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Abstract

This study was carried out to suggest new indicators to be used at airports. Generally,
passengers and cargo will be handled at the airport, and the airport will achieve revenues through
them. However, all airports can not have the same distribution of passenger and cargo throughput.
When comparing and analyzing several airports, a uniform result can be expected only if a unit
airport throughput indicator is applied. The “Work Load Unit’ is an indicator that integrates
passengers and cargo into one, and assumes that the value of one passenger is equivalent to the
cargo volume of 100kg. The existing WLU was set up based on the experience at the airport rather
than being established through reasonable grounds or analysis, so there was a lot of controversy.
The purpose of this study is to overcome these limitations and to suggest new index. In this study,
we applied a method to compare the relative value of cargo and passenger to airport revenue. In
order to analyze cargo value and passenger value, airport revenues are classified into aircraft
operation related revenues, passenger handling related revenues, and commercial revenues. A
total of 50 airports were selected, including 14 airports in Asia, 18 airports in Europe and 18
airports in North America. According to the final analysis results, it is concluded that the cargo is
equivalent to 280kg of cargo based on the contribution of one passenger averagely. This is higher
than the value of 100Kg cargo per passenger.

keywords: airport operation, airport revenue, airport throughput, relative value of cargo, work
load unit
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(Work Load Unit) 7} 9123, o] of7] 1%] 74217} 8+ 100Kg®] SHeekat 5 58teh 142 3 Aot 71
o WLUE Bhgat 2710t B2 Sof A s gleh| Reke 394 498 47rst Jmo] Be 4852 vhg
02 A 0|22 3] of2]7} gk, o]ot 2L FAES FHA T ML AEE AT Aol £ AT B
olc}. o3 7ha] HHPHES 8T 5 QAo B Aol BHE} of Ao] FaLelo]] Z]ofsh Al 7H7h
oA HAE vl mak B2 A Estech. 3279} ol AN S B SlahA] Bg5S A 93] &
i S0l oA e T 50, BA4) S0 PR AT B4L 915 oblot 147 B, 63 187
2, 20) A9 187 27 5 % 507 Bafo] AT HERA 2ol G2, o7 199] $0]7]ofE 7|0
2 9 v 512 280Kg F5otchs RS B o) 7ol A85d o4 199 5129 7H2 100Kg.
2 A4S ARTHee $412 Bt
2201 L%, FU40), TAAAA, 2] A7, A= (WLU)
ME

B U5 o)A 3122 Aok 7)ol Bk iR A A A BeH BEAS 52 AeH 2O
2 Qo1 e Wstohe A9 B ol 39 2 VI AP U AL Ao A2 FaslA

QAIE I} 1 % ShR I ol A A ebule) BE 54

o] Graham(1997) 47 4802 AAstert. o] Hde Be] gg7|uiet 2

load)& Tefet §AE A payload) & Aok & B e o] wet oizg =

Z¥stet. Graham w471 AAISH ‘1 WLU = 1959 o2 = 100 2
WLUE 8H23} o 7] 248 55 9.0 2 sHe Gl 43

G0 Felot 18 4 9ok, WLUE AR ARl B9 Fatoll 22 51 9] o] S A

2 A goks GBAAE G Aol AT A4S AFSHE FReAE 134 £ 5 gl Aok shsia 3
G2 AL e BA|) 5127 oS et sheleh Bao] sHETt oS HelT u) AHgsHe B4 A4o]
che 1 Ao} 54 29 £ R4 b 7] who|th(Estache, 2000). 121 523} of 2o] 2& BAAA| A
TN B 5012 FEF 5 Qe AL oh]7] Y] WLUE Fabo] So] 448t7]ele Felehs 25| 4
57402 A7 5o] St 0|2l g F4-L WLUS 48 244 Graham} Doganis 40] SJaAE @A 08 7|
Z

jus)

[

B olo] g FES JYSel % ARRI AL Gt We) FRAE ol A552 Tl olo] v
2 At S4o] ek AHIS HIARE B FFA) 0 T35t 27 thE RS hgste] B WLU
£ 87 AN BRI AekT gztElo] £ ATE ARSIt 55 Pl SES Bl AT 507} oI 22 5
SR S0l] 7] Hmrt ol BEQIAE U] Sl ATA O BlEE 4 k A E} BT o]t of
o FYEL AT UL BHT B9, FUY FIAYY A B} HgEolollt FHT ANE 7T 5 9] B2
ofe}. 2 AT HE WA R o) S B Sh} of 0] TG 5-01e]] 7]ofsh AThHl 741 E ol 4
A3 Hlo] FelHIAS Wl Bk st

My 3
o} 70] 7135 B7Fe A B} o] Fol AT Gzt W, ShEo A4S WAE A7 sasit ATt
3433 i) 1S ML 47 ol S0k I ZIEOR T Ak ohd, BAV} el o2 4
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Ao FEE Qlrh o] JfEE &8st WLUE T4 ‘ll(total revenue per WLU), WLUT &34
(aeronautical revenue per WLU) 522 3¢ 7+ vl o= 3851 Qltt. Yoo(2001) & 2t 3352 &9
AR EE S4017] flste] WLUS &5+, WLUS %%Z%—’F‘ﬂ A %5 B4t} Valline(1998)&= WLU
£ ol8% FF7] AfelZ2E AlEste] 8, o7, SkE A2 T5 A8ste] 3 AAA D9(airport
throughput unit, ATU) 2| & AA5ItE. o] 4 WLU= 2kt of 45 shuhe] i 2 yepd 4= gle t a3t
Holo g Qlaf A AAA o2 gifs] E-85 1 = 7HE S 2 Equation 13 Zo] A oJgict,

WL Us 1)

ATUs = WLUs X< AT

714 ATMs& 57| o]252]4-E oJu|sh= Zlo|H, of7] 48] 57 24 2] ©9l= Axolle F387] o]2H&2
& WLUQ] 885 YER= Zoltt. $HA| Jacobs Consultancy(2007)9l4= ATUE Equation 22} o] Alit=
o Ul TSk

ATU= P+ 10 FT+ 100 ATMs @)
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Table 1. Differences for the WLU concept between airport and airline

Classification Airport Airline

Core Service Provision of facilities to airlines Handling passenger and cargo

Major source of revenues Passenger facility charge (PFC) and aircraft  Total volume fo passenger and cargo
operations

Necessity Requirement of an integrated index for Requirement of a clear separation between
passenger and cargo volume passenger and cargo

71A19] oju) i g Aol A thopeiA 8451 gk, Qntd o2 AAR 744, 7] 47HA, R Sof o
ARA g 0] 74A)7L 2.8 gl H Slek. 8 Aol g Ake] 1] digt 7HAE gAlste] GEAEA
Fo] H 714, FBAF BAE 714 53} Zo] ZAZEAL A2 B0 7L Fa o] |1 gnk S
Be] 72 Ham(2013)—°‘— 34t 94—3 g AfH] 220l gt Tl o] 7|7k o] eal] HA81 L, Park(2013)
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Figure 1. Procedures of development of the new work load unit
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2. 2 4A

= Aol A T “ol(revenue) ot 3 FY FES Sl F7HE AN o ® A oJstal VA (value) &
ol & A= % FEo = AHolsitt. BHE 0| 7HA'g FolA 2kE A2 A FEshe ¢ HEE onlsh= Ao]
™ ‘o] 4] 7FA' = FRFo] oA AP Al FEotes 9 AL E KTRtrh Jeote] 2FEat of o] Fadlof 7]ofs)
7Y FE AEE =29 7H 9 o449 ZpA = ZZF Aolstal, 150 ARl 7HAE B2t & A&}
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S 37 sFEBAS2(aeronautical revenues) ¥} B 3}ga214=2l(non—aeronautical revenues)
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Table 2. Indices of the relative value between air cargo and passenger

Revenue category Index Explanation

Alircraft operations Landing Value Index (LVI) Generating from aircraft operations at airport
Passenger services Passenger Service Value Index (PVI) Generating from passenger services at airport
Concessions Concession Value Index (CVI) Generating from various commercial activities and

services at airport

TN FB7] 2 T H 2 iR 455 (landing fee) o4 Aoiz|= Zo] YutHolct, 25825 F

=21 =
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H 3R [Kgs Bl F2d 7 E 54
(belly cargo) 2402 QIgh 4=oluk-S | 9]5}

ah29] SPIMIAR(LVT)E &SI

o 283 o A7) 1 AFo2 SAH 2deloflA o=
At BE o702 <Ig Solo] Hr},
Equation 3%} Zt},

E;Q
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LVIe= 555 s B =T 7 ©
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y oot
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N
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qr
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Hll ol o

HE 5ol =2Het Wt sHEF(average cargo volume per arrival freighter)
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A NS Bl o= A o] 7HA & FESHL e & AFESH ] 918 SAI A A7 2] 4= 4S9
off e E o aE2 Ao olth @S o8k AtRhEo] FHllohe AR olu AHIAE Bufjshs RE AEE
= & 4A1d (concessions) o] 2t 1L LRIt A J7IX| A5 4HESH | fI5te] o 52 At T AT At =
A5 motsto] o A Q1 A7 A1 4-E AFESHT. of 2] A 47121 214=( 0V = Equation 63 Zo] U
eh % 9t

R,

CVI= Pd" ©6)

R, 50 A7 F A4 (total airport commercial revenues per year)

P, 50 A7 F S o = (total number of departure passengers)

4) 323t ofZie| MT{7Iz|2 |7 A=

2 AFelM = 33 EA ) FRm AA 2359, Ao, AU 5o& PSRl o= B¢
e &@Foe FolA 7Hx7E FEE AL, A2 2], ojZ9], T2al Fdaols Sl A7 FEE =
A& G 4 Ak WA 2129 7HA = @7 AR L E Aol 1, of 4 0] kA= 27| A, o A H| A7}
A 2] 9 AAJ7HA A5 LRt Aotk

o714 Tt H2 skEolvt A2 712 = oA ofu|E et "ok Aot thA] Eell S H(=7huitt
o

£o}7)%0] 2 g oh2} of o] 455 74X 0] At A4 /1202 WhE 4 gk AHlo]th, S Sof
oL 3t T7h0] ATHE 017 1BE Ale u) FEEE Solo] n]s} 100D ejel 3h3, ThE F7be] i BERL
o7 195 % Sejo] nls} 202 elet shak olefat %ol ABG] elA71A7} BRA L SH) ek Btst

£ A 77H WA SIc ACIEL, AR o 71e) 517} A Aol sl7] el ol et 71
o WA 2 7O SHE 1Ky 2 o121 198 ol Al Sele] 2] i
% 3ohd] 014 B34 1A10] f1 8.0 20| Hot AHf 28 4 e

Elgcie=gs) 5—7ﬂ’—§— SHE42] 7] k¢ (cargo revenue contnbumon uni, C—RCU) E}I’_ 7 0]&}H Equation 71} Zo]
Hepd 4= it &, C-RCUZ} BIR 339 22 A2Zde9-WLU)7} &= ZAo|th

I LVI,+ PVI+CVI
C—-RCUKg) =Y, —~

t=1,2,3,...,7, T=12
2 VI, Jt,t 3 7

Eill= s
7 AA AR A A 717H12)
CVI - A Q72 A5

LVI, : 3F&9] 27| A4
LVI, . 97 9] 7 x| 2]
PVI : AAME ATFR] Z] 4=
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B4 dirfo]l © e F-29 3] (Airport Council International, ACDolA HESH= SAZtZ ACI
World Airport Traffic Report 2010, 2011, 2012 2t=E EHZ 12} A ol o] AA72] oA 9], 3=
&9 8 R85 2915 71702 449 2009 THE S ARGt AHE TS FAHE AT AHE 1
Bl &AL 7 BN E = B 2212 Aottt 1=v AR RS e 37 FA7 I o9 e
Hle] 42E, A Sof £40] PRl L lgEBALe] So| 44 F2o] FAH 02 HAE o] YA 2
T T5] $40] HERS FAT Aol ool ek BAo] weks}] whe] Aslaiict

Ao 2 2 A= 23 0= QIR =yt o A 9] 742 Hlw ot 8 AT tiidol 7] el =717 A
She Bae AAES shrh o] dlet R A5S FE91E 5 SO0 B T2 % AE= hislel s .0n)
A7 H 5o FE2 Table 33 Ao, ol23 o A4 0] A7 A £E AFESH] s A 2198 5452 2001
W 20129717 5 12970) B 442 QoK Table 49} 2] B2 4 olrt
Table 3. List of the selected airports
Region Airport Number of Airport
Asia (including Oceania)  Beijing (PEK), Bangkok (BKK), Singapore (SIN), Tokyo (NRT), 14

Melbourne (MEL), Sydney (SYD), Auckland (AKL), Incheon (ICN),
Istanbul (IST), Shanghai (PVG), Kuala Lumpur (KUL), Taipei (TPE),
Manila (MNL), Delhi (DEL)
Europe London (LHR), Frankfurt (FRA), Amsterdam (AMS), Madrid (MAD), 18
London (LGW), Munich (MUC), Manchester (MAN), Zurich (ZRH),
Copenhagen (CPH), Milan (MXP), Stockholm (ARN), Dublin (DUB),
Berlin (TXL), Vienna (VIE), Geneva (GVA), Helsinki (HEL),
Athens (ATH), Edinburgh (EDI)
North America Chicago (ORD), Los Angeles (LAX), Dallas/Forth worth (DFW), 18
Denver (DEN), Washington (IAD+DCA), Houston (IAH),
Las vegas (LAS), Phoenix (PHX), San francisco (SFO), Seattle (SEA),
Philadelphia (PHL), Toronto (YYZ), Boston (BOS), Salt Lake City (SLO),
Cincinnati (CVG), Pittsburgh (PIT), Jacksonville (JAX), Orlando (MCO)

Total 50

24 Sl 432 507 3E| A7 ci7Aak shER oro] el Figure 2,35 2k o7l el 4
2 2]+= 20013 5] 20129 7H4] 12974e] A5 Bt et Aotk A H 335 oA A7 =2 7P A2
A7 el 3L vlEe] AT F(AXO|T S22 AMEEHGVAIAT, 7P B A1E 1el 2
o7 o] Aol = Al7HE 280101 E}(ORD)0] L, Sz IHFFUCN) o] ltt. o] A¥pA|= A 1293t Bto]
oa 22 B9 £ 9Ioks Ao]} e & A

Table 4. Throughputs of the selected airports by region

Items Asia Europe North America Average
Passengers (million) 28 27 32 29
Cargo (million ton) 1.0 0.4 0.43 0.6
Share of Operational Revenues (%) 40 32 34 34
Share of Passenger Service Revenues (%) 30 38 27 32
Share of Concession Revenues (%) 30 30 38 34
Share of Freighter Operations (%) 5 3 6 4
Share of Air Cargo Volume by Freighter (%) 27 24 66 39

Cistn E3k5]2], A| 353 A 55, 20174 102 a4l
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Figure 2. Average throughput of passenger for the selected 50 airports
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Figure 3. Average throughput of cargo for the selected 50 airports
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Figure 4. New Work Load Unit (r-WLU) of airport based on the relative value of cargo and passenger
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