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1. PRODUCT DESCRIPTION 3. MATERIALS/DATA

Model: ARIMA(0,1,0) - GARCH(1,1) using ¢ innovations

e The hybrid Box-Jenkins — GARCH (BJ-G) model has been

. . . . Duration Number of Data In-Sample data Out-of-Sample Data - 5
shown to be a reliable model in forecasting gold price. _, » - . 7 = 00007+ ar
. . . . 22/12/2008 - 17/12/2013 1250 22/12/2008 - 24/6/2013 | 25/6/2013-17/12/2013 4. =&, . &
e A comprehensive algorithm using BJ-G model is Teh = YT E1en
proposed to forecast gold price. G, =230x10° +0.03434; +0 947467 and &, ~ iy

4. PRODUCT CHARACTERISATION

Table 1: Forecast evaluation with prediction interval for the considered forecast horizon

o Daily world gold price is used in testing the forecasting

performance of the proposed a'gorith m. Table 2: Actual price and the 10-step ahead forecast price using ARIMA-GARCH

Forecast Forecast Evaluation Number of Data Qutside

Horizon Prediction Interval Date Act_'ua.l Price  Forec ast. Price I”rediction Interval
2. DEVELOPMENT OF PRODUCT MAE RMSE MAPE ot oS Do) Um0y s T
- I-step ahead 129301 178764 09956 1 0 25 June 2013 1279.00 1287.62 (1228.12.1347.12)  (1183.37.1391.87)
2step ahead 157938 213207 12132 20 1 26 June 2013 1236.25 128849 (1228.99.1347.99)  (1184.24.1392.74)
3-step ahead 18.2953 24.4472 14098 25 2 27 June 2013 123275 1289.36 (1229.86.1348.86) (118?.11,1393.61)
4-step ahead 21.6096 28.3663 1.6716 20 1 28 June 2013 1192.00 1290.23 (1230.74.1349.73)  (1185.99.1394 48)
STAGE I: BJ-G MODEL S-step ahead 22.9394 28.9304 17647 22 1 1 July 2013 124275 129111 (1231.61.135061) (1186.86.139536)
IDENTIFICATION 7-step ahead 24.5981 30.1233 1.8941 17 2 2 July 2013 1252.50 1291.98 (1232.48.1351.48)  (1187.73.1396.23)
10-step ahead 32.2870 40.1970 24859 15 0 3 July 2013 1292 85 1188.60 (1233.36,1352.35)  (1188.60.1397.10)
15-step ahead 37.6551 462091 29068 21 3 4 July 2013 1290373 118948 (1234.23,1353.23)  (1189.48,1397.98)
25-step ahead 43.7949 530116 33840 36 4 5 July 2013 1294 46 1190.35 (1235.11,1354.10)  (1190.35,1398.85)
hp STAGE II: BJ-G PARAMETER 125 step ahead 59.0288 76.2116 46135 23 2 8 July 2013 1295.48 1191.23 (1235.98,1354.98) (1191.23,1299.73)
Method: MLEESTIMATDN 1-step ahead AG 2-step ahead AG
Model Selection Criteria: AIC, SIC . *
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H Stage IV: BJ-G FORECASTING == 3
‘-E- STAGE IIl: BJ-G DIAGNOSTIC CHECKING > Method: MSE?RMSE.MAE.MAPE — £ : Z 5
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STAGE I: BJ-G MODEL IDENTIFICATION
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Step2: Data Descriptive Statistics is N%WV‘\&% ;a ~Z %% <
| Step 1: Data Plotting F’Melhodi Moments of Random Variables 3. e AR g w =
(Mean, Variance, Skewness, Kurtosis) :
DATA SCREENING S-step ahead AG 7-step ahead AG
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Step 3(i): Data Transformation Stationary in-

Step 3: Data Stationarity

Method: Box-Cox Transformation Variance? B s
Step 3(ii): Data Differenced - 9 e = e -3

Method: = W@_ 2 = =

1. ACF and PACF, ks, = 10xlog T 3 Y{ = Z v g

2. Unit root test ADF-test, K, = (12(7/100)%) - -

10-step ahead AG

Stepd:
Pass the Linearity Test?
Method: Plot y vs y.s

TR

Y@ oo

25-step ahead AG

Step5:
Pass the Portmanteau Test?
Methed: LBQ Portmanteau Test
kner=10,In T, 15
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Plot of actual data and 1-step to 125-step ahead ARINIA(O.1_ O0)-GARCH(1.1) with 80%%: and 9526 PlIs

5. PRODUCT OUTCOME

* The proposed algorithm of BJ-G provides a well-structured procedure in
forecasting gold price.

* Case study: The forecasting results are good up to 10-days ahead.

Step 8: Bt ACF and PACF Method
BIGModel | Yes LI BB Step 6: BJ Model
Heter: d: Test L
Identification Exist? Method: LBO-test Identification
Method: ACF and PACF i EACF Method

F

6. POTENTIAL MARKET
* Develop web page and interactive software (apps) in
forecasting gold price.

Step1:
Is Residuals Serially

ated

STAGE IV: BJ-G FORECASTING

Step2:
Is Mean Model Linear?

Step 1: Obtain 5 using BI-G model

* Gold investors and companies that involve in trading
gold (Public Gold, Ar-Rahnu system).

Step 3:
Is Heteroscedasticity Exist?

Memad:o

Step4:
Is Normally Distributed?
Method: JB Test

Step 2: Obtain 7., for h-step-ahead of the
BJ-G model

: » Applicable for any univariate highly volatile time
: 5 series (i.e. stock price, unit trust, latex price, palm oil
i : | prices, commodity price, etc.) at different frequency (i.e.

Yes

BJ with other Volatility Models

Other Innovations
Distributions

weekly, monthly, quarterly, yearly).

Step 3: Obtain forecasting evaluations for .,

I

Step 4: Obiain the prediction interval for 7.,

7. MARKET DEMAND

Gold outperformed major asset classes in 2017*

| o Checking on Autocorrelation |
’g, istical Test for Hi " --"
Rosiduas oty || avsticl Tess | Engle's ARCH LW Test
- Examine the residuals sign knax = 10, 15 (nonseasonal)
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- Spot outliers US Treasury Aggregate | = { |
Ljung-Box Q-test on Squared Residuals . Long USD Gold Indox | T | | [(
Durbin-Watson Test | Kaau = 10, 15 (nonseasonal) Step 5: Plot graph of the performance of J., BBG WTI Crude OIl | i~ { |
- first-order serial comelation Siver | b= | |
LEBMA Gold Price PM | — | |
Ljung-Box Q-test on Residuals I e e ceccccceccseececccoccccseeens 1 S&P 500 | j: | |
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