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Flight Delay Prediction Model based on Machine Learning and
SHAP Analysis
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Abstract

Weather-induced flight delays have a cascading impact on flight schedules and result in economic losses. While
several related studies have been conducted, most have primarily relied on traditional statistical methods, and research
specifically targeting domestic airports remains insufficient. Therefore, this study proposes a machine learning-based
flight delay prediction model utilizing low-cost carrier flight and weather data from Incheon International Airport. To
achieve this, models were developed using Random Forest, XGBoost, and LightGBM algorithms, and their
performance was compared and analyzed. Additionally, SHAP analysis was conducted to enhance the model’s
generalization performance and interpretability. Experimental results demonstrated that the Random Forest model
achieved the highest performance, with temperature, dew point, and sea-level pressure identified as key variables.
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Table 1. Descriptive statistics of variables

Parameter Mean Std Min Max
DelayStatus 0.734 0.442 0 1
WindSpeed_KT 7.718 4414 0 34
Visibility_m 8814.307 |2301.883| 50 10000
TotalCloudCover 3.904 3.118 0 8
Temp_C 14.152 1115 | -152 | 35.1
DewP_C 8.784 12226 | 251 | 273
SLP_hPa 1016.178 | 8963 | 993.3 | 1039.7
LP_hPa 1015344 | 8929 | 9926 | 1038.8
Precipitaion 0.188 1.631 0 619
CBH_m 9141268 |9031.458| 0 49000
Fog 0.207 0.405 0 1
YellowDust 0.016 0.125 0 1
DorInt 0.999 0.022 0 1
IsHoliday 0.32 0.467 0 1

LeftHolidays 0.524 0.874 0 6
WindDirection_NE 0.192 0.39%4 0 1
WindDirection_SE 0.179 0.383 0 1
WindDirection_.SW | 0.229 042 0 1
WindDirection NW |  0.399 0.49 0 1
33 2¢ &

2 3o gA FH dlolE e} HAE HolH
g 73 WER Bijsln, v Age AAST
tole B#ds g3t AAgE WA 95t
o ANAEY 71Ee ALt

DelayStatus Wind Speed_KT Visibility_m TotalCloudCover

o g 283 Ad bolHE ERshe REe
=7] 93l Random Forest, XGBoost, LightGBM
(Light Gradient Boosting Machine)S 283+ ZF A
T FR] B 2dE fE39Th
2do] 45 e Hdl stoly weirH
3l th. Random Forest 2@ 4%
Neg AAs] 98 e 71HE A

il

o oy

|
RO

1o of o
o2

M ox oo 1 o
QE

A, JEE9} Fl-Score #< 7|22 FHH9
T Holv e AAsat e HHe Sl
2] 7H4(n_estimators)®] #k-& 20002 A3}t

LightGBM EZ& o3 £/E Fdste 2e 54
o7 XMASH, HI/IAEEZ  Area Under the
Curve(AUC)E  &&8i3itt. 8=z =&t Il
(num_leaves)= 312 47483, Egjo FHoj Zlo]
(max_depth)= - 12 AAsto ool wet 25
oz 24E F W st g k= Ha TS
219] FH(min_child weight)®] 74-%- #AF BAE 9
3 12 AA3A vpA o2 XGBoost E-S &
FE ES Bt Eg JH4(n estimators)T 100,
Eg HU Zol(max depthy= 5= AAsIAT H7}
2| E(eval metric)E loglossE &3t =4l o & A
e Wrlst.

oo AT A TSt 19 204 B
Hpe} 2t

Temp_C DewP_C SLP_hPa LP_hPa Precipitation_mm CBH_m Fog VYellowDust Domint

0 0 40 10000.0
1 0 9.0 10000.0
2 0 80 10000.0
3 0 8.0 10000.0
. *®
Airportal @1e¥ IenEwrES

Dataset

Preprocessed
Dataset

L]
1.0
20
20

preprocessing

Under
sampling

208
226
236
236

159
181
136
186

10138 1013.0 0.0 0.0 Li] 0 1
10146 10138 0.0 20000.0 Li] 0 1
10151 10143 0.0 200000 L] 0 1
10151 10143 0.0 200000 L] 0 1

J%l 1. Hlo[Ef oA
Fig. 1. Sample data

(=
Forest
Performance
Srahegbm Feature
Importance
Analysis
e SHAP
Test Analysis
_fol ¥
Xldcy \ /

—  —
Train
Dataset

Model Training

J8 2. o7 38k
Fig. 2. Research flow



18 WAl SHAP ¥4 78k 837] A o= 2y
Iv. o471 A1}

UA T3 A 7HA] HAlYY 2R Aes A
U5 (Precision), A& -&(Recall), F1 H<F1 Score),
AT (Accuracy) S A EZ Hlw B4 ZF A
B A4Ae ggd Ao o)A TP(True
Positive), TN(True Negative)> 217} # 44, & +
/3, FP(False Positive), FN(False Negative)< ~|7~1L 7
A A, AR 2S4S r)sit AT Rdlo]
0“4013}31 wd A F AAR P HES
Uetdis, A A &4 Fold mdo] At
3] YHOE o3 H gt FI Hge UL
AR 23 BEow, T AR FIL 1T
s ARty AGEE AA dF FoA SHiE
A EF7E HES rgith

EI

[o

d

(

=

-

il

1

Precision — TP Pecall — P
CASON = Tppyppe TN T Trp N
_ 2X Precision X Recall
F1 Seore = Precision+ Recall °’
TP+ TN
Accuracy =

TP+ TN+ FP+FN

29 7+ 4% vudde £ 29 2o Ag 4
3}, Random Forest 2@o] AutA o2 #3 23] A
5% Hyon, o]d K-Fold x Vé%% ol Lt
3t A5s gEd Bds HF RdE AHsq

m_u

¥ 2 Mot mElol M5
Table 2. Performance of the proposed model

Model Precision | Recall | F1 Score | Accuracy
Random 1528 | o7 | o075 | o073

Forest

LGBM 0.78 0.72 0.74 0.72
XGBoost 0.74 062 0.65 0.62

HAE mde AT 073, AUE 078, A

0.73, F1 A< 075 59 AsS Byt 579, ’EH
A

o
g 2de

Temp_C

DewP_C

LP_hPa

SLP_hPa
WindSpeed_KT
CBH_m
TotalCloudCover
Visibility_m
LeftHolidays
Precipitation_mm
WindDirection_SW
WindDirection_NE
WindDirection_NW
Fog

IsHoliday
WindDirection_SE
YellowDust

Dom/Int

0000 0025 0050 0075 0100 0125 0150 0175
Importance

A =]
O 3 Hy SRR =M 21

Fig. 3. Feature importance analysis

Az mWEH 7] (Temp C), °IEH
(DewP_C), 3% 71H(SLP hPa), TA|713HLP_hP ),
Z(WindSpeed KT), Z-&3(CBH m) 52
Q57 w& Mg AEEY, Wi U—E—
(LeftHolidays), #% o %(IsHoliday) 52 WFe
fHoe FaE7F W ASRE Ueyth ol
7:11,}_ 7]}_ X&) o:]:rt-—q. /\]-6]- kLS 1,}1;}
Ut oA AR w74 37 39 tolElE 283
ATFNME ZrE, 5, 78] Ad 97 E
Z3he o d4FQ HEE EAEHG M, A
b dFoMes 7] %
a0 g YESITHS]. T
AFANANE F% &HEZ, i3 437 Ad
o A WHe-E EAEAL, John F. Kennedy =4
FHUFK) A ATeelME 71, 55, dds=
5 4011 FFE 7

rlo

O
b o> )y ofN ofd |

FE:|
S

_|_4

&

EL(ORD) o Al ]°1Wt 7173 @—’r“% Z3Ht
Random Forest U‘*‘OI 0.718¢ A% L:_% Hou}

e 1 80 x]oa FERRP
A7z 7)¢, ol



Journal of KIIT. Vol. 23, No. 7, pp. 13-21, Jul. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 19

4 o
it
o

d

o,
lo
2
A\
=2
sy
N
rr
of
ot
)
o
43
R

2y
o
R
v

O;

Ev

= of mi e
o
fo

B4 Ao w2Zd, 7](Temp C), olEHLE
(DewP C), A& TotalCloudCover),  AA|7]¢
(LP_hPa), SH7|SHSLP hPa), E4:(WindSpeed KT)

$o 71 8olo] JUHOR %S FREE MY

o 53], 7|, T5, olEdeTI ulS =AY o)
¢ 9 AL 7] A JhsAol STl A
S B ol IFHAQl 7]Lo] HIgy] AR A%
Ask 714 o8l dE 2 5o dele]l & 4 9l
7] RO R FAHETH7]. T3 dA|7|YT w7
A YA =AY B e 1 25 93 vA= "y

Temp_C - -*——-—. -
DewP € . _—*——. i

LP_hPa
TotalCloudCover . -

SLP_hPa O e o S0 R e T
CBH_m ——*— .

WindSpeed_KT
WindDirection_NE

2 Uehgth gutd oz Ar|gt A AE 74

E
ol
o
o
5
L
off
o,
o|N
=
il
ro
:(?{:4"
)
re
o
o|X
L

A0l S F A= Yt 3, FEKT)
B L7t & AeelE AD B TFsAel St
e Ao BHom, ol A% ¥ & 7550
Hg Qb FFE Pl 28 Ads 72 e
dol =55 Yujgith x38, 553 @A 5 5
A 3K WindDirection NE, WindDirection SW)°] A|
A WA FHHCE B F FFE PAE HoE
UEst) ol X FFo] 7] &3 E9%
FdFe = T U5E A, AA=TAZY] A
22 944 9 Fd ds 7Hs

B AdFdMe &7 AdE d3ste 2Es
TE35a, HEF 259 SHAP B48 53t md
< YA 71E ATdME FE7] Ad dF
< 98 BAA BY = ilyyd 2dS &85

High

WindDirection_SW

Precipitation_mm

Feature value

LeftHolidays

Visibility_m
IsHoliday
WindDirection_NW

WindDirection SE
YellowDust
Dom/Int

-+
Fog . ——+--.

o1 02

SHAP value (impact on model output)

g 4 SHAP

=]
24 23

Fig. 4. SHAP analysis for delay prediction



i £
l‘lF \ F{]I » -I{N' o
P i, o_‘:.‘. -
o2 |0 *%Eé
Mot &
i z
o X L:J
oL &
E
Hoer
N ©»
@
),
i
o> %
o
=
2 oj
:()é

01>_«‘ i
O

o

)

o

N

W Fo ARSI AAFA T AA o
=

24 0 Xorlr rle

N
e 1

bl .
W, A7E sEy 7w
G2 Bk

<

M e
40 N

. O>~
I yo b
ro

TFHslion, o
=29 34 758 ANSFATH
°j&7t Ak

B AT A
A T, 38 9 ¥
Holl AAHQ AAHS AlF3T} SHAP
g3t 2ol oiaA AAo] A ThEl

2l
2
>

R o

@ S 8oy

N

O~

ol

>~

>

Mo

o
DA > R (=
=2

ek
4
Yo, —
[o
A
o
(it
N
N, o=
o> La
ko
rO l:o[l
o W
2
> of o
odt
=
olo
o

ftt
> Mz
hY
1N
o B
a2
ot
2
b
gt
ofo
iflo}
4
%0
tlo
S o ok
o & odp
£ e oo
Y

ot
i
ofy
o Mo
ol
Jns)
T

do

o,

o

o

2 o B
ol
re
-

il
> 4
Og{:,"
p
|o
i
=*
N,
o
=
ol
)
o0t
o

3

9ol A4S Eol7] 93N, e A A5
E

ol 270) we} ol P WHHEAT HFH L

2 BHSR A7 B olF B A4 =

o = rde PHalw, BT £3) M4 &

242 Susske o 7108 4 92 Rl

References

[1] J. Hong, J. Lee, M. Kwon, D. Kim, and S. Cho,

"Analysis of Aircraft Delay Prediction based on

Machine Learning Algorithms", Proc. of the 2024

Institute ~ of
Information Sciences (KICS) Summer Conference,
Jeju, Korea, pp. 1217-1220, Jun. 2024.

[2] S. J. Kwak, Y. S. Lee, and J. S. Lee, "Analysis
and Implications of Aviation Sector SOC Accounts

Korean Communications  and

- Final Report", INational Assembly Research
Service, pp. 1-131, Dec. 2014.

[3] M. H. Kim, S. W. Park, and J. H. Bae, "Flight
Delay and Cancellation Analysis and Management
Strategies", Korea Transport Institute, Nov. 2020.

[4] Bureau of Transportation Statistics, "Understanding
Reporting  Causes of  Flight Delays and
Cancellations", U.S. Department of Transportation,
https://www.bts.gov/topics/airlines-and-airports/unders
tanding-reporting-causes-flight-delays-and-cancellations.
[accessed: Apr. 21, 2025]

[5] S. M. Lundberg and S. I Lee, "A Unified
Approach to Interpreting Model Predictions",
Proce. of the 31st Conference on Neural
Information Processing Systems (NeurIPS), Long
Beach, CA, USA, pp. 1-10, Dec. 2017.
https://doi.org/10.48550/arXiv.1705.07874.

[6] J. W. Lee, K. K. Ko, T. S. Kwon, and K. K.
Lee, "A Study on the Critical Meteorological
Factors Influencing the Flight Cancelation and
Delay: Focusing on Domestic Airports”, Journal of
the Korean Society of Aeronautical Operations,
Vol. 19, No. 1, pp. 2937, Mar. 2011.
https://doi.org/10.12985/ksaa.2011.19.1.029.

[71 S. H. Kim, "The Impact of Extreme Weather
Events on Flight Delays & Cancellations with a
Focus on Gimpo-Jeju Air Route, M.S. thesis,
Dept. of Environmental Planning", Seoul National
University, Seoul, South Korea, Feb. 2021.

[8] G. H. Lee and S. K. Song, "Predicting Flight
Delays based on Deep Neural Network”, A
Collection of Academic Presentation Papers by the
Korea Information Society, pp. 1075-1076, Jan.
2021. https://doi.org/10.1186/s40537-020-00380-z.



Journal of KIIT. Vol. 23, No. 7, pp. 13-21, Jul. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 21

[9] C. S. Lee, Z. M. Paing, H. M. Yeo, D. S. Kim,
and H. J. Baik, "Development of a Prediction
Model and Analysis of
Weather-induced Flight Delay at Jeju International

Correlation

Airport  UsingMachine  Learning  Techniques",
Journal of the Korean Society for Aviationand
Aeronautics, Vol. 29, No. 4, pp. 1-20, Dec. 2021.
https://doi.org/10.12985/ksaa.2021.29.4.001.

[10] B. G. Kim and Y. A. Kim, "Analysisthe Impact
of Weather Data on Airline Flight Delays", Journal
of the Korea Academia-Industrial Cooperation
Society, Vol. 23, No. 2, pp. 222-228, Feb. 2022.
https://doi.org/10.5762/K AIS.2022.23.2.222.

[11] Air Portal, https://www.airportal.go.kr/airport/
aircraftInfo.do [accessed: Apr. 21, 2025]

[12] Open MET Data Portal, https://data.kma.go.kr/cmmn
/main.do [accessed: Apr. 21, 2025]

[13] Ministry of Land, Infrastructure and Transport,

Weather", Safety  Policy
Division, Ministry of Land, Infrastructure and
Transport, pp. 7-310, Jan. 2021.

[14] J. W. Park, "A Study on the Meteorological
Effects that Influence on the Flight Operation

Obstacles on the International Airports in Korea",

"Aviation Aviation

M.S. thesis, Department of Atmospheric Science,
Chosun University, Aug. 2013.

A{R}274 |

Zl c} o4 (Dayeon Kim)

202 39 ~ @A) : WA
739Anes} sheaty

Aok wAlEY, HeolE &4

£ 91 4 (Minkyung Song)

2024 39 ~ @A : WA Etw
739Anes} sheaty

AR} - vAFY, HlolE £

0l 4 & (Seokjong Lee)

2020 3¢ ~ EA) : WA S
797 rsty shyay

BAE} - Ay, HolH B4,
ERP

& 57 & (Youjin Jang)
20214 39 ~ @A) : HA st
739 A net} shpaty

BAER : Ay, HlolE &4,

0| 8t & (Hanjun Lee)

20014 2€ : Aetistw
A B8 (38
2004 24 : AEUistw
AFE T (F A A

' 4 2016\ 8¢ : s A Yt
MIS H¥(73 g3t
2007 79 ~ 2018 29 :




	머신러닝과 SHAP 분석 기반 항공기 지연 예측 모델
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 선행연구
	Ⅲ. 연구 방법
	Ⅳ. 연구 결과
	Ⅴ. 결론 및 시사점
	References


