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Analysis of Factors affecting Fuel Consumption and Development of

Explanatory Models for Large Transport Aircraft based on Actual

Operational Flight Data

Jae leame Yoo

ABSTRACT

This study analyzed the major factors affecting the Fuel Consumption Index (FCI) of large
transport aircraft and developed aircraft-specific explanatory regression models using actual
airline operational data. The dataset comprised 6,526 A330-300 flights and 3,299 A350-900 flights
operated from July 2022 to December 2023. Multiple regression analysis was performed using
seven operational and performance variables. The final A330-300 model included PLD, DIST, CG,
APM, OAT, and EXTRA, with an adjusted of 0.624, while the A350-900 model included PLD, DIST,
CG, and OAT, with an adjusted of 0.711. In both aircraft types, PLD showed the largest absolute
standardized regression coefficient in both aircraft types, while CG showed a negative relationship
and OAT a positive relationship. DIST showed different associations with FCI between the two
datasets. These results provide empirical evidence for data-driven fuel management, including
payload and CG optimization, aircraft performance management, and fuel uplift management.
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3 9 Qlxz}t 7§X(operations & infrastructure),

AR (market-based measures) 52 F8 A
Zog 27511 gk ICAOE A&SHE 7o s o

Q o=z AAsH1Eet LTAG (long-term aspira-
tional goal) & CAEP(committee on aviation envi-
ronmental protection) 4& 53 7|&, A= 9 &
YAl TE A71HQ BiEdE AAEE AvEed
& g7iska ik o] ket 27 2 ATM 742 SAF
U A F57] 7islE A5 AR dRoR
2R 71E 7o) SA1 A8 S ALt 714
7Nz Qlo] &2l aE o] 7hssith=s Holld 5
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a3 g4 A7 ook gHH F 7] AlAEY H . 2 £
A|Esje} Hloly Z5 710 Yo HgHAE oy
A AATO) A BHR0E BT S U TR 51 3| HEIITY HAS O o= B2 B
+HlelE 9] &-go] Fi=al Qlrt Mzt

tH FDR(flight data recorder), QAR(quick ac-
cess recorder), ACARS(aircraft communications ICAO=  LTAGE 7]ike®  PBN, TBO,

addressing and reporting system), OFP (opera-
tional flight plan) S°A A== dlolE: 871
Aeliax(state variables), &% <UZW(opera-
tional inputs) ¥ FAEAR 710 WAS BEAS=
T-2% Hldlo]E|(aviation operational big data)®
84 £ . E3] FMIS(fuel management in-
formation system)= °]&{3t HloJHE Sgsto] fuel
burn, 9E8E ¥ THAHE T AEE ARSI,
LA-715E AHewx E43 fuel uplift opti-
mization< AYsk= Hlolg 7|8t WA A= &
|E1 JTHRAE, 2025).

5719 AA| AFARE payload, flight distance,
center of gravity, OAT, aircraft performance ¥ &
Y 5 e HgTt ek olke T BlAE Al
AEl(multivariate nonlinear system)d EAS ZH=
o} A 9l W o AT 2 AR 2
oA Aok A=) HE/de We 7k Adas
(coupled effects)E FE3] AHs}7] ofHLt. olof =
ARs 2% YdlolHE 7|Hle g LA dRas B4,
aircraft performance monitoring(APM), 743+
wEHE 7|5k = A5} 9 28da A 52 59
shar glow, Asyy A BFPA HIolA data
driven fuel efficiency optimization A|AZ Fg=
2937} Stk

olet st & AFoM= A A330 ¥
A350-900 5719 AA|
E880 ¥ A=
o=z BNy, dRaAn
< F5otaAt gtk o

& 9 398 wAE

SER SRS E
AjstaA: .

CCO/CDO ¥ A-CDM 52 B3t &3ATM a-&3t
£ FA5kL JHICAO Environmental Report,
2025). IATA= 20504 ©A7=0]lA operations &
infrastructure®] 7|9=E 7%= AAI5kA, cost
index & fuel uplift 223}, APMI} 2FdHolg &
A 52 TEA A AREg TR oE AAst
I ITHIATA Report, 2023). FAAE NextGens 7]
HFoZ PBN, OPD, ADS-B, data comm, TBFM %
TFDM S= 283t HPAFRY} At-T5 A
Faslels ATM FH3E FAskL JOom(FAA
Report, 2026), 8 F3AAE= SESARE SHO=
CCO/CDO, FRA, TBO, A-CDM¥} &57] A% A=
#E AAIBI JTHEU  Aviation Environmental
Report, 2025). °l5 7|9 FAAAL} 287]<
= Aot oy, AR - m2nd A3 ATM
238} F37] deswE o doly 7wt 2345t
(data- driven operational optimization)s 7]&
FF719 ARAn} ©AHES ATl AT 3

2ol eapHekoR A8st itk

Q

2.2 =2H &&7|7¥ Operations & Infras-
tructure J2 H|W

=A| 57|79 operations & infrastructure %
A vws) B, 2E 7|3 71E 33719 A=
gk &8st sl 2EA A3}, FFueEy
1% 9 ol 7|¥t R E FE HAHoE A
gistar Qlok

ICAO= =A®EEY AWEE SHeE =Y
SYEAE AXSHL, [ATAE FTAR] 2338 29
Atdl(best practice)g FHLE AR AAE Al
okl Ut FAAE NextGens 7|¥ez tx|g
ATM#} PBNS &tfjslal Qlom, EASA: SESARS
$4He® FRA, TBO % 5% HPA=(dynamic
flight planning)& F&3t 2JHE& TS FXlot
I Qleh

FIole ZE 7|Ho]

aircraft performance
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Table 1. Major operations & infrastructure strateg
ies by aviation organizations

& of ICAO | IATA | FAA | EASA
Continuous climb
o] AN @] O
operations (CCO)
Continuous descent
@] A @] @]
operations (CDO)
Performance based
@] A @] (@]
navigation (PBN)
Aircraft performance o o A o
monitoring
Fuel uplift o o A o
optimization
Weight reduction A 0] A )
Cost index A o A o
optimization
Free route airspace
A - - o
(FRA)
Trajectory based
@] - A O
operations (TBO)
Airport collaborative
decision making o A o o)
(A-CDM)
Dynamic flight A o o o
planning
Digital ATM / data o _ o o
communication

monitoring(APM)Z} data-driven flight operations
E A d5d7 A=k #a 947 AAsEL QL
e 3538s IRIF 4= AtKTable 1).

2.3

35719 AmiraHfuel burn)2 T wof| o) 2
AR ko, THEX, X aS(propulsion efficien-
cy), 233 9 2882 operation strategy)°] ARZ+
Bol= ThARF AlAHI9] Zilofth 8 ek
payload, flight distance, outside air temperature
(OAT), center of gravity(CG), extra fuel, aircraft
performance monitoring(APM), flight altitude 2
aircraft age 522 =M, ol WEE 875 (re-
quired thrust), ¥=l(drag), A=-53fuel flow) & F2a
£ YK deans ARt o2t #Al= ofn &
L7 FEAR Auiu=o] IS Aok Breguet

37| d2E8 Il

ool

&HPY AN Breguet range equationyS 3] & 4 A0
o, A=ad PR 39, 52 9 24907 5% 225t
(system optimization}g B3l B/d9ct. 8 FFalo|
tj5le] 6 ZAKoR AurEd theal Zok

2.3.1 PLD (Payload)

Fole 9 Sk= § HIEAIES

Payload® $4,

< 9vlotH, 57 olEFHE 25k 4 2H
=2 4] (DI Zo] 28 5= Ut
= OEW + PLD + Fuel )

o714 W= °oI55%, OEW= &&33sl53olth
Payload’} 371t 5% S710 wet a7t
FegEo] 7ol duarge F7KRITE 1=y
AT a8 ¢ 4% (payload ton-kilometer)
7|&og E‘7}HE§ AH =2 oJA9] payload EH
= RS PN, 23AE ¢ dsgAET
A=l AE8E&S Aok A FHHSPolth

2.3.2 DIST (Flight Distance)

Flight distance= ©&%t 37H4 olgA27} ofy
g} 2719 A &8JA7Htime exposure)S 24
S WA 9o}, & olg AR HHA 5
QFY] HAERKfuel flow)S &S FHOE off 4]
)< 2.

t
Fuel = FF(t)dt
UClpyrp \/0‘ ( ) (2)
ES 3719 AEARE oF, A5, «F 9 Aot
A Aefo] Az t2tg 7Zet Ag#el ¥4

Zk7] ok=t). A oAM= dEEE0] 7]’0}
J’—fE P10 vlgo] Frlsle] & 25AEE &
80| ZA3H= stage length effect”} ‘%ﬂ"d’i}.

4> i r:L

té

2.3.3 OAT(Outside Air Temperature)

OATE Rl 4 3)9 p#toll FFe Al 2%
Fo|A 9] AA g7l eE2A 37|45} S

ZAsk= ggHSolt,
P
P= BT (3)
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A (3)9] p & I7ELE, P= 4, TE Ao
o} 227 37t 3719wt ghaste g A
g} M7 FULFRTo| Facta, AaHos 9F
FE1} ARRol I7RIE HR A28 oA=
g U F71g-80] =0 drFaEido] /hAHh

o A

N

.3.4 CG (Center of Gravity)

CGe F571 A5y A& vUedis A=EH
Hao|th, T4 BES fAIsH ] st A CGollA
wed7)9] siRkeo] Frtste] ER o] J7tst
A4} S718 g2 38 CGollx+= ER
o] Zrasto] FIR|(L/D7F FHEHER Asas
NAEcHAirbus Flight Physics, 2021).

O o Rlorlr ok
0

2.3.5 Extra Fuel

Extra fuelZ ¥4 H4ARE 26t &3 A
A& Aol 571 gAiskes 5= offf 4] (4} 2ol
Y 4 ot 71 JdBEE= olESE 3 B &
TN FEFES ST, 37 ARE Rbst
7] 93l ©HA| ARE AH|SH= Fuel Penaltys st
o mebA 2 AdRgAEE P dsae 7t
9] #3E AHsk= A4 2T aholrt vy o
2 271 A7 1ked 2F 0.03~0.05 kg2 F7} A&7}
AH|EE Aog HuET QTHICAO, 2018; Airbus,
2021).

®

L}

2.3.6 APM (Aircraft Performance Monitoring)

APME A F37] A5 7SS e BAE
AFAH R ek AR ofF 4 (5)9 ol

APMgo] 3715 o] F7iskal Xl e
Aot A 714 29 5ol e A5 AsF e Ao
2 N, 5% 2YRANAE 37T} A=
AE7} F7FHA o dRbE o= APMO] +3% ol
71% 445olA Hlold A% 4dT oleR umdsh,
FEAR= APMS 3 FOQAE E-8310] 5 W X
&2 07 ZHAfstal AH|AE 9 25 A3} -8t
tHStorkJet et al., 2023).

2.3.7 Flight Altitude

HPN = FEHAEN 882 A 24ok=
SR 157 SV 3719t Aaste]
o] Zasial g5 Amfgo] A 19
U HEsH w2 1EoAE AXEFY ofeF Mach
Margin©] #Asto] g §8o] Askd 4= lomz
AA FolME Optimum Flight Level¥} Step
Climbg A&3ltt.

-

2.3.8 AGE (Aircraft Age)

Aircraft agex= 23717t Z710 W2 T8 9 24
A 45 Asks UEhdtt ol= 4 (0T 2ol Y
e 4 ek

m,= TSFC < T,, 5)

o714 Tﬁf% A==, TSFC(thrust specific
fuel consumption)E FE% dgAwgolct 37|
A Aolke T IV R8s AskE SAl°l &
wote] AuAns F7HA7IH, dutdos 7|go] &
71d4E A8ARE2 A7t 9F 0.3~0.5% Sk
Aoz HIEY YTHIATA, 2009).

N
~
re
-
oz

B A

]

241 2EH Xz

= 7l 71%(A330-300, A350-900)°l thsto] 3
A5 dolgE dade] 9 JEAAH(fuel manage-
ment & information system)2ZFE =% ZHO
2 tflojg W= off Table 29+ Zth

ERigs A4 AR (actual data)s Yoz
Sl YR W= HPAEAE (planned data)E E&
Sigith ¥ ARREE RSk, ARdl ARt &
BHYE "o o|XEE AlLfsto] A330-300 6,526
Ht A350-900 3,299 2T EAol ARSI

Table 2. Scope of flight performance data

_ AT
= HIPARZE ~ | TEAE | L5
713 (hour) AEAE (ton) _/'\;]1;:3
A330 | 3.00~11.00 | 6,526 |2.5~45.0 | 0.3~2.7
A350 | 11.0~15.00 | 3,299 |5.0~50.0 | 0.3~2.8
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242 24 YH

DIST(flight
profile variable), CG(flight mechanics variable),

PLD(operation input variable),

OAT(environmental variable), APM(performance
variable), EXTRA Fuel(fuel management varia-
ble) ¥ AGE(aircraft characteristic variable)s =
SR A5k, ol50] FHHPR ARAHAGA
ECDO MRl B A dFHE 451 9
S SPSS 25.0& €83t thE3HEA(multiple re-
SR i

gression analysis)&

2.4.3 3HZ2YY TAAE

PR AgPAT=EolA= PLD(payload) Ton- Kilo-
meterd ARARHH]b/Ton km)S ARASAATE
oA 288 A" 789, 2021 A
g9, 2022). IR £ AelAE A
0] Bt W= 7 YFIAE 5] siAdst] sl
ZEHLE AR AR5 fuel consumption index,
FCDE Aot} metr AmAud2<(fuel con-
sumption index, FCD= T $544Y A8AwsF
o7 Fosigion, thaat o] ARSIl

Fuel Consumption(Ib)

Fer = Payload(ton) X Flight Distance (km,) ©

FCI9] &9 Ib/(ton-km)elH, Ffo] FE&E
A 5AEE Amnaurt HS-E oulgith ot PLD
9} DIST= FCI 48419 /48 A0|E=, o] W
o} FCI Zrole #2491 484 A#A(mathe-
matical coupling)7} & 7FsAdo] 2L 44
o] o] BTt RS AEAL 1AFoRz
N S=8HE 2R 8%t & A o4 &
A B3E AESH] 4R #HE ARt HEEF
F71 BAgo 2 29 1/ s B
B9t 2y grks dAARNR), +49 2
Z(Adjusted  R?), Lo3E(p-
value), TXH(tolerance), EARILAR(VIF) 2L
AT BX(sensitivity analysis)q& ©|-8stAtt 2
A7s BACIE AAET= AR 23 olE 7]
FCI 239 753 5914 4ol S3& 723
], BAZIHo gk o]E4 A2 HAasket.

il

%9

(o o d

A%, 3%,

o =

25 24 2
2.5.1 Airbus 330-300 ¢i2AEY MDY

ARALGA| S B2 &g A uet 778 W
SR Aol Sl digh Gt Ul
57g5t9itt. ANOVAE o83t 3lAEE 9 A4
Qo AA A} Table 37 Zo] F=1546.321,
p{.0012 Yeh} AR HA7L BAHCE Folgt
Ao FRIFLE ol SHWSEC] ARANGA
9] HES FYotA A¥str U= ulshe, &
AL A4S &S 93 544 79
Ao] gtHE mgoz woEct

12} B4 A3k Table 49 Zo] 34344 R
2 0.790, 23A% R 39 2AAS(Adjusted
R*Y= 747} 0.6242 JERY, EgHsE0] F5Hs
W59 oF 62.4%5 Aol AoE BEAFh

TS 2O ROFEL p( 0012 FAHORZ {2
3193, Durbin - Watson A% 1.3542 e}
Q] ko] A7) 7hsdo] IR EAchks AoR
eI, AGEQ] IHAIe= 0.001, R9FES
p=0.3712 Ueh}, o2 HEEE BAIRE 24004 &
FARARSG] et AGEY] EHAQ JFS EAH
o= FolatA] AUTtHpr0.05). kA o] 7HEA
I Awaeo] qagdS 1ty 2F 3HEgA
ESY¥S AGEE AYet & 22HFF) BARHE 4
Alot3ict.

AGEE Al9Jgt 22} #4243} Table 5 ¥ 63} o]
S| AIFETRS 242.4580014 242.440°2=2 0.018 A
30 AR HAAIEL 0.0222 FL5H SA= e
o, £4% RPIME AWl Hal} UehtA] ekok
ot FF A330-300 A=ARGAGFC) AP
ohat 2t

FCI=0.885—0.026PLD+0.015DIST —0.007CG+

0.010APM+0.0020AT+0.003EXTRA

o o

Table 3. ANOVA for initial FCI model (A330-

300)
& 315] o jé?"—_"' 7 9—]
E_cg Z‘" h=] \:1- Z]"ITE- Z’"% F g%
37 | 242.458 7 34.637 | 1546321 | .000

2} | 146000 | 6518 | 0.022
AA | 383458 | 6525
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Table 4. Regression results for fuel consumption index (A330-300)

HEES} Al EESHAR 3R BA%
[ t D
B SE 153 Tolerance VIF
&= 0.885 0.115 7.611 0.000
PLD -0.026 0.000 -0.790 -100.561 0.000 0.934 1.071
DIST 0.015 0.002 0.057 7.125 0.000 0.908 1.102
CG -0.007 0.001 -0.082 -10.444 0.000 0.939 1.065
APM 0.010 0.002 0.046 6.041 0.000 0.974 1.027
OAT 0.002 0.000 0.036 4.393 0.000 0.860 1.163
EXTRA 0.003 0.001 0.020 2.566 0.010 0.938 1.066
AGE 0.001 0.001 0.007 0.894 0.371 0.971 1.030
S L ABARA A5
R*=,624, Adjusted R’=.624, D/W=1.354
<001,

Table 5. ANOVA for final FCI model (A330-

300)

a | gz | gos | B2 e
2d | ARg | A% | of | F | o4
39 | 242.440 6 40.407 | 1,803.964 | .000
ZH} | 146.018 | 6519 | 0.022

ZA| | 388.458 | 6525

HERFL R’=.625 Adjusted R*=.624, F=
1803.964, p<.001% FCI H&59] °F 62.4%= g5}t
Fom, By HAQ SAH Fodo] A=Yt VIF
= 1.005~1.162% 5344 EA= 8l 2o= o
crElth ot Durbin-Watson #52 1.354%2 YR}
ZEA9] Fol A7V 7hs/del gk =7t AEVH &
asit

7 A=o] At JFE2 2SS A9

Table 6. Final regression model for fuel consumption index(A330-300)

H|#Z5} Al BEIAS S5 AT
29l t p
B SE ﬁ Toler-ance VIF
&= 0.885 0.115 7.696 0.000
PLD -0.026 0.000 -0.791 -100.794 0.000 0.937 1.067
DIST 0.015 0.002 0.027 7.159 0.000 0.909 1.100
CG -0.007 0.001 -0.082 -10.512 0.000 0.942 1.062
APM 0.010 0.002 0.045 5.974 0.000 0.995 1.005
OAT 0.002 0.000 0.036 4.400 0.000 0.860 1.162
EXTRA 0.003 0.001 0.020 2.566 0.010 0.938 1.066
TEHHES L ARAEA AP

R?=625, Adjusted R*=.624, D/W=1.354

p<.001.
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< 71222 PLD(.791))CG(.082)yAPM (.045)yOAT
(.036)yDIST(.027)>)EXTRA(.020) <«C°& UERdtt
£35| PLD= B=—.026, #=—791, p{.001& 7} A
129l ®a=glom, PLD Sl wet FCI7F #4513
o} ol & AEAuFE FTIsIEEE YT RS
9 A4l A4S $4688 a7Kpayload
efficiency effecty* =& a4g 4~ 9t} ofqt PLD7}
FCI 44419] Eho] x3tx|o] glomg =2 3o}
Algoll= AA| payload efficiency effectiqt ofy]
2} AFAlo]] 9J3t mathematical coupling®] $HA4 ¥k
=S 7Fsdol itk WEkA] olE PLDY &%t =
A4 QA FFo g sjAsk= Hol= o7t 235t
th. CG Al &9 #A(B=-.007)5 o, 584
9 Y 39 CG o5l W tail download®} Trim
Drag &4 9 L/D ¥4olek=s 398ty E41 54t
otoick. ¥hH APM, OAT ¥ EXTRAE FCISF ()<
IAE Yetlo] 242t 571 AsAsHperformance
deterioration), 7] 53445 st 9 71 A=A
o] W= fuel carrying penaltye} g Ao = sjj4
"t DIST= HHY A+E EAou 036;}@1(6
=.027)2 Ao g Zof, A AAHTh= A, B
5% 2 HPmEnUo] EIAQ] JFo= AT
297 ik

S5, A330-3009] FCIoll= PLD7F 78 A[Hj
ARl FF=Z FIAH CG7} L v 58 HE= YER

ot oEbA drasd P HAdAe Ot fuel
burn ZAET}H payload H®] $488 4t &

9 W CG A3l APM 78k et e ¢ E”J
83t EXTRA Fuel 431s E3#oz A 83sl= &
P Aol aFbHQl AR YT

2.5.2 A350-900 ¢lzg=2d HdYZH
A EBA5E A8

A330-300 33719t 5LsHA 7 TE 4
sto] A350-9009] 12 thadlHEAS 3% 21,
Table 73+ Zo] R?=.714, Adjusted R*=.7142 1}
it 3o ARARgAR(FCI) HE9 oF 71.4%5
Asiolrt. ANOVAC] 93t B39 34 Zi:
P O001E Yeh AR AA9 A4 |94l &
=ik, Tt Durbin-Watson -2 0.3772 24
e Z21e] 9 A7 7hsdol EAlske AL
2w

7 WA= PLD7| 8=—.828% FCIo| 71 &
FFE A= AHE WHeER UEyiew, DIST
(p=.033), CG(p<.001), OAT(p{.001) % EXTRA
(X.00DE BAH R Fofatqict. ¥HH APM(p=.255)
I} AGE(p=.212)= 23t F3FE VEHA] ootk &

5] EXTRA= BAELE fosiaiony A= fuel
carrying penalty°l] T H+H)Q] TAC &8 29
BAAGE vefllo] T8H slj4le] digo] FHER|

Table 7. Regression results for fuel consumption index(A350-900)

HEES}E Al RESAS 5348 AT
29l t p
B SE 16} Toler-ance VIF
(&) 1.084 0.127 8.566 0.000
PLD -0.023 0.000 -0.828 -80.175 0.000 0.814 1.229
DIST -0.004 0.002 -0.021 -2.132 0.033 0.878 1.137
CG -0.014 0.001 -0.114 -11.164 0.000 0.838 1.194
APM 0.006 0.005 0.011 1.138 0.255 0.988 1.012
OAT 0.003 0.001 0.049 5.277 0.000 0.987 1.013
EXTRA -0.011 0.002 -0.051 -5.407 0.000 0.981 1.019
AGE 0.004 0.004 0.013 1.249 0.212 0.823 1.215
FTEHS AR A5

R?=714 Adjusted R>=.714, F=1,175"* p=.000, D/W=0.377

p<.001
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Tk EXTRA= SAHCE fofft ()9 ¥4
(B =—-011,8 = —.051 < .001)2 YeRHOoL}, o]
= AA, 2324 4 dEgA B4 59 Bl
FEFE 2T 7Fs/d0] ol ATHF sfMell= o7t
Qs & AFolM= A fo4, =39 1HEA
9 FEH o4 Thede TEHCE J1Esie] APM,
AGE ¥ EXTRAE A|L3t 25 A¥=dS =71 24
stk

A350-9009] HF =4 Zat, A=RARIAS(FCI)
AR o3 Zo] =&k

FCI=1.079—0.023PLD—0.004DIST —
0.013CG+0.0030ATE HEHPL R?=712, Ad-
justed R*=.711, F=2031.929, p{.001& FCI ¥H%
9] oF 71.2%E Awstaion, 2y AAY SAH &
olxo] EIE|Qitt. VIFE 1.007~1.1492 thsaA4l
A A= UEA] &ttt ogt Durbin-Watson 4f
o] 0.35008 ZIR}9] At 9] A Thede
ettt ole 59 571, A 2 A7) 59
HHESA 20 WE 4= 3lo, ofo] wet OLS 3
AATS BAA 794 sidole F97 ZEasith
i WoAe PLD7F B=—.023, (=—.823,
p(O01E 7FF AuiAQl JkE UElon, ol=
PLD 3710l wet &9 f/d=rddd dudnrt g4
3= payload efficiency effect® sf4T 4 Ut
CG YA (-9 FA(B=—.013, f=—.106)3 H,
51899 W =% CG o5l @& Trim Drag 4%}
L/D ol BEehy EAa Retsiginh. OAT+=
H+)2] BA(B=.003, $=.046)5 Ho] 2xo] wE o

7] 9 ZAA4% W3} FCI 2710 93k mA= A
o= yeytt DIST= ()9 #AB=—.004, 3=
—.022)8 YEPH oY IS AH o= o}, &
A oA =FZE HlFo] F7KHE  stage
length effect®} 24249 BRI s g
7F At

HZEIAG9] Az PLD(.823))CG(.106)YOAT
(046))DIST(.022) &o& uUehdth wahd A350-
9009 d=a8 FIE HolAle= payload tiH] =%
a8 Y S W CG HHsp $AlZew 1
Z=|ojok 5k, OATS} AT 5 IS
Hrget dmde] HeEfo] "Wast Ao yehth

2.5.3 A330-3002} A350-900 &|#H = Hjw

Table 63} Table 89] 3|#&4 43}, PLD= ¥ 7]
T LFoA ARARAGAE(FC)O 7 & FTF= 7]
A= A W4E YERdth A3302 B=—0.026, 8
=—0.791, A350-900 B=—0.023, 3=—0.823°&
A H0)9 #AE E9om, PLD 199 $7F Al
FCI:= 9F 0.023~0.026 #4:3}9t) o] PLD 3712
Z dRAEERe JloleHE &Y fAeEET A
B24W7} ZHASH= payload efficiency effect® 3
Mgt £ Qi

DISTE= A330-300°14 B=+0.015, (3=+0.027,
A350-900°14 B=—0.004, B=—0.022& H57} A}
gelod, F 715 25 | 51 <0.0308 JFEL
ol Attt ol= & fuel burn 719 AAE %
oA A5t ¥F TA 2 £guE STt oE

Table 8. Final regression model for fuel consumption index(A350-900)

HEESL A HESHASG O3l SAF
29l t p

B SE 16} Tolerance VIF
(&= 1.079 0.126 8.574 0.000
PLD -0.023 0.000 -0.823 -82.075 0.000 0.870 1.149
DIST -0.004 0.002 -0.022 -2.202 0.028 0.886 1.128
CG -0.013 0.001 -0.106 -10.949 0.000 0.934 1.071
OAT 0.003 0.001 0.046 4.922 0.000 0.993 1.007

FTEHS AR A5

R?=712, Adjusted R?=.711, F=2,031.929*** p=.000, D/W=0.350

" pL.001



AT LA

258 F3719) AAFeolE 7ut dear JFged B4 9@ APy Y 369

stage length effect’} 31402 dtyd Az @
E oRt £ V1S EE2 747 oF 3~1 1A
11~15A1719] A= ohE HIPAE HRI= F4d5=0] 3l
ooz DIST A9 35k ZJol= 715 AA9 E4H
e A= o2 A9 4 A7+49 9= =g
3t d¥do= siMT ERrt Qi

CGE= Z¥ZF B=—0.007,8 =—0.082¢9F B=—0.013,
f=—0.10622 F 7|F BF ()2 #AE Herd
om o= 5&HY W T CG ol5o WE tail
download ¥ trim drag 74 8752 i
TE B BRigity. OAT= 42 B=+0.002,
£=+0.0363} B=+0.003, /=+0.046°=F F(+)2] A
£ Hoj, 2k A5 OE W] ¥ 23445 Wt
FCI 3710l ¥ vzl Zo= sfA=r,.

A330-3009] APM(B=+0.010, 3=+0.045)z} EXTRA
(B=+0.003, #=+0.020)% FCI9} F+)2] TAES Uehd
o, Z¥ PF7| “FsAcKHperformance deterio-
ration)2} 371 A=EA o]l W fuel carrying penalty
£ et Ao R g o] W= A350-900 F
FTHPoA= A=k

T, PLD7 & 7159 FCloll 7Kg AHjaR]
Haol| CGE 2(-), OATE H+)9 43 IAE
el vhH DIST= dFgo] 2l 7|$d= o]
Aoletaltt. A350-9009] ~4E R*=.7112 A330-
3009 .624Eth E9kom R HY BT FAZC=
F9Jstrt. ot A350-9009] Durbin-Watson %to]
0.3500.= Yol zkat9] o] X714 7Hsdoll thgh
7t AE7F 285y, 7|5 HEo] AR 2=
A 9] Aol 2F 9 AFHAHR] 5 Aol S5t
& tloll= 397 B asitKTable 9).

. 22 H AARE

w

1 oo Zn
A

£ Ad7s

330-300%8571 6,526+ A350-900
}57] 3,299%9] A 2gHolHE ol&sto] FCI
FARNE Fstola 71EE AUEFS 15513
o} A330-300 HELFL 671 M2 FCI HE9 oF
62.4%%, A350-900 HFHF2 47 W2 oF
71.1%E Agstitt. F+ 71§ 2504 PLDO] #&35+
3| HAIG Adigtol 7P 2A YER oY, FCI APt

ool

of,

Table 9. Comparison of fuel consumption index
regression models

T A330 A350
Y9 7 6 4
7449 R A 0.624 0.711
A&z F-3% OK OK
! ﬁ%;ﬁ#ﬂ OK OK
& +0.885 +1.079
PLD -0.026 -0.023
DIST +0.015 -0.004
3?\_ CG -0.007 -0.013
APM +0.010 -
OAT +0.002 +0.003
EXTRA +0.003 -
%o W= mathematical coupling 7Fs43S 13}
of siAg

m
S 2871 itk ol TIAH dERE Iy
7} B9 A4 fuel burnthe #4skeh= W HEDE o
A S EE A 1Btk WRFe s o]RojXof
& AARRTE ESE CGYl ()9 TA= ol-8H9
W 38 CG 82 B9t trim drag A% 7FeAE,
OATY ¥H9 TA= FFxA e Js5HA9
"9/4de HojErt A330-3009] APMI+ EXTRA 2
= 37 eAlstet s 947 dEEe
AR TS Yeby L Qltt. B3 A &
T 4 AR AAFCEE AA, FFAE A=
88 KPIE #HY fuel burn FA9JA payload
ton-km & Z5AdS WHIEE A #E} Hagsto]
g a7t ok =2 gAE, 80 Akt 715
4 4 Payload H&3l= AoSdT AE8ES2
At g4 FeEledoelth. B4, CGE e weight
& balance £5Y5ES Hol d=8E HeE T
< . FHt CG envelope WollA £7-5351%-
3= HiXe deRHE S5kl 7ttt 3 CGE
FEoMH trim drag®t 8758 E°le Ul 7o
o Aok AR, APMZ AH|et 232 AZsks Asd
g AEE &8 Fart ok 71AE desuEAet
fuel flow deviation& A|&H 02 F2510] 4545}
7} 812 7% engine wash, airframe cleaning,
rigging F3 ¥ B5As B8 53 Ak AA7t
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gastet. YA, EXTRA Fuel SH8S S50h=
WA EE-dlold 7wto g Hejsfof gtk A
714, ATC A9, diversion 7FsA] & A AdZ7AME
AAS FMIS?t AAste] B2 Q3L fuel carrying
penaltyE &°l= Zl°] HigAls|th

3.2 17O B U BE AP

£ a9 s A, B4 FSAE] A330-
3003} A350-900 B571 AA=E ARgSIA R E At
£ ZE FARE 71500 ditslshe | dAPE o
A, 7 35719 HFARE et #Edo] Aolst
ol 71F 2t SAARE AHAR] A= S5

o]t A, wind component, flight level, cost

oo
-oi

index, step climb, ATC delay, engine condition
5 4% F8 wavt HEugo] A 2R It
ot YA, AY5lHE HeE ikt AtE =l
SfMol= R8T AA| Amano] HldggTt A
SAES s ®@ 5| ook oA, E3] A350
9] Durbin-Watson &t°] 0.3502% Yo} A} 2H7]
Aol g F7HAR1 AIAIE - sd #Ao] g
o5, Fuel Burn AHAIE S&HTE o Ee9 29
Y} FCI Z&L vwste] PLD % DISTS] 487 3
7} mathematical coupling B3-S FE3lo] AT
4871 St} 434, & 979 AR HA4 B2
£ 0|83t A& B oF WO out-of-sample 7
T FYHA ATt FE Aol S HSAR
Fi= AESS A8okaL RMSE, MAE 59 A
oo BY9 dESAdsS A5L B8Vt Stk
FT AT WFOoR= Y stage lengthet FAE
Payload 2745 w3 7|5 2+ vlwe} 3, 9 1L
2192191 OLSE 7|&RFCZ T random forest,
XGBoost ¥ neural network 5 HAd d27HES
Z83to] R?, RMSE ¥ MAES H|Watil, SHAP &
Ag7kse #471He &9l S8 33 s
g5 A0 gES a7t Qlrk 380 == FMIS,
FOQA ¥ APMZ B3loto] HIg A & payload,
fuel, CG, flight level& AM&3tal, H|8 & Actual
FCI®} Predicted FCI9] HAE A5 Adsh=
closed-loop fuel manage- ment system©& WA

A4 % 9l Aole.

=7 oi
o o

Ol

fon

7l

o] =12 2025.3.1.~2027.2.28. gdxo] H*
ey FTLUE| A7 A USE sheATRAgY]
EEATHA FF2)0) Qs A= U2
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