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SPILLOVERS BETWEEN TURKISH HOUSE PRICING, STOCK 

EXCHANGES, GOLD, CDS AND EXCHANGE RATE 

SUMMARY 

The bursting of the U.S. housing bubble triggered the 2007-2008 global financial crisis 
that make global investors to look for new economic markets particularly developing 
countries such as Turkey. With the contribution of highly young population, housing 
prices in Turkey went up during this period.  

The relations were explored among housing price spillovers, stock prices, exchange 
rates, gold prices and credit default swaps in Turkey in this thesis.  

Understanding the impact and the transmission of these historical data of financial 
instruments in Turkey has high importance for policy makers, companies and investors 
for several reasons.  

Firstly, they must decide what will be done in the future both policy making and 
investing topics. They must allow for the relations between variables in economic 
markets.  

Secondly, they must predict the future level of economy by examining these 
relationships. For this reason, a VAR approach is used to find out the relationships 
among house prices, exchange rates, gold prices, stock exchange rates, credit default 
swaps effects each other. 

It is important to comprehend the relation dynamics, financial instrument and financial 
markets for decision makers under the globalized financial market actions, because of 
the developing dependence and contagion. Particularly, house prices in a country have 
great effects on the other financial instruments and markets across the country.  

There is a large experimental literature on house prices and econometric ways such as 
vector autoregressions (VAR), Generalized Autoregressive Conditional 
Heteroscedasticity (GARCH) models or spillover index etc. across financial markets 
and financial indicators. However, the literature on housing price spillovers and its 
relation with, stock prices, exchange rates and credit default swaps in Turkey hardly 
ever exists. Therefore, first of all shortly the literature of the techniques for housing 
price spillovers were reviewed, and then the literature of the VAR and GARCH models 
were reviewed by concentrating on the different markets in different countries. 

The techniques used for modelling house price spillovers are developed and varied 
speedily.  Felipe and Diranzo (2005) stated that six main methodologies, -cross-
correlations, VAR models, Cointegration models, GARCH models, Regime Switching 
models and Stochastic Volatility models- have been used to assess links between 
financial markets. For this reason, it is very crucial to model not only averages of the 
variables but also the variance of the variables in both the short and the long term.  

To  model interaction between house prices and other financial indicators, Engle 
(1982) leaded with his paper by establishing Autoregressive conditional 
heteroscedasticity (ARCH) models. 

Studies primarily target on the financial indicators and some economic indicators that 
can response each other. Author(s) examined different country(ies), region(s) different 
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periods and relatively varying methodology to understand relations. For this reason the 
results change among the studies.  

An accepted point for the studies, each methodology has own unique asset in its exact 
area. 

In this thesis, there were two goals. Specifically, it was examined how some financial 
instruments affect each other and it was aimed to uncover the relations between them. 
To that end, unit root tests were applied in order to check stationary and VAR model 
was estimated. After this process, Diebold – Yilmaz spillover index was calculated. 

Firstly, data from the Central Bank of the Republic of Turkey was looked in this thesis. 
There were only 96 data points about house price index in CBRT document. This 
quantity of data was enough to conduct VAR approach but in order reach more robust 
results, it was necessary to access more available data. Therefore, to access more data 
a communication was carried out with Reidin company.  

Reidin composite Turkey data index contains 189 monthly data points from January 
2003 to September 2018. The data of other financial instruments in this thesis were 
converted from daily data to monthly data. 

First the unit roots of six time series were examined in order to establish VAR Model 
in EViews software. It is well known that in VAR Model time series should be 
stationary time series. If there is an obvious trend in time series, it can be predicted 
that they are non-stationary time series. If they are non-stationary time series, they 
should be made stationary by calculating difference value between each value. In the 
model time series in level are non-stationary but return series are stationary. The unit 
root test results show that all series in return except house price index are stationary. 
House price index return graph has a fast plummeting and going up movements in 
short period in 2008 and these effects may come from the mortgage crise in the United 
States. In order to be sure about the stationary level of house price index the Perron 
unit root test (1989) was carried out for house price index return. The results of Perron 
test revealed that house price index return is stationary when a structural break is taken 
into account.  

Then a VAR model with 6 lags was estimated after selecting optimal lag according to 
LR selection criteria. The stability of the VAR model was examined by calculating Ar 
Roots. It was easily understood that the VAR model is stable as no root lies outside 
the unit circle. It is noted that the VAR model with 6 lags satisfies the assumption of 
no serial correlation among residuals.  
Since the VAR model passes the all diagnostic tests, impulse response function and 
Variance Decomposition of VAR model was estimated.  

Results suggest that according to VAR Model, 2.43% of the house price index return 
variable can be explained  by BIST100 return variable,  8.66% of it can be explained  
by gold return,  4.76% of it can be explained by  USD/TRY return,  0.16% of it can be 
explained by SP500 and 1.50% of it can be explained by  credit default swaps return 
after 10 period. Therefore; gold return is the most important variable for house price 
index return when it is compared with the BIST100 return, SP500 return, USD/TRY 
return and CDS return. 

Diebold-Yilmaz index of spillover base on the forecast error variance decomposition 
method of VAR model is calculated. For calculation the number of forecast horizon 
was chosen as “1” and the number of rolling windows were chosen as “12”. 
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According to the results of the Diebold – Yilmaz spillover index, innovations to 
BIST100 return are responsible for 0.5%, SP500 return are 0.7% of the error variance 
in forecasting one month ahead house price index return. It was easily seen that other 
financial instruments have deeper relationships with each other when it was compared 
with house price index return because they affect each other very much. It was found 
that 32.2% of forecast error variance comes from spillover index table refining all of 
the various financial instrument spillovers. Hence spillovers are crucial for these 
financial instruments but house prices in Turkey move more separately. 
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TÜRKİYE KONUT FİYATLARI, HİSSE ENDEKSLERİ, ALTIN, CDS VE 

DÖVİZ KURU ARASINDAKİ YAYILIMLAR 

ÖZET 

Amerika Birleşik Devletlerinde konut balonunun patlaması, küresel yatırımcıların 
Türkiye gibi yeni ekonomik pazarlar aramasına sebep olan 2007 – 2008 küresel 
finansal krizini tetikledi. Bu periyotta kalabalık genç nüfusun katkısıyla ev fiyatları 
Türkiyede arttı.  
Bu tezde Türkiyedeki konut fiyat dağılımlarının, hisse fiyatları, döviz kurları ve kredi 
temerrüt takası primleri ve altın fiyatları arasındaki ilişkileri araştırıldı.  
Türkiyedeki finansal enstrümanların bu tarihi verilerin yayılımını ve etkisini anlamak; 
çeşitli sebeplerden dolayı politika yapıcıları, şirketler ve yatırımcılar için yüksek 
öneme sahiptir.  
İlk olarak politika yapıcılar, şirketler ve yatırımcılar politika yapımı ve yatırım 
konularında neler yapılacağını hesaba almak zorundadırlar. Politika yapıcılar, şirketler 
ve yatırımcılar ekonomik piyasalardaki değişkenler arasındaki ilişkileri bilmek 
zorundadırlar.  
İkinci olarak, politika yapıcılar, şirketler ve yatırımcılar bu ilişkileri inceleyerek 
ekonominin geleceğini tahmin etmek zorundadırlar. Bu nedenle; konut fiyatlarının, 
döviz kurlarının, altın fiyatlarının, borsa endekslerinin ve kredi temerrüt takasının 
birbirlerini nasıl etkilediğini bulabilmek için bir VAR yaklaşımı kullanılır. 
Gelişen bağımlılık ve yayılmadan dolayı, küreselleşmiş finansal piyasa hareketleri 
altındaki ilişki dinamiklerini, finansal enstrümanları ve finansal piyasaları kavramak 
karar vericiler için önemlidir. Özellikle, bir ülkedeki ev fiyatları o ülkedeki diğer 
finansal enstrümanlar ve piyasalar üzerinde büyük etkiye sahiptir.  
Konut fiyatları üzerine geniş deneysel literatür ve finansal piyasalar ve finansal 
göstergeler arasında; vektör otoregresyon (VAR), genelleştirilmiş otoregresif koşullu 
değişen varyans modelleri (GARCH) veya yayılma endeksleri vb. ekonometrik yollar 
bulunmaktadır. Ama Türkiyede konut fiyat yayılımları ve onunla ilgili olan hisse 
fiyatları, döviz kurları ve kredi temerrüt takası hakkında literatür neredeyse hiç 
bulunmamaktadır. Bu nedenle ilk olarak konut fiyat yayılımları hakkında literatür 
incelendi ve sonra farklı piyasalara ve farklı ülkelere konsantre olunarak VAR ve 
GARCH modelleri incelendi. 
Konut fiyat yayılımlarını modellemek için kullanılan teknikler hızlıca gelişti ve 
çeşitlendi. Felipe ve Diranzo (2005) finansal piyasalar arasındaki bağıntıları 
değerlendirmek için kullanılan altı ana metodolojiyi belirtti; çapraz korelasyonlar, 
VAR modeller, eşbütünleşme modelleri, GARCH modelleri, rejim değişim modelleri 
ve stokastik volatilite modelleri. Bu sebeple, kısa ve uzun dönemde sadece 
değişkenlerin ortalamalarını modellemek değil aynı zamanda değişkenlerin 
varyanslarınıda modellemek çok önemlidir.  
Konut fiyatları ve diğer finansal göstergeler arasındaki etkileşimi modellemek için 
Engle (1982) Otoregresif koşullu değişen varyans modelleri kurarak makalesiyle 
liderlik etmiştir. 
Finansal göstergeleri ve ekonomik göstergeleri öncelikle hedefleyen çalışmalar 
birbirlerine tepki verebilir. İlişkileri anlamak için yazarlar farklı ülkeleri, bölgeleri, 
periyotları ve nispeten çeşitli metodolojileri incelediler. Bu sebeple çalışmaların 
sonuçları değişir.  
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Çalışmalar için kabul edilen bir nokta olarak her bir metodolojinin kendi alanında 
benzersiz bir varlığı vardır. 
Bu tezde, iki hedef vardı. Spesifik olarak, bazı finansal enstrümanların birbirlerini nasıl 
etkilediği incelendi ve birbirleri arasındaki ilişkilerin açığa çıkarılması amaçlandı. Bu 
amaçla durağanlıkları test edebilmek için birim kök testleri uygulandı ve VAR modeli 
tahmin edildi. Daha sonra, Diebold – Yılmaz yayılma indeksi hesaplandı. 
İlk olarak, Türkiye Cumhuriyet Merkez Bankası verilerine bakıldı. Bu çalışmayı 
yaparken TCMB dosyalarında konut fiyat endeksleriyle ilgili sadece 96 adet aylık veri 
vardı. Bu miktardaki veri VAR yaklaşımını yürütmek için yeterliydi ama daha sağlam 
sonuçlara ulaşmak için daha fazla veri bulmak gerekliydi. Bu sebeple daha fazla veri 
için Reidin şirketi ile iletişime geçildi.  
Reidin kompozit Türkiye endeksi Ocak 2003 ten Eylül 2018 tarihine kadar 189 aylık 
veri içermektedir. Bu tezdeki diğer finansal enstrümanlardaki datalar günlük datadan 
aylık dataya çevirilmiştir. 
Eviews yazılımında VAR modelini kurabilmek için altı zaman serisinin birim kökleri 
incelendi. Çok iyi bilinir ki VAR model zaman serileri durağan zaman seriler 
olmalıdır. Eğer zaman serisinde açık bir trend var ise, o zaman serisinin durağan 
olmayan zaman serisi olduğu kolayca tahmin edilebilir.  Eğer bu seriler durağan 
olmayan zaman serileri iseler, seriler durağan hale getirilmelidir. Modelde orijinal 
fiyat serileri durağan olmayan iken getiri serileri durağandır.  
Birim kök test sonuçları konut fiyat endeksi dışındaki tüm getirilerin durağan 
olduğunu gösterir. Konut fiyat endeks getiri grafiği 2008 yılında kısa bir periyotta 
hızlıca düşen ve sonra hızlıca artan hareketlere sahiptir ve bu etkiler ABD deki 
mortgage krizinden kaynaklı olabilir. Konut fiyat endeks getiri zaman serisine Perron 
birim kök testi (1989) uygulandı. Perron testinin sonuçları; yapısal kırılma dikkate 
alındığında konut fiyat endeks getiri zaman serisinin durağan olduğunu gösterdi. 
Sonra “6” gecikme değeriyle birlikte VAR modeli hesaplandı. LR seçme kriterine göre 
optimal gecikme değeri seçilmesinden sonra VAR modelinin tutarlılığı Ar kökleri 
hesaplanarak incelendi. Hiçbir kökün birim çemberin dışında bulunmamasıyla VAR 
modelinin istikrarlı olduğu anlaşıldı. VAR modeli “6” gecikme değeriyle seri 
korelasyon olmadığı varsayımına uyduğu not edildi.  
VAR modelinin tüm teşhis testlerini geçmesinden dolayı, VAR modelin etki tepki 
fonksiyonu ve varyansa ayrıştırması hesaplandı. 
VAR modeline göre sonuçlar gösteriyor ki, 10 periyot sonra konut fiyat endeks 
getirisinin % 2,43 ü BIST100 getiri değişkeni, % 8,66 sı altın getiri değişkeni, % 4,76 
sı USD/TRY döviz kuru getirisi, % 0,16 sı SP500 getirisi, %1,50 u kredi iflas takası 
primi tarafından açıklanabiliyor. Bu sebeple, altının BIST100, SP500, USD/TRY ve 
kredi iflas takası primi ile karşılaştırıldığında Türkiyede uzun vadede konut fiyat 
endeksi için en etkili değişkendir.  
VAR modelinin metodu olan tahminsel hata varyansı ayrıştırmasına dayanan Diebold 
– Yılmaz yayılma endeksi hesaplandı. Hesaplama için tahmin katmanı “1” olarak, 
periyodik ilerleyen pencere değeri olarak ta “12” seçildi. 
Diebold – Yılmaz dağılma endeksinin sonuçlarına göre; bir ay sonraki konut fiyat 
endeksi getirisinin tahminindeki hata varyansının BIST100 getirisi %0,5 inden, SP500 
getirisi ise %0,7 inden sorumludur. Konut fiyat endeksi getirisiyle karşılaştırdığımzda 
diğer finansal enstrümanların birbirleriyle daha derin ilişkileri olduğu kolayca 
anlaşılıyor, çünkü birbirlerini daha çok etkiliyorlar.  
Tahmin hata varyansının %32,2 sinin çeşitli finansal enstrümanların yayılımlarından 
rafine edilerek oluşturulan yayılım tablosundan geldiği bulundu. Bu nedenle 
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dağılmalar bu finansal enstrümanlar için çok önemlidir ama Türkiyedeki konut 
fiyatları daha ayrı bir şekilde hareket etmektedir. 
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1. INTRODUCTION 

The bursting of the U.S. housing bubble triggered the 2007-2008 global financial crisis 

that make global investors to look for new economic markets particularly developing 

countries such as Turkey. With the contribution of highly young population, housing 

prices in Turkey went up during this period. In this thesis the relations among housing 

price spillovers, stock prices, exchange rates, and credit default swaps in Turkey were 

explored.  

Understanding the impact and the transmission of these historical data of financial 

instruments in Turkey has high importance for policy makers, companies and investors 

for several reasons. Firstly, they must decide what will be done in the future both policy 

making and investing topics. Policy makers, companies and investors must know the 

relations between variables in economic markets. Secondly, policy makers, companies 

and investors must predict the future of economy by examining these variables. For 

this reason, VAR approach is applied to find how housing prices, exchange rates, stock 

prices, gold and credit default swaps interact. 

Firstly, the data from the Central Bank of the Republic of Turkey were examined. 

During the preparation of this thesis, there were only 96 monthly data points in CBRT 

document. These data come from valuation reports of houses. This quantity of data 

was enough to conduct VAR approach but in order reach more robust results, it was 

needed to access more available data. Therefore, to access more data a communication 

was carried out with Reidin company. Reidin composite Turkey data index contains 

189 monthly data points from January 2003 to September 2018. These data come from 

asking price of houses in web researches. 

In this thesis, there are two goals. Specifically, it is examined how these financial 

variables affect each other and it is aimed to uncover the relations between them. To 

that end, unit root tests are applied firstly in order to check stationary and as a second 

VAR model is estimated. After this process, Diebold – Yilmaz spillover index is 

calculated. 
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Results suggest that according to variance decompositions of VAR Model, 8.66% of 

the house price index return variable can be explained by gold return variable after 10 

period. Therefore, it can be said that gold is most effective variable for house price 

index in the long run in Turkey when it compared with other financial instruments. 

According to the results of the Diebold – Yilmaz spillover index, innovations to 

BIST100 return are responsible for 0.5%, SP500 return are 0.7% of the error variance 

in forecasting one month ahead house price index return. It is seen that other financial 

instruments have deeper relationships with each other when they are compared with 

house price index return because they affect each other very much. It is found that 

32.2% of forecast error variance comes from spillovers. Hence spillovers are crucial 

for these financial variables but house prices in Turkey behave more separately. 

The thesis is organized as follows: after the introduction, section 2 reviews the related 

literature. The model and data are presented in Section 3, before the concluding 

remarks in Section 4. 
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2. LITERATURE REVIEW 

It is important to comprehend the relation dynamics, financial instrument and financial 

markets for decision makers under the globalized financial market actions, because of 

the developing dependence and contagion. Particularly, house prices in a country have 

great effects on the other financial instruments and markets across the country. There 

is a large literature on house prices and econometric ways such as vector 

autoregressions (VAR), Generalized Autoregressive Conditional Heteroscedasticity 

(GARCH) models or spillover index etc. across financial markets and financial 

indicators. However, to the best of the knowledge, the literature on estimating the 

interactions among housing price spillovers, stock prices, exchange rates and credit 

default swaps in Turkey hardly ever exists. The literature of the techniques for housing 

price spillovers and VAR and GARCH models are reviewed by concentrating on the 

different markets in different countries. 

The techniques used for modelling house price spillovers developed and varied 

rapidly.  Felipe and Diranzo (2005) stated that six main methodologies, -cross-

correlations, VAR models, Cointegration models, GARCH models, Regime Switching 

models and Stochastic Volatility models- have been used to assess links between 

financial markets. For this reason, it is very crucial to model not only averages of the 

variables but also the variance of the variables in both the short and the long term. To  

model interaction between house prices and other financial indicators, Engle (1982) 

leaded with his paper by establishing Autoregressive conditional heteroscedasticity 

(ARCH) models. Bollerslev (1986) broadened the ARCH models into Generalized 

Autoregressive Conditional Heteroscedasticity (GARCH) models by allowing the 

conditional variance to be an ARMA process in ARCH models. Bollerslev, Engle and 

Wooldridge (1988) clarified the diagonal VECH multivariate generalized 

autoregressive conditional heteroskedasticity (DVECH MGARCH) models, the 

familiar half-vec (vech) form (see Engle and Sheppard, 2001), which points to use for 

assessing the volatility spillover across the financial markets. The literature studied the 
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connectedness across the financial indicators and markets covering country-specific, 

regional and global level mainly targets on the volatility spillovers among the asset 

prices, stock market returns, commodity prices, exchange rates, and bond returns in 

the spot and future markets resulted from economic crises, monetary shocks, the news 

effects, increasing risks and investor preferences and economic fundamentals by 

evaluating different spillover way in the light of  the theories of international 

economics and finance and by using different techniques. 

 Table 2.1 illusrates chosen empirical applications using GARCH, VAR, Spillover 

Index techniques for figuring out spillovers and creating models. Studies primarily 

target on the financial indicators and some economic indicators that can response each 

other. Author(s) examined different country(ies), region(s) different periods and 

relatively varying methodology to understand relations. For this reason the results 

change among the studies. An accepted point for the studies, each methodology has 

own unique asset in its exact area. 

 

Table 2.1 : Empirical Literature on the Price Spillovers, Vector Autoregressions and 
House Prices. 

 

Author(s) Year Method Data Variables Findings 

Diebold and 
Yilmaz 

2009 Spillover 
Index 

1992 – 
2007, 
Daily 

Local 
currency 

stock market 
indexes 

Striking evidence of divergent behaviour in the 
dynamics of return spillovers vs. volatility 
spillovers: return spillovers display a gently 
increasing trend but no bursts, whereas 
volatility spillovers display no trend but clear 
bursts. 

Diebold and 
Yilmaz 

2012 VAR model, 
Spillover 

Index 

1999 – 
2010, 
Daily 

US stock, 
bond, foreign 
exchange and 
commodities 

Despite volatility fluctuations, cross-market 
volatility spillovers were quite limited until the 
global financial crisis, which began in 2007. As 
the crisis intensified, so too did the volatility 
spillovers, with particularly important 
spillovers from the stock market to other 
markets taking place after the collapse of the 
Lehman Brothers in September 2008. 

Bai et al 2013 
OLS 

estimation, 
HCW (2012) 

1998-2012 
Monthly 

House prices 
of 31 cities in 

China  

Showing discriminative taxation based on 
property types can drive up home prices 
instead, possibly by causing a spillover effect 
from high-end to low-end properties. 
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Table 2.1 (continued) : Empirical Literature on the Price Spillovers, Vector 
Autoregressions and House Prices. 

 

Author(s) Year Method Data Variables Findings 

Coulson and Tang 2013 Regression 
Model 2011 

An Extended 
Survey 

among4338 
Homeowners 

in China 

Urban and rural residency status of 
people plays a significant role in 
housing market. 

Mensi et al 2014 
VAR, BEKK 

– DCC, 
GARCH,  

2000-
2013 
Daily 

Brent oil, 
WTI, 

gasoline, 
New York 

Harbor No.2 
heating oil 

The cut decisions of OPEC have a 
much larger effect on both types of 
commodity markets than the 
decisions to increase and to maintain 
the current production 

Antonakakis et al 2014 
VAR model, 

Spillover 
Index 

1997-
2013 

Monthly 

Economic 
Policy 

Uncertainty 
Indices for 
different 
countries 

For almost all countries, economic 
policy uncertainty is net transmitter 
throughout the period up until the 
end of the Great Recession of 2007-
2009. In the post 2009 period 
economic policy uncertainty 
assumes a net receiving role. 

Jouini and Harrathi. 
2014 MGARCH-

BEKK 

2005 – 
2011, 
Daily 

GCC Stock 
Markets and 
oil markets 

Evidence of shock and volatility 
linkages among GCC stock and oil 
markets 

 Kumar. 

  
VAR-ADCC-
BVGARCH 

2004-
2012 
Daily 

Gold and 
Indian 

industrial 
sectors 

Unidirectional significant return 
spillover from gold to stock sectors. 
Stock-gold portfolio provides better 
diversification benefits than stock 
portfolios. 

  2014   

  

Chan et al 2015 DAG, 
SVAR 

2005, 
2007, 
2010 

Input – 
Output 
Tables 

Data from 
construction 
sector and 
different 
sectors in 
China 

Shocks to the property market could 
have much larger impact on the 
Chinese economy than suggested by 
headline figures. 

Arouri et al. 2015 VAR–
GARCH 

2004 – 
2011, 
Daily 

World Gold 
Prices And 

Stock Market 
For China 

Significant volatility transmission 
between the Chinese stock market and 
the world gold market. 

Alotaibi and Mishra. 2015 EGARCH, 
CCC, 

DCC, BEKK 

2005-
2013 

MSCI Stock 
Market 

Indices For 
GCC 

Countries 

Significant return spillover effects 
from Saudi Arabia and US to GCC 
markets. 

Wu and Deng 2015 Granger 
Causality Test 

2006-
2011 

Google 
Searches 

about house 
prices in 

China 

A bubble in Beijing may generate 
misleading signals to market 
participants in other cities and quickly 
spread around the country 

Gong et al 2016 

Augmented 
Dicky Fuller 
Test, Granger 

Causality 
Test, 

2005-
2015 

Monthly 

Price Indices 
of Newly 

Constructed 
Residential 
Buildings 

from 70 cities 
in China 

Housing price change of a city can be 
influenced by its own lagged price 
changes, the spillovers from 
neighbouring cities, or the long-run 
forces from the cointegrated 
counterparts. 
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Table 2.1 (continued) : Empirical Literature on the Price Spillovers, Vector 
Autoregressions and House Prices. 

 
Author(s) Year Method Data Variables Findings 

Korobilis 2016 
Monte Carlo 
simulations, 

PVAR 

1999-
2012, 

Monthly 

10 year bond 
yields, total 
industrial 

production, 
for some 
European 
countries 

Monte Carlo simulations and an 
empirical forecasting exercise have 
more importance than VAR. 

Lütkepohl and 
Netsunajev 2017 

VAR, 
SVAR 

1970-
2007, 

Monthly 

In US, 
Industrial 

production 
index, 

Consumer 
price index, 
Commodity 
price index, 

S&P 500 

In SVAR model, monetary policy 
shock is related with the supply side. 
Clearly identified stock market shock 
was not found. 

Mensi et al 2017 

DECO-
FIAPARCH, 

Spillover 
Index 

1998-
2015 

Monthly 

Crude oil, 
Gold, Dow 

Jones Islamic 
Index 

Gold offers better diversification 
benefits than oil. Gold is helpful for 
investors dealing with the technology 
sector. 

Yang et al 2018 VAR model, 
Spillover 

Index 

2005-
2015 

Monthly 

House Prices 
for 69 cities 

in China 

City-level monthly housing prices in 
China are highly interactive with each 
other. A higher administrative status, 
population, city GDP and secondary 
education are important issues. 

BenSaida et al 2018 
VAR, 

Spillover 
Index 

2001-
2017 
Daily 

VIX, VFTSE, 
VCAC, 
VDAX, 
VAEX, 

VSMI, VHSI, 
JNIV 

Volatility indices show that total and 
directional spillovers are more intense 
during turbulent periods than 
tranquility periods. 

Yun et al 2018 
VAR, 

GARCH, 
BEKK 

2007-
2017 
Daily 

WTI, Brent 
oil, Dubai oil 

Volatility spillover effect between the 
crude oil price and airlines’ stock price 
is more significant than the return 
spillover effect and smaller airlines of 
South Korea and China are relatively 
more sensitive to the change in oil 
price. 
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3. DATA AND MODEL 

Monthly data are used for house price index for Turkey that was prepared by Reidin 

data company from January 2003 to September 2018. This data contains house prices 

of 7 big cities (Istanbul, Ankara, Izmır, Bursa, Antalya, Adana, Kocaeli in Figure 3.1) 

of Turkey. Besides, credit default swaps data, BIST100 (Istanbul Stock Exchange 

Index) data, SP500 (Standard & Poor’s) data, gold data and USD/TRY currency rates 

that was taken from internet for same period between January 2003 and September 

2018 are used. These data come from asking price of houses in web researches. In the 

end 6 different time series (house price index, BIST100 stock exchange, SP500 stock 

exchange, USD/TRY currency rate, gold price, CDS) with 189 monthly observation 

that was converted from daily data points from January 2003 to September 2018 are 

obtained in order to see effects of different economic situations in that long period. In 

order to have more robust analysis more historical data are needed but house price data 

for Turkey before 2000’s is not available. Here are the graphs of the time series in 

Figure 3.2. Descriptive Statistics of original time series can be seen in Table 3.1. 

 

 

Figure 3.1 : 7 Big cities (Istanbul, Ankara, Izmır, Bursa, Antalya, Adana, Kocaeli) in 
Turkey. 
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Figure 3.2 : Graphs of original time series (House price index, SP500 index, 
BIST100 index, CDS, gold, USD/TRY) between January 2003 and September 2018. 

 

Table 3.1 : Table of Descriptive Statistics of non - stationary time series. 
DESCRIPTIVE 
STATISTICS BIST100 CDS GOLD 

HOUSE 
PRICE INDEX SP500 USD/TRY 

Mean  56854.84  268.5487  1026.290  131.6886  1536.518  2.002063 

Median  57079.66  216.7100  1170.800  101.2000  1365.900  1.600000 

Maximum  120016.0  1211.250  1828.500  263.8000  2896.960  6.530000 

Minimum  9475.090  116.9400  335.9000  68.04000  729.5700  1.160000 

Std. Dev.  26814.59  166.9777  411.3033  59.11524  512.4116  0.881204 

Skewness  0.113235  2.894308 -0.184095  0.990143  0.827134  1.800203 

Kurtosis  2.253620  12.41862  1.933236  2.555318  2.728434  6.726365 

Jarque-Bera  4.790935  962.4700  10.02920  32.43930  22.13152  211.4337 

Probability  0.091130  0.000000  0.006640  0.000000  0.000016  0.000000 

Observations  189  189  189  189  189  189 
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3.1 VAR Model 

Vector autoregression (VAR) is a stochastic model developed to understand the linear 

relations among multiple time series. VAR models generalize the univariate 

autoregressive model by allowing for more than one changing variable. All variables 

in a VAR are used in the model in the same way: each variable has an equation showing 

its change based on its own lagged values, the lagged values of the other model 

variables, and an error term. The aim of this thesis is to find the percentages of the 

effects of financial instruments on house price index with VAR Model. 

3.2 Estimation 

The unit roots of six time series are examined in order to estimate VAR Model. Since 

in VAR Model time series should be stationary time series. If there is an obvious trend 

in time series, it can be predicted that they are non-stationary time series easily. If they 

are non-stationary time series, they should be made stationary by taking difference. 

Time series have unit roots, if ADF test value is higher than critical test values. 

In order to obtain stationary time series logarithmic difference was calculated. After 

that unit root tests carried out again. As seen all time series became stationary except 

house price index. Augmented Dickey Fuller Tests results for variables in level and 

return are illustrated in Table 3.2 and Table 3.3 respectively. Test results indicate that 

series are not stationary in level but the returns are significant at 1% level of 

significance except for house price return. More tests are needed for house price index 

return as it is not significant at intended level. 

A rapid going up and down movements occurred in short period in 2008 for house 

price index return as it can be seen in Figure 3.4. These effects may be the outcomes 

of the mortgage crisis in the United States. 

The structural break test by Perron (1989) is conducted for house price index return. 

The result shows that house price index return is stationary when a structural break is 

taken into. 

VAR model is estimated with the usage of stationary return time series (house price 

index return, BIST100 stock exchange return, SP500 stock exchange return, 
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USD/TRY currency rate return, gold price return, CDS return) to find out interaction. 

Results can be seen in Appendix A. 

The stability of the VAR model should be checked and this is examined by estimating 

ar roots. According to results VAR model is stable as no root lies outside the unit 

circle. It can bee seen in Figure 3.3. 

According to lag order selection criteria “6” is the optimal lag value. It is noted that 

the VAR model with 6 lags satisfies the assumption of no serial correlation among 

residuals. The results can be seen in Appendix B. 

Descriptive Statistics of the return time series can be seen in Table 3.5. 
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Figure 3.3 : AR roots graph. 
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Table 3.2 : Augmented Dickey – Fuller unit root test results for series in level. 
 

SERIES ADF statistics 
(Intercept) 

ADF statistics 
(Intercept + 

Trend) 
BIST100 -1.347 -3.213 

HOUSE PRICE INDEX -0.247 -1.801 
SP500 1.261 -0.356 
GOLD -1.588 -1.171 
CDS -3.252 -2.627 

USD/TRY 4.068 3.226 
*** indicates that series are significant at 1% level of significance. 

  

 

 
Table 3.3 : Augmented Dickey – Fuller unit root test results for returns. 

 
SERIES ADF statistics  

(Intercept) 
ADF statistics 
(Intercept + 

Trend) 
BIST100 RETURN -13.715*** -13.827*** 

HOUSE PRICE INDEX RETURN -2.532 -2.466 
SP500 RETURN -11.521*** -11.501*** 
GOLD RETURN -15.617*** -15.900*** 
CDS RETURN -12.818*** -12.993*** 

USD/TRY RETURN -9.647*** -10.230*** 
*** indicates that series are significant at 1% level of significance. 
 
 

 

 
Table 3.4 : Augmented Dickey – Fuller unit root test results with structural break 

test for house price index time series 
 

SERIES ADF statistics 
(Intercept) 

ADF statistics 
(Intercept + 

Trend) 
HOUSE PRICE INDEX RETURN -5.02*** -4.95** 

*** indicates that series are significant at 1% level of significance. 
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Figure 3.4 : Time plot of series in return (House price index, SP500 index, BIST100 

index, CDS, gold, USD/TRY) between January 2003 and September 2018 

Table 3.5 : Descriptive Statistics of return time series. 
 
DESCRIPTIVE 
STATISTICS 

BIST100 
RETURN 

CDS 
RETURN 

GOLD 
RETURN 

HOUSE PRICE 
INDEX RETURN 

SP500 
RETURN 

USD/TRY 
RETURN 

Mean  0.011628 -0.001970  0.006245  0.007180  0.006339  0.007285 

Median  0.016233 -0.000276  0.004883  0.007809  0.011281  0.000000 

Maximum  0.242284  0.539912  0.129863  0.022461  0.100655  0.281068 

Minimum -0.236049 -0.368711 -0.198512 -0.022090 -0.183840 -0.091808 

Std. Dev.  0.079638  0.155988  0.050985  0.007321  0.038838  0.043820 

Skewness -0.061930  0.402609 -0.292926 -1.480086 -1.045017  1.879986 

Kurtosis  3.254874  3.419700  3.883775  6.235816  6.295333  11.72544 

Jarque-Bera 0.629032 6.458778 8.806862 150.6595 119.2817 707.1211 

Probability 0.730142 0.039582 0.012235 0.000000 0.000000 0.000000 

Observations  188  188  188  188  188  188 
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Impulse response function of VAR Model is estimated. The estimation results of 

impulse response functions of VAR Model can be seen in Appendix C. Variance 

Decomposition of VAR Model is estimated and the result of house price index return 

can be seen below in Table 3.6.  The results of other financial instruments can be seen 

in Appendix D. 

As it can be seen from Table 3.6 variance decompositions of VAR Model, 2.43% of 

the house price index return variable can be explained  by BIST100 return variable,  

8.66% of it can be explained  by gold return,  4.76% of it can be explained by  

USD/TRY return,  0.16% of it can be explained by SP500 and 1.50% of it can be 

explained by  credit default swaps return after 10 period. Therefore; gold returns are 

the most important variable for house price index return when it is compared it with 

BIST100 return, SP500 return, gold return and CDS return. 

 

Table 3.6 : Variance Decomposition of House Price Index Return. 

VARIANCE DECOMPOSITION OF HOUSE PRICE INDEX RETURN 

PERIOD 

HOUSE 
PRICE 
INDEX 

RETURN 

GOLD 
RETURN 

USD/TRY 
RETURN 

BIST100 
RETURN 

SP500 
RETURN 

CDS 
RETURN 

1 99.79957 0.00000 0.00000 0.00000 0.00000 0.00000 

2 98.20361 0.00000 0.00000 0.00000 0.02099 1.22256 

3 97.39766 0.00000 0.00000 0.00000 0.04592 1.30799 

4 95.46217 1.23091 0.00000 1.20546 0.12015 1.18328 

5 93.78757 2.15138 1.46987 1.19757 0.13167 1.26193 

6 91.90743 3.33328 1.79098 1.16992 0.12605 1.67233 

7 89.63198 4.48625 2.25984 1.79975 0.14058 1.68160 

8 87.33206 5.91996 2.84983 2.21738 0.13085 1.54992 

9 84.69918 7.42747 3.85555 2.39250 0.15430 1.47101 

10 82.45589 8.66362 4.76867 2.43714 0.16761 1.50708 
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Figure 3.5 : The result of VAR Model for House Price Index 
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3.3 Diebold – Yilmaz Spillover Index 

Diebold – Yilmaz spillover index is calculated for six time series (house price index, 

BIST100, SP500, USD/TRY, gold, CDS). Diebold-Yilmaz index of spillover base on 

the forecast error variance decomposition method of VAR model is calculated. It is 

considered that first the simple example of a covariance stationary, N-variable VAR 

(1): 

 

 The moving average representation is given by 

 

 The structural moving average representation form is given by 

 

where 𝐴(𝐿)=Θ(𝐿)𝑄−1, 𝑢𝑡=𝑄𝜀𝑡, 𝐸(𝑢𝑡𝑢𝑡′)=𝐼, and 𝑄−1 is the unique lower-triangular 

Cholesky factor of the covariance matrix of 𝜀𝑡. The spillover index (S) is estimated as 

the following H-step-ahead forecast relative total forecast error variation: 

 

For calculation the number of forecast horizon was chosen as “1” and the number of 

rolling windows were chosen as “12”. Generalized index and 6 lags are choosen. 

Spillover index result table can be seen below in Table 3.7. 

From Diebold – Yilmaz spillover index in Table 3.7, that innovations to BIST100 

return are responsible for 0.5%, SP500 return are 0.7% of the error variance in 

forecasting 1 month ahead house price index return. That is, return spillovers from 

BIST100 return to CDS return are much larger than BIST100 return to house price 

index return. It can be seen that other financial instruments have deeper relationships 

with each other when it is compared with house price index return because they affect 

each other very much. The key summary result to emerge from spillover index table 

in Table 3.7 is that, refining all of the various financial instrument spillovers into a 

single Spillover Index for the full 2003-2018 data sample, it is found that 32.2% of 
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forecast error variance comes from spillovers. Hence spillovers are crucial for these 

financial instruments, but house prices behave separately. 

 

Table 3.7 : The result of spillover index of Diebold – Yilmaz. 

SPILLOVER (CONNECTEDNESS) TABLE 

 

HOUSE 
PRICE 
INDEX 

RETURN 

BIST100 
RETURN 

CDS 
RETURN 

GOLD 
RETURN 

SP500 
RETURN 

USD/TRY 
RETURN 

FROM 
OTHERS 

HOUSE PRICE 
INDEX RETURN 98.7 0.5 0.0 0.1 0.7 0.0 1.3 

BIST100 RETURN 0.2 51.0 22.9 0.3 12.2 13.3 49.0 
CDS RETURN 0.0 20.9 46.6 0.3 10.8 21.3 53.4 

GOLD RETURN 0.1 0.7 0.6 97.8 0.1 0.7 2.2 
SP500 RETURN 0.4 14.4 13.9 0.1 60.1 11.0 39.9 

USD/TRY RETURN 0.0 13.6 24.0 0.4 9.6 52.4 47.6 
CONTRIBUTION 

TO OTHERS 0.7 50.1 61.4 1.2 33.5 46.4 193.2 
CONTRIBUTION 

INCLUDING OWN 99.5 101.1 108.0 99.0 93.6 98.8 32.2% 
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4. CONCLUSION 

Real estates are not only an important investment method but also basic need for 

people. Houses are the most vital part of the real estate industry. In literature, there are 

lots of researches about house prices but there are only a few researches for Turkey. 

This thesis explores housing prices and its statistical relationships with 5 different 

financial instruments (BIST100, SP500, USD/TRY, gold and CDS) in Turkey via 

VAR model approach and Diebold – Yilmaz spillover index. There are only 189 

available monthly data points that come from asking prices of houses for house price 

index that was prepared by Reidin company for 7 big cities (Istanbul, Ankara, Izmır, 

Bursa, Antalya, Adana, Kocaeli) in Turkey from 2003:01 to 2018:09. The number of 

the CBRT (Central Bank of Republic of Turkey) data are fewer than Reidin company 

data. In VAR model, time series must be stationary. Therefore, time series are made 

stationary by calculating log differences. According to LR information criteria, lag 

value is found “6”. With this information VAR model (6) is created and is found that 

the model is stable. According to variance decompositions of VAR Model, 8.66% of 

the house price index return variable can be explained by gold return variable after 10 

period. Therefore, it can be said that gold is most effective variable for house price 

index in the long run in Turkey when it compared with other financial instruments. 

According to the results of the Diebold – Yilmaz spillover index in Table 3.7, that 

innovations to BIST100 return are responsible for 0.5%, SP500 return are 0.7% of the 

error variance in forecasting 1 month ahead house price index return. Other financial 

instruments have deeper relationships with each other when they are compared with 

house price index return because they affect each other very much. According to 

results 32.2% of forecast error variance comes from spillovers. Hence spillovers are 

crucial for these financial instruments but house prices in Turkey behave more 

separately. 
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APPENDIX B : VAR Model Result with lag “6”. 
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APPENDIX B : VAR Model Result with lag “6” (continued). 
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APPENDIX C : Impulse Response Function Table of VAR Model. 
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APPENDIX C :  Impulse Response Function Table of VAR Model (continued). 
 

 



26 

APPENDIX D :  Variance Decomposition Tables of VAR Model. 
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