4‘ Korean Journal Of Agricultural Science

L)

Check for
updates

& OPEN ACCESS

Citation: Lee H, Hong S, Yeo M. 2018.
Comparison of forecasting performance
of time series models for the wholesale
price of dried red peppers. focused

on ARX and EGARCH. Korean Journal
of Agricultural Science. https://
doi.org/10.7744/kjoas.20180056

DOI: https://doi.org/10.7744/kjoas.20180056
Received: May 8, 2018
Revised: June 20, 2018

Accepted: July 24, 2018

Copyright: © 2018 Korean Journal of
Agrcultural Science

This is an Open Access artide
BY__NC distributed under the terms of

the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

MANAGEMENT & ECONOMICS

Comparison of forecasting performance of
time series models for the wholesale price
of dried red peppers. focused on ARX and
EGARCH

Hyungyoug Lee', Seungjee Hong”', Minsu Yeo®

Korea Rural Economic Institute, Naju 58321, Korea
“Department of Agricultural Economics, Chungnam National University, Daejeon 34134, Korea
*Hanwha Hotels&Resorts Food Culture, Seoul 02580, Korea

*Corresponding author: hseungj@cnu.ac.kr

Abstract

Dried red peppers are a staple agricultural product used in Korean cuisine and as such,
are an important aspect of agricultural producers’ income. Correctly forecasting both
their supply and demand situations and price is very important in terms of the producers’
income and consumer price stability. The primary objective of this study was to compare the
performance of time series forecasting models for dried red peppers in Korea. In this study,
three models (an autoregressive model with exogenous variables [ARX], AR-exponential
generalized autoregressive conditional heteroscedasticity [EGARCH], and ARX-EGARCH) are
presented for forecasting the wholesale price of dried red peppers. As a result of the analysis,
it was shown that the ARX model and ARX-EGARCH model, each of which adopt both the
rolling window and the adding approach and use the agricultural cooperatives price as the
exogenous variable, showed a better forecasting performance compared to the autoregressive
model (AR)-EGARCH model. Based on the estimation methods and results, there was no
significant difference in the accuracy of the estimation between the rolling window and
adding approach. In the case of dried red peppers, there is limitation in building the price
forecasting models with a market-structured approach. In this regard, estimating a forecasting
model using only price data and identifying the forecast performance can be expected to
complement the current pricing forecast model which relies on market shipments.

Keywords: ARX (AR model with an exogenous variables), dried red pepper,
forecasting performance, time series analysis EGARCH
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Fig. 1. Structure of Korea Rural Econom|c Inst|tute (KREI) s monthly structural model for dried
red pepper (Kim et al., 2013).
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Fig. 2. Wholesale price of dried red pepper (1996.1 - 2107. 12).
Table 1. Annual supply situation of dried red pepper in Korea.
Classificati Year
assitication 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Supply 240 200 185 180 182 182 188 171 172 169
(1,000 tons)
Opening stock 3 1 1 1 3 1 2 8 6 13
Production 160 124 117 95 77 104 118 85 98 85
Import 88 86 80 101 119 97 96 106 106 110
Export 10 10 12 14 16 18 20 22 24 28
Closing stock 1 1 1 3 1 2 8 6 13 11

Self-sufficiency 66.7 61.9 63.1
(%) . . .
Adapted from MAFRA. 2018.

52.9 42.3 57.3 62.5 49.8 56.8 50.3
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Table 2. Representative statistics of wholesale prices in the analysis: 2010. 08 - 2016. 12 (unit:

won/600 g).
Mean Median Maximum value Minimum value Std. Dev. Coefficient of variation
8,474 8,256 14,105 5,449 2,050 0.242
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Table 3. Augmented Dickey-Fuller (ADF) unit root test results of wholesale price.

Variable Level 1st differenced
2010. 08. - 2016. 12.
intercept - 1.900 - 7.890%**
trend and intercept -2.894 - 8.051%**
2010. 08. - 2017. 12.
intercept -1.948 - 7.865%**
trend and intercept - 2.057 - 7.822%**

Critical values are MacKinnon’s one-sided test values, and the time lag of test equation is automatically
calculated by Schwarz Information Criterion.
*** denotes statistical significance at the 1%.

Korean Journal of Agricultural Science 45(4) December 2018 864



Comparison of forecasting performance of time series models for the wholesale price of dried red peppers: focused on ARX and EGARCH

- Farm
46 Distributer — ] 17 5
@e  —n f
15 .
N S —— R I I A —— i
i 1 1
‘ i 3 [ v E v v
2 Joint 10 Wholesale 18 Retail 24 C
Producer 4}"' Market —> Market 1+ » Market —® orzzta;"ner
(100) i (35) (27) E (24)
! | 21 H 3 - a
1 — — ) R |
19 N
17 Producer > Mass
Association = Consumer
17) g > (60)
\ 8
Fig. 3. Marketing channel of domestic fried red pepper (aT KAMIS, 2018).
The numbers in the graph are the shares (%) of each section and sales root.
Table 4. Augmented Dickey-Fuller (ADF) unit root test results of Nonghyup price.
Variable Level 1st differenced
2010. 08. - 2016. 12.
intercept - 1.454 - 7.296%%*
trend and intercept -2.623 - 7.361%**
2010. 08. - 2017. 12.
intercept -2.178 - 6.882%**
trend and intercept -2.314 - 6.8427**

Critical values are MacKinnon’s one-sided test values, and the time lag of test equation is automatically
calculated by Schwarz Information Criterion.
*** denotes statistical significance at the 1%.

Table 5. Causality test results.

Direction Chi-sq. df Prob.
AlnPn # AlnPw 48.520 1 0.000
AlnPw = AlnPn 0.015 1 0.903

AlnPn, difference in log price of agricultural cooperatives; AlnPw, difference in log price of wholesale
market; Chi-sq., chi-squared test value; df, degrees of freedom, Prob., p-value.
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BPHO 2 = 7bA A2 7 U o] £18 7S VARLHECM (error correction model) 5-& EH8:8 4> 91O}, 70113 3
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Fig. 4. Log differenced (1%) prices.
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ZAS 9J5} Census X122] TJQHO & 0] &&= T2 781 0 & ARIMA (p, d, q)(P, D, Q)s 22| 2} (P ,D, Q)s 2mt o]
2k, (p, d, )9 AR X5 AEZHTHKim, 2005).

12} X2 QPgale 24013 =n7EAC] AR (1) 2ol Mobssd 3 1uF 374 S e Rz 3 ARX g}
ARX 22 5o]| o] 2ARS 135 ARX-EGARCH, QA4S E3I51A] %2 AR-EGARCH 2.8 2] 37 A k= Table 71} 7+
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Table 6. ARMA model selection criteria table (1* differenced).

ARMA(p, q) Akaike info. criterion Schwarz criterion Hannan-Quinn criterion
ARMAC(1, 0) -2.018 -1.926 -1.981
ARMA(2, 0) - 1.996 -1.874 -1.947
ARMA(3, 0) -1.972 -1.819 -1.911
ARMA(4, 0) - 1.946 -1.762 -1.873
ARMA(1, 1) - 1.998 -1.875 -1.949
ARMA(1, 2) -1.972 -1.818 - 1.910
ARMAC(T, 3) - 1.946 -1.762 -1.873
ARMA(1, 4) - 1.920 - 1.705 -1.834

ARMA, autoregressive moving average model.
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Table 7. Estimates of time series forecasting models for wholesale price.

Variable ARX ARX-EGARCH AR-EGARCH
(t-Stat.) (z-Stat.) (z-Stat.)
Mean equation
u - 0.006 - 0.002 -0.016
(- 0.950) (-1.271) (- 7646.626)***
¢, - 0.447 -0.141 0.092
(- 4.595)*** (- 2.877)%%* (20.667)***
6o 0.265 0.152
(6.962)*** (11.951)%**
6, 0.436 0.288 -
(9.976)*** (12.497)***
610 0.059 - -
(2.993)***
Variance equation
o) - - 6.681 -0.625
(- 10.715)*** (- 9.6E + 102)***
a - 2.136 -0.887
(7.888)*** (- 9.6E + 102)***
y - - 0.667 0.126
(- 3.460)*** (34.850)***
B - 0.262 0.800
. (2.485)*** (37216.08)***
0.579 0.453 -0.018
Log likelihood 111.075 148.909 121.453
Inverted AR roots -0.45 -0.14 0.09
Akaike info. criterion -2.802 - 3.808 - 3.079
Schwarz criterion -2.617 - 3.559 -2.893
Hannan-Quinn criterion -2.728 - 3.709 - 3.005

ARX, autoregressive model with an exogenous variables; EGARCH, exponential generalized
autoregressive conditional heteroscedasticity; AR, autoregressive model; t-Stat. & z-Stat., the ratio of
the departure of the estimated value of a parameter from its hypothesized value to its standard error. u
(constant), ¢, (lagged dependent variable), 8, 6, (cooperative prices for time t and t-1), and 6,, (October
dummy) are the parameters of ARX estimation model; w, a, y, and 8 are the parameters of variance
model; R?, coefficient of determination.

*** denotes statistical significance at the 1%.
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Table 8. Out-of-sample tests results (Unit: %).
Model Rolling window Adding approach

MAPE RMSPE MAPE RMSPE
ARX 5.54 10.93 5.75 10.70
ARX-EGARCH 6.30 11.62 6.03 11.23
AR-EGARCH 8.99 14.84 9.34 15.11

ARX, autoregressive model with an exogenous variables; EGARCH, exponential generalized
autoregressive conditional heteroscedasticity; AR, autoregressive model; MAPE, mean absolute
percentage error; RMSPE, root mean squared percentage error.

Table 9. Ex-Post forecasting error test results of the KREI's monthly structural model.

Month Variable MAE MAPE RMSE Theil Inequality
Aug. NFP213_08_S 1182.38 11.51 1618.19 0.089
Sep. NFP213_09_S 905.74 10.57 1053.35 0.056
Oct. NFP213_10_S 639.30 8.17 720.07 0.039
Nov. NFP213_11_S 568.44 7.94 612.17 0.034
Dec. NFP213_12_S 889.77 13.03 1077.15 0.061
Jan. NFP213_01_S 689.51 10.58 846.78 0.048
Feb. NFP213_02_S 601.49 9.13 729.45 0.041
Mar. NFP213_03_S 769.85 12.08 832.94 0.049
Apr. NFP213_04_S 360.66 6.01 442.55 0.030
May. NFP213_05_S 138.34 2.29 161.97 0.011
Jun. NFP213_06_S 377.27 6.33 442.34 0.030
Jul. NFP213_07_S 497.55 8.52 583.74 0.040

KREI, Korea Rural Economic Institute; MAE, mean absolute error; MAPE, mean absolute percentage
error; RMSE, mean absolute percentage error.
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