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ABSTRACT

The constant fluctuation of the gold price draws the attention of researchers and
different models are used to predict the future price of this precious metal. This
study attempts to use a multiple regression model to forecast the gold price and
while doing so, the issue of multicollinearity, heteroscedasticity and auto-
correlation issue of the historical data are addressed and solved with the help of
suitable techniques. After that, the final model is proposed with the assessment
of overall fit of the same. Using this proposed model, further, the future price of
gold is forecasted and the errors are estimated. The paper ends with the limitation
of the research and the way forward is discussed.

INTRODUCTION

The continuous fluctuation in gold price in the recent time significantly
draws an attraction of the investors towards the precious metal. While
individuals see it as an inevitable phenomenon, as gold is used both as a
financial asset and in the jewelry sector, research should look into the
economic rationale which is present in the behavior of the price gold.
Although, There are several ways for predicting the price of any commodity,
one of the most common way to find the economic logic in the fluctuation of
the price is to build a causal model in which some (one or more) factors,
based on existing literature, may be considered as the causes of the price
fluctuation of the commodity in hand. In other words, the gold price can be
treated as a dependent variable which is dependent on some factors (which
are the cause). These causal variables, which are termed as independent
variables, can then be used to predict the future price of the dependent
variable (in this case, gold price) using multiple regression model. The model
essentially is an equation which can be used to forecast the price of the gold
in future, depending on the input values of the independent variables. The
statistical significance of each of the causal/independent variable in the
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equation can also be tested in order to find out the importance of each of the
independent variable as far the gold price increase is concerned.

The primary objective of the study is, to investigate the prevailing
literature to find out some relevant factors which can be used as independent
variables to forecast the gold price in future with the help of multiple
regression technique. In endeavoring so, three main issues namely,
multicollinearity, heteroscedasticity and auto-correlation which are
prevalent while using regression technique are taken care for error-free
results. To solve those issues the help of statistical techniques are taken
and lastly, the finalized model is used for the prediction of the gold price at
a certain time period and compared with the actual data of the gold price at
the same time period to estimate the percentage error in prediction.

LITERATURE REVIEW

The review of literature covers the parameters that are prevalently used
for predicting gold price with the help of regression technique. In the past
some studies have used the multiple regression to build up predictive
models for the gold price (Abken, 1980; Koutsoyiannis , 1983; Vural, 2003;
Ismail et. al., 2009 etc.). Abken (1980) assumed that the increase in gold
price is not a frenzy one and there is economic rationale present behind
this phenomenon. Accordingly he attempted to find out the factors behind
the phenomenon and came out with four broad factors namely, political
and economic uncertainty, Flow supply and demand of gold, inflation and
government auction policy. He developed a regression model of gold price
as a function of interest rate and lagged value of gold price. In this work,
he used the monthly data of gold price from January 1973 to December
1979. Although the explanatory power of the equation was quite low, a
similar relation was developed for the future spot price with interest rate
and future price lagged by three month and explanatory power of this
equation was higher. So, finally he concluded that the estimation of gold
price, future spot price and even other storable commodities are similar.
Only the degrees by which various economic factors influence their price
are different.

Koutsoyiannis (1983) found that gold price is dependent on the US
economy rather than the worldwide economic situation. He found that gold
price are expressed as a function of US dollar and ultimately a negative
relationship between US dollar and gold price were found. This research
also shows that regression is used for estimating gold price. Dooley et. al.,
(1992) similarly studied the relationship between the exchange rate and
the gold rate and built a VAR model, it is found out that the relation of USD
and other currencies explain the change in gold price. This model is also a
causal model which is developed for gold price forecasting.
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In another study, Ghosh et. al., (2002), attempted to investigate the
effects of worldwide inflation level, USA inflation level, world-wide income,
value of USD and random shock on gold price with the help of VAR model.
In this study it is concluded that the gold price has a relationship with USA
inflation level, interest rate and USD exchange rate. Also a long term relation
has been found between the gold price and US Consumer Price Index (CPI)
as a result of a cointegration analysis.

Vural (2003) tested the relation of gold price with different causal
variables namely, USD/Euro parity, Dow Jones industrial production index,
oil prices, interest rates, silver and copper prices and developed a model
where he found the negative relation of gold price with interest rates, USD/
Euro parity and Dow Jones industrial production index and positive relation
of gold price with silver, oil and copper prices. This is an example of typical
multiple regression which is used for forecasting gold price.

In another similar study, Topçu (2010) examined the relationship of
gold price with several variables Dow Jones industrial production index,
US Dollar exchange rate, oil prices, US Inflation rate, Global Money Supply
(M3) with the help of data from 1995 to 2009. He also developed a
multivariate regression model where gold price was taken as a dependent
variable while other all variables were taken as causal or independent
variables. He found the positive relationship of gold price with Jones
industrial production index, US Dollar exchange rate and oil prices while it
was found that US Inflation rate and Global Money Supply (M3) negatively
affect gold price. Among all the relations, the importance of oil prices and
US Inflation rate were found to be statistically insignificant.

Apart from these studies, there are several studies which used regression
method not only to predict the future gold price but to forecast any kind of
commodities and stock markets also. In fact, Toraman et. al., 2011 has listed
a lot literature where different types of regression models have been used
to predict gold prices. Also they used a MGARCH model just to deal with
the heteroscedasticity problem which are very common for the time-series
or longitudinal data. According to Toraman et. al., 2011, mainly Engle
(1982)'s ARCH (Autoregressive conditional heteroscedasticity) model and
Bollerslev (1986)'s GARCH (Generalized Autoregressive Conditional
Heteroscedasticity) models are the models which are pioneers as far as
dealing with the heteroscedasticity problem in regression is concerned.
Toraman et. al., 2011 also argued that different models such as Exponential
GARCH (EGARCH), ARCH-M (ARCH in mean), T-ARCH (Threshold ARCH),
C-ARCH (Junction ARCH), PARCH (Asymmetric ARCH) are derived
afterwards. The present study is inspired by the study and similar attempt
to correct the three main problems. The details of those methods are
discussed in the later section of the paper.
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METHODOLOGY

The paper attempts the prediction of the future gold price with the help of
a multiple regression model (Gujarati, 2004). As discussed earlier, effort
is also made to figure out how much the model is affected by a)
Multicollinearity b) Heteroscedasticity and c) Auto-correlation and finally
those issues are handled with the help of standard methods described in
the textbooks which deals with the time series data. Finally, the corrected
model is used to forecast the gold price with the help of the independent
variables data and errors with the actual price data of gold price were
checked.

For the multiple regression model, the gold price (in dollars per ounce)
is chosen as the dependent variable and three independent variables namely,
Per capita income (in dollars per year), Returns on 90 days T-bills (in
percentage) and M2 money Stock (in billions of dollars). The variable details
are given in Table 1.

Table 1
The Details of the Multiple Regression used

Gold Price (In dollars per ounce) Dependent variable
Per capita income (In dollars per year) Independent variable
Returns on 90 days T-Bills (%) Independent variable
M2 Money stock (Billions of Dollars) Independent variable
Data Type Time series
No. of observations 30

The paper covers the average yearly gold price (in dollars per ounce)
from 1981 to 2010. The data is taken only for the period from 1981 to 2010
mainly because of two reasons. First, before that the historical value of
gold, if used, may give significant forecasting error because the abrupt change
in the value of money. Secondly, the returns on 90 days T-bills (in percentage)
are available only for the period from 1981 to 2010. Again the rationale of
taking the yearly gold price is same i.e. the availability of T-bill return data
on a yearly basis. The data sources of various variables are indicated in the
Table 2.

Then the multiple linear regression with Gold price (in dollars per ounce)
as dependent variable and yearly Per capita income (In dollars), Returns
on 90 days T-Bills (%) and M2 Money stock (Billions of Dollars) as
independent variables is conducted. Minitab 15.0 version software is used
for conducting the regression. The equation used can be given as,

Yt = �0 + �1 * X1t + �2 * X2t + �3 * X3t + �t (1)

where,
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Yt = Average yearly Gold price (in dollars per ounce) at time period t

X1t = Yearly Per capita income (In dollars) at time period t

X2t = Returns on 90 days T-Bills (%)at time period t

X3t = M2 Money stock (Billions of Dollars) at time period t

�t = Error or unexplained part of the equation at time period t

�0, �1, �2 and �3 are regression co-efficients; �0 being the constant terms
and �1, �2 and �3 are the co-efficients corresponding to X1t, X2t and X3t

respectively.

The result of the multiple regression as found from the Minitab 15.0
software is given in Figure 1a.

The software also returns some additional information which are used
for the further analysis. These are shown in the Figure 1b.

INTERPRETATION OF THE RESULTS

The t-test and F-test of the model are also conducted to test the statistical
significance of each of the regression co-efficient i.e. �0, �1, �2 and �3. Result
shows that while �0, �1, and �3 are significant at p = 0.05, �2 is not significant
at p = 0.05 level [Figure 1(a)].

For multiple regression, the F-test is also required to test whether all
the co-efficient values i.e. �0, �1, �2 and �3 are same or different. An F value
of 76.22 is obtained and the corresponding p-value is found to be 0.000,
which indicates that the coefficients are different from each other [Refer
Figure 1(a)].

The R2 value is found to be 0.898 i.e. 89.8% of the variation in the variable
Y is explained by the three predictor variables. In case of multiple regression
R2 value can be increased with the increase in the no. of predictor variables
even if all the variable(s) are not important. So, calculation of the Adjusted

Table 2
The Details of the Data Source

Parameter Data Source

Gold Price (In dollars per ounce) http://www.kitco.com/charts/historicalgold.html
Per capita income (In dollars) Source: ERS International Macroeconomic Data Set

and Reference: http://www.ers.usda.gov/Data/
Macroeconomics/

Returns on 90 days T-Bills in http://w4.stern.nyu.edu/~adamodar/
percentage New_Home_Page/datafile/histret.html
M2 Money stock (Billions of Dollars) Source: Board of Governors of the Federal Reserve

System and reference: http://
research.stlouisfed.org/fred2/series/M2
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R2 value, which is the value of R2 adjusted for the number of terms in the
regression function here, gives better understanding about the degree of fit
of the model in hand. In this case, adjusted R2 is found to be 0.886 [Figure
1(b)].

Figure 1a: The Output of Preliminary Regression Model

Figure 1b: Some additional information for the Preliminary
regression model
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Multicollinearity Issues and the Solution
The high R square value with insignificant �2 value in the model raised a
question of multicollinearity present in the independent variables. So, the
multicollinearity problem of the multiple regression model is tested with
the Variance VIF method. In this method, X1t regressed against X2t and X3t,
then X2t and X3t are also regressed against the other two independent
variables in the same way. The R2 value of each of the regression is used to
calculate the VIF using the formula:

2

1
(1 )j

j

VIF
R

Where, j = 1, 2, 3….k and R2
j is the co-efficient of determination from the

regression of jth independent variable on the remaining k-1 variables. If
VIF for any variable is greater than 5, high multicollinearity is there and if
VIF for any variable is greater than 10, the multicollinearity is considered
severe [For details please refer book by Gujarati, (2004)].

The result of the VIF test for multicollinearity is calculated by Minitab
software and the value is given in Figure 1a. According to this value, it is
found that multicollinearity exists between the variables X1t and X3t because
corresponding VIF values are found to be 8.317 and 8.477 respectively, both
of which are greater than 5. The variable X2t is found to be free from
multicollinearity because the corresponding VIF value is found to be 3.020
which is less than 5.

To remove the multicollinearity between X1t and X3t, at first the
variables are transformed by first difference method i.e. in case of each
variable, the differences between two consecutive observations the time-
series data are computed [e.g. In case of Yt, the difference between the
observation at time period t and the observation at time period (t -1) is
taken and so on.]. The result of the corresponding VIF test and the multiple
regression with first difference of each of the variable are provided in
Figure 2.

The results in Figure 2 indicate that although the VIF is within limit,
the regression co-efficient are insignificant. It was found that in the modified
model, R2 value is 23 percent and adjusted R2 value is 13.7 percent, both of
which are very poor. So, the multicollinearity may be solved with the first
difference method but the regression model is not a good fit with the same.
Secondly one of the variables between X1t and X3t (those which are having
high VIF) is omitted and the regression is performed again with only X2t

and X3t. The regression result is found comparatively well with an R2 value
of 0.55 and multicollinearity problem is also solved. The result is shown in
Figure 3:
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Figure 2: Result of Regression with First Difference of all the variables

Figure 3: Result of Regression after omitting X1 Variable
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So, by using X2t and X3t as predictor variable, the multicollinearity
problem can be solved and the R2 value = 0.55; which is a medium fit model.
Or else, all the three predictor variables can be taken (i.e. do nothing
technique) because in the original equation given in Figure 1(a), R2 value is
0.898 i.e. a good fit. To do nothing is decided in this case as because in that
case the R2 value is excellent.

Heteroscedasticity Problem of the data and its solution
Then the heteroscedasticity problem has been analyzed. In this case, White
test for heteroscedasticity, which follows a �2 distribution, has been conducted
[For details please refer book by Gujarati, (2004)], where the auxiliary
equation is:

�2 = �0 + �1 * X1t + �2 * X2t + �3 * X3t + �4 * X2
1t + �5 * X2

2t + �6 * X2
3t + �7 * X1t * X2t

+ �8 * X2t * X3t + �8 * X3t * X1t + Vi  (2)

Where, Vi = Error or unexplained part of the equation

For White test, the test statistic is Lagrange multiplier (LM) where LM
= (no. of observations)*R2 of the auxiliary equation and if LM = n* R2 �2

(p -1) (where p is the no. of estimated parameters used in the auxiliary
equation, it is considered that heteroscedasticity is present in the original
regression equation.

In this case, the estimated parameters are 10 and so, in case if LM is
�2

9, it is evident that the data is having heteroscedasticity. White test is
conducted using the excel sheet and the results found are given in Figure 4:

The result clearly shows that there is heteroscedasticity present in the
data. In order to remove the same, we use White-Heteroscedasticity
consistent standard errors (S.E) as because here the variance (�i

2) is not
known. In order to find the same, we find the S.E of ß0, ß1, ß2 and ß3 using
corresponding error square (�i

2) instead of the corresponding variance (�i
2).

These S.Es are called robust S.Es as these S.Es are full proof against
heteroscedasticity still the corresponding t-values are also significant and
so is the case in our model (Figure 5). It is therefore concluded that there is
no problem with the heteroscedasticity.

The Auto-Correlation Issues and the Solution
The auto-correlation problem is first investigated by using Minitab. The
Figure 6 indicates that the spikes are dying out gradually which indicates
that autocorrelation is present in the data and there is a chance that the
data has the auto-correlation problem where the error terms of two
consecutive observations are dependent to each other which means it is
likely that AR (1) model can handle this issue [For details please refer
book by Hanke and Wichern, (2013)]. To investigate the same, Durbin-
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Watson test is conducted with AR (1) model and the test statistics is
D-W test statistics (d) was found to be 1.13. As 0 < d < dL i.e. 1.21
(where dL is found out from the standard table (Figure 7), it is obvious
that there is positive autocorrelation (�) in the data (Hanke and Wichern,
2013).

From the relation, d = 2*(1 – �), the estimated value of � is found out to
be 0.4342 which means any two consecutive error terms in the time series
data are related to each other by the equation,

�t = ��* �(t-1) (3)

In order to solve the problem of auto-correlation, General Least Square
(GLS) method is used [For details please refer book by Hanke and Wichern,
(2013)]. As the value of � is not known, we take the estimate of ? (which is

Figure 4: Results of White’s Test

Figure 5: Standard Errors and Corresponding t Statistics values and
their Significance
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calculated from D-W Test). Now considering the observation at time period
t, the original regression equation of the time series data is,

Yt = �0 + �1 * X1t + �2 * X2t + �3 * X3t + �t (1)

And we have, �t = ��* �(t-1) (3)

Taking 1 lag and multiplying the equation (1) by �, the new equation
obtained is,

��* Y(t-1) = �0 * ��+ �1 * ��* X1(t-1) + �2 * ��* X2(t-1) + �3 * ��* X3(t-1) + ��* �(t-1) (4)

(1) - (4) gives,

Y/ = �0 * (1 – �) + �1 * X/
1 + �2 * X/

2 + �3 * X/
3 + e [As, (�t – ��* �(t-1)) = 0 by (3)]

(5)

Where,

Figure 6: Visual observation for auto-correlation in the data of Gold Price

Figure 7: Results of D-W Test
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Y/ = Yt – ��* Y(t-1)

X/
1 = X1t – ��* X1(t–1)

X/
2 = X2t – ��* X2(t-1)

X/
3 = X3t – ��* X3(t-1) and,

e = The error term of the regression equation (5)
The above method is called quasi difference method for solving auto-

correlation. The result of the corresponding regression is given in Figure 8.
The R square value of the equation (5) is found to be 0.827, while all the

other co-efficients, except �2 are significant at p = 0.05 level.
The co-efficient �2 is found to be insignificant while using the equation

(1) and the same is found to be insignificant after all the corrections. So, the
variable i.e. the Returns on 90 days T-Bills (%) at time period t is removed
from the model. The final model which is considered for prediction of the
gold price is,

Y/ = �0 * (1 – �) + �1 * X/
1 + �3 * X/

3 + e (6)

Forecasting Gold Price with the help of the Final Model
Multiple regression is conducted with the proposed model. The details of
the same can be seen in APPENDIX A. The result of the same is given in
Figure 9. The Multiple R is found to be 0.897 with an R square value of
0.805 and adjusted R square of 0.79 which indicates an overall good fit.
Also, all the co-efficient are found to be significant at p = 0.05. The value of
different co-efficient which are obtained from the regression model are:

�0 * (1 – �) = 793.552, �1 = –0.0566 and �3 = 0.238

So, the equation (6) becomes,

Y/ = 793.552-0.0566 * X/
1 + 0.238 * X/

3 + e

With this, Y/ is forecasted and then it is transformed to Y (forecasted)
with the help of the reverse equation i.e. Yt = Y/ + ��* Y(t–1). Then the error from
the actual gold price data is calculated. The Mean absolute Deviation (MAD),
Mean Squared Error (MSE) and Mean absolute percentage error (MAPE)
were calculated. From MSE, then the Root Mean Squared Error (RMSE) or
Standard Deviation (�) is calculated. The results obtained are as follows.

MAD = 50.676 $, MSE = 4463.87 and � = 66.81 $, MAPE = 11.425%

Then the co-efficient of variation is also calculated by dividing the ?
with mean of the actual Gold Price data and it is found to be 14.82%.

So, the final model proposed after the correction for multicollinearity,
heteroscedasticity and auto-correlation is found to be a good fit for predicting
Gold Price.
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LIMITATION OF THE STUDY

Although the study succeeds to recognize the errors in forecasting due to
multicollinearity, heteroscedasticity and auto correlation present in the data

Figure 8: The Results of the Regression Equation after using
Quasi Difference Method

Figure 9: The Summary Output of Multiple Regression with the
Proposed Model
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set and attempts to solve those problems with proper methods, there are
certain limitations in the present study. They are as follows:

Only 30 data points are considered for each of the variables while
conducting the regression, which is too small. Actually the normality is an
important assumption in regression and 30 no. is the lower limit for the
normality assumption. So, the same study can be conducted with large no.
of data to ensure more accuracy in the forecasted values. One possible way
to conduct the same experiment is to take daily or monthly gold price with
all the daily or monthly independent variables which could not be taken
because of the non-availability of authentic database. Also, yearly data for
gold price, sometimes, is not a proper representative because of the
fluctuation of gold price during the year. For this reason also, daily or
monthly data of gold price should be used.

Per capita income (in dollars per year), Returns on 90 days T-bills (in
percentage) and M2 money Stock (in billions of dollars) are considered as
independent variables. Although some literature support are presented as
the rationale of collecting these parameters, a more careful choice of
independent variables may give better results in terms of forecasted values
of gold price. Also more than three variables can be introduced if they are
all relevant according to previous literature or with any other justification
and the multicollinearity, heteroscedasticity and auto correlation present
in the data set may be identified following to the proper solution. In this
case, the model will be more robust.

The same study could be done with the help of other advanced model of
regression. Even a comparison between ANN technique and regression
technique in terms of the output could be planned just to investigate the
efficiency of regression and ANN in forecasting. Also, the multicollinearity,
heteroscedasticity and auto correlation present in the data set could be
studied with the help of more advanced technique which are described in
various literatures and text books.

CONCLUSION

Forecasting is always erroneous and it is the job of a researcher to minimize
this error or random variation. It is always difficult to predict a very dynamic
market like gold, stock or future market and so, researchers have employed
several techniques for predicting these markets. Still, research in this field
needs to be more in number because of its uncertainty. Detailed study is
required for main two purposes. First, the factors or causal variables for
the gold or stock price should be chosen carefully and for that empirical
surveys and economics related theoretical studies are necessary before
choosing the parameters. Secondly all the methods of forecasting can be
conducted simultaneously just to compare the best one or one with minimum
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error. Then only one can understand which causal variables should be used
for gold or stock price prediction and which method should be used for
predicting those markets. This paper is an attempt to use regression method
with all possible corrections in the data set and the two models which we
obtained as a result may be refined more to use for gold prediction
theoretically.
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APPENDIX A
The Table Containing Regression Results

Gold Y(t)- X1(t) - X3(t) - Forecasted Forecasted MAD MSE MAPE
Price (Y) �*Y(t-1) �*X1(t-1) �*X3(t-1) Y(t)-�* Y (%)

Y(t-1)

459.7                
375.8 176.2 13999.6 1102.5 262.7 462.3 86.5 7486.0 23.02
424.2 261.0 15228.0 1257.6 230.0 393.2 31.0 960.4 7.31
360.4 176.2 16478.1 1328.8 176.1 360.3 0.1 0.0 0.03
317.2 160.7 16661.9 1452.2 195.1 351.6 34.4 1180.2 10.83
367.5 229.8 16995.1 1568.9 203.9 341.7 25.9 668.3 7.03
446.5 286.9 17353.7 1646.0 202.0 361.6 84.9 7210.5 19.02
437.0 243.1 18017.7 1728.4 183.9 377.8 59.2 3500.3 13.54
381.4 191.7 18411.3 1778.5 173.6 363.3 18.1 328.0 4.75
383.5 217.9 18294.0 1898.6 208.8 374.4 9.1 82.7 2.37
362.1 195.6 17691.3 1944.7 253.9 420.4 58.3 3400.2 16.10
343.8 186.6 18532.1 1953.9 208.4 365.7 21.9 477.6 6.36
359.8 210.5 18747.4 1962.7 198.3 347.6 12.1 147.3 3.37
384.0 227.8 19455.4 1993.3 165.5 321.7 62.3 3877.8 16.22
383.8 217.0 19494.6 2043.3 175.2 341.9 41.9 1752.5 10.91
387.8 221.1 20171.0 2185.5 170.7 337.3 50.5 2546.9 13.01
331.0 162.6 20918.0 2299.6 155.5 323.9 7.1 50.4 2.15
294.2 150.5 21564.7 2495.5 165.5 309.2 15.0 224.0 5.09
279.0 151.2 22424.3 2683.9 161.6 289.3 10.4 107.5 3.72
279.1 158.0 22988.2 2818.0 161.5 282.7 3.6 12.6 1.27
271.0 149.8 22507.4 3118.6 260.2 381.5 110.4 12190.6 40.74
309.7 192.0 22837.3 3332.4 292.4 410.1 100.4 10079.2 32.41
363.4 228.9 23352.2 3545.4 313.9 448.4 85.0 7230.3 23.40
409.7 251.9 24087.3 3659.3 299.4 457.2 47.4 2250.8 11.58
444.7 266.8 24532.4 3803.4 308.4 486.3 41.6 1731.4 9.36
603.5 410.3 24797.3 4028.8 347.0 540.1 63.3 4008.9 10.49
696.4 434.3 24908.8 4316.4 409.1 671.2 25.2 636.0 3.62
872.0 569.5 24189.3 4646.4 528.4 830.8 41.2 1696.0 4.72
972.4 593.7 22562.8 5038.2 713.7 1092.3 120.0 14396.4 12.34
1224.5 802.3 24248.7 4958.6 599.3 1021.5 203.0 41219.4 16.58
450.8       793.6 1325.3 50.7 4463.9 11.43

Std. Dev. 66.81
COV 0.15




