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[1] "GOLDAMGBD228NLBM"

Observations 5622.0000
NAs 0.0000
Minimum -8.9128
Quartile 1 -0.4961
Median 0.0127
Arithmetic Mean 0.0211
Geometric Mean NaN
Quartile 3 0.5446
Maximum 9.6416
SE Mean 0.0144
LCL Mean (0.95) -0.0071
UCL Mean (0.95) 0.0493
Variance 1.1647
Stdev 1.0792
Skewness 0.0266
Kurtosis 8.4673

#1 Download Data from FRED
getSymbols (' GOLDAMGBD228NLBM', src='FRED')

GOLD <- GOLDAMGBD228NLBM[6982:12784]
idx <- c(1:nrow(GOLD)) [is.na(GOLD)]
GOLD <- GOLD[-idx]

xt <- log(as.numeric (GOLD))

rt <- 100*diff (xt)

par (mfcol=c(2,1))
ts.plot(xt,ylab="xt")
ts.plot(rt,ylab="rt")

#2 Histogram and sample statistics
hist(rt, breaks=100, col="slateblue")
chart.Histogram(rt,methods = c("add.normal"))
table.Stats(rt)
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> ###0ptimal Lags of AR(p)

> m1 <- ar(rt,order.max=15)

> mi$order

[1] 14

> m2 <- arima(rt,order=c(14,0,0))
> m2

Call:
arima(x = rt, order = c(14, 0, 0))

Coefficients:
arl ar2 ar3 ar4d arb aré ar7 ar8 ar9 ar10 arii arl2 ar13
-0.0437 0.0057 0.0139 0.0019 0.0376 -0.0078 -0.0449 0.0206 0.0106 -0.0224 -0.0214 -0.0240 -0.0152
s.e. 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133

arl4 intercept

0.0226 0.0211
s.e. 0.0133 0.0134
sigma”2 estimated as 1.154: 1log likelihood = -8381.14, aic = 16794.28

> ### Model Refinement

> ¢l <- c¢(NA,0,0,0,NA,0,NA,0,0,NA,0,0,0,NA,NA)
> m2a <- arima(rt,order=c(14,0,0),fixed=cl)

> m2a

Call:
arima(x = rt, order = c(14, 0, 0), fixed = cl1)

Coefficients:

arl ar2 ar3 ar4 ar5 aré ar7 ar8 ar9 arl0 arill arl12 ari3 arl4 intercept
-0.0436 0 0 0 0.0392 0 -0.0460 0 0 -0.0228 0 0 0 0.0224 0.0211
s.e. 0.0133 [ 0 0 0.0133 0 0.0133 0 0 0.0133 0 0 0 0.0133 0.0137

sigma”2 estimated as 1.157: 1log likelihood = -8386.64, aic = 16787.29
#Testing Residual Term
Box.test(m2a$residuals,lag=10,type='Ljung')
Box-Ljung test

data: m2a$residuals
X-squared = 4.4824, df = 10, p-value = 0.923

VOADUNANNTA I A.435 LATuFHANIINITRUURNY MASauN 1/2560 -7



VAUNTSADU e,
YEIUNANNA 1/2560 LAUNELTEUTARAE e,

Vo9 1.4 ( 10 AZLUY) WTIUTIWIUFNNITVDIUUUTIADY AR(p) Nlaarnn1suseNiel
U1aa Tunaemmdsm 1.2 megUwuuivanzay

Yo7 1.5 (10 AZLUL) AUIUMAT Unconditional Mean: E(R,) wag A1 Unconditional
Variance: Var(R,) ¥9uUudnandlute 1.4

VRADUNANNNTA I A.435 LATuFHANIINITRUURNY MASeuN 1/2560 -8



VAUNTSADU e,
YEIUNANNA 1/2560 LAUNELTEUTARAE e,

Uo7 1.6 (10 AZLUL) WUUTIEDY AR(p ) Al Sanuwanzauselyl wazanansath
Lawlﬂiﬁnﬂiﬂwumdumiwmﬂiaﬂmmalu f\Nmmamaau‘lms@ummaawmmvaw
SeeruANLT oI 95% MaiidayanineItes aaiuﬂaaqmaw 1.2

VOADUNANNNTA 1 A.435 LATuFHANIINITRUUNY MASauN 1/2560 19



Y2AdUNANNA 1/2560 LAUNELUS UL NN e

=).

PAINUU U18IAU lﬁﬁ’lﬂ’liﬁ’laﬂLLUUR?W@@Q&WEWT’IH’I?LU%EJULﬁEJU 1ng WUUINAD
PunUSeuiisu Ae MAT) aelisreasidennaluil

> ## MA(T)

> m3 <- arima(rt,order=c(0,0,7))
> m3

Call:

arima(x = rt, order = c(0, 0, 7))

Coefficients:

mal ma2 ma3 ma4 mab ma6 ma7 intercept
-0.0417 0.0076 0.0108 -0.0019 0.0371 -0.0101 -0.0411 0.0211
s.e. 0.0133 0.0134 0.0133 0.0130 0.0137 0.0137 0.0131 0.0138

sigma”2 estimated as 1.158: log likelihood = -8389.97, aic = 16797.94

> ### Model Refinement

> ¢2 <- c(NA,0,0,0,NA,0,NA,NA)

> m3a <- arima(rt,order=c(0,0,7),fixed=c2)

> m3a

Call:

arima(x = rt, order = c(0, 0, 7), fixed = c2)

Coefficients:

mal ma2 ma3 mad ma5 maé ma7 intercept

-0.0410 0 0 0 0.0377 0 -0.0419 0.0211

s.e. 0.0132 [ 0 0 0.0136 0 0.0131 0.0137
sigma”2 estimated as 1.158: log likelihood = -8390.72, aic = 16791.45

>
> Box.test(m3a$residuals,lag=10,type='Ljung')

Box-Ljung test

data: m3a$residuals
X-squared = 8.1393, df = 10, p-value = 0.6152
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1.2 1.3 uay 1.4 yUsznaumsdndudeniuudiassiivangay

> source("/Users/wasinsiwasarit/Desktop/EC435/backtest.R")
> backtest(m2a,rt,5585,fixed=cl)

[1] "RMSE_ of out-of-sample forecasts"

[1] 0.6906375

[1] "Mean absolute error of out-of-sample forecasts"
[1] 0.5363347

There were 37 warnings (use warnings() to see them)
> backtest (m3a,rt,5585, fixed=c2)

[1] "RMSE of_out-of-sample forecasts"

[1] 0.6924962

[1] "Mean_ absolute error of out-of-sample forecasts"
[1] 0.5411377
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ARMA (2,1) sfail

Rt = 095_02Rt—1 + 0.8Rt_2 + €t + O.3€t_1

Tnedi e, $n15UANLAILUU Gaussian White Noise $eiade (Mean: u) = 0 WaA1AIL
wJsU97u (variance: o) =0.25

Yo 2.1 ( 15 AZLUY) WUUIN@DY ARMA(Z 1) 91961 danwale Weakly Stationarity
TERIEY mmmumm Characteristic Roots mmmmmmmaﬂumimuuﬂ Stationarity
FauUUsIa8s nieuvieRUIena
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