, and private housing stock. In the long

run, the number of households gives the highest positive effect on private housing
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stock; whereas the effect of real output level is comparable to that of public

-occupied housing. Public rental housing stock, on the other hand, shows noowner

significant effect on private housing stock in the long run.
Vector Error Correction Model Estimation: baseline modelcTabl

MnS Aln5 Aln5PUB.RtDependent variable PRIt PUB.Ot

Coefficient Coefficient Coefficient

Regressors (Standard Error) (Standard Error) (Standard Error)

0.059(0.016)*** 0.253(0.123) 0.022 (0.043)**

Intercept
ECM -0.185 (0.093) ** 33 (0.707 0.093 (0.247)

&ln5 0.066 (0.219) -1.135(1.661) 0.306 (0.581)

&ln5 0.017(0.024) 0.432(0.179)** -0.038 (0.063)

&ln5 0.006 (0.095) -0.387 (0.724 0.241 (0.253)

\\nY, 0.024 (0.038 0.049 (0.291 0.042(0.102)

nHH -0.096(0.147) 0.605 (1.113 -0.539 (0.389)

r 0.002 (0.001) -0.009 (0.004 -0.001 (0.001)***

Rz: 0.984 Rz: 0.888 Rz: 0.568

yz: 1262.38 (p=0.00) x 158.14 (p=0.00) y2: 26.24 (p=0.00)2.

Note: *, ^, *" denote 10%, 5% and 1% significance levels respectively.
A denotes first difference.

Table 6-5 gives the VEC representation of the model. Coefficients of

variables in the table represent the short-run effects. Coefficient of ECM (the

-correction term) is the adjustment coefficient indicating the direction anderror

speed of adjustment of each variable in the model towards long-run equilibrium.

The coefficient of the speed of adjustment implies that about 19% of the

disturbance in private housing stock in the short run will be corrected each year.

For the public owner-occupied and rental housing stocks, both of them are not

adjusting to the long-mn equilibrium. Especially for public rental housing stock,
coefficients of variables in the model have significantly affected public rentalno

housing growth. This reveals the exogeneity of public rental housing towards

private housing market.
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6.4 Discussion

6.4.1 Market Segmentation

Obviously, the result above confirms a significant heterogeneity between

two kinds of public housing. From the figures, public rental housing market and

private housing market are essentially segmented markets. Provision of PRH

exerts generally no effects on private housing supply no matter in the long run or

short run. The reason of this segmentation could be related to the objectives of the

public rental housing programme and the allocation procedures.

22As stated in the Policies on Public Housing 22 of HA, "public housing

resources are allocated strictly in accordance with the relative priority of the

applications on Waiting List (WL) to uphold the principle of rational allocation. ??

HA has identified and given allocation priority to seven groups of needy

applicants23 named: Senior Citizens, Persons with Disabilities, Families with

Problems, Families with Financial Hardships, Tenants Affected by Estate

Clearance, Clearees, and Temporary Accommodation in Transit Centre. In short,

PRH programme serves to provide basic housing to the neediest individuals or

households in the society. Since on one hand public rental housing tenants are

essentially those who are not able to own any private housing, and that the

wealthier private housing owners are not eligible for PRH, supply of PRH should

not affect private housing ownership demand.

22
Housing Authority, Policies on Public Housing, Section A (Ch. 1).

http://www,hQysingauthority.gov.hk/en/common/'pdf/about-us/policy-focus/poljcies-Qn-pyblic-
hpusine/AO I/AOl.pdf (accessed April 1, 2013)
23

See for details: http://www.housingauthority.gov.hk/en/public-housing/meeting-SEeciaL:
needs/index.html
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Also, the quality of PRH housing units, yet improved substantially in

recent years, bear no comparison with newly built housing units in the private

market. Except the neediest private housing tenants that are forced to rent

(because housing service is necessity), other households who voluntarily choose

to reside in private rental housing should also be unwilling to move into the public

housing sector. As a result, PRH tenants and applicants should be essentially not

existing demanders of private housing. At the end, PRH provision should not

significantly affect private housing stock.

Unlike PRH housing, public owner-occupied housing units are usually of

better quality. In nature, these owner-occupied housing programmes (e.g. HOS,

TPS) aim to attract wealthier PRH tenants out of their rental units. This move is

cmcial because the eligibility of residing in PRH units can hardly be removed

under current (and past) policy (Wong, 1994). Only with subsidized home

ownership programmes, the government could facilitate the up-flow of existing

tenants along the home ownership ladder (Ho and Wong, 2009), and fulfilling the

housing needs of new PRH applicants. Because of this motive, these housing units

are built according to modem housing design. In many ways, these housing units

therefore are in essence close substitute to private housing. Despite that we have
*

expected public owner-occupied housing to exert negative effect on private
*

housing stock, our empirical result suggests it is not true. The heterogeneity

between public rental and public owner-occupied housing also suggests that

Hypothesis 2 is partly accepted.

6.4.2 Restricted Land Supply

Why does public owner-occupied housing stock unexpectedly exert
??

positive effect on private housing stock in the long run? The "perfect market
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hypothesis is the crucial assumption on which the previous explanations rely.

Although public housing supply could under some circumstances not crowding

out private housing, public housing should not be enhancing private housing

supply. As discussed in Section 2, the Hong Kong government has cohesive

power on residential land supply and specific lease conditions. The total number

of housing units provided is essentially determined even before construction by

the government. If government actively controls land supply to private developers

restrictively proportional to public housing developers (HA, HS), supply of

private housing and public housing shall always be proportional, and in the long

run growing together.

Table 6-6 and Table 6-7 give the annual residential land supply from 1985

to 2005. By looking at the tables, we have two observations. First, land supply

along the years possesses a cyclical pattern. In 1985/86 financial year (F/Y), total

residential land supply marginally exceeded 110 ha. The land supply then kept

increasing and peaked at 153 ha in 1991/92 F/Y. After a moderate reduction, land

supply further increased to 192 ha in 1994/95 F/Y. However, the same trend

disappeared after 1997. Except in 1999/00 F/Y, land supply was kept under 100

24ha by annual . In 2002/03, since the government stopped all scheduled land

auctions and suspended the Application List, land supply dropped significantly to

almost zero. Yet recovering, in the years following land supplies are minimal

comparing to that in the 80s.

Second, among residential land supply, public housing has gained

increasing importance. Before 1993/94 F/Y, public housing land supply remained

24
Two tables are not directly comparable. However, the ratio between land uses and the trends of

land supplies are still valid.
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between 40 and 50 ha per year, and that of private housing had been increasing

from around 60 ha in 1985/96 F/Y to 103.5 ha in 1991/92 F/Y. While public

housing supply had been steady, private housing land supply fluctuated and

finally dropped under 40 ha in 1996/97 FA". Afterwards, private land supply

remained low. According to the numbers, we can conclude that the distribution of

land supply between private and public housing has become more even in the 90s.

Since the effective land supply constrains the housing production capacity, a

decline in total land supply and relative private housing land supply should have

resulted in more coherent growth in private and public housing stock.

Public housing developers HA and HS are obligated to undergo

government's housing plans. Therefore residential lands supplied to them are

almost totally disposed and converted into housing units. Although private

developers do not have obligation to lease the land supplied, private housing

supply is in any way subjected to the land supply.
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25Table 6-6 Estimates of Land Supply in the Territory by Type of Land Uses 1985/86-1995/96 (Net Area in Hectares)
Availability by planned uses 85/86 87/88 88/89 89/90 91/92 92/93 93/94 94/95 95/96
Industrial 104.73 63.14 41.07 53.61 32.90 40.57 61.91 60.30 58.50
Commercial 6.07 5.39 5.14 5.37 2.50 1.26 16.18 18.12 5.90
Residential 114.57 138.07 130.77 131.22 153.40 130.70 123.09 192.72 93.50

Private Housing 65.48 82.97 88.08 90.95 103.50 92.13 82.35 85.42 55.40
CommerciaVResidential 15.19 11.50 14.04 9.49 18.80 19.75 17.64 6.19 7.10
Residential 1 8.03 14.10 14.53 11.98 17.00 14.28 18.00 13.23 8.10
Residential 2 19.87 26.75 24.08 27.60 18.00 11.23 9.07 7.70 3.60
Residential 3 10.53 13.08 18.82 21.14 28.80 28.50 25.18 41.25 17.90
Residential 4 2.08 2.08 1.36 1.85 1.60 0.50 3.09 3.01 3.10

Village Type Development 9.78 15.46 15.25 18.89 19.30 17.87 9.37 14.04 15.60

Public Housing 49.09 55.10 42.69 40.27 49.90 38.57 40.74 107.30 38.10

Sandwich Class Housing 12.44 3.70nht I- <m n* -

HOS/PSPS 8.68 23.48 23.18 33.66 29.80 19.56 31.83 54.17 17.20

Public Rental Housing 40.41 31.62 19.51 6.61 20.10 19.01 8.91 40.69 17.20

Other Uses and undesignated 595.73 577.46 532.54 663.97 906.40 900.91 946.85 727.87 1935.80
Total 821.10 784.06 709.52 854.17 1095.20 1073.44 1148.03 999.01 2093.70

Table 6-7 New Residential Land Su pply 1996/97-2004/05 (Hectares)

Categories 96/97 97/98 98/99 99/00 00/01 01/02 02/03 03/04 04/05 Total %

Private Housing 40.9 35 26.5 54.5 10.4 22.4 0 11.5 10.8 212 50.4

Public Housing 63.5 47.1 32 47.9 7.6 0 0.4 10 0.4 208.9 49.7

Sandwich Class Housing 6.8 0 3.2 1.2 0 0 0 0 0 11.2 2.7
HOS/PSPS 34.9 33 19 23.6 0 0 0 4 0 114.5 27.2

Public Rental Housing 21.8 14.1 9.8 23.1 7.6 0 0.4 6 0.4 83.2 7 9.8

Total 104.4 82.1 58.5 102.4 18 22.4 0.4 21.5 11.2 420.9 100

Sources: Liu, E., Wu, J. & Lee, V. (1997) Land Supply in Hong Kong (Hong Kong: Legislative Council Secretariat, Research and Library Services Division).

25 Data includes un-disposed lands brought forward from previous years, newly formed site completed and the lands which were ceased for temporary use.
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Market Effect of Restricted Land Supply

We assume that the government adjust the public residential land supply

and the private residential land supply in the same direction. By doing so, public

housing supply shall then be correlated to private supply. As a result, a unit

increase in public residential land supply would exert two distinct effects: (1)

increasing public land supply also means increasing private land supply. This

lowers the marginal cost of private housing production and hence increasing

private supply; (2) increasing public housing supply induces existing private

demand to substitute away, resulting in a decrease in private housing demand.

When these two effects come into force at the same time, the net effect on

equilibrium quantity would be ambiguous: the increase in supply induces an

increase in private housing units; yet, the decrease in demand on the other hand

reduces the number of units to be built. Referring to our empirical results which

public housing and private housing are in the long run positively related, we

conclude that the relative increase in supply dominates the decrease in demand.

That means, even if public supply is crowding out private demand, the

equilibrium quantity would still increase due to an even higher increase in private

supply.

The explanation so far assumes the Hong Kong government exogenously

control housing supply by restricting land supply. Since the incentive system

underlying the land supply strategy is not our major focus, we do not argue to

prove this hypothesis with theoretical models. One major reason could be high

political pressure from Hong Kong residents resulting from continuous

unexpectedly high housing price inflation. Since the government is not confident
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that the private sector could solve the problem of housing affordability in the short

run, whenever the government increases private residential land supply, they must

also increase the public supply.

To sum up, the positive correlation between public owner-occupied

housing and private housing stock could have resulted from the restricted

residential land supply in Hong Kong. As discussed, by controlling land listed in

Land Application List and Land Sale Programme, the government could manage

private developers' housing production. When private residential land supply is

linked to public residential land supply, there will be proportional increases in

housing units in both markets. As a result, Hypothesis 1 is rejected.

In spite of that the Land Department has released the Land Sale Record in

each FA^, that data set does not include public housing land granted. Therefore,

we are not able to include land supply data into our model. Further investigation

should be done when more data becomes available.

7 Extended Model

In this section, we investigate the interactions between public housing

stock and household formation behaviours. In our modified model, we relate the

average household size to the housing stocks variables. Increasing housing supply

may reduce housing price to drop, and in turn increases households' incentive to

split up (demand for two units). If households choose the latter, there will be

substantial increase in total housing demand and decline in average household

size. The average household size therefore serves as a proxy for crowdedness: the

higher the average household size, the more crowded the average household is

living. Since public housing units are more affordable than private housing,
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increases in public housing should comparatively induce more families to split up

than that of private housing. As a result, we expect average household size to

decrease with housing stocks (H3), and public housing stocks should have

more negative impact on household size (H4).

7.1 Unit Root Test and Cointegration Test

Table 7-1 and Table 7-2 show the result of unit root test for

In HH size and the cointegration test results of the extended model. The first-

difference of In HH size is stationary at 1% significance level, this suggests that it

is 1(1). TheAmaxtest in Johansen Cointegration test suggests that there are two

cointegrating vectors. The empirical result is presented in Table 7-3 and Table 7-4.

Table 7-1 Augmented Dickey-Fuller Test of Unit Root: extended model
Variable Test on Intercept Trend

In HH size Level -1.236 -4.380 ***

15tDiff -9.449 *** .9.424 ***

nd -5.209 *** -5.092 ***
Diff^

L

The numbers of lags are determined by the BIG, with maximum lag-length of 4 periods.
denote 10%, 5% and 1% significance levels respectively.* ** ***

Critical vaU;s-a. based on Mac^non (1996). Since the numbers of lags are determined
automatically by EViews, the critical values for the series are slightly different depending on the
number of lags. Specific test results are available upon request.

Table 7-2 Johansen and Juselius's likelihood ratio test result: extended model
0.01 0.05 0.10

Null critical critical critical
value value value. *

Variables hypothesis Hypothesis Test statistics

\nS Trace tests Trace statistic
PR/>

*** 100.14
ln5 r=0 r > 0 67.98 114.36 104.94

PUB.O'

\nS r< 1 r>l 109.38*** 85.78 77.74 73.40
PUB.R'

50.74InY, InHH, r<2 r>2 58.74** 61.24 54.64

\r\HHSize r< 3 r>3 30.46 40.49 34.55 31.42

\ max tests: /l max statistic

r=0 r=l 58.60*** 48.17 42.48 39.50

r=2 50.64*** 41.58 36.41 33.74
r

r=2 r=3 28.28* 35.68 30.33 27.76

r 3 r=4 18.95 28.83 23.78 21.53

Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.
Test assumption: quadratic deterministic trend (both intercept and trend in ECM
and the underlying VAR) in the data. r indicates the number of cointegrating
vectors.

Lag-length of the underlying VAR model is set to one t
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7.2 Empirical Results

Table 7-3 Normalized Long-run Cointegrating Coefficients: extended model
ECM 1 ECM 2

Variables CoefHcient (Standard Error) Coefficient (Standard Error)

Intercept 9.897 1.066

[nHHSize 0

In S 0E£i
In S 0.030 (0.034) -0.276 (0.029) * **

PUB.O
In S 0.276(0.210) 0.318(0.181)*PUB.R
In Y -0.887(0.134)*** -0.824(0.115)***

***InHH -0.476 (0.270) * -0.604 (0.232)
Trend 0.051 0.030

2
x K)8.93 (p=0.00) 673.92(p=0.00)
Note: *, **, *** denote 10%, 5% and 1% significance levels respectively.

Table 7-4 Vector Error Correction Mode! Estimation: extended model
Dependent MnHHSizCt A In S^it Aln^e.Ot A In Spv^,
variable:

Regressors Coefficient Coefficient Coefficient Coefficient

(Standard Error) (Standard Error) (Standard Error) (Standard Error)
Intercept -0.081 (0.027) 0.064(0.185)*** 0.283 (0.144) ** 0.044 (0.048)***

ECM_lt-i -0.482(0.114)*** 0.156(0.079)** -0.426 (0.616) 0.111(0.206)
ECM_2t-i 0.372(0.145)*** -0.164(0.100)* 0.885 (0.779) -0.006 (0.260)
MnHHSize^i -0.520(0.114)*** -0.057 (0.078) 0.213(0.612) 0.093 (0.204)
Aln5 1.111(0.336)*** 0.080(0.231) -1.782(1.809) 0.023 (0.604)PRI

Aln5 0.140 (0.050) *** -0.016(0.034) 0.395 (0.269) -0.097 (0.897)PUB,O(_I
Aln5 -0.571 (0.140) *** -0.047 (0.096) -0.198(0.752) 0.262(0.251)PUB,«t-l

Aln^t-i 0.057 (0.060) -0.008(0.041) 0.029 (0.321) 0.053 (0.107)
MnHHt- -0.530 (0.240) ** -0.010(0.165) 0.666(1.292) -0.397(0.431)
Trend -0.002(0.001)*** -0.002(0.001)*** -0.010(0.005)** -0.001 (0.002)

R-squared: 0.858 R-squared: 0.985 R-squared: 0,884 R-squared: 0.595
2. 2. 2.X2: 102.92 ^: 1108.02 Xz: 130.11 ri: 24.92

(p=0.00) (p=0.00) (p=0.00) (p=0.01)

*, **, *** denote 10%, 5% and 1% significance levels respectively.
Note: A denotes first difference.

Table 7-3 and Table 7-4 present the estimation results. From Table 7-3, the

long-run relationships seem to have no significant qualitative changes after

introducing the average household size into our model. From the third column

(ECM_2), public owner-occupied housing stock still shows a positive effect on

private housing stock, supporting the finding of no observable crowding out effect

in the last section. The only exception lies in public rental housing. It exerts, yet

only marginally significant, negative effect on private housing stock. For ECM_1,

it indicates the long-run relation between household size and other variables. The
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only significant effect comes from real GDP, suggesting that in the long run, the

number of housing stocks shall generally not affect household size.

In the short run, however, most independent variables in the first equation

( A In HHSizCt) are significant. Private housing stock exerts the most positive

effect. For 1 percentage point increase in private housing stock in the previous

year, there will be 1.11 percentage point increase in average household size in the

coming year. However, the effects of public housing are diverse. In short,
.

household size increases by 0.14 percentage point for each 1 percentage point

increase in public owner-occupied housing; but would decrease by 0.57

percentage point for 1 percentage point increase in public rental housing. For

adjustment speed, the coefficient ofECMJ is -0.482, indicating that around 48%

of the disequilibrium error is corrected each year. When we compare the

cointegrating vector (ECM_1) with the VAR model, we observe that the effects of

housing stocks are only significant in the VAR model. This reflects that the

household formation decisions are changeable upon changes in housing stocks but

only in the short run. The rest of the table shows consistent estimates as in Section

6, reaffirming the relationships between housing stock variables.

7.3 Discussion

7.3.1 Heterogeneous Effect of Public Housing Stocks

The empirical results show heterogeneous effect of different housing

stocks towards household size. The first reason for public rental housing to a

negative effect on household size is straight forward. When public rental housing

stock increases, keeping housing demand unchanged, there should be an

according increase in probability (and decrease in queuing time) for applicants to
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be granted a publk rental Lin'i. " '=-:;i. w-ms the opportunity cost of splitting up

decreases substamiaily. This facil:uu!-. .:'--e formation of subdivided households,

and finally leads to decreases in ihc avenge household size.
k.-

Secondly, this may a!so rcsuli !';-am a strategic behaviour of households.

Knowing that HOS u:-!.-,is on id he boiiyi"". without paying land premium by public/*
^

rental housing ten.'nis. one may choose \c. consume a HOS unit indirectly by

applying for PRH-u",i;s. i-:spcual!y alicr ihe cessation of new HOS programme i in
»

2002, households \\hovsoL!ki like to o\\niheir units could only choose to buy

from the private market or itic IIOS Scconckii'y M'.ii-ket. As a result, the easiest

way to obtain subsidized housing for less needy households is to apply for PRH.

Given that these less needy honschokls tire diuibk: (or PRH only if they split into

subdivided households, provision ol' PRII Ccinses .'.vcrage household size to drop.

The observed heterogeneous impacts of public hous:.-iy stocks partly accept
Hypothesis 4.

7.3.2 Fertility and Housing Stocks

There is another observation tiiat deserves furttK'r discussion. It is the

positive effect of both the priv.uc and ovvncr-occupicd hoLi.sing stocks on average

household size. One possible cxph'nalion For ihis i-cl.itcs to the relationship
T

between housing availability and fertility. Yi and /hang (2010) found that

increases in housing prices exert a negative d'l'ccl on ihc number of children for a

representative household. If we assume ihc demand of housing to be constant, an

expected increase in housing supply shaVs induce the household to expect for a

decrease in housing price, and hence inc'-cascs household's tendency to give birth

to babies because of a substitution effect. Gradually, ihc average household size

shall reflect the change in fertility decision. As long as the fertility decision is
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voluntary and the "baby demand" function of households is a subjective function

of housing price, housing stock dynamics could give rise to changes in household

size. Therefore, when private housing and public owner-occupied housing stocks

increase, average household size increases. This result rejects Hypothesis 3.

8 Conclusion

This study advances the existing public housing literature by providing a

special regional example of Hong Kong. Applying a Vector Error Correction

model (VECM), we investigate the crowding out effect between public housing

and private housing in Hong Kong. The econometric model is constructed with

reference to Murray (1999), who linked public and private housing stocks with

each other. Despite the relatively short time series, it is a worthwhile study to be

done because the relationships we have derived provide useful policy implications.

Using time-series data on different housing stocks (private, public owner-

occupied and public rental), number of households and income level in Hong

Kong, our empirical results reveal that public owner-occupied housing does not

crowd out private housing; while that the public rental housing market is in

essence a segmented market and exerts no effect on private housing stock. These

findings reject Hypothesis 1 that increases in public housing stocks crowd out

private housing stock and confirm the heterogeneous effects of different public

housing stocks as suggested by Hypothesis 2.

We have given certain possible reasons for our observations. First, PRH

programme serves to provide basic housing to the neediest individuals or

households in the society. PRH tenants are essentially not potential private

dwellings demand. This gives rise to market segmentation and lead to minimal
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effect of PRH on private housing stock. Second, the restricted land supply by the

Hong Kong government has adjusted the private residential land supply and thet

public housing land supply in the same direction. This contributes to a highly

correlated housing production in both markets. As a result even if public housing

is absorbing demand from private market, empirical results fail to identify a

crowding out between the two types of housing stocks.

In our extended model we testify the hypothesis that housing provision
(j

could substantially affect families' household formation decisions. The difference

between our study and previous ones is that we use housing stock instead of

housing price. With respect to the average household size in Hong Kong along the

years, we reject Hypothesis 3 that the average household size decreases with

housing stocks. We find that private and public owner-occupied housing stocks

exert significant positive effect on household size. This result is consistent with
I

those of the previous studies (Borsch-Supan, 1986; Hui, Zheng & Hui, 2012; Yi &

Zhang, 2010) predicting an increase in fertility when households experience a

decline in housing price. While the PRH stock affects household size negatively,

we accept Hypothesis 4 partly that only public rental housing decreases average

household size.

Possible explanations for this observation are twofold. First, increases in
t

private housing stock and public owner-occupied housing may induce households

to expect a future housing price drop. This allows households a bigger portion of

income to be spent on non-housing spending. Since giving birth to babies is

considered to be a normal good, this price drop would increase households ?

incentive to have babies. The average household size would therefore increase

because of the babies. Second, since PRH market is segmented from other
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housing market and its supply is not affecting overall housing prices, when public

rental housing stocks increase, the probability of needy households to be granted a

rental unit increases substantially. Households who are primarily not able to

consume separate housing units are now capable to split up. Given lower

opportunity cost and increased marginal benefit of forming subdivided households,

there would be more households splitting up. The average household size

therefore decreases. Thus, our findings highlight the importance of taking into

account the housing system in the formulation of population policy.
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