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Abstract

This study examines the dynamic short- and long-run causal relationship between South

African real house prices and key macroeconomic fundamentals (gross domestic product

(GDP), mortgage rate, exchange rate-USDZAR, affordability, household debt to dispos-

able income, unemployment rate, share prices (JSE ALL share index), foreign direct

investment, and producer price index) over the period 2000Q1-2019Q4. The study uses a

vector error correction model (VECM) to estimate the relationships while accounting for

endogeneity and reverse causality. Although, there seems to be a significant association

(both short and long-run) between house prices and all macroeconomic fundamental vari-

ables, GDP and producer price index appear to have the greatest impact. Further, our

results suggest that any short-term disequilibrium in house prices always self-corrects in

the long-run.

1. Introduction

The South African residential housing market price growth has displayed patterns of wide-

spread price fluctuations in recent years. According to the global property guide data, South

African real house prices increased by an average of 20 percent annually, from 2000 to 2006,

reaching a peak of 32.5 percent in October 2004 [1] However, during the 2007–2020 period,

South African housing market prices rose by approximately 62%, and when adjusted for infla-

tion, real prices fell by 18% and the gap between nominal and real prices narrowed between

2019 and 2021 raising the question of whether South African house prices reflect fundaments

[1] It is therefore the contribution of this study to try and capture and explain some of the

complexities of the drivers behind South African housing market prices and how house prices

adjust to the long-run equilibrium prices. This study also uses a more extended time series

data than previous studies on the South African housing market.

Theoretically, house prices are determined by demand and supply factors [2] This would

suggest that all other factors constant, house price movement should be explained by the rele-

vant economic fundamentals. Therefore, it is important to understand the long-run equilib-

rium between house prices and macroeconomic fundamentals [3] Further, any adverse

deviations from the equilibrium price levels may result in housing bubbles, with severe ramifi-

cations on the overall economy.
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In an attempt understand housing price dynamics, two main approaches have been

emerged: the microeconomic and macroeconomic approach. Microeconomic-based studies,

for example, [4–6] focus on household-level factors and/or surrounding environment charac-

teristics that affect house prices. The key assumption is that houses are heterogenous in nature

and their value is determined by the buyer’s evaluation of the house’s inherent attributes such

as appearance and location. However, the microeconomic approach is data consuming,

requires a lot of model assumptions and often transactional data is not readily available, where

available, it is costly to obtain. Further, it is often difficult to determine the model’s functional

form which requires experience and judgement [7, 8]

On the other hand, the macroeconomic approach analyzes the impact of macroeconomic

factors on house prices [3, 9–12] However, early research on the impact of macroeconomic

factors on the housing market (for example [13–16]) did not account for the fact that the mac-

roeconomic variables are also affected by supply and demand shocks in the housing market

[17]. was amongst the first to develop a study that accounts for the dynamic interaction

between the housing maker and the entire economy.

Over the past decades, there has been an increase in the number of studies on residential

house prices over the past decades, as they play major role in both developed and developing.

From an investment perspective, an effective understanding of the impact of the housing mar-

ket on other economic variables is key as household holdings in the housing market often con-

stitute a largest proportion of household wealth. 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.

Although a number of studies have looked at housing price dynamics, there has been mixed

evidence, which suggests that a most issues relating to house prices and economic fundamen-

tals have not been fully explored. Further, most of these studies tend to focus on highly

advanced economies and there is limited empirical evidenced based on contemporary data

and the recent price movements in countries like South Africa.

This study seeks to examine 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. Given that house

prices in the short run have been previously observed to deviate from their long-run equilib-

rium and may continually readjust through an error correction mechanism as observed from

many previous studies. Therefore, a tool that is well suited to simultaneously analyse short-run

dynamics as well as the long-run relationship of cointegrated variables while accounting for

while accounting for reverse causality and endogeneity is needed. Therefore, this study

employs a Vector error correction model to examine the co-movement between housing price

and economic fundamentals and their dynamic relationship both in the long and short run.

Further, we analyse the deviation of house prices from their fundamentals and thus examine

the response of real house prices to macroeconomic shocks using variance decompositions

and impulse response functions.

Unlike previous South African studies that focused mainly on the long-run behaviour of

provincial-level house prices, their persistence and ripple effect on the economy [18,19] (, or

demographic factors that affect house prices [12], this study uses the latest national-level house

price data and analyzing both the long-run and short-run dynamics between house prices and
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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 rela-

tionship between real house prices and macroeconomic factors and thus provide more insight

on policy and investment decisions on stabilizing the housing market and when to enter or

exit the market.

Our results suggest 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 dispos-

able income, share prices, and foreign direct investment has a negative and persistence 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.

The remainder of the paper is structured as follows. Section 2 presents a brief review of

selected literature that examines the relationship between house prices and its determinants.

Section 3 describes the data and the methodology. Section 4 is an analysis of empirical findings

and discussion of the results. Section 5 provides a summary of conclusions and

recommendations.

2. Literature review

2.1 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 new built market,

where in 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 subsidy programmes [20]). Considering how much

wealth is invested in the South African residential 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 few examine the drivers of South African house prices. For instance, [21] developed

a regression model for the purpose of identifying key drivers of the South African residential

property market. They found that foreign direct investment positively affects house prices

where a 1 percent increase in foreign direct investment was associated with a 0.12 percent

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 [22]. who’s study used a similar modelling approach to that of

[21], 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
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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.

[12] 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, endogene-

ity and heterogeneity. Their analysis revealed that in the past 22 years, on average, population

aging 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 [19], 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 [22] who found observed a 0.034 percent

increase in house prices from a 1 percent increase in lagged stock market returns.

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

the 1980Q1 to 2006Q4 period, [23]’s factor-augmented vector autoregression model (FAVA)

showed an inverse relationship between house prices and monetary policy shock. This was

consistent with the finding of [24] who’s structural vector autoregressive (SVAR) model

revealed a persistence decline in house prices that is associated with a contractionary monetary

policy. In contrast to [23–25] SVAR model results showed that house prices are exogenous

and, at least, are not driven by monetary policy shocks. The deviation of [25] results from eco-

nomic theory might be attributable to the limited number of variables and the type of model

they used, while [23] FAVA models is able to exploit a large data set and numerous variables

without losing accuracy in its prediction.

2.2 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 sys-

tem 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 macro-

economic fundamental house price drivers to try and explain whether the current and previ-

ous 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 [26], applied a multi-

variate 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 corrobo-

rated by [3] their study found a positive and statistically significant long-run relationship

between house prices in Sydney and GDP [27]. 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, [28] who used the same

method as [27] found the existence of a positive long run cointegration association between

GDP and house prices in the United Kingdom.

The latter mentioned studies only involve countries with advance economies, however,

similar results are also observed from countries with emerging economies. A study by [29]

showed GDP having a positive and strong impact on Malaysian house prices in the short-and
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long-run during the 2002Q1-2015Q4 period. Conversely [30], 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, [31] found a

strong influence of real GDP growth rate on house prices. However, a study by [32] who used

a panel data regression analysis framework based on the 2000 to 2018 annual house price data,

did not find any significance 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 [11], who’s 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 [33]

in 3 major cities (Stockholm, Gothenburg, and Malmo) in Sweden where a one percent

decrease in mortgage interest rate was associated with a 0.456 percent increase in house prices.

Using a vector error correction model approach to examine house prices in Australia, Canada

and New Zealand [34], observed a high and significant effect of the real mortgage rate on

house prices across the three countries, where for instance, in Australia, a 1 percentage point

increase in the interest rate is associated with a 5 to 9 percent fall in house prices. In emerging

economies such as China [35], observed similar directional effects, where in the long run, the

mortgage rate was associated with a significant negative effect on seven major cities in China

(i.e. Beijing, Shanghai, Tianjin, Guangzhou, Shenzhen, Hangzhou and Chengdu.)

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 [36]. For instance [37] applied a bootstrap panel Granger cau-

sality approach to examine the existence of 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 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. [38]’s granger causality

test revealed the existence of a wealth effect in most Asian emerging markets (China, Singa-

pore, 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 deci-

sion of investors which impacts house prices. This was observed by [39], who’s Autoregressive

Distributive Lag (ARDL) model showed that an appreciation of the US dollar against the Turk-

ish Lira had a significant and increasing effect on Turkish house prices during the 2010–2020

period. In contrast, [40], who used a Vector Autoregression (VAR) Model did not find any sig-

nificant effect of the US dollar Turkish Lira exchange rate on Turkish house prices [41]. 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 [42] who used a Vector Autoregression (VAR) Model found that an

appreciation of the US dollar against Chinese yen exchange rate was associated with an

increase in house prices.

While examining factors that drive house prices in developed economies, [43], 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, Ger-

many, Ireland, Spain, and Italy during the 1970 to 2011 period. [43]’s results were in line with

those of [44] who found that real per-capita disposable income (RPDI) has a positive correla-

tion with house prices among advanced economies (add footnote of the countries). However,

PLOS ONE Macroeconomic factors and housing prices

PLOS ONE | https://doi.org/10.1371/journal.pone.0290552 November 29, 2023 5 / 23

https://doi.org/10.1371/journal.pone.0290552


studies such as those of [30], 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 do not significantly affect Malaysian

house price growth.

Applying the Australian data for 1995Q4 to 2015Q3, [45] uses 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,[3] found a negative and significant relationship between Australian house

prices and unemployment rate, where a one-unit increase in the unemployment rate is associ-

ated with a 0.824 decrease in median house prices. [27]’s results deviated from economic the-

ory, where 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 emerg-

ing economies. For instance, using data from 21 emerging economies, [46]’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, [47] showed that capital inflows

have a significant and positive impact on economic growth and house prices in Asian emerg-

ing market economies over the 2000–2011 period. In emerged economies, a study by [48]

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, [49] 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 autoregres-

sion (VAR) model or a modified version of it and some of these studies do not follow the nec-

essary 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 [42, 46–50]),).

The same is observed from studies that used Alternative models such as multivariate linear

regressions. For instance, [26] did not test for homoscedasticity, normality, and multi-collin-

earity in their model. Furthermore, A key issue with the use of the multivariate linear regres-

sions 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-time span or with a few variables. This was most noticeable in the

study by [50] 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 ith regression coefficient no longer

represents the relationship between the Y and Xi controlling for Xj and any other independent

variables in the model.
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3. Data and methodology

3.1 Data description

The empirical analysis in this paper uses national quarterly real house price index series from

2000Q1 to 2019Q4. The house price data is sourced from the Federal reserve bank of Dallas.

From the year 2000 to the first quarter of 2017, the data is from ABSA Group Limited (for-

merly Amalgamated Banks of South Africa Limited). In the ABSA index, house prices are

based on loans approved by ABSA and represent the total purchase price of a house. From the

second quarter of 2017 onwards, the series is based on South Africa’s First National Bank

(FNB) transaction price data from homes financed by FNB. Both the ABSA and FNB indexes

are reported at a monthly frequency, the Federal reserve bank of Dallas aggregates the data

into a quarterly frequency by taking the arithmetic mean of the corresponding months. The

index is the smoothed using a Hodrick-Prescott smoothing function with a lambda of 5. The

Federal reserve bank of Dallas retains the ABSA series to extend the quarterly series before

2001 and re-base the spliced index to 2005 = 100 and deflates this series using the personal

consumption expenditure (PCE) deflator obtained from the South African Reserve Bank.

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 lim-

itations. 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 man-

aged by banks, property valuation firms and private agents.

In line with previous studies (see for instance, [9–12] and housing demand-supply theoreti-

cal framework, this study employs the following macroeconomic fundamental variables: gross

domestic product, 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 inde-

pendent 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 system-

atic 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 the-

sis. Perhaps this will be looked at in future studies.

3.2 Methodology

First stage: The first stage of the study determines the optimal lag length of the VECM using

an information criterion. There are many different information criterions that maybe applied

that also produce different results of which lags to choose. This study will employ the most

used criterion, the Akaike information criterion (AIC), defined as the equation below [51]:

AIC pð Þ ¼ ln
SSR pð Þ

T

� �

þ pþ 1ð Þ
2

T

� �

where SSR is the sum of the squared residuals, p is the number of parameters estimated and T

is the sample size. It must be noted that when choosing the optimal lags using the AIC there is
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a tradeoff where an increase in the lag length will increase the goodness of fit of the model and

a decrease in lag length will make the model simpler [51].

Second stage: The second stage of the study examines the time-series properties using the

following unit root tests: Augmented Dickey–Fuller [52] and [53] unit root tests to test for sta-

tionarity of the data sets. To apply the VECM, the variables need to be non-stationary (contain

a unit-root) in levels and become stationary in the first difference to proceed with the cointe-

gration analysis.

[52] -test can be expressed from this equation:

Dyt ¼ b0 þ at þ dyt� 1 þ g1Dyt� 1 þ g2Dyt� 2 þ . . .þ gjDyt� j þ �t

Ho : d ¼ 0 non� stationaryð Þ

Ho : d < 0 stationaryð Þ

Where β0 is the constant, at is the time trend, j is the number of lags, and γ1, . . ., γj denote the

parameters attached to the lags.

[53] -test can be expressed from this equation:

yt ¼/ þryt� 1 þ �t

H0 : r ¼ 1 non� stationaryð Þ

H1 : r < 1 stationaryð Þ

Third stage: In the third stage, this study will identify the number of cointegrating vectors

to be included in the VECM by utilizing the Johansen cointegrating test. The test will compro-

mise of two likelihood ratio tests developed by [54] which are defined as:

Trace test : ltrace r∗ð Þ ¼ � T
XK

i¼ rþ1ð Þ

log 1 � l̂i

� �

Maximum eigen value test : lmax r∗ð Þ ¼ � Tlog 1 � l̂1þr

� �

Where r* is the number of cointegrating vectors being tested for in each test, T is the sample

size, l̂ is the estimated eigenvalue and K are the number of variables. The hypotheses for the

test are:

Trace test:

H0: r� r*, there are r* or fewer cointegrating vectors.

Ha: r*< r� K, there are more than r* cointegrating vectors.

Maximum eigenvalue test:

H0: r� r*, there are r* or fewer cointegrating vectors.

Ha: r = r + 1, there are r* + 1 cointegrating vectors.

Fourth 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
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variables while accounting for endogeneity and reverse causality [55]. This study will use the

VECM of the form:

Dln RHPIð Þ ¼ b0 þ

Xn� 1

i¼1

W11 Dln RHPIt� ið Þ þ

Xn� 1

i¼1

W12 Dln Xt� ið Þ þ a0 þ εt ð1Þ

where RHPI denotes real house prices; X is a vector of explanatory variables, β0, α0, ϑ11 and
ϑ12, are the estimated parameters and εt is the random error term. Furthermore, all the vari-

ables are in logarithm form except for the mortgage rate and foreign direct investment.

Fifth stage: 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.

There are several limitations of the modelling being used such as the difficulty in choosing

the optimal lag. There is a trade-off between increased estimation uncertainty and increased

model accuracy from adding lags. Therefore, had to depend on the information criterion tests

for the appropriate lag to use. Noting that different information criterion can give different

results of which lags to choose. The model focuses on the market and does not focus on

hedonic pricing variables such as characteristics of both the property itself.

4. Data analysis and discussion of findings

4.1 Summary statistics

Table 1 above provides the descriptive statistics and the raw data correlation matrix of vari-

ables used in this study. The sample has 80 time series observations during the period 2000Q1

to 2019Q4. It 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 sym-

metric 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 Jar-

que Bera statistic, we see that household debt to disposable income, affordability and unem-

ployment 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 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
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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.

4.2 Model diagnostics

4.2.1 Test for stationarity. The Augmented Dickey–Fuller [52] and [53] 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 [52] (ADF) and [53] (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 FDI.

Table 1. Summary statistics.

PANEL A

RHPI GDP Mortgage

rate

Exchange

rate

Affordability Household debt

to disposable

income

Unemployment

rate

Share

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

RHPI GDP Mortgage

rate

Exchange

rate

Affordability Household debt

to disposable

income

Unemployment

rate

Share

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

https://doi.org/10.1371/journal.pone.0290552.t001
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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 PPI. 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 I(1) (Stationary

after differencing) under the PP unit root test, this study will now proceed with the cointegra-

tion test.

4.2.2 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.

4.2.3 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 trace statistic is that there are

no more than the rank I cointegrating vectors and the null hypothesis of the maximum eigen-

value statistic states that the number of cointegrating vectors is equal to r.
We observe that the null is rejected for r = 8 at the 5 per cent significance for the trace statis-

tics 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

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 it’s aim focuses on one cointegrating equation that shows the relationship

Table 2. Stationarity test.

Variables Level Series Differenced Series

ADF PP ADF PP

t statistics P-value t statistics P-value t statistics P-value t 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 n0 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 *** -4.066 0.000 ***
Exchange rate -0.518 0.489 n0 -0.434 0.523 n0 -6.965 0.000 *** -6.965 0.000 ***
Affordability -1.109 0.240 n0 -1.349 0.163 n0 -2.162 0.030 ** -2.584 0.010 **
HDDI -1.152 0.225 n0 -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 0.991 n0 2.349 0.995 n0 -6.244 0.000 *** -6.290 0.000 ***
FDI -3.818 0.000 *** -8.241 0.000 *** -5.874 0.000 *** -36.101 0.000 ***
PPI 4.287 1.000 n0 6.916 1.000 n0 -1.359 0.160 n0 -3.806 0.000 ***

Abreviations: 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,

*[67] one-sided p-values.

https://doi.org/10.1371/journal.pone.0290552.t002
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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 cor-

rection model.

4.3 Analysis of findings

4.3.1 Short run relationship. 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 a 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.

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

[11] 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

shows 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 [43], 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 theoreti-

cal hypothesis in which the share prices and producer price index have a positive impact on

Table 3. Cointegration test.

No. of CE(s) Unrestricted Cointegration Rank Test (Trace) Unrestricted Cointegration Rank Test (Max Eigenvalue)

Eigenvalue Trace Statistic Critical Value Prob.** Eigenvalue Max-Eigen 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

Max-eigenvalue test indicates 6 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

** [68] p-values

Source: Auth’rs’ own calculation using EViews

https://doi.org/10.1371/journal.pone.0290552.t003
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house prices. For instance, a 1 percent increase in share prices and producer price index is

associated with a 0.16 and 0.547 increase in house prices respectively, ceteris paribus. The for-

eign 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 percent increase in the GDP is associ-

ated with a 0.53 percent increase in house prices. Lastly, a 0.163 percent decrease in house

prices due to a 1 percent increase in the unemployment rate is also observed.

4.3.2 Long run relationship. Table 5 below presents the Vector error correction model

estimation results of the long run causality relationship between macroeconomic fundamen-

tals and house prices during the period 2000Q1 to 2019Q4. Initially, it is noted that all the vari-

ables are significant at 1, 5, and 10 per cent level. This study also notes that 76.7 per cent of the

real house price variation is explained by the variables as depicted by the R2.

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 percent 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 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.

When observing other variables, the model shows GDP as the most important driver of

house prices: real house prices fall by 3.28 percent in the long run-in response to a 1 percent

increase in real GDP. The outcome of the impact of GDP on house prices is as expected since a

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 0.456 (-0.200) ** -0.296 (-0.249)

Gross domestic product 0.368 (-0.402) 0.530 (-0.386) *
Mortgage rate 0.001 (-0.004) -0.005 (-0.004)

Exchange rate -0.056 (-0.029) ** -0.054 (-0.035)*
Affordability 0.033 (-0.242) 0.504 (-0.245) **
Household debt to disposable income 0.303 (-0.135)** -0.220 (-0.132) **
Unemployment rate -0.163 (-0.108) * -0.075 (-0.102)

Share prices 0.159 (-0.103)* -0.057 (-0.081)

Foreign direct investment 0.000 (-0.000)*** 0.000 (-0.000)

Producer price index 0.547 (-0.385)* 0.252 (-0.389)

Notes:

(*) Significant at the 10%;

(**) Significant at the 5%;

(***) Significant at the 1%. and (no) Not Significant

*[67] one-sided p-values.

Abbreviations: ECM: Error Correction Model

HDDI: Household Debt to Disposable Income

Source: Auth’rs’ own calculation

https://doi.org/10.1371/journal.pone.0290552.t004
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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 [28, 56, 57], who

found the existence of a positive and statistically significant and long run equilibrium relation-

ship between house prices and GDP. However, several other studies (see, among others, [3, 9,

58–61], either find a negative relationship between house prices and GDP, or do not find a sta-

tistically 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 percent 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 percent impact of construction cost on China house prices in

study done by [62]. Estimation of share prices indicate a significant negative impact on house

prices with a coefficient of -1.78. These results imply that a 1 percent decrease in share prices

leads to a 1.78 percent 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 and 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 percent decrease in real house

prices, ceteris paribus. The negative directional effect of mortgage rate on house prices comple-

ments the results obtained by [3, 9, 11, 34, 63] who all found a strong and negative long-run

relationship between real house prices and mortgage rate. For instance, [56]’s empirical results

Table 5. VECM long-run.

Coefficient Std. Error t-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 0.00***
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

Notes:

(*) Significant at the 10%;

(**) Significant at the 5%;

(***) Significant at the 1%. and (no) Not Significant

Source: Auth’rs’ own calculation

https://doi.org/10.1371/journal.pone.0290552.t005
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indicated that 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 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 [64, 65].

Consistent with our theoretical hypothesis, our results reveal a significant positive relation-

ship between affordability and real house prices at the 1 per cent significant level with a coeffi-

cient 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 individ-

uals (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 informa-

tion in the market. Thus, a better real exchange rate performance today suggests a better per-

formance 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 [66]. For instance,

[11] found a negative and statistically significant long run relationship between house prices

and real exchange rate in Sweden. On the contrary, there are studies such as [57] who 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., overevaluation and undervaluation) of the real exchange rates in each

respective country under consideration.

Lastly, this study’s econometric estimates revealed a statistically significant positive relation-

ship 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 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 cre-

ates more demand for housing and a market with a surplus of buyers and fewer sellers that

lead to an increase in house prices.

Fig 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 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 conver-

gence (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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4.3.3 Test for sources of volatility. This study will now provide a more depth under-

standing of the relationships between real house prices and their macroeconomic fundamen-

tals 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.

4.3.4 Variance decomposition. The variance decomposition technique is used to measure

the proportion of changes in house prices due to changes in the lagged macroeconomic funda-

mental variables. Table 6 shows the estimates from the variance decomposition for a 20-quar-

ter 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.

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 gradu-

ally increasing overtime. For instance, an average of 52.47 percent of the forecast error vari-

ance is due to real house prices and the remaining average of 47.53 percent variation is

explained by explanatory variables where the PPI accounts for the highest percent among the

explanatory variables

PPI approximately accounts for 15.48 percent of the total real house price forecast error var-

iance. The real GDP is shown to be the third largest source with 11.45 percent followed by

share prices and household debt to disposable income with a 6.62 percent and 6.52 percent

respectively. The affordability is found to have contributed the least source of house price fore-

cast error variance with an average 0.44 percent over the 20 quarters (5 year) time horizon.

4.3.5 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. Fig 2 below shows the real house price impulse

responses associated with a one-standard-deviation positive shock from each of the explana-

tory variables of the VECM over a period of 80 quarters.

Fig 1. Long-run equilibrium deviation of house prices Time. Source: Auth’rs’ own calculation.

https://doi.org/10.1371/journal.pone.0290552.g001
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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 92.719 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 74.929 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 2.992 2.037 3.344 0.797 12.924

8 0.109 53.741 15.854 0.218 0.436 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 0.989 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 0.242 33.160 10.272 1.432 0.315 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 0.264 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 0.441 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: Auth’rs’ own calculation

https://doi.org/10.1371/journal.pone.0290552.t006

Fig 2. Real house price impulse response. 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: Auth’rs’ own calculation.

https://doi.org/10.1371/journal.pone.0290552.g002
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Initially, this study observes that an increase in house prices in response to a one standard

deviation disturbance in current house prices, future house prices initially increase by approxi-

mately 0.04 percent and reach its peak at the 18th quarter, and then gradually decreases reach-

ing a new equilibrium level that is above the initial level. This implies that the current house

prices change has a greater influence on people’s expectation of next quarter’s price and over

the long-time horizon.

In response to a GDP shock, initially, real house prices significantly increase by patterns

approximately 0.028 and start to fall towards a new equilibrium at the 12th quarter. Similar

impulse response movements are observed for affordability, PPI and unemployment rate vari-

ables. The impulse response from the unemployment rate was unexpected as was the case in

the VECM long run model results. In theory, an increase in the unemployment rate leads to

fewer individuals who can afford houses, eventually drives down house prices

A one standard deviation disturbance originating from mortgage rate is associated with sig-

nificantly negative and persistent decrease in house prices of approximately 3 per cent until it

reaches its new low equilibrium level at the 18th quarter. The results are as expected, since a

rise in the mortgage rate means an increase in the cost of financing a house which leads to a

decrease in the demand for housing, resulting in a decrease in house prices.

Similar impulse responses patterns to those of a mortgage rate shock are also observed from

FDI and share price shocks. As in the long-run VECM, the impulse response of house prices

results from FDI and share prices are not in line with theory where we expect an appreciation

of house prices from an increase in share prices and FDI.

The impact of a one standard deviation disturbance of the real exchange rate on real house

prices initially causes house prices to gradually decrease in the first 10 quarters and then

increases to reach a new and higher steady state at the 40th quarter. This is as expected, the ini-

tial decrease in house prices could have been from a decrease in the demand of house from for-

eign investors due to a stronger rand and the appreciation of house prices could have stem

from the increase in purchasing power of the local investors.

Lastly, this study observes an initial sharp increase in house prices of approximately 0.8 per

cent, that peaks at the 9th quarter due to a one standard deviation shock from household debt

to disposable income. The house prices then decrease by 0.12 percent to reach a new equilib-

rium level that is below the initial level. The initial increase could be explained by an increase

in purchasing power of house buyers due to their access to funding in the form of debt and the

decrease in later quarters that leads to a low steady state level could have been caused buy

house buyers who were unable to service their debt, leading to some losing their houses. With

increased supply of houses this leads to a decrease in house prices.

4.3.6 Robustness of the model. Several model stability and diagnostic tests were per-

formed (the reader is referred to Table A1 in S1 Appendix) 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 esti-

mates 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 7. From the outset, it is noted that the vari-

ables 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
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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 house which will consequently lead to more demand and a rise in house prices. The

0.12 percent increase in house prices from a 1 percent increase in share prices might originate

from foreign investors who were attracted by the increase in South African share prices where

some of their investments involves investing in the property markets that leads 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.

Implications of the study

The results generated in this study have important implications as they provide greater insights

into some of the macroeconomic drivers behind South African house prices and their direc-

tion of travel from macroeconomic shocks. This is important in terms of financial stability, for

instance, the identification of the mortgage rate as a least insignificant driver of South African

house prices may shed more light into the mortgage loan over indebtedness by many South

African and their associated potential high risk that may undermine financial stability in the

absence of macroprudential intervention. From the study, it is also possible to draw conclusion

on the sustainability of house prices levels in South Africa where the continued house price

appreciation as from the study may cause for concern of a house price bubble formation in the

near future. Therefore, several policies may be pursued by the policymakers to minimize the

potential bubble risks.

5. Conclusion and recommendations

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. The results suggest 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

Table 7. Fully modified least squares.

Coefficient Std. Error t-Statistic Prob.

Gross domestic product 0.946 0.215 4.401 0.000***
Mortgage rate -0.005 0.001 -4.143 0.000***
Exchange rate -0.005 0.018 -0.260 0.796

Affordability 0.936 0.020 47.554 0.000***
Household debt to disposable income -0.135 0.037 -3.637 0.001***
Unemployment rate 0.314 0.101 3.117 0.003***
Share prices 0.120 0.046 2.592 0.012**
Foreign direct investment 0.000 0.000 -1.870 0.066*
Producer price index 1.067 0.181 5.883 0.000***
Constant -15.792 2.792 -5.656 0.000***

Source: Authors’ own calculation

https://doi.org/10.1371/journal.pone.0290552.t007
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which was not statistically significant at any significance level. In addition, the results suggest

that the house prices series converges in the long-run with an adjustment factor of 7 per cent.

We also find existence of a significant long-run relationship between South African real house

prices and the selected macroeconomic fundamentals. However, GDP and PPI seem to have

the greatest impact over the period under review. Similar observations were made by [3, 22,

26] who found that GDP has a positive and significant impact on house prices.

Variance decomposition suggest that the greatest source of variation in future real house

prices, in current real house prices. In addition, the impulse response functions suggest that a

one standard deviation shock from the GDP, PPI, exchange rate, affordability, and unemploy-

ment rate exerts a positive and persistent effect on house prices. 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 ini-

tial positive equilibrium.

The above observations would call for a more balanced and complementary combination

of key fiscal and monetary policies to ensure growth in the house market. For example, an

expansionary monetary policy may 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 may “crowd-out”

some of private investments leading to a rise in interest rates which may negatively affect

house price growth.

Despite South Africa’s well-developed credit markets, evidence suggests that access to hous-

ing finance is mostly restricted to high income earners [20]. Private-public partnership might

be one of the key interventions that may be applied to accelerate this and thus close the gap

between low-income earners, by providing low household income earners with houses at sub-

sidized prices and/or reasonable price spread policies. To balance the excess demand of houses

from the latter mentioned policy, an introduction of tax incentives for construction firms may

increase productivity of affordable houses and an increase of competition in the housing mar-

ket opening it up to smaller construction companies as well. The objective of these interven-

tions would be to balance demand and supply of houses and thus stabilise house prices.
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