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ABSTRACT

FORECEASTING BIST-100 PRICE INDEX

Yetginer, Bugra
M.Sc. Department of Economics
Supervisor: Assist. Prof. Dr. Dilem Yildirim Kasap
October 2017, 52 pages

The ultimate goal of this study is to forecast the BIST-100 Price Index using its mostly
significative macroeconomic and financial determinants. For this aim, we have
adopted an exhaustive search algorithm which takes the advantage of theoretical
candidate variables to find the possible effects of these variables on the BIST-100 Price
Index. The algorithm, which is built in the form of linear ARIMAX models, is to
exploit every possible combination of explanatory variables to capture the behaviour
of the index over the time period from 2002 to 2013 using monthly based data. To this
end, best models have been obtained out of a huge number of models with regard to
Akaike and Bayesian information criteria. The model with minimum AIC value
outperforms the model with minimum BIC value with respect to root mean square
error measure. Moreover, the 2Y Turkish bond interest rate, the DAX and Bovespa
Indices are the best explanatory variables found to estimate the index. Besides, out-of-

sample testing has been implemented over the 2014-2015 time period.

Keywords: BIST-100, ARIMAX, Forecast, Exhaustive search algorithm, Finance.
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BIST-100 Fiyat Endeksi Tahminlemesi

Yetginer, Bugra
Yiiksek Lisans Iktisat Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. Dilem Yildirim Kasap
Ekim 2017, 52 sayfa

Bu ¢aligmanin amaci BIST-100 endeksinin tahminini gergeklestirmek ve oncelikli
makro ve finansal belirleyicileri bulmaktir. Bu amag igin, bu degiskenlerin Borsa
Istanbul {izerindeki muhtemel etkilerini bulmak iizere teorik aday degiskenleri
kullanan kapsamli arama algoritmasi benimsenmistir. ARIMAX modeli formatinda
olusturulan algoritmanin amact her bir agiklayici degiskenin her bir
kombinasyonundan yararlanarak 2002-2013 zaman dilimi boyunca BIST-100 endeksi
davraniglarin1 aylik verilerle yakalamaktir. Bu amagla, Akaike ve Bayesian bilgi
kriterleri nezdinde en iyi modeller algoritma kapsaminda olusturulan bir ¢ok model
arasindan elde edilmistir. Minimum Akaike degerli model, minimum Bayesian degerli
modele gore kok ortalama kare hatasi degeri gozetilerek daha iistiin olmaktadir. Dahasi
da, iki y1llik gosterge tahvil, DAX ve Bovespa Endeksleri BIST-100 Fiyat Endeksini
tahminlemek i¢in en iyi aciklayici degiskenler olarak bulunmustur. Bunun yaninda,

2014-2015 zaman diliminde 6rneklem dis1 validasyon gergeklestirilmistir.

Anahtar Kelimeler: BIST-100, ARIMAX, Ongérii, Kapsamli arama algoritmasi,
Finans.
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CHAPTER 1

INTRODUCTION

The main functions of stock markets are providing liquidity and allocation of capital;
moreover, they may promote economic development by providing the needed funds to
firms quoted in national stock markets. Thus, stock markets play an important role as
an economic indicator in increasing corporations’ capital through Initial Public
Offering. There are numerous studies in the literature investigating stock markets such
as the one by Garcia and Liu (1999), who studied macroeconomic determinants of
stock market development. They observed that real income level, savings or
investment rate and financial intermediary development have a positive and significant
relationship with stock market development, which is represented by market
capitalization. However, aside from the degree of development of stock market, this

study involves stock market behavior.

Mathematicians and economists have thoroughly focused on stock market behavior
and its future path for many purposes such as making profits and understanding its
reactions to various external effects. Since its nature is quite random and unpredictable
in high frequency of time, those indices may well provide a great deal of income with
lots of risks, of course. However, instead of short run, this study takes into account a
very long period of time to gain predictive information of reasonable macroeconomic

and financial variables to estimate and forecast the BIST-100 Price Index.

Studies in literature have generally focused on the relation of stock market movements
with other economic factors. Some studies including Fama (1981), Chen et al. (1986),
Cutler et al. (1988) and Hondroyiannis and Papapetrou (2001) investigate the
economic dynamics behind the stock market movements and try to shed light on the
relationship. These studies elaborate on the topic, thinking wide variety of economy
depicted in many variables which are assumed to be external. However, there are
studies which are more specific to find out one or two economic variables’ effects on
stock markets. As searched in the study of Ozcelebi and Yildirim (2016), the

1



relationship between exchange rates and stock market is investigated for several
countries including Czech Republic, Hungary, Poland and Turkey. Lin et. al (2009)
studied the relationship between oil price shocks and stock market in the Greater China

region (China, Hong Kong and Taiwan).

Our study is about to forecast the BIST-100 Price Index using the financial and
macroeconomic determinants. With regard to the modeling technique, the vital part of
this study is to combine the model selection procedure and determination of optimal
AR and MA roots at the same time. For this purpose, after finding out what degree of
lag of explanatory variables are highly correlated with the index, the algorithm is run
in order to produce a huge number of models and next, to obtain best models with
optimal AR and MA orders. In order to do this, our algorithm is built so as to benefit
from every possible combination of explanatory variables in a way that they are placed
in alternative models as subgroups while AR and MA orders are defined
simultaneously for each model. In other words, any explanatory variable is used alone
and also together with every other explanatory variable generating every possible
subset of explanatory variables in alternative models and this fashion continues until
the obtainment of the full model, in which all variables take place. Mathematically, in
this framework there are 32.767 models, which indicates 2"15-1 as a number, since we

have 15 different explanatory variables for the study.

The major contributions of the study are twofold. The first one is related with its
methodology, which uses an exhaustive search algorithm resulted in an optimal model
with a subset of explanatory variables. Second, given the scarcity of the studies on the
topic in Turkey, a potential framework is constructed for modeling and forecasting

purposes in this study.

The rest of the paper is organized as follows; Chapter 2 reviews the literature for stock
market behavior through macroeconomic and financial variables, Chapter 3 provides
a brief overview of stock market structure and history in Turkey. Chapter 4 describes
the data in detail and Chapter 5 discusses the methodology we implement. Substantive

empirical findings are discussed in Chapter 6 and finally Chapter 7 concludes the st



CHAPTER 2

LITERATURE REVIEW

Although vast amount of research in literature has been conducted related to many
stock markets, we can infer that there exists puzzling empirical findings which intrigue
academics to study further about stock market reactions against changes in
macroeconomic and financial indicators. In these studies, the industrial production
index, exchange rates, trade balance, short and long term interest rates, inflation rate,
monetary base, foreign stock market performance, oil price and gross domestic product

are the ones used in many studies in order to examine the relationship.

One of the earliest contributions to the literature in detecting the negative relationship
between stock market and inflation was conducted by Fama (1981). Through the
money demand theory and the quantity theory of money, he concluded that the
spurious relationship between inflation and stock market is the result of a fall in
anticipated growth rate that lowers the demand for real money which is accommodated
by arise in the price level. Geske and Roll (1983) extends Fama’s findings discussing
government expenditure which is not met with the revenue due to the decrease in stock
prices since tax revenue collected from personal and corporate incomes is related to
stock prices. They argued that monetizing the debt stemmed from the deficit by
printing currency is the cause of the negatively correlated relationship between
inflation and stock prices. This finding is obtained empirically in this study following
a chain of macroeconomic events starting from the decrease in stock prices through
fiscal and monetary linkages. Furthermore, Kaul (1986) extends the deficit-induced
monetary growth stated by Geske and Roll to counter-cyclical and pro-cyclical
monetary growth. He concluded that counter-cyclical monetary policy and money
demand is the reason for the spurious relationship between stock prices and inflation
through the monetary sector equilibrium process. These studies pay attention to the
fact that money plays an important role for explaining the spurious relationship.

However, Anari and Kolari (2001) found that the long-run fisher elasticity of stock



prices with regard to good prices is greater than unity for some countries they study.

This result confirms the argument that stocks are hedging inflation in the long-run.

With the attempt to explore the relationship with other indicators, Chen et al. (1986)
studied many economic factors to see whether macroeconomic risks are awarded in
stock market. Their results showed that during industrial production, changes in the
risk premium, twists in the yield curve are found to be significant, measures of
unanticipated inflation and changes in expected inflation are stated as weakly
significant. Moreover, per capita consumption and oil price which is important for
many production processes are no means for stock market changes in their study.
Similarly, Hondroyiannis and Papapetrou (2001) studied the dynamic interactions
whether economic activity affects the performance of stock market. They found that
while real stock returns respond negatively to interest rate shocks, a depreciation of
the currency leads to higher real stock returns. Furthermore, they concluded that a
positive oil price shock depresses real stock returns. Pearce and Roley (1984)
attempted to test efficient market hypothesis that only the unexpected part of any
announcement moves stock prices. In this study, underlying the importance of agents’
expectations to market, surprises in monetary policy have a significant effect on stock
prices whereas there is no support that surprises in inflation and real activity can affect
stock prices. Peiro (2016), Hsing et al. (2012) and Gan et al. (2006) have common
findings in their studies that industrial production (GDP) and interest rates
significantly affect stock market while a lower ratio of government spending to GDP,
lower inflation and depreciation of the currency are also accountable for the changes
in stock market as stated by Hsing et al. (2012). Likewise, Kwon and Shin (1999) finds
that production level, exchange rate and money supply have long-term relationship

with stock market and noted that stock price lags behind economic activities.

There are also studies examining the effects of quantitative easing programs on stock
prices. As stated in the early studies, conventional monetary policies and monetary
surprises can affect stock prices while unconventional monetary policy is in question.
Unconventional monetary policies are implemented due to impaired stock price

channel of monetary transmission mechanism in the face of Zero Lower Bound which



Is called the liquidity trap in economic literature. Ruano (2014) showed that federal
fund rate doesn’t work through the asset prices during the QE program and that
unconventional policy has no direct effect on stock prices. Furthermore, quantitative
easing policy has been implemented by Bank of Japan to tackle the recession and
deflation which lasted for more than ten years. As stated by Kurihara (2007), during
the QE program, interest rates do not influence Japanese stock prices similar to the US
case. However, the exchange rate between yen and dollar and the US stock prices are
found to be significant in the study implying the importance of assets and liabilities of
firms in foreign currency and suggesting the interdependence between two countries’

stock market.

In the case of emerging economies, so called BRIC countries are studied by Gay, Jr.
(2016). The results of the study does not match with the hypothesis in this study that
exchange rate and oil price do not reveal a significant relationship for stock prices
warranting further research. Furthermore, Maghyereh (2004), Basher and Sadorsky
(2006) has argued oil price shocks and oil price risks respectively for emerging
economies and the latter finds strong evidence that oil price risk impacts stock returns
stating that emerging economies are more likely to expose oil price risk since they are
more likely to be energy consumers compared to developed economies. More
comprehensively, Gunasekarag et al. (2004) studied stock market in Sri Lanka and
according to the study inflation, money supply and treasury bill rate were found to
exert a significant lagged influence on the stock market while major proportion of
variability in the market index was explained by its own. Accordingly, another study
which is conducted by Patel (2012) showed that exchange rates, industrial production
index, money supply and inflation are the major factor effects on the stock market for
the Indian stock market. These two findings show that some of emerging economies’
stock market can move in response to the change in economy as matured markets do.
Besides, Pretorius (2002) studied the interdependence in emerging stock markets
giving attention to the contagion effect, economic integration and stock market
characteristics. The results of this study showed that bilateral trade, growth differential
of industrial production and regional similarities play a significant role in the

interdependence. Authors also proved the contagion effect to some degree finding a
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significant coefficient for the dummy variable which stands for the 1998 emerging

market crisis in the study.

Turkey can be classified as an emerging market while the relationship between stock
market and macroeconomic and financial factors of Turkey can be analyzed in this
respect. Erdogan and Ozlale (2005) studied time varying effects of macroeconomic
variables and found that the depreciation of the domestic currency led to the decrease
in stock markets for the period of financial crisis in 1994. It’s also stated in the study
that the relationship reversed afterwards implying firms in Turkey seem to compensate
expensive import for their exports by increasing their competitiveness. Besides,
industrial production is found to be in positive relationship with the stock market for
most of the period. Furthermore, Muradoglu et al. (1999) examined Istanbul Stock
Exchange through three sub-periods in order to analyze how macroeconomic variables
affect Istanbul Stock Exchange in terms of risk and return. Their findings indicate that
before the crisis, the year of 1994, depreciation of the exchange rate and higher interest
rates increase volatility in the stock market while the significant negative relationship
between interest rates and stock returns is found implying the possible substitution
effect. Furthermore, they find that during the crisis none of macroeconomic variables
are important for explaining the determinants of risks while money growth rate and
depreciation of the exchange rate bear predictive power after the crisis period. They
also note that, after the crisis, unlike the period before the crisis the negative coefficient
of depreciation of the exchange rate is obtained implying higher depreciation increase
the risk. Analyzing short and long run dynamics, Muradoglu and Metin (1996) states
that Turkish Stock Market is not efficient since publicly available information is not
incorporated into stock prices finding the result that growth rate of interest rates,
money supply and exchange rates affect stock return with a significant lag. Finally, a
different method compared to traditional econometric methods is applied for Turkey.
Boyacioglu and Avci (2010) adopted an adaptive network-based fuzzy inference
system which is a mixture of fuzzy logic and neural networks. They used traditional
macroeconomic variables and also the indices of Bovespa, Dax and Dow Jones
Industrial Average as an input in their model. They obtained a successful model with

regard to low RMSE value and high R-square.



Besides traditional econometric techniques such as ARIMA, VAR and VECM models
which are commonly used by the mentioned studies above, there are also studies that
concentrate on forecast implementing advance statistical methods. Chen et al. (2003),
Enke and Thawornwong (2005) adopted probabilistic neural network and information
gain technique respectively to improve trading strategies for mentioned stock markets
in these studies. Wei Huang et al. (2005) showed that the support vector machine is a
promising type of tool for forecasting stock market movement direction using many
traditional macroeconomic variables as input. Chen (2008), examined the usefulness
of various macroeconomic variables in predicting recessions in the stock market and
used the Markov-switching model and the Bry-Boschan dating method. He concluded
that, yield curve spreads and inflation rate are the most useful predictors of recessions
in the US stock market. Volatility forecast is also popular in academic and business
environment and GARCH family are widely used. In order to test conditional volatility
of stock market on macroeconomic variables, David Morelli (2002) studied ARCH
process and concluded that volatility in macroeconomic variables is not significant for
explaining the stock market volatility. Zivanemoyo Chinzara (2011) argued the
macroeconomic risk and its relationship with stock market volatility using symmetric
and asymmetric GARCH process and finds that treasury bill rate, exchange rate and
gold price are significant for the study. Similarly, Attari (2013) showed that interest
rate, inflation and GDP have highly important effects on stock market volatility
estimating EGARCH equation.

Our study aims to predict BIST-100 Price Index movements and obtain dependable
forecast using monthly macroeconomic and financial indicators. The linear ARIMAX
model we have built is selected out of huge numbers of models to make point
estimation with regard to a relevant index. The major contributions of the study are
twofold. The first one is related with its methodology which uses an exhaustive search
algorithm resulted in an optimal model. Second, given the scarcity of the studies
regarding stock market forecast in Turkey, a potential framework is constructed for

modeling and forecasting purposes in this study.



CHAPTER 3

A BRIEF HISTORY AND OVERVIEW OF BORSA ISTANBUL

The first official stock market is established with the name of “Stock exchange of
Debenture bonds of Dersaadet” in 1866 to finance the costs of the Crimean War.
Domestic debenture bonds which is issued to finance the war were freely traded
providing a way to construct a real stock exchange market. After some period later,
Turkish securities market was closed and reopened with a new name “Esham ve
Tahvilat Borsas1” in 1906. During the republican period, with the decrees concerning
stock exchange, the stock market was regulated and started to serve under the name of
Istanbul Securities and Foreign Currency Exchange. In 1936, the Turkish stock market
was located in Ankara by the government intervention. But then, it was relocated in
Istanbul in 1941. Until the beginning of 2012, the stock market was served with the
name of Istanbul Stock Exchange Market which was inaugurated at the end of 1985
with the regulation issued by the Council of Ministers. At the beginning of 2012,
Istanbul Stock Exchange Market and Istanbul Gold Exchange were merged and

transformed into a new legal entity under the name of Borsa Istanbul.?

Borsa Istanbul trading hours are 09:15-12:30 for the first session and 14:00-17:40 for
the second session, on workdays. Borsa Istanbul price indices are computed and
published throughout the trading session while the return indices are calculated and
published at the close of the session only. The indices are: Borsa Istanbul National-All
Shares Index, Borsa Istanbul National-30, Borsa Istanbul National-50, Borsa Istanbul
National-100, sector and sub-sector indices, Borsa Istanbul Second National Market
Index and Borsa Istanbul Investment Trusts Index. Borsa Istanbul National-100 Index
contains both the Borsa Istanbul National-50 and Borsa Istanbul National-30 Index

and is used as a main indicator of the national market.?

1 Source: Borsa Istanbul

2 Source: Borsa Istanbul



The time series with regard to our estimation period, from January 2002 to December
2013, is trending upward with a few booms and busts and these can be analyzed by
economic cycles and global environment that may well affect Turkish economy within

the specified period.
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Figure 1: BIST-100 Price Index, Raw Data
Source: Borsa Istanbul

We start the analysis from the year of 2002 considering the fact that Turkish economy
experienced economic crisis in the year of 2001 which is triggered by the political
turbulence and expanded by the volatility in USD/TRY parity stemmed from excessive
demand for dollar and high debt stock, mainly. (H. A. Simsek, 2007). As a result of
that crisis in Turkey, ISE index declined almost by 15% creating an outlier in the data.
This trough in the stock market which is not triggered by any economic variable can
disrupt our results if we include it in our data set knowing the fact that linear models
are not robust for outliers since the regression line passes through sample means. On
the other hand, there are also extreme cases within the our working period including
the financial crisis of 2007-2008 but we allow that kind of points to be included in our
study in order to see whether the model can catch the performance of the stock market

from the view of economic cycles.



Looking at the Figure 1, we observe that there are four conspicuous points addressing
the years of 2006, 2007, 2010 and 2013 that are substantially higher than the linear
trend line. On the other hand, there are three remarkable troughs during the years of
2008-2009, 2011 and 2013. However, in overall, the stock market is cycling around
an upward trend during the sample period.

To begin with, between the years of 2002 and 2006, the stock market is increasing and
this upward trend ends up with the peak in January 2006 and the index begun to fall in
the same year. That period can be attributed to the new macroeconomic outlook in
Turkey after the crisis of 2001. After that experience in the economy, 18. Stand-By
agreement with IMF was started to execute in a steady political environment compared
to previous years with a new government. This program briefly targets sustainable
economic growth with no inflationary pressures practicing macroeconomic and
financial stability, structural reforms and healthy debt position. Besides, provided
funds into the economy by this agreement and CBRT’s monetary targeting for future
inflation which is started in 2002 can be counted as a promising economic
improvement for the achievement of the mentioned targets. These developments in the
economy can also be indicated in terms of numbers as one can see from the Table 1.
prepared by Mahfi Egilmez. Lowering inflation and budget deficit year by year and

average 7 % growth between 2002-2006 can be perceived as a return of the program.
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Table 1. Basic Economic Indicators of Turkey over 2002-2014

. Current

Year (GB[i)ITion rnecrcﬁ‘: - Growth | Inflation Budget Deficit (%) Acc?t_Jnt
USD) (USD) (%) (%) Deficit

(%)

2002 231 3.492 6.2 29.8 -11.2 -0.3
2003 305 4.565 5.3 18.4 -8.8 -2.5
2004 390 5.775 9.4 9.3 -5.4 -3.7
2005 482 7.036 8.4 7.7 -1.5 -4.6
2006 526 7.597 6.9 9.6 -0.5 -6.1
2007 649 9.247 4.7 8.4 -1.6 -5.9
2008 742 10.444 0.7 10.1 -1.8 5.7
2009 617 8.561 -4.8 6.8 -5.5 -2.2
2010 732 10.079 9.2 6.4 -3.6 -6.2
2011 774 10.444 8.8 10.5 -1.3 -9.7
2012 786 10.497 2.2 6.2 -2.2 -6.0
2013 823 10.822 4.2 7.4 -1.2 -7.9
2014 800 10.404 2.9 8.2 -1.3 5.7

Source: Mahfi Egilmez’s Blog

In the light of Fama’s study and findings mentioned in Chapter 2, we can also say that,
with the mentioned economic programs and developments, positive anticipation for
the future economic activity might cause household not to demand money implying
the changes in the composition of investment and consumption. However, in the
beginning of 2006, CBRT shifted the monetary policy regime from monetary targeting
to inflation targeting. At the same time, ISE reached its peak point between the year of
2002 and January 2006. That leap in the stock market may be referred to the policy
regime shift since the market might perceive this change in the monetary policy as a
promising tool against future inflation. In the same year, we also observe a fall in May
2006 which can be referred to the shock in exchange rates against emerging markets
which is stemmed from the shortage of the liquidity in global economy sourced by the

cont. of interest rate hike.

CBRT’s inflation targeting program started in the beginning of 2006 and other
domestic improvements seems to be effective for the expectations of future economic

activity until the beginning of global financial crisis in 2007 since we observe another

11



upward trend after the exchange rate shock. As we see the change in the trend of ISE
in 2007, global financial crisis started to affect the Turkish economy in this year.
Except small ups and downs between September 2007 and January 2009, the trend of
ISE Price Index is downward overall. That financial crisis started in USA affected the
world economy for a long time and decreased the global and domestic aggregate
demand which means a fall in GDP, international trade thus a fall in stock markets.
Exit plans for developed countries’ central bank including FED were to implement
expansionary monetary policies in order to boost aggregate demand and the confidence
for the future economic activity. This monetary expansion caused to increase global
liquidity which was fruitful for the Turkish economy since the country’s economic
growth considerably relies on capital inflows because of the shortage of sufficient
domestic savings. This situation help Turkish economy to rebound again as we see

upward trend in the graph starting in January 2009 and lasted until the mid of 2011.

Finally, there is a downturn after the mid of 2011 and upward trend starting at the
beginning of 2012 which ends up with the peak in March 2013. Checking the Table 1.
again, we see a decline for the current account deficit in 2012 which may imply that
the capital flows from Turkey to home. Along this indicator, GDP growth and inflation
also decreased implying that aggregate demand of Turkish economy relies on the
foreign capital, significantly. Conversely, in 2013, there is an increase in the current
account deficit, GDP growth and inflation and this time the inverse situation may
happened. Other from the economic activity, Moody’s upgrade for Turkish
government bond rating to Baa3 in May 2013 and the corruption scandal happened in
December 2013 are the important incidents that can affect Turkish stock market
positively and negatively, respectively. These mentioned events in home and abroad
may well affect the economy through exchange rates and capital flows.
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The data in this study is obtained from various institutions including Thomson Reuters,
IMF, Turkish Statistical Institute and Borsa Istanbul. Monthly basis leading
macroeconomic and financial indicators are used as an input for the time span between
2002 and 2013 in our model. Data that is not available in monthly basis but daily basis
for some variables is transformed to monthly series by using a simple arithmetic

CHAPTER 4

DATA

means. Finally, all data is transformed to logarithmic form.

Table 2. Categories Of Explanatory Variables

Category

Leading Indicators

Macroeconomic Indicators

Consumer Price Index

Industrial Production Index (seasonally adjusted)
USD/TRY Exchange Rate

M1 Money Supply

M2 Money Supply

Trade Balance

Financial Indicators

Deposit Interest Rate

US 1-Year Bond Interest

US 10-Year Bond Interest

Dow Jones Industrial Price Index
Bovespa Price Index

Dax Price Index

Brent Oil Price

Ounce Gold Price

Turkey 2-Year Bond Interest

The data of the variables above is sourced from many institutions; with regard to
macroeconomic variables, all data is taken from IMF database except Trade Balance
which is obtained from TSI. Financial data including Dow Jones Industrial Price Index,
Bovespa Price Index, Dax Price Index, Brent Oil and Gold prices are sourced from

Thomson Reuters. Finally, deposit interest rates, U.S 1-Year and U.S 10-Year, Turkey
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2-Year bond interest rates are obtained from IMF database, Federal Reserve and Borsa

Istanbul, respectively.

The remaining part of this chapter will discuss briefly the possible links between
explanatory variables and stock prices separately with theoretical hypothesis

concerning why they are in this study.

4.1. Macroeconomic Indicators

Consumer Price Index stands for inflation in our study as a macroeconomic indicator
and it is included for the argument that stocks should maintain their value in the face
of an inflation period. In this regard, this variable plays an important role since Fisher
framework postulates that nominal rates of return should compensate inflation as
stated in Ely and Robinson (1997). Besides, since inflation in Turkey has been a

serious problem for a long time, that index may provide high benefits for our results.

Industrial production index is typically used for real economic activity and since it can
imply economic contractions and expansions; thus it can be a useful indicator for our
purposes thinking that stock price is closely related to future cash flows and

expectations.

The appreciation and depreciation of USD/TRY is also an important issue for firms in
Turkey and their cash flow due to holding dollar denominated assets and debt and
production costs priced in terms of dollar. Also, the study conducted by Goneng,
Buyukkara and Koyuncu (2003) which investigates the effects of balance sheet
exposure and exchange rate variability on investments for the firms listed in Borsa

Istanbul shows the importance of the exchange rate for Turkish firms.

Monetary aggregates M1 and M2 are used in this study paying attention to monetary
transmission mechanism. As it is well known, an increase in monetary growth causes
excessive money supply through open market operations and leads bond prices to rise

and interest rates to fall. This mechanism causes stock prices to rise in the short run
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due to falling interest rates at which future cash flows are discounted, as stated and
showed by impulse-response functions in Rapach (2001). Besides, Thorbecke (1997)
also found the significant effect of monetary shocks on stock prices discussing the
theory which posits that expansionary monetary policy has implications on stock

prices increasing future cash flows or decreasing discount rate.

Finally, trade balance is considered as a good proxy for economic performance of the
country regarding international competition and exports which can affect stock prices
as indicated in the study of Kwon and Shin (1998).

4.2. Financial Indicators

Deposit interest rate is used in this study for commercial banks’ interest rate payments
to investors thinking theoretically inverse relationship that is stated in Alam and Uddin
(2009). This inverse relationship comes from the fact that people switch their capital
decreasing the demand for share in the face of rising deposit interest rates and high
deposit interest rate can also induce to raise lending interest rate of banks which means
an increase in cost of funding for investors, thus decrease in investments, as stated

again in mentioned study.

Turkey 2-year Bond interest rate is put in an appearance for substitution effect between
stocks and bonds while the US bond interest rate can imply Federal Reserve monetary
policy through monetary transmission mechanism which can affect foreign direct and
portfolio investments in Turkey, thus stock market, similar to other emerging

egconomies.

Furthermore, while Brent Qil prices are used to capture production costs, as stated in
many studies mentioned in Chapter 2, which can affect future cash flows, Ounce Gold
price may help forecast the stock market considering implied negative relationship
between gold and stock prices since gold, as a precious metal, maintains its value
against systematic risks and is seen as a safe haven as stated in the study of Shahzadi

and Chohan (2011). Dow Jones Industrial and Dax indices are thought to be important
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variables for our study for the reasons that the US possesses the biggest economy’s
index so bearing the power of influence on all markets worldwide while high volume
trade exists between Germany and Turkey causing increase in financial integration as
stated in Vuran (2010). Brazil’s economy which possesses well enough similarities
with Turkish economy in terms of macroeconomic structures as posited again in Vuran

(2010), Bovespa is used, aiming to benefit the similarity for prediction purposes.
Finally, the BIST-100 Price Index is placed in our model as a dependent variable since

our ultimate goal is to forecast its future path with regard to the mentioned

macroeconomic and financial variables.
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CHAPTER 5

FRAMEWORK AND METHODOLOGY

The model adopted in this study in order to evaluate the topic empirically is in the form
of linear ARIMAX model which is derived from traditional ARMA models.® This
section will discuss our model framework and model selection procedure which
consists of exhaustive search algorithm in details. Other model selection procedures

which are commonly used in empirical research will be also discussed.

5.1. Modeling

Mathematically, our model can be defined as:

HL)(1-L)*Y1 = Xek + O(L) &t

where L is a lag operator and the terms ¢(L) and @(L) are the polynomials which stand
for (I-¢1L—¢oL >— ...—¢pL P ) and (I+61L+6:L2%..+04L 9), respectively. Other terms
Yt, Xtk and & stand for the BIST-100 Index, design matrix that includes explanatory

variables and the disturbance term, respectively.

This modeling framework is a special case of ARIMA models with the use of
explanatory variables. With the order of the above mentioned autoregressive and
moving average polynomials, p and g, and d the difference operator which is called
integration order alternatively, our ARIMAX (p,d,q) model is constructed.

5.2. Model Selection Procedures
When we look at some of the popular scientists’ quotations about variable/model

selection, we can observe that the simplest model which can depict the reality is the

best model among all possible models. As stated by Albert Einstein and William of

3 See Box and Jenkins (1970) for further details.
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Ockham respectively, “Everything should be made as simple as possible, but no
simpler.” and "Entities should not be multiplied unnecessarily." are the quotations that

underline the importance of simple but meaningful modeling.

As details given in Kadane and Lazar (2004), well-known model selection techniques
including forward/backward and stepwise sequential testing are the ways of modeling
relying on t and F tests. Forward testing starts with a null model and adds variables if
they are significant with regard to t and F tests. Conversely, backward testing starts
with a full model and eliminates insignificant variables one by one until there is no
need to discard any variable. In case of stepwise algorithm, it calculates F statistics for
every candidate predictors allowing the researcher to use both forward and backward
modeling methods. However, backward and forward model selection procedures
suffer from the fact that they do not consider every possible combination of variables
as a subset. In other words, once a variable is eliminated through the systematic
selection process, it cannot take a place in the model again (Kadane and Lazar, 2004).
Additionally, several weaknesses of the stepwise method is discussed in Ratner (2003).

Beside the mentioned modeling technigues, shrinkage and model averaging methods
also exist in the relevant literature. The aim of the shrinkage technique is to reduce the
variance for estimation process in order to produce more reliable results. As stated in
Tibshirani (1996), ordinary least squares method is fragile in terms of prediction
accuracy because of large variance. This problem can be tackled by shrinking some
coefficients to zero meaning some variables are excluded at the cost of bias. In the case
of model averaging, this method takes a set of competing models into consideration in
order to incorporate the uncertainty instead of using a single winning model as
mentioned in Wan et al. (2010). In order to produce a different solution to this
uncertainty which stems from conditioning on a single model over all possible models,
Raftery et al. (1997) combines Occam’s Window algorithm and Markov chain Monte
Carlo approach. Besides, Hansen (2007) developed and proved that his Mallows model
average estimator achieves the lowest possible squared error in the class of model
average estimators. Finally, as our study benefits from the information criteria which

are called Akaike and Bayesian Information Criteria, Mallows’ Cp and these
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mentioned information criteria are used with different methods through a long history

of model selection (Hansen, 2007).

For our modeling purposes, we adopted an exhaustive search technique in order to
obtain best models considering AIC and BIC values. The smaller these values are, the
better we are for reaching optimum model that fits well the actual values and predicts
accurately the future behavior of the target variable. AIC and BIC values can be

defined as:

AICi = -2MLL; + 2k;
BICi =-2MLL;+ ki logT

where MLL; is the maximum log likelihood, ki is the number of parameters of model

i and T is the sample size.

As mentioned before in Chapter 1, the vital part of our study in terms of methodology
IS to determine optimal regressors and AR and MA roots simultaneously to reach the
best models with regard to minimum AIC and BIC values. To do this, we designate
such an algorithm that builds the models which are produced from all possible
combinations of the variables placed as regressors in our alternative models. These
every possible combinations of regressors are defined in our study in a way that our
regressors mentioned in Chapter 4 are used alone and also together with every other
regressor creating alternative subgroups. This fashion continues until all regressors
take place in the model which means that there is no further alternative subgroup
combination. In other words, this method builds all one-variable models, all two-
variable models, and so on, until the last all-variable model is generated (Ratner,
2003). After building this huge number of models, one of them can be chosen out of
all possible models (Knuth, 2005). At the same time, our algorithm calculates the
optimum AR and MA roots in the mentioned alternative models. By doing so,
optimum AR and MA roots are calculated for every possible model with the procedure
of Hyndman and Kahandakar (2008). In this technique, there are four possible models
to start with; ARIMAX (0,d,0), ARIMAX (1,d,0), ARIMAX (0,d,1) and ARIMAX
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(2,d,2). Since the term d is specified earlier with the results of unit root tests, it is not
calculated in our algorithm. However, this method allows p and q values vary by +1
up to twelve, as we study with the monthly series, to find a new minimum AIC value.
At the end of the process, the ultimate AR and MA roots has been determined for all
our possible models since this method cannot calculate better AIC values further. After
implementing our model selecting procedure, we have obtained the best model with
regard to the AIC value among all possible models. (Njegovan, 2005). Besides, our
alternative best model is also obtained with regard to the BIC value. Finally, these two

best models have been used to do estimation and forecast process
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CHAPTER 6

EMPIRICAL RESULTS

This part of the study demonstrates the empirical findings which are acquired from the
best models in terms of the AIC and BIC values that we have built through the
aforementioned algorithm. In this chapter, ADF and Ng and Perron (2001) unit root
tests are implemented in order to test the stationarity which is important to obtain
reliable results in an econometric sense. After discussing preliminary analysis, we will

discuss the estimation results and the validation exercise at the end of the chapter.

6.1. Preliminary Analysis

Starting with the unit root tests ADF and Ng and Perron (2001), we have explored
whether our explanatory variables of the ARIMAX model are stationary or not. To this
end, ADF test is implemented having the null hypothesis of a unit root and the test is
constructed with the constant and the trend. The result of the test indicates that while
there is no stationary variable at 5% significance level regarding the version of testing
with only the constant, consumer price index and the Dax Price Index displays
stationarity at 5% significance level regarding the version of testing with the constant
and the trend. Ng and Perron (2001) unit root test which is developed to enhance the
power of tests regarding small size distortions and to modify the truncation lag
selection process is also implemented in our study as an another stationarity test
technique. In this test, four different tests named MZa, MZt, MSB and MPT exist.
While MZa and MZt unit root tests have the null hypothesis of a unit root, MSB and
MPT unit root tests have the null hypothesis of non-existence of a unit root. For these
four tests, we cannot reject the null hypothesis for the MZa and the MZt tests, which
means that all variables used in these two tests are non-stationarity. On the other hand,
using MSB and MPT tests, we have rejected the null hypothesis of a non-existence of

a unit root which again means that all variables used in these tests are non-stationary.
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Table 3. ADF Unit Root Test Results

Variables With Intercept With Intercept and
Trend
BIST 100 Monthly Closing Price -1.26 -1.94
Bovespa Price Index -1.57 -1.04
Brent Qil Price -1.7 -2.7
Consumer Price Index -1.19 -3.98*
Dax Price Index -2.19 -3.06*
Deposit Interest Rate -2.48 -2.79
Dow Jones Industrial Price Index -1.08 -2.61
Industrial Production Index -1.59 -2.52
M1 Money Supply -1.83 -1.97
M2 Money Supply -2.08 -1.07
Ons Gold Price -1.49 -0.48
Trade Balance -2.43 -2.21
Turkey 2-Year Bond Interest -2.08 -2.28
US 10-Year Bond Interest -1.45 -2.53
US 1-Year Bond Interest -0.72 -2.17
USD/TRY Exchange Rate -0.91 -1.83
Critical Values
1% -3.47 -3.47
5% -2.87 -2.87
10% -2.57 -2.57

Note: * indicates rejection of the null hypothesis at 5 % significance level
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Table 4. Ng and Perron Unit Root Test Results (With Intercept)

Variables MZaCLS | MZ{CLS | MSBCLS | MPTCLS
BIST 100 Monthly Closing Price 0.28 0.23 0.81 41.55
Bovespa Price Index 0.09 0.09 0.97 53.79
Brent Oil Price 0.38 0.33 0.88 48.51
Consumer Price Index 1.3 2.54 1.96 263.47
Dax Price Index -2.14 -0.75 0.35 9.33
Deposit Interest Rate 0.33 0.31 0.95 55.76
Dow Jones Industrial Price Index -1.76 -0.55 0.31 9.35
Industrial Production Index 0.94 0.93 0.99 68.35
M1 Money Supply 1.02 1.12 1.1 83.33
M2 Money Supply 0.95 1.14 1.2 95.95
Ons Gold Price 0.65 1.01 1.54 144.84
Trade Balance 0.24 0.18 0.59 62.41
Turkey 2-Year Bond Interest 0.16 0.15 0.92 50.0
US 10-Year Bond Interest -2.08 -0.9 0.43 10.74
US 1-Year Bond Interest 0.33 0.21 0.63 28.45
USD/TRY Exchange Rate -1.83 -0.56 0.31 9.15
Critical Values
1% -13.8 -2.58 0.17 1.78
5% -8.1 -1.98 0.23 3.17
10% -5.7 -1.62 0.27 4.45

Note: * indicates rejection of the null hypothesis at 5 % significance level
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Table 5. Ng and Perron Unit Root Test Results (With Intercept and Trend)

Variables MZaCLS [ MZCLS MSBGLS MPCLS
BIST 100 Monthly Closing Price -8.12 -1.96 0.24 114
Bovespa Price Index -3.56 -1.14 0.32 22.57
Brent Oil Price -10.14 -2.19 0.22 9.28
Consumer Price Index -2.33 -0.94 0.4 33.24
Dax Price Index -5.32 -1.56 0.29 16.9
Deposit Interest Rate -2.93 -1.09 0.37 28.05
Dow Jones Industrial Price Index -7.65 -1.84 0.24 12.2
Industrial Production Index -8.57 -2.06 0.24 10.67
M1 Money Supply -2.08 -0.92 0.44 38.11
M2 Money Supply -1.46 -0.68 0.46 44.45
Ons Gold Price -2.58 -0.68 0.26 21.86
Trade Balance 3.45 -0.84 0.35 27.54
Turkey 2-Year Bond Interest -5.09 -1.38 0.27 17.03
US 10-Year Bond Interest -11.77 -2.38 0.2 7.98
US 1-Year Bond Interest -2.97 -1.19 04 30.12
USD/TRY Exchange Rate -8.91 -1.99 0.22 10.67
Critical Values
1% -23.8 -3.42 0.143 4.03
5% -17.3 -2.91 0.168 5.48
10% -14.2 -2.62 0.185 6.67

Note: * indicates rejection of the null hypothesis at 5 % significance level

6.2. Estimation Results

In accordance with the results of our algorithm, the models with the minimum Akaike

and Bayesian information criteria has been obtained as optimal models for our

estimation and forecast process. With regard to the model with minimum AIC,
ARIMAX (12,0,3) is selected and the Bovespa and Dax Price Indices, Turkey 2-Year

Bond Interest are the variables used in this model as explanatory variables out of our

fifteen variables, which are used in the algorithm. Moreover, with respect to the signs
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and the significance of these mentioned explanatory variables, all variables are
consistent with the economic theory. While the coefficient of the Bovespa and Dax
Price Indices have positive signs implying the BIST-100 Price Index moves in the
same direction with these indices, the negative coefficient of Turkey 2-Year Bond
Interest is showing the possible substitution effect between stock market and

government bond returns in Turkish economy.

In the case of the model with minimum BIC, ARIMAX (1,0,0) model is selected out
of a huge number of models through our algorithm. In this model, Turkey 2-Year Bond
Interest is used again together with Dow Jones Industrial Price Index and deposit
interest rates as an explanatory variable. With the significance of all variables used in
the model, the coefficients of the explanatory variables are consistent with economic
theory as in the model with minimum AIC. While the coefficient of Dow Jones
Industrial Price Index is positive implying the BIST-100 Price Index moves in the
same direction with that index giving a room for the comment that the US possesses
the power of influencing the world markets, the coefficient of Turkey 2-Year Bond
and deposit interests at lag five are negative revealing possible substitution effect

again.

Depending on the results we have obtained in the eye of those two models, they are
totally consistent with our expectations which are mentioned in Chapter 4 with regard
to economic theory. Besides, no variable except deposit interests estimates our target
variable with any lag in this model, which means that the target variable responds

immediately against the changes in these variables.
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Table 6. Summary Stats of Selected Models

The
Best
Summary AIC
Statistics Model | The Best BIC Model
Log-
Likelihood 212.53 183.74
RMSE 0.05 0.06
MAE 0.03 0.05
AlC/BIC* 386.93 -357.49
5.28 3.81
£(6)° [0.5] [0.7]
1.7 7.98
v(12)° [0.99] [0.78]

4 AIC value for the best AIC model and BIC value for the best BIC model.

5 White test for heteroscedasticity.

¢ Breush Godfrey LM test for serial autocorrelation.
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Table 7. Selected Model

Variables The Best AIC Model | The Best BIC Model

Bovespa Price 0.14

Index(0) [0.08]*** -
0.85

Dax Price Index(0) [0.00]* -

Turkey 2-Year (-) 0.33 (-)0.45

Bond Interest(0) [0.00]* [0.00]*

Deposit Interest (-)0.33

Rate(-5) - [0.00]*

Dow Jones 0.95

Industirial - [0.00]*

0.46 (-)0.41

AR(1) [0.00]* [0.00]*
(-)0.09

AR(2) [0.6] -
(-)0.28

AR(3) [0.03]** -
(-)0.29

AR(4) [0.00]* -
0.03

AR(5) [0.71] -
(-)0.16

AR(6) [0.049]** -
(-)0.03

AR(7) [0.71] -
(-)0.18

AR(8) [0.03]** -
(-)0.04

AR(9) [0.66] -
(-)0.03

AR(10) [0.71] -
(-)0.1

AR(11) [0.21] -
(-)0.15

AR(12) [0.03]** -
(-)0.86

MA(1) [0.00]* -
0.15

MA(2) [0.52] -
0.4

MA(3) [0.03]** -

Note: p values are in square brackets, significance *at 1 %, ** at 5 % and *** at 10 %.
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Apart from our expectations for the variables’ signs with respect to the result of the
study, there are the studies that share common findings with our study. Alam and
Uddin (2009) found that there is a negative relationship between prevailing deposit
interest rates and stock prices for many developed and developing countries in their
study. For the foreign stock market indices, Vuran (2010) showed that Dax and
Bovespa price indices are cointegrated with ISE Price Index finding positive
coefficients of these two indices in the cointegration equations. Furthermore, it can be
inferred that Bovespa Price Index is a significant variable for the prediction of our
target variable under the favor of QE program because we know that excessive
increase in global liquidity provided by the developed countries’ central banks boosted
developing countries’ economy including Turkey through capital flows. Thus, the
presence of the similarity between Turkey and Brazil in terms of macroeconomic
structure, as stated in Vuran (2010), may give a room for this possibility implying these
two stock markets move together owing to the simultaneous capital flows to these
countries; what is more, Bovespa Price Index takes a place in our model with no lag.
On the other hand, there are the studies that the result of these studies contradicts with
our findings. Gunasekarag et al. (2004) and Patel (2012) studied Sri Lanka and Indian
stock market, respectively. Although these two stock markets function in the emerging
economy, their common findings indicate that inflation and money supply are the

major variables for explaining the stock market movements in these countries.

Additionally, in order to show how our estimation fits the observations between the
time period 2002-2013, we plot actual and fitted values for both models as shown in
the graphs below. With regard to RMSE and MAE values, the model with minimum
AIC outperforms the model with minimum BIC. Moreover, both models succeed to
capture the behavior of the BIST-100 Price Index movement in terms of turning points

and variance.

From the Figure 2 and Figure 3, it can be observed that best models we have obtained
estimate the ups and the downs in the stock market correctly for the most of the period.

While the models signal the directions in the time period correctly, we observe some
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extreme points existed in the years of 2002, 2007 and 2008 which can make the
estimation harder. Nevertheless, the best AIC model perfectly estimates the extreme
points occurred in the stock market in October and November 2002. In these months,
Turkey 2-Year Bond Interest seems to be an effective predictor compared to other
regressors in the model since its sequential changes for these months is quite high.
What is even important is that this change for the Turkish Bond interest rate is negative
for the peak and positive for the trough. Thus, it can be deduced that the substitution
effect between Turkish bond and the stock market is in charge for these extreme points.
The best BIC model also estimates these extreme points well but not good as the best
AIC model does. It is maybe because of that since Turkish economy experienced
attractive bond interest rates compared to deposit interest rates in our sample period,
significant changes in this interest rate can make investors change their composition

of investment and lead them to the stock market more effectively.

0,30

l fitted

Figure 2 The Best AIC Model, First Difference, Fitted Values

The effect of the global financial crisis on Turkish economy can also be observed by
looking at these figures for the extreme points of the stock market occurred in the years
2007 and 2008. Global and domestic weak demand, low confidence to future economic
activity and the deterioration of corporates’ cash flows can also ruin stock markets’

performance as they can expose present economic well-being as well as anticipations
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toward future. In a macroeconomic perspective, deterioration of the trade volume
between Europe countries and Turkey as a result of the weak demand stemming from
the global financial crisis can increase Turkey’s current account deficit, thus
deteriorate Turkish economy. Given this statement, it seems logical that the best AIC
model that includes Dax Price Index outperforms the best BIC model for the estimation
of these extreme points since the economic integration between Germany and Turkey

exists.

0,30

fitted

-0,30

Figure 3 The Best BIC Model, First Difference, Fitted Values

In consideration of reliable estimations for sample period, we do further validation
exercises for the time period between 2014 and 2015. Oppositely, the model with
minimum BIC yields slightly more reliable forecast than the model with minimum
AIC taking into account RMSE and MAE values as shown in the table below.
Moreover, when we look at both the Figure 4 and Figure 5 below which show the best
AIC and the best BIC models’ forecast performances, there exist forecast attempts that
predict well the direction of change but not the point. For instance, there is a salient
gap between actual and forecast value for November 2014 in the Figure 4. For this
date, we observe a significant drop in Bovespa Price Index as other variables in the

model remain almost intact compared to this index. As a result of this, our forecast
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error can be arised from this fact while the best BIC model which does not include
Bovespa Price Index as a variable forecast Turkish stock market movement almost
perfectly for this date which is shown in the Figure 5. Furthermore, we also observe a
significant gap between actual and forecast value for July 2015 in the Figure 5. The
substantial drop in Dow Jones Industrial Price Index and the increase in Turkey 2-Year
Bond Interest rate for this date make the gap between actual and forecast value since
these variables’ coefficient positive and negative, respectively. When we look at the
forecast of the best AIC model, which doesn’t include Dow Jones Industrial Price
Index as a variable, we observe a smaller difference between actual and forecast values
in the Figure 4 compared to the other forecast error. As a consequence, these forecast
errors imply that although we know the relations from our best models, unpredictable
changes in the predictors can increase or decrease the power of the point forecasts for

the specific dates even we forecast correctly the direction of changes.
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Figure 4 The Best AIC Model Forecast
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Figure 5 The Best BIC Model Forecast

In sum, both model yield good prediction performance for our forecast period and this

can also be observed from the statistics shown in the Table 8.
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Table 8. Predicted Values for Selected Models

Actual The Best AIC Model The Best BIC Model
Values Forecast Forecast

2014m1 -0.04 -0.02 -0.01
2014m?2 0.02 0.02 -0.01
2014m3 0.12 0.10 0.07
2014m4 0.05 0.10 0.05
2014m5 0.03 0.03 0.03
2014m6 0.02 0.04 0.02
2014m7 -0.02 -0.01 -0.07
2014m8 -0.01 0.02 0.03
2014m9 -0.02 -0.07 0.02
2014m10 0.06 0.03 0.09
2014m11 0.04 -0.06 0.04
2014m12 0.05 0.01 0.06
2015m1 -0.03 0.02 -0.02
2015m2 -0.06 -0.02 -0.06
2015m3 0.03 0.05 0.01
2015m4 0.02 0.00 0.00
2015m5 -0.04 -0.04 -0.01
2015m6 -0.01 -0.03 -0.01
2015m7 -0.06 -0.10 -0.12
2015m8 -0.04 -0.06 -0.08
2015m9 0.07 0.04 0.10
2015m10 0.02 0.01 0.03
2015m11 -0.09 -0.07 -0.04

RMSE 0.034 0.03

MAE 0.027 0.024
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CHAPTER 7

CONCLUSION

In this study, we have adopted exhaustive search algorithm to make the best forecast
of the BIST-100 Price Index movement depending on monthly macroeconomic and
financial data. All variables are obtained for the period January 2002 to December
2013 and the target variable is estimated for the same period. We also do forecast
exercise for the period January 2014 to December 2015. In order to search for
stationarity, ADF and Ng and Perron unit root tests are executed on logarithmic
transformed data. According to the results of the unit root tests, all variables in
logarithmic form are differenced in first order. With the examination of what lag order
of our explanatory variables are highly correlated with the target variable setting each
independent variable’s lag one to twelve, final form of the variables have been

obtained to use them in the algorithm.

The best models are determined on the basis of minimizing AIC and BIC through our
exhaustive search procedure that calculates optimal AR and MA roots and the most
influential explanatory variables at the same time. ARIMAX (12,1,3) and ARIMAX
(1,1,0) models have been used as the best models with respect to AIC and BIC,
respectively. The Bovespa and Dax Price Indices, and Turkey 2-Year Bond Interest
are selected for the best AIC model while Turkey 2-Year Bond Interest, deposit
interests and Dow Jones Industrial Price Index are selected in the case of the best BIC
model.

With regard to estimation and validation exercises, RMSE and MAE values are
respected as a measure of how explanatory variables replicate the behavior of the target
variable in predetermined time periods. The both models we have constructed are
outstanding considering the fact that these two measures are pretty close to zero. The

best AIC model have slightly lower RMSE and MAE values for the estimation period
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which make this model better. For validation purposes, this time the best BIC model
seems to make better forecast when compared to the best AIC model having lightly
lower RMSE and MAE values. In addition, the both models are successful in capturing

turning points.

In conclusion, observing the results, we can infer that Turkish stock market does not
seem to move along with the real economic variables. Instead, our study shows that
the country’s stock market is sensitive against the changes in the foreign stock markets
and alternative investment tools which are found to be significant in both statistical

and economic sense.
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APPENDICES

Appendix A. Turkish Summary/Tiirk¢e Ozet

Hisse senedi piyaslarina bakildiginda, bu piyasalarin sermaye dagilimi ve firmalara
likidite saglama gibi ana fonksiyonlar1 aracilifiyla ekonomik kalkinmaya katki
saglayabilecegi ihtimal dahilindedir. Hisse senedi piyasasina kote olan firmalar, bu
piyasa aracilign ile yatirimlarina fon saglaylp uzun donemli yatirimlarim
gerceklestirebilirken piyasa oyunculari borsaya kote olan firma kagitlarinin alim
sattmin1 yaparak volatilite ortaminda yiiksek karlar elde edebilmektedirler. Diger
yanda, bu ¢alismanin kapsami Tiirkiye’de borsanin takibi i¢in kullanilan en yaygin
fiyat endeksi olan BIST-100 endeksini makroekonomik ve finansal degiskenler ile
belirlenen zaman igerisinde analiz etmek ve tahminlemektir. Literatiire bakildiginda,
bu amag i¢in kullanilan en yaygin degiskenlerin sanayi iiretim endeksi, doviz kurlari,
kisa ve uzun vadeli faizler, ticaret dengesi, enflasyon orani, parsal biiyiikliikler, petrol

fiyatlar1 ve diger hisse senedi piyasasi endeksleri oldugu goriilmektedir.

Calismamizin kapsaminda yer alan Ocak 2002-Aralik2013 zaman aralig1r boyunca,
BIST-100 fiyat endeksinin ekonomik dongiiler ve ekonomide sok etkisi yaratan ¢esitli
geligsmeler ile beraber hareket ettigini ve yiikselen bir trend etrafinda sekillendigini
gozlemliyoruz. Ilgili fiyat endeksinin, hem yurti¢i hem de global faktorler neticesinde

etkilenebilecegi gozardi edilmemelidir.

2002-2013 yillar1 arasinda gergeklesen BIST-100 fiyat endeksi hareketleri dikkate
alindiginda ilgili zaman serisinin 2002-2006 yillar1 arasinda yiikselen bir trende sahip
oldugu ve s6z konusu zaman aralifinin son doneminde ayni yil igerisinde zirve
yaptiktan sonar diisiise gectigi gézlemlenmektedir. Bahse konu yiikselen trendin, 2001

krizi sonrasinda uygulanmaya baslayan makroekonomik politikalar ile iligkisi oldugu
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ihtimal dahilindedir. Tiirkiye’de yasanan 2001 krizi sonrasit IMF birlikteliginde
uygulanmaya baglanan 18. Stand-By anlagmasinin igerigi ile beraber siirdiiriilebilir
ekonomik biliylime hedeflenmistir. Bu amacin yami sira, s6z konusu biiylimenin
enflasyon baskisi olmaksizin ger¢ceklesmesi, yapisal reformalar ve idare edilebilir borg
stoku unsurlar1 6nem arz etmektedir. Ayrica 2002’de Tiirkiye Cumhuriyet Merkez
Bankasi tarafindan uygulanmaya baslanan parasal hedefleme programinin ve 18.
Stand-By anlasmasi neticesinde saglanan fonlarin ekonomiye, dolayisiyla Tiirkiye
borsasina ivme kazandirabilecegi gergegiyle soz konusu yillardaki yiikselen borsa

trendi, bahsi gecen ekonomik gelismeler ile bagdastirlabilir.
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2006 yilindan itibaren, Tiirkiye Cumhuriyet Merkez Bankasi para politikasinin parasal
hedeflemeden enflasyon hedeflmesine gegmesi, gelecege iliskin enflasyon
beklentilerinde olumlu bir degisikligie sebebiyet verebilecek olmasi goz Oniinde
bulunduruldugunda, bu gelisme Tiirk borsasi i¢in anlam ifade etmektedir. 2006 yil1
Subat ay1 itibariyla gergeklesen s6z konusu endeksin sigrayisinda, bahsi gecen para
politikasinin ekonomideki bekleyisler nezdinde etkili olabilecegi

degerlendirilebilirken yine ayni yilin ikinci yarisina girilirken borsada yasanan asagi
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yonlii hareket, faiz artiglarinin devami olacagi yoniindeki gelismeler neticesinde
meydana gelen kiiresel likidite azlig1 ile bagdastiralabilir. Ozellikle Tiirk ekonomisi
gibi gelismekte olan iilke borsalarinin, yabanci sermaye giris ¢ikislarinin yaratacagi

volatilite ortaminda ani hareketler gerceklestirebilecegi gozardi edilmemelidir.

Yine yukaridaki grafik incelendiginde, 2007 yilinda Amerika Birlesik Devletleri
kaynakli yasanan derin finansal krizin, Tiirk borsasi {lizerindeki etkisi s6z konusu
senede BIST-100 endeksinde yasanan asagi yonli trend degisikligi ile
gozlenlenebilmektedir. Yasanan derin finansal krizin kiiresel talebi baskilamasi
neticesinde uluslararasi ticaret hacminin diismesi, yasanan ekonomik giivensizlik
ortaminda tiiketim harcamalarinin azalmasi sonucu ekonomik aktivitenin diismesi s6z
konusu olmaktadir. Amerika Birlesik Devletleri kaynakli yasanan bu kriz neticesinde,
toplam talebin tekrar canlandirilmasi ve ekonomik aktivitenin hizlandirilmasi
amaciyla basta yine s6z konusu iilkenin merkez bankasi ve diger gelismis iilke merkez
bankalar1 geleneksel olmayan genisletici para politikalart uygulamiglardir. Bu
politikalar neticesinde kiiresel likidite bollugu ortaya ¢ikmis olup, uluslarasi sermaye
hareketlerinin Tiirkiye gibi gelismekte olan {ilkelere dogru gerceklesmesi ilgili
tilkelerin borsalarini etkileyebilmektedir. 2009 yil1 Ocak ay1 itibariyla Tiirk borsasinda
yasanan yukar1 yonlii trend degisikliginin kalic1 olmasinda, kiiresel likidite bollugunun

s0z sahibi olabilecegi ifade edilebilir.

Ekonomik gelismelerin yani sira, ulusal ve uluslararasi yasanan siyasi ve toplumsal
olaylarin borsay1 etkileyebilecegi giiniimiiz kiiresel diinyasinda s6z konusudur. Tiirk
borsast i¢in, 2013 yilinda yasanan yolsuzluk skandali ve yine ayni yil uluslararasi
derecelendirme kurulusu olan Moody’s not artiriminin sirasiyla 2013 yili Aralik ve

Mayis aylarinda yasanan inis ve ¢ikislarda etkili olabilecegi ihtimal dahilindedir.

Calismamizin kapsamini olusturan borsa hareketlerinin makroekonomik ve finansal
degiskenler ile 6ngoriilmesi hususunun, ilgili literatiirde pek ¢ok yazar tarafindan
arastirmaya konu oldugu gézlemlenirken, bu ¢alismalara konu olup digsal kabul edilen
degiskenlerin ayn1 yon ve istatistiksel anlamlilikla hareketi arastirilan borsa

endekslerini etkilemedigi yapilan literatiir taramasi sonucunda anlasilmistir. Bu
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baglamda, s6z konusu makroekonomik ve finansal degiskenlerin her iilke i¢in ayni
etkiye sahip olmayabilecegi gercegi altinda, tilke ekonomisinin hangi asamada oldugu,
kronik ekonomik sorunlarinin varligi, para politikasi ¢esitliligi gibi ekonomi i¢in
hayati unsurlarin ekonomiler arasindaki farkli olusu, bu calismalar kapsaminda

ortiismeyen sonuglarin alinmasina sebebiyet verebilir.

Ilgili literatiiriin énde gelen calismalarma bakildiginda, Fama (1981) enflasyon ile
borsa hareketinin negatif yonlii iliskisini incelemis olup, bu iliskinin aslinda para talebi
ve gelecekte ongoriilen ekonomik aktivitenin dogrusal iligkisi sayesinde olustugunu
gostermeye calismigtir. Chen ve digerleri (1986) tek bir degiskenden ¢ok, ekonomi
genelinde birden ¢ok degisken kullanarak bu degiskenlerin ekonomi genelinde teskil
ettigi risklerin borsaya yansimasi hususunu arasgtirmistir. Calismanin bulgularinda
sanayi Uretim endeksi, risk primindeki degisiklikler, verim egrisindeki hareketlilik
istatistiksel olarak anlamli bulunurken, beklenen enflasyondaki degisiklikler sz
konusu degiskenler kadar etkili olamamistir. Yine oncii ¢aligmalardan sayilabilecek
bir ¢alismanin yazarlari olan Pearce and Roley (1984), etkin piysalar hipotezini
makroekonomik degiskenler nezdinde test etmistir. Bu calismada elde ediken
bulgularda, iktisadi bireylerin gelecege yonelik beklentileri ve para politikasinda
strpriz degisiklikler anlamli sekilde borsayr etkilerken, enflasyonda ve ekonomik
aktivitede yasanan degisiklikler anlamli sekilde borsayr etkilememektedir. Bu
caligmalarin yani sira, gelismekte olan ekonomileri konu alan ¢aligmalar da literatiirde
mevcut olup, Gunasekarag ve digerleri (2004) ve Patel (2012) gelisen ekonomi
borsalarinin s6z konusu degiskenler ile olan hareketine ¢aligmalarinda yer
vermislerdir. Bu ¢caligmada elde edilen ortak bulgulara bakildiginda, enflasyon ve para
arz1 degiskeni s6z konusu calismalara konu olan borsalari etkilememektedir. Dahasi
da, s6z konusu bulgular gelismis ekonomiler nezdinde varilan sonuglarla ortak
ozelliklere sahip olup, bu durum gelismis ve gelismekte olan ekonomi borsalarinin
makroekonomik ve finansal boyutta yasanan degisikliklere verdigi tepkilerin aym

olabilecegini agiga ¢ikarmaktadir.

Bu konuda Tiirkiye adina yapilan ¢alismalara bakildiginda, 6zellikle doviz kuru ve

faiz oranlarinin borsayi etkiledigine yonelik ampirik bulgular mevcuttur. Erdogan ve
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Ozlale (2005) ve Muradoglu ve digerleri (1999), s6z konusu degiskenlerin Tiirkiye’de
yasanan borsa hareketliliginin analizinde anlamli olarak endeksin yoniinii etkiledigi
bulgusunun igerildigi ¢alismalardir. Diger yandan, Muradoglu ve Metin (1996), faiz,
parasal biiyiime ve doviz kuru gibi kamuya acik degiskenlerin borsayr etkiledigi

sonucunu elde ederek Tiirk borsasinin etkin ¢alismadigi sonucunu elde etmistir.

Ilgili literatir kapsaminda kullanilan ekonometrik ve matematiksel tekniklere
bakildiginda farkli yontemler karsimiza ¢ikmaktadir. Vektor hata diizeltme model,
vektor otoregresif model gibi sik kullanilann ekonometrik yontemler disinda ileri
matematiksel ve istatistiki yontemlerin ¢esitli iilkelerin borsalarinin tahmininde
kullanildigin1 gérmekteyiz. Ornegin Chen (2003) ve Enke ve Thawornwong (2005),
calismalarinin kapsaminda, hisse senedi piyasalarinda alim satim stratejilerinin
gelistirilmesi amaciyla olasiliksal yapay sinir aglart modeli ve bilgi kazanma teknigi
gibi ileri istatistiksel yontemler uygulamiglardir. Bunun yani sira, Wei Huang (2005),
geleneksel makroekonomik degiskenleri girdi degisken olarak kullanip, destekei
vektor makinesi teknigi ile hisse senedi piyasasinin tahminine calismasinda yer
vermistir. Chen (2008), markov rejim degisikligi teknigini bir ¢ok makroekonomik
degisken ile birlikte kullanarak borsada yasanan resesyonlarin tahminini
gergeklestirmistir. Bu ¢alisma sonucunda getiri egrisi ve enflasyon orani ilgili borsanin
tahmininde en Onemli degiskenler olarak tespit edilmistir. Ayrica hisse senedi
piyasalarinda yasanan volatilitenin modellenmesi adina kullanilan ARCH, GARCH,
E-GARCH gibi yontemler literatiirde yerini almaktadir. Ornegin, David Morelli
(2002) caligmasinda ARCH siirecini konu ederek makroeonomik degiskenlerin
borsada yasanan volatiliteyi agiklamadig1 sonucunu elde etmistir. S6z konusu bulguya
karsit ampirik sonuglar elde eden Zivanemoyo Chinzara (2011) ise makroekonomik
risklerin borsada yasanan volatilite ile iligkisinin oldugunu, bono faizi, déviz kuru ve
altin fiyat1 degiskenlerinin bu iligskide rol oynadigini GARCH siirecini kullanarak
tespit etmistir. Attari (2013), ¢alismasinda E-GARCH modelini kullanarak enflasyon
ve gayri safi yurtici hasila verilerinin 6nemli derecede hisse senedi piyasasi

oynakligin1 agiklamakta yeterli oldugunu gostermistir.
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Literatiir taramasi neticesinde ilgili ¢caligmalarda sik kullanilan verilerin derlenerek,
asagidaki tabloda goriilen degiskenlerin kullandigimiz algoritmaya girdi olarak servis
edilmesi s6z konusudur.

Tablo EK. A. 1. Aciklayici Degiskenlerin Kategorileri

Kategori Bagimsiz Degiskenler

Makroekonomik Indikatorler | Tiiketici Fiyat Endeksi

Sanayi Uretim Endeksi (mevsimsellik diizeltildi)
USD/TRY Déviz Kuru

M1 Para Arz1

M2 Para Arzi

Ticaret Dengesi

Finansal indikatorler Mevduat Faiz Orani

US 1 Y1l Vadeli Tahvil Faizi

US 10 Y1l Vadeli Tahvil Faizi

Dow Jones Sanayi Fiyat Endeksi

Bovespa Fiyat Endeksi

Dax Fiyat Endeksi

Brent Petrol Fiyati

Ons Altin Fiyat1

Turkey 2 Y1l Vadeli Gosterge Tahvil Faizi

Bu ¢alismada kullanilan degiskenlere iliskin veriler bir ka¢ kurulustan temin
edilmistir. Makrokonomik degiskenlerin verileri, TUIK ’den elde edilen ticaret dengesi
verileri hari¢, IMF’in internet sitesinden temin edilirken Dow Jones, Bovespa, ve Dax
borsalar1 endekslerinin yani sira Brent petrol ve Ons altin fiyati da Thomson Reuters
aracilifi ile saglanmistir. Son olarak Amerika Birlesik Devleti kisa ve uzun vadeli faiz

oranlar1 Federal Rezerv resmi internet sitesinden temin edilmistir.

Bu ¢alismanin amaci BIST-100 Fiyat Endeksinin makroekonomik ve finansal veriler
ile tahmin edilmesi ve basarili bir sekilde gergeklestirilecek olan tahmin siireci
sonrasinda Orneklem disi 6ngoériide bulunmaktadir. Bu amag¢ nezdinde dogrusal
ARIMAX modelinin baz alindig1 bir algoritma gelistirilmis olup, uygulanan algoritma
neticesinde elde edilen ¢ok sayida model arasinda en uygunu secilerek tahmin ve
ongoriide bulunulmustur. Bu ¢alismanin temel katkilarinin, kullanilan genis kapsamli

arama algoritmasi1 sonucunda uygun modellerin elde edilmesi ve Tiirk Borsasi
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Ozelinde yapilacak ileri tahmin c¢alismalarma modelleme hususunda katki

saglayabilecegi oldugu soylenebilir.

Kullanilan yontem gozetildiginde, calismamizda ARIMAX modelinin kullanilmasi ile
beraber bu modelin baz alindgi bir algoritma gelistirilmistir. Tahmin ve Ongori
amaclan dikkate alindiginda optimal denklemin elde edilmesi, bu ¢alisma i¢in hayati
Oonem tasimaktadir. Gelistirilen algoritmanin ¢alisma prensibi, modele girdi olarak
saglanan her bir makroekonomik ve finansal degiskenlerin tiim olas1 kombinasyonlari
ile beraber gelistirilecek olan modeler tiretmesidir. Bagimsiz degiskenlerin tiim olasi
ikili, ti¢lii vb. kombinasyonlar1 farkli modellerde yer alirken, s6z konusu modeller i¢in
aynt zamanda optimal AR ve MA kokleri belirlenmektedir. Es zamanli olarak
gerceklestirilen bu iki amag neticesinde elde edilen modeller arasindan en kiigiik AIC
ve BIC degerli modeller en iyi modeller olarak segilmistir. Diger yandan, algoritma,
optimal AR ve MA degerleri i¢in ARIMAX (0,d,0), ARIMAX (1,d,0), ARIMAX
(0,d,1) ve ARIMAX (2,d,2) modelleri arasindan minimum AIC/BIC degerine sahip
moedli baz almakta ve AR ve MA degerlerini +-1 olarak degistirip yeni modellere
AIC/BIC degerine sahip modeli baz model olarak segmekte ve siire¢ diisiik degere

sahip model kalmayincaya kadar devam etmektedir.
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Tablo EK. A. 2. En iyi Model Sonuclar

Variables The Best AIC Model The Best BIC Model

0.14

Bovespa Price Index(0) [0.08]*** -
0.85

Dax Price Index(0) [0.00]* -

Turkey 2-Year Bond (-)0.33 (-)0.45

Interest(0) [0.00]* [0.00]*

(-)0.33

Deposit Interest Rate(-5) - [0.00]*

0.95

Dow Jones Industirial - [0.00]*

0.46 (-)0.41

AR(1) [0.00]* [0.00]*
(-)0.09

AR(2) [0.6] -
(-)0.28

AR(3) [0.03]** -
(-)0.29

AR(4) [0.00]* -
0.03

AR(5) [0.71] -
(-)0.16

AR(6) [0.049]** -
(-)0.03

AR(7) [0.71] -
(-)0.18

AR(8) [0.03]** -
(-)0.04

AR(9) [0.66] ;
(-)0.03

AR(10) [0.71] -
(-)0.1

AR(11) [0.21] -
(-)0.15

AR(12) [0.03]** -
(-)0.86

MA(1) [0.00]* -
0.15

MA(2) [0.52] -
0.4

MA(3) [0.03]** -

Not: p degerleri koseli parantez igerisinde yer almaktadir

% 10’da anlamli.
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Yontemsel olarak tartisilan s6z konusu ¢alismamiz algoritmasinin ¢iktisi olan en iyi
iki model sonuglarina yukarida yer verilmistir. Elde edilen en iyi AIC modeli nezdinde
ulasilan sonuglara bakildiginda hedef degiskenimiz olan BIST-100 Fiyat Endeksi
hareketlerini en iyi aciklayan degiskenlerin, 2 yil vadeli gosterge tahvil faizi ve
Bovespa ve Dax Fiyat Endeksleri oldugu bulunmustur. Degiskenler 6zelinde elde
edilen katsayilarin yoniine bakildiginda s6z konusu yabanci borsa endekslerinin Tiirk

borsasi ile ayn1 yonde degistigi, 2 yil vadeli gosterge tahvil faizinin ise olasi ikame

etkisi dikkate alinarak negatif yonde iliskide oldugu gozlenmistir.

En iyi BIC modeli dikkate alindiginda elde edilen en iyi AIC modelinde kullanilan
degiskenlerden sadece 2 yil vadeli gosterge tahvil faizinin igerdigi goriilmektedir. En
iyl AIC modelinde farkli olarak, Tiirkiye’deki kullanilan mevduat faiz oraninin ve
Dow Jones Sanayi Fiyat Endeksinin Tiirk borsasini en iyi agiklayan degiskenler olarak
gormekteyiz. Yine ilgili degiskenlerin isaretlerine bakildiginda mevduat faizi ve borsa
arasinda tespit edilen negatif iliski neticesinde olasi ikame etkisinden s6z edilebilirken,
Dow Jones Sanayi Fiyat Endeksi ile BIST-100 fiyat endeksi hareketlerinin ayni yonlii
olmasi, diinyanin en biiyiik ekonomisine sahip borsanin diger borsalara da yon

verebilecegi durumunu agiga ¢ikarmaktadir.

Gerek iktisadi, gerekse istatistiksel a¢idan anlamli bulunan degigkenlerin 6ngorii
giiciinii ortaya koymak ve calismanin amacii gerceklestirmek adina 6rneklem dist
validasyon c¢alismasi yapilmistir. 2014-2015 yillart i¢in yapilan 6rneklem disi
validasyon ¢alismasinin sonuglar1 asagidaki tablodan goriilebilirken diisitk RMSE ve

MAE degerleri elde edilen modellerin giiciinii dogrular niteliktedir.
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Tablo EK. A. 3. Secilen Modellerin Ongériileri

Actual The Best AIC Model The Best BIC Model
Values Forecast Forecast

2014m1 -0.04 -0.02 -0.01
2014m2 0.02 0.02 -0.01
2014m3 0.12 0.10 0.07
2014m4 0.05 0.10 0.05
2014m5 0.03 0.03 0.03
2014m6 0.02 0.04 0.02
2014m7 -0.02 -0.01 -0.07
2014m8 -0.01 0.02 0.03
2014m9 -0.02 -0.07 0.02
2014m10 0.06 0.03 0.09
2014m11 0.04 -0.06 0.04
2014m12 0.05 0.01 0.06
2015m1 -0.03 0.02 -0.02
2015m2 -0.06 -0.02 -0.06
2015m3 0.03 0.05 0.01
2015m4 0.02 0.00 0.00
2015m5 -0.04 -0.04 -0.01
2015m6 -0.01 -0.03 -0.01
2015m7 -0.06 -0.10 -0.12
2015m8 -0.04 -0.06 -0.08
2015m9 0.07 0.04 0.10
2015m10 0.02 0.01 0.03
2015m11 -0.09 -0.07 -0.04

RMSE 0.034 0.03

MAE 0.027 0.024
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