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Abstract

Purpose — In recent years, many firms have attempted vari-
ous approaches to cope with the continual increase of aviation
transportation. The previous research into freight charge fore-
casting models has focused on regression analyses using a few
influence factors to calculate the future price. However, these
approaches have limitations that make them difficult to apply in-
to practice: They cannot respond promptly to small price
changes and their predictive power is relatively low. Therefore,
the current study proposes a freight charge—forecasting model
using time series data instead a regression approach. The main
purposes of this study can thus be summarized as follows.
First, a proper model for freight charge using the autoregressive
integrated moving average (ARIMA) model, which is mainly used
for time series forecast, is presented. Second, a modified
ARIMA model for freight charge prediction and the standard
process of determining freight charge based on the model is
presented. Third, a straightforward freight charge prediction mod-
el for practitioners to apply and utilize is presented.

Research design, data, and methodology — To develop a new
freight charge model, this study proposes the ARIMAC(p,q) mod-
el, which applies time difference constantly to address the corre-
lation coefficient (autocorrelation function and partial autocorrela-
tion function) problem as it appears in the ARIMA(p,q) model
and materialize an error-adjusted ARIMAC(p,q). Cargo Account
Settlement Systems (CASS) data from the International Air
Transport Association (IATA) are used to predict the air freight
charge. In the modeling, freight charge data for 72 months
(from January 2006 to December 2011) are used for the train-
ing set, and a prediction interval of 23 months (from January
2012 to November 2013) is used for the validation set. The
freight charge from November 2012 to November 2013 is pre-
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dicted for three routes — Los Angeles, Miami, and Vienna — and
the accuracy of the prediction interval is analyzed using mean
absolute percentage error (MAPE).

Results — The result of the proposed model shows better ac-
curacy of prediction because the MAPE of the error-adjusted
ARIMAC model is 10% and the MAPE of ARIMAC is 11.2% for
the L.A. route. For the Miami route, the proposed model also
shows slightly better accuracy in that the MAPE of the error-ad-
justed ARIMAC model is 3.5%, while that of ARIMAC is 3.7%.
However, for the Vienna route, the accuracy of ARIMAC is bet-
ter because the MAPE of ARIMAC is 14.5% and the MAPE of
the error-adjusted ARIMAC model is 15.7%.

Conclusions — The accuracy of the error-adjusted ARIMAC
model appears better when a route’s freight charge variance is
large, and the accuracy of ARIMA is better when the freight
charge variance is small or has a trend of ascent or descent.
From the results, it can be concluded that the ARIMAC model,
which uses moving averages, has less predictive power for
small price changes, while the error-adjusted ARIMAC model,
which uses error correction, has the advantage of being able to
respond to price changes quickly.

Keywords: Forecasting of Time Series, ARIMA(p,q), ARIMAC,
Error Adjusted ARIMAC.
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(1-6,B)y= (1—6,B¢, ®)

Y = CFT 1y — 056, e 9)
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22 € F AUtk = 7|2 WMTS(white noise)= 2|0|SHCY.
24. 0|59 == HIP|E

OlEwte H=E WHste ETe FHOZAKCFE), Ho
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<Figure 3> Bar graph of air fares on 3 routes
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<Figure 4> ACF of LA air fares
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<Figure 5> PACF of LA air fares
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<Table 1> T-test of ACF and PACF

Period Period Period Period Period Period
1 2 3 4 5 6

ACF 3.71 0.09 1.91 1.25 1.62 2.7

PACF 3.71 1.88 1.92 0.54 3.30 1.06

<Table 2> Calculation air fares using AR(1)

Period Actual Fare Forecast Fare
2006/1 2425 2575.6

2006/2 2376 2431.9 = 118.48+0.954*2425
2006/3 2361 2385.1 = 118.48+0.954*2376
2006/4 2211 2370.9 = 118.48+0.954*2361
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<Figure 6> ACF and PACF on residual of ARIMA(1,0,7) model
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<Table 3> T-test of ACF and PACF

Period1 | Period2 | Period3 | Period4 | Period5 | Period6 | Period7

ACF | 3.26* | 046 | -1.00 | -1.39 | 0.92 1.83 0.17

PACF | 3.26* | -0.85 | -1.23 | -0.79 | 2.49* 1.03 | -2.09*
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<Table 4> Parametric analysis result of ARIMA(1,0,7)
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<Table 5> T-test of ACF and PACF using ARIMAC(1,0,7) model

Accuracy Ljung-Box Q
MAPE Statistics df p
5.041 17.068 10 0.073
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<Figure 7> Residual analysis of ARIMA(1,0,7) model

<Table 6> T-test of ACF and PACF using ARIMAC(1,0,7) model

Period 1 2 3 4 5 6
é t-value 013 | 0.03 | -0.25 | -0.20 | 0.09 | 0.74
= Period 7 8 9 10 11 12

t-value -0.03 | -0.11 | -1.33 | -1.09 | 045 | 1.68
P Period 1 2 3 4 5 6
A t-value 013 | 0.03 | -0.25 | -0.19 | 0.10 | 0.74
C Period 7 8 9 10 11 12
F t-value -0.06 | -0.12 | -1.31 | -1.09 | 0.50 | 1.76
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<Table 7> Reversibility condition test of ARIMAC(1,0,7)

MA Estimate Values(6) Absolute Value
AIXF 1 -0.439 0.439
A} 2 -0.148 0.148
AlXF 3 0.135 0.135
A} 4 0.219 0.219
AKX} 5 -0.154 0.154
NP -0.200 0.200
AXE 7 -0.239 0.239
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<Figure 8> Practical process of ARIMA model

ARIMA 23 Al CHE 2AELCH 71 44X o=z =H5ljof
g 222 x oo AEMO| JAEXE BHSE ERo=E
£ H|&3%t Miami, Vienna =Mo| AL AHAEMO| LIEFLEX] Q%
Cf. f2tM HIARYE ARIMA 2¥S I&5S Qof o2 ZHsS
Mot = SAXQ 2HIEE HASH0] RYE FHESHA EIC
Ao|2 ZHZ MNE Mo YENo=z JIE 7|20| E&
= 7|1E2E M50 SAFY 2MIEE HXIA
2SS LIEIEH 24 Fod 242 o ZHktol of
q

| 24
¢ SEMe | Y wHoz Boclunge| EAS S4

rot oy
o
o
mjo
>
>
rot

o ACF2} PACFO|| CH Al
LEATS B0l BN 4 QUCk 023 Y
DY HY IV} BHAYK| RE 2 O
25t0] ARIMAP)RHE 755



Sang-Sok Suh, Jong-Woo Park, Gwangsuk Song, Seung-Gyun Cho / Journal of Distribution Science 12-2 (2014) 59-71 67

SANO =PE 0|8310] BHES HEAFH0} ST S3] MA()
S 40l BHS MAP|Y| Y3t Yso| ApHS wrEso}
st}

ARIVARYS =43t 2ot 27H Z2Ah2e HEH
ARIMA(1), ARIMA(1,0,7), ARIMAC(1,0,7)9| EAZ H|WstOX} ot
Ct. £3], ARIMACEZHO| AL AAM EMSH ARIMA(1,0,7)2| &A|
Ho=z UEHH Ap|datdel ZME FHBAA THtel S8
SESIAX|T, A o2t ZMUHES ATYEAER ALt
A2 RF9| o2 ZHOIch 53] 7|2 ofF Us MEY
FEAE-O ofot 0= gts Sl Eoat MEtE ASHeR
AESH =0 o2t REAER oS U2 HEHQ AN
3 2% &of el =FXE MEstd AUt £ ARIMAC
3¢ AKHoZ AR Cigh Aits HH=57| LEO| ARIMA
(P.oR2Y=C & S8 F8E AXA &t =, ARIMAC(p,q)2|
B 2o g2 AU M4E1Eo| 7IE 2O Hig o<
OlgCh= ZMIFO| ULt ol2ist ZHO|A LAS| S-S0 CHst
N 2¥ol 585 KQOf5H Ch=1t 2Lt

t

om "

o
=

°

O\I

<Table 8 Comparison with ARIMA(1), ARIMA(1,07), and ARIMAC(1,0,7)

model
ARIMA(1,0,0) | ARIMA(1,0,7) ARIMAC(1,0,7)
ACF@PACF | Not Satisfied | Nt Satisfied Satisfied
Partially
Remdugl Not Satisfied Not Satisfied Satisfied
Analysis
T-value Not Satisfied | Ot Satisfied Satisfied
Partially
Condition of |\t Satisied | Not satisfied Satisfied
Stationarity
Cond|t|9q .Of Unnecessary | Not Satisfied Satisfied
Reversibility
MAPE 5.982 5.288 5.041
Easier to Relatlvely Very difficult to
. Difficult to .
- Calculating . Calculating
Characteristics . Calculating )
Forecasting . Forecasting
Forecasting
Value Value
Value
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<Table 9> Monthly percentage error of research model

Period 1 2 3 4 5 6
PE -0.057 | 0.015 | -0.001 | -0.023 | -0.011 | -0.017
Period 7 8 9 10 11 12

PE -0.026 | 0.002 | 0.084 | 0.016 | 0.023 | -0.063

QA H|A|SH ARIMACEES 7|HloZ AZXO| Ea NS 117
St A Ol Error adjusted ARIMACE K| A|S}HRILCE
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Al(13)1} <Table 9>E Z23}0] Error adjusted ARIMACS| 7|
U OIEXE AMESHE APES MAISHICE 4 ATFRAHOA
HAIE y, = C+oy,_, MEAS A Al ARIMAC(1,0,7)2
oM HMAlsH Zugiez dE2  2602.6330[1 ARASE
0.921, ARM==0Ql C= 2602.633%(1-0.921)2| ZA1t9l 205.608Z L}
Epdll == QUCE £ 2 MAAXEA|4=Ql 0= <Table 5>0f H|A[S}
RALCE Ol 7[Ete =2 2006 2 O|=9| O|FX| AMIHES HAl
St Chaab 2Lk 2389 HH 7H32 2431.90|Ct

1) ARZAL
t,= 205.608+(1-0.921)x t,2 %] 7} 2 (2575.6) = 2439

2) QXA L
e,= ARIMAC t, 0] ZX|x12PEXMA174:(-0.439)+ARIMAC  t,
0| SX|x22PEXMA27|4(-0.148) = 59.04

3) O|ZX|
ARA|AF - @K} = 24.39 - 59.03= 2380

-

=M HE=(training set)g Sl 7|7HE OFS +EY FRE
712t HH 2 283N 7HAS oSSR o 5FoM =
M ZHAZET glof & 71Zte] 5EEE E8otA ELh &, O
51210 LFQ| HSHE=(validation set) AYS +ASHA ECh
ol21gt £d2 ARIMA 29| 7|22l S¢o|Ct.

4.2. ARIMAC®} Error adjusted ARIMAC?2| O|=2 H|

AR HOl Error adjusted ARIMAC= ARIMACE 7|Ete =z 0
QKIE EHst BYO|CL. &, Error adjusted ARIMACE Y2 Al
2HgM0| =S Y= ARIMACEZO|2t & == Q=0 dt

AaPgol SRS HlnA ZHCHSHA AMSHY oEXIE
e MdFXoz LIt Ot & 5= ULCL
of MFN Z8Mu HE0| oFe Fre oFZY 7
=N R 23+ WIQAO|C} M2 ARIMACE Y1} Error ad-
justed ARIMACE YO| M=t- £ H|Ws|LCt

D¥o| oF77h2 2012 122H 2013° 1MEANK|E e
2 H|woRICt o=e| Hetbs HHHEWMEE2A2l MAPEES
0| 835RALY.

4 iz 4o %

oo 1A 1A
ogt

=

o
A
m

of Mo O ro

Sep-11 Dec-11 Apr-12  Jukl2  Oc-12 Jar-13 May-13 Aug-13 Now-13 Mar-14

<Figure 9> Prediction interval of air fares (LA route -2012/1 ~
2013/11)

<Table 10>9| el, e2= ARIMACS| QxXHel)Q} HTZHOI
Eror adjusted ARIMACS| QXHe2)0|d M1, M2& ARIMACS}
Error adjusted ARIMACS| HCHHHSZ QXHAPE)O|Cl LALAMO)
OlET7tel 322 MM HAShHE FAH|7F LIELD QUCH

<Table 10> Comparison in prediction accuracy (LA route air fare)

Period | Fare | ARIMAC | RESSM | oy 1 oo | M1 | M2
Model
201211 | 2265 | 2251 2240 | 14 | 25 | 06 | 14
20122 | 2197 | 2200 2351 3 |154| 01 | 7
2012/3 | 2756 | 2248 2501 | 508 | 255 | 22.4 | 9.3
2012/4 | 3199 | 2303 2478 | 896 | 721 | 39.6 | 225
2012/5 | 2959 | 2331 2422 | 628 | 537 | 27.7 | 182
2012/6 | 2546 | 2336 2327 | 210|219 | 93 | 86
20127 | 2387 | 2343 2386 | 44 | 1 | 2 |04
2012/8 | 2337 | 2363 2476 | -26 |-139| 11 | 6
2012/9 | 2785 | 2382 2520 | 403 | 265 | 17.8 | 95
2012/10 | 2760 | 2399 2530 | 361 | 230 | 159 | 83
2012/11| 2642 | 2415 2539 | 227 | 103 | 10 | 3.9
2012112 | 2505 | 2430 2410 | 75 | 95 | 3.3 | 38
201311 | 2252 | 2444 2391 |-192]-139| 85 | 6.2
20132 | 2,363 | 2456 2491 | -93 |-128| 41 | 54
2013/3 | 2,342 | 2468 2635 |-126|-293| 56 |125
2013/4 | 2,292 | 2478 2601 |-186|-309| 82 |135
2013/5 | 2,223 | 2488 2531 | -265|-308 | 11.7 | 13.8
2013/6 | 2,159 | 2497 2423 | -338|-264| 14.9 [12.2
20137 | 2,086 | 2506 2475 | -420|-389| 185|187
2013/8 | 2,022 | 2513 2563 | -491|-541|21.7 | 268
2013/9 | 2,308 | 2520 2601 | -212|-293| 94 [12.7
2013110 | 2,416 | 2527 2604 |-111|-188| 49 | 7.8
201311 2,529 | 2533 2608 | -4 | -79 | 02 | 34

ARIMACEZ &1} 7§ M=l ARIMACE Q! Error adjusted ARIMAC
D3&0o| MAPEE H|w3t Z1t ARIMACE 11.2%2 LIEtol o
T2l Error adjusted ARIMACEHE 10%=E 2ASHX|Zt Error
adjusted ARIMACE Q| Hetz 7} = LIEFLtD QUCt ESH o=
Tt 7|ZtE O|F52 U0l CHol & RS H|wstH 2 7+ £4
2 & O oA & = k.

<Figure 10>0f LIEMZ Z4XMEH O|=72H0f CHot ARIMACE 2
Aol AMof Jtite MEEE LIEILHD UX|TH HA A2 HES
o] ZA LiEtLtm QICh SFX|2F AFZHO! Error adjusted
ARIMACE&O| Z2 ARIMACEHEL} & O EtzXMo= A 7t
A0l LX[BH= A2 LIEFGLCE X[ AR QI Error ad-
justed ARIMACZHS ARIMACEEE 7|HIOZ =X3t 2HO0|7|
20l #HES5H= S0 FASH HEHE LIEH D QUCH

— | o
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= Actual demand ARIMAC Research Mode

<Figure 10> Comparison of forecasting graph between ARIMAC and
research model (LA)
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2411.9210| 11 ARZ|4== 0.928, ARAN=QI C= 3411.921x%(1-0.928)
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<Table 11> Comparison in prediction accuracy (Miami route air

O|Z5T2tol| Ciet ==& A%t 21t ARIMACERE2 MAPE
7t 37%E LEGol ARSI Error adjusted ARIMACEEH 2
35%=2 LEILE LARMANE AFRHO| O|Z30| 240 X2 &
Al LIEFRCE O ST7t0] ZYE o342 MASHY o= giol
Cigt E42 Hlwsh Zat CHE X[Hoj| His AX 222 #HEHo|
e =2 A= LIEHeH G720l ARIMACERHELDH It
St HSStn s A2 LIELRCE

125 456 7 8 9 1011121314 151617 18 19 20 21 22 23

e it UE] demand ARIMAC Research Mode
<Figure 11> Comparison of forecasting graph between ARIMAC and
research model (Miami)

Miami =410j| 0|0 FEX[HQ! Vienna Mo &Z20] CHs
EMSICE ViennalcME ARIMAC(1,0,7)2H0|A  Kt7| Atk T
ZHKtof Chst A™EEAH S ZF UHESHE A2 LIEFRCH

2z Al43t2 2723.070|1 ARZ|S= 0.916, ARAZ=0I C

=

fare) L 2723.07x(1-0.916)2| Z1Ql 228.742 LIEILCE Eyp= A
= 7|2 20123 122 2013 117K ofZ7Hof| Cf

Period | Fare | ARIMAC R‘;As(fg;fh el | e2 | M1 | M2 3 MEtz= 2AMSIAUC
2012/1 | 3311 3407 3366 96 | 55 | 29 | 1.7
2012/2 | 3283 3343 3431 60 | 148 | 18 | 45 <Table 12> Comparison in prediction accuracy (Vienna route air
2012/3 | 3552 | 3366 3557 | 186 | -5 | 52 | 0.1 fare)
2012/4 | 3628 3433 3567 195 | 61 | 54 | 1.7 _ Research
2012/5 | 3613 | 3426 3499 | 187 | 114 | 52 | 3.2 Period | Fare | ARIMAC | =\ 0 | & | & | M1 | M2
2012/6 | 3458 3401 3400 57 | 88 | 17 | 17 20121 | 2481 2547 2460 | 66 | 21 | 27 | 0.8
2012/7 | 3336 3365 3416 | 29 | 80 | 09 | 24 2012/2 | 2494 2455 2566 39 | -72 | 16 | 29
2012/8 | 3229 3368 3455 |-139|-226| 43 | 7.0 2012/3 | 2826 2443 2767 383 | 59 | 13.6| 2.1
2012/9 | 3597 3372 3479 | 225 | 118 | 6.3 | 33 2012/4 | 2875 2529 2820 346 | 55 |12.1| 1.9
2012/10 | 3644 3374 3497 | 270 | 147 | 7.4 | 40 2012/5 | 2608 2576 2703 32 | 95|12 | 36
2012/11 | 3539 3377 3490 162 | 49 | 46 | 14 2012/6 | 2454 2601 2560 |-147 |-106 | 6.0 | 4.3
2012/12 | 3518 3380 3403 138 | 115 | 3.9 | 3.3 2012/7 | 2338 2571 2597 |-233|-259 | 10.0 | 11.1
2013/1 | 3380 3382 3324 2 | 5 | 01|16 2012/8 | 2224 2584 2738 | -360 |-514 | 16.2 | 23.1
2013/2 | 3303 3384 3391 81| -8 | 25 | 27 2012/9 | 2457 2596 2790 |-139|-333| 56 |13.6
2013/3 | 3470 3386 3513 84 | 43| 24 | 12 2012/10 | 2484 2606 2765 |-122|-281| 49 [11.3
2013/4 | 3391 3388 3524 3 |-133] 01 | 3.9 2012/11 | 2425 2616 2717 | -191|-292 | 7.9 [12.0
2013/5 | 3289 3390 3464 |-101|-175| 3.1 | 5.3 2012/12 | 2318 2625 2589 | -307 |-271|13.2 | 11.7
2013/6 | 3270 3391 3372 |-121|-102| 3.7 | 31 2013/1 | 2278 2633 2500 |-355|-222| 156 | 9.8
2013/7 | 3108 3393 3386 285 |-278 | 9.2 | 9.0 2013/2 | 2197 2641 2606 -444 | -409 | 20.2 | 18.6
2013/8 | 3169 3394 3427 225 |-258| 7.1 | 8.2 2013/3 | 2282 2648 2809 -366 | -527 | 16.0 | 23.1
2013/9 | 3220 3395 3453 1751 -2331| 54 | 7.2 2013/4 | 2205 2654 2857 -449 | -652 | 20.4 | 29.6
2013/10 | 3361 3397 3473 36 [ -1121 11 | 33 2013/5 | 2118 2660 2737 -542 | -619 | 25.6 | 29.2
2013/11 | 3452 3398 3467 54 | -15 | 16 | 0.4 2013/6 | 2088 2665 2590 -577 | -502 | 27.6 | 24.0
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2013/7 | 1998 2670 2623 -672 | -625| 33.6 | 31.3
2013/8 | 2085 2675 2763 -5690 | -678 | 28.3 | 32.5
2013/9 | 2226 2679 2814 -453 | -588 | 20.3 | 26.4
2013/10 | 2296 2682 2787 -386 | -491 | 16.8 | 21.4
2013/11 | 2351 2686 2736 -335|-385| 14.2 | 16.4

EMZTt ARIMAC 2%9| MAPE Zt2 145%2 LIEtHton o
FEHOl Error adjusted ARIMACZ#O| MAPE 7t 15.7%Z Lt
Eptch @M & 70 =Mo] EMZutets HE| ATEYEC
ARIMAC 20| FetE7h Cha & LIEHLCE ol2feh o2

o =
Vienna =i9| SS2Y0| G50 MM Zaots HEHZ
LIELLD A= ARIMAC 22 O|s8de &AHLZ HEtt
2YY 592z 25 7tA9l s do| JtHez =45 BE
SFX|2F A2 SOl Error adjusted ARIMACE 2 ARIMACERHS
Zjdtez HH 7HAel HEdE VIUER HESIY| WEN F
o 2Ugst 29 o0 tisiM= F=e7t wX|T X 7HAH0]

r

MAB| BlsistAL otd = ¢80 EES LIEE M= 27
HH 7tAE BSOS Rohe Aoz Eeltt

; \‘@5‘-% r——y
d g,
v B i SN e wdw

1253 45678 9 1011121314 1516 17 1819 20 21 22 23

afe i ctual demand ARIMAC Research Mode

<Figure 12> Comparison of forecasting graph between ARIMAC and
research model (Vienna)

KIS7X| Error adjusted ARIMACEHEE =&3%H LA, Miami,
ViennaiMo| $BLUS H|DSIGEH UstHoE BF7|Yo)
42 14 oj¢e| 7| o&52 E8317|EC 27 52 14 o|Y

I
o| G|FTtE Ol83%ts £E0| U0 ARIMA(pq)RYe| B¢
OlsEa M2l 50| LIELY| Mo 7142 ofFos B
e FEol= 50| LBt W2t 37 4de| MAPEE 3,
6, 9, 1274&2| 7|Zte= FE3IY 0|F FHES Hwst= A0
HEHeR $B8Y + A= FEE MY + Uk

<Table 13> Comparison in MAPE of 3 routes

LA Miami Vienna
Period Research Research Research
ARIMAC Model ARIMAC Model ARIMAC Model
3 7.7 5.8 3.3 2.1 6.0 1.9
6 16.6 11.1 3.7 2.2 6.2 2.6
9 134 9.1 3.7 2.8 7.7 7.0
12 12.5 8.2 4.1 2.9 7.9 8.2

__________________________________________________

o Vienna

6 LA Miami

1 2 3 4 5 6 7 8 El 10 11 12

<Figure 13> Comparison in MAPE of 3 routes

<Table 13>2 37 M0 CHs O|F E==E Hust A
AT DHOI Error adjusted ARIMACZ2&HO0| ™ = M0Of| QJUO{A FEL
Moz 0|3 FEEsl &2 UELD Tk o2fst ZE S
Q=% £ Q= EXNoZ HARHO!| Error adjusted ARIMAC &2
2 13 ol Z2 FII0ZECH 14 Oj2te| Bh|oF0 o
23t OFEHE 7K Y= W= LIEIGCE of2{gt o114t
o H20f 37§ =Ml #L ZF AR CHeh 774 O|=H
20| ¥igEl wMoR ThYzel ALYl DS ASHoz
g2 OXl= A2 LIEFRCE 0|23 22 AXEY FE:e
=R7(1Ye 2% % 2 Ao A0 52 YEHE LY
ol HARRHQI Error adjusted ARIMAC Z¥9| tt7|0|= ™M=t
£E Zielo] Za8 ANZEYRE BY 4 Utk

5.99% % Z

i

2 A= FNEE25E82|(Intermational Air Transport Association,
IATA)0|A N|l&S5h= CASS(Cargo Account Settlement Systems)AI=2E
0|2s}HoM LA, Miami, ViennaQ| 37l M gt3-220| CHst =2
S MABIACE

YuEoE oZRY T Al By 018 FHEMS &
S0 gHaolS B0 D2 AHO| 7124 HZsher| of2f
SauEe et oRsFacll o ZYEs 32l of
S0 H8T FP DU A BHSA CfSotR| Rstn
oz Ay

oz o} MRENMo=Z &8st=0 TS 7HA|
: MNAE X2E 2ESHY 0|E5= WEHQ =72
ARIMA EHO0| =04 ARIMA 2Y¥O| AL XtZ(Differencing)f
O3 HT(MA)S EtHSHY] O&F3stA El=0, &&83te 27t Rot
D42 AAAPH0| BEIGH0l HYON AR Mg B
HS0| ALt Mt 2 HAF M= 7|EL| ARIMA 2Ho| tHES
Hotst 20|=2HQl Error adjusted ARIMAC 2EE A5
Ct 2M 37§(LA, Miami, Vienna) =0 C{st ARIMA &S H
57| Rl At7|AEeteeb ZEALO] Ciet SAM HEES &%
ARIMA(1,0.7) RS F|A|SHRCE E3t ARIMA(P,q) RSO A Lhat
St A[EHQ APT|aEE MAHSH| ol HEFo =z AXE &
MAZ K72 E MAHTH ARIMACEHE HMA[SHRI2N Ol
JlEtos MRHoz BEIHSHIN ARMACY| BHEE welth o
T2H Error adjusted ARIMACE H|A|SHRICE EESH ARIMA 23
2 MEXo=Z =g Pt ZZMAE HABHH 2H 7XH9|
7}0|E2tRlE HMIAISHRALY.

ARIMAC?} 239l Error adjusted ARIMACEZHO| O =0
Cfet HEERAS BTGP o) MAPES HImE ZI LALM
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oM A2 HOl Error adjusted ARIMACEEO| MAPE= 10%Z
LIEfSton ARIMACO| MAPE:= 11.2%2 LIEIL} QIR@Eo| of
=HSEI} 52 HOZ LIERL

Miami= MOME AFZEHEO! Error adjusted ARIMACEZ YO
MAPEL 3.5%90| Bt ARIMACS| ZAL 3.7%Z LIEfL} 2ASH X}
2 g3RYo| o|FH0o| & LIEHECE BHH Vienna L MO|lM=
ARIMAC?2| MAPEZ} 14.5%0|H 323 O| MAPE= 15.7%Z L}
EfLt ARIMACO| Of|% =7t ChA &= A LIEFRCE SEX|EF O]
ot 2MANE V782 F2510] MAPES 243 At HEE o
E M Mo Ao 1274 Ojgte] ofF Forzes dRzHEel
Error adjusted ARIMACR &S| M7t 0§ =AH LIEILD
Ct. o|z{st EXL HFEHEQ! Error adjusted ARIMACEZ2HO| O]
SHDZHQl EZ0| HHEE ANE dTFEYE thUloF0| 28
42 78t =1 €8¢ =+ Ut

37 Mo EMANME J|gteE AR HOI Error adjusted
ARIMACRHO| EXE NA|SHH Ct21f ZCh

M A JHHol BMEdol & 422l 710 Z0= ARIMAC
o] @XE EHS= EXO| U= Error adjusted ARIMACEZHO|
Yoot A LIELD el ZHAHESE0| AL MMT| d5

g2 systs OIS0l ARIMACS] 0520 &7 LiEtts
Aoz BEIECL Ol2fdt S O|SBRS AANo= Mg

ARINACEHO| 0|SBFE S4o= olef 7Hz0| Iz wel

SUSH O|ZBIRIT ARIMACRES 7|¥o2 AH| 7H%o| WS

NOANS uys ARTHS HAHHSHO| Chef WA sigol

£ S3o| LEILID Ut Of2f3 GTFME JHoR £ ol

7101%S RIASHR STt Zict,
N

A, =277 2329 050 g28e = AUs A7EH
Error adjusted ARIMAC 232 HA[sIgol ARXo=z &8 I}
¢ 2 Y ZEMA0| JI0|EEIRIE MAlRH 2 7IE A7

o Xtz MEA 7|0Fol2t & 5= ALK
=M, Error adjusted ARIMAC & E3ff %
o|Z0 DISHA BtSste ZRES 5T Mot 232Y0| 7/HE
Ols¥Eu™ EMZ2 LED = HE MAIRE A2 /7190
R0l =2 71A0F FHO| SR A2|H AAMES HMAISHCH
I g = QUCt E02 2 49| 2 JHAEZS HAISHH &S2
o] 37f=Mof LCHe E-THE EA5IRA7[0| Emor adjusted
ARIMAC ZH XNEA| gHtzto| 2A7L JAE = A0 &= LY
of L Mof Cigt 205 Z2ES HA[SHOXL SHCt.
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