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Independent Study title: Forecasting the Aluminum Price in the London Metal Exchange
with Box-Jenkins Method
Author: Mr.Apiwat Teeparaksapan; ID: 2626000398; Degree: Master of Economics;

Independent Study advisor: Dr. Chalermpon Jatuporn, Assistant Professor; Academic year: 2020

Abstract

The objectives of this research were to (1) study the situation of production, marketing,
and trade of aluminum at the world and Thailand levels, and (2) forecast the London Metal
Exchange (LME) aluminum price for 18 months starting from July 2021 to December 2022.

The study used the secondary data in terms of monthly time series starting from
January 2010 to June 2021, 138 months, and conducted the forecast by Box-Jenkins approach or
SARIMA(p,d,q)(P,D,Q)s model. The aluminum price used for forecasting was the LME primary
price of aluminum categorized as in cash payment.

The study results showed that (1) the trend of aluminum production and consumption
within the world market was rising due to the rising demand in the industrial sector, especially the
demand from China. In the trade and marketing aspects, they showed that the import value of Asia
was rising. At the country level, the USA had the highest import value, and Russia had the highest
export value. (2) The forecast of LME aluminum price revealed that SARIMA(0,1,0) (2,1,1),,
model was the most appropriate model, which had a mean absolute percentage error (MAPE) and
correlation coefficient equal to 3.426% and 95.096%, respectively. The forecasted results of LME
aluminum price showed that, in the year 2022, the LME aluminum price had a decreasing trend

with an average value of 0.123%.

Keywords: Primary Aluminum Price, London Metal Exchange (LME), Future Market
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Augmented Dickey-Fuller test for LME Al monthly price AVG

testing down from 13 lags, criterion BIC
sample size 137
unit-root null hypothesis: a =1

test without constant

including @ lags of (1-L)LME_Al monthly price_AVG
model: (1-L)y = (a-1)*y(-1) + e

estimated value of (a - 1): 3.57039e-005

test statistic: tau_nc(l) = 0.00991509

asymptotic p-value 0.6859

1st-order autocorrelation coeff. for e: 0.154

test with constant

including one lag of (1-L)LME_Al monthly price_AVG
model: (1-L)y = b0 + (a-1)*y(-1) + ... + e
estimated value of (a - 1): -0.0438327

test statistic: tau_c(1) = -1.66714

asymptotic p-value 0.4481

1st-order autocorrelation coeff. for e: 0.041

with constant and trend

including © lags of (1-L)LME_Al_monthly price_AVG
model: (1-L)y = b0 + bl*t + (a-1)*y(-1) + e
estimated value of (a - 1): -0.0285165

test statistic: tau_ct(l) = -0.99258

asymptotic p-value 0.9435

1st-order autocorrelation coeff. for e: 0.162
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Augmented Dickey-Fuller test for d_LME_Al monthly price_ AVG
testing down from 13 lags, criterion BIC

sample size 136

unit-root null hypothesis: a =1

test without constant

including @ lags of (1-L)d_LME_Al monthly price_AVG
model: (1-L)y = (a-1)*y(-1) + e

estimated value of (a - 1): -0.845777

test statistic: tau_nc(l) = -10.1445

asymptotic p-value 7.754e-020

1st-order autocorrelation coeff. for e: 0.045

test with constant

including © lags of (1-L)d_LME_Al _monthly_price_AVG
model: (1-L)y = b0 + (a-1)*y(-1) + e

estimated value of (a - 1): -0.846352

test statistic: tau_c(1) = -10.1177

asymptotic p-value 1.39e-019

1st-order autocorrelation coeff. for e: 0.045

with constant and trend

including © lags of (1-L)d_LME_Al _monthly_ price_AVG
model: (1-L)y = bo + bl*t + (a-1)*y(-1) + e
estimated value of (a - 1): -0.856264

test statistic: tau_ct(1l) = -10.1502

asymptotic p-value 2.101e-020

1st-order autocorrelation coeff. for e: 0.046
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Augmented Dickey-Fuller test for sd_d_LME_Al monthly price_AVG
testing down from 13 lags, criterion BIC

sample size 124

unit-root null hypothesis: a =1

test without constant

including @ lags of (1-L)sd_d _LME_Al monthly price_ AVG
model: (1-L)y = (a-1)*y(-1) + e

estimated value of (a - 1): -0.844055

test statistic: tau_nc(l) = -9.62912

asymptotic p-value 1.97e-018

1st-order autocorrelation coeff. for e: 0.013

test with constant

including © lags of (1-L)sd_d_LME_Al monthly_ price_AVG
model: (1-L)y = b0 + (a-1)*y(-1) + e

estimated value of (a - 1): -0.845075

test statistic: tau_c(1) = -9.59074

asymptotic p-value 6.706e-018

1st-order autocorrelation coeff. for e: 0.014

with constant and trend

including © lags of (1-L)sd_d_LME_Al monthly_ price_AVG
model: (1-L)y = bo + bl*t + (a-1)*y(-1) + e

estimated value of (a - 1): -0.865082

test statistic: tau_ct(1l) = -9.77762

asymptotic p-value 6.552e-019

1st-order autocorrelation coeff. for e: 0.014
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HUVA1A89 SARIMA(0,1,0)(2,1,1),,

Model 3: ARIMA, using observations 2554:02-2564:06 (T = 125)
Dependent variable: (1-L)(1-Ls) LME_Al monthly price_AVG
Standard errors based on Hessian

Coefficient Std. Error z p-value
Phi_1 -0.297085 0.118221 -2.513 0.0120 **
Phi_2 -0.315786 0.112103 -2.817 0.0048 ko
Theta_1 -0.808912 0.134727 -6.004 <0.0001 *xx
Mean dependent var 5.366218 S.D. dependent var 120.8472
Mean of innovations 5.525699 S.D. of innovations 82.61983
R-squared 0.904321 Adjusted R-squared 0.902752
Log-1likelihood -741.4507 Akaike criterion 1490.901
Schwarz criterion 1502.215 Hannan-Quinn 1495.497
Real Imaginary Modulus Frequency
AR (seasonal)
Root 1 -0.4704 -1.7162 1.7795 -0.2926
Root 2 -0.4704 1.7162 1.7795 0.2926
MA (seasonal)
Root 1 1.2362 0.0000 1.2362 0.0000

Nﬁﬂ15@iﬁﬂﬁ6ﬂﬁgﬂ¢]Au&monehﬁon

Residual autocorrelation function

*¥¥% k% % indicate significance at the 1%, 5%, 10% levels

using standard error 1/T770.5

LAG ACF PACF
1 0.1389 0.1389
2 -0.0244 -0.0445
3 0.0964 0.1084
4 0.0048 -0.0271
5 0.0322 0.0454
6 0.0279 0.0052
7 -0.0570 -0.0582
8 -0.0158 -0.0044
9 0.0786 0.0757

10 -0.0503 -0.0663
11 -0.0052 0.0207
12 0.1034 0.0875

Q-stat. [p-value]

Nuumuphbwww

.7579
.8947
.9986
.4361
.4701
.3158
.6652
.6690
L1713

[o.
[o.
[o.
[o.
[o.
[o.
[o.
[o.
[o.

053]
143]
262]
350]
484]
504]
579]
684]
619]
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HUVA1A89 SARIMA(0,1,0)(0,1,1),,

Model 4: ARIMA, using observations 2554:02-2564:06 (T = 125)
Dependent variable: (1-L)(1-Ls) LME_Al monthly price_AVG
Standard errors based on Hessian

Coefficient Std. Error z p-value
Theta_1 -1.00000 0.162992 -6.135 <0.0001 *xx
Mean dependent var 5.366218 S.D. dependent var 120.8472
Mean of innovations 4.666852 S.D. of innovations 83.97761
R-squared 0.902115 Adjusted R-squared 0.902115
Log-1likelihood -745.7910 Akaike criterion 1495.582
Schwarz criterion 1501.239 Hannan-Quinn 1497.880
Real Imaginary Modulus Frequency
MA (seasonal)
Root 1 1.0000 0.0000 1.0000 0.0000

Nﬁﬂﬁﬁi’)‘ﬂﬂ’@ﬂﬂﬂgﬁ”l Autocorrelation

Residual autocorrelation function

*¥*¥x  *¥* % jndicate significance at the 1%, 5%, 10% levels

using standard error 1/770.5

LAG ACF PACF
1 0.1420 0.1420
2 0.0165 -0.0037
3 0.1125 0.1129
4 0.0357 0.0040
5 0.0345 0.0302
6 0.0188 -0.0023
7 -0.0127 -0.0195
8 0.0412 0.0402
9 0.0589 0.0458

10 0.0083 -0.0029
11 -0.0266 -0.0361
12 -0.0035 -0.0067

Q-stat. [p-value]

E RS, IRV T, B N N N N N NI N

.6177
.2638
.4309
.5888
.6361
.6580
. 8882
.3624
.3720
.4707
L4724

[o.
.119]
[o.
[o.
[o.
[o.
[o.
[o.
[o.
[o.
[o.

[0

106]

219]
332]
462]
588]
674]
718]
801]
858]
906]
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HUVA1A89 SARIMA(0,1,0)(1,1,0),,

Model 5: ARIMA, using observations 2554:02-2564:06 (T = 125)
Dependent variable: (1-L)(1-Ls) LME_AI_monthly price AVG

Standard errors based on Hessian

Coefficient  Std. Error z p-value
Phi_1 —0.488316  0.0855540 —5.708 <0.0001  ***
Mean dependent var 5.366218 S.D. dependent var 120.8472
Mean of innovations 4.337640 S.D. of innovations 106.7569
R-squared 0.852253 Adjusted R-squared 0.852253
Log-likelihood —762.8211 Akaike criterion 1529.642
Schwarz criterion 1535.299 Hannan-Quinn 1531.940
Real Imaginary Modulus Frequency
AR (seasonal)
Root 1 -2.0479 0.0000 2.0479 0.5000
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Residual autocorrelation function
*¥*¥*  *¥* % jndicate significance at the 1%, 5%, 10% levels

using standard error 1/T770.5

LAG ACF
1 0.1428
2 0.0495
3 0.1241
4 0.0753
5 0.0241
6 -0.0236
7 0.0335
8 0.1229
9 0.0317

106 0.0818
11 -0.0172
12 -0.1227
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PACF

.1428
.0297
.1155
.0428
.0011
.0453
.0295
.1150
.0071
.0717
.0704
.1429

Q-stat. [p-value]
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.9261
.9308
.6742
.7508
.8253
.9764
.0269
.1645
.0884
.1295
.2453
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