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ABSTRACT

This study examines the dynamic short- and long-run causal relationship between South
African real house prices and macroeconomic fundamentals (gross domestic product, mortgage
rate, exchange rate-USDZAR, affordability, household debt to disposable income,
unemployment rate, share prices (JSE ALL share index), foreign direct investment, and
producer price index) over the 2000Q1-2019Q4 period. The study utilizes a vector error
correction model (VECM) to estimate the short- and long-run causal relationships while
accounting for endogeneity and reverse causality. The results suggest the existence of a
significant short-run and long-run association between house prices and macroeconomic
fundamental variables under review. More specifically, the empirical results presented reveal
that the gross domestic product and producer price index had the most impact on house prices
compared to all other variables. Furthermore, any disequilibrium of house prices from its

fundamental determinants in the short-run always self-corrects in the long run.

1. Introduction

The South African residential housing market price growth has displayed patterns of
widespread price fluctuations in recent years. According to the global property guide data,
South African real house prices increased by an average of 20 per cent annually, from 2000 to
2006, reaching a peak of 32.5 per cent in October 2004. However, from 2007 to 2019 real
house prices have been falling precipitously; with an average decline of approximately 18 per
cent (Global Property Guide, 2020). This rise and subsequent fall in South African house prices

in the past decade may suggest a long-term deviation of house prices from their fundamentals.

Fluctuations in house prices and their implications across the globe have led to an increase in
academic research that attempts to model and understand house price dynamics. Theoretically,
house prices are determined by demand and supply factors (DiPasquale and Wheaton, 1994).
Furthermore, when analyzing house price dynamics, most studies often adopt two main
approaches: the micro and macro-economic approaches. Studies such as those of (Li and
Brown (1980), Espey and Lopez (2000), Nistor and Reianu (2018)) that use the microeconomic
approach, focus on household-level and surrounding environment characteristics affecting
house prices. These studies suggest that houses are heterogeneous in nature and their value is

determined by the buyer’s evaluation of the house’s inheritance attributes such as its
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appearance and location. However, the microeconomic approach is data consuming, requires a
lot of model assumptions and transactional data is not readily available, if available it has high
costs to obtain, it is also difficult to determine the model’s functional form which requires

experience and judgement (Blomquist and Worley (1981), Wing and Chin (2003))

On the other hand, the macroeconomic approach analyzes the impact of macroeconomic factors
including but not limited to interest rates, disposable income, gross domestic product (GDP),
inflation, etc. on house prices (The reader is referred to, Coskun et al. (2020), Lee et al., (2019),
Asal (2018), Al-Masum and Lee (2019) and Simo-Kengne, (2019) and many more). Most of
these studies suggest the existence of a non-linear long-run relationship between house prices
and their fundamental determinants. They also find evidence of reverse causality and
endogeneity between house prices and their determinants. The easily accessible
macroeconomic data and less complexity of the models that require fewer model assumptions
in the macro-economic approach compared to the microeconomic approach, makes the macro-

economic approach more ideal for this study.

Therefore, this study seeks to empirically analyse the short-run and long-run causal relationship
between South African house prices and selected macroeconomic fundamentals: gross
domestic product (GDP), mortgage rate, exchange rate-USDZAR, affordability, household
debt to disposable income, unemployment rate, share prices (JSE ALL share index), foreign
direct investment (FDI), and producer price index (PPI) over the period 2000Q1-2019Q4. The
study makes use of a vector error correction model (VECM)), it is ideal for the analysis of short-
run dynamics and long-run co-integration relationships amongst variables while accounting for
endogeneity and reverse causality (Stevenson, 2008). This study further analyses the deviation
of house prices from their fundamentals and examines the response of real house prices to

macroeconomic shocks using variance decompositions and impulse response functions.

The main aim of this study is to use a deductive research approach to address the following

research question:

RQ1: What is the short- and long-run causal relationship between house prices and key

macroeconomic fundamental determinants (GDP, mortgage rate, exchange rate-USDZAR,
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affordability, household debt to disposable income, unemployment, Stock price index, Foreign

direct investment)

RQ2: Do house prices deviate from their fundamental determinants over longer periods.

Contrary to previous South African house price studies that focused mainly on the long-run
behaviour of provincial-level house prices, their persistence and ripple effect on the economy
(for example Apergis et al, 2015, Balcilar et al, 2013, Gil-Alana et al, 2013) or demographic
factors that affect house prices (for example Simo-Kengne, (2019). This study contributes to
the literature by employing the latest house price data and analyzing not only the long run but
also the short-run dynamics between house prices and their macroeconomic fundamentals
while accounting for reverse causality and endogeneity using the VECM. The superior
capability of the VECM in modelling short-run and long-run relationships between real house
prices and macroeconomic factors as demonstrated by Hill et al. (2001) and Stevenson (2008)
would offer further insights into the South African housing market for monetary and fiscal
policymakers and housing market participants to better understand the macroeconomic factors
that drive house prices. This will enable more informed decisions such as when to enter the
housing market, factors to consider when valuing houses and policies needed to stabilize the

housing market.

The empirical results of this study reveal the existence of a long-run relationship between South
African real house prices and their macroeconomic fundamentals. Specifically, the gross
domestic product and producer price index were found to be the most significant drivers of
South African house prices compared to all other variables under review. It was also observed
that any deviation of house prices from their macroeconomic fundamentals in the short-run
self-corrected in the long run. The variance decomposition results suggest that real house prices
are the greatest source of forecast error variation to future real house prices. The impulse
response functions suggest that a one standard deviation shock from the mortgage rate,
household debt to disposable income, share prices, and foreign direct investment has a negative
and persistent effect on house prices. In addition, after the shock, real house prices maintained
a lower equilibrium level than the initial equilibrium level. While the rest of the variables shock

left real house prices at a much higher equilibrium level.
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The remainder of the paper is structured as follows. Section 2 presents the Housing demand-
supply theoretical framework; Section 3 outlines a brief review of selected literature that
examines the relationship between house prices and its determinants. Section 4 describes the
data and the methodology. Section 5 is an analysis of empirical findings and a discussion of

the results. Section 6 provides a summary of conclusions and recommendations.

2. Theoretical Framework

2.1. Theoretical model

In modelling the intertemporal behaviour of South African house prices, this study will follow
the supply and demand theoretical framework, where prices are jointly determined by the
dynamic interaction of macroeconomic fundamentals of supply and demand for houses. The
theoretical framework is preferred because it allows the modelling of a simple equilibrium
condition that house prices should be equal to their macroeconomic determinants and
deviations from this condition can be explained as error correction terms that adjust to a new
or the same equilibrium in the following periods. Furthermore, the framework allows variables

to be chosen in an ad hoc but plausible manner.

According to Quigley (1999), the supply and demand functions are as characterized as:
Dy = f(Pe, Xae) ¢y
St = f(Pe, Xst) (2)

where:

e D, is the long-run equilibrium function for the demand of housing units that relates

the prices of housing P, to the set of demand variables X, ,

e Xu¢ in this study includes GDP, mortgage rate, exchange rate-USDZAR,
affordability, household debt to disposable income, unemployment, Stock price

index, foreign direct investment.

e S, is the long-run equilibrium function for the supply of housing units that relates

the prices of housing P, to the set of supply-side variables X ¢

e Xs¢ in this study includes the producer price index (PPI) as a proxy for
construction costs
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By equating demand with supply and solving for the price, results in the following general

form equations:

Pe = f(Xa e Xt Zt) 3)
Z, represents the other possible variables that may affect housing prices.

Equation (3) can be re-written as follows:

In(HPI,) = By + ,31ln(Xd,t) + ,len(de,t) + B3n(Zy) + pe (4)

Where: u; is the error term.

2.2, Theoretical relationship

It is important to analyze the theoretical relationship between house prices and their possible
determinants. The following are the main macroeconomic fundamentals of housing demand

and supply included in this study:

Gross domestic product

The Gross domestic product (GDP) is used as a measure of the performance of a country's
economy and a change in real GDP reflects a change in production and real economic growth
which impacts the housing market (Clark & Daniel, 2006). For instance, theoretically, this
study expects a positive impact of GDP on house prices where an increase in GDP leads to an
increase in economic activity which increases the demand for space and housing stock, due to
the inelastic supply of housing stock in the short run, this will lead to an increase in house

prices.

Mortgage rate

The mortgage rate is the rate of interest charged on a mortgage for residential buyers looking
to finance or maintain a home. The mortgage rate is expected to have a negative relationship
with house prices, if we consider mortgage rates that are declining or at low levels, this will
reduce borrowing costs and shift demand from other fixed-income assets such as bonds to real
estate and making renting less attractive than buying. The increase in demand will lead to an

increase in house prices.
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Exchange rate-USDZAR

In an open economy such as South Africa that is based on free-market principles, the exchange
rate is expected to influence house prices. For instance, this study uses the United States Dollar
to the South African Rand (USDZAR) and a depreciation of the rand (i.e., the USDZAR price
rises) would mean the US dollar has appreciated in value, thus increasing both the purchasing
power of foreign real estate investors and attractiveness of South African housing assets. This

will lead to an increase in demand for houses and an increase in house prices.

Affordability ratio

The affordability ratio which is just the ratio of house prices to disposable income per capita.
The ratio is used to describe the purchasing power that households have in meeting a home
loan payment. An increase in the ratio may indicate that house prices increase faster than
disposable income, reducing the demand for houses and consequently leading to a decline in

house prices.

Household debt to disposable income ratio

The ratio is defined as the rand amount of debt per rand of household disposable income. The
ratio measures the capacity of households to manage their debt from their disposable income.
An increase in the ratio due to several factors (i.e., increase in interest payments) may cause
households to reduce consumption and spending that will slow down the economy, leading to

a decline in the demand for housing that a reduction in house prices.

Unemployment rate

The unemployment rate measures the number of unemployed individuals, aged 15 to 65 as a
percentage of the labour force. Rising unemployment would likely lead to fewer individuals
who can afford to buy houses and an increase in mortgage arrears or defaults in mortgages.

Subsequently, a decline in demand for houses and house prices will follow.

Share price index
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The share price index measures how the value of the stocks from different companies in the
index is changing in the JSE ALL Share index. Share prices have also been documented by
several studies as an important component that is positively related to house prices because of
their wealth effect (Chen & Patel, 1998; Egert & Mihaljek, 2007). For instance, suppose there
is a surge in stock prices that provides additional wealth that could be invested or reinvested in
an alternative market such as the residential property market. This will give rise to the demand

for houses that will cause an upward movement of house prices.

Foreign direct investment

Foreign direct investment (FDI) refers to the value of direct investment made by foreign
investors into the economy of the reporting country. Allowing foreign investors to participate
in the domestic housing market will generate economic growth in the host country. An increase
in FDI will increase the demand for the host country's currency and raise its exchange rate, this
will increase GDP and followed by a positive multiplier effect on the host country's economy.
Subsequently, this will raise demand for houses in the housing market and lead to an increase

in house prices.

3. Literature Review

3.1 South African housing market and macroeconomic determinants

The South African residential housing market is the largest component of its property market
and accounts for a considerable amount of household wealth. According to the Centre for
Affordable Housing in Africa, the demand for residential housing increased by approximately
15 per cent and 100 per cent over the 2008-2019 period, for the affordable house market
(houses worth R300 000-R600 000) and the luxury market (houses worth over R1.2 million);

respectively.

In addition, the house resale market in South Africa far exceeds the newly built market, wherein
2019 roughly three-quarters of all residential transactions were in the resale market and most
of the residential houses were either purchased through mortgage loans from banks or
subsidised from various government subsidies programmes (Centre for Affordable Housing in

Africa, 2019). Considering how much wealth is invested in the South African residential
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housing market and how dynamic house prices can be, a great amount of literature examining
the residential housing sector is expected. However, currently in South Africa, such literature
is severely limited and out of those that exist only a few examine the drivers of South African
house prices. For instance, Standish et al. (2005) developed a regression model to identify key
drivers of the South African residential property market. They found that foreign direct
investment positively affects house prices where a 1 per cent increase in foreign direct
investment was associated with a 0.12 per cent increase in house price growth rate.
Furthermore, their model revealed that the depreciation of the value of the rand against the U.S
dollar was associated with the increase in house prices during the 1974-2003 period. Clark &
Daniel (2006) who's study used a similar modelling approach to that of Standish et al. (2005),
also observed a negative relationship between the rand/dollar exchange rate and house price
growth rates, where a 1% increase in the rand/dollar exchange rate was associated with a 0,04%
decrease in the quarterly house price growth rate. Their analysis further revealed the existence
of a positive (negative) relationship between lagged values of gross domestic product (prime
rate of interest) and house prices, where a 1% increase in GDP (prime rate of interest) was
associated with a 0,367% (0,026%) increase (decrease) in the quarterly house price growth

rate.

Simo-Kengne (2019) examined the demographic effects on South African house prices using
provincial-level data set over the period from 1995 to 2015 while controlling for spatial effects,
endogeneity and heterogeneity. Their analysis revealed that in the past 22 years, on average,
population ageing has led to the decline of South African house prices by approximately 7.52
and 6.28 basis points in medium and large housing segments, respectively, while the small
segment has remained unaffected. Furthermore, unemployment appeared to have had a
negative effect on the growth rate of house prices. Utilising a non-parametric approach, Aye e
al. (2013) examined the short- and long-run relationship between South African real stock and
house prices while controlling for structural breaks. The model showed a positive bi-directional
relationship between stock and house prices. Their results were consistent with Clark & Daniel
(2006) who found observed a 0.034 per cent increase in house prices from a 1 per cent increase

in lagged stock market returns.

While examining the contractionary monetary policy and its effect on house prices during the

1980Q1 to 2006Q4 period, Gupta et al. (2010)’s factor-augmented vector autoregression model

Page | 8



(FAVA) showed an inverse relationship between house prices and monetary policy shock. This
was consistent with the finding of Beatrice et al. (2013), whose structural vector autoregressive
(SVAR) model revealed a persistent decline in house prices that are associated with a
contractionary monetary policy. In contrast to Gupta et al. (2010) and Beatrice et al. (2013),
Kasai and Rangan (2010) SVAR model results showed that house prices are exogenous and, at
least, are not driven by monetary policy shocks. The deviation of Kasai and Rangan (2010)
results from economic theory might be attributable to the limited number of variables and the
type of model they used, while Gupta et al. (2010) FAVA models are able to exploit a large

data set and numerous variables without losing accuracy in its prediction.

3.2 Macroeconomic determinants of house prices in developing and advanced economies

The boom-and-bust patterns in real estate have contributed to the fragility of the financial
system in previous crises and the recent record high house prices in several property markets
around the world. This has ignited much discussion in economic research and an increase in
international literature that adopts a broad range of methodologies to determine key
macroeconomic fundamental house price drivers to try and explain whether the current and

previous price developments can be regarded as macroeconomic fundamentally justified or not.

Against this backdrop, the gross domestic product (GDP) is regarded as one of the potential
macroeconomic fundamental determinants of house prices. For instance, Neukirchen and
Lange (2005) applied a multivariate linear regression on Australian house prices and found that
GDP has a significant and positive effect on house prices during the 1986-2004. period. Their
study was further corroborated by Al-Masum and Lee (2019), their study found a positive and
statistically significant long-run relationship between house prices in Sydney and GDP. Xu and
tang (2014) examined the effect of key macroeconomic London house price drivers in the
United Kingdom over the period 1971-2012. Their error-correction model revealed that
fundamentals such as GDP are positively and significantly involved in estimating house prices
in the United Kingdom. Similarly, Sivitanides (2018), who used the same method as Xu and
tang (2014) found the existence of a positive long-run cointegration association between GDP

and house prices in the United Kingdom.
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The latter mentioned studies only involve countries with advanced economies, however,
similar results are also observed from countries with emerging economies. A study by Kok et.
al, (2017) showed GDP having a positive and strong impact on Malaysian house prices in the
short-and long-run during the 2002Q1-2015Q4 period. Conversely, Trofimov et. al, (2018)
results seem to indicate that Malaysian house prices are not significantly driven by GDP. Using
a Vector Auto-Regression (VAR) model framework based on the 1999Q2-2009Q3 China
house price data, Mallick and Mahalick (2012) found a strong influence of real GDP growth
rate on house prices. However, a study by Lui and Ma (2021) who used a panel data regression
analysis framework based on the 2000 to 2018 annual house price data, did not find any

significant influence of real GDP growth rate on Chinese house prices.

Interest and mortgage rates are theoretically an important factor that shapes the demand for
housing and ultimately affecting house prices. This was observed by Asal (2018), whose vector
autoregression model showed a strong and negative causal relationship between real mortgage
interest rate and real house prices in Sweden. Similar estimation results were obtained by
Engerstam (2021) in 3 major cities (Stockholm, Gothenburg, and Malmo) in Sweden where a
one per cent decrease in mortgage interest rate was associated with a 0.456 per cent increase in
house prices. Using a vector error correction model approach to examine house prices in
Australia, Canada and New Zealand, Tumbarello, et al. (2010) observed a high and significant
effect of the real mortgage rate on house prices across the three countries, where for instance,
in Australia, a | percentage point increase in the interest rate is associated with a 5 to 9 per cent
fall in house prices. In emerging economies such as China, Arestis, P. & Zhang, S. (2020)
observed similar directional effects, wherein the long run, the mortgage rate was associated

with a significant negative effect on seven major cities in China!

The link between the stock and house market and the pivotal role they play in a country’s
economy has resulted in stock prices being a crucial factor behind the movement of house
prices through the wealth effect (Hong and Li, 2020). For instance, Irandoust (2020) applied a
bootstrap panel Granger causality approach to examine the existence of a long-run causal
relationship between stock and house prices for seven major European countries during the

1975Q1-2017Q1 period. Their results show a positive and unidirectional causality from stock

! The cities under review are Beijing, Shanghai, Tianjin, Guangzhou, Shenzhen, Hangzhou
and Chengdu.
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prices to house prices in France, Netherlands, Italy, UK and Sweden. In contrast, their results
also showed a significant negative impact of stock prices on house prices for Germany and
Switzerland. Lee and Chang (2018)’s granger causality test revealed the existence of a wealth
effect in most Asian emerging markets (China, Singapore, Taiwan, and Hong Kong) where
stock prices had a positive impact on house prices and a negative impact on South Korea house

prices.

Many Investors regard the exchange rate as an important component in the evaluation of the
housing market and any movement in exchange rates affects the property investment decision
of investors which impacts house prices. This was observed by Akkay (2021), whose
Autoregressive Distributive Lag (ARDL) model showed that an appreciation of the US dollar
against the Turkish Lira had a significant and increasing effect on Turkish house prices during
the 2010-2020 period. In contrast, Siimer and Ozorhon (2020), who used a Vector
Autoregression (VAR) Model did not find any significant effect of the US dollar Turkish Lira
exchange rate on Turkish house prices. Mahalik et al., (2011) found that in an emerging and
open economy such as India, an appreciation of the real effective exchange rate was associated
with a decline in house prices. Another study from an emerging economy was that of Ya-chen
and Shuai (2013) who used a Vector Autoregression (VAR) Model found that an appreciation
of the US dollar against the Chinese yen exchange rate was associated with an increase in house

prices.

While examining factors that drive house prices in developed economies, Arestis and
Gonzélez’s (2014), vector error correction model (VECM) showed a positive and significant
relationship between real house prices and real disposable income in the long run for the
following developed economies: United Kingdom, Japan, New Zealand, Norway, Sweden,
Switzerland, Canada, Belgium, Germany, Ireland, Spain, and Italy during the 1970 to 2011
period. Arestis and Gonzélez (2014) results were in line with those of Geng (2018) who found
that real per-capita disposable income (RPDI) has a positive correlation with house prices
among advanced economies. However, studies such as those of Trofimov et. al, (2018), deviate
from the theoretical assumption of the positive impact of disposable income on house prices.
Their VECM results established that the level of gross domestic product and household

disposable income does not significantly affect Malaysian house price growth.
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Applying the Australian data for 1995Q4 to 2015Q3, Wang et al. (2018) use the VECM to
investigate principal drivers of Australian house prices. Their empirical results revealed a
positive but insignificant impact of the unemployment rate on house prices with a positive
coefficient of 1.93. In contrast, Al-Masum and Lee (2019) found a negative and significant
relationship between Australian house prices and the unemployment rate, where a one-unit
increase in the unemployment rate is associated with a 0.824 decrease in median house prices.
Xu and Tang (2014) results deviated from economic theory, where the unemployment rate was
found to have a positive and significant effect on UK house prices using an error correction

model based on the quarterly data from 1971Q1 to 2012Q4.

In recent years, there has been a growing interest in examining the linkages between capital
inflows, namely, foreign real estate investment and house prices in both developed and
emerging economies. For instance, using data from 21 emerging economies, Gholipour
(2013)’s panel VAR model found that higher foreign investment stimulates economic growth
and leads to an increase in house prices over the 2000-2008 period. In a related study, Tillmann
(2013) showed that capital inflows have a significant and positive impact on economic growth
and house prices in Asian emerging market economies over the 2000-2011 period. In emerged
economies, a study by Sa et al. (2011) showed a positive and significant impact of capital
inflows and expansionary monetary policy on house prices from OECD (Organisation for
Economic Co-operation and Development) countries over the 1984-2006 period. However, in
a similar study, Gholipour et al. (2014) did not find any impact of foreign direct investment on
house prices in both the short run and long run from a set of OECD countries between 1995

and 2008.

The studies reviewed above provide valuable insights in understanding key macroeconomic
fundamental drivers of house prices both in emerging and emerged economies. However, their
findings should be interpreted with caution. Firstly, it is observed that they use different models
to reach different findings where some variables are significant in one study, but not significant
in another. For instance, it is noted that most studies applied a Vector autoregression (VAR)
model or a modified version of it and some of these studies do not follow the necessary steps
needed to apply a VAR model such as using statistical methods to select the best lag order or
to test and account for multicollinearity (the reader is referred to Ahmed (2020), Ya-chen and

Shuai (2013), Gholipour (2013) and Tillmann (2013)). The same is observed from studies that

Page | 12



used Alternative models such as multivariate linear regressions. For instance, Neukirchen and
Lange (2005) did not test for homoscedasticity, normality, and multi-collinearity in their
model. Furthermore, A key issue with the use of the multivariate linear regressions demand
model is that the use of levels does raise concerns over stationarity. The use of log levels in the
model does not account for potential nonstationary in the variables, nor does it examine

integrating relationships between the variables concerned.

Lastly, it is noted that some of the review studies either use time series or cross-sectional data
with a relatively small period or with a few variables. This was most noticeable in the study by
(Ahmed, 2020) where only 3 variables were used. Some studies had few variables because of
the use of the Variance inflation factor (VIF) to remove insignificant variables or variables that
are highly correlated with other independent variables. This has the potential problem of
shifting the model that is being tested, meaning that the theory being tested by the model has
changed. For instance, dropping Xj from the equation means that the i regression coefficient
no longer represents the relationship between the Y and X; controlling for Xj and any other

independent variables in the model.

4. Data and Methodology

4.1. Data Description

The empirical analysis in this paper uses the national quarterly real house price index series
from 2000Q1 to 2019Q4. The real house price index is seasonally adjusted and then rebased to
2005=100 and it is publicly available from the Federal Reserve Bank of Dallas. The period
used and the use of national data is subject to data availability. This study uses national data
(i.e., assumes a homogenous South African housing market) because of data limitations. The
data that is more granular (provincial level and divided into different types of house levels by
price) is not available in the public domain and the time period of such data has been
discontinued by ABSA. The data that does exist at a provincial level is mostly managed by

banks, property valuation firms and private agents.

In line with previous studies (see, for instance, Coskun et al. (2020), Lee et al.,(2019), Asal
(2018), and Simo-Kengne,(2019)) and housing demand-supply theoretical framework, this

study employs the following macroeconomic fundamental variables: gross domestic product,
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mortgage rate, exchange rate (USDZAR), affordability (Price to income ratio), Household debt
to disposable income, Unemployment rate, Share price index (JSE all share index), and Foreign
direct investment. All the data were seasonally adjusted and made real using the consumer
price index (CPI). The inclusion of the latter variables and exclusion of variables such as
population growth is subject to data availability where most of the independent variables such
as population growth are only published in values that are yearly and to decompose the data
into higher frequency data (quarterly) using decomposition methods such as cubic spline
interpolation might reduce the reliability of our results, i.e., introduce a systematic source of
serial correlation in regressors. Other data such as rental income was omitted because they had
data with a short time span. The reader must note that the data used does not allow for a more
granular comparison at an industry level (i.e., looking at low, medium and high-cost housing
market). It is acknowledged that it would have added more value to the thesis. Perhaps this will
be looked at in future studies.

4.2. Methodology

First stage
»  The first stage is to examine the time-series properties using the following unit root tests:
Augmented Dickey-Fuller (ADF, 1979) and Phillips & Perron (1986) unit root tests to test

for stationarity of the data sets.
Second stage

* In the second stage, the long-run relationship between housing prices and market
fundamentals is assessed using a cointegration analysis by utilizing the Johansen

cointegrating test.
Third stage

The study then looks at the short-run and long-run causality relations between macroeconomic
fundamentals and housing prices using a vector error correction model. This study uses a vector
error correction model (VECM) because it is considered ideal for the analysis of short-run
dynamics and long-run co-integration relationship amongst variables while accounting for
endogeneity and reverse causality (Stevenson, 2008). This study will use the VECM of the

form:
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n-1 n-1
Aln(RHPI) = B, + Z 91, AlIn(RHPI,_;) + Z 91, An(X_;) +ay + & (11)
i=1 i=1
where RHPI denotes real house prices; X is a vector of explanatory variables,
Bo, @9, 911 and 9,5, are the estimated parameters and &t is the random error term.
Furthermore, all the variables are in logarithm form except for the mortgage rate and foreign

direct investment.
Fourth stage

e Lastly, the study will analyze long-run deviations of house prices from their
macroeconomic fundamental variables and generate forecast variance decompositions
and impulse response functions to further examine the impact of shocks from the

macroeconomic fundamental variables on real house prices.
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5. Analysis of empirical findings

5.1. Descriptive analysis

Table 1: Summary statistics

PANEL A
Mortgage Exchange Household debt to Unemployment Share

RHPI GDP rate rate Affordability disposable income rate prices FDI PPI
Mean 93.02 2666138 12.721 9.469 107.9 74.663 25.290 59.633 57.809 77.462
Median 100.386 2720671 10.607 9.004 109.385 76.493 25.100 55.395 33.735 75.685
Maximum 123.586 3161917 24.939 17.574 169.552 103.88 29.300 113.381 1919.482 125.342
Minimum 49.991 1927597 6.218 6.519 62.324 45.327 21.000 14.171 -644.598 39.208
Std. Dev. 19.607 401613.7 5.965 2.106 32.641 17.181 2.011 33.641 286.986 25.432
Skewness -1.009 -0.439 0.613 1.635 0.387 -0.169 0.079 0.157 3.348 0.288
Kurtosis 2.887 1.809 2.015 5.973 2.063 2.015 2.383 1.605 23.830 1.887
CV (%) 21.078 15.064 46.893 22.246 30.251 23.012 7.954 56.413 496.435 32.831
Jarque-Bera 13.63 7.295 8.254 65.083 4.925 3.615 1.354 6.820 1595.769 5.236
Probability 0.001 0.026 0.016 0 0.085 0.164 0.508 0.033 0.000 0.073
Sum 7441.593 2.13E+08 1017.66 757.5199 8632.034 5973.032 2023.200 4770.623 4624.747 6196.964
Sum Sq. Dev. 30370.19 1.27E+13 2811.095 350.5441 84169.11 23320.22 319.632 89403.880  6506497.000 51095.140
PANEL B

Mortgage Exchange Household debt to Unemployment Share

RHPI GDP rate rate Affordability disposable income rate prices FDI PPI
RHPI 1.000 0.733 -0.685 -0.700 0.020 -0.038 -0.403 0.595 -0.134 0.550
GDP 0.733 1.000 -0.942 -0.558 -0.662 -0.657 0.114 0.959 -0.203 0.952
Mortgage rate -0.685 -0.942 1.000 0.641 0.628 0.657 -0.126 -0.882 0.228 -0.882
Exchange rate -0.700 -0.558 0.641 1.000 0.042 0.055 0.283 -0.392 0.093 -0.385
Affordability 0.020 -0.662 0.628 0.042 1.000 0.926 -0.639 -0.751 0.156 -0.797
Household debt to disposable
income -0.038 -0.657 0.657 0.055 0.926 1.000 -0.704 -0.766 0.219 -0.823
Unemployment rate -0.403 0.114 -0.126 0.283 -0.639 -0.704 1.000 0.262 -0.171 0.347
Share prices 0.595 0.959 -0.882 -0.392 -0.751 -0.766 0.262 1.000 -0.232 0.974
FDI -0.134 -0.203 0.228 0.093 0.156 0.219 -0.171 -0.232 1.000 -0.208
PPI 0.550 0.952 -0.882 -0.385 -0.797 -0.823 0.347 0.974 -0.208 1.000
Observations 80 80 80 80 80 80 80 80 80 80

Abbreviations: RHP: Real House Prices, GDP: Gross Domestic Product
Source: Authors' own calculation using EViews
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Table 1 above provides the descriptive statistics and the raw data correlation matrix of variables
used in this study. The sample has 80-time series observations during the period 2000Q1 to
2019Q4. 1t is also noted that the mean of most variables except for real house prices, GDP,
affordability, and household debt to disposable income is slightly more than the median. Thus,
the data from the variables appear to be skewed to the right. In all the variables, there is low
dispersion of data in each variable. In other words, the data is not highly spread out from the

mean and this is indicated by the small standard deviations of the data set from each variable.

As a requirement, normal skewness is associated with a value that is close to 0. The latter is
true for most of the variables except real house prices, real exchange rate and foreign direct
investment. Real house prices are highly skewed to the left, real exchange rates and FDI are
highly skewed to the right. The rest of the variables have a skewness that is approximately
symmetric and mirrors that of a normal distribution. Furthermore, all variables except for the
real exchange rate and FDI are platykurtic (because kurtosis<3), which implies that the series
of the variables will have many values lower than their respective means. When looking at the
Jarque Bera statistic, we see that household debt to disposable income, affordability and
unemployment rate have probability values that are above the significance level of 0.05.
Therefore, they are normally distributed variables unlike the rest of the variables which have

probability values that are below the significance level of 0.05.

Panel B illustrates the raw data correlation matrix of the variables. The results suggest that the
Gross domestic product, Affordability, share prices and producer price index are positively
correlated with real house prices while the rest of the variables are negatively correlated with
real house prices. For instance, GDP is strongly positively correlated with real house prices,
generating a correlation coefficient of 0.733 while Real exchange rate and mortgage rate are
strongly negatively correlated with real house prices, generating correlation coefficients of -
0.7 and -0.685 respectively. It is noted that some of the variables are highly correlated with
each other and this might lead to multicollinearity problems that will make it difficult to
interpret the coefficients in our regressions. However, note that the latter correlation matrix

results are for raw data. Diagnostic and stability tests will be presented for our VECM model.
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5.2. Test for stationarity

The Augmented Dickey-Fuller (ADF, 1979) and Phillips & Perron (1986) unit root tests
techniques were used to test for the possibility of stationarity of the data at first differences to
check if the data used in the study is first-order integrated. Before the tests, the variables were
transformed into logarithms to obtain stationarity in variance. The results obtained in table 2
below, show that for both the ADF and PP unit root tests, this paper cannot reject the null

hypothesis of the presence of unit roots (no stationarity) when the variables are in level form,

except for GDP and FDIL.
Table 2: Stationarity test Level Series Differenced Series
Variables ADF PP ADF PP
P- t t
t statistics  value t statistics  P-value statistics P-value statistics ~ P-value
RHPI 0.325 0.777 n0 1.349 0.954 n0 -1.968 0.047 ** -3.140 0.002  ***
GDP 3.205 1.000 nO 5.076 1.000 n0 -2.496 0.013  ** -3.109 0.002  ***
Mortgage rate -2.372 0.018 ** -2.713 0.007  #** -4.836 0.000  Hk** -4.066 0.000  ***
Exchange rate -0.518 0.489 no0 -0.434 0.523 n0 -6.965 0.000  Hk** -6.965 0.000  ***
Affordability -1.109  0.240 no0 -1.349 0.163 n0 -2.162 0.030  ** -2.584 0.010  **
HDDI -1.152  0.225 no0 -1.913 0.054 * -2.379 0.018  ** -4.271 0.000  ***
Unemployment rate 0.297  0.769 n0 0.368 0.788 n0 -4.166 0.000 *** -11.297 0.000  ***
Share prices 2.089 0991 n0 2.349 0.995 n0 -6.244 0.000  F** -6.290 0.000 ***
FDI -3.818  0.000 *** -8.241 0.000  F** -5.874 0.000  F** -36.101 0.000 ***
PPI 4.287 1.000 nO 6.916 1.000 nO -1.359 0.160 n0 -3.806 0.000 ***

Abbreviations: RHP: Real House Prices, GDP: Gross Domestic Product, HDDI: Household debt and disposable,
FDI: Foreign direct investment, PPI: Producer price index

Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not Significant
*MacKinnon (1996) one-sided p-values.

Source: Authors' own calculation using EViews

When using the PP unit root test, the null hypothesis of the presence of unit roots is rejected
when the variables are in first difference form. However, when using the ADF, this study rejects
the null hypothesis of no stationarity for all variables except for PP1. Because the PP unit roots
test overcomes the problems of autocorrelation and heteroscedasticity, this study proceeds with
the results of the PP unit roots test. Since all the variables are /(1) (Stationary after differencing)

under the PP unit root test, this study will now proceed with the cointegration test.
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5.3. Lag order selection

This study used the Unrestricted VAR post estimation for the lag order test. It used both the

Akaike information criterion (AIC) and Schwartz information criteria (SIC). The maximum

lag length of 3 was shown by the AIC with a value of - -33.47663 and SIC displayed a

maximum lag length of 2 with a value of -28.13690. This study uses the rule-of-thumb of

selecting the criterion with the lowest value, this is because the lower the value, the less the

residual correlation, and the more stable and better the model. Thus, a lag length of 3 was

specified.

5.4. Test for cointegration

This study applies the Johansen test of cointegration to test for the existence of a long-run

association among the variables used in this study. The results of Johansen tests are reported

in Table 3. The null hypothesis of the trace statistic is that there are no more than r

cointegrating vectors and the null hypothesis of the maximum eigenvalue statistic states that

the number of cointegrating vectors is equal to r.

Table 3: Cointegration test

Unrestricted Cointegration Rank Test (Trace)

Unrestricted Cointegration Rank Test (Max Eigenvalue)

Trace Max-Eigen

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** Eigenvalue Statistic Critical Value Prob.**

None * 0.652 423.351 239.235 0.000 0.652 80.132 64.505 0.001
At most 1 * 0.623 343.219 197.371 0.000 0.623 74.109 58.434 0.001
At most 2 * 0.587 269.110 159.530 0.000 0.587 67.299 52.363 0.001
At most 3 * 0.543 201.811 125.615 0.000 0.543 59.555 46.231 0.001
At most 4 * 0.449 142.256 95.754 0.000 0.449 45.355 40.078 0.012
At most 5 * 0.363 96.901 69.819 0.000 0.363 34.244 33.877 0.045
At most 6 * 0.296 62.657 47.856 0.001 0.296 26.641 27.584 0.066
At most 7 * 0.212 36.016 29.797 0.008 0.212 18.105 21.132 0.126
At most 8 * 0.200 17.912 15.495 0.021 0.200 16.946 14.265 0.018
At most 9 0.013 0.966 3.841 0.326 0.013 0.966 3.841 0.326

Trace test indicates 9 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Source: Authors' own calculation using EViews

* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

We observe that the null is rejected for r=8 at the 5 per cent significance for the trace statistics

and r-5 for the eigenvalue statistics in favour of at most 9 and 6 respectively. Therefore, the

study finds 9 cointegrating equations. The results suggest there is strong evidence to reject the
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null hypothesis of no cointegration. Therefore, there exists a long-run association between the
macroeconomic variables under consideration and house prices. The study has applied one
restriction because its aim focuses on one cointegrating equation that shows the relationship
between house prices and macroeconomic variables under consideration. We then proceed to
estimate the long run and short-run causal effects of the variables using the Vector Error

correction model.

5.5. Short-run relationship

Table 4: VECM Short-run

Panel A

Coefficient Std. Error t-Statistic Prob.
Constant -0.001 -0.006 -0.104 0.459
ECM -0.070 0.030 -2.378 0.010
Panel B
Variable Lag 1 Coef. Lag 2 Coef.

Real house price index
Gross domestic product
Mortgage rate

Exchange rate
Affordability

Household debt to disposable
income

Unemployment rate
Share prices

Foreign direct investment
Producer price index

0.456 (-0.200) **
0.368 (-0.402)
0.001 (-0.004)
-0.056 (-0.029) **
0.033 (-0.242)

0.303 (-0.135)**
-0.163 (-0.108) *
0.159 (-0.103)*
0.000 (-0.000)***
0.547 (-0.385)*

-0.296 (-0.249)
0.530 (-0.386) *
-0.005 (-0.004)
-0.054 (-0.035)*
0.504 (-0.245) **

-0.220 (-0.132) **
-0.075 (-0.102)
-0.057 (-0.081)
0.000 (-0.000)
0.252 (-0.389)

Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not Significant

*MacKinnon (1996) one-sided p-values.
Abbreviations: ECM: Error Correction Model
HDDI: Household Debt to Disposable Income
Source: Authors' own calculation using EViews

Table 4 above shows the dynamics of the short-run causality between macroeconomic
fundamentals and housing prices. Initially from Panel A, it is observed that the co-integration
equation coefficient is negative and statistically significant, which implies that the house price
series converges to long-run equilibrium. In other words, the previous quarter deviation of
house prices from long-run equilibrium due to a change in the explanatory variables is
corrected at an adjustment speed of 7 per cent. This study also observes that the mortgage rate
is the only variable that is not statistically significant at any lag while most variables

significantly impact house prices at the first lag order.
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For instance, a statistically significant and negative relationship between house prices and the
exchange rate is observed, where a 1 unit increase in the exchange rate is associated with a 0.06
per cent decrease in real house prices ceteris paribus. The results correspond to those of Asel
Mabher (2018) who found a negative and statistically significant relationship between the real
effective exchange rate and Swedish house prices during the 1986Q1-2016Q4. The model
results also show that a 1 per cent increase in the affordability (proxy to real disposable income)
variable is associated with a 0.03 per cent increase in real house prices ceteris paribus. Similar
short-run directional effect results were obtained by Arestis and Gonzalez (2014), where their
vector error correction model revealed a positive effect of real disposable income on real house

prices for Japan (0.9515), Italy (1.1754 and 1.6457), and UK (1.6433).

The model results also show the real household debt to disposable income as a key driver of
house prices in the short run. More specifically, a 1 per cent increase in real household debt to
disposable income is associated with a 0.65 increase in real house prices ceteris paribus. The
effect of foreign direct investment and share prices on house prices is in line with the theoretical
hypothesis in which the share prices and producer price index have a positive impact on house
prices. For instance, a 1 per cent increase in share prices and producer price index is associated
with a 0.16 and 0.547 increase in house prices respectively, ceteris paribus. Foreign direct
investment is found to have a positive but minor effect on house prices in the short run. The
gross domestic product is revealed to have a positive impact on house prices on the second lag
at the 10 per cent significance level, where a 1 per cent increase in the GDP is associated with
a 0.53 per cent increase in house prices. Lastly, a 0.163 per cent decrease in house prices due

to a 1 per cent increase in the unemployment rate is also observed.

5.6. Long-run relationship

Table 5 below presents the Vector error correction model estimation results of the long-run
causality relationship between macroeconomic fundamentals and house prices during the
period 2000Q1 to 2019Q4. Initially, it is noted that all the variables are significant at 1, 5, and
10 per cent levels. This study also notes that 76.7 per cent of the real house price variation is

explained by the variables as depicted by the R?.
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Table 5: VECM Long-run

Std. t-

Coefficient Error Statistic Prob.
Constant 54.850
Gross domestic product 3.283 -0.925  -3.549  0.000
Mortgage rate -0.012 -0.007 1.802 0.038
Exchange rate 0.546 -0.066  -8.243 0.000
Affordability 0.578 -0.110  -5.268 0.000
Household debt to disposable income 0.671 -0.200  -3.346 0.001
Unemployment rate 0.981 -0.439  -2.233 0.014
Share prices -1.776 -0.244 7.278 0.000
Foreign direct investment 0.000 0.000 2.561 0.006
Producer price index 3.125 -0.726  -4.306  0.000
R-squared 0.767
Adj. R-squared 0.678
Breusch-Godfrey serial correlation LM test:
(after first difference) Prob. chi-square =0.7836 >0.05
Heteroscedasticity test: Breusch-Pagan-Godfrey Prob. chi-square =0.1540 >0.05
Jarque-Bera Joint 0.9382
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Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%.
and (no) Not Significant

Source: Authors' own calculation using EViews

The results also show that most of the variables have the anticipated causal directional signs,
according to economic theory except for the unemployment rate. For instance, a 1 per cent
increase in the unemployment rate is associated with a 0.98 per cent in real house prices. While
the latter results deviate from economic theory, one possible explanation is the link between
interest rates and unemployment. An increase in the unemployment rate will give rise to an
expansionary monetary policy that lowers interest rates to promote economic growth and

consequently an increase in house prices.
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When observing other variables, the model shows GDP as the most important driver of house
prices: real house prices fall by 3.28 per cent in the long run in response to a 1 per cent increase
in real GDP. The outcome of the impact of GDP on house prices is as expected since strong
economic growth is often expected to stimulate demand for houses which in turn causes a surge
in house prices. This is also seen from the empirical results of Tu (2004), Sabyasachi (2020),
and Sivitanides (2018) who found the existence of a positive and statistically significant and
long-run equilibrium relationship between house prices and GDP. However, several other
studies (see, among others, Coskun et al. (2020), Al-Masum and Lee (2019), Hui and Shen
(2006), Mikhed & Zemcik, (2007), Gallin, (2006); and Xiao & Park, 2010) either find a
negative relationship between house prices and GDP or do not find a statistically significant
positive relationship or do not use the real GDP variable. They mostly cite real GDP
measurement errors, econometric methodology and time span used in their studies as the reason

behind their empirical results.

The producer price index is the second most important determinant affecting real house prices.
Specifically, the results suggest that a 1 per cent increase in PPI could lead to a 3.13 per cent
increase in real house prices, ceteris paribus. The impact of PPI on house prices is similar to
the estimation result of 0.43 per cent impact of construction cost on China house prices in a
study done by Staikos and Xue (2019). Estimation of share prices indicates a significant
negative impact on house prices with a coefficient of -1.78. These results imply that a 1 per
cent decrease in share prices leads to a 1.78 per cent decrease in real house prices, ceteris
paribus. As in the short-run, the empirical results also show that foreign direct investment has
a negligible impact on house prices in the long run. Another possible explanation could be due
to the short time span used in our analyses due to data limitation or measurement errors in the

nature and quality of the FDI data.

The mortgage rate shows an inverse impact on real house prices. The results suggest that a 1
per cent increase in the mortgage rate is associated with a 0.01 per cent decrease in real house
prices, ceteris paribus. The negative directional effect of mortgage rate on house prices
complements the results obtained by Claussen (2013), Tumbarello, et al. (2010), Coskun et al.
(2020), Al-Masum and Lee (2019), and Asel(2018) whom all found a strong and negative long-
run relationship between real house prices and mortgage rate. For instance, Asel 's(2018)
empirical results indicated that a 1 per cent increase in mortgage rates will decrease Swedish

house prices by approximately 8 per cent. The negative impact of mortgage rate on house prices

Page | 23



is as expected, as an increase in mortgage rates will discourage the entry of new home buyers
into the housing market resulting in a decrease in the number of houses purchased, and with
excess supply of houses, there will be a decrease in house prices contracts

(Achinstein, 1950:236 and Cloete, 1990:24).

Consistent with our theoretical hypothesis, our results reveal a significant positive relationship
between affordability and real house prices at the 1 per cent significant level with a coefficient
of 0.58 per cent. Indicating that a 1 per cent increase in housing affordability is associated with
a 0.58 per cent increase in real house prices ceteris paribus. This is as expected since an increase
in household affordability means an increase in the purchasing power of households that will
lead to an increase in the demand and purchase of houses, which then triggers a surge in house
prices by house sellers. When including the USZAR real exchange rate in the VECM, the
parameter estimate shows a significant positive coefficient of 0.55, suggesting that individuals
(mostly foreign investors) are more likely to make property investment decisions during good
market conditions and this is in line with the rational expectation theory doctrine. The theory
states that an individual’s decision will be based on past trends and available information in
the market. Thus, a better real exchange rate performance today suggests a better performance
tomorrow and expected capital gains which will sow the seed for housing demand that

eventually lead to an increase in house prices.

The impact of the real exchange rate from this study differs from the theoretical point of view
of the expected negative impact of real exchange rate on house prices (Pavlova and Rigobon,
2007). For instance, Asal (2018) found a negative and statistically significant long-run
relationship between house prices and real exchange rates in Sweden. On the contrary, there
are studies such as Sabyasachi (2020) that diverge from the theoretical point of view and find
a positive and statistically significant impact of the real exchange rate on house prices. The
reason for the different outcomes might be related to the misalignment (i.e., over-evaluation

and undervaluation) of the real exchange rates in each respective country under consideration.

Lastly, this study’s econometric estimates revealed a statistically significant positive
relationship between household debt to disposable income and real house prices that is
significant at the 1 per cent level. This implies that a 1 per cent increase in the household debt
to disposable income is associated with a 0.67 per cent decline in real house prices. One

possible explanation for our finding is that a decrease in borrowing constraints induces
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households, especially those entering the housing market to incur more debt to finance their
housing purchase or refinance an existing mortgage or change the composition of the debt held
because of higher expected future income from owning a house or the expected increase in the
value of houses. This creates more demand for housing and a market with a surplus of buyers

and fewer sellers that lead to an increase in house prices.

Figure 1: Long-run equilibrium deviation of house prices
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Source: Authors' own calculation using EViews

Figure 1 above illustrates the long-run equilibrium deviation of real South African house prices.
The LRHPI represents the logged real house price index and LRHPI F represents the logged
forecasted values of a fundamental house price index. The deviations, more specifically
occurrences of overvaluations between the actual and fundamental house price indices are
indicated by the ellipse in the figure. The results from the analysis show that the deviation
between fundamental and actual house prices are small in magnitude and negligible except
during the 2006Q3-2007Q3. The deviation during the 2006Q3-2007Q3 period does not show
any form of persistence or explosive pattern, and there seems to be a relatively quick
convergence (closing of the gap) of fundamental house prices and real house prices. It would
thus appear that real house price changes at the country level are explained by changes in long-

run macro fundamentals during the period under consideration.
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6. Test for Sources of Volatility

This study will now provide a more depth understanding of the relationships between real

house prices and their macroeconomic fundamentals beyond the sample period under

consideration. This study will use two widely used techniques that measure sources of

volatility, these techniques are Variance decomposition and Impulse response functions.

6.2. Variance decomposition

The variance decomposition technique is used to measure the proportion of changes in house

prices due to changes in the lagged macroeconomic fundamental variables. Table 6 shows the

estimates from the variance decomposition for a 20-quarter time horizon. This study assumes

that the period from 1 to 8 represents the short-run period, the rest of the period represents the

long-run period.

Table 6: Variance Decomposition of real house prices

Period S.E. RHP GDP M RATE ER AFF  HDDI UN RATE S PRICES FDI PPI

1 0.014 100 0 0 0 0 0 0 0 0 0
2 0.026 92719 2.685 0.011 0.660 1.175  0.209 0.209 0.115 1.172 1.045
3 0.036 84.124 8.502 0.162 1.222 2,650  0.317 0.109 0.107 0.675 2.131
4 0.049 74929 13.139 0.123 0.972  3.688  0.564 0.443 0.624 0.464 5.054
5 0.062 69.094 15.099 0.075 0.811 3.421 1.280 0.822 1.018 0.421 7.959
6 0.077 63.813 15.685 0.062 0.700 3.045  2.062 1.399 2.089 0.530 10.617
7 0.093 58.395 16.079 0.110 0.563 2.758 2992 2.037 3.344 0.797 12.924
8 0.109  53.741 15.854 0.218 0436 2.405 4.039 2.577 4.625 1.050 15.055
9 0.125 49.622 15.256 0.355 0.339 2.038 5.231 3.051 5.819 1.361 16.926
10 0.141 46.073 14.559 0.520 0.265 1.698  6.360 3.466 6.931 1.650 18.480
11 0.158  43.151 13.836 0.687 0.219 1.406  7.408 3.811 7.919 1.917 19.646
12 0.173  40.679 13.107 0.853 0.197 1.170  8.359 4.088 8.817 2.171 20.558
13 0.189  38.603 12.424 1.008 0.195 0989  9.235 4.297 9.588 2.389 21.273
14 0.203 36.860 11.794 1.140 0.211 0.856 10.024 4.466 10.260 2.580 21.807
15 0.217  35.396 11.228 1.255 0.239 0.764 10.725 4.600 10.842 2.750 22.202
16 0.230  34.180 10.722 1.352 0.275 0.704 11.345 4.699 11.340 2.892 22.490
17 0242  33.160 10.272 1.432 0315 0.670 11.897 4.774 11.769 3.014 22.697
18 0.253 32.305 9.878 1.497 0.358 0.655 12.382 4.830 12.136 3.117 22.842
19 0264 31.596 9.534 1.550 0.402 0.654 12.808 4.870 12.446 3.203 22.938
20 0.274  31.011 9.233 1.592 0.443  0.662 13.180 4.897 12.710 3.275 22.998
Average 0.147  52.473 11.444 0.700 0441 1.570  6.521 2.972 6.625 1.771 15.482

Abbreviations: S.E. Standard error, RHP: Real House Prices, GDP: Gross Domestic Product, M_RATE: Mortgage rate,

ER: Exchange rate, AFF: Affordability, HDDI: Household debt and disposable, UN_RATE: Unemployment rate,

Source: Authors' own calculation using EViews

It is observed that over 5 years (20 quarters), on average, a great percentage of forecast error

variance in real house prices is explained by the variable itself. While the rest of the variables

have a weak influence on real house prices in the short run, however, their influence is
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gradually increasing over time. For instance, an average of 52.47 per cent of the forecast error
variance is due to real house prices and the remaining average of 47.53 per cent variation is
explained by explanatory variables where the PPI accounts for the highest percentage among

the explanatory variables

PPI approximately accounts for 15.48 per cent of the total real house price forecast error
variance. The real GDP is shown to be the third-largest source with 11.45 per cent followed by
share prices and household debt to disposable income with 6.62 per cent and 6.52 per cent
respectively. The affordability is found to have contributed the least source of house price
forecast error variance with an average of 0.44 per cent over the 20 quarters (5 years) time

horizon.

6.3. Impulse response functions

Impulse response functions determine the dynamic response of real house prices from a one-
unit shock of each explanatory variable over time. Furthermore, they determine whether the
shocks have a negative or positive effect and whether they are temporary or have long-run
effects. Figure 10 below shows the real house price impulse responses associated with a one-
standard-deviation positive shock from each of the explanatory variables of the VECM over a

period of 80 quarters.
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Figure 2: Real house price impulse response
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Abbreviations: RHP: Real House Prices, GDP: Gross Domestic Product, M_RATE: Mortgage rate,
ER: Exchange rate, AFF: Affordability, HDDI: Household debt and disposable, UN_RATE: Unemployment rate,

Source: Authors' own calculation using EViews

Initially, this study observes that in a one standard deviation disturbance in current

house prices, future house prices initially increase by approximately 0.04 per cent and reach its
peak at the 18" quarter, and then gradually decreases reaching a new equilibrium level that is
above the initial level. In response to a GDP shock, initially, real house prices significantly
increase by approximately 0.028 and start to fall towards a new equilibrium in the 12 quarter.
Similar impulse responses patterns to those of a GDP shock are observed from affordability,

PPI and unemployment rate shocks.

A one standard deviation disturbance originating from mortgage rate is associated with a
significantly negative and persistent decrease in house prices of approximately 3 per cent and
thereafter it reaches its new equilibrium level after a relatively long descend from the 1st until
the 60™ quarter. Similar impulse responses patterns to those of a mortgage rate shock are also
observed from FDI and share price shocks. The impact of a one standard deviation disturbance

of the real exchange rate on real house prices initially causes house prices to gradually decrease
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in the first 10 quarters and then increases, around the 22" quarter the price reaches its peak and
then slightly decreases by 0.02 per cent to reach a new equilibrium at the 40" quarter and
maintains that new equilibrium level. Lastly, this study observes an initial sharp increase in
house prices of approximately 0.8 per cent, which peaks at the 9™ quarter due to a one standard
deviation shock from household debt to disposable income. The house prices then decrease by

0.12 per cent to reach a new equilibrium level that is below the initial level.

7. Robustness of the VECM model

Several model stability and diagnostic tests were performed (the reader is referred to Table A1)
on the VECM, the tests included the Jarque-Bera test for normality, Breusch-Godfrey serial
correlation LM test and the Breusch-Pagan-Godfrey heteroskedasticity test. The tests show no
significant autocorrelation or heteroscedasticity that is present in the model and further showed
that the VECM mirrors a normal distribution. This study then proceeded to test for the stability
of the parameter estimates by performing some robustness check of the long-run causality test
between house prices and macro fundamental variables by using fully modified ordinary least
squares regression (FMOLS). The results are presented below in Table 6. From the outset, it is
noted that the variables from FMOLS regression have the same directional causal signs as that
of the VECM except for the exchange rate, share prices and household debt to disposable

income.

The difference in the directional causal signs might be due to the short time span used in our
analyses due to data limitation or measurement errors in the nature and quality of data used.
However, the directional signs can also be theoretically justified. For instance, the negative
impact of household debt to disposable income on house prices might be explained by an
increase in disposable income which leads to more individuals qualifying for mortgages to buy
houses which will consequently lead to more demand and a rise in house prices. The 0.12 per
cent increase in house prices from a 1 per cent increase in share prices might originate from
foreign investors who were attracted by the increase in South African share prices were some
of their investments involve investing in the property markets that lead to a surge in house
prices. Lastly, the exchange rate is observed to have an insignificant impact on house prices at

all levels of significance.

Page | 29



Table 7: Fully Modified Least Squares

Coefficient Std. Error t-Statistic  Prob.
Gross domestic product 0.946 0.215 4401  0.000 ***
Mortgage rate -0.005 0.001 4143 0.000 ***
Exchange rate -0.005 0.018 -0.260 0.796
Affordability 0.936 0.020 47554 0.000 ***
Household debt to disposable income -0.135 0.037 -3.637 0.001 ***
Unemployment rate 0.314 0.101 3117 0.003 ***
Share prices 0.120 0.046 2592 0.012 **
Foreign direct investment 0.000 0.000 -1.870 0.066 *
Producer price index 1.067 0.181 5.883  0.000 ***
C -15.792 2.792 5656 0.000 ***

Notes: (*) Significant at the 10%; (**) Significant at the 5%; (***) Significant at the 1%. and (no) Not Significant

Source: Authors' own calculation using EViews

8. Conclusion

This study examined the short and long term co-integrating relationship between house prices
and selected macroeconomic fundamental factors using the Vector Error Correction Model
during the 2000Q1-2019Q4 period. The selected macroeconomic fundamentals were: Gross
domestic product, mortgage rate, exchange rate (USDZAR), affordability (price to income
ratio), household debt to disposable income, unemployment rate, share prices, foreign direct

investment, and producer price index.

Several key findings have been identified in the study. It was revealed that most of the macro
fundamental variables have a significant impact on South African house prices at the first lag
order in the short run at the 1 per cent significance level except for the mortgage rate which
was not statistically significant at any significance level. In addition, the results showed that
the house prices series converges in the long run with an adjustment factor of 7 per cent. The
results suggest the existence of a long-run relationship between South African real house prices
and the selected macroeconomic fundamentals. Specifically, the results showed that all the
variables have a statistically significant long-run impact on house prices where GDP and PPI
proved to have the greatest impact among all variables during the period under review. PPI
proved to have the greatest impact among all variables during the period under review. The

results are in line with international studies such as (Neukirchen and Lange (2005), Al-Masum
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and Lee (2019) and a South African study by Clark & Daniel (2006), who found that GDP has

a positive and significant impact on house prices.

Lastly, utilising the variance decomposition technique, this study found that real house prices
are the greatest source of variation to future real house prices. In addition, the impulse response
functions revealed that a one standard deviation shock from the GDP, PPI, exchange rate,
affordability, and the unemployment rate had a positive and persistent effect on house prices
where real house prices maintained a higher level than the initial equilibrium level. While the
rest of the variables had a negative and persistent shock that left real house prices at a much

lower equilibrium level than the initial positive equilibrium.

9. Policy recommendation for the South African housing market

The results have several implications. The low or negligible response of house prices to real
mortgage rates in the short run and the large impact of GDP and PPI on house prices in both
the short — and long run suggests a need for a more balanced and complementary combination
of key fiscal and monetary policies to ensure a more balance house price growth. For instance,
an expansionary monetary policy will accelerate house price growth through low-interest rates
that give rise to high demand for mortgage loans and houses. A complementary fiscal policy
would be an expansionary policy where the government issues bonds that will "Crowd out"
some of the private investments that will lead to a rise in interest rates and subsequently a

decrease in house price growth.

Despite South Africa's well-developed credit markets, access to housing finance is mostly
limited to high-income earners (Centre for Affordable Housing in Africa, 2019). Thus, this
study recommends a more efficient and comprehensive housing subsidised programme
provided by the government in partnership with private companies to provide low household
income earners with houses at subsidized prices and reasonable price spread policies. To
balance the excess demand of houses from the latter mentioned policy, this study recommends
an introduction of tax incentives for building firms to increase the productivity of affordable
houses and an increase of competition in the housing market opening it up to smaller builders.
The last two policy recommendations will ensure that a more balanced demand and supply of

houses that will stabilise house prices is archived
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10. Limitations of the Study

The main limitation in this study is limited data available on the public domain on the housing
market sector in South Africa, especially at a provincial level. This is because existing data is
mostly managed by banks, property valuation firms and private agents. In addition, variables
such as population growth were excluded which other studies believed to have significant
effects on house prices (see, for example, Tumbarello, et al.(2010), Arestis and Gonzalez
(2014), Trofimov et. Al, 2018). This is because most of the independent variables such as
population growth are only published in values that are yearly and to decompose the data into
higher frequency data (quarterly) using decomposition methods such as cubic spline
interpolation might reduce the reliability of our results, i.e., introduce a systematic source of

serial correlation.
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APPENDIX

Table A1

Variable name

Data Source

Real House price index
Gross domestic product
Mortgage rate
Exchange rate

Affordability (Price to income ratio)
Household debt to disposable income
Unemployment rate

Share prices
Foreign direct investment

Producer price index
Consumer price index

Federal Reserve bank of Dallas
International monetary fund
International monetary fund

International monetary fund

Organisation for Economic Co-operation and
Development

South African Reserve Bank

South African Reserve Bank

Organisation for Economic Co-operation and
Development

South African Reserve Bank

Organisation for Economic Co-operation and
Development

Federal Reserve bank of Dallas

Table A2: Diagnostic and Stability Tests

Table A2

VEC Residual Serial Correlation LM

Tests

Date: 09/16/21 Time: 04:18
Sample: 2000Q1 2019Q4
Included observations: 77

Null hypothesis: No serial correlation at lag h

Lag LRE* stat df  Prob.
1 108,93 100
2 84,504 100

3 89,3808 100

0,2545

Rao F-
stat df Prob.
(100,
1,09895 269.6) 0,2748
(100,
0,8666 0,81888 269.6) 0,8771
(100,
0,7678 0,87309 269.6) 0,7836

Source: Authors' own calculation using EViews
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Table A3
VEC Residual Heteroskedasticity Tests (Levels and Squares)

Date: 09/16/21 Time: 04:19

Sample: 2000Q1 2019Q4
Included observations:
77

Joint test;:

Chi-sq df Prob.

2379,314 2310 0,154

Source: Authors' own calculation using EViews

Table A4

Normality

Test

Component Jarque-Bera df Prob.
1 11,8453 20,0027
2 9,19855 20,0101
3 9,00225 20,0111
4 0,80927 20,6672
5 0,15715 20,9244
6 1,54743 20,4613
7 4,7848 20,0914
8 2,78225 20,2488
9 1,28081 20,5271

10 0,1519 20,9269
Joint 869,346 935 0,9382

Approximate p-values do not account for coefficient estimation
Source: Authors' own calculation using EViews
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