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Abstract : In this paper, we forecast volatility of gold prices using ARIMA-
GARCH models. All models are estimated under three distributional assumptions
which are Normal, Student-t and GED. The gold price log returns are stationary.
We found that the ARIMA(2,0,2) gave the best performance model for forecasting
the return of gold. Serial correlation in the squared returns suggests conditional
heteroskedasticity. This empirical part adopts GARCH models to estimate the
volatility of the gold price. To account for fat-tailed features of financial returns,
we consider three different distributions for the innovations. The trading details
we have used describe forecasts of a closed price of gold price and trading in the
gold future contract (GF10J16). We found that the cumulative of return with
ARIMA(2,0,2)-GARCH-N model and the ARIMA(2,0,2)- GARCH-GED model
give cumulative of return more than the ARIMA(2,0,2)-GARCH-t models.
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1 Introduction

The characteristic that all financial markets have in common is uncertainty,
which is related to their short and long-term price state. This feature is undesir-
able for the investor but it is also unavoidable whenever the financial market is
selected as the investment tool. The best that one can do is to try to reduce this
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uncertainty. Financial market forecasting (or Prediction) is one of the instruments
in this process.

The financial market forecasting task divides researchers and academics into
two groups: those who believe that we can devise mechanisms to predict the market
and those who believe that the market is efficient and whenever new information
comes up the market absorbs it by correcting itself, thus there is no space for
prediction. Furthermore, they believe that the financial market follows a random
walk, which implies that the best prediction you can have about tomorrow’s value
is today’s value.

In time series, a financial price transformed to log return series for the station-
ary process which looks like white noise. Mehmet [I] said financial returns have
three characteristics. First is volatility clustering that means large changes tend
to be followed by large changes and small changes tend to be followed by small
changes. Second is fat-tailedness (excess kurtosis) which means that financial re-
turns often display a fatter tail than a standard normal distribution and the third
is leverage effect which means that negative returns result in higher volatility than
positive returns of the same size.

The generalised autoregressive conditional heteroskedasticity (GARCH) mod-
els mainly capture three characteristics of financial returns. The development of
GARCH type models was started by Engle [2]. Engle introduced ARCH to model
the heteroskedasticity by relating the conditional variance of the disturbance term
to the linear combination of the squared disturbances in the recent past. Bollerslev
[3] generalised the ARCH (GARCH) model by modelling the conditional variance
to depend on its lagged values as well as squared lagged values of disturbance.

Among these models, the Autoregressive Conditional Heteroskedasticity (ARCH)
model proposed by Engle [2] and its extension; Generalized Autoregressive Condi-
tional Heteroskedasticity (GARCH) model by Bollerslev [3] , and Taylor [4] were
found to be the first models introduced into the literature and have become very
popular in that they enable the analysts to estimate the variance of a series at a
particular point in time Enders [5]. Since then, there have been a great number
of empirical applications of modelling the conditional variance of a financial time
series (See for example, Nelson [6], Bollerslev et al. [7] , Engle and Patton [§],
Shin [9], Alberg et al. [10], Shamiri and Isa [1I] and Kalu [I2]. These types of
models were designed to explicitly model and forecast the time-varying conditional
second order moment (variance) of a series by using past unpredictable changes
in the returns of that series, and have been applied successfully in economics and
finance, but more predominantly in financial market research.

Gold is a precious metal which is also classed as a commodity and a monetary
asset. Gold has acted as a multifaceted metal through the centuries, possessing
similar characteristics to money in that it acts as a store of wealth, a medium
of exchange and a unit of value. Gold has also played an important role as a
precious metal with significant portfolio diversification properties. Gold is used
in industrial components, jewellery and as an investment asset. The quantity of
gold required is determined by the quantity demanded industry investment and
jewellery use. Therefore an increase in the quantity demanded by the industry
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will lead to an increase in the price of the metal.

The changing price of gold can also be the result of a change in the Central
Banks holding of these precious metals. In addition, changes in the rate of inflation,
currency markets, political harmony, equity markets, and producer and supplier
hedging, all affect the price equilibrium.

Gold Futures is an alternative investment tool which relies on the gold price
movement. The investors can benefit from the gold futures investment by making
the profit from both directions, either up or down, which is like Stock Index Futures
trading. In addition, Gold Futures can also hedge against gold price fluctuations
or stock market volatility due to the negative correlation to the stock market. This
will provide a greater opportunity to make a profit when the stock market declines
during an economic downturn.

Gold Futures in Thailand are futures contracts which rely on gold bullion with
a purity of 96.5 percent due to its popularity among buyers nationwide for gold
physical trading. Gold Futures trade in implement cash settlement method with
no need of physical delivery.

In this paper, we use ARIMA-GARCH models to forecast the volatility of gold
prices. Moreover, we shall use this estimated volatility to forecast the closing price
of gold. Finally, we apply the forecasting price to the gold price for trading in gold
future contracts with a maturity date of April 2016 (GF10J16).

In the next section, we present the ARIMA-GARCH model. Estimation and
in-sample evaluation results are given in section 3. In section 4, we apply the
forecasting price to the gold price for trading in future contracts. The conclusion
is given in section 5.

2 ARIMA-GARCH Model.

Let P; denoted the series of the financial price at time ¢ and {r;},., be a
sequence of random variables on a probability space (€, F, P). For index t denotes
the daily closing observations and t = —R+1, ...,n. The sample period consists of
an estimation (or in-sample) period with R observations (¢t = —R + 1, ...,0), and
an evolution (or out-of-sample) period with n observations (¢t = 1,...,n), let r; be
the logarithmic return (in percent) on the financial price at time ¢ i.e.

15

t—1

7y = 100 - In(

)

2.1 ARMA Models

We can have combinations of the two processes to give a new series of mod-
els called ARMA(p, q) models. The general form of the ARMA(p, q) models is
following (Tsay, [13]):

Ty =Q1re—1 F Qari—o + ..+ opri—p + ¢ F 016021 +O2i 2+ ...+ 04ei—
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which can be rewritten, using the summations as:

P q
re = Z%‘Tt—ﬂr&t + Z Oict—;
i=1 i=1
or, using the lag operator:
re(1— 1L —@al? — ... — @ LP) = (1 — 01 L — 65L* — ... — 0,L9)g,
@(L)Tt = @(L)€t

In the ARMA(p, q) model the condition for stationarity has to deal with the
AR(p) part of the specification only.

2.2 Integrated Processes and the ARIMA Models : ARIMA
Models

An integrated series the ARMA((p, q) model can only be made on time series rt
that stationary. In order to avoid this problem, and in order to induce stationarity,
we need to detrend the raw data through a process called differencing

AT’t =Tt —T¢t—1.

As most economic and financial time series show trends to some degree, we
nearly always end up taking first differences of the input series. If, after first
differencing, a series is stationary then the series is also called integrated to order
one, and denoted I(1).

If a process rt has an ARIMA(p, d, q) representation, the has an ARMA(p,q)
representation as presented by the equation below:

A%y(1 — 1L — 9oL — ... — 9 LP) = (1 — 61 L — 02 L% — ... — 0, L9)e,

In general Box-Jenkins popularised a three-stage method aimed at selecting
an appropriate (parsimonious) ARIMA model for the purpose of estimating and
forecasting a univariate time series. Three stages are:

e Identification: A comparison of the sample ACF and PACF to those of
various theoretical ARIMA processes may suggest several plausible models.
If the series is non-stationary the ACF of the series will not die down or
show signs of decay at all. A common stationarity-inducing transformation
is to take logarithms and then first differences of the series. Once we have
achieved stationarity, the next step is to identify the p and q orders of the
ARIMA model.

e Estimation: In this second stage, the estimated model are compared using

AIC and SBC.

e Diagnostic checking: In the diagnostic checking stage we examine the good-
ness of fit of the model. We must be careful here to avoid overfitting (the
procedure of adding another coefficient in appropriate). The special statis-
tics that we use here is the Box-Piece statistic (BP) and the Ljung-Box (LB)
Q-statistic, which serve to test for autocorrelations of the residual.
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Table 1 ARIMA identification with ACF and PACF.

madel ACF PACF
Pure white noise  All antocorrelation are zero All partial autocorrelation are zero
MA(1) Single positive spike at lag 1 Damped sinewave or exponential decay
AR(1) Damped sinewave or exponential decay Single positive spike at lag 1
ARMA(L,1) Deeay (exponential Or sinewave) beginning at lag 1 Decay(exponential Or sinewave) beginning at lag 1
ARMA(p,q) Decay(exponential Or sinewave) beginning at lag q Decay(exponential Or sinewave) beginning at lag p

3 GARCH Model

The generalised autoregressive conditional heteroskedasticity (GARCH) model,
developed by Engle [2] and Bolleslev [3], has been proven to be a useful tool to em-
pirically capture the momentum in conditional variance. Under GARCH, shocks
to variance persist according to an autoregressive moving average (ARMA) struc-
ture of the squared residuals of the process. The GARCH(p,q) model allows the
conditional variance of the random disturbance to depend linearly on the past be-
haviour of the squared errors. Moreover, the GARCH(1,1) specification has proven
to be an adequate representation for most financial time series. The GARCH (1,1)
model for the series of the returns r; can be written as (Marcucci, [14])

re= e =+ mvhy hy =ag+oqeiy + Brhua

where u; is ARIMA process of 4, ag > 0,7 > 0 and 7 > 0 are assumed to be
non-negative real constants to ensure that h; > 0. We assume 7; is an i.i.d. process
with zero mean and unit variance.

4 Forecasting the Gold Price and Volatility

We forecast financial price at k-step-ahead with ARIMA-GARCH models. De-
note 7 111 as k-step-ahead forecasting logarithm return of financial price at time
t depend on F;_; . We compute as: The general form of the ARMA (p, q) models
is following:

Tt = @1Tt—1 + P2Tt—2 —+ ...+ CpTt—p +é&r + 0151&—1 + 92€t—2 —+ ...+ aqet—q

Teatk = Ero1[reek] = 17erk—1 + @2Tthk—2 + oo + OpTtth—p
Forecasting financial price one-step-ahead, we combine in log-return of financial
price is
P1Tt+k—1 T P2Titk—2 + oo + @pTitk—p

100

Forecasting financial price one-step-ahead, we use combine in log-return of financial
volatility of GARCH(1,1) is hyyq = E(hy) = ag + oy E(g7_1) + B1E(hs—1).

Piy1 =P -exp
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5 Empirical Methodology and Model Estimation
Results

5.1 Data

The data set used in this study is the daily closed prices of Gold price(P;) over
the period 2/01/2015 through 31/03/2016 (¢ =1,,313 observations). The data set
is obtained from the basis of the London Gold Market Fixing Limited on a day
and the foreign exchange rate for Baht to US dollars announced by TFEX (The
Thailand Futures Exchange) on a day, after conversion for weight and fineness.
The data set is divided into in-sample (R =291 observations) and out-of-sample
(n =23 observations). The plot of P; and log returns series(r;) are given in Figure
1. Plot P; and r; displays usual properties of financial data series. As expected,
volatility is not constant over time and exhibits volatility clustering with large
changes in the indices often followed by large changes, and small changes often
followed by small changes.

Gold Closing Prices

Figure 1: Graph of Gold price closed prices and returns series for the period
2/01/2015 through 31/03/2016.

Descriptive statistics of r; are represented in Table 2. As Table 2 shows, r; has
a positive average return of 0.0143. The daily standard deviation is 0.99257. The
series also displays a negative skewness of 0.328 and an excess kurtosis of 1.507.
These values indicate that the returns are not normally distributed, namely it has
fatter tails because skewness does not equal zero and kurtosis is less than 3. Also,
the Jarque-Bera test statistic of 30.48 confirms the non-normality of r;. And the
Augmented Dickey-Fuller test of -6.0134 indicates that r, is stationary.
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Table 2 Summary statisties of Gold price returns series (1)

Statistic Return (%)

Min -2.70

Max 4.36

Mean 0.0143
Standard deviation 0.99257
Skewness 0.328

Kurtosis 1.507
Jarque-Bera Normality test 30.48 (P-value— 0.000)
Augmented Dickey-Fuller test -6.0134 (P-value= 0.01)

5.2 ARIMA Model

Since the data is for the return of gold, Figure 1, shows that the series is
stationary. The ACF and PACF of the original data, as shown in Figure 2, show
that the return data is stationary. Therefore, an ARIMA (p, 0, q) model could be
identified.

After the ARIMA model was identified above, the p and q parameters need
to be identified for our model. In Figure 2, we have one autoregressive (p) and
moving average (q) parameter and the ACF has exponential decay starting at lag
3 and 5.. Since we have identified for the return data our tentative model will be
ARIMA (1, 0, 1) and ARIMA (2, 0, 2).

Figure 2: ACF and PACF of Gold price closed prices and returns series.
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After we fitted ARIMA (1, 0, 1) and ARIMA (2, 0, 2) for our data. We need
to estimate the parameters values for our model. As a rule of thumb, in ARIMA
modelling we need to minimize the sum squared of the residuals which need to be
minimized between the forecasted and existing values. We found the sum squared
of the residuals for the model ARIMA (2, 0, 2) was 277.1189 and the values of the
parameters are shown in Table 3 as follows:

Table 3 Parameters estimation with ARIMA model of Gold price returns series (1)

Parameter ARIMA(1,0,1) no constant ~ ARIMA(2,0,2) no constant
o 89765797 27521262
o2 -.80497967
6 88281367 37828030
0, -.84936001
Log Likelihood -410.11539 -405.81216
AIC §24.23079 819.62432
SBC 831.57743 834.31761
Adjust Sum of Square 285.45522 277.11890

The ARIMA(2,0,2) gives the best performance for forecasting return of gold.
The model as:

(1 +0.27521262B — .80497967B>)r, = (1 — 0.37828030B + 0.84936001 B2 ),

Figure 3 shows the time series plot of actual return according to ARIMAs forecast
of return.
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Figure 3: Graph of Gold price returns series and forecast with ARIMA(2,0,2).
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The autocorrelation functions (ACF) test the significance level of autocorre-
lation in Table 4, when we apply Ljung Box and Q-test. The null hypothesis of
the test is that there is no serial correlation in the return series up to the specified
lag. Serial correlation in the P; is confirmed as non-stationary but r.is station-
ary. Because the serial correlation in the squared returns is non-stationary this
suggests conditional heteroskedasticity. Therefore, we analyse the significance of
autocorrelation in the squared mean adjusted return (r; — 5)2series by Ljung-Box
Q-test. And apply Engles ARCH test.

Table 4 ACF of Gold price closed price (I7), returns series(s |, square return and results for Engle’s ARCH Test

ACF of Gold price closed price. ACF of Gold price log return. ACF of Gold price square Results for Engle’s

bags ACF LBQ Test P-value ACF LBQ Test P-value ACF LBQ) Test P-value ARCH P-value
1 1.00 2546.49 0.00 -0.01 0.20 0.66 0.12 38.20 0.00 67.675 0.000
2 1.00 5086.78 0.00 -0.01 0.57 0.75 0.09 56.49 0.00 67.735 0.000
3 1.00  7620.94 0.00 0.03 2.63 0.45 011 8966  0.00 69.796  0.000
1 0.99 10148.81 0.00 -0.02 3.53 0.47 0.06 9304 0.0 70.644  0.000
5 0.99 12670.71 0.00 0.01 3.60 0.61 0.08 114.29  0.00 70.695 0.000
6 0.99 15186.73 0.00 -0.03 5.24 0.51 0.08 130.82  0.00 75.784 0.000
7 0.99 17696.96 0.00 -0.04 8.83 0.27 0.07 144.15  0.00 76.115  0.000
8 0.99 20201.63 0.00 -0.02 10.31 0.24 0.07  156.59  0.00 78.019  0.000
9 0.99  22700.83 0.00 0.02 11.71 0.23 0.14 20884  0.00 78.693 0.000

10 0.99 25194.08 0.00 -0.01 12.09 0.28 0.09 22781  0.00 79.005  0.000

5.3 GARCH Models

This empirical part adopts GARCH models to estimate the volatility of the
P;. In order to account for the fat tails feature of financial returns, we consider
three different distributions for the innovations: Normal (N), Student-t (t) and
Generalised Error Distributions (GED).

Table 5 presents an estimation of the results for GARCH models. It is clear
from the table that almost all parameter estimates in GARCH type are highly
significant at 5 percent.

Table 5 Summary results of GARCH models

Parameter GARCH

N t GED

o 0.3501 0.4144 0.3641
standard error 0.3219 0.4653 0.4834
o 0.03 0.0036 0.0181
standard error 0.0449 0.0434 0.053
B 0.6037 0.5689 0.6009
standard error 0.3588 0.4842 0.5192
v 5.8269 1.2861

standard error 2.2142 0.1459
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6 Trading Future Contract with Forecast
Volatility and Forecast Price

The aim of this study is to evaluate the profitability of applying different
models to the volatility of gold prices. We assumed the market is a perfect market
and the positions in our strategy are not longer than one day as described below.
We applied the Bollinger band indicator and we used samples of 23 days from 1 to
31 March 2016 (We trade one contract in GF10J16 series is future contract in gold
price with maturity date at April 2016) to trade in one contract with day by day
and we did not include settlement, return do not include cost price i.e. margin,
fee charged. The strategy, firstly we forecast close price in the trading day (Cy41)
if forecast close price greater than open price (O;11), we will long position. The
net daily rate of return for long position is computed as follows (N. Sopipan et al.,

[15]):

Riv1 = Cr1 — (Oper —m -\ hyyr)

where R 1, Ci11, O¢q1 are the return, forecast close, open price, /f;tJrl is forecasting
volatility at next day (t+1) and m € Z7 is constants. If forecast close price (Cyy1)
less than open price (O¢41), we will short position The net daily rate of return on
a short position is computed as follows:

Ryt = (Op1 +m -\ hysr) — Cray

Table 6 shows that the cumulative of return with ARIMA(2,0,2)-GARCH-N model
and the ARIMA(2,0,2)-GARCH-GED model give cumulative of return more than
the ARIMA(2,0,2)-GARCH-t models when we use m=35.

7 Conclusion

In this paper, we forecast volatility of gold prices using ARIMA-GARCH mod-
els. All models are estimated under three distributional assumptions which are
Normal, Student-t and GED.

We first analyse in-sample performance of various volatility models to deter-
mine the best form of the volatility model over the period 2/01/2015 through
31/03/2016. As expected, volatility is not constant over time.

Descriptive statistics of return series are represented by returns with fatter
tails. The Augmented Dickey-Fuller test indicates gold price log returns are sta-
tionary. Serial correlation in the gold price confirms it is non-stationary but serial
log returns of gold price are stationary.

We found that the ARIMA(2,0,2) gives the best performance for forecast-
ing return of gold. Serial correlation in the squared returns suggests conditional
heteroskedasticity. This empirical part adopts GARCH models to estimate the
volatility of the gold price. In order to account for fat-tailed features of financial
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Table 6 Cumulative Return of trading future contract of Gold price with m =35 between 1 to

31 March 2016,

ARIMA-GARCH with Normal ARIMA-CARCH witht  ARIMA-GARCH with CED

Times Open Close  Price forocast Position Volasility  Trade Profic Volatility Trade Profic  Volatility Trade Profic
1/3/2016  20,900.00 2102000 2099131 long 0.608201 20880  L400.00 063320 20880 140000 050992 20880 140000
2/3/2016  21,070.00 20,830.00 21,045.04 shore DATO608 21100 2,700.00 042720 21100 270000 037617 21100 270000
3/3/2016  20,830.00 20,960.00  20,682.47 short. 0.008201 20870 00000 LOI6B03 20870 -000.00  0.0M76 20870  -900.00
4/3/2016  20,970.00 2147000  21,149.95 long 1452634 20030 5,400.00 142881 20030 540000 143972 20030 540000
T/3/2016  21,360.00 2136000  21,504.55 long L.755481 21320 400.00 L70285 21320 400.00 1.73564 21320 A00.00
8/3/2016  21,370.00 21.470.00 20,921.01 short 0677389 21400 -700.00 067932 21400 -700.00 065887 21400 =T00.00
9/3/2016  21.450.00 21,150.00  21,589.46 long 4420906 21380 230000 423384 21380 -2300.00 4309772 21380 -2,300.00
10/3/2016 21,080.00 20,970.00  20,975.86 short 3035845 21160 190000 283568 21150 LBO0.0O0 2097507 21160 190000
11/3/2016 20,970.00 21,180.00  21,175.16 long 0441650 20950 230000 042505 20850 230000 040842 20050 230000
/03716 21,170.00 21,040.00 21,384.79 long 0363665 21150 -1,10000 041623 21150 -1,100.00 036181 21150  -1,100.00
15/03/16  20,980.00 20,620.00  20,833.85 short LO56042 21030 4,100.00 LOISOG 21030 4,10000 1.0M4828 21030 4,100.00
16/03/16  20,610.00 20,570.00  20,615.65 long 1051424 20580 -100.00 LO2691 20580 -100.00  1.02903 20580  -100.00
17/03/16  20,580.00 20,930.00 20,802 64 long 0411315 20560 3,700.00 044606 20560 370000 040226 20560 370000
18/03/16  20,940.00 20,830.00  21,071.32 long 0.381706 20020 00000 043416 20020 -000.00 038056 200920  -900.00
21/03/16  20,740.00 20,600.00 20,514.05 short 1162513 20780 500,00 LIT075 20780  900.00 1.15823 20780 90000
22/03/16  20,670.00 20,830.00  20,731.41 long 0.825322 20640 190000  (0.83358 20640 190000 081337 20640 190000
23/03/16  20,840.00 20650.00  20,982.29 long 0.510752 20820 -1,700.00 054546 20820 -1,700.00 050408 20820 -1,700.00
24/03/16  20,570.00 2046000  20,480.21 short 1003851 20620  1,600.00 186611 20620 160000 1.8M52 20620 160000
25/03/16  20,520.00 2046000  20,551.09 long 0419489 20500 -A400.00 043269 20500 -400.00 040062 20500  -400.00
28/03/16  20,450.00 20460.00  20,612.81 long 0481826 20430 300.00 (0.52823 20430  300.00 047994 20430 300.00
20/03/16  20,490.00 20,520.00 20,460.00 short. D688803 20520 0.00 073128 20620 0.00 069549 20520 0.00
30/03/16  20,540.00 20,720.00  20,536.54 short. 0422830 20570 -1,500.00 046581 20670 -1,500.00 041821 20570  -1,500.00
/03716 20,670.00 20,630.00  20,726.47 long 0.840278 20640 -100.00 086604 20640 -100.00 083695 206840  -100.00

Total Profiv 16,900.00 16,800.00 16,900.00

returns, we consider three different distributions for the innovations. Almost all
parameter estimates in GARCH models are highly significant at 5 percent.

The trading details we have used describe forecasts of the closed price of
the gold price between 1 to 31 March 2016 and trading in gold future contract
(GF10J16). We found that the cumulative of return with ARIMA(2,0,2)-GARCH-
N model and the ARIMA(2,0,2)- GARCH-GED model give cumulative of return
more than the ARIMA(2,0,2)-GARCH-t models when we use m=35.

For further study, three or four volatility regimes setting can be considered
rather than two-volatility regimes. Also, using Markov Regime Switching with
other volatility models e.g. EGARCH, GJR. In addition, the performance of
MRS-GARCH models can be hedged in future for long and short positions.
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