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Summary

In this paper, we analyse the determinants of gold prices in the Turkish free market using classic 
linear regression techniques. We modelled the gold price movement using two static models, a simple 
linear and a polynomial of degree three. We compared two models and concluded that third degree 
polynomial regression model fitted our data better and has greater explanatory power than simple 
linear model. Furthermore the most significant determinants of the gold price in Turkey are found to 
be gold mine production, US dollar exchange rate against Turkish lira and the consumer price index 
(TÜFE).
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Introduction

Gold is a precious metal and mostly traded in the form of jewellery. It is also consumed 
in industry due to its unique chemical properties. Between 2004 and 2013, nearly 63% of 
the demand comes from the jewellery sector, 24% from physical gold investment (bars and 
coins), and 12% from industrial use.1 Historically gold had been used as money along with 
paper notes and silver because of its longevity, general recognition and divisibility (Cox 
2007). Nowadays gold is mostly traded on the over-the-counter (OTC)2 markets. London 
is by far the largest global centre for OTC transactions. Gold is traded in forms of securi-
ties such as exchange-traded funds (ETFs) as well. The London market is the place where 
major market players meet to decide the gold trading price since 1919. In Turkey, gold and 
other precious metals transactions are executed in the Precious Metals and Diamond Market 
of Borsa İstanbul (BIST-KMTP) since its establishment in 1995. The gold price occurring 
at BIST-KMTP seems not to be independent from the major world gold markets. In fact it 
closely follows the price at the London market as Menase (2005), Taşçı (2010) and Sefa 
(2013) concluded in their studies. Understanding and accurately forecasting the gold price 
are important for investors and central banks, especially in the emerging economies in which 
the central banks have been buying and hoarding gold in their reserves with a growing rate. 

1  Gold Demand Trends, Third quarter 2014, World Gold Council, London
2  A decentralised market, without a central physical location, where market participants trade with one another through various 
communication modes such as the telephone, email and proprietary electronic trading systems.
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Gold prices are essentially influenced by the overall condition of the global economy and ge-
opolitical matters which can be measured by the general trends in energy products, financial 
markets, and macroeconomic events. Moreover, monetary policies of central banks, global 
and domestic supply and demand dynamics as well as investment decisions of large-scale 
investors may have some impact on gold price to some degree. All these factors contribute 
to the complexity of understanding the gold price movement. 

In the next section, we shall summarise the literature related to the gold price movement 
in Turkey. Although gold prices are closely followed by different market players such as 
households, banks, financial and investing institutions, investors and jewellers in the Turkish 
market, there are only a few econometric articles regarding the gold price formation. After 
the literature review, we shall explain the methodology and dataset of our study. In the pre-
ceding section, we shall present our models for tracking the gold price movement. In the end, 
the results and conclusion will take place.

Reference to related papers

In literature, a number of studies focused on the movement of gold price in Turkey and 
its association with macroeconomic and financial indicators such as interest rate, inflation 
rate, US dollar value, petrol price, gold reserve of central bank, and stock market indices. 
Researchers employed various methods in their analyses such as ARMA models, GARCH 
time series models, multiple linear regression model, panel data approach, and Granger cau-
sality test. 

Melih Menase (2009) explored the global and local (Turkish) gold markets and their 
supply-demand relations. He analysed the factors which affect the gold pricing in Turkey 
using regression analysis and concluded that gold prices almost totally depend on external 
factors. He found that one unit increase in gold price at the London gold market explains 
the 96% increase of gold price in Turkey. In addition to these results, he notes that Turkey 
has no significant effect in global gold pricing although it is counted as one of the leading 
countries in gold demand.

Taşçı (2010) studied the impacts of Dow Jones index, USD exchange rate, world gold 
prices, interest rate, IMKB100 index, crude oil price, and CPI on domestic gold coin price 
(Cumhuriyet altını) in Turkey. He used daily data from the period of 1994 and 2009 for anal-
ysis. As a result of the analysis of the data he concluded that IMKB100 index, Dow Jones 
index, USD exchange rate and crude oil price have no effect. However, world gold prices, 
interest rate, and CPI do have impact on gold coin price. 

Deveci (2013) studied macroeconomic and financial variables in Turkey in order to de-
cide the most appropriate models which explain and predict the gold and silver price move-
ments. The explanatory variables are Turkish money supply-M2, Turkish benchmark bond 
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rate, Brent oil price, Turkish lira/US dollar exchange rate, Turkish industrial production, 
Borsa Istanbul 100 Index, Turkish consumer price index, world consumer price index and 
credit risk default premium. She developed a benchmark linear model ARIMAX and a pro-
bit model to analyse the monthly data covering the period from January 2002 to November 
2012. The study concludes that the Turkish lira/US dollar exchange rate and the Turkish 
consumer price index are significant price determinants for gold. 

Aksoy and Topçu (2013) examined the short- and long-term relations between gold as an 
investing instrument and stocks (hisse senedi), bonds (DİBS), consumer price index (TÜFE) 
and production index (ÜFE) in Turkey. They applied regression analysis using monthly data 
covering the period from January 2003 to December 2011. Their study concludes that gold 
returns have a negative correlation with stock returns and a positive correlation with infla-
tion based on production index.

Sefa (2013) investigated the gold prices in Turkey using econometrics. She considered 
London bullion market gold prices, Brent oil price, US dollar rate, Dow Jones Industrial 
Average, monthly average term deposit interest rates, wholesale price index and Borsa 
Istanbul BIST100 index as explanatory variables for the gold price. She used the Engle-
Granger two-step estimation method to find the model with better prediction capacity. She 
concluded that the London bullion market gold price is the unique and statistically signifi-
cant determinant for Turkish spot gold price.

Yılmaz (2013) analysed the impact of financial crises on spot and future gold markets in 
Turkey using econometrics. He concluded that gold price movements have different dynam-
ics during and after the global financial crisis compared to times of no-crisis. He suggests 
that gold price formation is being more speculative and gold is losing its safe haven charac-
teristic after the 2008 global crisis.

Purpose of the study

In this study, our aim is to compare two econometric models in order to identify the one 
characterising the movement of gold price better. We shall test our models to see whether 
they are statistically valid so that they pass the diagnostic tests. Our paper differs from the 
previous studies in that it uses the monthly domestic gold production by mining companies 
as an explanatory variable in the analysis of the gold price dynamics. Another difference is 
that we use the most recent data from the beginning of 2008 to September 2014.

Methodology

Economics is mostly an observational and reflective field of study. One of the most com-
mon activities in economics is forming theoretical models and evaluating and testing them 
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against evidence. Econometrics, as a mathematical branch of economics, helps us analyse 
and understand economic phenomena quantitatively. It can be considered as a bridge be-
tween economic theory and real concrete economic and financial events. In this paper, we 
are interested in static linear regression models.

Static models

Our models are static since they do not involve any lagged variables. The first model is 
simple linear and characterised by:

 (1)

Where Ygold is the gold price (explained variable), Xi’s are explanatory variables, fixed 
quantities α and βi’s are the parameters and ε is the disturbance (or noise) term. 

Our second model is obtained through polynomial transformations on the variables in the 
first model. For each variable Xi we add two new exponential variables, namely Xi

2 and Xi
3. 

Hence we have the cubic polynomial model:

 (2)

Our models hypothesise that the market price of gold in Turkey is determined by the 
consumer price index, US crude oil price, USD/TRY exchange rate, weighted average of 
one-month deposit interest rates, gold production of mining companies, and BIST100 price 
index.

We shall use the Ordinary Least Squares (OLS) method in our regressions.

Data

The data used in the modelling are monthly observations covering the period from 
January 2008 to October 2014. All variables are indicators of the Turkish financial market 
except for the WTI crude oil price because it is known as the major global benchmark of 
crude oil. It is worth to mention here that monthly gold production of mining companies in 
Turkey is only available from January 2008 onwards. Among the variables inflation (TÜFE), 
interest rate and gold production of mining companies are announced on monthly whereas 
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oil price, USD/TRY exchange rate and BIST100 price index are published on a daily basis. 
Since it is not possible to get the daily data for gold production and inflation rate and because 
of the availability of the monthly average gold price in the free market from IAB we shall 
convert all the data to the monthly based form by calculating average closing value of the 
trading days for each month. 

The variables used in the analysis are defined as follows:
Ygold is the gold bullion selling price in Turkey. It is collected from the website of the Central 
Bank of the Republic of Turkey (CBRT). It is the average monthly free market price of one 
gram of gold in TL at the Borsa Istanbul Precious Metals and Diamond Market. This price is 
preferred under the assumption that it reflects the Turkish gold market dynamics better than 
other prices.
XCPI is the consumer price index (CPI) known as TÜFE (Tüketici Fiyatları Endeksi) in Turkey 
and calculated using Laspeyres method. It is the percentage change in the CPI over the same 
month of the previous year in which 2003 is taken as the base year. TÜFE is the indicator of 
the cost of life for a typical household. Since TÜFE is used by investors as an indicator for 
the expected inflation and culturally gold is perceived as a traditional hedge against inflation 
in Turkey, it is reasonable to include TÜFE as one of the explanatory variables.
XOil is the crude oil price in US dollars per barrel (1 barrel = 119 litres) in the USA. We use 
the spot price of West Texas Intermediate (WTI) light oil price because it is used as the 
global benchmark in oil pricing and the underlying commodity of New York Mercantile 
Exchange’s oil futures contracts. Oil prices affect the global and domestic economies be-
cause costs of energy and transport mostly depend on oil. In fact oil prices have impact on 
the general price level of goods and services. When we look at the historical movement of 
oil and gold prices we clearly notice that they tend to move together. We can argue that gold 
prices are positively correlated to oil prices. Thus we consider oil price as a reasonable ex-
planatory variable.
XUSD is US dollar (USD)/Turkish lira (TL) exchange rate and is collected from the website of 
the Central Bank of the Republic of Turkey (CBRT). It is updated daily since 1950. Gold, like 
most commodities, is priced in US dollars and its price is negatively correlated to the value 
of dollar. Therefore gold can serve as a hedge against the weakening of USD. The USD/TL 
exchange rate variation may contribute to explain volatility in gold prices denominated in TL. 
XInterest is the interest rate in Turkey and obtained from the website of CBRT. It is the weighted 
average of maximum interest rates applicable to 1-month domestic currency deposits by 
commercial banks. We believe this interest rate reflects the market conditions much better 
because investors in Turkey usually prefer short-term investment types3. It is reasonable 
to include interest rate as a regressor since there is a common opinion that gold prices are 

3  Identification of Capital Markets Perception and Investment Potential Survey (Sermaye Piyasası Algı ve Yatırım Potansiyeli 
Belirleme Araştırması), Official Report, April 2011.

Zeszyty-naukowe-41_2015.indd   107 2015-07-30   14:52:45



MODELLING THE GOLD PRICE IN TURKISH FREE MARKET: STATIC APPROACH 108

strongly correlated to interest rates. For instance, in a recent study (Erb and Harvey 2013), 
there is found a very strong negative correlation (r = -0.82) between real interest rates and 
gold prices from 1997 to 2012. Moreover, Paul Krugman, a Nobel Laureate in economics, 
argued that the real price of gold surged in the last decade because of low real interest rates.
XMining is the monthly production of gold mining companies in Turkey, and obtained from the 
Borsa Istanbul Precious Metals and Diamond Market. Previous studies did not consider gold 
production as an independent variable in the study of the gold price movements. In fact it 
can be discussed whether mining has impact on gold price or vice versa. But mining is part 
of gold supply in addition to recycling and it should affect the price. Turkey became a leader 
of gold production in Europe over the last decade. It produced 33.5 tons of gold from its  
7 active gold mines and consumed 175.2 tons in 2013. That means about 20% of the demand 
is provided from gold mines in 2013.
XBIST100 is the BIST100 price index and obtained from Borsa Istanbul. BIST100 Index is 
a broad-term capitalisation weighted index based on Turkish national market companies. 
This index is included in the model because we believe that it reflects the general trends in 
the financial markets even though it is much more volatile than the gold market. It is ap-
propriate to include stock exchange index since it tends to move in the same direction with 
gold prices. Since we take monthly values of each explanatory variable the daily index series 
taken from Borsa Istanbul are transformed into monthly frequency data by calculating aver-
age closing values of the trading days for each month. 

Model 1: Simple Linear Regression Model

Firstly we shall use the data which cover the period from January 2008 until December 
2013 and run a simple linear regression with our data and obtain the results in Table 1.

Table 1
Simple Linear Regression results  

Variable Coefficient Std. Error t-Statistic Prob.

BIST100 0.003868 0.004213 0.918122 0.3619
CPI 1.282866 0.802553 1.598482 0.1148
GOLD MINING 0.008494 0.005253 1.617004 0.1107
INTEREST RATE -1.871540 0.659906 -2.836071 0.0061
OIL PRICE 0.096672 0.099755 0.969101 0.3361
USD TRY 49.80114 17.12140 2.908708 0.0050
C -22.32478 33.14897 -0.673468 0.5030

Source: own preparation.
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The coefficient of determination (R2) of the model is 0.835. It means about 84% of 
the variation in the gold price is explained by the variation in the six explanatory vari-
ables. 

The results in Table 1 suggest that if we choose p-value as 5%, then US dollar against 
Turkish lira exchange rate and interest rate variables are statistically significant. In other 
words these estimated coefficients in the model are significantly different than zero. We can 
say that monthly average USD exchange rate and the interest rate are important determinants 
of gold price, ceteris paribus. This is not surprising because gold is predominantly traded 
in USD at major markets and USD is the dominant currency in global trade. Also central 
banks keep some of their foreign exchange reserves in USD. The coefficient for USD-TRY 
is the dominant parameter in the model. The interest rate has a negative coefficient which 
is reasonable because if the banks offer lower rates for saving accounts people usually tend 
towards other investment tools and in Turkey people traditionally invest in gold to save their 
money.

Model 2: Cubic Polynomial Regression Model

Now we shall run the cubic polynomial regression model on two time periods.

First period

In the first estimation, we shall use data which cover the period from January 2008 until 
December 2013. Using EViews, we run the regression analysis on our data and obtain the 
following results:

The explanatory variables are provided in the first column, their estimated coefficients 
are in the second, the standard errors of the coefficients in the third, t-statistic of each coef-
ficient in the fourth, and the p-value in the last column. The null hypothesis for each coeffi-
cient is that the true value of that coefficient is zero. In other words that explanatory variable 
does not control the gold price while keeping other variables unchanged. 

The results in Table 2 suggest that if we choose p-value as 5%, then US dollar against 
Turkish lira exchange rate and monthly gold production variables are statistically significant. 
In other words these estimated coefficients in the model are significantly different than zero. 
We can say that the monthly average USD exchange rate and the amount of gold produced 
in gold mines every month are important determinants of gold price, ceteris paribus. This 
is not surprising because gold is traded in USD at major markets and USD is the dominant 
currency in global trade. Also central banks keep some of their foreign exchange reserves in 
USD. Gold produced in Turkey is an essential part of domestic supply so it is expected and 
unsurprising that this variable has a significant influence on gold price formation.
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Table 2
Cubic Polynomial Regression results

Variable Coefficient Std. Error t-Statistic Prob.

CPI 26.47048 13.61702 1.943926 0.0572
(CPI)^2 -2.853832 1.707888 -1.670972 0.1006
(CPI)^3 0.099186 0.069678 1.423483 0.1605
OIL PRICE -1.096685 1.185565 -0.925032 0.3591
(OIL PRICE)^2 0.015005 0.013776 1.089246 0.2810
(OIL PRICE)^3 -5.59E-05 5.19E-05 -1.075810 0.2869
USD TRY -2518.654 577.1730 -4.363777 0.0001
(USD TRY)^2 1713.826 354.3740 4.836207 0.0000
(USD TRY)^3 -372.3593 71.43594 -5.212492 0.0000
INTEREST RATE -8.877691 20.92638 -0.424234 0.6731
(INTEREST RATE)^2 0.201928 1.185225 0.170371 0.8654
(INTEREST RATE)^3 -1.18E-05 0.021549 -0.000547 0.9996
GOLD MINING -0.048587 0.021827 -2.226036 0.0303
(GOLD MINING)^2 3.60E-05 1.22E-05 2.948694 0.0047
(GOLD MINING)^3 -7.15E-09 2.05E-09 -3.488423 0.0010
BIST100 0.120604 0.059273 2.034711 0.0469
(BIST100)^2 -5.63E-05 3.04E-05 -1.850161 0.0699
(BIST100)^3 8.43E-09 5.10E-09 1.655017 0.1038
C 1200.925 290.9136 4.128117 0.0001

Source: like in Table 1.

The coefficient of determination (R2) of the first model is 0.969 correct to 3 significant fig-
ures. It means about 97% of the variation in the gold price is explained by our model, in other 
words by the variation in the 18 explanatory variables, mainly 6 economic indicators with their 
square and cubic extensions. Also F-statistic value for the model is approximately 92 and its 
p-value is practically zero, suggesting that we can reject the null hypothesis that at least one of 
the selected economic explanatory variables has a significant effect on the gold price. 

Stochastic assumptions

The residuals are defined as the difference between the actual (observed) and the esti-
mated (fitted) values of the dependent variable: . The Ordinary Least Squares 
(OLS) principle is a method that minimises the sum of et

2 and provides the best linear un-
biased estimators given that all the assumptions of the classical linear regression model are 
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satisfied. We shall check the required assumptions on the residuals et: normality, independ-
ence and homoscedasticity.

1. Normality test

The null hypothesis says that the residuals et are normally distributed. We have enough 
evidence to reject the null hypothesis of normality since JB-statistic=7.97 which is larger 
than 5.99=χ2 (2). Also p-value of JB-statistic is less than the 5% significance level. Therefore 
normality assumption is rejected.

2. Serial correlation

If the data contain short frequency observations such as daily, weekly or monthly, then 
it is highly likely that successive observations affect each other. In other words the error in 
one period is correlated to the error in previous period(s). Autocorrelation occurs because of 
omitted variables, model misspecification or systematic errors in measurement. This is a very 
common problem in economic time series because economic variables or indicators are usu-
ally affected by their lagged values. For example the inflation rate for the current month is 
highly likely to depend on the inflation rate in previous month. Also if a change occurs in 
the interest rates then this change will influence the future inflation rates, therefore, the gold 
price, too. Gold price is also likely to be influenced by its own lagged values. Therefore, 
we expect to have a higher-order autocorrelation in residuals rather than first-order. We will 
proceed by testing for the 12th order serial correlation because of the monthly frequency of 
the data. We specify 12 as the number of lags when we perform Breusch-Godfrey LM-test 
for pth order autocorrelation. Null hypothesis in this test is that there is no autocorrelation 
in the disturbance term. Alternative hypothesis says there is serial correlation of order 12.

Table 3
Autocorrelation test results
F-statistic 4.817131  Prob. F(12,41) 0.0001

Obs*R-squared 42.12314  Prob. Chi-Square(12) 0.0000

Source: like in Table 1.

LM-statistic (Obs*R-squared) is about 42.1 and the χ2 – distribution with 6 degrees of 
freedom (df=number of regressors – number of lagged residuals=18-12) has a value of 
12.592. Clearly LM-statistic is larger than χ2 (6) as well as its p-value is practically zero. 
These results suggest that we can reject the null hypothesis. We conclude that the residuals 
are serially correlated.

Zeszyty-naukowe-41_2015.indd   111 2015-07-30   14:52:46



MODELLING THE GOLD PRICE IN TURKISH FREE MARKET: STATIC APPROACH 112

Coefficients of lagged residual terms have high p-values, all larger than 5%. This is 
strong evidence against the null hypothesis.

Table 4
Lagged residuals terms  

Variable Coefficient Std. Error t-Statistic Prob.

RESID(-1) 0.362164 0.192670 1.879710 0.0673
RESID(-2) 0.113683 0.181805 0.625302 0.5352
RESID(-3) -0.145096 0.176784 -0.820752 0.4165
RESID(-4) 0.038993 0.164520 0.237009 0.8138
RESID(-5) -0.305091 0.163504 -1.865954 0.0692
RESID(-6) -0.375334 0.182303 -2.058850 0.0459
RESID(-7) -0.296471 0.222867 -1.330262 0.1908
RESID(-8) -0.286826 0.221358 -1.295753 0.2023
RESID(-9) 0.040256 0.202469 0.198827 0.8434
RESID(-10) 0.299172 0.188464 1.587424 0.1201
RESID(-11) -0.101454 0.204379 -0.496404 0.6223
RESID(-12) 0.282862 0.211577 1.336919 0.1886

Source: like in Table 1.

Table 5
Ljung-Box test results 

Lags AC PAC Q-Stat Prob

1 0.374 0.374 10.482 0.001
2 0.272 0.154 16.118 0.000
3 0.073 -0.084 16.531 0.001
4 -0.032 -0.089 16.613 0.002
5 -0.196 -0.184 19.675 0.001
6 -0.347 -0.253 29.373 0.000
7 -0.256 -0.012 34.732 0.000
8 -0.280 -0.103 41.276 0.000
9 -0.115 0.048 42.392 0.000

10 0.132 0.258 43.880 0.000
11 0.086 -0.094 44.527 0.000
12 0.207 0.038 48.318 0.000

Source: like in Table 1.
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We can also use the Ljung-Box test (the Q-test) for the correlation behaviour of the re-
siduals. Using software we find the correlogram (autocorrelation coefficients) for the first 
12 lags:

We see that p-values of autocorrelation coefficients of residuals at each lag are all statisti-
cally significant for any level of significance (1%, 5% or 10%). We conclude that residuals 
have significant serial correlation at lags 1 to 12.

3. Homoscedasticity

If the residuals have constant variances then they are homoscedastic and another assump-
tion is satisfied, too. We shall employ the Breusch-Pagan-Godfrey test in which the null 
hypothesis is that the residuals are homoscedastic. The test results are as follows:

Table 6
Breusch-Pagan-Godfrey test results 
F-statistic 0.845035 Prob. F(18,53) 0.6418

Obs*R-squared 16.05565 Prob. Chi-Square(18) 0.5887

Source: like in Table 1.

The F-statistic is not significant since its p-value is larger than 5%. Thus we do not have 
enough evidence to reject the null hypothesis.

Second period

In the second estimation, we shall use the data which cover the period from January 2008 
until October 2014. Using EViews, we run the regression analysis on our data and obtain the 
results in Table 7.

The coefficient of determination (R2) of the first model is 0.957 correct to 3 significant 
figures. It means about 96% of the variation in the gold price is explained by our model. 

F-statistic value, as a measure of the overall significance of the regression, is approxi-
mately 76 and its p-value is practically zero, suggesting that we can reject the null hypoth-
esis. Thus at least one of the selected economic explanatory variables has significant effect 
on the gold price. 

The results in Table 7 suggest that the inflation rate (CPI) and monthly gold production 
variables are statistically significant at 5% level of significance. That is to say these esti-
mated coefficients in the model are significantly nonzero. We can say that after including 
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the monthly data for 2014 the annual rate of change in consumer price index and the amount 
of gold produced in gold mines every month appear to be significant determinants of gold 
price. Disappearance of USD/TL rate and emergence of CPI as a significant variable in the 
model can be the result of the small and large-scale investors’ inflation expectations. In gen-
eral, gold has been known and described as a ‘hedge against inflation’ because it often holds 
its real value in the long run. Current and expected inflation have significant impacts on gold 
demand as well as global inflation since gold is a commodity traded mostly internationally. 
Although Turkey has been experiencing a relatively stable inflation rate which averages to 
8.5% for the last decade, previously Turkey was a high inflationary country (fluctuating 
between 20% and 140% with an average of 55% between 1973 and 2003) and investors and 
consumers are used to look for assets which preserve their values in the presence of high 
inflation. Therefore, gold as well as foreign exchange such as US dollar and euro have been 
the main safe havens for a long period in Turkey. 

Table 7
Cubic Polynomial Regression results 

Variable Coefficient Std. Error t-Statistic Prob.

CPI 29.09397 14.26057 2.040169 0.0457
(CPI)^2 -3.756704 1.847264 -2.033659 0.0463
(CPI)^3 0.153713 0.077004 1.996165 0.0504
OIL_PRICE -0.648650 1.631917 -0.397477 0.6924
(OIL_PRICE)^2 0.008976 0.018685 0.480365 0.6327
(OIL_PRICE)^3 -3.09E-05 6.93E-05 -0.446076 0.6571
USD_TRY -84.28527 443.0767 -0.190227 0.8498
(USD_TRY)^2 176.3464 259.8559 0.678631 0.4999
(USD_TRY)^3 -53.68166 49.77314 -1.078527 0.2850
INTEREST_RATE -4.415786 14.77360 -0.298897 0.7660
(INTEREST_RATE)^2 0.547432 1.382056 0.396100 0.6934
(INTEREST_RATE)^3 -0.017496 0.040348 -0.433616 0.6661
GOLD_MINING -0.078771 0.023062 -3.415668 0.0011
(GOLD_MINING)^2 5.61E-05 1.26E-05 4.461936 0.0000
(GOLD_MINING)^3 -1.08E-08 2.08E-09 -5.194591 0.0000
BIST100 0.000227 0.002259 0.100429 0.9203
(BIST100)^2 2.06E-08 3.86E-08 0.534027 0.5953
(BIST100)^3 -2.21E-13 2.17E-13 -1.021201 0.3112
C -88.67605 263.1284 -0.337007 0.7373

Source: like in Table 1.
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Stochastic assumptions

1. Normality test

We do not have enough evidence to reject the null hypothesis since JB-statistic=1.037. 

Figure 1
Normality test results

Source: own preparation.

If the JB-statistic is close to zero, then we have a sufficient basis to accept the error term 
is normally distributed. If skewness=0 and kurtosis =3, then the error term is standard nor-
mally distributed. We see that skewness is close to zero and kurtosis is close to 3. Also the 
p-value of JB-statistic is larger than the 5% significance level. Therefore, taking JB statistic 
into consideration normality assumption is not rejected, the residuals are normally distrib-
uted.

2. Serial correlation 

Since our data are monthly it is useful to look at seasonal frequencies in the residual 
autocorrelation function with lag 12. The result of Breusch-Godfrey Serial Correlation LM 
Test is provided below:
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Table 8
Autocorrelation test results 

F-statistic 1.150804  Prob. F(12,49) 0.3438

Obs*R-squared 17.58921  Prob. Chi-Square(12) 0.1287

Source: like in Table 1.

LM-statistic (Obs*R-squared) is about 17.6 and the χ2 – distribution with 6 degrees of 
freedom (df=number of regressors – number of lagged residuals=18-12) has a value of 
12.592. Clearly LM-statistic is larger than χ2 (6). These results suggest that we can reject the 
null hypothesis. We conclude that the residuals are serially correlated.

We do not find any significant lagged residual term of any order from 1 to 12. However, 
residual terms at first two lag are close to 5% and have rather low p-values, 0.0673 and 
0.0531 respectively, compared to others. 

Table 9
Lagged residuals terms      

Variable Coefficient Std. Error t-Statistic Prob.

Resid(-1) 0.336 0.180 1.872 0.067

Resid(-2) 0.342 0.173 1.982 0.053

Resid(-3) 0.206 0.195 1.061 0.294

Resid(-4) 0.190 0.194 0.978 0.333

Resid(-5) 0.017 0.200 0.087 0.931

Resid(-6) 0.259 0.194 1.333 0.189

Resid(-7) -0.024 0.208 -0.116 0.909

Resid(-8) -0.070 0.202 -0.346 0.731

Resid(-9) 0.127 0.246 0.518 0.607

Resid(-10) 0.357 0.213 1.676 0.100

Resid(-11) 0.235 0.224 1.049 0.300

Resid(-12) 0.029 0.206 0.139 0.890

Source: like in Table 1.

We can also use the Ljung-Box test (the Q-test) for the correlation behaviour of the 
residuals. We also check the correlogram (autocorrelation coefficients) for the first 12 
lags:
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Table 10
Ljung-Box test results    

Lags AC PAC Q-Stat Prob

1 0.186 0.186 2.8823 0.090
2 0.219 0.191 6.9263 0.031
3 0.085 0.018 7.5460 0.056
4 0.078 0.022 8.0664 0.089
5 -0.161 -0.210 10.337 0.066
6 0.050 0.093 10.559 0.103
7 -0.123 -0.087 11.912 0.103
8 -0.107 -0.089 12.964 0.113
9 -0.075 0.008 13.490 0.142

10 0.098 0.130 14.381 0.156
11 0.010 0.044 14.391 0.212
12 0.062 -0.019 14.767 0.254

Source: like in Table 1.

We see that p-value for the second-order correlation coefficient is statistically significant. 
We conclude that residuals have significant serial correlation at lag 2.

3. Homoscedasticity

If the residuals have constant variances then they are homoscedastic and another assump-
tion is satisfied, too. We shall employ the Breusch-Pagan-Godfrey test in which the null 
hypothesis is that the residuals are homoscedastic. The test results are as follows:

Table 11
Breusch-Pagan-Godfrey test results 

F-statistic 1.643766  Prob. F(18,61) 0.0770

Obs*R-squared 26.12961  Prob. Chi-Square(18) 0.0968

Scaled explained SS 16.75051  Prob. Chi-Square(18) 0.5403

Source: like in Table 1.

The F-statistic is not significant since its p-value is larger than 5%. Thus we do not have 
enough evidence to reject the null hypothesis.
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Comparative analysis of results

In the first model, simple linear regression, when we ran the regression for the first 
period (January 2008 - December 2013), we found USD exchange rate and interest rate 
variables coefficients to be significant in the movement of gold price. R2 was 0.835, mean-
ing the model explains about 84% of the change in gold price. In the second model, results 
for the first period (January 2008 - December 2013) suggest that gold mining and USD 
exchange rate coefficients are statistically significant in explaining the gold price. This 
time R2 is 0.969 which is much higher than the simple model. Results for the second period 
(January 2008 -September 2014) suggest that gold mining and inflation rate coefficients 
are statistically significant in explaining the gold price. This time R2 is 0.957 which is 
slightly less than the cubic model for the first period. Again residuals are normally dis-
tributed but they have non-constant variation and have first-order serial correlation prob-
lems. In the second model covering the first period with 72 observations residuals are not 
normally distributed which is a problem because t-test and F-tests will not be reliable in 
such case. However, after including the most recent data with more observation (n=80) 
residuals are found to be normally distributed. Both models have residuals with constant 
variances and the homoscedasticity assumption is not violated. But residuals are found to 
have second-order serial correlation. This is a problem because OLS estimators, although 
they are still unbiased and consistent, are no longer efficient meaning that they may appear 
to be more significant than they really are. Moreover, since the estimated standard errors 
may not be reliable under autocorrelation problem, hypothesis tests like t and F tests may 
become invalid.

Conclusion

In this study we used the multiple linear regression method to analyse the gold price 
movement and tried to explain it with six explanatory variables with most recent data using 
two static models, linear and cubic. When we compare the coefficient of determinations 
of two models we found that the simple linear model explains 84% and the cubic polyno-
mial model explains 97% of the variation in gold prices over the period of January 2008 
and December 2013. Therefore, the cubic model has much better explanatory power over 
the simple model. When we extended the period to September 2014, we observed that the 
explanatory power of the cubic model decreased slightly to 96%. However both models 
violated the constant variance (heteroscedasticity) and independence of residuals (autocorre-
lation) assumptions of OLS regression. As a result estimators are inefficient and hypothesis 
tests like t and F tests are not reliable. We concluded that a dynamic regression model seems 
to fit much better to the data. In the next paper, we shall analyse the gold price movements 
using dynamic regression models.
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APPENDICES

Appendix 1

Variable Notation Source name Source website 

Price of gold Ygold Central Bank of the Republic of Turkey evds.tcmb.gov.tr
Inflation XCPI Turkish Statistical Institute www.turkstat.gov.tr
Crude oil price Xoil U.S. Energy Information Administration www.eia.gov
Exchange rate XUSD Central Bank of the Republic of Turkey evds.tcmb.gov.tr
Interest rate Xinterest Central Bank of the Republic of Turkey evds.tcmb.gov.tr
Gold production XMining Precious Metals And Diamond Market www.iab.gov.tr
Stock Exchange XBIST100 Borsa Istanbul www.borsaistanbul.com

All variables are ratio scale variables and all data are time series data, observed daily or 
monthly.

Appendix 2

Figure
Turkey Inflation Rate. Annual change on consumer price index

Source: Turkish Statistical Institute, http://www.tradingeconomics.com [access: December 2014].
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Determinanty cen złota na wolnym rynku tureckim: podejście 
statystyczne

Streszczenie

W artykule zanalizowano determinanty cen złota na wolnym rynku tureckim, z zastosowaniem 
technik klasycznej regresji liniowej. Dokonano modelowania ruchu cen złota, stosując dwa modele 
statyczne: prosty liniowy i wielomianowy trzeciego stopnia. Porównano dwa modele i wywniosko-
wano, że wielomianowy model regresji trzeciego stopnia lepiej pasował do naszych danych i ma 
większą moc wyjaśniającą niż prosty model liniowy. Co więcej, najistotniejszymi determinantami 
ceny złota w Turcji, jak się okazuje, jest produkcja kopalni złota, kurs wymiany dolara USA w sto-
sunku do liry tureckiej i wskaźnik cen towarów i usług konsumpcyjnych (tur. TÜFE).

Słowa kluczowe: turecki rynek złota, determinanty ceny złota, regresja wielokrotna.

Kody JEL: C01, C30, C51, C52

Artykuł nadesłany do redakcji w marcu 2015 roku.
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