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Machine Learning Approach to Uncover Determinants of Aircraft Fuel

Consumption using Random Forest
Hyoseok Chang’

ABSTRACT

This study systematically analyzed the key factors affecting aircraft fuel consumption using a
random forest regression model based on 1,034 operational samples and 8 predictive variables.
The model was validated through 10-fold cross-validation, and hyper parameter tuning
identified mtry =5 as the optimal setting. Variable importance analysis revealed that flight
distance(41.9%) and payload(24.8%) were the most influential factors, followed by temperature,
speed, wind, altitude, speed, and airplane performance monitoring system. The model achieved
an RMSE of 501.52, an A* of 0.601, and an MAE of 358.09 on the test set, indicating stable
performance and demonstrating that distance and payload are the primary determinants of fuel
consumption in commercial aviation. This framework supports ICAO's roadmap by trans-
forming raw operational data into actionable insights, empowering airlines to minimize costs
and emissions concurrently.

Key Words : Airline(&5Ab, Flight Plan(8]%#A2)), Fuel Consumption(A&4A%%F), Fuel Mana-
gement(P &), Random Forest(AEZHAE)

.M B 2024\dolli= A AlA FBAA SHIE °F 30%e] ©]

£ 208 FPEY SARGT-SHRTATAL} ICAO

20164 ZAUNFF71THICAO)7F =A| o % = Z8F 202193} 2022900 205097H4] B &%
H

]

FEoA g4 g AEE 9% 2294 AR TR 2 o] oilslEts: & HiEgRe AR E wEdde
A5 EAT o]F, FFAR= o] ol ols ot A ARsta, Wk} 33 R Ao A ol

EH= A 294 F 7P 2 HISE AA6H, 19 9Jc}. skEeiAle] SlAl TRl 7|1E SR
&7s35-sustainable aviation fuel, SAF)
T e AUAR HEsHAY AR 8&0]

|

mlm

i

o mu v g
x5
Jl~

A

oZ
ok

Received: 29. May. 2025, Revised: 20. Jun. 2025,

Blas)= 5 ZJgko =
Accepted: 27. Jun. 2025 =2 PNE E?j sl A7 e AR 7T ol5ho]
* °Hﬂ°“ FIuEEFIL 15 A= ARG aede Sislthe H At IATAE

A=AA E- mall daniel.chang@hanseo.ac.kr SAF7} 20509 3FZiA| BA 74 ER9] oF 65%=

ST Te o8 AT SRR 500 T ggge o auEw 9ue ¥ Aoz wen
9517- FTLFEFIL 3152



142

Za A Vol. 33, No. 2, Jun. 2025

Institute for Energy Economics and Financial
Analysis(IEEFA, 2024)= @4 SAF= A &5 &
H|gk9] oF 0.1%Yh& AA|ekaL glom, 11 E}jo] &of
A= 7FF & oli= 7I1& T3RET 2~5H]o] ot
L= 2 714 wirog Mysi) Centre for av-
iation(CAPA)2 F=21H9 #HdHlog E=9d
SAAY] 54 ©E5EC] 2024 7= 83.5%2 3)E3H
Zo= melgitt, oo w}t IATAC] st FAE
2 v 8 F7 AAFe=w t3et] sl 4l
7] YU FZ6k 9lom, 2024W0= 1,254,
20259 1,802H09] 4l 571 o] AT SAF
Zlolut A1g &57] et 22 ditE BA = ED
Z19] A=A ool Basitt I8y, 2FARE 27
AL 5 TF AT SARER] A= ARE B4t
A9 A== APgote AdAR] dE B IAE
A= Aok P W3l & WA(nudge) & B4
T dm 28 A 29E 4 5 Uh FBAIA &
T AL v A JFE "9tk 2duHAe &
AT 7|70 Ut 9 AETE B
o HPAES S I3 Boston Consulting
Groupol WEH ZZAR} AT A= 71 Jeht
TT 24 So= IRt B4R 37 Aol AdS
st 89 A= Qo] 7 ARE PR '
Aotz A-97F Bkl 245k Qick. 8719 dma
g EA2 et g7 5% 1S, - A,

~|

ok, Bl AR, & 1k, £, W 24 5 o
T 819] FFe et 718 AFAR A= 9

(Y

mdolL} uvlgAIE AlAEl(flight plan system,
FPS)2 melo] =9} 7Hyof| Aok WAL, H]
PYAE TA QAT JEste] AR AsAns &
o] gk do] ojA= AL ATHWu et al., 2022).
Hlgolg| 7&9] WH o= tolgl 7[5t oS Hirgo]
0 Qlon, 5 AMQoAE 7AEREe] A-go] &
5] o]RojR| 1 Sk EARE H|AY BAE AfHoe
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2L <t wrdlo] "ot wets 2 =82 T35
7] Asargol| JFFE A= F8 HEEo] AA 2
PollA A= ARgEFel dvht FFE A=A AAA
o= RAsk, olF Bsoto] Hlolg 7|gte] ek A
5 gAF 7182 AXskaAt g

Il. HEAF0 O0Xl= F2 29

FH= FAste} Al 7%t 14 B Ve ol%
TFPFAE 5 4 P 2 DA0IN d=m =&
&5 SHeele] ABFe AaAYle 3 Vler 9
SEAT. E VY 2AGEER)T 22 €484 &
AR vaE AF Ve TR Arsugol 2H¢A<l
FFES VIR Table 12 3371 dmamgol #lA|
© 78 892 2%, &4, Ve S & 9

H[AZ QR 2w gisA o] glol,
R} shy mEwle Mt 4 A= 2

Lol H|g) £EE AEsio] dAm AH|9F BIFAIES
Aol &Y S e Aol ERIEtHHarada, A et
al., 2014). 3719 % Azl= HIgARe] BA==
S92l 7|5tolm, A7t dojd4= HIBARE} F
HAEAangke F7b6k= Ae] Atk sHARE, o] WA=
vl oy, E3] o]F 9 A5 DAY =2 A=
Ao} AL v A 7T AREA=R At FF 37t
9] ggFo =z ExAJo] YePATtHMiyosh et al., 2009).
AAZ olF TAA= &7 DARET B A= 4H]
7} 2.6~38] B2 Am ARIF SAISHHKSingh et al.,
2019). 11211, olFFFE HIths 84 F RS
2 dmausgt dHst JAE Aok FAAS] AEDT
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Table 1. Key factors influencing flight extra fuel

recommendations
Factor Description Citation
Flight time, route
. optimization, holdin
Operational tll‘)a}ecltoriles o loladg Harada, A et
factors ) » pay al., 2014.

and aircraft
operations

Weather patterns,
Environmental | noise reduction, and | Kim & Liem,
factors population 2022.
distribution

Engine design, Mgbachi,

Technological | alternative fuels, Al, gto %ﬁ S;glgg
factors and predictive Vo ’
Smirti &

maintenance

Hansen, 2009.
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Higo] JFs oE HPE ARSI diZelth
Payload= F515 02 54, 3k&, 452 FA=E
Aoy, WBe 33719 FAS4H(center of grav-
ity, CG)2.& BHa52A|9(mean aerodynamic ch-
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MAFE(mean absolute error) 5 HHEZQI 39 F7t
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