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Abstract

In order to meet the ever-increasing demand for international air travel, several plans are
underway to open new airports and expand existing provincial airports. However, existing air
demand forecasts have been based on the total air demand in Korea or the air demand among
major cities. There is not much forecast of regional air demand considering local
characteristics. In this study, the outbound air travel demand in the southeastern region of
Korea was analyzed and the fixed-effects model using panel data was proposed as an optimal
model that can reflect the inherent characteristics of metropolitan areas which are difficult to
observe in reality. The results of model validation show that panel data analysis effectively
addresses the spurious regression and unobserved heterogeneity that are difficult to handle in a
model using only a few macroeconomic indicators with time series characteristics. Various
statistical validation and conformance tests suggest that the fixed-effects model proposed in
this study is superior to other econometric models in predicting demand for international
demand in the southeastern region.

Keywords: fixed-effects model, panel data, outbound air travel demand, southeastern region,
unobserved heterogeneity
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Figure 1. Historical data of the southeastern region
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Table 1. Estimation results of the multiple regression model

Coefficients Estimate Std. error t—value p—value
Intercept -2.057e+07 3.014e+07 -0.682 0.505
POP 1.169e+00 2.263e+00 0.516 0.613
GRDP 3.827e-02 3.372¢-03 11.350 4.59¢-09

R-Squared: 0.9544
Adj. R-Squared: 0.9487
F-statistic: 167.3 on 2 and 16 DF, p-value: 1.877e-11
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Figure 2. Spurious goodness-of-fit results of the multiple regression model
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Table 2. Results of the augmented Dickey-Fuller test

Variable Dickey—fuller statistic P-value Result
PAX® 0.5829 0.9846 nonstationarity
POP® -2.3617 0.195 nonstationarity
GRDPS® -2.5538 0.127 nonstationarity
Std. Residuals -1.7922 0.3966 nonstationarity

9] ADF test 275 AHREHA th5-3] R of| AMEH BE HaEo] HAAE (non—stationary) A|AIEA-& &
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1) T BT (cross—section) 41} A AL (time series) 41 2] JHAIE S
Tl
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Table 3. Classification of six socioeconomic regions in Korea

Region code Metropolitan Region Subregion
0 Nationwide
1 Seoul Seoul, Incheon, Gyeonggi
2 Southeastern Busan, Daegu, Ulsan, Gyeongbuk, Gyeongnam
3 Southwestern Gwangju, Jeonbuk, Jeonnam
4 Central Daejeon, Sejong, Chungbuk, Chungnam
5 Eastern Gangwon
6 Jeju Jeju
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Figure 3. Historical data of four major regions

1) Pooled OLS 2|2 &(regular OLS regression model: pooling model)
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PAX? :ﬂU+BIPOPn+BZGRDPn+€n (3)
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Bys By» B, - model parameters
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€, - €rror term

n

Table 4. Estimation results of the pooled OLS regression model

Coefficients Estimate Std. error t—value p—value
Intercept -5.056e+06 5.751e+05 -8.791 4.6e—13
POP -3.692¢-01 1.324e-01 -2.789 0.00674
GRDP 6.509e-02 5.487e-03 11.862 {2e-16

R-Squared: 0.9225
Adj. R—-Squared: 0.9204
F-statistic: 434.4 on 2 and 73 DF, p-value:<2.2e-16
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Figure 4. Goodness-of-fit results of the pooled OLS regression model

Fixed—effects model®] A ZAF}= Table 50 A|AH viel Zrom, Ay AEish 3oy o319} GRDP &
T E5AA-eR ooty WA RN R? 3t F-statisticS HIE. 2.2 panel regression model 2] S -2l

] Z S A
HSE 4+

Table 5. Estimation results of the fixed-effect model

Coefficients Estimate Std. error t—value p—value
POP 2.5969400 0.4903905 5.2957 1.301e-06
GRDP 0.0423347 0.0048176 8.7875 6.491e-13
Region—specific intercepts
1 (Seoul) 2 (Southeastern) 3 (Southwestern) 4 (Central)
-60901368 =40260552 -16519634 -16341704

R-Squared: 0.90371
Adj. R-Squared: 0.83237
F-statistic: 328.502 on 2 and 70 DF, p—value:<2.22e-16

A FE7] o8 85 A4 A A = 17t fixed—effects modelof A SHARE A E-S Ko
T A2 74, GRDP € A4 o] &7 £-Qof tiet AT} A|AF SHo|A Tt 23 Hol= 5 g
= o]-got] HPATE FH5I7] Y2 wetHt, AT =2 $A4 7o A5 e ¥Ed
7 | 23X ™A Figure 501 4]

1A 0187 (199782015101 thet fixed-effects 2G| P2kt 2HzkS v
ol 57 mo] @AFE S T BAFHE A0 2 Uhehdr). B3] fixed-effect R @o] W4 ko] eI wlS-
et A% A7) Fold W ARE W o] Sl FASIESONE BT, A glo] As] 1 AU BEHo]
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gt MSE ol 112,718,493,932'2 W= Zho] |IQP7F e o &2 2h2 G Aaghe ARSS thE3] feA 1y
O] MSE %(11,452,519,145) 7} thu]5f|4] 11.05% FE=qt S71et A 0 2 vpepyteh, Egh F55] o 4fs &= Q= vt
2 fixed—effect modelo] $HAl 78t pooled OLS S|HRef H|5|| FHHE AAEZ JF(individual
and/or time effects)& ot & Aot 2] A5-E HAES AutE o} 33} Zo| A5 o] fixed—effects model=
AEist= Zlo] vighA]ofetal wekE T,

F test for individual effects

— Null hypothesis: OLS better than fixed

— Alternative hypothesis: significant effects

— Test statistics: F = 53,597, df1 = 3, df2 = 70, p—value<2.2e-16

Fixed-Effects Model
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Figure 5. Goodness-of-fit results of the fixed-effects model

2 fixed-effects model S FE@ Fell FAA o] 84 Fdndg o7 wdsty| faliA+= OLS th53 AR d
of tp A 2 AR Fhatof tist MlEZ 9l 71 AS ) &7 o9 32 E(panel cointegration) 5= A5t
£ Zo] Fasirt, Fixed—effect model®] Zbxtef| thet 71+ HS B4 Ait= of3at At

Table 6. Test results of the residuals from the fixed-effects model

Test Test Result Interpretation
Breusch—Pagan BP = 29.791, df = 2 Heteroscedasticity
p-value = 3.397¢-07
Breusch—Godfrey/Wooldridge chisq = 54.897, df = 19 Serial correlation
p-value = 2.41e-05
Durbin—Watson DW = 0.47335 Serial correlation
p-value<2.2e-16
Augmented Dickey—Fuller DF = -3.5067 Stationarity
p=value = 0.01164 (95% confidence level)

Fixed-effects model:> Bl AAE A=E ¥H4E ARESIHOY 95% Al=|awolA a7t 4443
(stationarity)< Ko cointegration®] EA TS & = ot T2 B Ztpo]| 2H7] o] EAeto| & Etotal ghA
A fixed—effects model ©] 45| =2 »* @3} o2 0 2 943 MSE+= A4 5]712]0] %] ¢kl Bod o] 4™
g2 Adz2or ougtrtal wehe
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3) Random-effects model

Wdzxtm BAo| AMREE random—effects model fixed—effects model@= th27 FH7te] Holx=
random o 23 A4S = AWHA 7 gtk (uncorrelated) 71Hg sk 2ot 471 Fod g A=E

0]-85}o] At random—effects model @] RFA M Ry FH A= oS3 Lt

PAX;, = By + B, POP,, + 8,GRDF,, +, ¢, )
7] A,
PAX;, i FFH] ¢ Ao FAA o] &4 4=
POP, * i FHE0] t Ao Q44
GRDP,, . i *F93°] t A= 2] GRDP
Bo» By, By - model parameters
v, - F9AE 17 EA tiH(region—specific) random component
€;, - €rror term
Table 7. Estimation results of the random-effect model
Coefficients Estimate Std. error t—value p—value
Intercept -9.9199¢+06 2.8350e+06 -3.4991 0.0007994
POP 1.4326e-01 2.5404e-01 0.5639 0.5745217
GRDP 6.0960e-02 4.1117¢-03 14.8259 {2.2e-16
R-Squared: 0.86518
Adj. R-Squared: 0.83103
F-statistic: 234.228 on 2 and 73 DF, p—value:<2.22e-16

Fixed—effects model |4 2}+= t}2 7] random—effects model | A= Q17471 A A o] &2 =9 of ti§t 5A
Hoz Golg AW oA FeTha EEHeT ol Fud HRIOR 249 hE ARG Not T 24
A2 A, random-effects modelo] FEd Fel A4 25 FHste o AgstA] gotes A2 ou|gitt,

Random-—effects model& Rr? Zro] o2 mgo] Hlg| Alds] Wold, Jdgdd =X ojgt MSE b E3ot
‘024,534,056,486’' 2 A=T] o] Gl Am T2 ARESH ohEg] e A Ry o] MSE 44(11,452,519,145) 7+ ojH] 5]
A 79.780(7,970%) B S7Ht o2 e o] Ay o] - Wkl It Figure 6014 217534 0 2 nfekgl 4=

—TTHT1—

Random-Effects Model
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Figure 6. Goodness-of-fit results of the fixed-effects model
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G AAE G A BEAEE FAUT Y F4gE0] ZpolE Tl A = random—effects model 9] H] &2+
S AA} gelgk 4= ok

A WA B 2E G Pooled OLS 21912 A1 AmwIZel Q1720 GRDP L7t FA4 o] 874 505 v
S Aol Qo 1 A0 A9es el &2 g Ee ol B FAE A 0l 02 e o
A HAET GHDARDS A8 ARG v 2 A7 WSE B0 2 fojg Ao Yehto
U, 23 9] goodness—of fit 23 AN |9 SrobAlLk. ol TRk S0 WAL THIE 47) AU
ABEL BE AGT0 2 590 ARzl tie AEee Rolpon B4 A9el Aol dhelat A9 1
# 542 s 29 vtz 2 Ao} soldl 2102 v,

W Az B A AFEEE random-effects modelo A Bl SE5 @4fo] BEEAT. “AIAARE
o1 §¢ tHEAARE T Pooled OLS AHABF A =51 T4 dSol SA] vhepdeh, G BgelHe}

FYoH] QI AgHLTE SARH SR F-ookA] 3t FAlOl r? o] o] Yok 1l goodness—of—fit ]
EL o9 ofstx]o] By o] Aol uf¢ vty HaheEnt 2714 0 2 random—effects model @] =S pooled
OLS 2} fixed—effects modelo]l thet v & Fafl Azt HSotd.on, 7HdAS Aat= oh23 Zot.

Table 8. Test results for selection between the random-effects and fixed-effects models

Test Lagrange Multiplier Test — (Breusch—Pagan) Hausman test
Results - Null hypothesis: no panel effect = Null hypothesis:
(i.e. pooled OLS better) random-—effects better than fixed—effects
— Alternative hypothesis: significant effects — Alternative hypothesis: use fixed—effects
— Statistics: chisq = 177.77, df = 1, — Statistics: chisq = 33.835, df = 2,
p—value<2.2e-16 p—value = 4.496e-08

2] random effects®]] ti$t Breusch—Pagan Lagrange Multiplier gh-2 AmEH FAAE o] BAHo=Z &
olu|gt z}o|(significant differences)7} Atk BA w9l on whabA gt pooled OLS 2|7 R H =
random—effects model2 ALgsh= Zo] Aottty WHET 124 random—effects model©] fixed—effects
model Bt} A5 Htt= 727 7HA)+= Hausman testS A s A7 B o9 W2 p-valueZ} A= E o] 7
7ol A 712 = A fixed—effects model& AHE-SH= Zlo] FAA O = Bl A0 2 2% ]l ol= Y
A 159 errors(y,) 2t AH S (regressors) {rof| A7 A= A2 oJu| gt

Random-—effects model £4-& Fall TR =& IS Foll 94 &858 1y 752] S A z
150 4L At vrdd 4= qleTtell vk AS 21 4 Sk d&

=
EAS fjd AREE 0|85ty FEdW fixed-effect

£

TRt RYtidhs SolA 24 Bee AAstet ol R TEet sl tidt S48 dFol vl F-ao)
ot 22 o] of oAl g o] A H-g-doll thet Tt Al E|ojof jtt, o] B2 o= Awstal Y FAR]of Hig
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