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Abstract

Jeju International Airport is experiencing heavy congestion and delays due to the rapid increase
of passengers. As 0f 2019, delays occurred in 24,052 aircraft, which account for over 14% of all
flights operated. This delay rate is about 1.5 times higher than the average delay rate of 9% at
domestic airports. The factors which bring delays at Jeju International Airport may include
saturation of runway capacity, poor weather conditions, and limitations in facility layout.
However, there are insufficient empirical studies on how these factors have affected aircraft
delays. This study analyzed the effects of airport operation characteristics, weather conditions,
and aircraft operation characteristics on aircraft delay using tower-log data of Jeju International
Airport and Aeronautical Climatological Statistics of Jeju International Airport of Aviation
Meteorological Office. The result of the analysis shows, aircraft movements per day, aircraft
movements per hour, time of day, wind, route and aircraft occupancy rate have a statistically
significant effect on aircraft delay, and the relative importance of variables appeared in the
order of aircraft movements per day, wind, visual, and aircraft occupancy rate. In addition,
these variables were analyzed to have a statistically significant effect on the delay time of
aircraft. The results of this research are expected to be used as a basic data for aircraft delay
management in airport planning and operation, and contribute to improve methodology of the
feasibility study for airport projects.

Keywords: aircraft delay factors, aircraft operation characteristics, airport operation charac-
teristics, Jeju International Airport, weather conditions
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/0| 2| (https://www. faa.gov/nextgen/programs/weather/faq/).
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Table 1. Variable description

Variable Description
movpd Aircraft movements per day
movph Aircraft movements per hour
time d 1318 1 if 13:00-18:00; 0 otherwise
time_d 1923 1 if 19:00-23:00; 0 otherwise
rain Precipitation per hour (mm)
wind Wind speed (kt)
visual Visual (m)
cli_thunder 1 if thunder and lightning; O otherwise
cli_fog 1 if fog; 0 otherwise
cli_snow 1 if snow; O otherwise
cli_rain 1 if rain; 0 otherwise
int d 1 if international flights; O otherwise
doml1_d 1 if domestic flights from/to GMP or PUS; 0 otherwise
occu Aircraft occupancy rate
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Figure 2. Histogram of variables

Table 2. Descriptive statistics of variables (unit: number of aircraft movements)

Delay Time of day Route Days of week
Delayed 19,859 | 06-12h 66,034 | INT 16,682 | Weekday 116,512
Not delayed 147,994 | 13-18h 65,920 | DOM (GMP, PUS) 105,124 | Weekend 48,341
19-23h 35899 | DOM (etc) 46,047

24 21
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Table 3. Estimation results of binary logit model

Variabl All aircraft Departure aircraft Arrival aircraft
anaple Coef. Std. Err. Coef., Std. Err. Coef., Std. Err.

movph 0.0176*** 0.0019 0.0075%** 0.0022 0.0572%** 0.0041
movpd 0.0083*** 0.0004 0.0104*** 0.0005 0.0040*** 0.0008
time_d_1318 0.6983%** 0.0186 0.6558%** 0.0221 0.8332%** 0.0396
time_d_1923 0.7972%** 0.0219 0.6990* ** 0.0262 1.0284% ** 0.0456

rain 0.0462%** 0.0049 0.0574%** 0.0073 0.0497*** 0.0076
wind 0.0258*** 0.0017 0.0270*** 0.0020 0.0264*** 0.0033
visual -0.0001*** 0.0001 -0.0000*** 0.0000 -0.0001*** 0.0001
cli_thunder 0.0801 0.1391 -0.1964 0.1773 0.0534 0.2484
cli_fog 0.5419*** 0.1708 0.6648*** 0.2061 0.4178 0.3730
cli_snow -0.0483 0.1558 0.1560 0.1898 -0.2052 0.3130
cli_rain 0.5362%** 0.0229 0.5212%** 0.0285 0.7007*** 0.0431
int_d =5.1128*** 0.2894 ~5.2586*** 0.3345 —4.9049*** 0.5784
dom1_d 0.1619*** 0.0175 0.1970*** 0.0210 0.1183*** 0.0353
occu 0.0128*** 0.0007 0.0130*** 0.0008 0.0086*** 0.0012
intercept =-8.1777*** 0.2034 -8.3539%** 0.2426 =7.9512%** 0.4090
No. of obs 167,853 83,009 84,844
LogLikelihood -56,522 -36,432 -16,099

LR chi2 (14) 8,999 6,863 2,566

Prob) chi2 0.0000 0.0000 0.0000

note: significance level 0.01 *** 0.05 **, 0.1 *.

b o= HHRZYAE (random forest) & ©|-85te] 2 Hp50] -57] Ao vIA|& HHAQ S8 =7 ojH
£ A7) gk BAARE 9] A1 cloll, o] ARl W4 oAl ol e AR FOA ALE & 14
e 945 AHgick Mgt Gel sl LA B2 d0lelS olgsiel 453 A 008 71
(OOB estimate of error rate)-2 AA] & g2 11, 79% 29527 A P2 521%2 UeRS] utet =& 9]
A= 1=0 20 7 i L2y ] A o2 18.25%= F Hadof H]of thA A<k
vehte
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(c) Arrival aircraft

(b) Departure aircraft
Figure 3. Variable importance in random forest

(a) All aircraft
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Table 5. Estimation results of tobit model

Variable All aircraft Departure aircraft Arrival aircraft
Coef. Std. Err. dy/dx Coef. Std. Err. dy/dx Coef. Std. Err. dy/dx

movph 0.2213*** 0.0089  0.1656| 0.1383*** 0.0077 0.1349| 0.6300*** 0.0158  0.2980
movpd 0.0474*** 0.0022 0.0354| 0.0574*** 0.0020 0.0560, 0.0315*** 0.0036 0.0149
time_d_1318 4.1699*** 10,0981  3.1518| 3.2473*** 0.0882 3.1722| 5.0074*** 0.1592 2.4318
time_d_1923 4.2128*** 0.1176  3.2424| 3.0900*** 0.1060 3.0266| 5.7127*** 0.1918 29113
rain 0.3919*** 0.0359  0.2931| 0.3637*** 0.0338 0.3549| 0.5273*** 0.0535 0.2495
wind 0.1916*** 0.0098  0.1433| 0.1439*** 0.0087 0.1404| 0.3086*** 0.0156  0.1460
visual -0.0002*** 0.0000 -0.0002| -0.0002*** 0.0000 -0.0002| -0.0002*** 0.0000 -0.0001
cli_thunder 0.6922 0.8227  0.5222| -0.4525 0.7539 -0.4409| 1.8232 1.2771  0.8991
cli_fog 2.2553** 1.0875 1.7334| 2.3801** 0.9821 2.3348| 2.9792* 1.7319  1.5073
cli_snow -0.2601 0.8368 -0.1939| 1.2278 0.7680  1.2015| -1.6862 1.3246 -0.7667
cli_rain 3.8589*** (0.1448 29895 3.1443*** 0.1310 3.0844| 6.0136*** 02275 3.1506
int_d =7.1186*** 0.1745 -4.9127| -9.1574*** 0.1556 -8.6451| -2.8598*** (.2855 -1.2810
doml_d 1.2261%** 0.0987 0.9135 0.8748*** 0.0882 0.8529| 2.1703*** 0.1602 1.0137
occu 0.0670*** 0.0030 0.0501| 0.0710*** 0.0026 0.0693| 0.1169*** 0.0051 0.0553
intercept =27.1520*%** 1.0607 - -18.0405*** 0.9414 - =52.0584*** 1.7426 -
No. of obs (censored) 167,853 (45,116) 83,009 (2,049) 84,844 (43,067)
Log likelihood -562,870 -310,964 -207,333
LR chi2 (14) 10,798 13,022 7,001
Prob) chi2 0.0000 0.0000 0.0000

note: significance level 0.01 *** 0.05 **, 0.1 *.

23&

B AT 20199 197 AF2A 3 3371 2FUA (Tower-log) A2 T FEARE o] §51o]
AZZATT] LIS FBY, BB 2T S40] A8 FF719) A o L (AN 1)K G
wstgon, 1 AT BAM 0 R GOt oS MAE 22 X 4 ek ALY F4 A% BAL fol 43
AT 2EC] M4 F A= 57 23 QLPIHot ATA 2FI50] J A FaEs A B
3, 9 9 AY A7k 8719 el A F47) E5k ool gho.2 folshl F4E Fe B, 93] eaas
Z7hol whe Bape] A48 s} Ul o] 2 Q1% A Aol A §279) Aol 2 G nlHE Ao B 4
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