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Abstract

Gold is widely used by investors as a hedge against other financial assets, underscoring its critical
importance. Sharp fluctuations in gold prices have highlighted the need to identify and understand
the factors influencing these price changes. The gold market is known for its volatility, and accurate
predictions about its future can significantly impact decision-making. Understanding the gold price
and making correct forecasts can help inform decisions about buying and selling gold in global
markets, and determine the most favorable times for transactions and investments. Therefore,
it is crucial to accurately predict the gold price from various perspectives. This study aims to
model and predict gold price volatility in the global market. The research is applied in nature
and utilizes monthly data from 2010 to 2022. We evaluated 35 factors potentially affecting gold
price volatility. GARCH models and stochastic volatility approaches were employed to extract
gold price volatility, while TVPDMA, TVPDMS, and BMA models were used to identify the
most significant variables driving volatility. Results indicate that SV models outperform GARCH
models in accurately extracting volatility. Among the TVPDMA, TVPDMS, and BMA models, the
BMA model demonstrated superior accuracy. Findings reveal that 12 key variables —including
the dollar index, oil prices, gold imports and exports, global interest rates, cryptocurrency index,
Relative Strength Index (RSI), Moving Average Convergence Divergence (MACD), Fibonacci
Retracement, Average Directional Index (ADX), stock oscillator, and DeMark and Fibonacci Pivot
Points— showed the highest likelihood of presence and significance in predicting price volatility.
The results suggest that internal factors have a greater impact on gold price volatility than external
factors.
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1. Introduction

Gold is used by investors as a hedge against (A tool to preserve the money value)
other financial assets and is vital in this regard. The extreme fluctuations in its price
have doubled the importance of identifying the factors affecting its price changes.
The gold market is one of the most turbulent markets. Its prediction can positively
influence the decisions made in this regard. It is possible to facilitate the decision-
making process of buying and selling gold in the global markets and determine the
best time to do transactions and investments in light of knowing the price of gold
and correctly predicting it. Thus, the correct prediction of gold price is crucial from

several aspects.

2. Theoretical Framework

The forces of supply and demand in the market affect the gold price, like any other
commodity. However, many factors influence its supply and demand and its price
since it is a very sensitive and strategic commodity. The gold price plays a vital
role in monetary and financial systems. Predicting the future trend of gold and
other precious metals prices will be effective for investors, financial managers, and
central banks worldwide. In addition, the gold treasury is used to manage inflation
and strengthen the economic position of countries. Predicting the gold rate is vital
in political, economic, commercial, and investment fields. It is considered one of
the most volatile and most profitable financial tools. Thus, small changes in its price
can give a high percentage of profit or loss to the trader. Prediction and modeling of
volatility is a vital issue in policymaking, commodity pricing, resource allocation, and
risk management. Additionally, predicting fluctuations is vital in economic markets.
Thus, it has been the focus of scholars and brokers for years.

Gold is an essential commodity used for financial purposes and is a part of
international reserves in most state banks. It defines the basic role of that bank
in the world’s economy. Gold is the most common choice for investment among
all precious metals. The capability to predict gold price fluctuations with high
accuracy is essential for the global economy and commodity markets. Additionally,
predicting gold price fluctuations is a serious concern in the financial industry.
Small improvements in prediction accuracy can yield huge benefits. Gold and crude
oil are strategic resources used extensively in various national economic activities

and social security.
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3. Methodology

The method of this study is applied. The purpose of the present study is to identify
the most important variables affecting the fluctuation of gold prices. This issue was
investigated in the present study due to the research gap in modeling this precious
metal. In most studies conducted in this field, variables were included in the model
based on the researchers’ opinions. However, the optimal gold price prediction model
was extracted in the present study based on dynamic and selective nonlinear Bayesian
models, and the researcher did not apply his personal opinion in determining the
variables. This study is one of the exploratory studies. The time horizon of this study
is 12 years from 2010 to 2022.

4. Discussion

Investors look for factors that affect gold when they want to invest in it. According
to the results, this study presents the significant factors that affect the gold price.
Investors must consider all the factors affecting its price before making investment
decisions. This issue enhances the investor’s knowledge about changes in its price.
The results of this study will help investors avoid any possible losses and set the right
time to invest in the gold market. Thus, the investor must consider all these factors and
monitor their changes. According to the results, SV models are more accurate than
GARCH models in extracting fluctuations. According to the results, SV models are
more accurate than GARCH models in extracting fluctuations. The BMA model had
higher accuracy compared to the TVPDMA and TVPDMS models. According to the
results, 12 effective variables including dollar index, oil price, gold import and export,
global interest rate, cryptocurrency index, RSI (interest rate strength index), MACD
(monthly average convergence divergence differential), Fibonacci retracement,
ADX (Average Directional Index), oscillator (stock volatility), Pivot Point DeMark
Pivot Point Fibonacci had the highest probability of presence and significant level in

predicting price volatility.

5. Conclusion and Suggestions

The results indicate that the internal factors affecting the gold price fluctuations
are more effective than the external factors. According to the results, non-linear
approaches have a much higher power to predict gold price fluctuations than linear
approaches, and investors and policymakers active in this market should monitor the

changes in global macro and micro indices and pay more attention to the 12 variables.
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TVP — AR(1) —X DMA(x =2 =095) | 107.440 0087 0010 0257 0010 0.020
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2. Mean Square Forecast Error
3. Mean Absolute Forecast Error
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Dependent Variable: PGOLD

Method: ARMA Generalized Least Squares (Gauss-Newton)
Date: 10/15/24 Time: 00:04

Sample: 2010M01 2022M12

Included observations: 156

Convergence achieved after 5 iterations

Coefficient covariance computed using outer product of gradients
d.f. adjustment for standard errors & covariance

Variable Coefficient  Std. Error  t-Statistic Prob.
C 0.239520  0.040826  5.866857  0.0000
AR(1) 0.785380  0.068788 11.41736  0.0000
MA(1) 0.230911  0.010211 22.61394  0.0000
R-squared 0.524605 Mean dependent var 1.243919
Adjusted R-squared 0.518391 S.D. dependent var 0.185430
S.E. of regression 0.128685 Akaike info criterion 4.908988
Sum squared resid 2.533649 Schwarz criterion 4.980337
Log likelihood 99.64105 Hannan-Quinn criter. 5.015166
F-statistic 84.41889 Durbin-Watson stat 1.998452
Prob(F-statistic) 0.000000
Inverted AR Roots 79

Inverted MA Roots 13
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Null Hypothesis: RESID has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic

Elliott-Rothenberg-Stock DF-GLS test statistic -8.844434
Test critical values: 1% level -2.580065
5% level -1.942910
10% level -1.615334
*MacKinnon (1996)

DF-GLS Test Equation on GLS Detrended Residuals
Dependent Variable: D(GLSRESID)

Method: Least Squares

Date: 10/15/24 Time: 00:07

Sample (adjusted): 2010M03 2022M 12

Included observations: 154 after adjustments

Variable Coefficient ~ Std. Error  t-Statistic Prob.

GLSRESID(-1) -0.275176  0.031112  -8.844434 0.0000

R-squared 0.137503 Mean dependent var -0.000223
Adjusted R-squared 0.137503  S.D. dependent var 0.139164
S.E. of regression 0.129243  Akaike info criterion -1.247773
Sum squared resid 2.555672  Schwarz criterion -1.228053
Log likelihood 97.07854 Hannan-Quinn criter. -1.239763

Durbin-Watson stat 2.137559
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Dependent Variable: PGOLD

Method: ML ARCH - Normal distribution (OPG - BHHH / Marquardt
steps)

Date: 10/15/24 Time: 00:11

Sample (adjusted): 2010M02 2022M12

Included observations: 155 after adjustments

Failure to improve likelihood (non-zero gradients) after 256 iterations
Coefficient covariance computed using outer product of gradients
MA Backcast: 2010M01

Presample variance: backcast (parameter = (.7)

GARCH = C(4) + C(5)*RESID(-1)"2

Variable Coefficient  Std. Error  z-Statistic Prob.
C 0.232007 0.045467 5.102737 0.0000
AR(1) 0.758911 0.066029 11.49366 0.0000
MA(1) 0.068546 0.013079 5.240920 0.0000

Variance Equation

C -0.609645  0.210425 -2.897203  0.0038
RESID(-1)"2 -0.956854  0.052148  -18.34880  0.0000
R-squared 0.523233 Mean dependent var 0.244846
Adjusted R-squared 0.516959 S.D. dependent var 0.185668
S.E. of regression 0.129042  Akaike info criterion -1.294854
Sum squared resid 2.531060 Schwarz criterion -1.196679
Log likelihood 105.3512 Hannan-Quinn criter. -1.254978

Durbin-Watson stat 2.075399

Inverted AR Roots .76
Inverted MA Roots .07
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Dependent Variable: PGOLD

Method: ML ARCH - Normal distribution (OPG - BHHH / Marquardt
steps)

Date: 10/15/24 Time: 00:13

Sample (adjusted): 2010M02 2022M12

Included observations: 155 after adjustments

Failure to improve likelihood (non-zero gradients) after 195 iterations
Coefficient covariance computed using outer product of gradients
MA Backcast: 2010M01

Presample variance: backcast (parameter = 0.7)

GARCH = C(4) + C(5)*RESID(-1)"2 + C(6)*GARCH(-1)

Variable Coefficient  Std. Error  z-Statistic Prob.
C 0.226766 0.091726 2.472198 0.0134
AR(1) 0.789341 0.122274 6.455515 0.0000
MA(1) 0.138964 0.026218 5.300328 0.0000

Variance Equation

C 4018.384  97.42437  41.24619  0.0000
RESID(-1)"2 0.986056 ~ 0.135936  7.253805 0.0000
GARCH(-1) -0.538119  0.202947  -2.651522  0.0080

R-squared 0.523952 Mean dependent var 0.244846
Adjusted R-squared 0.517689 S.D. dependent var 0.185668
S.E. of regression 0.128944  Akaike info criterion -1.099821
Sum squared resid 2.527239 Schwarz criterion -0.982011
Log likelihood 91.23615  Hannan-Quinn criter. -1.051970

Durbin-Watson stat 1.993780

Inverted AR Roots .79
Inverted MA Roots .14
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%

% This script samples the log-volatilities.

%

% See:

% Chan, J.C.C. (2013). Stochastic Volatility Models

% with Application to Inflation Forecast, Journal of Econometrics,
% 176 (2), 162-172.

%

function [h S] = SV(Ystar,h,phi,sig,mu)

T = length(h);

%% normal mixture

pi=1[0.0073 .10556 .00002 .04395 .34001 .24566 .2575];

mi = [-10.12999 -3.97281 -8.56686 2.77786 .61942 1.79518 -1.08819] - 1.2704; %%
means already adjusted!! %%

sigi = [5.79596 2.61369 5.17950 .16735 .64009 .34023 1.26261];

sqrtsigi = sqrt(sigi);

%% sample S from a 7-point distrete distribution

temprand = rand(T,1);

q = repmat(pi, T,1).*normpdf(repmat(Ystar,1,7),repmat(h,1,7)+repmat(mi,T,1),
repmat(sqrtsigi,T,1));

q = q./repmat(sum(q,2),1,7);

S =7 - sum(repmat(temprand,1,7)<cumsum(q,2),2)+1;

%% sample h using the precision-based algorithm

% y™* =h + d + \epsilon, \epsilon \sim N(0,\Omega),

% Hpsi h =\alpha + \nu, \nu \ sim N(0,S),

% where d_t=Ez t, \Omega = diag(\omega_1,\Idots,\omega n),
% \omega t=varz t, S = diag(sig/(1-\phi"2), sig, \ldots, sig)
Hphi = speye(T)-sparse(2:T,1:(T-1),phi*ones(1,T-1),T,T);
invSh = sparse(1:T,1:T,[(1-phi*2)/sig; 1/sig*ones(T-1,1)]);
dconst = mi(S)"; invOmega = spdiags(1./sigi(S)',0,T,T);

hO0 = Hphi\[mu; ((1-phi)*mu)*ones(T-1,1)];

Kh = Hphi'*invSh*Hphi;

Ph = Kh + invOmega;

Ch = chol(Ph,'lower");

hhat = Ph\(Kh*hO0 + invOmega*(Y star-dconst));
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h = hhat + Ch"\randn(T,1);
end

Inference for Stan model: c65225b34¢511358116525cb9ba6e87c.
4 chains, each with iter=2000; warmup=1000; thin=4;
post-warmup draws per chain=250, total post-warmup draws=1000.

mean se_ mean sd 2.5% 50% 97.5% n_eff Rhat
a 0.235 0.0140.423 0.787 1.602 2.481 853 0.999
betal 0.819 0.002 0.040 0.803 0.897 0.966 723 0.999
beta2 0.179 0.004 0.114 0.396 0.619 0.851 763 0.997
mean se_ mean sd 2.5% 50% 97.5% n_eff Rhat
landa 4190.311 8.334 0.556 0.986 1.598 2.908 665 0.097
phi 0.997 0.3450.754 0.779 0.955 0.887 453 0.865
sigmal -0.56 -0.114-0.368 -0.411 -0.567 -0.851 786 0.665
sigmal2 0.081 0.097 0.387 0.311 0.689 0.811 456 0.909

Samples were drawn using NUTS(diag_ e) at Tue Oct 15 00:01:01 2024.
For each parameter, n_eff is a crude measure of effective sample size,
and Rhat is the potential scale reduction factor on split chains (at
convergence, Rhat=1).




