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An Overview of Current Research and Developments

in Airport Capacity Estimation

Seungjun Lee’, Juhwan Lee”, Hojong Baik™

ABSTRACT

The continuous increase in air traffic causes airport congestion and inconvenience to
passengers using the airport. Saturation of capacity is one of the factors that lowers the level
of service of the airport, and it affects not only inconvenience caused by flight delays but also
economic losses such as increased fuel consumption due to waiting. Therefore, it cannot be
overlooked to frequently estimate and evaluate the capacity of existing airport facilities in
accordance with increasing demand. In this study, the overall trend of airport capacity
estimation in the past was analyzed and how it was applied was studied. Prior to analyzing the
trend of capacity estimation, it was possible to define it as aircraft throughput per unit time
through a literature study on the definition of airport capacity. Airport capacity estimation
methods can be divided into macroscopic and microscopic methods. Absolute capacity can be
calculated in a macroscopic analysis, and practical capacity can be calculated in a microscopic
analysis. The biggest factor that differentiates absolute capacity from practical capacity is
whether or not delay is reflected. In the case of absolute capacity, the delay is not reflected,
but in the case of practical capacity, the capacity is calculated considering the delay. In
addition, the absolute capacity uses a calculation formula to calculate the capacity relatively
intuitively and simply, that is, macroscopically, and the practical capacity can calculate the
capacity microscopically as the model is relatively specific using a simulation model.
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eIk HHE HEE oA g dA|
FAA lookup B
1 Table lookup table npAE Za,
) Charts, Spreadsheet %
spreadsheets model utAE S
Analytical Airfield E
3 capacity capacity e ao o
model model 8 A
Airfield
4 capacity Runway A5
simulation simulator 8 A
models
Aircraft
5 delay TAAM, 548 33
simulation SIMMOD 87 AP
models

sk, R &g A% 7hett A 7P 1,

ot H &9 & Holstqirt. &= 87
o JFE A= 8102 VAT 24, T
4 Z9 v g, S AIZE 599 ATM AX}, B4
A AEHSHworkload)er #=E ATC HH AR
5= AAlstaL Jlom, 873 A|AS 5] gt
o R= FE/ASE IH(empirical approa-
ch), H71€ ®¥(queueing models), 44 HILH
(analytical approach)2.& H&E3sto] AAI5H3CT.

FAAQ2010)= £47 =1 (analytical method)&
olgsle] &2, L= 9 ARYY FXE 1T
Archerfield 339 &5 APgsta, ol HECoR
At = 8FE APt 8K capacity) S TF
719] & 9 o] &8 §LE E= AT AL
gl A== 2 JYstgion, 888 (practical
capacity)S A% H7|&(normal safety stan-
dards)oll mEF SGStHA 271 HEARIO] A
g 5= e Fd FF71 2 FYsiginh 3 54
A E37] vlFo] B2 S gt g8 299
< Agsto] =85 At on, g 7]
871 B grgte 9 9(EH7] ) uet =&
o] Ao|7F AUSE AL QU

Jacquillat et al.(2017)2 &4 $Z(tactical le-
velolX 5 832 A7) {8l w82] JFK
TS WHOE 51F 599 7HIMC, VMO), %,
A 399 £ e st g2 2 FH
B, & - ZAEFE AQ)S & - 23T57] A&

4 =



64 olSE, olFg, WEF

Vol. 32, No. 4, Dec. 2024

(service rates)& AoJst & T8-S FAslole
HHHES H8oto] AFTEHES FYottt. Runway
configurations (52 I} arrival/ depar-
ture service rates(& + =2t &37| A2&)E Fini-
te-horizon Dynamic Programming modelZ 4]
sletalom, ofxl GAIFE M 12A71A] 18417 U
157 7r40& 72719] 7+ AAsto] £87F& 4
stoich ol=gt WS Aed 8= 4Pgo] Aol
A2 3, Optimal policy(ZZ5} )7} oj@A
QEl=rlel webA 1 Axpt IA #Heldeh 2=
A HolHg &8sk v, WA 7ksAol Sl o
T F72 AU 2policy)yg gt @ol 75319
ofgt tiFeHdynamic) Aol 2ds] A7t 7Fssict
= A7 Qi

Hesselink et al.(2014)2 714 24& & H,=2
1] Hed SHolA WE™E Schiphol F%9
gE S8 AESIolt g8 @A wet
Tzt HAFA, S HAFA, BERA, oo R FEStH
of, 7J3HA1A: Good, Marginal, Low) && HSE
AIZH i $~8FHdeclared capacity)ol] =5 HHIs)
Ack. olFA AEH 82 ASE ®ln, MSE
(mean square error), MAPE(mean absolute per-
cent error) A%< &l X0l BT, 714
H9] A&7} Runway configuration®] 85 At
ol 8% ¥R 2L AASHIT

Jones et al.2017)2 & EWR 3&<] uld 9
T =2 g2 W9 4 243 Y =3 =8, T
717t B E 7Nto g F3 87 4 85 ESAAS
ok WHES Aelay, AVt XA Z2IH(GDP)
9] ALl 8= ESME9 48 anE 2] g &
G2 ARt Beld 71 ClE, wE 715, =2 4
2 H AE 9 ASARE] JES TRe R 3 8
E(airport acceptance rate, AAR)S I=317] Hai
Gradient Tree Boosting Regression &< AR&51%
om, Newark Liberty Airport(EWR)2] A dlo|g]9]
HASA|E ol&sto] HSSIH: 71& AV Ak 18
3 GDP RekE Sotal, At 350 4 B
OV 52 FY5to] olE wHSh B 8AIRE ol &=
| AP BdS AT HollAl 297t ik

Tien et al.(2015)2 A9l Strategic ATFM(air
traffic flow management) 32 sl A4 B}t
£ FxsIrh 94, FAAQ] ASPM Ho]EjHo] A0 A
ARE Fookal, A kst 71 AE 7hte=s

g Hh 2GS dlEste] Aol W it
< st vl W 3570 8 3RS o= 4
B APIeIla, TS e ASAE Hwsh] 6]
Bias, MAE(mean absolute error)Z #I5t3tHFig.
3 D).

Choi and Kim(2021)2 339 & - =3 8%
di&sl7] 8l Artificial Neural Network modelQ]
Multi-Layer Perceptron(MLP), Recurrent Neural
Networks(RNN), Long Short-Term Memory(LSTM)
TdS A8seict. 2013WRE 20179714 Harts-
field-Jackson Atlanta International Airport(ATL)
o] & 4 714 HolHE ARSI, 2E9] %
Fe2 201849 TEE ATL 8582 71E0=2 FF
sioltt. Edold ZEZ Fof Q3Al g artificial
neural network) & 4]0l 38 8% &0 &
HAAS Felstelom, B Jgog ] ol 7ts
A(transferability) = AESIECE 7dE 28dL #A
H F3ol 283 Aak= B39 4ol B/shH, o=

Zp S4jo] 582k APY mElo] Hhdslolof 3 A]
At 9l

A

3.2 AIBHOIM 0|8 BE +8% A

FAA(2014)+= MITREOA 7Rt runway-Simul-
ator AlEEo|d BES &85t v W 8 3T
(Atlanta, Washinton DC, LA, Chicago % 307H)&
o s dx 2F o S8 v (20209) &
JUWETF S7HE e 8 S Uk AAISH
of. £4S Aol 71AE, #aL B), 7ol e &
F2 294, FAA Order 7110.659014 2lsk= &

S8

)

A 712 3@ D), €2 4
FAIRE, 3371 e, 571 £tE(fleet mix) 5=
aEstloY, AAL 1A Ak

Tee and Zhong(2018)2 AH]-8JFFAHLCOY] =
P STVt HolTd 5= 83 v|A= FF
= 2457l fls AirTOp Aol 22 B89

"'!”“'”'”””””“IHHHI

Fig. 3. MAE in model predictions



Y 78T A T 65

of
9] WE FoE 1 FAO] B o] gt
= =329, LCC 87132 medium-size &
37] 829, TP )l wt 8719 AluE|eE
Zo] vlwete 24 A0 FPHMIE EESHA

TransSolutions et al.(2014)2 ©]=9] FAA, T
AL tist & 6009 7f ool AR A7 o
FO = QIERE Xg¥sto] 33| XAt +EF= 4
o5tal, I F8FS APkt F8 7hett 37HA
" (Historical/Actual Observations, Basic Mo-
dels, Simulation Models)S AAISFHLE  Histo-
rical/Actual Observations W2 A EF2 A7
FE o2 £ 87 Aok WHo R, A4 =8
F gEG A S3=E &Fol ok Basic Models
W2 AHS EE5t] 8RS APtk R E,
A dlolg glo] 4k&o] 7hestA|ul, A= 29 7
(A 871 HF 5) &Y Al 7 sigo] Evlst
oh= ©@go] Stk Simulation models B2 Thest
FRY 2 FPoU AEL dA e, T &
Y 59 HSE ST 4 A, AA(delay)S +87F
Aol WS 4= qlo] @A) 7V Tk A B
o] 7Fssith EZL 87F AP V1SS AIRYLEY/A
7l wet BERetaE Bet opEl, 7ARA(VMC,
IMC 3)°ll weh 4832 AlEatste] AAE 4= ok
= Aol U AX5HA

Kim and Hansen(2009)2 539 &2 +85F
g = ACM(airfield capacity model)¥ rs(run-
way simulator) BE-& &-83t AlEHolAd A3 HS
< g AFE St AlEdeld ZRE AEH
@} H]wskal, Censored Regression Model2 53

e

e

600 ® Delay (all)
= Holding duration (all)
u DELAYED aircraft

400 = Holding duration (delayed)

2a b e 2d 20 kL

Operational Scenarios

Fig. 4. Comparison of delay and average
holding duration of scenarios

85 APgAao] tigt AYE HSE B A
Edlold 24 t 32 MTHAAF(SFO) 33t
EANGHALAX) TFoH, ZF Tl 7MY &8
Tt 28 g2 gigolA VMC/IMC 714248E& &
T 2SI, 871 7P B2 AREH(RA 94, 2
T 2ADE EAoltt. B4 Z3h, 4857F Aol tigh
A5<S Bl @A 7 BE F50] Jhssite=
As AXFCHFig. 5 F=2).

Kumar and Sherry(2009)= ul= W 357] 8 &
ol sl 20089 8% WHe= 1lefste], 80|
Aasks A AT = s B AAHE{delay
costI} & 7|EA K AEgo] B2 HFE- =
A& 4 9= HA¥8(under utilization cost)&
ARESte] H|w3E ¥, under utilization cost®} delay
costd] A wAHE AH $EFOE o= WHES
Fig. 63} Zo] AAIett). o= 38 8% 4Fgst
£l ARt ofe}, AAIARl Fi(under utiliza-
tion cost)= 1Efsto] At 8RS AMYSiglon,
= Y oo 8 3E o= EAste] AA|
LS Hojgogn 55 A Ee 3 U &/&F

[¢]
el 5ol BT & 9L Akt ek

IN
rtl

>

o o

. ]

. ~ aiee N b
i[ M e ) ¥
0 AR o
= ¥ i 2
- ‘ . e

et ptnres g b hpetr s g

Fig. 5. Comparision of predicted and
observation results example

ml

Max Capacity '

Lincler Ltilization Cost

Declared Capacity

&
-l 6 Lost Tulay
3
=
"r

sk

o m a0 ] ] " o &0 16

Fig. 6. Probability distribution of
airport throughput capacity



66 o|5, olFg WoF

Vol. 32, No. 4, Dec. 2024

FAAQ2015)= 200240l wio] 3% 485 H7t
S FACT(Future Airport Capacity Task) 82 4%
sto = Y 7R 249 3 tide s gA ¢
Aol 7IQlsk=s 8R1F FAIE AAAE BN &4t

I, FF AARY A7 8] w|F Y] 4280 A
As] ot 5 Q=g BASHIA 8% B7 AF
£ 5. 71, A7IE FEste] 71E SPAIA
ooqoﬂ [q,al_ _/’\_g_% 7Hk]°] 311_8_‘6]- :116—}_0_ Mtﬂ-a].Oﬂ o
o, 24 23t 20119 71& 570 38 Newark, JFK,
LaGuardia, Philadelphia, Atlanta 53})o] oju] &
F 3FoE AHERH. o]2[3t AHEE s ¢
3l NextGen, ATC A28 7AAS], 2 &4 1
4, 39 AEA Y TholmERlE AASHIH
Fig. 72 FACT 1&}, 2A} 32 A+-Z23E vwst 1
dog 4% 3% d%S Hojs vy Ik
D= Aol 5 -8l AlgARTe] 3o,
T Aol weEt EE +8FE AYT & o=
v|slll, @= FF /A olFstElEte dlEH i
T 87 SZAIA £ 9ulska qirh

Ramamoorthy and Hunter(2013)+= 339 714

A

OOH_‘_‘

ZA, 27 724 9 9oduiro] uE Ty £~QTkS
;27(40]-7] Sakls *1331101"# 78k L wAlS Aslgl
o vj=9] HAE S-S e R BEe 7539192
o, 7131l 65%’ 12+ B 7)1 —4 Ao|2
A Q3lo] gk =g A|AHo] st 4 Q=
5 3=/ 17}5 X*«]O} th AlEEold Hdge

|3t mAet 2o a6, ot
3t JE7t 2ok ]O]Ei(ASDE X HE ="g= 35}

B ookt 99 24 2 7 58 M 5 )

Al
ahioll ALAZE Ok 2ol S8 FHUS AN
]

ULt
FACT1 FACT2 FACT3

Airport (2004 2013 2007 2015 2025 2011 2020
ABQ L J

AL | @ B £ ® o
BDL

BHM .

BOS »

BUR -»

BWI »

cLr » » »

VG »

DCA

DEN

DFW

oTW

Ewr | @ e & & e &

FLL - ® O o

HOU - 1 ] i ]

1AD »

1AH fa ] [ T

Fig. 7. Summary results of all FACT report

[o

Ohama(2007)& =% =453

ZAo=2 T3} master plan©] o 2
H(flexibility) 33 AlAE AA] R4S AAGH
o}, Monte-Calro AlE#0]d BAE Bl thdst Al
W E dste] 33 485F 3ol 7MY B&3Q
utAE Sl AU Z AN ST £423, 27]9
EE-_FF_EE_ i]-x}—a]-}:_ ] 7]-1} _—Q—_%x-lo] al, 101;1 ‘é‘oﬂ
7tk 8 E 1Eftle] BY AR 9 &8
& 19 -7—7]' A4-5fjof AfE 25 AT 4

2 A0=E tiekE A5t
Ozdemir(2018)= E71°l A353o] LT=7] A7t
A 1Hos s AAS sfdst, 8 582 F
A 4= Q= diete & EAT(end-around taxiway)
9} RET(rapid-exit taxiway)2] ARE-Z A[otslATt.
EAT, RET =¥ #E H7P] Yol Fast-time
Simulations(SIMMOD) £4& &4 Ald ¥ E &
7lo W2 =85 9 X|¥o] HMglE BA519Ith Fig 8
I Zo| EATE g5 EolA] B2 302 1T 4
W71 fiZoll LF Fol HisiAe 8ol AgHolX|
gk 8% 5719 Al Aol A de Skt
LeighFisher(2012)= 971 833 27s51= &
Ao] ZF WA¥sto] o] WAYSk= London Luton
THY AEEFER, FE=, AFY ol digt 294
EH A5, 85 U AXst 39,
2, "Huld, &4 FX(surface access) 502 T
T &S BAGIeH, ol &8 &
N2 AEF oA 7S FEst9th AlEdelA
Bl G52 FEEo Tt 29 AUEe
Mstal, 9] 718k A} dAASte] Bl 24

g2 PP

247

e, St
nZiJ
rﬂm

ot f e

)

ﬂll

5 2

3

2 |

i

M{%i

o{n

Qﬂmlmjoﬁr{m

%)
i)

Kellner(2009)% TF9 F8FE AYsk] Aol
Fig. 99} o] & - =& 57 Density plots¥} Ca-
pacity EnvelopeE X3ste] 49 W 47§ 3(Bru-

Point where height of tail =
height of departure surface

—
|

Cotpornst S
d!‘p.lrlmnallfx! 4

Runway depatae
surface

——
3008 12008

Fig. 8. Example of EAT structuret



& A 5 67

dapatures par hour
8
"

Fig. 9. Example density plot

ssels, London Heathrow, Helsinki Vantaa, Lis-
bon Portela)& tdo& 483t 23 Wro] A
£ EA4skeh

Fig. 92} Zo| & - =& 37| &F 222 8%
(envelope, declared capacity)= dl9] XFEO] A]
A o2 FEIC =N T &7 B7} 7hest,
Z - 232 57| % 22 UH 339 8 58
Hl BA5to] 85 A4S BdidE £4T 5
o= o] Sitk. shAleE, B /5, V1Y 24
7L THE ] Qlth= S HARITHH, B4
gt Al=|&7t S7FeE Aol

Eurocontrol(2016)2 532 Airside Capacity©]l
ZHE Yo TMA, €58, /&8, 71 52 19
oo} =85k & ALkok= S AT B FAACIA
Aol 8% 9 AA ARERIT Wio] fARIY,
85 AP Al7100 weh B 7IHEA), 85 A
W), AR 7I(E)s FAIFCE AL,
49 T2 e E AlEDold AREAE Bl +
Aoz ofgA SEE=AIE ATt 551, I3
555 9 83F FE(ATFCM, Air Traffic Flow and
Capacity Management)2] A|7H JL2(HF4; Stra-
tegic, AAEA; Pre-Tactical, A&2}; Tactical)ol ©
2t A=y A7I(D-7 olf)ols #2234 $8=Kstruc-
tural capacity)@} A 483 planned capacity)S
sl A&/ H3&2(D-7~D-day) Al7]°l= &
9 487 operational capacity)2& Fig. 103} Zo]
Aol 24 8% T AE DAlIA Fe
8 582 Al dol=t 23t AXA 9] 85F 4
AL ulolH, Al 48732 AIEE MES 7IElE
18E 8 Aed 82 3 85 sl
& & S8icke %S B 852 9rRith

=

N

Network View

Capacity View

IATA Coordinatien

Scheduling T I [

View

Fig. 10. Capacity definitions compared to ATFCM

Mota and Flores (2019)= BA|ZATE 33 T4
o7 I F87F AFRAE AEsh| Y5 Simula-
tion B4& ottt 20149 F FAHoE 2949
SIFE o R 712 By £4S £95ta, HA 1%
ZFE 10%, 20%, 30%4 S7Fol= AlvEeet LCC
BHE 10%, 20%, 30%4 F7Fok= AlukE] o] s
AlEEold B4 £goioitt. B4 23 3 W &2
S AAEESE, REE,  Hud 52 A4S dZ=
RoBE Tk 7HA] AL JjAdsiAE 8 TR
TAE 2T 5 gl AlAKSHL glor, TMA 59
= A 17} Eofof 9k ZFsial itk

Barrer et al.(2005) U] FAAOIA 7Hdst 33 &
% 2dlol FACM(Enhanced FAA Airfield Capacity
ModelyZ Hol7] ol 339 52 F85F AP &
991 ACATS(Airport Capacity Analysis Through Si-
mulation)E 7sIFch 71&e] EACM Wi £2)7]
& 29 4 9 = 5 52 19| 339 8%
< H7SK= Analytical ModelZ Simulation 7ol
Hsl| A7 EAeks W Ecltt o]of Bisl, ACATSE
Fig. 113} o] A}8A} 7|9t g oz =8 Abg 4l &2
Ao] Bolote S 5= o] glom, 127} EXgt 33

[+ APORT CAPACITY ANALYSH THROUGH SMULATION (ACATS) ==k
To G Awme o Aok

[T start ) Rl U T TR - e e T N )
Fig. 11. ACATS user interface



68 olSE, olFg, WEF

Vol. 32, No. 4, Dec. 2024

oA 240l 7ksstal, ofuyHoldE B AlZHE A
ol 7Fsgt Hdoltt.
Ql8] Hlo|E|& runway layout, wake voltex £

=

4, fleet mix, ¥37] A% parameters, = - =3t

Bottleneck A]&o|u Tactical pattern 52 E7%t
Y AE FAok=T 285k T WF F
g B4 ool 4= glom, 7 5719 EE &
A 5ol 2 system F9] AL dlE, £40]
755tk

Bubalo and Daduna(2011)+ Berlin Tegel &3
(TXL)® Berlin-Schonefeld F3HSXF)9 wEHS
Bikelr] ¢Jst Z4o 2 20208 70 917991 Berlin-
Brandenburg =A33e] tisfl 20 o] A& &
2 9 583 SIMMOD Simulation tool& S3) &
E5tqrt. ] dlo[HE 200849 69 26¥°] TXL,
SXFolAl % & 635 7|28 7 F3HY
Schedule HolHE Z8&si3lom, F37] =FE
(fleet mix)@ FF719 F ol e F83F ¥}
£ AETOlAE B3 ANttt B2, =8 F
7toll wet =85 S TR4Z AlAkebH, L ERE
o2 LOS(evel of service: &&7] 3 g H
A 6% olohe] g3} E G2 g0 digh 1
€ AASHAAL, Re-SequencingE &3l @lHo=
TEFE TUAE & AUSE RISk

Martin(2016)2 F= SIEE 3T #&87F #AZ
gt A4S FFHSI SIER TR 20159 Ve
89 98%E 2P FolH, A7 wBF 470,000
H, 54 7 5uigt o= 59 W 7 HiE F3o
2 ol§ 88702 #F5l] a9 Strategic Airport
Capacity Management (Strategic ACM)E -3}

K

Fot. Strategic Airport Capacity Management=
AlEdoldat Holg B4 Bofl &2 +8% 4
Scheduling, A1 AE 5o 7H¢ a4l 284S =
=% £ 9o, 714 ol Uit 3 85 HEA8S
Eo] £8FE gk, AAS HAasRE 4= ik
Ay 85 e Yol Fig. 129+ Zo] 9@ 7|4t
Strategic ACME 7igst] 33, FFAF 5 ol8A+
[ g T 8FS AAlste] ot ASH(Slot
z274, A &4 3ol diste] A7} 7Fssich

Fig. 12. Strategic ACM interface

Irvine et al.(2015)2 F= AH9] 8 FHHea-
throw & 371 3) 8% A4 2 ol ohst
AU & F-/d5to] Monte-Carlo Simulation &4
< ittt 4 Ay 2= (1) Thames 7 <A
A8 7%, (2) Heathrow 3¢ 852 94 = &

F (@A 3] EZoly 4%), (3) Gatwick 33l
12 &2 A=, (4) Stansted 30 A2 &= A
%, (5) Heathrow &%°f Mixed mode operation
e o) 57N E Agstoitt. AlEdold 425
A AR Il Thames & F A5 Ax0] Al
a3Ho|7l= st BIAA|HCH, AHAF SZHoA=
43191 Stansted 3 52 7Pt Aol 28
o] =&t & dvs A SHoN 3T £8
T Brtela, FAA BNk 3 EATe e &
Z 7o|EE A= 297t ik

Lucic et al.(2010)02 19804 =] A=I&EH(FAA)N
A 7iE ADSIM(Airfield Delay Simulation Model)
2 71&9] AEdeld ZE(SIMMOD, TAAM 5)9] oF
& Hsl7] 9J8l ADSIM+E YulelEsigitt. 712
ADSIM2 Graphical User Interface(GUD7} 913, d
olg ¥ & Eo] Text Y] FE|Z A L=, of
Yuleld 71s 25F Zet/Debugging 715 5°] At
Ho|ic}t, HeE wde Discrete Event (Monte-
Carlo) Simulation 4|22 Link, Node 722 53}
glojorzo] Hdlof AFET, ET 2 IAE H9
o 4 ok ERL RS S, R, 1& Y9E §
T2 N2 APE 74, E5= Hl £4 2 F30
M2 &57] 7159 A380) =% 5ol thst "What if'
A2 A9 4 QA HAh ADSIM+ AREEeld B
2 St 1) EET Fwee: TAAM) 29
St o2 =Y, TMA 39% 37 1oty
Delay mode™} Capacity mode ¥%°] 7Fsoit. 18]

(0]
=
QY

N

3



X

FRYFLYN

oft

Ab

G &

o

=3F 69

U $-88FS A5 Capacity modell= 57H HY
£ g2 EAHE ARtska glo] @4l/do] "ozl
= @o] &4k Sict

Bazargan et al.(2002)2 S3AE 4 oA+ 24
TGo| =Fo] EEF TAAM AlEH0lAS ARESH
G2 gojofx} &2 AIAY 85 &8 SHOA
&9 dolorE B7tstr| flsf tht g8 4
4 g2, JPLFE G SOl Higk AuEleE
AT A D TG AR theket oA
A4(indexes)E A2lotal, ol BN O EH, FFA
g oA HA 71, 71e 2 AX el g |l
A, A 85Fe] ARl 28 SHOA BE&Aol
gt 2GR AFote] FEo| dZd7t A 2FES
yeE 5 A=E si3ich. depdnol ZAZ3HPHL)S
o E AHEEAS 5L, 85 SHE At
2|4 9] 57} dlolok= 271 flsfl 57HA dieke H3
sto] EASk3ITh

Kicinger et al.(2016)2 3% 8% APgureQd
IACM(Integrated Airport Capacity Mode)& 47}
5tal, o] Hdof 9 W4l 7|4 1Esto] Atanta
FATEE e R BPS ASoIIh 23 HF
71202 = AA BESEHE - T2 7] A=) i)
IACM EFolA &3t A5 v|wsigict 94 HE:
ol 7142 Deterministic forecasts?] METARS}
TAF, Deterministic forecasts with forecast error
models, Ensemble forecasts 37H4] &79] 7|4 ¢
ko] A=A, FTFY S} FF FH T
(TMA) 5-&F& BAloll 125k= Monte Carlo A&
gojd 71 F83 IJACM gL 7|Hto g F3g9]
85 Asto] 1 AaE ASolelth IACM 94
PR F PRl 714 37H4] "W (Deterministic

forecasts, Deterministic forecasts with forecast

~

error models, Ensemble forecasts)& 53f o=l
2 F8ste] HAed 485 A A0E v B4
slitk= HollA 97t it

Park et al.(2015)2 3% 48l et AF4
AE WAst7] Aol A FFas AEFHClA B
(TAAM)Z E-83lo] Z52 5 o] 8sl= 3719 3
AAATE ot AFIATT E529 4Y
Fg Bt AR APtk WS A0
o} AlEolAd 7IHS A8sto] A AZ 1Tt &
85 APEstal o, oid 33k thefet v

ot

ofl

o [l

ol
8 o

]_

1
g

o ook
15

o)

FOVE AS AN, FF )= 1ok Lotttk
AL it

Lee and Kim(2020)2 AIP, % AAE A=
(UBIKAIS) 52 EUIE SIMMOD AlEdo]d BA4L
5ol TF 2FARE AAZEE Este] si=A|
S 87 A ATE ottt 712 F8E
7102 ARFE WEFE WAZHoR FUHA AA
AZEE B4, AT AL, 4A17D0) wt
2t 5& AL 71E0 R 8¢S AR5t 3 &
JAIZH} A AL BA 7207 1P oY, 8%
APgo] w|xl= Gl izt B4 glo] T w5 &
7HE 1=tk AV 245k it
Bang and Kim(2019)2 SIMMODE &-&3}0] 2l
S EFE F8F EAATE FYotart. dgH
1 @4 AtE+= FlightRadar24 g4 dlolHE €&
o, 7| Bt AAAIo] 5891 AL-E
45190t S, 487 SHE S tijte =

2 FRATHROT)IE Haset 5 Qe 1S5S
T29] A RS AFEst, olof mE 8 W
£ Hlu B4

Sh oy o
T

e

N o
rool

_1
B do it o

Iv. 3 8% LY 3¢ 58
T - 8F2 =, 5=, U1, BHud &
T 3= Ttk AHY T 8 APgsta,

7k 7V AL 8RS 3 8o E A
Sl Zlo] dvtHoltt. I3 Al F EFEoIA BE
Aol & IYsH| o] 3 8% Ao =
A2 25 FHOE Y=L ol=et &=
8L T HAAAARE 18 ofFo] ot =2
A A& H throughput), A& ultimate capaci-
ty), 883K (practical capacity)2 & FEEH Th
I o] Hogt 4= it AR IRIATE 5t £
AR, G2 ADS FHots T F37] FolAF &
AAdo] FojZ AIZF Bt 28T & U= TN
5 9ujditt. Adl8aKultimate capacity)S A<
Hol1l FEI 871 EARIE 7St RerlE
< S5kelA] g 2AstolA B4 AH(E= E4 A
AolA SRIATE Bt AT 5 U= BT 5 S
A28 Gt VR, F=/8/59/E
FE 72, TFUE 5L IR, A, BAF

52 1A gert A-8-8%KPractical Capacity)



70 oI5E, olFd WEF

Vol. 32, No. 4, Dec. 2024

2 A9, WAF 5 et AR 8508 7Y
AIRFE wgo] STl wet 7] A (YW
o= HAPH o) FrIstH, oldff 57| W Bt
A Azl A 7|HEFE AF- 47)0] H= 99
ARFE W S Al A8-8Fo s HASith
o] ARG wEo 1 **7} otoll whet WAARS] BAl
(workload) H|AEFH o2 F7I6HA =, o T
AIZFg BAIRo] 43 7]1‘0] He E5EE T Al
Ao] AlgaAlesro 2 AAsH | sttt
T 8T A HES S6HE, AX
‘3]/‘]7(4 o R SESE = glow gt ?z]'% 4
71‘11—’ Atk AXA =83 4P B A4S
& RoE P37 T 9 &%, I3V
1% IR o] d HE R 9] 508 14d
2202 Fasks upHoz AFdo|y, a5k o]
U7| w0l AikEto] FtofhR] Qlo} -8k HiE
A AET o ek sHARE, BgE 28} ofof wlet
Agelks ot 7] uEs 45 & S QL
o= @xo] ok B3], 4o So7te wiviHS
(parameter)= ¥4 A= = F37] Al 5025
B 3= ojok 5b7] wizol, A4t 571 71% =]
u mlEe] LguE] gk B4 £3sks Ho &
A7t At
HAA 285 AP AlEFoldS E8%t
Hog 7 43719 FE "NA 2T 4
—L“, H|P AR}, TA AR} )08 sk WHeRE |
lof] 7Pg 7h7ke Bigolar, @A R ofue} vl 4
T 183 2L AR/ A A" tiet #AS 3T
Uck= Aol Sitk. &, AlEdeld 2y 53t
Hof| HEH 243} 7|&E 982 ofY, AdeEyt
1y Aol AR} Hlgo] Wol AQHthH= TR0
sk

N

rﬁ o ot m*

o

%20l FEAEL] F7Me 2 B 27
o} B FaL ol§he ol8 9] Bue 2

29 =20o] xsl= g Z3ko] Mu|A 22 (level of
service)= ASHA7]= 821 5 SHHE 337] Ao
2 Qe EH 59| B4 81wt o}, ti7|& <l
o s ARG 37 59 A E4, & FgEel
HEME JFS vFIch. w2bA, S7kke 4280

ot AEE B 28 SAE P2 g
L Hy

F8F AP FF= BHsPIol A, 5T 85
Zgejell diet =3 A=
glFoz Hod + ,
ot Ao él%%%*_i T2 A Ed
S d88FE TEse M 2 84=Rs XA
(delay)?l ¥t oz 22 4= A &<

% Aglo] WrYEA] Qfal, 887 B Aol
R E o] gFo] APgH oI, Eet, AriEF2 A
Ae B8ot] o] Hlu 2Eolal TesHA,
= ANHer 83 AEs, A8-8T2 AlEd

ol HEgE E8sto] o] Blud AR ] T4l
Hog 8 AET =+ Ut

2 ATolA AAE AAE R jAA oA

2912 AT S gk T B S8 4P %
A, 2 4ol wrebd AAE s olAE oA
Hgs e 48 Bert Ao FRAY 9 44
o g AYYANNE 4 HolE AE Y
weje], PAAHQ Aoke a7 9] el AxA
Wpo] Y Aol 71E FPAUY Y, Auls
5% B2k SolE TAH veto] Zgwolof shu
2 ulAE e Agske o] 4EF Aol

ol PEEARte] AR Faioh 2L Qxas
© ] dpold H8slw gk B
% o] QO FETLFVAALY P 2
qu _r_Q_EOl: /R]—?Qo] oﬂﬂﬂo]: [ 7—]0]1:]—

I35}
o o
B

S

3;

ki

dae =

£ ATe FEUEHEENEY ‘dold 7v &
TuETE 71& M EANSE: RS-2021-KA163373)
9] AFA Yo R FPE|H YT

References

1. Lee, H. J. A., "Study of airport capacity delay
analysis’, Hanseo University Master Thesis,

2020.
2. U.S. Congress, "Airport system development”,



FRYFLYN

o
.
&

o)

e
o
of

F 71

10.

11.

12.

13.

14.

15.

16.

. De Neufville, R.,

U.S. Government, 1984.

. Bell, G. E, "Operational research into air

traffic control’, Journal of Royal Aeronauti-
cal Society, 53, 1949, pp.965-976.

Newell, G. F., "Airport capacity and delays’,
Transportation Science, 13(3), 1979, pp.201-241.
Hockaday, S. L. M., and Kanafani, A. K., "De-
velopments in airport capacity analysis', Tran-
sportation Research, 8, 1974, pp.171-180.
and Odoni, A., "Airport
Systems Planning, Design and Management',
McGraw Hill Companies Inc., 2003.

. ICAO, "Doc.9971 Manual on collaborative air

traffic flow management", 2018.

. MOLIT, R. O. K., "Order 1188, guidelines for

airport capacity’, 2019.

Poldy, F., "Airport runway capacity and delay:
Some models for planners and managers',
Bureau of Transport Economics, 1982.

Gilbo, E., "Airport capacity: Representation,
estimation, optimization’, IEEE, 1(3), 1993,
pp.144-154.

LeighFisher, "ACRP report 79: Evaluating
airfield capacity’, Transportation Research
Board, 2012.

Ashford, N. J., Mumayiz, S., and Wright, P.
H., "Airport engineering: Planning, design,
and development of 21 century airports’,
2011.

Archerfield Aiport Corporation, "Archerfield
airport master plan’, 2010.

Jacquillat, A., Odoni A. R., and Webster M.
D., "Dynamic control of runway config-
urations and of arrival and departure serv-
ice rates at JFK airport under stochastic
queue conditions’, Transportation Science,
51(1), 2017, pp.155-176.

Hesselink, H., Nibourg, J., Ludovic, E., and
Lezaud, P., "Airport capacity forecast: Short-
term forecasting of runway capacity’, 4th
SESAR Innovation Days, 2014.

Jones, J., Delaura, R., Pawlak, M., Troxel,
S., and Underhill, N., "Predicting & quanti-
fying risk in airport capacity profile selec-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tion for air traffic management’, Twelfth
USA/Burope Air Traffic Management Re-
search and Development Seminar, 2017.
Tien, S., Roy, S., Taylor, C., Wanke, C., and
Dhal, R., "Evaluation of an airport capacity
prediction model for strategizing air traffic
management', American Meteorological So-
ciety, 2015.

Choi, S., and Kim, Y. J., "Artificial neural
network models for airport capacity pre-
diction", Journal of Air Transport Manage-
ment, 97, 2021.

Gentry, J., Duffy, K., and Swedish, W. J.,
"Airport capacity profiles’, FAA, 2014.

Tee, Y. Y., and Zhong, Z. W., "Modelling
and simulation studies of the runway capa-
city of Changi Airport", The Aeronautical
Journal, 122, 2018, pp.1022-1037.
Transportation Research Board, "ACRP re-
port 104: Defining and measuring aircraft
delay and airport capacity thresholds', 2014.
Kim, A., and Hansen, M., "Validation of run-
way capacity models’, 8th USA/Europe Air
Traffic Management Research and Develop-
ment Seminar, Vol.2 177(1), 2009, pp.69-77.
Kumar, V., and Sherry, L., "Airport through-
put capacity limits for demand management
planning’, Integrated Communications, Navi-
gation and Surveillance Conference. IEEE,
2009.

FAA, "FACT3: Airport capacity needs in the
national airspace system"’, 2015.
Ramamoorthy, K., and Hunter, G., "Simula-
tion-based airport capacity estimation’, ATAA
Aviation Forum, 2013.

Ohama, D., "Flexible design of airport sys-
tem using real options analysis: Case study
of new runway extension project of Tokyo
International Airport’, MIT, 2007.

Ozdemir, M., Usanmaz, O., "Airside capacity
analysis and evaluation of Istanbul Ataturk
Airport using fast-tiem simulations", Anado-
lu University Journal of Science and Tech-

nology A: Applied Sciences and Engineer-



72

olSE, olFg, WEF

Vol. 32, No. 4, Dec. 2024

28.

29.

30.

3L

32.

33.

34.

35.

ing, 19(1), 2018, pp.153-164.

LeighFisher, "Capacity analysis of London
Luton Airport with reference to coordi-
nated designation”, London Luton Airport
Operations Limited, 2012.

Kellner, S., "Airport capacity benchmarking
by density plots’, German Aviation Research
Society, 2009.

Eurocontrol, "Airport capacity assessment
methodology”, 2016.

Mota, M., and Flores, 1., "Model-based meth-
odology for identifying capacity limitations
in airports: Mexico city airport case', Simul-
ation Notes Europe, 29(1), 2019, pp.13-25.
Peter, K., and Swedish, W,
"Analyzing the runway capacity of complex

Barrer, J.,

airport’, AIAA 5th Aviation, Technology, In-
tegration, and Operations Conference, 2005.
Bubalo, B., and Daduna, J. R., "Airport ca-
pacity and demand calculations by simul-
ation: The case of Berlin Brandenburg In-
ternational Airport", Netnomics: Economic
Research and Electronic Networking, 12,
2011, pp.161-181.

Martin, S., "Strategic airport capacity ma-
nagement at Heathrow', Impact, 2, 2016,
pp.7-12.

Irvine, D., Budd, L., and Pitfield, D., "A
monte-carlo approach to estimating the ef-

36.

37.

38.

39.

40.

41.

fects of selected airport capacity options in
London", Journal of Air Transport Manage-
ment, 42, 2015, pp.1-9.

Lucic, P., He, D., Adhami, L., and Post, J.,
"A new development of the airfield delay
simulation model", 27th International Con-
gress of the Aeronautical Sciences, 2010.
Bazargan, M., Fleming, K., and Subrama-
nian, P., "A simulation study to investigate
runway capacity using TAAM', IEEE Winter
Simulation Conference, 2022.

Kicinger, R., and Chen, J., "Airport capacity
prediction with explicit consideration of
weather forecast uncertainty’, Journal of
Air Transportation, 24(1), 2016.

Park, J. et al., "Estimation of annual runway
capacity for Jeju International Airport consid-
ering aircraft delays', Journal of Korean Socie-
ty of Transportation, 33(2), 2015 pp.214-222.
Lee, H. J., and Kim, D. H., "A comparative
study on delay calculation method of air-
port capacity’, Journal of the Korean So-
ciety for Aviation and Aeronautics, 28(2),
2020, pp.47-52.

Bang, J., and Kim, D. H., "Estimation of
Incheon International Airport capacity by
using aircraft delay simulation model’,
Journal of the Korean Society for Aviation
and Aeronautics, 27(1), 2019, pp.20-25.



