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Abstract 

Many investors around the world are eager for a better investment chances in the posterior QE era and 

the current low-yield environment, since global investment behaviors are quite different in real estate 

markets and macroeconomic situation after the 2008 financial crisis and the 2012 European sovereign 

debt crisis.  

In the past, many scholars discussed the important findings in the relations between real estate prices 

and stock prices, and furthermore they explore the two factors important for the markets – wealth effect 

and credit effect. If investors want to invest in the stock market or real estate market, they have causal 

effect. In other words, they have the great impacts on each other. On the other hand, many scholars 

also discussed the relationship between the stock market and gold market, as well as the stock market 

and oil market. They also reached the conclusion that gold prices have negative relations with stock 

prices, and the oil prices may have a correlation with stock prices. Also, the variation in oil and gold 

prices has changed investors’ confidence and behaviors, having creating noticeable impacts on 

macroeconomic factors, such as interest and exchange rates.  

Although many people realize the significance of the relationship between oil, real estate and gold 

prices, we seldom see research findings among asset prices. This means we can commonly explore the 

conclusions discussing the relations between macroeconomic factors and real estate markets, stock 

markets and gold markets, but cannot find a more precise discussion on real estate, oil and gold markets. 

Therefore, this study wants to explore the relationship among the three markets through simultaneous 

equation model and vector error correction model. By doing so, we can attain more precise information 

to predict real estate prices. Additionally, the study may have new findings to use different factors to 

discuss the projection of real estate prices. In general, Klotz, Lin, and Hsu, (2014) indicated that energy 

prices and precious metal prices have a significant relationship with monetary policies. Many 

researchers regard monetary policies as the main factors affecting real estate markets; specifically, 
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commodity markets that may have the combined effects from macroeconomic factors and the stock 

market as what real estate markets have, and therefore we can utilize the combined effects together to 

have a different perspective in predicting real estate prices.  

This study shows that not all oil or gold prices have significant impacts on housing prices following 

the 2008 financial crisis. The reason for this may be due to the different behaviors and expectations on 

the housing market and macroeconomic situations in the posterior QE era. Thus, according to the 

research from Chen and Wu (2010) and Kim and Lee (2013), the following research could further 

analyze human beings’ expectation on price levels of commodities to explore more effects of people’s 

behaviors in investment.  

 

Key words: Real Estate Market, Oil Market, Gold Market, Simultaneous Equation Models, Vector 

Auto-regression models 
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1. Introduction 

1.1 Background and Motivation 

Before the 2008 financial crisis, the variables of financial markets follow a steady tendency to grow 

or decrease. However, due to the financial crisis and Quantitative Easing (QE) policies from the US, 

EU, and Japan, the whole macroeconomic factors become volatile and showed no explicit order among 

financial variables than ever.  

Recently, the real estate market has become a popular investment potential around the world. Because 

of the low-interest rate tendencies and high yields in the rental revenue, many financial institutes, such 

as life insurers and banks, have invested billions of dollars in the real estate market. Investors not only 

want to earn constant returns from rental revenues, they also emphasize the appreciation in real estate 

values to earn capital gains, where real estate markets plays an important role in fixed income markets. 

Thus, the real estate field becomes an important research field, where many investors want to predict 

the tendency of real estate prices.  

Oil, gold, and real estate markets are three important sectors in financial markets, where many scholars 

have discussed the relationship between the macroeconomic factors within these three markets, but it 

is rare to explore the relationship dynamic among the three. Therefore, the purpose of this study is to 

explore whether there is a dynamic relationship among the three markets. 

Oil price is always an important variable affecting the international economy. An increase in oil price 

will cause substantial losses in oil-importing countries and the global economy. For example, if the 

import volume of oil increases while there is a depreciation in currency, oil prices will remain high, 

which has a noticeable impact on a countries’ economy. Generally, the negative factor for oil-importing 

countries is a rise in inflation, increase in investment costs, increase in budget deficit and an increase 
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in unemployment. Also, such negative factor can lower down the demand of other goods, tax revenue 

and the public investment, but it may further deteriorate a countries’ fiscal balance. Therefore, the 

variation in oil price impacts not only the public’s daily life but also investors’ investment behavior. If 

we ignore the significance of oil-price variation, it may further cause personal and enterprise-wide 

liquidity and financial risks. There are several research studies about oil-price impacts on an economy, 

such as Jones and Kaul (1996), Sadorsky (1999), Papapetrou (2001), where these scholars found out 

that oil prices are an important response variable to stock markets.   

The characteristics for gold markets are quite different from other precious metals, which not only 

have the functions of good consumption, private savings and investment, but also include the currency 

attributes, and thus gold markets become an important media of exchange. In 1944 the Bretton Woods 

treaty was written and determines that gold becomes a part of the international currency system. 

However, with the rapid economic development in various countries, the role of gold was gradually 

ignored due to the changing gold reserves into US dollar reserves. Hence, there was a long-term 

downturn in gold prices. Recently, owing to instability in international, political, and economic 

situations, the anti-inflation and store-value properties of gold become an important hedging 

instrument, thereby making gold once again a significant investment instrument. Since 2000, owing to 

an increase in terrorist attacks, the unstable atmosphere affected investors’ confidence. Meanwhile the 

US dollar has become vulnerable, so oil and gold prices rose and also had significant variations in the 

currency. As for the gold price, it was generally regarded as a negative relationship with business 

cycles, exchange rates, and stock market. For example, Baker and Vassel (1985) discussed the relation 

between US exchange rates and gold prices, where there is a significant negative relationship in gold 

prices and the US exchange rates. Moreover, Robert and Howard (1998) had empirical studies on the 

Australian stock market where they discovered that the response variables for stock prices are 

macroeconomic factors and gold prices. 

The housing market is also a prosperous investment other than commodity market. Taking Taiwan’s 
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real estate market as an example, owing to the liberation of the exchange rate, new Taiwan dollar had 

appreciated due to a great amount of hot money during 1987 to 1990, which caused the real estate 

market reach its peak. Meanwhile, a stable inflation stimulated the investment in the real estate market 

and became one of the hottest investment targets at the time. Therefore, Lai (2003) researched the 

Taipei housing prices as the indicator in the Taiwan real estate market through co-integration analysis 

and error correction model on macroeconomic variables. The research explained that the main 

indicators influencing the real estate markets are the money market, commodity market, as well as 

exchange rate. This means that housing prices are influenced by costs of housing, including costs of 

capital, costs of importing goods, and the costs of currencies. Moreover, another significant factor 

affecting the real estate market is the stock market. Recently, there have been numerous scholars 

researching the relationship between stock market and housing market. Lo (1990) discussed the impact 

of stock prices on housing prices as well as the influences of business cycle in the real estate market 

on construction stock indexes, where it was found that the stock market has high correlation with the 

real estate market. Tsu (1995) indicated that even if it is adjusted by the consumer price index, there is 

a causal effect between housing and stock markets. Lin and Lin (2011) researched the integrated effects 

on six countries, where it showed a variety of inter-relationships depending on economic and political 

policies. In other words, for countries with more substitutable portfolios, such as South Korea and 

Singapore, since investors have more choices on investments, the stock markets have more 

diversification potentials on investments. On the contrary, stock markets are integrated with real estate 

markets in China, Japan, Hong Kong, and Taiwan, which implies that for these countries, these two 

vehicles are substitutable duo to investors’ behaviors and regulations. Generally, people regard wealth 

effect as a key variable influencing stock markets and real estate markets. Moreover, a boom in stock 

markets causes investors’ wealth ascending. Meanwhile, because of higher demand in consumption 

and diversification, most investors spend more money on investments, thereby causing a rise in real 

estate prices and resulting in a causal effect between the stock market and housing market. 
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Figure 1: The Relationship among Three Market Variables and Macroeconomic Variables 

Therefore, we found out that no matter the gold markets, housing markets and oil markets, they are all 

affected by the same factors – exchange rate, interest rate, and stock market. However, it was rare to 

discuss the relationship among the three markets. Thus, as for the wealth effect and credit effect on the 

three markets, through Granger Causality Test, we would like to explore whether there is a causal 

effect among these three investment instruments. Furthermore, through this VEC model, the study also 

wants to find out the leading and lagged effects among the three markets. Through different dimensions 

of research, this study hopes to provide different research insights for real estate markets. 
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1.2 Purpose 

The study would try to utilize the impulses from oil market and gold market in order to research the 

impacts on real estate prices. In other words, since oil, gold, and housing prices are all related to interest 

rate, exchange rate and stock price, it is worth trying to better understand the relationship among the 

three markets. As for model construction and empirical study, this paper will use a simultaneous 

equation model to explore the interaction among fuel, gold, and housing prices, rather than a multiple 

regression model, because multiple regression model can only explain the one-way relation instead of 

mutually dependent effects. Subsequently, this study wants to further analysis among the three markets 

by using the Augmented Dickey-Fuller unit root test, vector error correction model, impulse response 

analysis, and forecast error variance decomposition. 

Therefore, the purpose of this research is as follows: 

(1) Explore the relationship among oil, gold, and real estate prices, in order to increase the linkage 

from macroeconomic variables and raw material markets.  

(2) Explore leading and lagged information for prediction of real estate markets through oil and gold 

prices in order to provide enterprises financing and investing strategies. 

(3) Explore possible drivers impacting macroeconomic conditions and the real estate market to finding 

a new direction for following researches. 
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1.3 Framework and Procedure 

1.3.1 Framework 

The research is divided into five parts. The framework of this research is as follow: 

(1) Introduction 

This portion of the study primarily focuses on the background, motives, purpose of the research, 

research framework, and procedure. 

(2) Literature Review 

It will discussed the relevant literatures of the oil market, gold market, and stock market 

(3) Methodology 

This part focuses on the relevant estimation and tests for the data and models. It initially explores the 

relationship by using simultaneous equation analysis, so it will have a brief introduction for the model. 

Then, it is followed by the time-series model – vector error correction model and relevant descriptions 

of tests - Augmented Dickey-Fuller unit root test, Granger Causality Test, impulse response analysis, 

and the forecast error variance decomposition. 

(4) Empirical Analysis and Results  

According to the previous chapter, this portion will conduct the models stated above, and also have 

thorough analysis on the empirical outcomes. 

(5) Conclusion and Recommendation 

After the analysis and outputs, this chapter will provide a conclusion to assist investors in conducting 

investing and financing strategies and government decision-making as well as some suggestions for 

additional further researches. 
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1.4 Research Object, Period and Sources 

1.4.1 Research Objective 

This study mainly explores the relationship among oil, gold and real estate markets. Further, it also 

considers additional factors embedded in these markets. The first consideration for the research is to 

analyze on the movements among these three asset prices, and make sure whether fluctuations from 

oil market and gold market can influence real estate prices. The next part of the study is that it can 

determine for some fundamental factors, such as inflation and human beings’ expectations to explain 

the factors driving real estate market.  

1.4.2 Research Period 

Based on the research objective and motives, this study focuses on the period from 2005/01 to 

2016/03.This time period is chosen because, in year 2005 the global economy just had recovered from 

the Severe Acute Respiratory Syndrome (SARS) event; next, the global economy immediately suffered 

from the 2008 financial crisis and was followed by the 2012 European sovereign crisis. Also, from 

2014 to present, due to the sluggish economy and dwindling demand from China, people have changed 

their consumption and investment behaviors. Second, governments wants to boost people’s confidence 

in consumption and investment. To encourage this, they have used many monetary and fiscal policies, 

such as quantitate easing and negative interest rates to trigger the global economy. 

Many scholars regard the new era of the global economy already emerging. In the future, yield rate of 

investment will remain at a low level which will result in investors not easily earning capital gains 

through selling short-period assets and purchasing long-tern assets. Thus, this study will emphasize on 

the stated period to explore unusual behaviors by analyzing oil, gold, and housing markets. These three 

markets can help us better understand how the factors of hedging, inflation, and central banks’ 

measures can affect real estate markets, so it is worth analyzing the period from 2005/01 to 2016/03. 
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2. Asset Price Analysis and Literature Review 

The factors affecting asset prices depend on market demand and supply. When there is an unstable 

situation among political, economic, and technological conditions, then asset prices can fluctuate 

sharply. Gold prices are mainly influenced by the US dollar, interest rates, global political situations, 

commodity market, and capital markets. Impacts on oil prices are political events - including the 

policies from OPEC, international economy, foreign exchange markets, capital markets, and 

commodity markets as well as the innovation of new technology in energy. Lastly, factors affecting 

real estate prices vary with time, including government policies, international trades and 

macroeconomic factors. The following paragraphs explore past studies on the factors affecting these 

assets. 

The gold standard is a well-known international currency regime. Strictly speaking, the gold standard 

should match the following three conditions: First, domestic currencies should have connection with 

gold prices; the second standard is that authorities should agree to freely minting gold coins. The final 

one is to agree to freely exchanging gold coins domestically and overseas. Under the gold standard, 

every country’s currency unit would be limited in a narrow range, so it is also called the fixed exchange 

rate system or the stable exchange rate system. 

According to David Hume’s “Price Specie-Flow Mechanism”, under the gold standard, if a country 

has trade deficits where the exchange rate increases to its gold export threshold and further cause golds 

flowing out, the money demand and commodity price decline. Then, the country’s international 

capability improves and then increases its net export. As a result, the country has capital gains more 

than its expenditure and further it gradually reaches its trade balance. On the other hand, if a country 

has a trade surplus where its exchange rate falls into its gold import threshold and then golds flow in. 

It causes an increase in money supply, as well as commodity prices, which further causes a decrease 

in net exports. As a result, the country’s expenditure is more than its income, and thus it reaches its 
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trade balance. The following chart can explain a long-term procedure for countries’ trade balance stated 

above: 

 

Figure 2: Price Specie-Flow Mechanism  

(Source: Hume “Of the Balance of Trade.” Modified by Chen) 

Basically, due to the price specie-flow mechanism, during the gold standard period, international trade 

payment regime had no extinguished difficulties and thus commodity prices remained stable. 

Specifically, before World War I, countries with the price specie-flow mechanism complied with the 

rules of the gold standard, which is the international currency treaty among these nations. Based on 

Frank William Taussig’s international capital movement, in the long run a country with a trade surplus 

can utilize it as overseas investment for the sake of attaining trade balances.  

However, owing to World War I, many countries changed their monetary policies to the gold-exchange 

standard system in order to raise capitals for the purpose of increasing the war budget. The gold-

exchange standard system is the measure that central banks can purchase foreign and domestic 

currencies combined with the original gold transactions to meet the requirements of huge capitals. This 

was the key that central banks gradually changed their monetary policies without the gold standard. 

As time went on, through the gold standard, the dual exchange rate system, floating-rate dollar standard, 

and others, considering the financial crisis in 2008, the European sovereign debt crisis in 2012, and 

corresponding measures and effects – Quantitative Easing and Negative Interest Rate, many scholars, 
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including John Williamson and Paul Krugman, have proposed many reforms on exchange rate systems, 

especially in the target-zone models. In the target-zone models, scholars focus on the fundamentals 

which include expected exchange rates, domestic production, money supply, foreign interest rates and 

foreign price levels. Therefore, a well-known formula (Fisher Equation MV =PT) becomes a central 

banks’ mechanism to control their domestic price levels and business cycles. These fundamentals are 

assumed to be composed by two factors: Velocity of Circulation (V) and Money Supply (M). By 

controlling these elements, central banks hence manage Average Price Level (P) and Volume of 

Transactions of Goods and Services (T), therefore affecting domestic housing prices. 

In addition, oil price is a crucial factor in Asia which commonly becomes a driver of expected inflations, 

impacting domestic price levels of goods and services, such as housing prices, etc. According to 

Manule and Pugh (2013), there are four channels of effects that inflation expectation affects substantial 

economy and price levels of goods. Generally, if the future price level of goods ascends, it will decline 

the actual purchasing power. Subsequently, households expect an increase in inflation and then tend to 

ask for higher wages for the sake of covering a decrease in purchasing power, thereby causing an 

increase in investments and costs for enterprise. Furthermore, if companies expect an increase in 

commodity prices, the companies will ascend their goods and services prices and meanwhile raise 

employees’ wages. The third channel is that an increase in expected inflation will influence substantial 

outputs and then affect actual inflation. The final channel is a decrease in real interest rates causing 

devaluation in domestic currency and thus raise exported goods prives, thereby having impacts on 

inflation. The following chart explains the four channels and their relationship. In addition, Kim and 

Lee (2013) indicated the main drivers of expected inflation in Asian countries are international energy 

and food prices, where the empirical results also showed oil price is a crucial factor affecting Taiwan’s 

expected inflation. 
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Figure 3: Four Channels for Expected Inflations Influencing Actual Inflations (Price Levels) 

(Source: Manule and Pugh (2013), modified by Chen) 

Jones and Kaul (1996) used the seasonal data to analyze the influences of international stock markets 

on oil prices, which help us observe whether we can use current and future cash flows to explain the 

variations of oil prices. The research results showed that the US and Canadian stock markets were 

more significant on the impulses of oil prices. However, the UK and Japanese stock markets were not 

significant to the impulses of oil prices. They also analyzed the seasonal data of oil prices and aggregate 

stock returns where oil prices had significant effects on aggregate stock returns. Huang et al. (1996) 

utilized the vector auto-regression model to conduct an empirical study where it was focused on the 

correlation between daily oil future returns and US stock market returns. The research results showed 

that the returns of individual oil companies lagged the returns from oil futures, but the correlation 

between the returns of oil futures and S&P 500 stock indexes were not significant. Additionally, when 

it was conducted using daily data from 1970 to 1990, the returns of oil futures and stock prices were 

not significant as well.  

Sadorsky (1999) conducted research on the relationship between the impulses of oil prices and stock 

market activity from 1947 to 1996, where it was found that the variations both from the oil prices and 

oil prices influenced stock returns, and the variation of oil prices could further explain the stock returns 

after 1986. Another result from the study is that the impulses from oil price variations had asymmetric 
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effects on economy. Papapertrou (2001) researched on the impulses on Greek oil prices, stock market, 

economy and employment rates from 1989 to 1999, where it utilized the vector auto-regression model 

to analyze the cross-effects. The results showed that the variations of oil prices significantly influenced 

the economy and employment rates. In addition, the research indicated that oil price is a crucial factor 

to explain the variations of stock prices. 

Lin (1987) studied on the influences of Taiwan’s adjusted fuel prices on stock markets. In the study, it 

was based on the adjustment volumes of Taiwan’s fuel prices from the Chinese Petroleum Corporation, 

from 1977 to 1986, adopted by residual analysis method to explore whether stock prices could 

sufficiently and correctly reflect the adjustments of domestic oil prices. The results showed that 

Taiwan’s stock market could sufficiently and rapidly reflect Taiwan’s adjusted oil prices.There was no 

arbitrage opportunities through Taiwan adjusted fuel prices. 

Sun (1987) researched on the relationship among macroeconomic factors, financial markets, and stock 

markets, where data was conducted during two periods. The first sample period is from 1971 to 1979, 

which is known as the stage of the unstable financial market stage in Taiwan. The second sample period 

is from 1980 to 1986 – the stage of stable financial situation. The empirical results showed in the first 

period, Taiwan stock prices were affected by indexes of industrial production, fuel prices, exchange 

rates, monetary supply and interest rates, where the relationship among stock prices, interest rates and 

monetary supply did not correspond to the theoretical conclusions. For the second period, Taiwan stock 

prices were influenced by interest rates, indexes of industrial production, whole sale price indexes, and 

money supply, but was not significantly affected by oil prices.  

Chang (2004) explored the effects of macroeconomic factors on variations of stock prices, where it 

was chosen by monetary supply, oil price, exchange rate, and inflations as macroeconomic independent 

variables to explore the impacts on stock prices in Asian countries, such as Taiwan, South Korea, 

Singapore and Hong Kong. In addition, it used the structural vector auto-regression model to analyze 

monthly data from 1981 to 2002 to observe the short-term and long-term effects on stock market and 
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macroeconomic factors. Through the empirical outcomes, the variations of stock prices attributed to 

fuel prices, exchange rates, and inflation, where oil price had significantly a negative impulse on stock 

price. 

McDonald and Solnick (1977) analyzed gold prices and gold corporation stocks, and it was found that 

gold investments can hedge against inflation and political uncertainties. Investing in golds is a hedging 

instruments against risks. Additional research from Blose and Shieh (1995) reached a similar 

conclusion through exploring the relationship between gold corporation stocks and gold prices. Sim 

and Jeffry (1991) discovered that the variations of gold prices could fully explain the returns of 

Australian mineral and mining corporation stocks. Clinch et al. (1995) utilized multiple regression 

model to research on the explanation effects of the variations of gold prices on the returns of gold 

corporation stocks and acquire the significant empirical results.  

Robert and Howard (1998) conducted a research on the stock returns of the Australian gold industry 

by using a multiple regression model from 1972 to 1992, which reached the conclusion that gold prices, 

interest rates, and exchange rates are significant explanatory variables on stock prices. Specifically, 

macroeconomic variables and gold prices are important explanatory variables for stock prices. Wang 

(1992) explored the impacts of macroeconomic factors on stock returns by using Taiwan’s stock prices, 

where it chose inflation rate, index of industrial production, and the variation of gold prices (by using 

principal component analysis and canonical analysis) to explore the explanatory degree of stock prices. 

The results showed that the unexpected variations of gold prices and stock returns had a positive 

correlation, which indicated that the variations of international gold prices stimulated the variation of 

Taiwan’s stock market. 

Abdalla and Murinde (1997) explored the correlations between real exchange rates and stock prices in 

the emerging market, which showed that Korean, Pakistan, and Indian stock prices were influenced by 

exchange rates in their own countries, and inversely the stock prices affected the exchange rate in the 

Philippines. Furthermore, Ajayi and Mougoue (1996) analyzed eight different countries’ stock prices 
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and exchange rates, where there were co-integration effects on these variables. There was a negative 

impact from domestic stock markets on the eight-country currencies; however, in the long term the 

domestic stock market had a positive influence on the currencies. In addition, no matter long-term or 

short-term effects, the research reached the conclusion that a depreciation on the domestic currency 

has a negative impact on these countries’ stock markets.  

Smith (1992) researched on the exchange rates of the British Pound, Deutsche Mark, and Japanese Yen 

with the movements for British, Deutsche, and Japanese stock prices, where the empirical results 

showed that government bonds and monetary supplies had a very weak effect on exchange rates. 

Moreover, stock prices had a significant influence on exchange rates among the British Pound, 

Deutsche Mark and Japanese Yen. Furthermore, Oskooee and Sohrabian (1992) explored the 

relationship between S&P 500 index and exchange rates, where there was a causal effects in the short 

term but no enough evidence that the indexes and exchange rates had co-integration effects. 

Grebler and Mittelbach (1979) examined the determinant of housing prices of recurring income, 

seasonal variables, and past housing prices. Summers (1981) indicated that inflation rates causes an 

increase of the demand of real estates but also a recession in stock markets and bond markets; moreover, 

low inflations, and interest were beneficial to stock markets and bond markets but deteriorated the real 

estate market. Kau and Keenan (1981) studied on the relationship between nominal interest rates and 

the housing market, where it indicated that an increase in nominal interest rates would decrease 

consumption in goods and further decrease the demand in the real estate market. Meanwhile, it also 

decreased bond values and the value of stock price indexes. In addition, based on multivariate analysis, 

it also indicated that stock returns had a positive relation with housing price returns. 

Kent (1984) stated that disposable household income was the determinant of housing prices based on 

multiple regression analysis. Peiser and Smith (1985) researched on the relationship among interest 

rates, inflation rates and housing demands, where the study reached a conclusion that higher interest 

rates caused higher inflation rates and further increased the demand of holding real estates. Harris 
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(1989), according to US data in the 1970s, an increase in nominal interest rates caused an increase in 

expected inflation rates, thereby increasing the expectation in housing prices. Hartzell (1990) analyzed 

on the real estate market and stock market by using Capital Asset Pricing Model (CAPM), where it 

regarded the housing market and stock market as different markets, moreover having different risk 

premiums, thereby refusing the hypothesis of market integration.  

Reichert (1990) conducted a research on the US real estate prices based on a multiple regression model, 

where it was found that housing prices had a significant relation with population changes, employment 

rates, mortgage interest rates, recurring incomes, seasonal factors and construction costs; moreover, 

except for mortgage interest rates having a negative relation with housing prices, other factors had 

positive effects with real estate prices. Anonymous (1997) discovered that an increase in the US real 

estate prices in 1996 attributed to the tremendous decline in interest rates in the beginning of 1995, 

where owing to a decrease in the burdens of mortgages, the demand of the housing market increased 

causing more investments in stock markets and therefore a rise in stock prices. Dokko (1999) and 

Witkiewicz (2002) considered another macroeconomic factor – Gross Domestic Production (GDP) – 

as the independent variable, where it was found that the housing prices had a significantly higher value 

when the GDP had a significant increase. 

Lin and Huang (1995) explored the relationship among macroeconomic factors and housing prices by 

using a vector auto-regression model. It was found that stock prices, monetary supply, exchange rates, 

and interest rates had the causal effects with housing prices, and further indicated that housing prices 

lags stock prices and monetary supply for about four months as well as exchange rates and interest 

rates for around three months. Tsu and Lee (1995) explored that there was an integration effect between 

stock market and real estate market, since stock prices had large impacts on real estate investment. 

Kao (1996) researched on the stages of the real estate investment cycle. It was divided into three steps 

for the business cycle of the housing market – basic mortgage interest rates of revolving credit, 

investment, and transaction, where there was no co-integration among these factors and housing prices. 
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Lin and Lin (2011) researched the integrated effects on six Asian countries, where it showed a variety 

of inter-relationships depending on economic and political policies. This shows that South Korea and 

Singapore stock markets have more diversification potentials on investments. Conversely, the stock 

markets that are integrated with real estate markets in China, Japan, Hong Kong, and Taiwan implies 

that owing to the similar properties of investors’ behaviors and regulations, stock markets and real 

estate markets in these countries can be substitutable.  

From aforementioned literature review and relevant asset price analysis, asset prices are commonly 

influenced by macroeconomic elements, political events, commodity markets, and capital markets. In 

addition, different drivers of asset price changes result from market demand and supply. Thereforem 

this study intends to explore the embedded effects for housing prices, oil prices and gold prices in order 

to observe the interdependent reactions among the three market in the period of the post 2008 financial 

crisis. 
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3. Methodology 

3.1 Simultaneous Equation Model 

Traditionally, the research method for exploring various variables is adopted by multiple regression 

models, using independent variables X to solve the dependent variable Y. However, in practice, three 

one-way causal equations do not have substantial meanings. That is, it was usually found that these 

factors exist in an interdependent relationship, so through a multiple regression model the study cannot 

specifically analyze the mutual impacts. For example, interest rates have a correlation with housing 

supply, and the housing supply can also affect interest rates, so the multiple regression cannot have 

further research on these correlations. Therefore, the simultaneous equation model is composed by 

more than one equation and each equation has mutually dependent variables, or so-called endogenous 

variables. Because the independent variables and the dependent variables have correlations, unlike 

single equation models, the estimation of parameters should consider all of the whole reactions with 

other equations. Chen and Lee (1998) used the simultaneous equation models to discuss the 

relationship among stock prices, housing prices and interest rates, which could achieve the purpose of 

completeness of researches. 

Therefore, this study would explore the relationship among housing prices, gold prices and oil prices. 

Generally, when encountering recession, the demand of hedging ascends which would cause an 

increase in gold prices and oil prices. Meanwhile, due to a decrease in people’s wealth, investors’ 

confidence will appear to have a negative effect, which further causes a decline in housing prices. 

Moreover, from several literature reviews, housing markets, oil markets, and gold markets not only 

have mutual impacts on each other, but also are influenced by interest rates, exchange rates and stock 

markets. Thus, this study would consider these factors in the simultaneous equation model. 

𝑌1𝑡 = 𝛽11 + 𝛽12𝑌2𝑡 + 𝛽13𝑌3𝑡 + 𝜇1𝑡 
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𝑌2𝑡 = 𝛽21 + 𝛽22𝑌1𝑡 + 𝛽23𝑌3𝑡 + 𝜇2𝑡 

𝑌3𝑡 = 𝛽31 + 𝛽32𝑌1𝑡 + 𝛽33𝑌2𝑡 + 𝜇3𝑡                        (1) 

Where 

𝑌1𝑡,  𝑌2𝑡,  𝑌3𝑡 are endogenous variables, being housing prices, oil prices, and gold prices respectively; 

𝛽𝑖𝑗  are the coefficients of endogenous variables; 

𝜇𝑖𝑗  are the random errors. 

Through the verification of the simultaneous equation model, we can confirm the assumptions of the 

parameters in the regression model – unbiased and consistent characteristics. 

3.2 Unit Root Test 

3.2.1 Augmented Dicky-Fuller (ADF) Unit Root Test 

Traditional regression models assume most data sets to be stationary, which can be sure the assumption 

of white noises to conduct empirical studies. If a certain data set is not stationary, then the model 

becomes a spurious regression. Under the spurious regression model, the coefficients and the relevant 

t-statistics are significant, but the result is meaningless. Therefore, in order to correctly fit time-series 

data, we need to confirm whether the data sets are stationary or not. 

If a time-series data set is stationary, the impulse will be eliminated as time goes on, which means that 

the result of the time-series model will reach the long-term equilibrium. Conversely, if a time-series 

data set is not stationary, the impulse impact on the empirical model variance and mean would vary as 

time passes. Furthermore, the “stationary” status can be divided by two definitions – strongly 

stationary status and weakly stationary status. When conducting empirical studies, it is acceptable to 

correspond with weakly stationary status. 

Said and Dickey (1984) revised the original Dickey-Fuller unit root test which considers the problems 
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of serial correlation in error terms and adjusted the statistical model – Augmented Dickey-Fuller unit 

root test. Therefore, this study will adopt ADF unit root test as the major judgement. The following 

equations are the test models: 

Model 1: Model without drift term and trend term 

∆𝑌𝑡 = 𝛽1𝑌𝑡−1 + ∑ 𝛿1∆𝑌𝑡−𝑖 + 𝜖𝑡
𝑛
𝑖=1                         (2) 

Model 2: Model with drift term but without trend term 

∆𝑌𝑡 = 𝛼 + 𝛽1𝑌𝑡−1 + ∑ 𝛿1∆𝑌𝑡−𝑖 + 𝜖𝑡
𝑛
𝑖=1                        (3) 

Model 3: Model with drift term and trend term 

∆𝑌𝑡 = 𝛼 + 𝛽1𝑌𝑡−1 + 𝛾𝑇 + ∑ 𝛿1∆𝑌𝑡−𝑖 + 𝜖𝑡
𝑛
𝑖=1                      (4) 

Considering the average value of each variable altering as time goes, or saying the nonstationary 

situation, before conducting the causality test, we need to conduct the process of data difference. 

Specifically, it is worth to discuss the null hypothesis 𝐻0 ∶  𝛽 = 0. If the test results refuse to accept 

the null hypothesis, it means that the time-series model has no unit root and is stationary. Moreover, it 

is important to choose the number of lagged variables. If a model contains too many lagged variables, 

the estimation would be inefficient; on the other hand, if there is not enough lagged variables, it has a 

biased estimation for the model.  

3.2.2 Phillips-Perron (PP) Unit Root Test 

Although ADF unit root test considers serial correlation of error terms, heterogeneous properties may 

still exist. Phillips (1987) and Phillips and Perron (1988) provided non-parameter function of central 

limit theorem to revise the possible serial correlation and heterogeneous problems. Specifically, it 

utilizes Auto-regression (1) error values to correct t-statistics in the Dickey-Fuller unit root test, and 

further expands the model’s drift terms and trend terms, which is the same as the limit distribution 

acquired by Dickey and Fuller (1979). The equations set by Phillips and based on Dickey-Fuller model 
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are as follows: 

Model 1: Model without trend terms: 

𝑌𝑡 = α + 𝜂𝑌𝑡−1 + 𝜖𝑡                        (5) 

Model 2: Model with trend terms: 

∆𝑌𝑡 = �̃� + 𝛽 (𝑡 −
𝑇

2
) + �̃�𝑌𝑡−1 + 𝜖�̃�                       (6) 

If the null hypothesis in the test appears significant unit root, the test statistics are as follows: 

Model 1: model without trend terms: 

𝑍(𝑡𝛼) = (
𝑆𝑢

𝑆𝑇𝑡
) 𝑡𝛼 −

1

2𝑆𝑇𝑡
(𝑆𝑇𝑡

2 − 𝑆𝑢
2)𝑇[∑ (𝑦𝑡 − �̅�𝑡−1)2𝑁

𝑇=2 ]−
1

2                     (7) 

Model 2: model with trend terms: 

𝑍(𝑡�̃�) = (
𝑆𝑢

𝑆𝑇𝑡
) 𝑡�̃� −

1

2
(�̃�𝑇𝑡

2 − �̃�𝑢
2)𝑇3 [4𝑆𝑇𝑡

2 (3𝐷𝑥𝑥)
1

2]
−1

                     (8) 

Where 𝑡𝛼 and 𝑡�̃� are general t-statistics, and T is the sample size; moreover, 𝑆𝑢
2 is the consistent 

estimator of 𝜂𝑢
2 , 𝜂𝑢

2 = lim
𝑇→∞

𝑇−1 ∑ 𝐸(휀𝑡
2)𝑇

𝑡=1  and 𝑆𝑇𝑡
2  is the consistent estimator of 𝜂𝑇𝑡

2 , 𝜂𝑇𝑡
2 =

lim
𝑇→∞

𝑇−1𝐸[(∑ 휀𝑡)𝑇
𝑡=1

2
].  

3.2 Vector Auto regression 

Since Sims (1908) introduced the vector auto-regression model to the econometrics field, after 

considering endogenous variables as the lagged terms in the model, many researches have expanded 

the single-variable auto-regression model to multiple auto-regression model. As for the prediction 

aspect, Sims (1980) had proved that VAR model is more accurate than other traditional models.  
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3.3 Co-integration Test 

The concept of co-integration test is from Granger (1981) which mainly explores whether the variables 

in the model consist of long-tern stability. The definition of co-integration test is to find the stationary 

time-series data after conducting unit root test and the kth-difference transformation, which is called 

kth integration time series, and denoted by I (k). If two series of variables {𝑥} and {𝑦} do not reject 

the null hypothesis, after executing the co-integration test, then {𝑥} and {𝑦} do not have long-run 

relation, and vice versa. 

The co-integration test mainly explores whether two time-series variables are stationary and exist a 

long-term trend. If the model does not exclude the co-integration effect, then the model will generate 

incorrect estimation. In general, it is common to use the two-stage least square model in Engle and 

Granger (1987) and the maximum likelihood estimation model in Johansen (1988).  

3.3.1 Two Stage Least Square Model 

Engle and Granger (1987) proposed a two-stage least square method to analyze the co-integration 

relation between two variables. It estimates the co-integration equation based on ordinary least square 

form, and then tests the error term for the purpose of whether the model exists a unit root. If the test of 

the error term refuses the null hypothesis, it means that there is a co-integration relation between two 

variables. Although Engle and Granger (1987) can use an easier way to test co-integration effect, it 

cannot estimate that how many co-integration equations the model has. Therefore, Johansen (1988) 

proposed maximum likelihood estimation model to enhance this disadvantage.  

3.3.2 Maximum Likelihood Estimation Model 

The maximum likelihood estimation model supposes that a kth lagged vector auto-regression model 

has p-vector variables all responding to I (1) series. Then the equation is as follow: 

𝑋𝑡 = α + Π1𝑋𝑡−2 + Π2𝑋𝑡−2 + ⋯ + Π𝑘𝑋𝑡−𝑘 + 𝜑𝐷𝑡 + 휀𝑡                   (9) 
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Where 𝑋𝑡 is the endogenous variable with p vectors  

      Π𝑡 is the p × p coefficient matrix 

      D is the centralized dummy variable with expected value equal to 0 

After the adjustment of 1st difference, the equation becomes as follow: 

∆𝑋𝑡 = ∑ Γ𝑡∆𝑋𝑡−𝑖 + Π𝑋𝑡−𝑘 + 𝛼 + 𝜑𝐷𝑡 + 휀𝑡
𝑘−1
𝑖=1                   (10) 

Where t = 1, 2, ⋯ , k 

      Γ𝑖 = −I + Π1 + Π2 + ⋯ + Π𝑖 , 𝑖 = 1, 2, 3, ⋯ , 𝑘 − 1 

      Π = −I + Π1 + Π2 + ⋯ + Π𝑘 

Π stands for all information of long-term equilibrium, which determines the long-run relationship 

among variables. As for the rank for Π, it can be divided by three categories.  

1. When Rank (Π) = p, Π is a full-rank metric, which means that all variables in 𝑋𝑡 vectors are 

stationary. 

2. When 0 < Rank (Π) = r < p, 𝑋𝑡 vectors exist r co-integration vectors. 

3. When Rank (Π) = 0, Π is a zero-rank metric and 𝑋𝑡  vectors do not have any co-integration 

relationship. 

Johansen provides two tools to test whether the model exists r co-integration vectors: 

1. Trace Test  

The Test Statistic is 𝜆𝑡𝑟𝑎𝑐𝑒 = −T ∑ ln (1 − 𝜆�̂�)𝑛
𝑖=𝑟+1 , where r is co-integration vector, T is the number 

of observations and �̂� is the estimation of the Eigenvalue. In the trace test, the null hypothesis 𝐻0 is 

that there are at most r co-integration vectors; on the other hand, the alternative hypothesis 𝐻𝑎 is that 

there are at least r + 1 co-integration vectors.  
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2. Maximum Eigenvalue Test 

The Test Statistics is 𝜆𝑚𝑎𝑥 =  −T ln(1 − 𝜆𝑟+1̂), where r is co-integration vector, T is the number of 

observations and �̂� is the estimation of the Eigenvalue. In the test, the null hypothesis 𝐻0 is that 

there are at most r co-integration vectors; the alternative hypothesis 𝐻𝑎 is that there are at least r + 1 

co-integration vectors. 

Since Johansen’s Maximum Eigenvalue Test supposes the error term corresponding to normal 

distribution and considers the factors affecting variables; in addition, the test can correct the flaws of 

Engle and Granger’s two-stage least square model, so it generally would be used in empirical studies. 

3.4 Vector Error Correction Model (VECM) 

According to the representation theorem in Engle-Granger (1987), if two series of variables has a co-

integration effect, then the model should consider the vector error correction model to present the 

relations. Therefore, the vector error correction model can adjust the short-term dynamic time-series 

figures and tend to reach a long-term equilibrium. Sargan and Hendry (1966) proposed this model by 

using an error correction term prevent such bias in the model from missing such long-term information. 

The error correction model is as follow: 

∆𝑌𝑡 = 𝜌0 + 𝜌1(𝐶′𝑌𝑡−1) + ∑ η𝑖∆𝑌𝑡−𝑖 + 휀𝑡
𝑛
𝑖=1                     (11) 

Where 𝐶′𝑌𝑡−1 is the error correction term and C is the co-integration vector 

The model consists of dynamics and long-term properties for variables. In the beginning, it should be 

estimated the co-integration vectors and vector error term by confirming whether the lagged period of 

the error term matches the assumption of white noises, and then the model should be used the recursive 

least square method to estimate these variables.  
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3.5 Granger Causality Test 

The Granger causality test mainly analyzes a causal relationship in time-series models, where it simply 

consider the leading information or lagged information in the model. Through the leading and lagged 

information, we can obtain which variable reacting first in the model and then the lagged variables 

hence following up with the tendency. Therefore, we have the following simultaneous equation model: 

𝐻𝑡 = 𝛽11 + ∑ 𝛽12𝑖𝐻𝑡−𝑖 + ∑ 𝛽13𝑖𝐺𝑡−𝑖 + ∑ 𝛽14𝑖𝑂𝑡−𝑖

𝑛

𝑖=1

𝑛

𝑖=1

𝑛

𝑖=1

 

𝐺𝑡 = 𝛽21 + ∑ 𝛽22𝑖𝐻𝑡−𝑖 + ∑ 𝛽23𝑖𝐺𝑡−𝑖 + ∑ 𝛽24𝑖𝑂𝑡−𝑖

𝑛

𝑖=1

𝑛

𝑖=1

𝑛

𝑖=1

 

𝑂𝑡 = 𝛽31 + ∑ 𝛽32𝑖𝐻𝑡−𝑖 + ∑ 𝛽33𝑖𝐺𝑡−𝑖 + ∑ 𝛽34𝑖𝑂𝑡−𝑖
𝑛
𝑖=1

𝑛
𝑖=1

𝑛
𝑖=1             (12) 

Where 

𝐻𝑡 is the housing price at time t 

𝐺𝑡 is the gold price at time t 

𝑂𝑡 is the oil price at time t 

𝑖𝑡ℎ period, i = 1, 2, 3, 4, … , n 

In addition, as for the simultaneous equation, we need to examine the F-test of the null hypothesis, 

where 𝐻0 = 𝛽12𝑖 = 𝛽13𝑖 = 𝛽14𝑖 = 𝛽21𝑖 = ⋯ = 𝛽34𝑖. 

In this study, if the housing prices are influenced by oil prices or gold prices, which means that the oil 

or gold price variations react faster than housing factors. On the other hand, if the opposite situation 

happens, the lagged value for housing prices will be significant. In addition, if the relationship stated 

above cannot be reversed, then it contains strong erogeneity; if the lagged values for housing, oil or 
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gold prices are all significant, this means that they have significant two-way causality. However, if 

these values show insignificant, then these factors are independent. 

3.6 Impulse Response Analysis 

Impulse Response analysis is used to analyzing the changes in error terms or the dynamic impacts on 

an empirical model stemming from the impulses of endogenous variables. In such a model, impulse 

response can reflect every reaction of the impulse from each variable to dependent variables. Therefore, 

given a response for each error term of variables in the model, we can have impulse reflection in a 

period and the influence on the VAR model. If the model is stationary, the impulse will be gradually 

eliminated as time goes. As for the interest parity, the short-term rate may vary, but interest rate will 

remain stable in the long run. In addition, the long-term rate is larger than the short-term rate. 

Furthermore, since the error terms in the equation attributes to a unit impulse in a vector auto-

regression model, hence we cannot assume that these error terms are independent. Thus, Sims (1980) 

uses Cholesky process and orthogonal vector auto-regression model to solve such a problem; however, 

it is noted that the result will be influenced by the order of variables in vector auto-regression model, 

which means that a different order for the variables will generate different empirical outcomes. In order 

to prevent such situations, Pesaran and Shin (1998) proposed a co-integrated vector auto-regression 

model to generalize the impulse response. In such situations, we do not have to consider the procedure 

of orthogonal impulses as well as the influences of the order for variables.  

In this study, we will explore how the movements of gold prices or oil prices will affect housing prices; 

moreover, how the changes in housing prices will reversely influence the other two asset prices. Also, 

it will further acquire the dynamic relationship among these three asset markets.  

3.7 Forecast Error Variance Decomposition 

The forecast error variance decomposition can provide the similar information as the variance analysis 
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does. The main difference between the forecast error variance decomposition and variance analysis is 

that variance analysis can analyze the variance on dependent variables which are influenced by self-

impulse and impulse response from other variables, and that the forecast error variance decomposition 

can provide the information of the ratios of different impulse response and the variation of endogenous 

variables explained by a certain impulse. Therefore, the research process of the forecast error variance 

decomposition is as follows:  

First, we find the forecast error term which is equal to 𝐻𝑡+𝑘 − 𝐸(𝐻𝑡+𝑘|𝜃𝑡), and further the variance 

is equal to 𝐸[𝐻𝑡+𝑘 − 𝐸(𝐻𝑡+𝑘|𝜃𝑡)]2. Subsequently, we will analyze the composition of housing prices, 

oil prices and gold prices, which can assist in knowing more about the explanation for the variables in 

the model. In other words, we can obtain the endogenous and exogenous information for the variables.  

In this study, we will explore the relationship among the three asset prices and the percentage that 

variables can be explained by the other two markets. 
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4. Empirical Results and Analysis 

As for the empirical analysis, this paper in the beginning will examine the stationary attribute and 

relationship among the three asset prices, where the simultaneous equation models will examine 

pairwise relations first, and then further confirm the explanations by adding the rest variable. It is noted 

that the macroeconomic variables are used as the instrument variables in the simultaneous equation 

models, for the sake of checking relationships in three markets and relevant important macroeconomic 

variables. 

The second section are co-integration test and lag length selection. In order to check whether the time-

series data exist linear combination and a lower order of integration, the model cannot be chosen as 

vector auto-regression model; rather, it should be chosen as a vector error correction model. In the 

study, the co-integration test is significant, and thus the test is followed by a lag length selection which 

can determine the lagged period of the vector error correction model conducted. Subsequently, the 

research would further explore the vector error correction model and its robustness test. Moreover, 

after the study has tested its lag length selection, it should still confirm the suitability of the model. 

Moreover, since we would like to emphasize on the relationship of these three markets, hence the 

research would focus on the long-run and short-run dynamics and variance decomposition. 

4.1 Descriptive Data and Fundamental Statistic Test 

In this chapter, the context is divided by two parts. The first part primarily deals with the data 

description and the characteristics for the data, followed by the second part showing the tendency and 

the statistical description. 

4.2.1 Descriptive Data 

The oil prices in this study are the average of three popular oil prices – Dubai oil prices, WTI (NYMEX) 
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oil prices and Brent (ICE) oil prices, which are collected through the Bureau of Energy and Ministry 

of Economic Affairs (MEA)1. The raw data in the MEA website is collected from cnYES.com2 and 

the Petronet website3. Also, in order to confirm the correct data, the study therefore has more crude oil 

prices collecting from investing.com4. In addition, the gold prices are collected from the reports of 

Bank of Taiwan, Taiwan Economic Journal, and Bloomberg; the other data related to real estate market 

is from Sinyi index of housing prices in Taiwan and collects second-hand information for the housing 

market. Moreover, in order to match the monthly data of gold and oil prices, the research focuses on 

the real estate prices in New Taipei city and Taipei City.  

Furthermore, in the research it is necessary to transform the data into first-difference form. Specifically, 

in order to match the property of stationary time-series form, the paper will transform the ordinary 

series data into logarithm form, and then use the first difference to describe the effect of return series. 

The specific computation of the statement is as follows: 

The return of Taiwan House Price (TW_HP): 

DLNTW_HP𝑡 = (ln 𝑇𝑊_𝐻𝑃𝑡 − ln 𝑇𝑊_𝐻𝑃𝑡−1) × 100           (13) 

The return of International Oil Price (INTER_OP): 

DLNINTER_OP𝑡 = (ln 𝐼𝑁𝑇𝐸𝑅_𝑂𝑃𝑡 − ln 𝐼𝑁𝑇𝐸𝑅_𝑂𝑃𝑡−1) × 100            (14) 

The return of International Gold Price (INTER_GP): 

DLNINTER_GP𝑡 = (ln 𝐼𝑁𝑇𝐸𝑅_𝐺𝑃𝑡 − ln 𝐼𝑁𝑇𝐸𝑅_𝐺𝑃𝑡−1) × 100            (15) 

Where the TW_HP, INTER_OP and INTER_GP are the closing prices. 

The notations of the research variables are as follows: 

                                                      
1 The website of Bureau of Energy, Ministry of Economic Affairs, available at http://www.moeaboe.gov.tw/ 
2 The website of cnYES.com, available at http://www.cnyes.com/ 
3 The website of Petronet, available at http://www.petronet.co.kr/ 
4 The website of Investing.com, available at http://www.investing.com/ 
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Table 1: Descriptive Statistics 

Variable Notation 

Taiwan Housing Price TW_HP 

International Oil Price  INTER_OP 

International Gold Price INTER_GP 

The return of Taiwan Housing Price DLNTW_HP 

The return of International Oil Price DLNINTER_OP 

The return of International Gold Price DLNINTER_GP 

After the description of the pre-procedure of the variables, the following diagrams depict the tendency 

as well as the relation between the ordinary-series data and the return-series data. From the following 

graphs, it can be seen that Taiwan housing prices have an increasing trend and the international gold 

and oil prices have similar moving patterns in the past 10 years. However, from the return information 

of the three asset prices, the tendency between the oil prices and housing prices show the correlation 

during the past 10 years, but gold prices present more fluctuations than the other two assets. 

 

Figure 4: The Tendency of Internal Gold Prices (Original Data Form) 
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Figure 5: The Tendency of Taiwan Housing Prices (Original Data Form) 

  

Figure 6: The Tendency of International Oil Prices (Original Data Form) 
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Figure 7: The Returns for International Gold Prices, International Oil Prices and Taiwan Housing 

Prices 

From the following table, all variables have been transformed to logarithm forms and each variable 

has 135 observations. It can be seen that the skewness for international oil prices and Taiwan housing 

prices is positive, which means that the distribution for the data are right-skewed. On the other hand, 

due to the negative value for gold prices, the distribution of international gold prices is left-skewed. 

Furthermore, as for the kurtosis, the three assets all present a value less than three, which means that 

the distributions are all thin-tailed.  

Table 2: The of Original Data Series 

 
INTER_OP INTER_GP TW_HP 

 Mean 78.19437 1085.729 91.30341 

 Median 78.95 1131.6 88.93 

 Maximum 140 1828.5 135.58 

 Minimum 33.62 416.3 48.87 

 Std. Dev. 21.78354 383.9131 29.31988 

 Skewness 0.033066 -0.0256 0.141456 

 Kurtosis 2.390401 2.024025 1.504961 

 Observations 135 135 135 

When it comes to the return information, all distributions of three assets represent negative values. The 

first difference of logarithm form shows left-skewed. Moreover, the kurtosis among the three assets 

remain the same effect, which describes the lighter tails than normal distribution. 

Table 3: The Descriptive Statistics of Return Data Series 

 DLNTW_HP DLNINTER_OP DLNINTER_GP 

Mean 1.93713 1.874848 3.004339 

Median 1.949048 1.897352 3.053693 

Maximum 2.132196 2.146128 3.262095 

Minimum 1.689042 1.526598 2.619406 

Std. Dev. 0.144815 0.13037 0.173441 

Skewness -0.11659 -0.5477 -0.6214 

Kurtosis 1.572005 2.641409 2.41726 

Observation 135 135 135 

Note: All variables have been logarithm transformed.  
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4.1 ADF Unit Root Tests and Simultaneous Equation Models 

In order for observing the relationship among the three assets, it is considered the simultaneous 

equation models by using 3SLS, where it unlike 2SLS models shows that the three variables are 

mutually correlated. The common method is to use multivariate regression model to analyze the simple 

relations. However, considering the interaction among the variables, the regression model cannot fully 

tackle the mutual effects, so by conducting the simultaneous equation model the disadvantages can be 

revised. The following table summarize the outcomes. The result indicates that these variables are 

mutually affected by the other two variables. In other words, the information in housing prices and 

gold prices would be transitively explained by oil prices. 

Table 4: Three-Stage-Least-Squares Simultaneous Equation Models 

 Coefficient Std. Error t-Statistic Prob.   

C(1) -0.01462 0.005865 -2.4928 0.0131 

C(2) 5.883227 1.50654 3.905124 0.0001*** 

C(3) -0.34951 0.028507 -12.2601 0*** 

C(4) -0.00542 0.004592 -1.18002 0.2387 

C(5) 2.354149 0.481712 4.887047 0*** 

C(6) -0.02677 0.007249 -3.69336 0.0003 

Note: Superscripts ***, ** and * represent significance levels at 1%, 5% and 10% respectively. For 

the coefficient information, DLNINTER_GP = C(1) + C(2)*DLNTW_HP + C(3)*DLNINTER_OP, 

DLNTW_HP=C(4)+C(5)*DLNINTER_GP+C(3)*DLNINTER_OP and DLNINTER_OP=C(6)+ 

C(5)*DLNINTER_GP + C(2)*DLNTW_HP.  

After confirming the relationship among the assets, it is necessary to analyze the stationary data series 

by using the unit root test. In the unit root test, it is commonly used the Augmented Dickey Fuller 

(ADF) unit root test and Phillips Perron (PP) unit root test in the empirical financial studies. If the 

empirical results reject the null hypothesis, it means that the data series is stationary I (0) data series. 

Nevertheless, if the test cannot reject the null hypothesis, the result shows that the data series is not 

stationary; in addition, it should transform the data into first difference form to conduct the unit root 
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test again. The following table is the outcome of the ADF and PP unit root test for the gold price, the 

oil price, and the housing price model consisting the drift term and tendency term. 

Table 5: Unit Root Test 

Model Form 
 

Variable 
 Level 

 
1st Difference 

  t-Statistic P-value 
 

t-Statistic P-value 

Augmented Dickey-Fuller  DLNINTER_OP  -2.434936 0.36  -5.78578 <0.01***  
 DLNINTER_GP  -1.027927 0.9357 

 
-13.51689 <0.01***  

 DLNTW_HP  -0.838477 0.9585  -3.569739 <0.05** 

Phillips-Perron  DLNINTER_OP  -1.944241 0.6257  -8.497423 <0.01*** 

 DLNINTER_GP  -1.072192 0.929  -13.70915 <0.01***  
 DLNTW_HP  -0.173364 0.9931  -6.749515 <0.01*** 

Note: Superscripts ***, ** and * represent significance levels at 1%, 5% and 10% respectively. 

The research data is conducted by the unit root test for original time-series form, and is further chosen 

by the AIC and relevant criteria as the optimized lag length selection. With drift term and tendency 

term, there is no variable appearing stationary in the test. Therefore, since the original data series 

cannot present the condition of rejecting the null hypothesis in the unit root test, it is necessary to 

conduct the first difference transformation and then do the unit root test again. 

After the unit root test of the first difference transformation, except for the return form of Taiwan 

Housing Price being under the 5% of the confidence interval of refusing the null hypothesis, the other 

first-difference data series do not accept the null hypothesis under 1% of the confidence interval. 

Specifically, all the research data in the return series have matched the stationary condition, so the 

research variables belonging to I (0) time-series are suitable for using co-integration test to explore the 

long-term equilibrium.  

4.2 Co-integration Test and Lag Length Selection 

Through the previous unit root test, it can be seen that the time-series data of the return formation for 

the gold prices, the oil prices and the housing prices are stationary I (0). Due to the same co-integration 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

39 
 

difference, the research can further explore the co-integration among the variables. The common 

methods for utilizing co-integration test are the two-stage least square method by Engle and Granger 

(1987) as well as the maximum likelihood test by Johansen and Juselius (1990). In order to examine 

the numbers of the co-integration vectors in the model, the study decides to test the variables by 

Johansen and Juselius (1990), which can provide the maximum eigenvalue test as the valuation criteria.  

Before conducting the Johansen co-integration test, it should be built a Vector Auto-regression Test for 

the sake of confirmation of the optimum lag length order selection, and further based on AIC, SC and 

other criteria, the optimum lag length is two periods.  

Table 6: Lag Order Selection Criteria 

Lag LogL LR FPE AIC SC HQ 

0 298.6562 NA  1.91E-06 -4.656 -4.58882 -4.62871 

1 1026.308 1409.467 2.32E-11 -15.9734 -15.7046 -15.8642 

2 1052.675 49.82725* 1.77e-11*  -16.24685*  -15.77655*  -16.05577* 

3 1058.447 10.63591 1.86E-11 -16.196 -15.5242 -15.9231 

4 1064.173 10.27846 1.96E-11 -16.1445 -15.271 -15.7896 

5 1068.049 6.776076 2.13E-11 -16.0638 -14.9888 -15.627 

6 1072.097 6.884415 2.31E-11 -15.9858 -14.7093 -15.4671 

7 1082.184 16.67957 2.28E-11 -16.0029 -14.5248 -15.4024 

8 1086.827 7.457622 2.45E-11 -15.9343 -14.2546 -15.2519 

Note: the superscripts * represents the minimum value of the lag length selection. 

After making sure the optimum lag length selection of the Vector Auto-regression model is two periods, 

then the Johansen maximum likelihood test is used to test the co-integration relationship. The 

Empirical result is as following Table 6 where the Eigenvalue test cannot reject the co-integration null 

hypothesis under 1% significance level. Specifically, the gold prices, oil prices, and housing prices 

have the long-term equilibrium. Knowing the variable existing the co-integration relations, it can be 

estimated by Johansen Maximum likelihood test to acquire the co-integration equation, which can help 

the study have further analysis and applications using the Vector Error Correction Model.  

Table 7: Johansen Co-integration Test 
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No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None * 0.158239 45.50039 35.19275 0.0028 

At most 1 * 0.121691 22.76223 20.26184 0.0222 

At most 2 0.041786 5.634325 9.164546 0.2209 

 

According to Engle and Granger (1987), if exist co-integration relationships exist, then the model 

should be used for the error correction model. The vector error correction model considers the 

conditions of the variables affecting exterior impulses and departing the long-term equilibrium, which 

can hence adjust the error correction term to long-term equilibrium. 

In the beginning, it should be built using a lag kth vector error correction and further presented as a 

co-integration equation with the error correction term in order to prevent missing long-term 

information. In addition, after choosing the optimum lag period, the model is fitted with AIC and SC 

criteria as well as two co-integration equations. Therefore, this study will be fitted with the vector error 

correction model. The following table is the result of the co-integration equations.   
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Table 8: Co-integration Equations 

Cointegrating Equation:  CointEq1 CointEq2 

LNINTER_GP(-1) 1 0 

LNINTER_OP(-1) 0 1 

LNTW_HP(-1) -7.65622 -6.62333  
-2.41067 -2.42048  
[-3.17597] [-2.73637] 

C 11.84113 10.96727 

Table 9: The Results of the Vector Error Correction Model 

Error Correction: DLNINTER_GP DLNINTER_OP DLNTW_HP 

CointEq1 0.021805 0.112011 0.00956  
-0.01976 -0.03136 -0.00398  
[ 1.10330] [ 3.57211] [ 2.40196] 

CointEq2 -0.01645 -0.11303 -0.00925  
-0.02028 -0.03218 -0.00409  
[-0.81119] [-3.51211] [-2.26301] 

DLNINTER_GP(-1) -0.2104 -0.22398 -0.00185  
-0.09648 -0.15307 -0.01943  
[-2.18084] [-1.46321] [-0.09496] 

DLNINTER_GOLD(-2) -0.03318 -0.04892 0.004653  
-0.09671 -0.15344 -0.01948  
[-0.34310] [-0.31885] [ 0.23889] 

DLNINTER_OIL(-1) -0.00609 0.268729 0.019478  
-0.059 -0.0936 -0.01188  
[-0.10323] [ 2.87092] [ 1.63931] 

DLNINTER_OIL(-2) -0.08854 0.077341 0.00982  
-0.06074 -0.09636 -0.01223  
[-1.45779] [ 0.80259] [ 0.80282] 

DLNTW_HOUSE(-1) -0.5175 0.477477 0.381905  
-0.44687 -0.70901 -0.09  
[-1.15805] [ 0.67344] [ 4.24349] 

DLNTW_HOUSE(-2) 0.667875 1.509229 0.08186  
-0.44766 -0.71027 -0.09016  
[ 1.49191] [ 2.12486] [ 0.90796] 

C 0.003717 -0.00584 0.001674  
-0.00266 -0.00422 -0.00054  
[ 1.39820] [-1.38429] [ 3.12637] 
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After considering the first section of co-integration equations, it is critical to observe the efficiency 

and components of these equations for the sake of obtaining insights toward the vector error correction 

model. The first co-integration equation is 휀�̂�−1 = 𝐿𝑁𝐼𝑁𝑇𝐸𝑅_𝐺𝑃𝑡−1 + 11.84113 − 7.65622 ×

𝐿𝑁𝑇𝑊_HP𝑡−1  and the second co-integration equation is 휀�̂�−1
′ = 𝐿𝑁𝐼𝑁𝑇𝐸𝑅_𝑂𝑃𝑡−1 + 10.96727 −

6.42048 × 𝐿𝑁𝑇𝑊𝐻𝑃𝑡−1. From these two equations, it can be seen that housing prices in Taiwan has 

a correlation with international oil prices and international gold prices. In reality, in makes sense in the 

investment behaviors of Taiwan’s capital market, since the formation of Taiwan’s economy is a “Platter 

Economy.” In a Platter Economy, limited capital and resources would be volatile with global capital 

and commodity price fluctuations. Therefore, from the co-integration equations, the oil prices and gold 

prices will bring causal effects on Taiwan real estate prices, which matches slowing global economy 

and taxation deduction in Taiwan, which has caused hot money flowing into the Taiwan real estate 

market. In addition, when an international event happens, the housing market in Taiwan becomes a 

hedging and high-yield market reacting as a commodity and fixed-income asset. Thus, in the analysis 

of co-integration equations, the investment behaviors and the empirical analysis present the 

corresponding results, and it shows the housing prices in Taiwan may be affected by international gold 

prices and oil prices. 

Table 10: The Fitted Vector Error Correction Model Results 

 
DLNINTER_GP DLNINTER_OP DLNTW_HP 

R-squared 0.109174 0.226867 0.317491 

 Adj. R-squared 0.051234 0.176582 0.273101 

 Sum sq. resids 0.067962 0.171085 0.002757 

 S.E. equation 0.023506 0.037295 0.004734 

 F-statistic 1.884259 4.51162 7.15219 

 Log likelihood 312.4262 251.4943 523.9539 

 Akaike AIC -4.59737 -3.67416 -7.80233 

 Schwarz SC -4.40081 -3.4776 -7.60578 

 Mean dependent 0.003479 -0.00121 0.00304 

 S.D. dependent 0.024132 0.0411 0.005553 
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4.4 Impulse Response Analysis 

 

After considering the co-integration effects and also the vector error correction model, in order to 

investigate the further short-run relationship, the empirical analysis applies the generalized impulse 

response function on these asset prices.  

Through confirming the optimum lag length selection of the 2-period VECM and obtaining insights 

for the vector error correction model, it is necessary to observe the mutual interactions with the impulse 

response analysis. It can be seen that the return form of housing prices has positive impacts on that of 

oil prices, but the trend reverses at the third period having negative influences on oil prices. The impact 

is not totally eliminated until the twelfth period. However, the return form of gold prices does not have 

significant impacts and fluctuates on that of oil prices, and then eventually is diminished after the 

eighth period. In reality, oil prices imply the positive influences of inflation expectation. The real estate 

market in Taiwan consists of not only the housing demand but also the investment demand in asset 

value. The inflation in the low interest rate environment brings positive effects on asset returns of the 

housing market. Therefore, for the economic intuition, the return form of real estate prices reacts with 

the positive pattern with that of oil prices. Then, due to the property of accommodation, housing prices 

have the opposite influences with the movement of oil prices or the expectation of inflations. 

 
Figure 8: Impulse Response Analysis on DLNINTER_OP 
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In light of the response of return form of gold prices, oil prices and housing prices have totally different 

impacts. The housing prices in the beginning have negative effects on the gold prices, but since the 

third period housing prices rebound for around two periods, and then the influences finally decay after 

the fifth period. On the other hand, the oil prices noticeably react with gold prices in the same direction. 

Subsequently, the effects are eliminated during the second period to third periods, and then have the 

opposite impacts thereafter. Since the fifth period, the influences are vanished.  

From financial insights, gold pricing is the symbol of hedging instruments which presents the opposite 

movements of volatility index (VIX). The VIX represents the implied volatility of S&P 500 and also 

the expectation of risks for the global economy. High-yield bonds and precious metals, such as 

emerging market bonds and golds, are the tools to hedge such risks. Hence, due to the property of 

investment for the real estate market in Taiwan, the gold and housing prices have the same patterns 

hedging financial turmoil. As mentioned in the paragraph above, oil price represents the property of 

inflation expectation, thereby it has different impacts after the third period reaction. 

 
Figure 9: Impulse Response Analysis on DLNINTER_GP 

Figure 9 shows the response to the return form of housing prices, both the gold and oil prices have the 

opposite direction against housing prices before the third period. The three assets have the same 

patterns thereafter, and the effect eventually eliminates in a year with time passed.  

The real estate market in Taiwan, due to renting and capital gains in real estate investments, is a kind 

of fixed income securities tool. Specifically, the real estate investment in Taiwan can be regarded as a 
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kind of structured notes without guarantee. Therefore, when the global economy becomes unstable, 

such as during a rise in inflation or uncertainty from political events, capital will flow in the real estate 

market to hedge the risks in the commodity market. Before the third period, the housing price returns 

reflect such hedging effects. Subsequently, after a quarter, the return in housing will decline with the 

expected downturn of the global economy similar to the other assets, since the one-time-event impact 

will be gradually accepted by investors and would vanish for the returns of the three assets. 

 

Figure 10:  Impulse Response Analysis on DLNTW_HP 
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4.5 Granger Causality Test 

The following step is to analyze lagged and leading effects of oil, gold, and housing markets. The 

result is similar to the simultaneous equation models. Specifically, under a 10% level of significance, 

there is not enough evidence that gold prices can influence other markets. However, as for the housing 

and oil relationship in the long run (under 5% level of significance) the change of growth percentage 

for oil prices have the granger causal effects on those for housing prices; in addition, housing prices –

under a 10% level of significance - have the leading information for oil prices.  

To explain the phenomenon, the Granger causality tests imply two possible facts. First, due the 

deficiency of the Granger causality tests, it does not consider influences of noise or other factors, or 

nonlinear interrelationships, which can be seen from the substantial definitions of Granger causality 

tests – providing the leading and lagged information rather than actual causal effects. Second, 

according to other research, asset prices are not the main elements influencing other markets; instead, 

there are some fundamentals embedded in the movements of these asset prices. For example, Chen 

and Wu (2010) as well as Kim and Lee (2013) indicated that there would be other factors, such as the 

expectation in inflation, driven by the alteration of oil prices and subsequently have impacts on other 

price levels of goods and services. 

Table 11: The results of Pairwise Granger Causality Tests 

Null Hypothesis: F-Statistic Prob.  

DLN_HOUSE does not Granger Cause DLN_GOLD 0.34305 0.5597 

DLN_GOLD does not Granger Cause DLN_HOUSE 1.05576 0.3061 

DLN_OIL does not Granger Cause DLN_GOLD  0.35879 0.5502 

DLN_GOLD does not Granger Cause DLN_OIL 1.11493 0.2930 

DLN_HOUSE does not Granger Cause DLN_OIL 5.11080 0.0727* 

DLN_OIL does not Granger Cause DLN_HOUSE 3.27383 0.0254** 

Note: Superscripts ***, ** and * represent significance levels at 1%, 5% and 10% respectively. For 

the coefficient information. 
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In light of the business instincts, since the data collected is the period of 2005 to 2016, the asset prices 

have been affected by the post financial crisis effect after 2008. Many countries utilizing the 

quantitative easing policies to recover their domestic economy after 2008; besides, the financial 

tsunami and its related financial measures further indirectly caused the European sovereign debt crisis 

and China’s credit default risks in its governmental debts. The market anxiety results in a demand in 

hedging, so capital flows into the gold market. Thus, the political and economic elements have different 

impacts on the gold prices with the housing and oil prices. That is the reason why the gold prices have 

no mutual granger causality with the housing prices and the oil prices. 

On the other hand, the oil market is a symbol of the driver of inflation as well as an indicator of the 

demand in investment with economic development. In other words, when a rise in oil prices, the 

upward impacts of energy prices increase the costs of production and transportation, thereby indirectly 

resulting in an increase of the housing prices in Taiwan. Moreover, owing to the gradual recovery in 

the global economy, the demand in investing fixed income securities and alternative investment 

increases, so it brings a strong need in the Taiwan housing market with the movements of the global 

oil prices. As a result, a mutually significant granger causality between the oil prices and the housing 

prices is shown in this study. 
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4.6 Variance Decomposition 

After the VECM and impulse response analysis, we now can explore the exogenous and endogenous 

relationship among the three markets. First, from the variance decomposition for oil price return, it can 

be seen that the oil price itself can be explained by more than 91%, which means that oil prices is still 

the main factor of oil price movement. Interestingly, housing price return can be explained for 

approximately 8% of oil price returns, which not only corresponds to the previous result in impulse 

response analysis, and also reflects the phenomenon of expectation impacts of the inflation on the 

housing price. Furthermore, as to the return form of gold prices, it merely explains less than 1% of the 

impact from oil prices. 

Table 12: Variance Decomposition of DLINTEROIL: 

 Period S.E. DLINTEROIL DLINTERGOLD DLTWHOUSE 

1 0.03888 100 0 0 

2 0.040078 98.8668 0.292038 0.841166 

3 0.041315 94.08971 0.400968 5.509318 

4 0.04175 92.67299 0.405536 6.92147 

5 0.041953 91.97569 0.442251 7.582063 

6 0.042036 91.69404 0.452072 7.853888 

7 0.042071 91.56667 0.457275 7.976057 

8 0.042086 91.51361 0.459414 8.026974 

9 0.042093 91.49159 0.460348 8.048064 

10 0.042095 91.48243 0.460738 8.056835 

11 0.042096 91.47862 0.460899 8.060479 

12 0.042097 91.47704 0.460967 8.061991 

13 0.042097 91.47639 0.460994 8.062617 

14 0.042097 91.47612 0.461006 8.062876 

15 0.042097 91.47601 0.461011 8.062984 

16 0.042097 91.47596 0.461013 8.063028 

17 0.042097 91.47594 0.461014 8.063046 

18 0.042097 91.47593 0.461014 8.063054 

19 0.042097 91.47593 0.461014 8.063057 

20 0.042097 91.47593 0.461014 8.063059 
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Subsequently, in light of the returns of gold prices, it can be seen in the following table that gold prices 

itself can explain for about 86% of the variance decomposition since the third period, and moreover 

oil prices account for around 12%; however, housing prices merely present about a 2% impact on gold 

price return. The result of variance decomposition can reflect that the movement of oil prices – or 

roughly saying the expectation in inflations – is the important factor affecting the gold price return. On 

the other hand, the housing prices in Taiwan do not perform the short-term shocks in return, thereby 

having little influence on gold price returns. 

Table 13: Variance Decomposition of DLINTERGOLD: 

 Period S.E. DLINTEROIL DLINTERGOLD DLTWHOUSE 

1 0.023984 10.38768 89.61232 0 

2 0.024301 10.69529 88.81288 0.491834 

3 0.024702 11.93506 86.09748 1.967465 

4 0.024703 11.93509 86.09665 1.968261 

5 0.024704 11.93443 86.08919 1.976384 

6 0.024705 11.93469 86.08645 1.978856 

7 0.024705 11.93526 86.08528 1.979467 

8 0.024705 11.93533 86.08485 1.979824 

9 0.024705 11.93534 86.08462 1.980037 

10 0.024705 11.93535 86.08453 1.980123 

11 0.024705 11.93535 86.08449 1.980158 

12 0.024705 11.93535 86.08448 1.980173 

13 0.024705 11.93535 86.08447 1.980179 

14 0.024705 11.93535 86.08447 1.980181 

15 0.024705 11.93535 86.08447 1.980183 

16 0.024705 11.93535 86.08447 1.980183 

17 0.024705 11.93535 86.08447 1.980183 

18 0.024705 11.93535 86.08447 1.980183 

19 0.024705 11.93535 86.08447 1.980183 

20 0.024705 11.93535 86.08447 1.980183 
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Lastly, the final variance decomposition analysis is the return form of housing prices. According to the 

previous results, the oil price returns have significantly higher impacts on housing prices than those 

from gold price returns. Therefore, during the second to third period, oil and gold prices have the 

obvious increment impacts of housing prices, which then can explain around 10% and 1% of variance 

decompositions respectively; in addition, it is worth noting that many scholars mentioned similar 

patterns between stock market and real estate market, and after the 2008 financial tsunami a rise in oil 

prices can trigger an increase in housing prices. Hence, from the variance decomposition analysis, we 

can obtain the empirical results about the transitional impacts on the return of oil prices and housing 

prices. The possible reason for the transitional factor may be the expectation of inflation in the low-

interest environment, according to Chen and Wu (2010) and Kim and Lee (2013). 

Table 14: Variance Decomposition of DLTWHOUSE: 

 Period S.E. DLINTEROIL DLINTERGOLD DLTWHOUSE 

1 0.004825 3.60401 0.89005 95.50594 

2 0.005323 7.224262 0.781969 91.99377 

3 0.005545 9.195713 1.2455 89.55879 

4 0.005625 9.60186 1.277663 89.12048 

5 0.005664 9.671512 1.305546 89.02294 

6 0.005679 9.713012 1.316052 88.97094 

7 0.005686 9.730365 1.321609 88.94803 

8 0.005689 9.737302 1.323788 88.93891 

9 0.00569 9.739999 1.324689 88.93531 

10 0.00569 9.741122 1.325067 88.93381 

11 0.00569 9.741591 1.325224 88.93319 

12 0.00569 9.741784 1.325289 88.93293 

13 0.00569 9.741864 1.325316 88.93282 

14 0.005691 9.741897 1.325328 88.93278 

15 0.005691 9.74191 1.325332 88.93276 

16 0.005691 9.741916 1.325334 88.93275 

17 0.005691 9.741918 1.325335 88.93275 

18 0.005691 9.741919 1.325335 88.93275 

19 0.005691 9.74192 1.325335 88.93275 

20 0.005691 9.74192 1.325335 88.93274 
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5. Conclusion and Recommendation 

The intention of this research is to explore the main factors influencing housing prices through the 

findings of commodity prices. From the simultaneous equation models, gold market, oil market, and 

housing market have certain relationships, and there may be some transitive effects among them. This 

means the data in housing prices and gold prices would be transitively explained by oil prices. After 

knowing the variable existing in co-integration relations, it can be estimated by using Johansen 

Maximum likelihood test and then acquire the co-integration equation, which can help the study have 

the further analysis and application using a Vector Error Correction Model. From the equations in the 

VECM, it can be seen that housing prices in Taiwan have a correlation with international oil and gold 

prices. The oil and gold prices will bring causal effects on Taiwanese real estate prices, which 

corresponds to the fact that the global economy slowing down and the taxation deduction in Taiwan, 

causing hot money to flow into the Taiwanese real estate market. Thus, with the analysis of co-

integration equations, it shows that the housing prices in Taiwan may be affected by international gold 

and oil prices.  

Next, as for the observation of the mutual interactions with the impulse response analysis, the return 

form of gold prices does not have significant impacts and fluctuates based on that of oil prices. In 

reality, oil prices imply the positive influences of inflation expectation. The real estate market in 

Taiwan consists of not only housing demand but also the investment demand in asset value. The 

inflation in the low interest rate environment brings the positive effects on asset returns to the housing 

market. Therefore, for the economic intuition, the return form of real estate prices reacts with the 

positive pattern with that of oil prices. Then, due to the property of accommodation, housing prices 

have opposite influences with the movements of oil prices or the expectation of inflation. In light of 

the response of return form of gold prices, oil prices, and housing prices have totally different impacts, 

and the housing prices in the beginning have negative effects on gold prices.  
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The real estate market in Taiwan, owing to renting and capital gains in real estate investment, is a sort 

of fixed income securities tool. Specifically, the real estate investment in Taiwan can be regarded as a 

kind of structured notes without guarantee. Therefore, when the global economy becomes riskier, such 

as a rise in inflation and an uncertainty of political events, the capital will flow in the real estate market 

to hedge the risks in commodity market. In the Granger causality analysis, it is to analyze lagged and 

leading effects of oil, gold and housing markets. The result is similar to the simultaneous equation 

models. We do not have enough evidence provided that shows gold prices can influence other markets. 

However, as for the housing and oil relationship in the long term, the changes of growth percentage 

for oil prices have the granger causal effects on those for housing prices. 

Chen and Wu (2010) as well as Kim and Lee (2013) indicated that there are other factors, such as the 

expectation in inflations, driven by the alterations of oil prices and subsequently have impacts on price 

levels of goods and services. The result of variance decomposition can reflect that the movement of 

oil prices – or roughly saying the expectation in inflation – is an important factor affecting the gold 

price return. Lastly, the final variance decomposition analysis is the return form of housing prices. 

According to the previous results, the oil price return has significantly higher impacts on housing prices 

than those from gold price returns. Hence, from the variance decomposition analysis, we can obtain 

the empirical results about the transitional impacts of return oil and housing prices. A possible reason 

of the transitional factor may be the expectation of inflation in the low-interest environment, according 

to Chen and Wu (2010) and Kim and Lee (2013). 

The new finding for the study is probably that, except for monetary policies, there may be another 

significant element affecting the housing market – human beings’ expectation. In the past, many 

scholars explored the predictions of real estate markets through macroeconomic data and stock prices. 

However, through the research of gold prices and oil prices, it can be seen that gold prices have no 

significant evidence on the real estate market, but according to the literature review, it indeed has a 

relation with global and monetary policies, as well as many macroeconomic variables through multiple 
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scholars’ research. However, the relationship between gold prices and monetary policies is not always 

with the same pattern. Kim and Lee (2013) indicated the main drivers of expected inflation in Asian 

countries are international energy and food prices, where its empirical results also showed that oil price 

is the crucial factor affecting Taiwan’s expected inflation. Thus, oil prices and other commodity prices 

are the possible variables triggering people’s expectations in price level; subsequently, due to an 

increase in inflations, people have some further behaviors on their consumptions and investment which 

are possible reactions causing housing prices increasing. 

Basically, people always regard monetary policies and inflation as possible main factors impacting 

housing prices. Klotz, Lin, and Hsu (2014) dig out the relationship among global commodity prices, 

economic activity, and monetary policy by using macroeconomic data and raw material prices, where 

it indicates that global commodity prices play an important role in the Chinese economy. Furthermore, 

it generally describes that policymakers cannot simply reach the conclusion on the basis of movements 

of commodity prices; rather, they should consider the upside and downside changes from people’s 

purchasing behaviors. Thus, based on Chen and Wu (2010) and Kim and Lee (2013), the researches 

indicate that expected inflation would be the crucial transitive factor impacting macroeconomic 

variables and price level in Taiwan. Specifically, due to the fluctuations in global commodity markets, 

people and governments have certain expectations in price levels of domestic goods and services.  

In addition, monetary policies may not always be consistent with real estate prices. In spite of the fact 

that Klotz, Lin, and Hsu (2014) show that energy and precious metal prices have significantly influence 

monetary prices, but do not have such impacts on housing prices though this research. Combined with 

the research results from Chen and Wu (2010) and Kim and Lee (2013), it may be explained by the 

transitive effects of expectation in price levels. Specifically, the expectation in inflation stems from 

raw material prices, subsequently affecting central banks’ monetary policies and other goods price 

levels. Finally, inflation impacts the real estate market because of the lagged properties of housing 

market. It may also explain why the results of Lin and Lin (2011) have the integrated effects on six-
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county real estate markets and stock prices. That is, the expected inflation triggers the fluctuations of 

real estate and stock markets in Asia, so they may have the same movements in Greater China and 

some other countries, because of the expectation in price levels as well as in goods and services.  

The implication for the research results is that consumer behaviors in Taiwan, perhaps including other 

countries in Asia, regarding real estate as not merely a building for the purpose of residence but also 

an asset of investment instrument. It is suggested that the further research can focus more on human 

beings’ expectations through commodity markets and other elements as well as countries, such as 

China, Hong Kong, and others, to analyze people’s investment behaviors in Greater China. The study 

mainly explore the relationship among oil, gold and real estate markets; nonetheless, with additional 

literature reviews and empirical research, it has been discovered that there is no simple linear 

relationship among these asset markets; rather, there may exist some transitive effects and factors 

embedded within these asset variables.  
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