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Analysis of Factors affecting Injury Severity in Aircraft Accidents based

on Machine Learning

Jeoung veoul Lee’, Jeong hwan Jeon™

ABSTRACT

This study utilized accident data from the National Transportation Safety Board (NTSB) to
develop a predictive model for factors affecting human injury severity in aircraft accidents
using the XGBoost algorithm. After addressing class imbalance, the model achieved accuracy of
0.850, recall of 0.842, and F1 score of 0.815 at a learning rate of 0.7. SHAP analysis identified
distance to the airport, elapsed time since inspection, cumulative flight hours, seasonal factors,
and wind speed as the most influential factors. Unlike previous studies that primarily focused

on mechanical causes,

this study demonstrates the importance of environmental and

operational conditions, highlighting the need for data-driven safety management and practical
implications for real-time risk detection and improving global ATC operations.
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T2 A7 AL BAA S A 5 T 84t
Aol ZHg5ks 0|3 BAY B4 7IE A Al
A= S50] ZABHA] Zoka glow, IAA] FE
Ao A oEdhe F A2 A71A Ze A
oA &7 7FsdE =olal Ut wEbA Hrh Fuwgh
A& AlA"S =P TARAY F29] o] AlF
T AR F=L ok

£ Aol vl= 7S I A3(NTSB) D
A ABtks FBAL HolEE XA w4l
(machine learning) 71"H9] 51l XGBoost(eXtre-
me gradient boosting)& &85t 3F7] AL
olglof|A9] Q1Y Al gl T A= 7 F
83 821Z A&t B2 15513t XGBoost=
HAEgZ TA Lt Hae 7F A52R8-S gat¥os 2z}
o 4= qlom, E4F Hloly A, A5 As BA,
e} 718 BT Ao § 11 71s= ASdTth &
St 2SHAP(shapley additive explanations)¥} -2
i 7R Sl allE Al IFE vIH 8 29l
< HFH =R RIS 4= Qlo], E<d S 9ol &
AR MRS EEShe H RS Adoh oA 2
Aol 4= XGBoostE E-&ste] 37| Akare] 44y
7Fs/dE diEstal, ol Sdf FachdEel #AA
AF RS A3 ASH 2AE AASAL S
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1) 7S AXHAYILS(NTSB, National Transportat-
ion Safety Board): wl= % & Abet 57|
o= FFE AT AFALE FARIL A FB
9 d A EIE Y

2) SHAP(Shapley Additive exPlanations): WAlZY
ndo d& Zitg A9y ¢gt 7|H(Explain-
able Al, XAl % stuz, Z+ EX(feature)o] 9=
of gutt 7|PEAE FXZ A AL

7] Aal(aircraft accident)@ 57171 ARES E19-7]
Al BHSZ AIRRE AIFRE BE Aol 571904
W mi7iA] 9] SF BT AR 5, AREo] AFYSHA
U 442 AIAY 337171 St &4 dIAY
FB717F ASEIAY HA2S 5 Y= AHt 9 A
$E g3t

FF7] A F8 732 SAaGA w=t 24
Atl(ground accident), ©|2FE Akil(takeoff & lan-
ding accident), €% % Al (en-route accident)
E R S 4 3o, o] F oJ]2FE A I Nk
7t 7V =0

P37 Al Tl YlET= of7] 81lo] E9ty
o= g3t dytE stk 49U Bk dukdos
F37] AL A9l Q14 2%l 3 891, 71A Ve
A gsh AL gfloR FREtHHong,
2002). ©] 7keHl 2FAF Wt oF, AR vies,
AAE A, R T 2, JrAT 2F 59
Q14 QRlof 7]RIgk At A 57] Alal & 71
2 ¥)%S A e Hong, 2005). 74 8918 7|4}
o3}, WR, &= A, AP EA4T 2ol o7
ZZoA 7108 714 71e4 Ak 714 =98},
BE A% AA 22 4H] ol 5 71ed 8Rle=
AEct 22 AlA"H @912 TA| Qg H= Qbd

of4] ®AsItHHong, 2005).

ol 8212 /EH o= ALE s |% SHAIYL
AAEE v 8Rlo] ATAESHAA ARLE oo
= A7t tiFEolth didd, E8g 7143 21o] &£
A o 2FAR T2 F23} 71419 H5 Akt &
Alof| s Al 932 TlstEg o s SRRt
(Paek et al., 2022). WetA 57] AFLE olsfisi
aetetr] HsiAs B8 8202 TUsHA EASIE
T, AA - 71AA-A|A-E 8Rlo] AJeAg
Sk EoHd WgS AgFos EA5k: Hdol 88
SITHOster et al., 2013).
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of nAe FIFol LA ¢, e W] AJEHY
Zetol wet I gFY 2719k ’del 2R viAl
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I AN o FHes AdEEi 3K(Yoon,
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XGBoost,3 LSTM4, Random Forestd) & ThFst
3) XGBoost(eXtreme Gradient Boosting) : Gradient

Boostinge Uit o R, HE HZ-22
A HJATL A4 75 d&o] HAilgd diget 4y
QoA 71 wol AEEHE EE F Skt

4) LSTM (Long Short-Term Memory): &ZHIZAW

wAled gaege] 285 Jlow, A8 e kgt
AALG-HAE-YEQA TojE7iA] =i itk
ol ATE2 e F8 FIWAT VI A A
AFHo T HFESoW, Al o 7T AARE

S oA 37841 H7HE W Qi

Shin & Jo(2021)= T Het - A AlAH s
FE Aol HAY 7IW 558 24 1A 7HS
Agsioirt. 1 A, EZA Holy AdT ol '
7] - BE pde B35 g8 sl Qs 7HA0]
o2 s AIF &5 83E g5k

Yoon(2025)9] 7oA GBC(gradient boos-
ting classifier)2} RF(random forest) 59 £&% 7]
g HAlRd HdZ A8 QY Al 5= S5t

1, di& J8r, AdL(recall), F1-score 59 X%

ARE F4o7 #A=SIek 12y GBC(gradient
boosting classifier)o= IS WHR|, A= A8,
Holy E4% W& SHolA TAE Bt

= FF ek EolA: w4z 7Iet AAZE
A& 2do EY2 o|FofAAL Qo ofHs] 27|
Ao HEe AgtHoR FHEE 9)a HlyolEe}
w2 7]6ke] A=t} B 6] o]Fojd Bart QL
t}. ol & A= 1&shE FAR 7 XGBoost
£ A&slo, egE 24, e EY 7R &
B3 AYEE AlofstaL, HolE g Btt o5
Ay A&k s A2ek SHAP 7|9ke] AW 7hs3t
Ads 21 o4 T 71ed-i4E S EHEGH
ot X3 7|1E e st 9 el 55 S
A2 A5, A A& 7hs/37HA] A LA
SIcH(Table 1).
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2.3 HHd

HilE gt HolE2EE e <55t
B3 —EJ‘JOH FFE vl 8219 FAEE =&
1, 8 afld B 54 39 WAE AS5shks IF
AS(ADS] 5t9] ®ofet. o]2|gt EAZ F3l JArET

(RNN: recurrent neural network)d] 3t ZF=Z,
AAE Hol"Hy X4 HolH(EE, =4, AlAH 0]
B o) shgol &3t 994 2E.

5) Random Forest @ o8] AEARS FA9R X3A3gt
FEE 714,

6) GBC (gradient boosting classifier): Gradient
Boosting Z1#&S 7Htog 3 EF(classific-
ation) =&,
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Table 1. Summary of previous studies and their

limitations
AP At A e A
Yoon Airplane accident | Machine learning
(2025) prediction model DT, RF, GBC
SIEM system Supervised
Shin & Jo performance learning &
(2021 enhancement Incremental
mechanism learning
Dyvnamic Random
Liu et al deterrs;i?l nts of parameter
(2025) - ant bivariate probit
aviation accidents
approach
Predition of
ity of
Silagyi & Liu severity of Support vector
(2023) aviation land.lng Machine models
accidents using
SVM models
. Predict
Ros(azcgzz; al. classification of |Machine learning
aircraft damage

= A3 ¢ qlon, 5 kAt TS| tefe
Ao} A-go] AL Qlt}. AA, 0|2 ALl 9
< t#AQ AHE, 1= &% 714-2F Y 5
Hlo]elE &84l &= o] (runway excursion), I
= ZS(hard landing) 52 AR AI&star Fart
7hset Bdlo] ZiEL Qlck LSTM 718F dAtollAl=
25 302 A 34 ArE d&ske AT HaEgl
ot E4, AY] o=(predictive maintenance) £oF
olA+= Random Foresttt XGBoost7} & 2% 7}
T2 Fsto] oA QHIE 7ksA sk, EE8s
H-ES A0 5 itk A, 39 &8 4 3= A¥
FAoA= AAE 2dat T 7|9k S<5(graph
neural network §)°| Z-&=o] XA, &9, = 7}
82 st BEAST WA, BA AFdACIA
A2 24 Q1AE Aol HE(NLP)E Zgsl 24
F- 234 A9 F, HIESE #E 52 A ©A
k= ®4lo 2 Hdstal Qi)
HAled A8o] AR Tt HYE FE |
A 71 FEe AR 9 Al &
of & qlth. SHAP, LIMENZ} 22 7|4 mg
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7) LIME (local interpretable model-agnostic ex-
planations) : B3¢ #HAlgd 2d9 d& Hits
A% (loca)22 AT 4= A &= 71H.

o Aol W JPAL HFHOT AX|sto]
TAN ZF FHDIAL ARG AT 5 A=S
Agtet, oAt B ol olE Al A4 B, 7

N

5] EErA JAZ AU, Ho| HIFelY E+
F2 A3 H(false alarm) = HT FZHmissed
detection)& Z#;T & QLo 4153 FFo] {7
3 A& Z3E AA| AL AAET ojgA AAS
2, dAFE A8 Hd AAE oGA HATAE 7
2 At} o]HH HAIH Y FF Hof 82 T
3 71ed =Y Hol d5 -4 - Folge o
A IAE st olF B9l Al o s &
B BEHZ Ao Alatsks Zo] e 5 ok A
9] 4l gEgolzt & 4~ itk

2 AollAl= dlE Al digt A 7FsdE SR
5}7] 9J5tod SHAP(Shapley additive explanations)
71HE 8519t SHAPS AlYolE(game theory)2]
Shapley Value 71gd& 7¥to g zF m*|(feature)’}
o] A&zl 7]ofele HrE AFE o= ARt

ol FAFow HYESHH, HY A} mA Yot
N={1, 2, -, njo] S} o, £ mA /9] 7|0k ¢,
= o3 Zo] Feojdrh

- |Svert!(INvert —|Svert—1)! o
g 7sc;\. [Nvert! lf (5U1)7f (S)] (1)

. A A

& Aol AA 24 dAk= Fig. 101 A=A A
o A7 Ay A2 HEE AA il
75t S gS Ak, B9 5 Wkt &
SHAP 7|9t 24 55f ¥4 S8 =E siishe &
A= 3EH.

3.1 Maed

Fo7] Ao e AAHCcE EAT & e
glojels Aol ol2f3t Alofele Estal, &
Abe A=dst E8=7F w2 NTSBO 571
AL glol8E 2 74 ® 3571 AL 89 240
ARES71= B o] HlolE= 2008| 1¥5E 2025
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Problem Identification & Research Objectives

Theoretical Background & Literature Review

Data Collection (NTSB Accident Data)

Data Preprocessing & Feature Definition

Machine Learning Model Design (XGBoost)

Model Training & Hyperparameter Tuning

Model Performance Evaluation

Explainability Analysis using SHAP

Interpretation & ATC System Improvement Proposals

\

Conclusion, Policy Implications, and Future Research

Fig. 1. Research process flowchart

d 597HA] &57] Atal(accident, ACC) ¥ AR
(incident, INC)Q} #&sto] AL QRlo] & £ &=
Atal gRlo] E & Q= thfet Bie Alrd EAE
Als3tet. NTSBOIA Algsh= avall.mdb T2 20
9] HolEE A=, o] 7k 7] Ataet &
Hol 72 Aoz WrE= 3709 HolEQ events,
Flight_Crew, aircraftZ Hgsto] site] 53t Hlo]
H = st} £A45190

o] 53t glojgofl= 28,893719] Atare} THE 7]
£ dojg7}t =0} qltk. 1Y el 55 #HE
ev_highest_injury ¥4= AZgho] 1,31370] 9o
ol& A5t 27,580719] HlolEl7l E=tt. ©] Hlo]
o= NONE(Zs §l)o] 14,58971(52.9%) 2= 7t

A=A vepdoer, tgox FATLAMY) 5,976
(21.7%), MINR(EH]) 3,84671(13.9%). SERS(ZY)
3,16971(11.5%) «=o& Uetyith. 12ja A W
7IH £Q9%F Q9191 afm hrs, cert max_gr wt,
total_seats, num_eng® 3¢ AZFoRE Yeht=
Z97F 11,0837, 10,0044, 7,00174, 5,02774e=
gt A B 25X7 239 P AAS] &
A% HlolBAlE 9% A F 2,350710] H3ATE

2 Aol AEA] AA o]F P2 22 T2
F2H o9 Aol o, AiFes xAF 31
715 £4o] &2 Al AR FE AEE FEo]
o} mEbA 2 Atel B4 Axke AR 57 Akl
3k Guks] dEoep| Mk, AL FET} 385] &
HE Al AR JdelAe 891 H8=5 HAYsie
A= A =|ojof STt

oj2fgt Hlol8 FHaAs Tt "ol &4olzir|H
t}, NTSB ©loll9] &4 -4 2hala B4 4o &
AollA 710k 24 A= olsid a7t Ut

A, NTSB Ak Hlolel= A7zt 24 tpgsgt
Al 533 ZAF S ZEHO0R S AEE,
I AR ARl sl 22 0] AEI AAFL
& 7I15EA gttt 58] Ale A4 =T RAY =
AL H9I7E ARl AR S, 71 24, 8 8
?l, 7] AlAE AEI9F 22 AR HEEES FHA
7 %71 vi¥isieh

=4, 371 AL Hlolele AL A WlwT) W
19 ARLYSE AL 57t ot AiFoE HH
7 34T B4 7Y Tt S| AA ol F
< 2,35079] A= FARIE A9E #20] ofuz),
HWA 2AF JHIF SRS GEE AR ARIEE T
JE 519 Hytolgtal £ = Sl ol 49 A=A
= Asfsl7| ks, 2388 ¥4 1 WAE B &
A 4= Ql= oy 25 FATTh

A, 2 0] Aot E161al FF 24 AR
H 2,35079] Akl Al @5 QP At EofollA] o
5] FESE ffEom, HAlHY 2o Bagh X4
B2 7S ST A £ dAFlA Y] HolH &
AE 249 AP, Hold 43t sS4 71sAd
< A A A 2Pge] AR siE 4= Sl

M, o] ASAE 7 3 Ao AA
HAl(imputation)E FHdk= B+
FolA Aol Lol 24+t 0.6
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o 0.2 22 AY 9A Xohe A= HIESH
(Yoon, 2025). 2ZX7} A|AH 2,350719] ©lolE&
Holg] Ex3< 2T B 0.8 A35k= A5 A
< HolEg, £ AtoiNe AEA HA(imputa-
tion)E FYoHA &1, st AEgho] E4fck=
A g TESA = 2404 ALsiSitt. oj2g &4
A B4 (listwise deletion) WAl EE 5 7
A7l @do] o, ¥ 7 BAE i glo] siA
st 2El QP4 SHHShy] Qo YntEog ALY
= BEAQl Holrh

3.2 B4 HO| U HA2

FqF Ao RS 9t Azt eviid E Air-
craft_Key= 37| AL dl&a} Adsto] glomz A9
Siolch ESF BARYPO] i B0l E 5 Y= TF
7] Al BA] QI sl 55 UEiE ev_high-
est_injury?] §l= Z2EX] AA 9 AP olF &4
of A&El 2,350719] HlofE] 7|EC = NONE(HS) &l
2)°l 1,3537(57.57%) 2% 7Fd =4 dehston, o
202 MINRCEY]) 42871(18.21%), FATLAAFE) 293
Z(12.47%), SERS(ZA) 2767(11.74%) <02 Lfet
wow, A 7F B EAR 1 S50 S
o2 Ytt. oo £ Aol I Aol 55
Bl ev_highest_injuryE 523 S8 542
2 319} ev_highest_injury?] Az Aol &
X Fig. 20 AXSHACH

Ldo] oSt Al A A FS5%(ev_high-
est_injury)° 2= A Ao sfigsl= 7|4 &4 A

Distribution of Injury Severity (ev_highest_injury)
1400} 1353 (57.57%)

1200

1000

@
S
S

Frequency
o
2
3

428 (18.21%)
400
293 (12.47%) 276 (11.74%)

200

INR FATL
Injury Severity

Fi

g. 2. Distribution of aircraft accident injury
severity levels

(damage) W= Al the PE2 FAilo] A9
o] TRl = =B AASSIEL ev_country
= USA7} 99.96%, crew_no= 1%8°] 99.7%, ev_types
ACClaccident)’}  98.99%%  tHHES  XX[olH,
wx_cond_basic VMC7} 98.8%% th2 714 279 &
27t v AgHolm® AASIYTE ev_citye S
(dec_latitude/dec_longitude)2} ev_state”} o] thAl
7SR AASIHT. th&e] 33719 Mg 35 24
W EsIglnk. 7/ 452 act_category, cert_
max_gr wt, total_seats, num_eng, homebuilt,
afm_hrs, afm_hrs last_insp2] 77§9] W45 ARSI
ok 9R)/ZEL dec latitude, dec longitude, apt_
elev, apt_dist, vis_sm, wind_dir_deg, wind vel kts,
gust_ind, gust_kts, light cond, sky * wx_temp,
wx_dew_pt9] 16712] W ARESIQITE 23AF B
crew_age, crew sex, crew_category, med_certf,
med_crtf_vldty2] 57§9] W&, 2|1 7]€} ev_year,
ev_month, ev_dow, ev_state, ev_nr_apt_loc®] 57 ¥

»2 A8l

3.3 Mg Z& 24

NTSB Hlo|5E &85 =
A A%t ¥, ev_highest_injuryS X EA0Z 3}1L
Y] 337 ©4E dE EA4C0E sto] 7] Akl
9] oI Aol 5e= - olSdhs 282 XGBoost
2 55151

£ AFollAl XGBoost E9] 4. sto]wutzt]
HE 2485 &0 SHsieich. Ef = Y
1,000707H] sk5& AlZstalom, 27| FE(early
stopping)E &-&3lo] H4 §HE =& 5oz M
sttt EF] Zo](max_depth)= 3~10 HelolA &
et A3t 602 At F T A 7HEA]
3Hmin_child weight)2 7|23k 12 A3t
E3SH SREE2 0.1~0.9 W04 HEA7IH 71 A
Aol 4 YUehth:s shsEs TAste] AEsiele
o, A 2,350719] @57 AL HlolHE &% Ho]
E(70%)2t HIAE HolE(30%)= Wralrh

Si5E W] mE A¥Z(accuracy), FE:
(precision), A&-&(recall), F1-score®] AF H5=

Fig. 3°l AASHGIc}. AL 5528 MINR,

8) UBARL

ol

T FANIFFIITICAO)S FEA
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Performance metrics across eta values
Highest Recall at eta=0.7

0.6

05

Performance
o
-
\
[ ]

-& -
0.3 1"
o---0---°

0.2

0.1 0.2 0.3 04 05 06 07 08 08
Learning rate (eta)

Metric Accuracy -@- F1 - Precision Recall

Fig. 3. XGBoost performance metrics by
learning rate (accuracy, F1, precision, recall)

‘SERS’, ‘FATL ol tfelide S84 RI=E 12t 7t
> HaS B9l AL, AEE, Fl-scores AHE01%
ot B4 23} HEre dolH E4ge 9FeE 2
H3k= TREA] ggtoH, o= ‘NONE 58°] th
£ AA ok B2 B0 7|9Igt o siMHrt. &
SE Hslo M2 v Z3}, 2 AFoA] AT st
Hujehlg 2704 S5E 0.7°14 AEEo] 7F
L7 T ol ol B4 AY A 7ulet
232, o2 sto|Huietulg Xgolut tlojE FAo|
et Aolgt A3t =& & Uk

¢

4.1 BEH

S =3H(confusion matrix)102 XGBoost ©F

FOQA SMSRFA T A A" A AFIL/AAS] Q17T
o AZt=(Fatal @ AP, Serious Injury @ 24, %
7] &4, 3 5 34, Minor Injury @ &7] 82
7153t A4, No Injury : Q818 ¢2).

2 ZAF oY stojnutuiE A F4Z 59
gt HA57 D asie)

10) &5PL(confusion matrix): 7 Zd A
B7ks7] e, AA Fground truth)zh 2o 4
ZZH(prediction)E Hlasto] M5t F.

Fatal Injury 9 3 6 70

Serious Injury 4 2 59 f l
o 300

Predicted
~
8

Minor Injury 10 86 4 6 100

No Injury 37 13 10

No Injury Minor Injury ~ Serious Injury ~ Fatal Injury
Actual

Fig. 4. Confusion matrix of the XGBoost model

9] di& FAAE AA #F vwsto] B 452 A
Aoz moldt 4= Qlu® AR B4 Eqtolth &
E8EE s|Ef(heat map) FEIE AAFOEHN, &
S (accuracy), FU%(precision), A&E(recall),
Fl-score®t &2 8 45 ARE TFH2= 7t
T 5 qlor, BisdE SHlEA ERE ARe oF
FH AHEIE FAFRE ERIT & Sl olHE E4
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W A Zo] AFE(recal)S No Injury 86.4%
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Table 29} Fig. 50 Uebd AAH, XGBoost =8
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Table 2. SHAP feature importance ranking (Top 20)

Ranking Variable Mean
(SHAP)
1 apt_dist 0.133
2 afm_hrs_last_insp 0.101
3 afm hrs 0.078
4 ev_month 0.072
5 wind_vel_kts 0.052
6 dec_latitude 0.044
7 crew_age 0.042
8 altimeter 0.041
9 cert_max_gr_wt 0.040
10 wx_temp 0.035
11 ev_year 0.032
12 apt_elev 0.031
13 dec_longitude 0.030
14 wind_dir_deg 0.028
15 wx_dew_pt 0.026
16 total_seats 0.022
17 acft_category.HELI 0.000
18 crew_category.FLTI 0.000
19 crew_category.PLT 0.000
20 ev_dow.Mo 0.000

Feature importance by approx. SHAP (fastshap)
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Fig. 5. Feature importance by SHAP
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