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(Figure 1) Ratio of Exports and Imports to GDP in South Korea
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(Figure 2) Exports, Imports, and Their Growth Rates in South Korea
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(Table 1) List of Variables Used for Exports and Imports Forecasting

Category Variables Varible(sum) Unit lir;moquye Institution
- - Amount of Export/Import | EX/IM_TOT | 1,000% |month (:Sllesﬁzs
1 Export Quantity Index | EX_INDEX Q| Index |[month| ECOS
2 Import Quantity Index | IM_INDEX_Q Index |month| ECOS
3 Trade Export Price Index EX_INDEX_P Index |month| ECOS
4 Import Price Index IM_INDEX_P Index |month| ECOS
5 Current account balance CAB Imilion$ |month| ECOS
6 WTI oil price OIL_W U$/bbl |month| ECOS
7 Dubai oil price OIL_D U$/bbl |month| ECOS
8 Brent oil price OIL_B U$/bbl |month| ECOS
9 Soybean Futures BEAN ¢/bushel |month| ECOS
10 | Internati Gold price GOLD $/0Z |month| ECOS
11 | onal Nickel price NIKEL $/MT |month| ECOS
2| o Zine price ZINC $/MT |month| ECOS
13 Corn Futures CORN ¢ /bushel | month| ECOS
14 Wheat Futures WHEAT ¢ /bushel | month | ECOS
15 Copper price COPPER $/MT |month| ECOS
16 Aluminium price ALUMIN $/MT |month| ECOS
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Category Variables Varible(sum) Unit P:rlicoquye Institution
17 Cotton Futures COTTON ¢/£ |month| ECOS
18 Producer Price Index(US) PPI_US Index |month| FRED
19 PPI | Producer Price Index(KR) PPI_KR Index |month| ECOS
20 Producer Price Index(JP) PPI_JP Index |month| FRED
21 Korea(KOSPI) KOSPI Index |month| ECOS
22 USA(Dow Jones) DOW Index |month| ECOS
23 USA(NASDAQ) NASDAQ Index |month| ECOS
24 . Euro STOXX STOXX Index |month| ECOS
% ;tr‘zi‘ Germany (DAX) DAX Index |month| ECOS
26 Japan(NIKKEI) NIKKEIL Index |month| ECOS
27 Sigapore(STI) STI Index |month| ECOS
28 Hong Kong(HSI) HANG Index |month| ECOS
29 China(SHCOMP) SHCOMP Index |month| ECOS
30 KRW/USD KRWUSD Average |month| ECOS
31 KRW/JPY KRW]JPY Average |month| ECOS
32 EXEE?:ge KRW/EUR KRWEUR | Average |month| ECOS
33 JPY/USD JPYUSD Average |month| ECOS
34 USD/EUR USDEUR Average |month| ECOS
35 | Finance CBOE Volatility Index VIX Index |month| FRED
36 Industrial Product Index 1p Index |month| ECOS
37 Operation ratio Index OPER_IDX Index |month| ECOS
38 Shipment Index SHIP_IDX Index |month| ECOS
39 Inventory Index STOCK_IDX Index |month| ECOS
40 ECCOYHSZ“C Eqummer};é::essmem PLANTIV_IDX | Index |month| ECOS
T (KR) | Composite Leading Indicator ECO_B Index |month| ECOS
42 Coincident Composite Index ECO_R Index |month| ECOS
43 Lagging composite Index ECO_A Index |month| ECOS
44 Energy Consumption ENERGY 1,000TOE |month | ECOS
45 Employed EMPLOY number |month| ECOS
16 In‘i‘;zt;%;r:riu“ 1P_jp Index |month| ECOS
Economic -
47 | cycle I“‘f;;g?%{ir;j?“ 1IP_RU Index |month| ECOS
(World) -
48 Indlﬁgﬁ (?So)d“t P_US Index |month| ECOS
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Note: ECOS: Economic Statistics System, Bank of Korea, FRED: Federal Reserve Economic

Data, St. Louis Fed, KITA: Korea International Trade Association.
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(Table 2) Unit Root Test Results

Variable PP _Test | PP_Test | KPSS Test | KPSS_Test Transformation
(1 (2) €] 2
- EX_TOT -1.0089 | -3.8140 15778 0.2953 Alog(z,)
1 EX_INDEX_Q -0.5588 | -8.9949 1.7402 0.2292 Alog(z,)
2 IM_INDEX_Q -0.5332 | -12.1870 1.7290 0.0514 Alog(z,)
3 EX_INDEX_P -2.5889 | -2.5369 0.8810 0.0976 Alog(z,)
4 IM_INDEX_P -1.4105 | -1.5948 0.7633 0.3054 Alog(z,)
5 CAB -6.0131 -9.2046 1.3727 0.1318 Az,
6 OIL_W -2.4869 -2.5226 0.4686 0.3306 A*log(x,)
7 OIL_D -2.2579 -2.3079 0.5529 0.3161 A’log(x,)
8 OIL_B -2.2587 | -2.2859 0.5167 0.3173 A?log(z,)
9 BEAN -2.1467 | -2.6619 0.8752 0.2690 A*log(z,)
10 GOLD -0.6057 | -1.7871 1.4601 0.2024 A*log(x,)
11 NIKEL -2.3731 -2.3698 0.2154 0.2204 Alog(,)
12 ZINC -1.6261 -2.3844 0.7815 0.1013 A*log(z,)
13 CORN -2.1309 -2.5379 0.6611 0.2313 A*log(x,)
14 WHEAT -2.2023 -2.5743 0.6381 0.2542 A’log(x,)
15 COPPER -1.6444 | -2.2598 0.9316 0.2749 A?log(z,)
16 ALUMIN -2.2539 -2.4152 0.2376 0.1861 A*log(z,)
17 COTTON -2.7333 -3.1616 0.5133 0.1348 Alog(x,)
18 PPI_US -0.5483 -1.9242 1.4996 0.2818 Allog(z,)
19 PPI_KR -0.4329 -1.4827 1.4999 0.3072 A*log(z,)
20 PPLJP -2.2755 | -2.7863 1.5349 0.1269 A*log(x,)
21 KOSPI -0.5644 | -3.2801 1.5913 0.1314 Alog(z,)
22 DOW 2.3503 -0.3696 1.4536 0.3954 Alog(z,)
23 NASDAQ 5.1443 1.4722 1.2869 0.3720 Alog(z,)
24 STOXX -2.3711 -2.1613 0.1835 0.1601 Alog(z,)
25 DAX 0.3116 | -2.5288 1.5015 0.2509 Alog(z,)
26 NIKKEI -0.2919 -2.3411 1.0106 0.2942 Alog(z,)
27 STI -1.8616 | -2.8317 1.1638 0.2010 Alog(z,)
28 HANG -1.8576 -3.4348 1.4061 0.0816 Alog(z,)
29 SHCOMP -2.4831 -3.1076 0.7977 0.0674 Alog(z,)
30 KRWUSD -2.7432 -2.7338 0.1151 0.1142 Alog(z,)
31 KRW]JPY -2.0639 -2.0646 0.1757 0.14838 Alog(z,)
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Variable PP_Test | PP_Test | KPSS_Test | KPSS_Test Transformation
1) () o @

32 KRWEUR -2.0226 -1.9239 0.3106 0.2645 Alog(x,)
33 JPYUSD -1.7867 -1.7777 0.299 0.2361 Alog(x,)
34 USDEUR -1.9311 -1.7947 0.3801 0.3549 Alog(x,)
35 VIX -5.2206 | -5.3108 0.1897 0.0755

36 P -0.8576 -2.5247 1.6788 0.3480 Alog(z,)
37 OPER_IDX -4.2475 | -5.1594 0.9025 0.1957 Alog(x,)
38 SHIP_IDX -1.3436 -2.0620 1.6295 0.3831 Alog(x,)
39 STOCK_IDX 0.0472 -3.3737 1.7463 0.1297 Alog(x,)
40 | PLANTIV_IDX | -0.6910 | -5.3465 1.6658 0.0488 Alog(x,)
41 ECO_B 2.0942 -1.5173 1.7350 0.3860 Alog(x,)
42 ECO_R -0.5839 | -3.1852 1.7573 0.0629 Alog(x,)
43 ECO_A 1.8341 0.5820 1.7552 0.3868 Alog(z,)
44 ENERGY -3.1035 | -7.7731 1.6936 0.1947 Alog(z,)
45 EMPLOY -1.1832 -3.2594 1.7526 0.1206 Alog(z,)
46 p_Jp -2.9571 -3.2646 0.4238 0.0921 Alog(z,)
47 IP_RU -0.2215 | -2.6940 1.6758 0.1145 Alog(z,)
48 Ip_US -2.1547 | -2.6997 0.7654 0.0637 Alog(z,)
49 CLI -3.3327 | -3.33%4 0.1280 0.0611 Alog(z,)
50 | SPRATE_US -1.9671 -2.0476 0.1760 0.1579 Ax,
51 EFFR_US -1.9870 | -1.8794 0.7186 0.1255 Az,
52 IM_US -1.5032 -4.7074 1.5536 0.1590 Alog(z,)

Note: PP test(1) includes only an intercept and critical values are 10%(-2.57), 5%(-2.86), 1%(-3.44),
respectively. PP test(2) includes both an intercept and a linear trend and critical values
are 10%(-3.13), 5%(-3.42), 196(-3.97), respectively. KPSS test(1) includes only an intercept
and critical values are 10%5(0.347), 5%(0.463), 1%(0.739). KPSS test(2) includes both an
intercept and a linear trend and critical values are 10%(0.119), 5%(0.146), 196(0.216). The
last column in the table shows how to transform each series into a stationary process.
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712 2+ XgBoost, Random Forest, AR, AdalLasso-RF 52% 18|31 MAE
7)F o2 XgBoost, AR, CSR 522 g5l

(Table 3) RMSEs for Exports Forecasting

Model 1Month 3Month 6Month 9Month 12Month

AR 0.0739 0.0797 0.0789 0.0744 0.0789

Ridge 0.0829 0.0831 0.0830 0.0831 0.0831
LASSO 0.0738 0.0814 0.0922 0.0754 0.0799
Adaptive Lasso 0.0723 0.0823 0.0817 0.0738 0.0786
Elastic Net 0.0754 0.0831 0.0827 0.0765 0.0799
Adaptive Elasticnet 0.0732 0.0832 0.0825 0.0745 0.0785
Target Factor 0.0775 0.0799 0.0817 0.0813 0.0768
CSR 0.0671 0.0803 0.0808 0.0734 0.0743
Radom Forest 0.0700 0.0739 0.0813 0.0734 0.0738
AdaLasso / RF 0.0713 0.0812 0.0805 0.0723 0.0817
Neural Network 0.0794 0.0871 0.0979 0.0905 0.0930
XgBoost 0.0667 0.0747 0.0801 0.0801 0.0743
Boruta_selected_RF 0.0612 0.0677 0.0706 0.0657 0.0683

Note: Numbers in bold represents the minimum of forecast errors for each

(Table 4> MAEs for Exports Forecasting

forecast horizon.

Model 1Month 3Month 6Month 9Month 12Month

AR 0.0587 0.0630 0.0625 0.0560 0.0624

Ridge 0.0650 0.0652 0.0651 0.0651 0.0650
LASSO 0.0581 0.0639 0.0705 0.0585 0.0620
Adaptive Lasso 0.0571 0.0650 0.0639 0.0565 0.0612
Elastic Net 0.0590 0.0651 0.0647 0.0591 0.0619
Adaptive Elasticnet 0.0577 0.0651 0.0644 0.0568 0.0608
Target Factor 0.0622 0.0627 0.0626 0.0640 0.0616
CSR 0.0517 0.0633 0.0632 0.0550 0.0570
Radom Forest 0.0647 0.0572 0.0632 0.0563 0.0571
AdaLasso / RF 0.0565 0.0650 0.0630 0.0555 0.0633
Neural Network 0.0605 0.0685 0.0783 0.0692 0.0708
XgBoost 0.0508 0.0568 0.0677 0.0601 0.0564
Boruta_selected_RF 0.0473 0.0526 0.0565 0.0507 0.0525

Note: Numbers in bold represents the minimum of forecast errors for each forecast horizon.
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(Table 5) Gioacomini-White Test Results for Exports Forecasting

Model 1Month 3Month 6Month 9Month 12Month
AR -4.29™ -4.26™" -2.17" -1.36 -3.62"
Ridge -5.50" -4.14™ -3.26" -6.13"™ -5.34"
Lasso -455"" -3.88" -3.22" -5.01"" -3.62"
Adaptive Lasso -3.69" -3.76"" -3.22™ -3.20"" -2.33™
Elastic Net -4.87" -4.04™ -3.22" -5.45™ -3.64"
Ada-Elasticnet -4.07" -4.03™" -3.22" -4.44™ -2.50™
Target Factor -4.38™" -2.42"" -2.60™" -5.03" -4.18"™"
CSR -1.87° -4.82™" -2.14" -1.22 -1.65"
Radom Forest 417 -1.87 -2.38" -2.45" -2.09"
Adalasso - RF -3.96" -4.26™" -2.39" -1.47 -2.74™
Neural Network -3.14™ -3.83" -4,04™ -4.33™ -3.86""
XgBoost -159 -1.56 -2.8™ -2.49™ -1.19

Note: The table provides unconditional Giacomini-White test statistics between the Boruta_se-
lected_RF model and each competing model for absolute errors. A negative statistic implies
that the Boruta_selected_RF model has a lower forecast loss than a competing model.
* 7™ indicate rejection of equal predictive ability at the 10%, 5%, 1% significance
level, respectively.
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(Table 6> MCS(Model Confidence Set) Test Results for Exports Forecasting

Model 1Month 3Month 6Month 9Month 12Month

AR

Ridge

LASSO

Adaptive Lasso
Elastic Net
Adaptive Elasticnet

Target Factor
CSR

Radom Forest
AdaLasso / RF
Neural Network
XgBoost
Boruta_selected_RF 0 ) O 0O @)

Note: The table provides model confidence set test results with significance level 50%. If a
model is included in model confidence set, it means that the model exhibits best predictive
ability.
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(Figure 3> Number of Variables and In-Sample OOB MSE for Exports Forecasting
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Note: For each forecasting horizon, the changes in in—sample out-of-bag (OOB) mean squared
error (MSE) are plotted as variables that are added to the dataset based on the order
of the rankings decided by the Boruta algorithm.
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(Table 7) List of Selected Variables by Boruta Algorithm and Cross-Validation

for Exports Forecasting

1 Month 3 Month
X45 Energy Consumtion(t-1) X45 Energy Consumtion(t-1)
X1 Amount of Export(KR)(t-1) X3 Import Quantity Index((t-1)
X151 Energy Consumtion(t-3) X161 Export Quantity Index(t-4)
X109 Import Quantity Index(t-3) X160 Amount of Export(KR)(t-4)
X3 Import Quantity Index((t-1) X153 | Industrial Product Index(JP)(t-3)
X2 Export Quantity Index(t-17]) X204 Energy Consumtion(t-4)
X36 VIX Index(t-1) X98 Energy Consumtion(t-2)
X21 Producer Price Index(JP)(t-1) X55 Export Quantity Index(t-2)
X55 Export Quantity Index(t-2) X162 | Import Quantity Index((t-4)
X56 Import Quantity Index((t-2) X106 | Amount of Imports(US)(t-2)
X5 Import Price Index(t-1) X212 | Amount of Imports(US)(t-4)
X204 Energy Consumtion(t-4) X165 | Current account balance(t-4)
X206 Industrial Product Index(JP)(t-4) 9 Month
X161 Export Quantity Index(t-4) X212 | Amount of Imports(US)(t-4)
6 Month X160 | Amount of Export(KR)(t-4)
X1 Amount of Export(KR((t-1) X161 Export Quantity Index(t-4)
X2 Export Quantity Index(t-1) X55 Export Quantity Index(t-2)
X3 Import Quantity Index((t-1) X151 Energy Consumtion(t-3)
X204 Energy Consumtion(t-4) X56 Import Quantity Index((t-2)
X53 Amount of Imports(US)(t-1) X54 Amount of Export(KR)(t-2)
X112 Current account balance(t-3) X162 | Import Quantity Index((t-4)
X6 Current account balance(t-1) X106 | Amount of Imports(US)(t-2)
X161 Export Quantity Index(t-4) X45 Energy Consumtion(t-1)
X28 Sigapore(STD(t-1) X165 | Current account balance(t-4)
X86 KRW/EUR(t-2) X98 Energy Consumtion(t-2)
X157 Spread(US)(t-3) X112 | Current account balance(t-3)
X38 Operation ratio Index(t-1) X147 Equiprrll;elzte;a\jgistment
X160 Amount of Export(KR)(t-4) X3 Import Quantity Index((t-1)
X107 Amount of Export(KR)(t-3) X59 Current account balance(t-2)
X26 Germany(DAX)(t-1) X207 | Industrial Product Index(RU)(t-4)
X60 WTI oil price(t-2) X1 Amount of Export(KR)(t-1)
X172 Zinc price(t-4)
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12 Month
X53 Amount of Imports(US)(t-1) X106 Amount of Imports(US)(t-2)
X2 Export Quantity Index(t-1) X174 Wheat Futures(t-4)
X98 Energy Consumtion(t-2) X74 Producer Price Index(JP)(t-2)
X204 Energy Consumtion(t-4) X144 Operation ratio Index(t-3)
X1 Amount of Export(KR)(t-1) X59 Current account balance(t-2)
X3 Import Quantity Index(t-1) X108 Export Quantity Index(t-3)
X55 Export Quantity Index(t-2) X91 Operation ratio Index(t-2)
X56 Import Quantity Index(t-2) X22 Korea(KOSPID)(t-1)
X126 Producer Price Index(KR)(t-3) X32 KRW/JPY(t-1)
X151 Energy Consumtion(t-3) X109 Import Quantity Index(t-3)
X112 Current account balance(t-3) X133 Japan(NIKKEID)(t-3)
X6 Current account balance(t-1) X159 Amount of Imports(US)(t-3)
X81 Singapore(STD)(t-2)

Note: The table provides explanatory variables used for the Boruta_selected_RF model. For
each forecast horizon, we obtain a ranking of variables that are confirmed to be important
by using the Boruta algorithm. Next, a cross validation procedure is conducted to determine
the optimal number of variables to be used in a random forest model. This procedure
provides selected variables that are used for a random forest model which is the Boruta_se—
lected_RF model.
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<Table 8>#} <Table 9>+ 7} 23 9] o= 7| 1HE FUS7HE AS5X]ol ot
o Z2.2kQl RMSESH MAES AA ¢t} 5571 o5 Aael o] +Y57ts

o] Z-ol 4 %= Boruta_selected_RF 2.3 o] B oS o 7]kl A 71 22 RMSES}
MAES Jehiith % @A e 508 Al Ry oF tyrli Ee
dEeadz 2 Ao g Yelytk=d], XgBoost, Random Forest, Adaptive Lasso
Sow oy}

(Table 8> RMSEs for Imports Forecasting
Model 1Month 3Month 6Month 9Month 12Month
AR 0.0634 0.0674 0.0695 0.0642 0.0643
Ridge 0.0703 0.0704 0.0704 0.0705 0.0705
LASSO 0.0642 0.0702 0.0704 0.0640 0.0646
Adaptive Lasso 0.0615 0.0702 0.0704 0.0615 0.0626
Elastic Net 0.0669 0.0705 0.0704 0.0660 0.0655
Adaptive Elasticnet 0.0649 0.0707 0.0704 0.0626 0.0627
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Model 1Month 3Month 6Month 9Month 12Month
Target Factor 0.0660 0.0672 0.0691 0.0710 0.0655
CSR 0.0582 0.0663 0.0683 0.0622 0.0636
Radom Forest 0.0572 0.0613 0.0658 0.0611 0.0618
AdaLasso / RF 0.0610 0.0662 0.0698 0.0683 0.0682
Neural Network 0.0638 0.0745 0.0806 0.0766 0.0790
XgBoost 0.0523 0.0592 0.0697 0.0647 0.0637
Boruta_selected_RF 0.0498 0.0566 0.0563 0.0534 0.0542

Note: Numbers in bold represents the minimum of forecast errors for each forecast horizon.

(Table 9> MAEs for Imports Forecasting

Model 1Month 3Month 6Month 9Month 12Month

AR 0.0497 0.0536 0.0556 0.0513 0.0523

Ridge 0.0564 0.0564 0.0565 0.0565 0.0565
LASSO 0.0506 0.0558 0.0565 0.0516 0.0525
Adaptive Lasso 0.0481 0.0558 0.0565 0.0497 0.0507
Elastic Net 0.0534 0.0564 0.0565 0.0535 0.0530
Adaptive Elasticnet 0.0514 0.0566 0.0565 0.0511 0.0509
Target Factor 0.0514 0.0533 0.0557 0.0572 0.0528
CSR 0.0437 0.0526 0.0549 0.0495 0.0531
Radom Forest 0.0450 0.0492 0.0523 0.0492 0.0508
AdaLasso / RF 0.0485 0.0520 0.0541 0.0517 0.0569
Neural Network 0.0506 0.0569 0.0657 0.0608 0.0648
XgBoost 0.0415 0.0486 0.0558 0.0513 0.0521
Boruta_selected_RF 0.0394 0.0452 0.0446 0.0437 0.0430

Note: Numbers in bold represents the minimum of forecast errors for each forecast horizon.

<Table 10> Boruta_selected RF =3} 7€} 23 12| Giacomini-White 7173
A (=22} Azt 7]15)E A~ e} Boruta_selected RF 23 &) o|&¢ 217} 713
oAl Giacomini-White & Al X[ E0] B &(-)2] gh-& UERth o5 b7 1to]
1INE 3 371€Q 459 XgBoost =@ 7o HAS AL BE A 5ol 5ol
2= AY7HE S 7145k =), o]+ Boruta_selected RF R& o] thE 28 S0
H8l A o= FolstA a5 o] sttt AS WERILE <Table 11> MCS
A ANE A oS diidr|ke] 12701€E A9 BE 799l Boruta_
selected RF 23" model confidence setol] XE3tE= Aoz yehyow o=
A7) 12709 Q1 7 -0l = Boruta_selected RF¥} $H7] AR, Adapative Lasso,
Elastic Net, Random Forest, Xghoost 5% MCSel] 3=t}
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(Table 10) Gioacomini-White Test Results for Imports Forecasting

Model 1Month 3Month 6Month 9Month 12Month

AR 499 | 3ea™ | 38T | 288 | 43
Ridge 6217 | 4™ | 5337 | 413 | 56T
Lasso 506 | 438" | 533" | 3937 | 555"
Adaptive Lasso -3.70™ -4417 -5.33"" -2.68" -3.70""
Elastic Net 5947 | 455" | 533 | 442 | 584
Ada-Elasticnet | 513 | 458" | 533" | 33" | 409"
Target Factor -493™ -2.96™ -3.93™ -4.427 -4.00""
CSR -2.15" -2.76™" -361" -2.55" 557
Radom Forest -3.74™ -217" -3.37" -2.85" -4.40""
AdalLasso - RF -4.02"" -241" -3.38™ -2.81" -5.33"
Neural Network -3.58™ -3.39™ -4.42° -4.74™ -6.08"
XgBoost -1.26 -1.28 -3.96™" -3.70™" -4.14™

Note: See <Table 5>.

(Table 11> MCS(Model Confidence Set) Test Results for Imports Forecasting

Model 1Month 3Month 6Month 9Month 12Month
AR 0
Ridge
LASSO
Adaptive Lasso 0]
Elastic Net O
Adaptive Elasticnet
Target Factor
CSR
Random Forest O
AdaLasso / RF
Neural Network
XgBoost (0]
Boruta_selected_RF O 0 O 0 O
Note: See <Table 6>.
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(Figure 4) Number of Variables and In-Sample OOB MSE for Imports Forecasting
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(Table 12) List of Selected Variables by Boruta Algorithm and Cross-Validation
for Imports Forecasting

1Month 6Month
X45 Energy Consumption(t-1) X45 Energy Consumption(t-1)
X3 Import Quantity Index(t-1) X212 Amount of Imports(US)(t-4)
X151 Energy Consumption(t-3) X2 Export Quantity Index(t-1)
X107 Amount of Import(KR)(t-3) X6 Current account balance(t-1)
X98 Energy Consumption(t-2) X38 Operation ratio Index(t-1)
X109 Import Quantity Index(t-3) X39 Shipment Index(t-1)
X1 Amount of Import(KR)(t-1) X55 Export Quantity Index(t-2)
X21 Producer Price Index(JP)(t-1) X3 Import Quantity Index(t-1)
X204 Energy Consumption(t-4) X187 Sigapore(STI)(t-4)
X5 Import Price Index(t-1) X37 Industrial Product Index(t-1)
X2 Export Quantity Index(t-1) X126 Producer Price Index(KR)(t-3)
X55 Export Quantity Index(t-2) X132 Germany(DAX)(t-3)
X108 Export Quantity Index(t-3) X157 Spread(US)(t-3)
X29 Hong Kong(HSI)(t-1) X123 Aluminium price(t-3)
X54 Amount of Import(KR)(t-2) X122 Copper price(t-3)
X100 | Industrial Product Index(JP)(t-2) X28 Sigapore(STD(t-1)
X28 Sigapore(STD(t-1) X54 Amount of Import(KR)(t-2)
X46 Employed(t-1) X70 Aluminium price(t-2)
3Month X151 Energy Consumption(t-3)
X45 Energy Consumption(t-1) X112 Current account balance(t-3)
X1 Amount of Import(KR)(t-1) X179 Producer Price Index(t-4)
X204 Energy Consumption(t-4) X204 Energy Consumption(t-4)
X3 Import Quantity Index(t-1) X178 Euro STOXX(t-2)
X159 Amount of Imports(US)(t-3)
X165 Current account balance(t-4)
9Month 12Month
X212 Amount of Imports(US)(t-4) X53 Amount of Imports(US)(t-1)
X162 Import Quantity Index(t-4) X204 Energy Consumption(t-4)
X204 Energy Consumption(t-4) X3 Import Quantity Index(t-1)
X112 Current account balance(t-3) X106 Amount of Imports(US)(t-2)
X59 Current account balance(t-2) X151 Energy Consumption(t-3)
X160 Amount of Import(KR)(t-4) X45 Energy Consumption(t-1)
X161 Export Quantity Index(t-4) X1 Amount of Import(KR)(t-1)
X106 Amount of Imports(US)(t-2) X98 Energy Consumption(t-2)
X159 Amount of Imports(US)(t-3) X2 Export Quantity Index(t-1)
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9Month 12Month
X151 Energy Consumption(t-3) X108 Export Quantity Index(t-3)
X98 Energy Consumption(t-2) X200 | Equipment Invesstment Index(t-4)
X53 Amount of Imports(US)(t-1) X56 Import Quantity Index(t-2)
X187 Sigapore(STI)(t-4) X28 Sigapore(STD(t-1)
X56 Import Quantity Index(t-2) X155 |Industrial Product Index(US)(t-3)
X108 Export Quantity Index(t-3) X59 Current account balance(t-2)
X54 Amount of Import(KR)(t-2) X81 Sigapore(STD(t-2)
X3 Import Quantity Index(t-1) X74 Producer Price Index(JP)(t-2)
X143 Industrial Product Index(t-3) X12 Nickel price(t-1)
X91 Operation ratio Index(t-2)

Note: See <Table 7>.
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<Table 13> oUX|Al-go] A2 X34 7] Boruta_selected RF 23 3}
XA 2S #)9] 3 Boruta_selected_RF 2.8 2] RMSESF MAE 1] 32 Giacomini—
White 7174 A7E AAgE 5/9%, RMSE/MAE, 45 o371 183k BE
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(Table 13) Comparison of Forecast Errors for the Boruta_selected RF Model
with or without Energy Consumption Variable

Boruta_selected_RF Model 1Month 3Month 6Month 9Month 12Month

with energy

E : 0.0612 | 0.0677 | 0.0706 | 0.0657 | 0.0683

X consumption

o | RMSE (—

o without energy| o ogs) | go71s | 00739 | 00701 | 00715
consumption

R :

T| mag | W enerey | 60073 | 00526 | 00565 | 0.0507 | 0.0525

consumption
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Boruta_selected_RF Model 1Month 3Month 6Month 9Month 12Month

without enerey | g o509 | 00575 | 00583 | 00552 | 00551
consumption
GW test|  statistic ~2.46"|... 207 155 |.. 210 -2.10"
with energy | p198 | 00566 | 00563 | 0.0534 | 0.0542
consumption
RMSE | —
I WIIOUE EOTBY 00554 | 00591 | 00624 | 00634 | 00573
M consumption
P with eneray | g 4394 | 00452 | 00446 | 0.0437 | 0.0430
(@) consumption
R | MAE |
T WIOUE EOTEY | 00423 | 00456 | 0.0489 | 00502 | 0.0443
consumption
GW test|  statistic 218" <020 |.. 29| 3B -0.91

Note: The table provides forecast errors for the Boruta_selected_RF model with or without
the energy consumption variable. GW test means the Giacomini-White test. ** and **
indicate 5% and 1% significance level, respectively.
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(Table A) Forecast Errors for Exports: Window Size 120

Model 1Month | 3Month | 6Month | 9Month | 12Month

AR 0.0760 0.0804 0.0794 0.0742 0.0788

Adaptive Lasso 0.0763 0.0847 0.0841 0.0772 0.0802

RMSE Radom Forest 0.0728 0.0764 0.0821 0.0746 0.0734
XgBoost 0.0712 0.0761 0.0896 0.0785 0.0725
Boruta_selected_RF 0.0638 0.0702 0.0680 0.0688 0.0713

AR 0.0595 0.0632 0.0627 0.0567 0.0631

Adaptive Lasso 0.0593 0.0668 0.0656 0.0594 0.0637

MAE Radom Forest 0.0568 0.0594 0.0641 0.0582 0.0571
XgBoost 0.0544 0.0607 0.0712 0.0609 0.0554
Boruta_selected_RF 0.0492 0.0548 0.0524 0.0533 0.0546

Note: Numbers in bold represents the minimum of forecast errors for each forecast horizon.

(Table B) Forecast Errors for Exports : Window Size 96

Model 1Month | 3Month | 6Month | 9Month | 12Month
AR 0.0751 0.0807 0.0792 0.0745 0.0795
RMSE Adaptive Lasso 0.0747 0.0950 0.0996 0.0926 0.0999
Radom Forest 0.0749 0.0771 0.0825 0.0769 0.0763
XgBoost 0.0722 0.0776 0.0869 0.0855 0.0829
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Model 1Month | 3Month | 6Month | 9Month | 12Month
Boruta_selected_RF 0.0659 0.0689 0.0675 0.0685 0.0719

AR 0.0586 0.0639 0.0622 0.0573 0.0635

Adaptive Lasso 0.0588 0.0716 0.0767 0.0746 0.0750

MAE Radom Forest 0.0592 0.0604 0.0650 0.0597 0.0594
XgBoost 0.0558 0.0612 0.0705 0.0670 0.0648
Boruta_selected_RF 0.0511 0.0543 0.0520 0.0539 0.0548

(Table C) Forecast Errors for Imports : Window Size 120

Model 1Month | 3Month | 6Month | 9Month | 12Month

AR 0.0642 0.0679 0.0697 0.0646 0.0646

Adaptive Lasso 0.0637 0.0706 0.0712 0.0633 0.0628

RMSE Radom Forest 0.0596 0.0647 0.0687 0.0631 0.0613
XgBoost 0.0586 0.0634 0.0713 0.0679 0.0661
Boruta_selected_RF 0.0530 | 0.0565 | 0.0566 | 0.0569 | 0.0547

AR 0.0502 0.0541 0.0557 0.0523 0.0524

Adaptive Lasso 0.0500 0.0564 0.0574 0.0511 0.0496

MAE Radom Forest 0.0468 0.0518 0.0556 0.0508 0.0501
XgBoost 0.0469 0.0511 0.0571 0.0561 0.0538
Boruta_selected_RF 0.0413 0.0446 0.0445 0.0450 0.0434

(Table D) Forecast Errors for Imports : Window Size 96

Model 1Month | 3Month | 6Month | 9Month | 12Month

AR 0.0627 0.0679 0.0701 0.0640 0.0644

Adaptive Lasso 0.0651 0.0742 0.0951 0.0831 0.0833

RMSE Radom Forest 0.0610 0.0669 0.686 0.0628 0.0624
XgBoost 0.0606 0.0663 0.7545 0.0658 0.0668
Boruta_selected_RF 0.0515 | 0.0597 | 0.0591 0.0562 | 0.0564

AR 0.0491 0.0539 0.0559 0.0518 0.0521

Adaptive Lasso 0.0499 0.0590 0.0711 0.0635 0.0583

MAE Radom Forest 0.0475 0.0532 0.0550 0.0506 0.0515
XgBoost 0.0473 0.0525 0.0582 0.0528 0.0532
Boruta_selected_RF 0.0414 | 0.0471 0.0458 | 0.0448 | 0.0438
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Abstract

This paper considers exports and imports forecasting in South Korea using various machine
learning methods in a data-rich environment. The samples are from January 2000 to December
2021 (total 264 observations) and the forecast period is set to be the last ten years of the
samples. Among thirteen models, one model outperforms the rest models for all forecast
horizons, which was proposed by Kim and Han (2022). The method consists of the following
three steps: 1) Using the Boruta algorithm, obtain the rankings of the covariates in
high-dimensional data, 2) Choose the optimal number of the most important covariates via
cross-validation, 3) Using only those selected covariates, implement the random forest
method and produce a forecast. The tests by Giacomini and White (2006) and Hansen et
al. (2009) show that the model provides significantly better forecasts. In particular, the energy
consumption is selected as an important variable for exports and imports forecasting.
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