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Abstract

Purpose — This paper aims to study the main determinants of house price increase in Sydney using
quarterly data for the period of March 1994 to June 2014. The paper examines whether variables such
as population growth, family income, mortgage rate and supply factors that contribute to the changes of
Sydney house prices.

Design/methodology/approach - The paper uses reduced-form equation for house price function derived
on the supply and demand functions for owner-occupied housing (DiPasquale and Wheaton, 1994).
Multiple regression analysis is applied to derive the significant variables effect on house prices. Collected
time series variables are tested stationary using Augmented Dickey-Fuller test.

Findings — Statistical results suggest that the lack of house supply, mortgage rate, and net overseas
migration are the main attributes of house price appreciation in Sydney. House prices are largely
affected by the price movements from the previous periods. Multiple regression analysis is one of the
methods to test causal relationship of house prices with other variables.

Research limitations/implications — There are limitations using multiple regression analysis (MRA) One
of the difficulties of using MRA 1is to handle problems with multicollinearity and non-linearity among
variables. It is worthwhile to try Vector Autoregressive (VAR) or nonlinear models that may help to solve
the problem of building in regression statistics.

Practical implications - The findings would suggest that measures to increase of housing supply may
help to prevent house price bubble.

Originality/value — The research updates the investigation of house price determinants and tests the
using of MRA method on the nonlinear variables.
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1. Introduction

House prices in Sydney have increased substantially over the last decade. In 2003, the
median price of established houses was $473.630 and reached to $811,837 in June 2014,
an increase of around 70 per cent. Figure 1 depicts the median price of established
houses in Australian capital cities (Real Estate Institute of Australia (REIA), 2014) for
the period of June 1991 to June 2014. It displays that house prices were shown relatively
stable in 90s and the period of global financial crisis and great appreciation since 2000
and after GFC for most of the cities. Sydney house prices trend in a unique manner
comparing to other cities in Australia. This paper explores the main determinants that
cause prices to increase dramatically with families pushed into the rental market as
they cannot afford to own a home at such high prices. Demographia’s 10th annual survey
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of house prices (2014) compares median house prices in terms of average family incomes.
The survey found that Australia has the highest average house prices relative to
incomes, other than Hong Kong; i.e., there are 60 per cent higher than those of the US,
12 per cent above the UK and 20 per cent above Japan. The Median Multiple (median
house price divided by gross annual median household income) for Sydney is nine times,
compared to 6.2 times in New York and 7.3 times in London.

Figure 1° Median price of established house (June 1991 — June 2014)
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There has been extensive research and evidence on the effects of rising house prices
on private consumptions and the real economy. Helbling and Terrones (2003)
investigated negative effect of house price movements and found that house price busts
were associated with output losses twice as large as equity bubbles. Zhu (2003) studied
the relationship between real GDP and house prices and argued that increases in house
prices can have a positive impact on real GDP in many countries. Rising house prices
increased wealth of homeowners but also reduced the affordability of those households
who want to purchase their own homes (Rahman, 2008). Rahman (2008) also suggested
that rising house prices attract investment activities because there is an expectation of
high returns on investment properties. The continuous increase in house prices could
create house price bubbles which could lead to a major correction or bust and lead to
house price decline. The up and down house price movements thus could affect the local
economy and the financial system. Understanding the factors that affect house price
movements is essential for formulating policies to stabilize housing market and the
economy as a whole.

House price movements can be differed substantially across sectors and countries
(Zhu, 2003). This paper investigates the main determinants of house prices in Sydney
and examines the exogenous and endogenous factors that contribute to house price
movements. The quarterly data for the period from March 1994 to June 2014 was



collected from the Australian Bureau of Statistics and Reserve Bank of Australia for
conducting the analysis. Multiple regression analysis was applied to develop house price
models. The remainder of the paper is organised as follows with the next section
reviewing the main factors that contribute to house price movements. The house price
models for Sydney are then developed. Based on the findings, a discussion of findings
and concluding remarks are contained in the final section.

2. The Main drivers of house prices

House prices are primarily determined by demand for and supply of housing (Rahman,
2015). Housing demand and supply are distinct from the demand and supply of other
commodities (Omar & Ruddock, 2002). This is because housing has its specific
characteristics, such as durability, heterogeneity and locality (Megbolugbe et al 1991;
Muth and Goodman, 1989; Arnott, 1987). The durability of housing units influences the
determination of the demand for housing, the specification of the housing utility
function, and the income constraint on demand (Maclennan, 1982). As a durable asset,
a housing structure provides both consumption and investment services (Muth &
Goodman, 1989).

The housing demand decision is strongly influenced by household incomes,
population growth, migration patterns and demographic composition of the market
(Megbolugbe & Cho, 1993). An increased population and a reduction in the average size
of households increases the demand for housing. Most literature has demonstrated that
demographic factors are statistically significant, contributing to the development of
housing prices in econometric models mainly in the long term (Rosen, 1979; Turner &
Struyk, 1984; Anas & Eum, 1984; Haurin & Gill, 1987; Goodman, 1990; Meen, 1995; Ho
& Ganesan, 1998). Manning (1989) and Potepan (1994) have each considered the role of
population growth. Potepan (1994) suggests that a higher level of current population
growth tends to raise current housing prices through the expectation that higher future
population levels will cause higher future housing demand, and that migration
influences housing price and vice versa. Dieleman et al. (2000) have demonstrated that
population growth and employment growth seem to create differences in the rate of
turnover and the differences in price levers. Woodward (1991) has argued that
fluctuations in the demographic profile should have little influence on prices.

The demand for housing is amplified by increased income. Income not only
influences the ability of a household to afford the continuing cash flow burdens of
housing, but influences a household’s lifetime wealth prospects (Pozdena, 1988). An
expected rise in income will increase the aspiration of home owning and the incentive of
investing in property, and housing demand increases, as does housing price (Dieleman
et al., 2000). Muth (1960) concluded that housing demand is highly responsive to
changes in income and price. His empirical results indicated that the most important
factor in the determination of house prices is real income. According to Goodman (1988),
real incomes, real mortgage lending, consumer prices and changes in household income
gearing contribute significantly to explaining short-term changes in the price of existing
dwellings.
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The degree to which affordability constraints are binding depends on the effect of
the economic and business cycle on demand levels and and the current interest rate
(Pozdena, 1988). When the economy slips into recession and housing prices start to fall,
the affordability of houses increases (Sven & Francois, 2001). The availability of housing
loans and government subsidies will influence consumers’ choice of whether or not to
buy a home (Omar & Ruddock, 2002). Sutton (2002) examined the house price
fluctuations in six advanced economies, namely, the United States, the United Kingdom,
Canada, Ireland, the Netherlands and Australia. He suggested that decreases in real
interest rates lead over time to increases in house prices. He found that a 100 basis point
decrease in the real short-term interest rate leads to an increase in house prices in the
range of %—1% percentage points over four quarters. For all countries, there is a weaker
response of housing prices to decreases in long-term interest rates. Sutton (2002) also
found that Increases in the growth rate of national income would be expected to lead
over time to higher house prices. A 1% increase in the growth rate of GNP is associated
with a rise in real house prices in the range of 1-4% after three years. Abelson, et al.
(2005) developed a long-run equilibrium model and a short-run asymmetric error
correction model to examine the changes in real house prices in Australia from 1970 to
2003. They found that real house prices are determined significantly by real disposable
income, general inflation level as represented by the consumer price index,
unemployment rate, real mortgage rates, equity prices and the available housing stock.

The supply of new housing is relatively inelastic in the short term (Draper, 2000).
The reason is that there are time lags between changes in price and increases in the
supply of new properties becoming available, or before other homeowners decide to put
their properties onto the market. The long-term impact of time lags on price depends on
the length of time to the supply response, which in turn is determined by the price
elasticity of supply (DiPasquale, 1999). Follain, Leavens, and Velz (1993) created a
model of the supply of multi-family housing for which permits are a function of rents,
the capitalisation rate, the replacement cost per unit of rental housing, and permits are
lagged. Their results suggested that the long-term rent elasticity is between 3.0 and 5.0.

There is growing literature on modelling the time series behaviour of house prices
in Australia (Abelson, 1994; Bourassa and Hendershott, 1995; Bewley, Dvornak and
Livera, 2004; Bodman and Crosby, 2004; Abelson and Chung, 2005; Abelson, Joyeux,
Milunovich and Chung, 2005; Oster, 2005, Otto, 2006; and Karantonis and Ge, 2007).
The next section presents an empirical study on house price determinants in Sydney.

3. A General form of housing price model

A reduced-form equation for the price function derived from the supply and demand
functions for owner-occupied housing (DiPasquale and Wheaton, 1994) is used to
examine the main drivers of house prices in Sydney for the last decade June 2004 — June
2014. To develop a reduced-form housing price model, the first step is to derive a demand
equation. The determinants of the quantity of demand for housing can be summarised
as demographic factors, housing-related elements and macroeconomic variables, in
accordance with the literature review. Thus, the demand equation can be denoted as
follows:



Q:=fGH D¢t (t=1235..n (1)
G=gks, xi,..5m t) (=123 ..m (2
H=h(1, yie..ym ) 3
D=d(z, 7, ...7Zm, ) @)
Therefore, Qi =fxi, yi, zi, t) (5)

where
Qs = aggregated quantity demand for new housing during period ¢
(G = macroeconomic variables
H=housing-related variables
D= demographic variables
Xx; = macroeconomic variables such as interest rates, household income, and

unemployment rate
vi = housing-related variables such as location of houses

z; = demographic variables such as population, number of marriages and birth
rates.
It is assumed that homeowners aim to maximise utility and that investors aim to
maximise their profits (Reichert, 1990).
The second step is to derive a supply equation. The supply of housing is a function
of housing prices, construction costs (including interest rates), material costs and labour
costs, and land supply. The quantity-of-supply equation can be denoted as follows:

Q- =1, t) (t.=1,2 8 ...n (6

S=5(vi, Vi, ... Vim, ) (=12 3..m 7

Qs =1flvi, t) (®)
where

@) = aggregated quantity of new supply during period ¢
S'= supply variables
vi = variables such as housing price, construction cost, and land supply.
Under an assumption of supply-demand equilibrium within the given period, i.e.,
Q= @ the functions (5) and (8) give a reduced-form price function:

P=fQu Qs t) (t=1,2 8 ..n )
P=1fx, yi zi, vi, t) (=123 ..m (10
where

P = the price of houses sold during period ¢ as a dependent variable.
Xi, Vi, Zi, vi are the independent variables.
Assuming a generalised functional form with a multiplicative relationship gives:
_ BB 5 B3\ B
Po=BoXi Vi Zi® Vi (11

The functional form in (Equation 11) can be converted into a linear equation suitable
for estimation by standard multiple regression techniques expressed in logarithmic
form. A one-period lagged autoregressive error term Ps; is applied to the model. Thus,
the multiple regression equation for housing price becomes:

P =By + BXi + BoYio + BaZis + BV + PPy + & (12)

where
Bo ... Bs represent the intercepts and the regression coefficients (or elasticities)
associated with the respective explanatory variables
&= a disturbance term for quarter ¢, where g ~ WN (0, 02).
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4. Empirical study

The role of economic activity, population growth, mortgage rates and inflation were key
drivers of the real growth rates of house prices in Australian capital cities for the period
of 1986:2-2004:3 (Otto, 2006). This research focuses the Sydney house market for the
period of March 1994 — June 2014. Time series data on house prices in Sydney was
collected from the Australian Bureau of Statistics (ABS), Reserve Bank of Australia and
the Real Estate Institute of Australia (REIA). This section discusses the main data used
and estimated procedures applying the multiple regression analysis.

Population trends in Australia

There are around 23.5 million people as of March 2015 in Australia. The Australian
population growth consists of natural growth and overseas migrations, which
contributed approximately 42 per cent and 58 per cent respectively to total population
growth for the year ended 30 June 2014. Figure 2 denotes the Australia population
growth trend from June 1981 to June 2014. The natural increase indicates a relatively
stable trend over the decade with around 32 thousand babies born per quarter. Average
natural increases have added to 36 thousand per quarter since 2007. In contrast, the
numbers of net overseas migration appear to present a cyclical pattern, which could be
the effects of changing immigration policies (Carter, 2005). A strong increased of
migrants were recorded for the years of 87/88, 00/01 and 06/08. Family Migration,
Skilled Migration and Humanitarian Migration are the three major migration programs
in Australia. The government has gradually shifted the balance of these programs by
increasing the intake from the Skilled-migrants program. In 2013-14, the Skilled-
migrants consisted of 67.7 per cent of the migration program (Australia Government,
2013).

Now South Wales (NSW), Victoria (VIC), Queensland (QLD), South Australia (SA),
Western Australia (WA), Tasmania (TAS), Northern Territory (NT) and Australian
Capital Territory (ACT) are the eight States and Territories of Australia. The majority
of recent immigrants to Australia go to Australian eastern states such as NSW, VIC and
QLD. According to the ABS (2014), there were total 212,695 net overseas migrants to
Australia in the year 2013-14. These three States attracted 76.6 per cent of the net
overseas migrants and only 23.4 per cent settled in other States and Territories.

The population in the New South Wales Australia has increased to around 7.5
million on June 2014 from around 5.9 million on June 1991 (ABS, 2014). There have
been around 60,000 net overseas migration that come to live in the New South Wales
each year. In the long term, these increases in population will increase the demand for
housing and thus prices (Megbolughe & Cho, 1993). Sydney is the state capital of New
South Wales located on Australia’s east coast and is considered a global cultural and
economic centre (Kearney, 2014). At the time of the 2011 census, the population of
Sydney was 4.39 million people of which 1.5 million of this total were born overseas.
42.5 per cent of the 1.5 million were born overseas are from England, China, India, New
Zealand and Vietnam.



Figure 2: Australian population growth (June 1981 — June 2014)
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Family income and unemployment rate

The real income of households directly reflects their ability to spend. The higher the
income, the greater the capacity to pay for higher the demand for houses thus prices.
On March 1994, the median weekly family income was $665 and $1,553 on March 2014,
increasing by a factor of 1.34 times over 20 years. However, real family income was
rapidly increased comparing to the nominal. It was $570 on March 1994 and reached to
$2,313, increasing by a factor of over three times over the last 20 years. Real median
weekly family income was derived by deflating consumer price index (June 2000 = 100).
The difference of the nominal and real median weekly family income was compared in
Figure 3. In this study, median family income per week in the New South Wales was
used as a proxy of income factors. The unemployment rate in NSW was high in 90s and
gradually reduced to around 6 per cent over the last decade. The higher the
unemployment rate implies less earnings for families and thus less the available money
for housing, which will have negative impact on house prices.

Figure 3 NSW Median family weekly income and unemployment rate (March 1994 —

June 2014)
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Housing supply and lending rate

Most households are required to borrow money in order to access home ownership. The
repayments are based on the loan amount with the term of the loan generally between
25 or 30 years for most of the households. It is expected that highermortgage rates imply
higher burdens of repayments, housing becomes less affordable and thus have a
reducing impact on house prices. The mortgage rate in Australia is affected by the cash
rate set by the Reserve Bank of Australia. The higher the cash rate, the higher the
mortgage rate. The mortgage rate in Australia was as high as of 14 per cent on June
1991 during a period of poor economic conditions and high unemployment rates.
Financial deregulation accelerated lending competition among banks and financial
institutions by reducing the security they required and lowering their rates. The
standard variable lending rates for loans were around 6 to 8 per cent for a long period
of time from February 1997 to October 2006. The global financial crisis pushed the rate
upwards climbing up to the peak of 9.6 per cent in July 2008 and fell sharply to 5.75 per
cent in April 2009 and 5.65 per cent in February 2015 as results of cash rate being
dropped. The rate remains 5.5 per cent as historical low since December 2003. The lower
the lending rate, the lower the cost of capital and the great the investment activities.
Business and housing investment activities were encouraged which led to higher the
demand for housing.

Figure 4 depicts lending rates for loan (line in blue) and the number of dwelling
approval (bar chart in red) for the period of March 1991 to June 2014. Around 12 to 14
thousand housing units were approved for construction. However, there was a low
approval rate, under 10,000 dwelling units, for the period of 2006 to 2012. This low
approval rate could be as a result of higher costs for constructing dwelling units and the
negative impacts of the global financial crisis. The numbers of approval units has
recovered to the long term average position since 2013.

Figure 4: Lending variable rate and dwelling unit approval (March 1991 — June 2014)

Lending Variable Rate and Number of Dwelling Unit Approval
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House prices are partially related to the shortage of supply (Janda, 2014). Scarcity
of land, government planning system, and development approve process could the
factors impact on supply houses. In addition, economic condition, construction costs and
fund available for developers are other elements affect housing supply. In this study,
the number of government approval will be used for model development. Since it takes



time for constructing houses, the correlation between house supply (number of lap-
period) and house prices will be tested prior modelling.

Data and estimated procedure

The estimated procedure for deriving the house price models includes:

+ Collecting time series data which includes both supply and demand sides factors;

+ Data analysis which consists of data pre-processing and correlation analysis;

+ Selecting variables and developing multiple regression models using SPSS
software and stepwise function; and

+ Verifying the developed models, analysing and interpreting the results.

Total 81 sets of quarterly time series data from March 1994 to June 2014 utilising
data collected from various sources such as ABS, RBA and RIEA. The source and basic
statistics of the collected data used for developing the regression models are shown in
Table 1. Time series data for New South Wales are used as proxy because no time series
data are available on population, overseas migration, earnings and housing supply for
Sydney region. The median established house price in Sydney is the dependent variable.

Prior to developing the statistical model, all collected data was tested regarding
their unit root applying Augmented Dickey-Fuller test using Eview software in order to
check whether the time series variables are stationary using an autoregressive model.
The unit root test identified that the collected time series data are stationary at 95 per
cent, apart from median established house price, median family weekly income and net
migration, which are stationary at first difference. Correlation between the dependent
and independent variables was also tested. Table 2 shows the results of the tests which
indicate that the changes of median established house price is positive correlated with
housing supply and unemployment rate and negative correlated with mortgage lending

rate and the change of net overseas migration.

Table 1’ Data source and basic statistics

Data Source Data Type ADF N Minimum [Maximum| Mean S.td'.

Deviation

Median price of established houses for Sydney Quarterly time series 1st difference 81 297 8.66 26045 | 2.41371

from REIA (log)

Population Change for New South Wales from . . 1st difference

ABS (2060843) Quarterly time series (Iog) 81 -18.09 17.58 .1550 5.43320

Overseas migration to New South Wales from . . 1st difference

ABS data series (2060789F) Quarterly time series (log) 81 -19.19 22.32 3175 7.15768

Median weekly family income for NSW from Quarterly time series 1st difference a1 -3.50 5.89 17635 | 1.36155

REIA (log)

Unemployment rate New South Wales from ABS . . .

data series (181576X) Quarterly time series stationary 81 4.48 9.84 6.0080 | 1.17715

Mortgage standard variable rate for housing loan . . .

from Reserve Bank of Australia data series Quarterly time series stationary 81 5.77 10.50 7.4705 | 1.24203

Total number of dwelling unit NSW building : . }

approval from ABS Quarterly time series |stationary (log)| 81 3.68 4.23 4.0154 | .10670

Adjusted R-square, F*test and p-value were used to test the significance of the
derived models. The higher the adjusted R-square, the better the model value. Variance
Inflation Factor (VIF) is used to examine multicollinearity existence. If VIF is closed to
1, it can conclude that there is no multicollinearity issue for the studied variable.
Durbin-Watson (DW) indicators were also considered in order to detect the presence of
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autocorrelation in the residuals from the derived regression analysis. The models were
significant at the .95 confidence level.

Table 2: Variable correlations

MFINSW_C LR APPNSW_L | MEHPS_C |POPGNSW_LC| NOM_LC | UEMNSW
MFINSW_C 1

LR .283" 1

APPNSW_L .101 -.100 1

MEHPS_C .026 -.268" 4317 1

POPGNSW_LC -.018 .055 -.066 -.203 1

NOM_LC .016 .068 -.039 -.259" 811" 1

UEMNSW -.023 372" 554" 267" -.056 -.004 1

*. Correlation is significant at the 0.05 lewvel (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

5. Model development and discussion of results

The models were built by analysing the past relationships between housing prices and
independent determinants. The three models shown in Table 3 have statistically
significant results recorded. The dependent variable of Model 1 is the median price of
the established house price for Sydney. The data series has been transferred to log 10.
At the significance level of 0.05, the adjusted R-square of 99.9 percent shows that the
fluctuation in housing prices can be explained by the house price movements at the
previous period and mortgage lending rate in the studied period. The model is
considered to be a good fit to explain the housing price fluctuations. A one percent
increase in the previous house prices during the given period is associated with a 0.983
per cent increase in housing prices during the same period. A one percent increase in
mortgage lending during the given period is associated with a 0.004 percent decrease in
housing prices during the same period.

Model 2 and 3 use the percent change of median price of established house for
Sydney as a dependent variable. The mortgage lending rate indicates statistical
significant in both models. The total dwelling unit approval for building houses shows
the supply element contributing to house price changes. The supply of new housing is
relatively inelastic in the short term. Model 2 had an adjusted R-square value of 0.262,
slightly superior to Model 3, which was 0.184. In Model 2, a one percent change in the
building approval for building houses during the given period is associated with a 9.076
percent change in housing price during the same period. The mortgage variable rate has
a significant contribution in Model 2. A one percent decrease in the mortgage variable
rate during the given period is associated with a 0.413 percent change in the median
house price during the same period. The changes of net overseas migration also play a
role in contributing house price changes. A one percent change of net overseas migration
during the given period is associated with 0.077changes in the median house price
during the same period.



Table 3 Regression results
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Variables Model 1 Model 2 Model 3
Dependent variables MEHPS_L MEHPS_LC |MRHPS_LC
-.30.730
Constant 0.087 (5.143) [(-3.405) .087 (5.147)
MEHPS_1 0.983 (214.6) 1993 (214.6)
-0.004
LR (-4.157) -413 (-2.197) |-.004 (-4.157)
NOM_LC -.077 (-2.373)
APPNSW_L 9.076 (4.153)
Adjusted R2 Square 0.999 0.262 0.184
F-test 30504 10.451 10.022
Sig. .000 .000 0.000
Sample 81 81 81

This paper have developed three multiple regression models to examine the main
factors that contribute house price increases in Sydney market for the period of March
1994 to June 2014. The statistical results have provided evidences that house price
performance in the last/previous period, mortgage lending rate, housing supply in term
of unit approval for building houses and net overseas migration are the main factors
that contribute to the house price fluctuation in Sydney for the last decade. Some of the
findings from this research coincide with the findings of Otto (2006), who concluded that
the role of economic activity, population growth, mortgage rates and inflation as key
drivers of the real growth rates of house prices in Australian capital cities over the
period of 1986:2 to 2004:3. The median weekly family income and unemployment rate
have not shown statistical significant in the derived models. Those findings are different
from Reichert (1990), Brown et al (1997), Dieleman et al. (2000), Abelson (1997), and
Voith (1999) which included household income. Household income has also been
suggested as a main determinant of housing demand by Pain & Westaway (1997) and
Megbolugbe et al, (1991). The reason is that housing is an expensive product, it requires
long-term commitment for repayment.

The developed models have suggested that mortgage variable rate was a factor that
influenced house price appreciation in Sydney. For a mortgage size of 500,000 dollars, a
0.25 percent increases in mortgage interest rate could lead to an additional repayment
of 1,250 dollars a year. This result agrees with the findings from Sutton (2002) and
Abelson, et al., (2005). However, the Interest rate was not statistically significant in the
model for Hong Kong (Tse et al., 1999). This could be that housing price was not affected
by the change of interest rate in the short term, and thus it may be intrinsically affected
by other variables.

Australia’s population growth relies heavily on overseas migration. Net overseas
migration was one of the variables derived in the developed models in Sydney housing
market. Relative to other variables, it shows a weak impact on housing prices (recorded
in Table 4). The finding is similar with Tse et al (1999), i.e., a percentage change of
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population was associated with a 0.0012 percent increase in housing price, using yearly
data. The reason of such results could the length of the study as demographic factors
have been demonstrated as important variables for housing price determination in the
long term (Ho & Ganesan, 1998).

The variable ‘total number of dwelling unit building approval ‘was suggested by the
developed models in this study as one of the important variables contributing to house
price increases in Sydney. The shortage of housing supply in Australia was blamed for
Australian’s affordability crisis (Gurran and Phibbs, 2013). The National Housing
Supply Council (Commonwealth of Australia, 2012) reported that there was a shortage
of 228,000 dwellings in 2011 in Australia. The Council also projected that the housing
shortfall will rise by around 141,000 in the five years to June 2016.

5. Conclusion

Based on the research findings, it can be concluded that house price increases in Sydney
during the last decade were principally determined by the factors of mortgage interest
rate, housing supply and population growth. Multiple regression analysis (MRA) is one
of the methods applied to derive the main determinants. However, there are limitations
of using MRA modelling because the variables are non-linear. Brown et al (1997)
indicated the problem of coefficient instability in the regression model as an economic
system is itself unstable. One of the difficulties of using MRA is handling problems with
multicollinearity and non-linearity among variables. Hence, it is difficult to perform
such multi-attribute non-linear mappings using regression. Also, regression models lack
the ability to learn by themselves, generalise solutions, and respond adequately to
highly correlated, incomplete data (Shaw, 1992). Therefore, it is worthwhile to try
Vector Autoregressive (VAR) or nonlinear models that may help to solve the problem of
building in regression statistics.
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