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Forecasting the Air Cargo Demand With Seasonal ARIMA Model:
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MIN, Kyung-Chang - JUN, Young-In - HA, Hun-Koo*
Graduate School of Logistics, Inha University, Incheon 402-751, Korea

Abstract

This study develops a forecasting method to estimate air cargo demand from ICN(Incheon International Airport)
to all airports in EU with Seasonal Autoregressive Integrated Moving Average (SARIMA) Model using volumes
from the first quarter of 2000 to the fourth quarter of 2009. This paper shows the superiority of SARIMA Model
by comparing the forecasting accuracy of SARIMA with that of other ARIMA (Autoregressive Integrated Moving
Average) models. Given that very few papers and researches focuses on air route, this paper will be helpful to

researchers concerned with air cargo.
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Table 1. Correlogram of raw data

Lag AC PAC Q Prob)Q _lAutocorgelation 1 _1Part'1a1 z’?)utocorr.1
1 0.9080 0.9315 38.808 0.0000
2 0.8748 0.5064 75.687 0.0000
3 0.7934 -0.1879 106.76 0.0000
4 0.7571 0.3318 135.76 0.0000
5 0.6531 -0.4535 157.9 0.0000
6 0.5850 0.0648 176.13 0.0000
7 0.4924 0.0746 189.39 0.0000
8 0.4532 0.2573 200.93 0.0000
9 0.3490 -0.3469 207.98 0.0000
10 0.2875 0.0209 212.9 0.0000
11 0.2024 -0.0489 215.41 0.0000
12 0.1633 0.0861 217.1 0.0000
13 0.0670 -0.2869 217.39 0.0000
14 0.0084 -0.0904 2174 0.0000
15 -0.0644 -0.0429 217.69 0.0000
* After log-transform
Table 2. Result of ADF unit-root test (raw data)
tau value plt] lags

Random Walk 0.402 0.691 8

Random Walk with Drift -2.606 0.007 8

Random walk with Drift and Trend -0.672 0.975 8

* founded Lag value from DF-gls test (at STATA 11)
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Table 3. Correlogram of regular and seasonal differencing

Article

Lag AC PAC Q Prob)Q _1Autocor6elation 1 _1Partia1 Aoutocorr.1
1 -0.0565 -0.0625 0.13432 0.7140

2 0.0796 -0.0850 0.4081 0.8154 t

3 0.0509 0.0894 0.52322 0.9138 I

4 -0.4203 -0.5810 8.5928 0.0721 -

5 0.0452 -0.0301 8.689 0.1221

6 -0.1570 -0.0459 9.8836 0.1296 n [

7 -0.0096 0.0107 9.8882 0.1950

8 -0.0466 -0.3413 10.000 0.2650 [ |

9 -0.0523 -0.0257 10.146 0.3388 [

10 0.1100 0.0469 10.813 0.3723 n

11 -0.0484 0.1198 10.947 0.4477 I J

12 -0.0245 -0.4918 10.982 0.5304

13 0.0388 0.0385 11.075 0.6045

14 -0.0138 0.3838 11.087 0.6792 ;
15 0.1195 0.4379 12.039 0.6761 »

* After log-transform

Table 4. Result of ADF unit-root test (data after regular and seasonal differencing were applied)

tau value plt] lags
Random Walk -4.658 0.000 3
Random Walk with Drift -4.539 0.000 3
Random walk with Drift and Trend -4.556 0.001 3
* founded Lag value from DF-gls test (at STATA 11)
Table 5. Result of HEGY test (data after regular and seasonal differencing were applied)
Frequency
Zero Biannual Annual lags
(t:m,=0) (t:my=0) (F:my=0Nm,=0)
No-constant -4.658 -5.232 43.037 0
(0.0000) (0.0000) (0.0000)
Constant -4.539 -5.159 42.059 0
(0.0000) (0.0000) (0.0000)
-4.556 -5.095 41.474
Constant, Trend (0.0000) (0.0000) (0.0000) 0
Constant, Trend, Seasonal -4.556 -5.095 41.474 0
Dummies (0.0000) (0.0000) (0.0000)

* founded Lag value, AIC and BIC from DF-gls test (at STATA 11)
* t-values of ‘Constant, Trend’, ‘Constant, Trend, Seasonal Dummies were same. but, critical values were different
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Table 6. Estimated model

Model (1) Model (2)
SARIMA(3,1,3)(0,1,0)4 | SARIMA(1,1,3)(0,1,0)4
coef z-value coef z-value
(Std, Err.) |(pylz[)| (Std, Err) |(p)lz|)
AR(D) 0.8311468 1.76 0.6230746 4.70
(0.4724744) | (0.079) | (0.1325155) | (0.000)
-0.2284318 -0.43
AR | AR(2) - -
(0.5306256) | (0.667)
-0.0682654 -0.45
AR(3) - -
(0.1523445) | (0.654)
MA(D) -1.099807 -3.49 -0.9625017 | -10.98
(0.3152403) | (0.000) | (0.087687) | (0.000)
1.099853 3.49 0.9625016 10.98
MA | MA(2)
(0.3152514) | (0.000) | (0.087688) | (0.000)
MAG) -1.000013 | -0.00028 | -0.999999 | -150000
(0.0000353) | (0.000) |(0.00000681) | (0.000)
SAR - - - -
SMA - - - -
Constant | ~0.0055904 -1.55 -0.0048725 -1.24
term (0.0036183) | (0.122) | (0.0039451) | (0.217)

Number of

obs 39 39
Likelihood 49.1337 48.55653

AIC -82.26739 -87.11307

BIC -68.9589 -78.79526
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A, 283 6710 EEdo] dSAe] Evds 2 Table 7. Q-value of SARIMA(1,1,3)(0,1,0) residual
AAE Aeg FPEtn & $ gieh. 9A Agentet Lag Q Prob)Q
Zo] Fatee AWGE 2t 3EF shiolt. Ad ! 3.4556 0.0630
e e AAG AR A, o3 oA H2 3 2 48521 0.0884
gt AdE B271) gtol o Awe] A st - e o
21 (15)°] vehd vhe} 2o] SARIMA(1,1,3)(0,1,0)4 5 10.867 0.0541
o] A, Ad= 58] # v, 7k 4 SMLEM 6 10.868 0.0925
AA Aot g dE3AAI FLE7I v ek Y, 7 11.228 0.1290
JNEoz A2 28I A v, Y, 1;45_, Y, .. 8 12.549 0.1283
Y, ol gkl 77t 2] g5/ W} aemE 2 - — e
Arellrl HARFPom I SARIMA(LL,3) 1 15.464 0.1622
(0,1,00,5 vl gFFst=] 25Fe d3AAe 12 17.177 0.1833
ZRE AR 28] A By, 28u A= 13 16.829 0.2073
719 BEE o AAe ARET)e 28] Ao & 14 16.862 0.2636
T o8 duecay FgE v,_, v, Y, 15 16.891 0.3254
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Table 9. Comparison between SARIMA(1,1,3)(0,1,0)s model and ARIMA(1,1,1) model
Actual SARIMA(1,1,3)(0,1,0)4 ARIMA(1,1,1)
Volume Forecasting Accuracy Error Forecasting Accuracy Error
2011 1Q 48352 51308.69 94.24% 2956.69 58800.07 82.23% 10448.07
2011 2Q 51139 54236 89.15% 3097 64795.9 74.62% 13656.9
2011 3Q 48630 49663.54 97.36% 1033.54 61507.75 78.61% 12877.75
2011 4Q 54086 57450.89 84.16% 3364.89 67779.23 71.34% 13693.23
RMSE
(2000 1Q - 2010 4Q) 1385.73 6368.94
*Unit : ton
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Figure 2. Comparison of forecasting accuracy between SARIMA(1,1,3)(0,1,0)s and ARIMA(1,1,1)
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Table 11. Comparison between SARIMA(1,1,3)(0,1,0)s model and SARIMA(1,1,1)(0,1,1); model

Actual SARIMA(1,1,3)(0,1,0)4 SARIMA(1,1,1)(0,1,1)4
Volume Forecasting Accuracy Error Forecasting Accuracy Error
2011 1Q 48352 51308.69 94.24% 2956.69 54183.99 89.24% 5831.99
2011 2Q 51139 54236 89.15% 3097 56102.82 86.18% 4963.82
2011 3Q 48630 49663.54 97.36% 1033.54 53901.09 89.71% 5271.09
2011 4Q 54086 57450.89 84.16% 3364.89 60364.46 80.10% 6278.46
(2000 121\4_85010 . 1385.73 2804.63
*Unit : ton
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