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Seasonal component of monthly prices of logs by STL decomposition
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Trend movement of monthly prices of sugi and
hinoki logs
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Cyclical movements of monthly prices of sugi and
hinoki logs
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Irregular component of monthly prices of logs by
STL decomposition (Yen): (a) sugi; (b) hinoki
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Virzs Virss Viras Vs DIREOFIA, 0.405-0.590+
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p-value 28 0.001 LA F & WO FERZH T, ERDH T
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THo Tz 2013 FEARDS 2014 EEHD E TOEFE %
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KT, 2 HHEOTFROREEZ L THS, Fig.2d4 1d
A F ALK A4S O FZE & T RIBAR AN 12 7 H DR D T
HHiZZ /R U Tze Fig25SiZmENizk Hic, AFD Tl
AZIE. —1,000 I~ 1,000 HOMICH 2 T & Eh >
e (FEECEWIED 57%. ARIMATED 60%). T
O ZBZZEEE D> T (RECEWHIEN43%.
ARIMA 715 40%), Fig.26 l& & / FALAAMAE 0O F2 i i
TR 12 A HORD TRl Z /R Lize Fig.27 I
RUTEE 2, &/ FOPREEEEZ. —2,000 [~ 2,000
MOMICH BT ENEh - h FEBCEBIED 63%.
ARIMA ¥ED 68%). T DOHIFZHEZ % THEREND >
7o (FBECFBED 37%. ARIMA D 32%), DED,
THIARD 12 A AWK EZ &, PHENT SITE0E
WwoHZeeixd,
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Fig. 21. &/ FHUKMAE O G & T IWIRIAY 6 71 1] D
D Pl (D
Actual prices of hinoki logs and their six-month-
ahead forecasts (Yen)
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Six-month-ahead forecast errors of prices of hinoki
logs (Yen)
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Histogram of six-month-ahead forecast errors
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1% 80% DAHE CHAEMN T DKAELINICH BT L ERL
TV, B, AFORBCEEETD 1 A AT
DHFFRAZD 0.80 DN EIE 332 TH S H. ThiZ
80 % D T T RIFR A OMOHED 332 LRI/ % T
ERU TV, AFDORECEEIETD 1 AT
D /S—t > FERAED 0.80 TN 2.67% T, 80%
DT RO/ S—1 > FERAEN 2.67% ANICE S T &
ZRLTW3S, LML, PRI 2 HRICKES L.
AF DI ETD 0.80 72 MikhS 609 1. 4.71%1C
HO. 6 M AXTMOEAE. 1,000 I, 8.40 % I 7
D, 12 A%EFMOEEE., 1,500 F1, 12.84%Il7% >
TWVW3, THHHAELS 2L, TOXIICKHEICT
HERENKEL RS, £, TXTOEEMAFCF
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Twelve-month-ahead forecast errors of prices of
sugi logs (Yen)
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FERFAE R CHf/S—k > FERAEICH LT, T—XDIE
HAmZERLIEW S/ VST A M) w ITREEDOY «
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THREREZBL Lo T,
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Twelve-month-ahead forecast errors of prices of
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Table 3. Horhat kit it

Some descriptive statistics values of absolute errors (Yen) B : M
1 2 3 4 5 6 9 12
S ETS 0.25 i 72 194 250 272 188 206 333 500
M 232 413 515 579 616 665 800 1,018
A 164 306 408 467 498 461 573 800
0.80 73 %K 332 609 730 870 933 1,000 1,211 1,500
e (R 7 251 391 482 522 576 629 722 791
S ARIMA  |0.25 73ii% 76 158 215 230 236 170 291 474
P fiE 257 418 522 576 636 660 815 1,027
i 171 294 460 486 506 493 633 837
0.80 731 %K 386 604 701 839 937 1,040 1,382 1,615
FEUE(R 22 336 424 471 527 577 656 736 798
H_ETS 0.25 73Nkl 102 222 446 452 442 500 552 461
RR=[[E 369 701 1,001 1,207 1,335 1,436 1,707 1,905
R fiE 224 484 804 888 922 936 1,116 1,100
0.80 73 (i%K 518 931 1,373 1,683 1,943 2,260 2,505 3,214
FEEE (i 22 459 791 1,042 1,224 1,364 1,476 1,780 2,097
H_ARIMA |0.25 534 136 147 392 487 452 512 544 855
SEEEME 373 678 1,002 1,221 1,352 1,455 1,660 1,851
R 234 494 720 898 1,036 1,107 1,176 1,368
0.80 7% 519 973 1,443 1,713 1,801 2,047 2,440 2,551
R 401 753 1,050 1,225 1,344 1,419 1,595 1,744
(a) (b) 5.3.6 1@%@@@&%05”%5&%
3,000 - RMSE_H_ETS 10 FHNCIE, BiiTE (Naive method) & W5 fijH L F

—o— RMSE_H_ARIMA
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~o— MAE_H_ARIMA o
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Fig.29. AF¥ & b /) FOIBOIFHE L ARIMA D PG
(a) RMSE & MAE (I'D); (b) MAPE (%)
Forecast errors of prices of sugi and hinoki logs: (a)
RMSE and MAE (Yen); (b) MAPE (%)

EZFHMIL &K S, Fig29 (a) ICRENTzXHiC, R
FORBOFEEE L ARIMA 0O RMSE & MAE B X U
MAPE D 7R D3V, B/ FOEEIE. 6 B HD T
AR % CTld. fRECEIETE & ARIMA 0 RMSE & MAE
BE U MAPE WiEWEER 2Rz 7HAM B, £<
DLGE T IECEE T X D ARIMA 7 D J5 5 RMSE &
MAE 35 & U MAPE WKW Z £ &2 /R L TW5, MAPE
TiHET % &, AFDHHe /FXOFEMENT &
Mool (Fig.29 (b)), T D #5H A Michinaka et
al. (2016) &3 5 JFIKIE, ABFZEOFAGIAR < 174 2
FiEBLOREND > AL 58O TH 5,

WFEND B, HME L X, SHOFNMEE TR T
THALRED THIME L T 5 F 1Lk TH B, TOFED T
AN RBOMEOENETH D, T TlE. FRECE
1575 & ARIMA O TGS Z 719 % 7 dic. 88
FHETE L ARIMA 1O Il 38 72 72 ik O 28 B4R & LLig
L7zwv,

T3, REERN T — RIS LT, 4 H Ok % 5
H. 4 H, 5l &HVT, ®EIC 12 4 HATOHE &
ERT, ZRNENOEEHZFE L Tz, FHEOIRIE.
FMFEFAMO MM & W CHMZHRE Lz, TOEH)
X, MRS EROGEIET I AOEICZD ., it
WREDEERZY AT ADERICK S, MIRZEBHD
WEEFLy I L THBE, AFDHEIE. 1,008 {#
DANFEZTHE D I, 0 FIZTHEE DK R 36 [, L5
497 [, TRED 475 I TH B DT, itgHo0 LF7H
DEmMNDH 2 EEZ BN, ./ FOHEAFIE, 0 L
FAIORE R 33 (Bl A% LFA 438 [, FFEADY 537 [A]
TH2DT, MEN FEROEMNRLENS, Tkt
LT, AFAMitgD ARIMA LD FHIFRZEE., @D Tl
(FZAD#FE) M 556 1T, WBRATH (XA4F A0
F2) M 451 [T, GbE T, @O TR L K->,
TRECEEO TRERAZ . @A TR 510 BT, @K
TR 494 [0 T, FIEDDITMNICE Do TTzdd, 0
WOTRNCIE > 7 &/ FlikED ARIMA DB H .
WM 614 [81 T, WA TR 394 [1] T, DT
DiER TR o Tz, UL, TRECEEETFNOEGIX.
BT 508 [T @K THD 499 [T, wiEAD
IMCEh o7z, TORERERSZ &, AW TH- T2
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Table 4. Hix)/ S—t > b PLEHE R

Some descriptive statistics values of absolute percentage errors (%) B : M
1 2 3 4 5 6 9 12
S ETS 0.25 i 0.61 1.57 222 2.32 1.53 1.64 2.78 3.92
M 1.87 3.31 4.14 4.66 4.97 5.37 6.49 8.20
A 1.32 2.58 3.46 3.87 4.18 3.80 4.68 6.81
0.80 73 %K 2.67 471 5.84 7.13 8.11 8.40 10.16 12.84
e (R 7 1.89 2.84 3.47 3.78 426 470 5.42 5.95
S ARIMA  |0.25 73ii% 0.66 130 1.81 1.90 2.06 1.44 235 3.88
P fiE 2.03 3.33 4.19 4.63 5.10 5.29 6.56 8.19
i 1.40 2.49 3.94 430 4.19 3.97 5.36 7.22
0.80 731 %K 3.10 4.90 5.71 6.59 7.63 8.49 11.74 13.39
FEUE(R 22 2.39 3.05 3.40 3.80 4.19 485 5.49 5.84
H_ETS 0.25 73Nkl 0.58 1.13 2.39 2.44 227 2.70 2.58 2.28
R 1.80 3.43 4.93 6.00 6.71 7.28 8.69 9.75
RO fiE 1.19 2.69 4.01 4.60 4.88 5.00 6.00 5.80
0.80 73 (i %K 2.81 4.76 6.76 8.34 9.97 10.75 12.34 17.30
FEEE (i 22 2.01 3.47 470 5.71 6.61 7.38 9.17 10.81
H_ARIMA [0.25 770K 0.66 0.84 2.02 2.54 2.40 2.96 3.12 4.46
SEEEME 1.83 3.31 491 6.01 6.71 7.25 8.26 9.16
R 1.24 2.62 3.94 442 5.28 5.29 6.22 7.43
0.80 73 1i%K 2.70 4.86 6.72 8.29 10.08 10.44 11.66 12.53
R {2 175 325 4.59 539 6.03 6.44 7.44 8.19
(a) AF (b) E/* (a) AF (b) E/*
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Fig. 30. fliA$ZSBhAR & TR (e) CT-E 5 HLOL: 'D): (a)
AF; ) e /F
Average price changes and average forecast errors
(Yen): (a) sugis; (b) hinoki

HHoOT7F—2TE, HBEFHEZEO TH LD, ARIMA
EOFH WD THORENRKENT ENDN B,
e, WAOATRERRKTFHDONT Y AT 57
DI, THERECAZFHEDTHMEZ Fig30icx L ®
7zo Fig.30 (a) W/R L7z & 21, AFMEO T T
3. ARIMA ¥ & fRECFlmk L i, @b TR fic
fi> TV eh, FBECFIED A Z DRENNE H >
Too ARBFZRICH DN S T — Z DA D2 {KIZ 2002 4F 1
AM 520164 12 AXTTH 5 H. 2008 0 5 2009
EFTOMREEEED S 2010 FICHEIEDHE > 7=
DT, 2002 F2 5 2016 £ X TO M Z 2002 F2 5
2009 FEF T (i) &, 2010 FEHL 5 2016 F£EXF T (14
) L2 ORI T, ZTNThOFELEEE
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FHE L, AFOHEAE. £ TRMmEsHITH
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BN EFLTERT b ol, TO NBEMEN
DM OTF -2 EED T —RTHRLNEETIVEH
WT., BIHO ERMEm O IS DWW T TR L 7R R
ARIMA £ IEECFmLE e @D Tl Ko7z, B/ F
OEEIZ, 2T RO TH > e, miH T
A% D REED LT, BIATIEMAZED RENTE - 72
e o, AFDEEERUTL, b/ Flitgo
ARIMAZEDO Tl @D FME R >z —TF. B/ F
A% DFECFEEO T, HE TR S &/ Fllo
B DT RO ITNICEZh ol FETHRS L0
KFME x> Tz,
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R, PR A B2 IREBCEIEE & ARIMA £
OO 1 A, 2 A, FLT. RiZIC 12 4H
TR O Mok (MAE) & &5 72 (Fig.31)s
FERIE. AF PR O IR AN FRIHE 9 1 H %
T. B/ F PO FIIMFRZED TR 8 1 H %
T. TNZTNDO U EFHEI D /NS hofee TD
ERIE, AFOEEEFIMMN o HAX T, B/ F
DLGERXTFNHMA S HHETTIE., B EEED
ARIMA £ ¢, i Z#z R<IfA TH O, HiliLy
ML ROV, G TMTFELZEVWA S, 9~104H
LRIz 2 & ARIMA & & A5ECF L O T IS FE A,
HMETHE D@V EIRTE AR WERZ - Tz,

RIZIC, HIGUKAE O ZECiE, FHiZENH %
DT, FHEAFHOERZREL T, HZHGRHEL T
THZIT> T, TREREZEIE LUz, HifliZ g5k
Eld. N—=X bR ZEAMED A E L TR A EORHZE
B (Table | ) D TN—ZAH OEAMEZ RS
5FETHD, PINTHEDONTFHZE) T — 2% 2002
ENDS 2009 FETOT—XDRIERTH S, BRI
I, BIZIE. 2014 4 5 HOFEBEHASIC S A S 6 A
NOFHAEEDOHE T Z A T=5. 201446 HOTF
HEE 7m0, s AnS 7 ANORHIZH) E O HEE D &
MAT=6. TADOTFHMELIZZ WD 551 THINT
X3, AFRKUE / FOIKMBITH LT, FHIHAR
T & O BT L O iR A 2GR Ul A
RiE. Fig3timlekoic, AFDEHIE ARIMA
N CHE ROV 1 & B2 6 0 B0 0 S I R 72 o
WIS 69METT, b/ FDEEIE-86 MH
5170 ME TTH > Tz, HLMIZR TR R L T 0 D #oo G-
72 & ARIMA ¥ N CHE O T O A6 FR A2 D 721
FLT, 94 0ary yORFFSEMBEE (Wilcoxon
signed rank test) ZFAi L7z, ZORERIE. AFDEGE.
TRTOTHIAB T, 5% OB FKETHE R AR
MU%hole, ©/F0EAE, AR 2 A X T
3 ARIMA 74 T2 G850 15 32 T30 0 S Aot 352 5/ )N
T, 5% DERKETHERAZZMIM UMD, 4 HH
5 I R T L T M O PR R AR 10N &
WHVE R U o T,

6.5 %%

JREEZEEE TV DE AR AIC MR EIMED IS, K
Y 7 b ORI & T AN IEECEIEE & ARIMA
ETOHRERRINT — 2D TN ERCIZ>TE T,
AW Tl TBECEMETE L ARIMA RV AF &
t / F ALK DO H XA O T M O &S R LT,
TR DR Z1T o 720 2010 D5 2016 FF £ TD
THEMICBVWT, EANAORFEESROZL (2.
MREEERD S ORIE) L ENBEROZEL (B2,
HEBIHEB O BT EMTREOR T, £z,
TR OIL KIS DN T, /ECEETE & ARIMA O

THRIKEENE S 1> M DN THEIANS I 21T 5
720

F9. 20134 10 HITRNERIN, BIE4HICERE
NEHEEBEBIC X D EPARTFEN, AEEeic
bhdb /FLAFOMBICKREREEELEZ iz,
COMOAXMIEDTF L, RENRKREN ST &M
bivote, TRHBERIER Y a vy 7 TEELZERZD
MO FMHHE L holcT &S, L=V T T —
ZDEEHD 2013 F 10 AH 5 2014 F 1 HE TOMIC
Bolzla e, FMRTHEENREN T, Tz, (i
REEERED S ORIERHAIC I, @DFIA A Uiz,
)5, 2012 EBN S EFE TO REHHICB LT, @K
THIMFEE LD, HEBEB K O BN NE o T,
— I AT RS 2R IR TR, (ARSI D X7 D B[R AR
FEZLNZHD, HEBIEBOEED H 2 W OMifSZE
FETE e LTHREMOELHMERICEZ>TWVEEDL
HREIN5,

%7z, Table 3, Table 4, Fig.29 iZ/rLizkoic., ¥
AR E < 75 % L EEDOFMEE GEXHE) M
TWL T ELWMBIREINT VS, Thid. TR
EROZEZICBELEZTHA5, HlaiX, AFM
7z TRlT 5 L EIC, HnERAEZ 80% DT 500 [
HIFAPNICHI Z 720 UE, 1 A ARETCLLTINCH X
B0, FRUTH LT, HiFHZ 600 FILAAIC T % H %
5% ETE, 2 HALETOTINCMHZ %, &
B2, 6% AN ET UL, 3 HALETOTHICHEZ S
THA9, DFD. THKEDOERIZISC THMET
MO E T MIRE %,

30T, BEOEBE L ARIMA D B 5 O lks
ENEOMCDONTIE, —BHICE ATV RE TS
Too AFAMETHOEE . FRECEIEE & ARIMA W
@D RMSE, MAE, MAPE W ZNZNFRIEE &9 FER
iR, e/ FOEEE. TR 6 1AL Rk
% & ARIMA 7% RMSE, MAE. MAPE D {58k
KXOEF/NEV, ULh L, Mz R UH/ S—+t >
FEAICH LT, T3 7y v ORFSIENRE % 52
iU 7efb &, T8O & ARIMA B D MIC 5% O

BEKETHERENRD NG - Tz,

Fig.6. Fig.9, Fig.13, Fig.16 %x LI /R E N7z F il
HERDE, AFOEELE S FOHEE. BECEE
%8 ARIMA VES . IEOFE GADTHD. £72EED
A GEATHD HEE L TELRTVT DR T
%, CNEVDIE, BEHBIDORENFAET 5729
THb, THRZDOHICHENDZ EWVWS T &id. Hi
ORADOFRZE (T —) ICET 2 ERDH LLFlo
MERR/NNCT DX IbhTniEnT LidE 5%,
THIAM A 14 HOB A, S_ETS. S_ARIMA, H_
ETS. H_ARIMA O HCHBEGRE (€7 vV >) BNZEh
ZM., 0.410, 0.328, 0.498, 0.150 THH. TIF L&
LRV, ZN5 D p-value 1 Z1LZF 4, 0.000, 0.002,
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0.000, 0.175 TH o7, DE D, S ETS, S ARIMA,
H ETS O PRIFRZICIT A CHBENEET 20, H_
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Measuring forecasting accuracy for exponential smoothing and
ARIMA models: a case of forecasting monthly prices of
Japanese sugi and hinoki logs

Tetsuya MICHINAKA ", Hiroyasu OKA", Hirofumi KUBOYAMA" and
Nobuyuki YAMAMOTO"

Abstract

Exponential smoothing (ETS) method and autoregressive integrated moving average (ARIMA) models have been
applied to forecasting monthly price of logs, sugi (Japanese cedar, Cryptomeria japonica D. Don) and hinoki (Japanese
cypress, Chamaecyparis obtusa (Sieb. et Zucc.) Endl.). In this research, we evaluated the forecast accuracy of these
two approaches through cross validation. Monthly current price data from January 2002 to December 2016 were used.
The results show that the forecast accuracy of ARIMA models was not statistically significantly different from that
of ETS method at 5% level for the period from January 2010 to December 2016 under all 12 forecast horizons of one
month to 12 months. By comparing with the amount of changes in original prices, it was found that both ETS method
and ARIMA models forecasted with smaller mean absolute errors than mean absolute amount of changes in prices
within 8 months of forecast horizons at 5% level, which showing that ETS method and ARIMA models outperformed
naive method. However, by comparing with seasonally adjusted naive method, ARIMA model showed better forecast
accuracy only for forecast horizons of 1 and 2 months for hinoki at 5% level of statistical significance, while ARIMA
model at other horizons and ETS method did not outperform seasonally adjusted naive method in forecast accuracy.

Key words: price of logs, forecast errors, exponential smoothing, ARIMA models, seasonally adjusted naive method,
cross validation
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