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Chapter 1

Introduction

1.1 General Framework

We are all confronting the housing market at some time through the search of a home
where to live, a profitable real estate investment, a buyer for our current housing and
so many other reasons. However, few are those who actually understand its deep logic.
Through time, it suffered from historic events like the world wars but also evolved with
the Industrial Revolution, the emergence of the television, the digitalisation, etc. There-
fore, studying the behaviour of the housing market quickly became necessary, or even
vital, to adapt to the continuously changing societies.

Being aware of the complexity of this market, many researchers have focused on this
part of the economic world for decades. An interesting observation is the global gener-
alisation of the results obtained in limited regions of the world. Often, authors develop
general model although it was based on a limited region. Similarly, we can find the
same conclusions in two different scientific works focusing on distinct territories. The
local cultures do not seem to be a crucial aspect for the behaviour of the housing market.

The two main elements of the housing market are the demand and the supply quan-
tities. In this work, I will consider, on the first hand, the demand as the number of
houses (excluding apartments) that households want to buy in a given semester in a
given Flemish community. On the other hand, the supply will be defined as the number
of houses (excluding apartments) that developers are willing to sell in a given semester
in a given Flemish community.

Conversely, the approaches to the housing market can diverge significantly. First,
the static point of view of the market, which considers the market in perfect equilib-
rium at any times, already brings new insights. By dividing the housing market into
sub-markets, their states at the equilibrium can be revealed and providing conclusions
about their mutual influences is feasible. In that respect, the relationship between the
sub-market for real estate space (consumers) and the sub-market for real estate assets
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(investors) (DiPasquale and William C. Wheaton, 1992) was discovered. Second, we can
evaluate the dynamic characteristic of the market, which means considering the potential
disequilibrium between the demand and the supply quantities. This results in an analy-
sis of a more cyclical nature due to the short-term rigid supply (that thus cannot adjust
itself easily to the demand that changes more rapidly). Third, this complex feature is
often due not only to the housing market itself but also to the interaction of the housing
market with other markets like the mortgage market (Ray C. Fair, 1972). Therefore,
many investigations have been conducted around those interactions.

Nevertheless, the basis of a properly handled study concerning the housing market
narrows down to adequately specifying the factors that influence the supply and/or the
demand and providing a correct model using the convenient tools to avoid inconsistency
of the results. Adequately specifying those factors implies selecting the relevant variables
that have an impact on the demand and supply quantities. These variables are the
price, the households’ income, the interest rate, the inflation rate, the mortgage rate,
the labour/construction costs. Adding other variables is admitted but removing one of
them would lead to misspecifications. Then, the quality of the reports largely depends
on the tools used like interactions schema, time series analyses, regression equations, etc.

1.2 Indicating the Gap

While the static point of view can already present interesting findings, it is not sufficient
to give reliable solutions. Indeed, a dependency between the supply and the demand
cannot be reflected if we consider them in equilibrium at any moment. The word ”equi-
librium” itself means that no adaptation is needed, this is a stable state. However, a
strand of the literature only focus on this vision of the market regardless of its insuffi-
ciency.

Furthermore, if we consider the demand and supply quantities in disequilibrium, this
means that the number of transactions observed is either one or the other. Indeed, if
the supply is greater than the demand, the houses sold will only reflect the quantity
demanded (the housing left being unsold and thus not reflected in the transactions). To
be clear, this leads to right censoring.

Then, most papers that examine the disequilibrium of the housing market neglect
other substantial aspects such as the interactions with other markets. Consequently,
the results are again imperfect. In addition, certain models miss some of the essential
variables mentioned above to formulate the demand and supply equation. Depending
on the tool used, it can have a negative impact on the findings.

Moreover, across the various scientific works, I notice that mostly the same tech-
niques are used to assess the impact of the housing factors on the demand and the
supply quantities.
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In short, the time dependency aspect of the demand and the supply is rarely taken
into account. The authors Jang Sewoong, Lee Sanghyo, Kim Juhyung and Kimnise-
Jaejun (2010) integrated the time dependency characteristic in their reasoning by using
tools from time series analysis, but their work can be criticised at certain levels. For
instance, the way they apply the impulse response function by putting an impulse on
only one variable, assuming that this will not have an impact on the others, is quite
naive.

1.3 This Work Contribution

First of all, I want to make sure that the integration of relevant markets is executed and
that all variables needed are included in our model. The literature presents the mortgage
market as the most influential and the key variables are already quoted above.

Then, I want to analyse the disequilibrium in the market itself to understand the
dependency between the demand and the supply quantity, as this is missing in most
of the literature. I analyse it as a right censoring which implies the use of a censoring
indicator. This censoring indicator will be defined further in this work. I thus make
reference to survival analysis techniques that I will try to apply in the context of the
housing market. In order to take into account the time dependency factor, I will build
an autoregressive model from the time series analysis techniques (this means including
the dependent variable lagged of, for instance, one semester in the covariates). This
would allow us to confirm our hypothesis that this market attribute is key for all the
underlying aspects (rent levels, construction, labour costs, etc.).

At last, because of the lack of variability in the techniques used and their imperfec-
tion, I thought it was important to analyse the housing market in a novel way. Indeed,
by multiplying the methods, we provide various points of view that, if converging to the
same conclusions, will strengthen the theories and hypotheses already existing.

In the end, I will try to answer the following research question: How do the demand
and supply factors influence the number of transactions in the housing market, taking
into account the disequilibrium of the market, the dependence between the demand and
the supply, and the time dependency aspect?

1.4 Outlining

To introduce the important aspects of the theoretical housing market context, a literature
review is developed in the first place. Then, a section is devoted to the description of
the models used and their adaptation to our housing market context. I also present the
different variables and their sources. Finally, I reveal and discuss the results obtained.



Chapter 2

Literature Review

In this chapter, I will give an overview of the main theoretical findings related to the
housing market context. Being one of the most substantial domains of a private and
public economy, many studies have been conducted around the dynamic and static re-
lationships within the housing market. Indeed, the latter is a very complex system,
influenced by many interrelated parameters. The choice among those parameters to
conduct an analysis of a market should be very meticulous. Actually, it depends on the
objective of the analysis.

One of the main conducted research around the housing market is focused on the
interactions between two sub-markets in a static state. For instance, Denise DiPasquale
and William C. Wheaton (1992) centre their work around two aspects of the real estate
market in order to show their relationship: the market for real estate space and the
market for real estate assets. They illustrate the relation between those two markets
through the rent levels (evaluated in function of the needs of tenants and the state of
buildings). They argue that those rent levels (space market) influence the demand for
real estate assets and the construction sector which, in turn, makes the price in the
market for real estate assets vary and has an impact on the rent levels. They use a
four-quadrant schema for long-run equilibrium to support their statements as shown in
Figure 1. However, as underlined by the authors themselves, the entire study omits the
disequilibrium aspect of the real estate market. This is, however, a substantial part that
could lead to totally different conclusions.

Another strand of literature emphasises the disequilibrium part of the market though
(but they are a minority). Addressing this characteristic, Jang Sewoong, Lee Sanghyo,
Kim Juhyung and Kimnise Jaejun (2010) wrote a paper taking disequilibrium of the
housing market in Korea into consideration. They make reference to Denise DiPasquale
and William C. Wheaton (1992) by using their four-quadrant schema (cf. Figure 1) to
study the interactions of the demand and the supply in the housing market on the first
side, and the unsold new housing stock on the other side. Even if they inspired from
their four-quadrant schema, the approach presented in this research diverges from the
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Figure 1: Four Quadrant Schema Used by DiPasquale and Wheaton (1992).

Source: DiPasquale , D., Wheaton, W. C. (1992). The Markets for Real Estate Assets and Space : A Conceptual
Framework. Journal of the American Real E.state and Urban Economics Association, 20(1), p.188.

approach of Denise DiPasquale and William C. by the techniques used and the dise-
quilibrium aspect. Their main statement highlights that the unsold new housing stock
is a direct consequence of the quantity difference between the supply and the demand.
They thus decide to analyse the disequilibrium indirectly as the quantity difference is
less observable which is, in our opinion, a very meaningful way to proceed. They follow
an empirical method research using tools from advanced time series analysis and define
the unsold new housing stock based on the four-quadrant schema in this way:

Wt = f(PStv-[t?Mtthvi/t)

Where W; is the unsold new housing stock, I}, M;, L; are the funds, the material, the
manpower respectively and define altogether the construction costs, P.S; is the housing
stock prices, which are assumed to influence the demand and supply of new houses and
Y; is the housing loans, which influence the demand for new houses.

Further to this gathering of data, the authors conduct time series diagrams to analyse
the relationship between unsold new housing stock and the individual variables. Firstly,
unsold housing stock and housing price time series (cf. Fig.2) help to analyse their cor-
related evolution. When the prices are low, the unsold housing stock increases because
of the economic downturn, but when the prices increase, the new housing stock then
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decreases thanks to business expansion. Then, the trend of unsold new housing stock
increases again but this is mainly due to regulation policies and recent economic shocks
not further developed here. Secondly, unsold new housing stock and construction costs
time series (cf. Fig.3) do not show any related patterns regarding the material or labour
supply. However, a small relationship between funds supply and unsold new housing
stock is found. Thirdly, unsold new housing stock and housing loans time series (cf.
Fig.4) indicate some negative correlations.
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Figure 2: Trend of Housing Transaction Figure 3: Trend of Construction Cost
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Figure 4: Trend of Housing Loan El

!Source: Sewoong, J., Sanghyo, L., Juhyung, K., Jaejun, K. (2010). Relationship Between Demand-
supply in the Housing Market and Unsold New Housing Stocks. Journal of Asian Architecture and
Building Engineering, 9, p.389

2Source: Sewoong, J., Sanghyo, L., Juhyung, K., Jaejun, K. (2010). Relationship Between Demand-
supply in the Housing Market and Unsold New Housing Stocks. Journal of Asian Architecture and
Building Engineering, 9, p.390

3Source: Sewoong, J., Sanghyo, L., Juhyung, K., Jaejun, K. (2010). Relationship Between Demand-
supply in the Housing Market and Unsold New Housing Stocks. Journal of Asian Architecture and
Building Engineering, 9, p.390
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Through the implementation of a vector error correcting model, they realise that
variations in unsold new housing stock are mostly provoked by selling price indexes and
loans (cf. Table 1). On the other hand, production drivers have a hard impact on those
variations. By applying an impulse response function, the conclusions are the same.
However, the method they use can be criticised. For example, they make an impulse
of one standard deviation at a time on one variable at a time. This is not particularly
relevant as an impulse on one variable will certainly provoke an impulse on the others
immediately. Therefore, outcomes could be biased. Also, as stated by Keating (1992)
and McMillin (2001), short-run and long run impulses can lead to different outcomes.

Table 1: Variance Decomposition

Period W, PS, I, M, L Y,
1 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000
2 98.51575 0.565826 0.028310 0.074690 0.024779 0.790644
3 96.83944 1.548991 0.146758 0.053142 0.017514 1.394153
4 94.87509 2726991 0355214 0.043568 0.044533 1.954601
5 92.80579 3.913782 0.600461 0.047311 0.131785 2.500873
6 90.72648 5.047966 0.856922 0.058868 0.265924 3.043843
7 88.70435 6.104135 1.112071 0.074911 0.432850 3.571687
8 86.77450 7.075012 1.359266 0.093221 0.621595 4.076409
9 84.95485 7.961268 1.594654 0.112383 0.823057 4.553784
10 83.25241 8.767657 1.816328 0.131543 1.030067 5.001990

Source: Sewoong, J., Sanghyo, L., Juhyung, K., Jaejun, K. (2010). Relationship Between Demand-supply in the
Housing Market and Unsold New Housing Stocks. Journal of Asian Architecture and Building Engineering, 9,
p-391

However, understanding how the disequilibrium system in the housing market works
is not an easy task. In general, in the literature regarding the disequilibrium in the real
estate market, we observe that most studies are performed by separating the market
into sub-markets (like DiPasquale and Wheaton (1992) do with the real estate market)
or by comparing it to other markets and show that they are related which explains the
disequilibrium. One relevant comparison that is made is the relation between the hous-
ing market and the mortgage market (Ray C. Fair, 1972). The findings put forward the
constraining effect on the housing market when mortgage demand (by the builders) is
too high. This excess demand provokes rationing in the mortgage commitments (builders
receive fewer mortgage commitments than wanted and less financial support) and the
constructors will build less “new” houses while the demand for new houses stays high.
This results in an obvious disequilibrium. However, presented this way, the disequi-
librium is asymmetric as an excess of supply in the mortgage market won’t make the
constructors build more (they adapt their constructions to the demand, producing in
excess is not necessary). The author argues on this asymmetry by underlying other
aspects that could influence the disequilibrium in the housing market in both ways. He
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identifies the speed of adjustment of the selling prices (if too low, there will be too many
demands compared to the supply) and an incorrect estimation of the quantity demanded
by the suppliers.

Most methods used in the scientific research around the housing market do not in-
clude the disequilibrium aspect in their equations and models at all and the few that
do, still do not manage to implement it properly. This can be due to incorrect specifi-
cations of the supply and the demand equations (by omitting some relevant variables),
or to the inadequate integration of the interactions with another market. Addressing
this issue, Fair and Jaffee (1972) and Augustyniak, Laszek, Olszewski and Waszczuk
(2014), two groups originated from totally different parts of the world and eras, though,
consider the disequilibrium correctly and at the centre of the housing market models.
They assume the disequilibrium to be a consequence of, on the one hand, the relatively
long construction operations when the demand is high and, on the other hand, the de-
velopers’ reluctance to lower the prices faster when demand is low. The rapid demand
changes compared to this fixed short-term supply provoke misalignment between the
two. Indeed, the excess demand leads to an increase in house prices and the future need
in houses supply is overestimated which will induce an excess of houses stock later on.

Augustyniak et al. (2014) construct a simple model from the Polish housing market
data and focus on the primary market, the market for new constructions, putting aside
the existing housing stock as they consider that both interact.

Before providing aggregated equations for the demand and the supply, the searchers
analyse interesting individual behaviours of the actors and I think they are worth being
described first as we can find similar analysis in other recent studies. On the demand
side, households’ demand will be influenced by the loan availability, consumer prefer-
ences for other goods and housing services. The households distribute their revenues
between consumption of other goods and housing, housing being bought for consump-
tion and investment. Therefore, the following households’ utility function is built:

U(C,H) = (0C* 4 (1 — ) A (kpH )/ »

Where kpH is the imputed rent (H for the house size, p for the price, k for the
monetary value of the stream of housing service), 6 is the consumption’s share, p is
the elasticity substitution between the consumption of goods other than housing and
the housing, A = P,/P,_; is the appreciation which influence the household’s forecasts
on future house prices, often over- or underestimated by the households (Dunsky, R.M.
Follain, J.R. (1997), Sommervoll, D. E., Borgensen, T.-A. Wennemo, T. (2010) or Lam-
bertini, L.,Mendicino, C. Punzi, M. T.(2012)).

Due to restrictions, the income share allowed to repay the loan is limited to =z € {0,1}
and is maximum by. Assuming that b represents the household’s budget constraint:
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b=rpH + C (r is the constant loan, p is the price per square metre) we have:

bp=2b<b

At last, the authors use the following formulas to illustrate the way households thus
decide about the housing size (given that the income share to repay the loan is limited):

H*, rpH* <uxb

H:{ f—g, rpH* > xb

C’—{ Cc*, rpH* < b
| 1—=x)b, rpH* > b

With H* and C*, the optimum allocation between consumption and housing (derived
from the utility and the budget constraint shown above. However, I won’t present the

mathematical details as this is not the most relevant part here).

Graphically, the demand will vary as follows:

Figure 5: Demand Response

Source: Augustyniak, H., Laszek, J., Olszewski, K., Waszczuk, J. (2014). Housing market cycles — a
disequilibrium model and its application to the primary housing market in Warsaw. Fkonomia Journal, 35, p.7

Concerning the left graph of Figure 5, from 1 to 2, there is an increase in prices and
the housing is used in the form of consumption only while from 2 to 3, the consumer
decides to consume less and invest in housing. As for the graph to the right, from 1 to
2, there is an income increase (with the same amount of consumption, we can buy more
housing, this is represented by a translation of the budget line to the right), from 2 to 3
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there is an increase in prices and from 3 to 4, there is a decrease in interest rates which
makes the housing investment very attractive.

On the supply side, future production is predicted based on current prices taking
into account the estimated future inflation. This induces an underestimation of future
production costs if demand grows substantially. Indeed, if there is an important grow
in supply in the midterm to adapt to this growing demand, a negative scale effect will
occur: the materials, costs of transport, lands, etc. will be at a higher cost level. In
particular, Augustyniak et al. (2014) present the real and virtual supply curves (cf.
Figure 6).

The virtual supply curve (V on Figure 6) is built based on the supplier’s calculation
of future performance (subjective predictions). He relies on current prices and costs but
do not take into account the dynamic of the market. This results in over- or underesti-
mated costs/prices. If prices do not change but the profit decrease (because of increasing
costs), the virtual curve will be higher and will considerably slow down the construction
sector.

The real supply curve (F on Figure 6) is based on real modifications in investment
profitability. This means that the dynamic of the market is here at the centre of the
curve development (for instance, the increase of production factors if the production
rises).

H H

Figure 6: Virtual and Real Supply Curves

Source: Augustyniak, H., Laszek, J., Olszewski, K., Waszczuk, J. (2014). Housing market cycles — a
disequilibrium model and its application to the primary housing market in Warsaw. Ekonomia Journal, 35, p.12

On Figure 6, we observe the difference in the real and virtual supply curves (left
graph) and we can analyse the reaction to an increase in demand (from D to D’ on the
right graph). As I mentioned above, the production will increase considerably, raising
the costs more quickly than what the virtual curve suggests. We can see that the point
on the S curve (the price the suppliers are intended to ask for this number of houses) is
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higher than the equilibrium point (E’) and lower than the actual cost (curve F). Cus-
tomers are thus not willing to pay this high price, especially if suppliers level up this
price again to cover the costs.

Those individual behaviours being analysed, I can come back to the paper from Fair
and Jaffee (1972) that provides a general model to estimate the supply and demand
quantity in disequilibrium markets (applicable to the housing market but not only):

Dy = (X(]XtD 4+ a1 P+ lutD (21)
Sy = BoX; + PPy + pf (2.2)

with ¢ the time index, D; the quantity demanded, S; the quantity supplied, P; the
price, X; the other covariates and y; the error terms.

Then, we can find an application for the housing market that is similar in the two
papers. However, Fair and Jaffee (1972) focus on the primary and secondary market
while Augustyniak et al. (2014) only take into account the primary market, but it does
not have an impact on final outcomes. Therefore, I will only develop here the model
proposed by Augustyniak et al. (2014). For the aggregate demand we have:

HD; = al+ a2x* P, + a3« D(P,) + a4 * Intrate, + ab * Income; + €

Where P, is the price, D(F;) is the growth rate of the housing price, Intrate; is the
interest rate, Income; is the household’s income. By taking into account the interest rate
in his demand equation, the writer takes into account the interaction with the mortgage
market which is often wrongly omitted in previous studies.

For the aggregate supply we have:

HS; = 1+ 2% D(Pi—y) + B3 % D(PCy_4) + B4 x Intrate; + €

As here, only the construction market is considered, the suppliers react only one
year after the price increase (building houses takes time). Therefore, we consider the
growth rate in prices one year ago from now D(P;_4). In this approach, we observe that
the searcher explicitly presents the disequilibrium of the housing demand and supply
as they are not determined by concomitant factors: there is always a late adjustment
of the supply to the demand. For the price increase in construction costs, the builders
react again one year later D(PCy_4). Again, the interaction with the mortgage market
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is present through the interest rate.

Then, the authors also provide an equation for the growth rate in prices D(F;), which
depends on the disequilibrium between the demand and the supply (HS;—1 — HD;_1)
and on the growth rate in prices from the last period. An interesting behaviour men-
tioned by the author is the slowly lowering of the prices by the developers when there is
an excess demand which maintains the imbalance of the market (their goal is to obtain
the highest price as possible).

Finally, the technique used by Augustyniak et al. (2014) is the OLS regression (with
a control for heteroscedasticity and autocorrelation) that confirms the direction of the
influence of each factor on the housing demand and supply.

In the paper of Fair and Jaffee (1972), they use four different techniques and evaluate
them in their ability to predict the demand and supply quantity. The first one is the
maximisation of a likelihood function based on the equations (2.1) and (2.2). The oth-
ers are called the directional method I, the directional method II and the quantitative
method and are based on the assumption that the observed quantity equals the mini-
mum of the demand and the supply quantity. The searchers obtain reliable results for
the directional method I and the quantitative method which I will thus describe briefly.

In the directional method I, the graph on Figure 7 is analysed.

MARKETS IN DISEQUILIBRIUM

Ex Ante Demand and Supply

Observed Demand and Supply

Quantity

Supply

|
|
I
|
I
|
I
1
1
1
1
|
1
1

p* Price

Figure 7 : Markets in disequilibrium

Source: Fair, R. C., Jaffee, D. M. (1972). Methods of Estimation for Markets in Disequilibrium. Economet-
rica, 40(3), p. 503.
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If the price P is lower than the equilibrium price P*, this means there is an excess
demand and the price will start to rise. Indeed, the price change is considered as an
indicator of the demand state compared to the supply state and change in the following
directions:

APtZOWhlleDt—StZO
APtSOWhlle Dt—StSO

Therefore, when the price is rising, only the supply quantity is observed (given the
assumption that only the minimum of the supply and the demand is observed). Accord-
ing to this price change, this method thus determines the times of excess demand, the
times of excess supply and the times of equilibrium (when there is no price changes).
The latter is included in both the demand and the supply samples.

In the quantitative method, they assume that the proportion (and not only the di-
rection any more) of the price change is directly correlated with the proportion of excess
demand which gives:

(Dy = S¢) = AP, with 0 <y < 00

7 being the coefficient of proportion.
Then, during periods of rising prices, there is an excess demand and the quantity
observed is the supply. Therefore, the quantity observed is determined as follows:

QtIStZDt—%APtZOéoXtD-i-Oth—%APt-l-,utDa AP, >0

During periods of falling prices, the principle for the excess supply is the same. Then,
we can write a demand equation and a supply equation that can be estimated with the
data:

1 1
Q; = Dy — §/APt/ =X 4+ a1P — ;/APt/ + puP

AP, AP, >0

where /AP;/ = { 0 otherwise

and

1 1
Qr =S — 5 AP, = apX; + a1 P — 5 APy
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0, otherwise

where /AP,/ = {

As I mentioned above, the directional method I and the quantitative method give
both reliable outcomes when applied to the housing market. They also prove that there
is a disequilibrium which must be involved in any housing market analysis to give better
results. I thus decided to inspire from one of those methods in this work to estimate
if the quantity observed is either the supply quantity or the demand. As the authors
encounter two small problems (not detailed here) with the quantitative method, I opted
for the directional method I.

To sum up, I came across many different approaches to understand how the housing
market works. The main literature sees it from a static angle which provides already
interesting findings. Indeed, the equilibrium assumption still allowed searchers to divide
the market into different segments and to analyse the behaviours in one segment relative
to the other (like for instance the housing consumption and the housing investment
described by DiPasquale and William C. Wheaton, 1992.). However, what is more
of a matter of interest in this work is the cycle nature of the housing market as a
consequence of the disequilibrium between the demand and the supply quantity. Only
few searches have focused their analyses on this aspect of the real estate market and
therefore, only few techniques have been applied. Furthermore, many weaknesses can be
found in the construction of the models (omitting relevant variables for instance), or in
the techniques used. All in all, I want to provide a novel way of analysing the housing
market disequilibrium by taking into account the dependency between the supply and
the demand quantity and by correcting previous erroneous models.



Chapter 3

Methodology

In this chapter, I present the theoretical models used, their adaptation to the housing
market context and the data on which I apply them.

3.1 Survival Analysis Model

First of all, as presented in the Introduction section, I will analyse the dependency be-
tween the demand and the supply quantities through the use of a censoring indicator.
This indicator makes even more sense through Fair and Jaffee’s work (1972). Indeed,
they argue that only the minimum of the supply or the demand quantity is observed
(right censoring) according to the price variation (”directional method I"”). This method
consists in determining the equation as a supply equation if the price level in the previous
period was lower than in the current period. A rising in price is a selection process by
the suppliers among the demand in excess. The observed quantity, being the minimum
of the supply and the demand quantity, is thus a supply quantity in this case because
there is an excess demand (which is right censored).

Our main focus finds its origin in a paper from Ingrid Van Keilegom and Negera
Wakgari Deresa (2019). This work builds a model for survival analysis. It considers
that the survival time, which is the time before a precise event happens (like the death
of a patient) and the censoring time, which is the time to something else before the
event that is not observed (because the patient exits from the study before he dies, for
instance) are dependent. This dependency aspect is not common in survival analysis
that often assumes that those times are not related at all and thus independent. The
statisticians build a joint regression model with an identifiability of the dependence be-
tween the survival time and the censoring time thanks to the bivariate normality of
the errors. Also, the model uses an original parametric family of power transformations
(Yeo-Johnson transformation described later) for the survival time and the event time, in
order to improve the fit of the data. Largely applied in the health segment, this model has
never been used in a housing market context as far as I know. Here is how it is presented:

19
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To begin with the covariates, the ones for the demand (D) are gathered in X =
(1,XT)T and those for the supply (S) in W = (1, WT)T. In our case, they will be
partially overlapping.

Furthermore, the joint regression model is as follows:

{ Ag(D) = XT3+ ¢p

Ao(S) = WTh + es (3.1)

with Ay being a monotone increasing transformation function (same parametric
transformation for both D and S) and 8 and 7n the vectors of coefficients. An im-
portant assumption in our model is the bivariate normal distribution of the error terms
er and ec (for the identifiability of the model):

€D 0 B o? pPODOS
() ()= (s ) oo

with ¥ assumed to be a positive semi-definite matrix and with (ep,es) and (X, W)
independent. p is the association parameter: it indicates the direction and intensity of
the correlation between the demand and the supply. Then, the authors use a parametric
transformation based on the findings of Yeo and Johnson (2000) which is related to the
Box-Cox transformations. The required conditions for this study are respected by the
parametric transformation of Yeo and Johnson when 0 < 6 < 2. This transformation
takes the form:

{(t+1)° —1}/0 t>0,0+#0
B log(t +1) t20,60=0

Bolt) = —{(—t+1)g2‘9—1}/(2—9) t<0,0#2 o
—log(—t+1) t<0,0=2

The variables D and S are considered through the number of transactions Z =
min(D,S) (because of the censoring feature) and the censoring indicator § that is de-
fined by convention as § = I(D < §) with I being the indicator function.

Moreover, the conditional distribution functions of D given X = z and S given
W =w are:
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Fopx (dle) = Fop (ha(d) — 7) = (21020
S —'U)T
P (sh) = Fig(Aals) — ") = @(2L=100) (3.4)

with F¢, and F, the distribution functions of €p and €g, and ® the standard normal
distribution. From there, the authors derive the conditional density of D given X = x by:

Ag(d) — 27

0D

fox(dla) = o5'6( )A(d) (3.5)

With ¢ the density function of a standard normal variable. Now the vector of
parameters « is defined by a = (0,5,n,0p,0s,p) € RPT4T4 Then, integrating the
number of transactions and the censoring indicator, we can obtain the sub-distribution
Fy5xw(-|lz,w;a) of (Z,6) given (X, W) = (x,w) for a given a. When we consider
Z =z and § = 1 we can define:

FZ75|X,W(2, llz,w;a) = P(Z < 2,0 =1 X =2, W =w)

If the minimum between D and S is D, then Z = min(D,S) = D. Then, applying
the parametric transformation, we have:

A probability is an expected value of an indicator, therefore:

FZ75|X7W(z, lz,wja) =P(Z<z,0=1X =z, W =w)
= P(Ag(D) < Ap(2),Ap(D) < Ap(9)|X =2, W = w)
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— B(I(Ag(D) < Ag(2), Ag(D) < Ag(S)|X = &, W = w))

By the law of iterated expectations:

- E{E[I(AQ(D) < Ag(2), Ag(D) < Ag(S)|D, X = 2, W = w)} }

_ {I[AQ(D) < Ag(z)}E[I(Ag(S) > Ag(D)|D, X =2, W = w)} } (3.6)

The second term of (3.6) can be rewritten as follows:
EI(Ag(S) 2 Ao(D)|D, X =z, W =w)| = P(Ag(S) = Ag(D)|D, X =z, W = w)

Now, given the equations (3.1), if we express (3.6) with the error terms, we can
rewrite the equation. For the second term, it gives:

P(Ag(S) > Ag(D)|D, X = 2,W =w) = Ples > ep + 21 § — wlnlep, X, W)

As the error terms are bivariate normal, we can directly rewrite the probability as:

€p + JUTB - an - P£€D>

T T _
P(ESZGD—F{E 5_w 77|6D7X7W>_1_q)< Us(l—p2)1/2
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For the first term of (3.6), we obtain:
I[AQ(D) < Ag(z)} - I[eD < Ag(2) — 278

Now, we can rewrite the equation (3.6) with the latest formulations and by taking
the integral with respect to the density to represent the expected value:

1 Ag(z)—aT B e+alp— an — p%e e
Fysxw(z 1z, wia) = oD /_oo [1 - ‘1)< og(1 — p2)i/2 )} ¢’(g)d6’

With ep = e and (eglep =€) ~ N(pg—ge,ag(l — p2)>

The subdensity fz sx,w (-, |z, w; ) of this function F is:

1 Ag(z) —wln — pZ5(Ag(2) — 2" B)
fZ,é\X,W(Za o, wya) = — [1 - q’( os(l— p2)1/2 )]

oD
x (M=), (3

0D

When delta is equal to 0 instead of 1, we have:

1 Ag(z) — 2B — pZ2(Ag(2) —w'n)
fzsxw(z 0z, w;a) = — [1 - ‘I)( op(1— p2)i/2 )}

os
z) — wl
><¢(AM)US”)A/9(Z)7 (3.8)

Now, we estimate the model parameters « = (6, 3,n,0p,0s,p) with the likelihood
function. Usually, the likelihood function is built with the joint density fzsxw fxw
but we only consider here the conditional density part as the term fx y does not depend
on the model parameters. We multiply together the conditional density of the demand
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(when the censoring indicator is worth 1) and the supply (when the censoring indicator
is worth 0) which corresponds to equations (3.7) and (3.8):

L(a) = [[ fz5x.w(Zi, 6:i| Xi, Wi )
=1

e Ag(Zi) = Win — pZ2(Me(Zi) — X[ B) ) —x7T :

:g{;[l_q)( ‘ azuf,ﬁ)fa )} co(MALXIY
N_ xT3_ ,9D N wT N _s

y {(713[1_@(/\9(21) XlaﬁDOp_U;Q()/iigZz) W; n)>]¢(A9(ZZ) WZ.Tn>}1 N 2

os
(3.9)

3.2 Data

The data gathering was a meticulous part of the work. This one requires to be deeply
informed about the housing market factors and about the statistical models used for
those data. Then, the challenge was to find reliable sources to obtain those data.

3.2.1 Selected Variables

Before starting the description of the variables, Table 2 brings them together with their
abbreviation used in the dataset to have a clear overview:

Table 2: Variables Used and Their Abbreviation

Abbreviation Variable
Censor, Event The censoring and event indicators
Trans, TransS_1 The number of transactions (lagged of 1 semester)

TransYJ, TransS_1YJ | The Yeo-Johnson transformed number of transactions
(lagged of 1 semester)
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Infl rate, Infl rateT_1 | The inflation rate (lagged of 1 year)
DPrice, DPriceT_1 | Deflated median house price (lagged of 1 year)

NH The number of households
CC The consumer confidence

IR, IRT_1 The mortgage interest rate (lagged of 1 year)

HI, HIT_1 The housing inflation (lagged of 1 year)

BankT_1 The number of bankruptcies in the construction sector
NC The number of new housing constructions

DLCT 1 The labour cost index

First, I chose the number of transactions in the housing market as the observed
quantity variable (the quantity sold on the market). As I made the choice to study the
time dependency aspect of the market, I built an autoregressive model (from the time
series analysis field) and put the number of transactions lagged of one semester in
the demand and the supply equations. In addition, again for both equations, I took the
mortgage interest rate variable to consider the interactions between the financial and
housing market as they strongly impact each other. The housing price variable is also
necessary as it allows to determine if we observe a demand or supply quantity through the
censoring indicator described in the previous section using the ”directional method
I” of Fair and Jaffee (1972). The Event indicator is obviously the complementarity of
the censoring indicator. Then, the general inflation rate, as well as the more specific
housing inflation rate, were included as covariates in both the demand and supply
formulas. I added the number of households as a household needs only one place to
live, the consumer confidence and the household income for the demand equation.
The consumer confidence is calculated according to a survey conducted every month
to a representative sample of the Belgian population. Qualitative questions are asked
about their perspective on the future economic and unemployment situation in Belgium,
about their own financial position and about their intention to buy real estate. Based
on the answers, a percentage of negative, positive and neutral responses are calculated:
a 74+10” means that there have been 10 percent more positive responses than negative
ones. Moreover, on the supply side, I searched for the number of bankruptcies in
the construction sector, the number of new housing constructions and the labour
cost index (base 2012 = 100). The lagged form of certain variables (cf. Table 2) are
the ones associated with the supply equation. Indeed, the few literature studying the
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disequilibrium between the demand and the supply quantities emphasises the short-term
rigid supply problem. The supply reacts to those variables only one year later (as the
construction process takes a long time).

To produce a consistent aggregate dataset and ease the comparison between the
variables, I decided to standardise them all. This brings more homogeneity to the
dataset, without modifying the variations from one semester to the other. We can
obtain more consistent results this way.

3.2.2 Time and Geographic Frame

As 1 wanted to study the time dependency of the demand and the supply quantities,
I gathered data that was available for a certain interval of time, namely from the first
semester of 2011 to the last semester of 2016. It was not possible to extend the time
frame because one or more of the variables were not going beyond this period. However,
four semesters in six years gives us already twenty-four periods of time. Then, as quoted
in the second paragraph of the ”Selected Variables” section, the demand and supply
equations are built to form autoregressive models.

Concerning the geographic areas, I evaluated the demand and supply equations at
the Flemish community level. Focusing on the community level is a way to analyse
their particularities (households’ number, wealth level, the number of new constructions
every semester, etc.) and check if more aggregate data, like the country inflation rate,
can be integrated in all of them without creating inconsistencies. Moreover, in several
articles about the Belgian housing market, I noticed there were big differences between
Wallonia and Flanders, especially in terms of price levels, economic growth, type of in-
dustries, unemployment rate (Degroof Petercam, web site, 2018 and L’Echo, 2019) and
building permit regulations (Conseil francophone de la Fédération Royale du Notariat
belge (Fednot), web site, 2020). Limiting our study to one of those regions strengthens
the outcomes.

At last, I decided to focus on houses, excluding apartments because those are two
different markets. People move from apartments more frequently and they tend to be
rented more often, while houses purchase is the result of well-considered investments.

3.2.3 Limitations

During the data handling, I encountered some limitations. First, some data were only
accessible for a more aggregate level (often for the whole country). This was the case
for the inflation rate, the consumer confidence, the mortgage interest rate, the housing
inflation and the labour cost. I thus assumed that the level of those variables was of the
same value for all communities. Then, other data were well accessible for each commu-
nity, but only for the whole year (and not for each semester). This restriction applied for
the inflation rate (again), the number of households, the households’ income and, only
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for the year 2011, the number of new constructions. However, this is less disturbing as
most of those data remain stable over the year and therefore, per semester. For instance,
if we take the number of households, it should not vary extremely fast as families will
not move every month and having a baby do not grow the number of households as it
is still part of the same family. Similarly, the households’ income per year can easily
be divided per semester as this one is mostly composed of monthly wages and salaries.
Finally, the number of new constructions is pretty regular through time and it should
not be a problem to have split the year number through the different semesters (only
for the year 2011).

For the mortgage interest rate lagged of one year variable, the semesters’ values for
the year 2010 was missing in the source used (cf. ”Sources” section), except for the
last semester. Through comparison with other sources, e.g. SPF Finances, that gave a
similar value in January and in June, I concluded we could aggregate this last semester’s
value as the value for each semester.

Then, many data were containing missing values. At first, Filling those with the
average value would have biased the outcomes for certain variables, like the price that
determined the censoring indicator. Therefore, I decided to eliminate every line with
missing values (to avoid misinterpretation by the computer software). The number of
observations left is still high (4422) and will still provide significant results.

3.2.4 Sources

The choice of the source was not simple. After contacting many real estate firms without
any concrete return of information (because of confidentiality reasons), I decided to use
data available online. Obviously, I did not find a complete dataset available with all
variables of interest. This was a real work of combining differently constructed datasets
or documents that contained one or more variables that suited our search.

First, I found the mortgage interest rate from the documents notaries’ barometer
(Fednot, 2020) of first semester 2010 until last semester 2016 and I manually transcribed
them into an excel file. This source is reliable because data are entered by notaries
themselves.

The customer’s confidence figures were coming both from this notaries’ barometer
and the National Bank of Belgium (2020) official web site as the two provided the same
numbers.

The rest of the data was found on the Statbel web site which is the official Belgian
Federal Government (2017) web site to provide Belgian figures and statistics. However,
as I explained previously, every dataset was differently constructed and my part of the
work was also to select the correct time and geographic frame and then, gather all data
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in one dataset.

3.3 Theoretical Models Used
3.3.1 Wald Test

I come back now to the likelihood function (3.9) from which the Wald Test will be exe-
cuted 4. The maximum likelihood estimator (MLE) & of o = (6, 3,1,0p,0s, p) will be
obtained by maximising the likelihood function with the given data over the parameter
space A ={(0,5,n,0p,05,p):0<0<2,€RP neR,0op >0,096>0,-1<p<l}:

A A

&= (07 67 777 Ubv O_ASy ﬁ) = argmaxaeAL(a)

Actually, & is a consistent estimator of « if it has an asymptotic normal distribution
with zero mean and the following estimated variance-covariance matrix V:

V = A(a)"'B(a)A(a)™!

Where A(&), the expectation of the second derivative of our likelihood function, and
B(&) are worth:

2

Ala) = (B {a@ia@j

10gf7.6x.w(Z,8| X, W;a)})prattii=

B(8) = (B{ po-log a1 (201X, W3 6) - =2 log 5w (2,81, W; ) provhi=
o7 04,

When we invert A(&), we obtained the well-known Fisher’s information matrix. The
Wald test will compare each coefficient parameter to the 0 value (Hy = 0 for all pa-
rameters) and compute a p-value for each parameter based on this estimated variance-
covariance matrix V.

The Wald test has been conducted through several approaches to test the stability
of the outcomes. First, a survival regression and then, a linear regression have been
applied to choose two sets of initial coefficients. Second, two algorithms (the ”nloptr”
and ”"nlminb” algorithms, both are optimisation algorithms for several parameters at a
time) were conducted for each of those initial values to test if both were converging to

“the complete development can be found in the paper of Van Keilegom and Deresa (2019)
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the same final coefficients. To avoid redundancy, only the coefficients results based on
the initial values obtained from the survival regression were kept. The results obtained
from the nlminb algorithm can be found in Appendix B while the results given by the
nloptr algorithm are presented in the core text.

3.3.2 Survival Curve

In this study, I will also try to adapt the survival curve, often used in the survival anal-
ysis context, to our housing market context. Theoretically, the survival curve is drawn
based on the survival function defined as follows:

S(t) = Pr(T > t)

with ¢, a point in the time and T the variable indicating the time at which the event
occurs. Commonly, S(t) indicates the probability that the time at which a patient dies
occurs later than at time ¢. This function must be a decreasing function because, for
example, the probability that a patient survives at least 3 days can never be lower than
the probability that a patient survives at least 4 days (if the patient is not cured, the
disease will worsen the patient’s conditions through time and thus decrease its chances of
survival through time). Similarly, the probability that the event time T is greater than
t = 0 (the beginning of the study) is always 1, while when ¢ = 2, it is lower than 1 as the
patient could have died at t = 1. In this context, the survival curve asymptotically equals
0 because no human lives eternally. Here is a graph of a survival function extracted from
the paper ”Comment lire une courbe de survie?”, translated as ”How to read a survival
curve?” (Silvy Laporte, 2005):

100
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Mois aprés inclusion

Figure 8: Two Represented Survival Curves for Two Different Treatments

Source: Laporte, S. (2005). Comment lire une courbe de survie? Medecine thérapeutique, 11(6), p.423
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Actually, those curves look more like stairs. This is because it is an approximation
of the survival curves by the Kaplan-meier method that assumes that the event time
and the censor time are independent. This method is based on data and, in this context
of diseased patients, measures the fraction of patients that are still living at time t with
treatment A or B. the "flat” parts reflects no deaths in the provided data and thus
estimate the fraction as constant until new deaths. This estimator is presented as:

With ¢; the time at which at least one event occurs, d; the number of events at time
t; and n; the number of patients for which the event did not occur yet (and that is not
censored yet either).

Now the challenge is to convert this survival curve properly into a demand and supply
transaction curve. The ¢ will now represent the number of transactions (instead of the
time) and will thus start from the highest transaction found in our dataset instead of
starting from zero to keep the aspect of a decreasing function. The survival curve in the
housing market context will be interpreted as the probability that a number of demand
transactions 1" (resp. supply transactions) will be lower than the number of transactions
t. This will allow to analyse at which level of transactions we are more likely to see a
demand quantity (resp. a supply quantity) as the quantity observed in the market.

3.3.3 Goodness of Fit Plot]]

The goodness of fit plot is assessed through a PP plot (probability-probability plot or
percent-percent plot) which compares two cumulative distribution functions plotted on
top of each other’s. Here, the estimated cumulative distribution function of the depen-
dent variable is evaluated relative to the respective empirical quantities.

Those empirical quantities are defined by the F,,(z) distribution function that as-
sumes that every observation of the sample has a probability of % to come up:

Fo(z)=n"! zn: I(Z; < 2) (3.10)
=1

5The Goodness of fit plot and the Goodness of fit test are well-known models. However, their
particular formulation based on model (3.1) are retrieved from the thesis written by Anais Monetaire
(2019) that apply them in a survival analysis context.
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I will compare it with the distribution function of the observed transactions number
Z from model (3.1):

Fz(za) = //P(Z <z X =2, W =w)fxw(z,w)drdw

2)—wln 2) — Tl
- [o (L)fw(w)dw+ [o R pwae @

0D

// Ae — 1, Aotz )_:CTﬁQP)fX,W(a?,w)dxdw

oD

In terms of the MLE , we can approximate the above formula as follows:

B W.Tﬁ A XT,B (3.12)

Ay(2)
- o 6 - ) 6 - ;A
nZ; (=% - p)

To compare both distributions (F),(z) and Fz(z;&)), a diagonal line going from (0,0)
to (1,1) is plotted and if the two distributions are equivalent, then the plots follow this
line.

3.3.4 Goodness of Fit Test

This test is complementary to the P-P plot. Again, the purpose is to describe how well
the distribution under the flexible parametric model fits the distribution of the observed
number of transactions Z. First, I use the following null hypothesis:

Hy: P(Z < z) = Fz(z; a), for some «

A difference with Hy could be due to a model misspecification of either the event or
censoring model parameters as both are part of the formula (3.11).

Again, I will compare F,(z) and Fyz(z;&) with the use of the Cramer-von Mises
statistic this time, defined hereafter:

Ton = /R n{Fo(2) — Fy(z 6)12dFy (2 &) (3.13)
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Therefore, a large value of this Tjs statistic means that the model is potentially
wrong and the null hypothesis must be rejected. More specifically, if the observed statis-
tic Tg}\} is greater than the (1 — a) x 100% quantile of the distribution of Toas, Hy is
rejected at the a% significance level.

Through a bootstrap method, I will characterise the T distribution under the null
hypothesis. First, I will create B bootstrap samples from the defined model in (3.1) by
replacing « with the MLE estimator &. From each of those bootstrap samples, I can
calculate the T¢,,, statistic (b = 1, ..., B) which will give me a T, distribution. If the
Tg2hs, is greater than the (1 —a) x 100 quantile of the distribution of T, just obtained
from the bootstrap samples, I reject Hy at the a% significance level.

3.4 R Software

The software used to compute all those statistical models is R. The reason is that the
original statistical models code has been developed by N.W. Deresa and I. Vand Keilegom
(2019) in R. However, the latter had to be adapted to our more specific context: the
housing market. The code for this work is provided in the appendix. Also, R is a powerful
computer program and allows to construct our own functions and models which are not
all preprogrammed yet.
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Results

4.1 Wald Test

The R code for this part is presented in Appendix A.3.1. Before going through the
analysis, it is important to remember first that the coefficients of the standardised vari-
ables are obtained relative to the Yeo-Johnson transformed variable (3.3) and not to
the original variable. I tried different values of 6 (0.5,1,1.5), the parameter value for
the Yeo-Johnson transformation (referred as ”alpl” in the code), to test the stability of
the results and they were almost constant from one value to another (with a difference
of a tenth at most, cf. Appendix D). Furthermore, I tested the model only on three
communities separately, then on all communities to see if there were any significant
differences. It was not the case and I consider here only the aggregate outcomes to
be general enough. Finally, I applied the Wald Test on a dependent model, which
considers the dependency between the demand and the supply quantities, and an inde-
pendent model (both considering the disequilibrium of the market). The direction of
the coefficients were the same for both. However, some key variables like the price for
the supply equation and the interest rate for the demand equation were not significant
in the independent model. This does not seem plausible (cf. Literature Review and
Introduction Chapters). Moreover, we obtained a significant coefficient for the depen-
dency variable in the dependent model. Therefore, I will only present the dependent
model coefficients here and provide the independent coefficients in the Appendix C. I
will attempt to give an interpretation of those results in the Discussion Chapter.

First and foremost, the two algorithms converged to almost the same coefficients
and I will thus only present one of them in this Chapter, the results of the other being
provided in the Appendix section. Those analogous outcomes prove their stability.

The value of the parameters coefficients and their p-values using the survival regres-
sion and the "nloptr” algorithm are all presented in Table 3. The p value, which indicates
the level of dependency between the supply and the demand quantity is negative and
significant at the level of 1%.

33
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Table 3: Wald Test (Dependent Model, Survival Regression, nloptr Algorithm)

**heta_int**
**heta_Infl_rate**
**beta_DPrice**
**heta_TransQ-1%*
**heta_NH**
**heta CC**
**heta_IR**
**heta HI**
*xpeta HINCH*
*keta_int**
**eta HIT-1**
**eta_Infl_rateT-1%*
**eta_DPriceT-1%*
**eta_TransQ-1**
**ata JRT-1%*
**eta_BankT-1%*
*Fata NC**
**eta DLCT-1%*
**sigmal**

s igmaz2F*

Fd r-ho?‘{ *

¥ pls’u‘:

-0.08003

0.04411

0.1451

0.04724

-0.01646

-0.01264

0.06177

-0.03816

1.516

0.0183

-0.061

-0.0132

0.175

0.03987

0.01556

0.01103

0.01905

0.255

0.2133

-0.6122

0.01508

0.008694

0.02228

0.01262

0.005365

0.00599

0.01293

0.008694

0.06487

0.006125

0.01116

0.004161

0.02715

0.00798

0.005908

0.004654

0.004922

0.03695

0.03087

0.03722

0

0.00018

0.00215

0.03482

0

le-05

0.00281

0.00151

0.00846

0.0178

0.00011

Table: wald test

Moreover, all coeficients are significant at the level of 5%. They thus all have a
significant effect on their respective equation. At first sight, we come up with surprising
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direction for certain coefficients. For instance, the price has a positive coefficient for the
demand and a negative one for the supply (even if we start with a reverse direction in the
initial coefficients). In an equilibrium model and without considering any dependency
between demand and supply, we observe the opposite, but taking into account those
characteristics, the situation looks different.

The interest rate keeps the usual negative direction despite the dependency and dis-
equilibrium between the supply and the demand while the housing inflation rate and
the consumer confidence coefficients have, again, surprising signs regarding the demand
equation.

Looking more at the supply side of the test, other than for the price variable already
examined before, we have a surprising direction for only one variable, the labour cost.

4.2 Survival Curves

The R code associated with the Survival Curves can be found in Appendix A.3.2. Recall
that the quantity observed in the market is always the minimum of the supply and the
demand quantities (Fair and Jaiffee, 1972). In Figure 9, the red curve represents the
supply quantities observed through all communities and all time periods whereas the
black curve stands for the demand quantities.

These curves show that at a higher level of transactions, supply is mainly observed
(the red curve) while from about 20 to 600 transactions we observe both quantities and
again from 0 to 20 mainly supply quantities (but they are less numerous, and thus less
significant). Then, about 90% of the transactions numbers are below 100. Therefore,
Figure 10 presents a second plot of the transaction levels, with transactions between 0
and 200 to have a clearer view within this interval.

4.3 Goodness of Fit Plot

The R code corresponding to the PP plot is situated in Appendix A.3.3. Thanks to the
large number of observations, it seems pretty clear from the PP-plot in Figure 11 that
the points are almost aligned on the straight line. This assumes there is probably no
misspecification of the model causing deviation regarding the empirical distribution. A
confirmation of this hypothesis is provided in the ” Goodness of fit test” section.
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4.4 Goodness of Fit Test

The p-value of the Cramer-von-Mise clearly indicates an acceptation of the null hypoth-
esis. Through the 4422 observations, which gives us a large panel on which to run the
algorithm, the latter even converged to a p-value of 1. Therefore, I cannot conclude that
the proposed model is incorrect and there is no reason that it provokes deviation from
the empirical distribution. The number of Bootstrap samples chosen to compute this
Cramer-Von-Mise statistic was 200. The R code is provided in Appendix A.3.4.

Table 4: Cramer Von Mise Statistic and P-value



Chapter 5

Discussion

Although the housing market has been studied by surely hundreds of searchers through
time, it is still not completely understood in today’s society. Being of a very high com-
plexity, mixing economic mechanisms and inter-market relationships, its deep logic can
only be revealed step by step thanks to technological, mathematical, statistical and eco-
nomic innovations as they occur. In this Chapter, I will discuss the results in order to
bring my own contribution as well.

5.1 Problematic and Results Interpretation

5.1.1 Wald Test

My main objective was to focus on the disequilibrium characteristic of the market and
to take into account the potential dependency existing between the demand and the
supply without omitting the time dependency aspect through the implementation of an
autoregressive model. Filling this literature gap was a real challenge but with the use of
a survival analysis model, I came up with unexpected outcomes that could change our
view of basic theoretical frameworks.

First, a dependency between the supply and the demand quantities is confirmed by
our model at a level of 7-0,6”. This indicates that there is well a high dependency be-
tween those two quantities that shouldn’t be neglected when analysing their behaviour.
A natural interpretation would be that when the demand is high the supply is low be-
cause of the inherent disequilibrium between the two due to the fixed short-term supply
quantity (the construction process takes time). Therefore, the overestimated supply re-
action often appears later in time and we observe the opposite situation.

Then, looking at the price variable and taking into account the disequilibrium be-

tween the demand and the supply quantities and their dependency level p, new inter-
pretations about the direction of one given the other can be brought into light. Indeed,

38
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if the price increases, the incentive to sell houses is higher and consequently induces a
decreasing in the supply (because houses are sold faster and building new houses is not
possible in the short-term), which makes, in turn, the demand increase because of their
7-0,6” level of dependency (the p value). This demand increase could be due firstly to the
fact that it can be less easily satisfied without new constructions immediately available,
or secondly to anxiety caused by a further price increase anticipation (households want
to buy faster to pay their home at the lowest price). Therefore, the price consequences
on the supply quantities available have a more important effect on the demand quantities
than the price itself. This negative direction of the price on the supply was argued by
Jang Sewoong et al.(2010) also, the disequilibrium (evaluated through the unsold new
housing stock in their work) being the main reason for this unexpected direction (cf.
explanation of Figure 2, page 9).

Also, the choice of an autoregressive model was judicious because the number of
transactions in the previous period has a significant effect on the number of transactions
in the current period: the more we move forward in time, the more the number of trans-
actions grows.

On the demand side, the interest rate variable appears as expected despite the dis-
equilibrium and the dependency aspects of the market which, incidentally, justifies the
policy of lowering key rates adopted by the FEuropean Central Bank to stimulate the
economy.

Regarding families, The more households there are in a community, the more the de-
mand will be high. Concerning the negative direction of the households’ income, it can
be due to the restriction I applied on the choice of the buildings: I only selected houses.
Households buy houses when they want to start a family and are therefore maybe not at
their highest work position: the more people earn, the less they buy houses, but maybe
more apartments if they want to invest for instance.

On the supply side, we observed an unexpected positive direction for the labour
cost. An explanation found in the broad literature easily justifies this correlation (cf.
"literature review” section, Figure 6, Augustyniak et al. (2014)): building developers
overestimate the demand and underestimate the future rising cost of an excessive produc-
tion so they start too many constructions and have to assume the rising cost of materials
and labour. This is thus more a correlation relationship than a causal relationship.

The variable number of bankruptcies, rarely included in supply equations, is worth
giving an explanation. The positive coefficient regarding the number of bankruptcies
along the period before can mean that those events lead to more monopoly from the
firms left and they take advantages of this situation to build more.

To conclude, I notice that some covariates take surprising directions (the price, the
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housing inflation rate, the consumer confidence, the labour costs), but this is probably
due to the dependency and the disequilibrium between the supply and the demand
quantities that become even more important than the initial effect of the variable on
the demand or supply quantity. This dependency is validated by our p value that is
significant. This p finding shows that analysing those quantities independently would
lead to biased results which may explain that certain variables in the independent model
are non-significant and overweight (even if the signs of the coefficients stay the same
because this model still considers the disequilibrium in the market that also has a great
influence).

5.1.2 Survival Curves

The survival curves mainly show that when the level of transaction is high, the quan-
tity observed is mostly supply quantity (recall my consideration to always observe the
minimum of the two on the housing market). Actually, having many supply quantities
above 600 transactions is not surprising. When the transactions level is high, it becomes
difficult for the supply to provide even more houses because of space limitations, building
permits limitations, and so on.

Moreover, most transactions level we find on the Belgian market are between zero and
100 as we observed from Figure 9 and Figure 10 a drop in the survival curve from there.
Within this interval, slightly more demand quantities are usually observed. However,
the two curves look pretty similar and I do not see any particularities for one or the
other.

5.1.3 Goodness of Fit Plot and Goodness of Fit Test

Finally, the goodness of fit plot and the goodness of fit test indicate no misspecification
of the model. This comforts us to use the selected model.

5.2 Theoretical Framework Review

Furthermore, I assumed that the quantity observed on the market is the minimum of
the supply and the demand quantities, as Fair and Jaiffee (1972) proposed. This may be
called into questions. Muellbauer (1978) put forwards his doubts about this theory at
the macro-level, suggesting instead: @ < Min(D, S). Therefore, the minimum condition
has to be validated and if not, it becomes really complicated to estimate the actual level
of quantity demanded and supplied.

Moreover, the original sample separation is actually unknown but estimated through
the technique proposed by Fair and Jaiffee (1972) presented in the literature review: a
price increase means an excess demand and therefore, the quantity observed is the supply
quantity (cf. ”directional method I”). However, this method could not be 100% reliable
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because the price mechanism still remains complex. The works of Goldfeld and Quandt
(1975) and Kiefer (1979) even demonstrate loss of information when sample separation
is unknown and its estimation is still subject to weaknesses.

Also, the survival model used assumed a bivariate normal distribution of the error
terms but this might not necessarily be true.

Finally, an autoregressive model of order one was built to consider the time depen-
dency. The lagged dependent value was significant and validated our choice. However,
we could have built an autoregressive model of order two, three or even more and only re-
tain the significant lagged values. Also, testing the stationarity of the time-series model
would tell us if this time dependency evolve through time.

5.3 Data Limitations

Unfortunately, I encountered some limitations when gathering the data and made se-
lection choices which could weaken my results. Firstly, the time frame I used could be
even more extended to give more stability to the outcomes. Secondly, I focused myself
on a small geographic scale that could not reflect entirely the mechanism at a more
aggregate level (like a whole country, continent, etc.) owing to the excessive weight of
particularities of each community. Thirdly, even if the study focuses on the communities
at each semester period from 2011 to 2016, some variables were only available for one
whole year or for the whole country. Those had to be adapted and, even though it was
made in a meaningful way, it can produce some inaccuracies.

5.4 Contribution

In this thesis, in spite of obvious limitations in the data collected, in the validation of
some theories and in the models used, I provide statistical evidence that the demand
quantities in the housing market depend on the supply quantities through this significant
p value while integrating the disequilibrium and time features in the model. This was
revealed by using a novel model developed by Ingrid Van Keilegom and Negera Wak-
gari Deresa (2019). Thanks to the survival curves, I also show that when the level of
transaction is high, we mainly observe supply quantities in the market.

5.5 What About Tomorrow?

From my point of view, there are so many analyses left to make around the housing
market, especially through the late technology innovations. New insights to be brought
are infinite. However, a first step could be to extend this study to other areas, at a
different scale (land scale for instance) and/or within a different time frame.
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