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< SUMMARY >

To develop a system for evaluation greenhouse gas emissions in the aviation

field in order to meet domestic and overseas regulations concerning such
Purpose & o . L .
emissions, in addition to development of an algorithm pursuant to the
Contents . . o o ,
evaluation of Tier 3b class aviation greenhouse gas emissions required for
entry-level programs being used to support developing countries.
O For supporting management system for data analysis of aviation
greenhouse gas emissions
O Module concept design for evaluation of aviation greenhouse gas
emissions
O Module concept design for forecasting reduction of aviation greenhouse
Results gas emissions
O Evaluation tool for aviation greenhouse gas emissions for commercial
use
O Papers on the evaluation for aviation greenhouse gas emissions use in
academic journals
O Support to ICAO" s climate policies and domestic policies for reduction
Expected

Contribution

of aviation greenhouse gas emissions

Keywords

Concept design
of Emissions DB

Concept design
of Emissions
Evaluation

Concept design
of GHG
Reduction
forecasting

Concept design
of GHG
Reduction
Technology

Concept design
of GHG Policy
Planning
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5) SESAR : Single European Sky ATM Research
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1. KOTI - £F¢ A&

1. 348 &% 873 2d #4 Jleid @
(D=9 &7 33 24 #4 7|e/d 4
7}) Centre for Aviation Transport and the Environment1?)of[A 7t . 2= U= a3 &84 =Y
O CATEE A%7k58 33 A8 2 33 €5 A299 844 478 298] ¢
3 As
— Global Climate Change group, Local Air Quality group, Noise and Community
Impacts group 5 370 ZIF5Oo % AFE A& Fof glor, oF 30 AL 7ol

=z
&

— Global Climate change group< % &&7|oA WEH = v W W G
2249 3y 2ATMA W AP 2 AU e AA 5 7Rt #d vd A8 o
TE st 9o, I W gy Fd A4 7|FICAO CAEP)E A ¥

(O FAST (Future Aviation Scenario Software Tool)
— Prof.David Lee”’} F%3}= Global Climate change groupol A 7§&3&lo] A+ 2188

==

5
—19999 715W3lo] gk BAe 98] FAST =dl 7|t

—dA FAST 24

o

28 Ay A4S 93 ICAO CAEP Hlolg #& - 23y

— (input ®l°]¥]) Aircraft movements, PINO fuel usage for different aircraft

types, mission distances and cruise altitude &
— (output "l°o]E) CO2, Fuel NOx, CO, Particles, Soot and Distance Flown
— (A A" FA]) Microsoft Acess DB, Visual C+2& =3 A|A®E 13

— AEDT R92 AJH oA %Oéﬂﬂ%, B A RES 7HAA QLo FAST 2de
A}LA

A O
“H T

S
L
e
¢
X
ko
i
ftlo
offt
2
F—.~
Z
™
N,
i)
o>
o
w)
—
1o
R
of
o
£
=
o

17) www.cate.mmu.ac.uk

18) www.eurocontrol.int/services/advanced-emission-model-aem

19) www.eurocontrol.int/eec/public/standard_page/SEE_alags.html

20) http://www.eurocontrol.int/eec/public/standard_page/proj_STAPES.html
21) www.eurocontrol.int/services/impact

22) Q7jgto g2 7jgt &9l IMPACT ermtoolset.eurocontrol.int/login

23) ZEQEY pEBD QXNJLA MR AENKOTEMS), 2012

24) 20124 69 17 2A7kx 7% ol S MBSO, 20159 69 27F RAVIA ZE olBAHL AE oA
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<E 14> FAST 22

FAST(2006) APd Zmt FAST/ AEDT/ AEM AFY Zat H|w
Current emission models and results (2006 estimates):
Distance
Inventory Fuel (Tg) CO, (Tg) NOy (Tg NO,) (billion km)
FAST 178.3 562.2 233 38.9
AEDT/SAGE 187.0 (+4.9) 589.6 (+4.9) 272 (+16.7) 38.9
) d AEM 189.8 (+6.4) 598.4 (+6.4) 279 (+19.7)
THW AW HBW UE BEWE TRE 08 EQ AN
Lt Aero2K 170.0 (-4.7) 536.0 (-4.7)
Fuel kg Yaar| Fusl [KgYaar| - —
> g = > * Number in brackets denote % difference compared to FAST
[Source: CAEP/MDG working group]
FAST future scenarios FAST future scenarios(AE4E ALE)
4, 40 1 1,800
—— IEA fuel sales = B 7o 6,05 o
3.51 CONSAVE F35 5 1600 2 Teoh & Ops + Biofuel s 1,600
Ipoc-1385 N || . Y
3.0 MODTF/FESG Lao 5 1400] L Tech 8 Ope Ditel curen s o
QUANTIFY Q [1111] 2020 carbon neutral goal / 1308
21,2004 — 2005 geal ) 1,200
2.5 r2s 2 ~ - 2005-10% goal 1,081
@ 1,000 11107 1,008 L1000
o' 2.0 L20 5
Q S 200 g |- 800
& 2 i
1.5+ 15 E 6004 Lsoo
1.04 10 ;S we—_— 400
0.54 —/.— 05 ji’ 200 200
0. T T T T T T 0.0 2005 20'\0 20‘15 YD'ZO 20'25 Zﬂlﬂﬂ 20‘35 zn'm 20'45 anﬁﬂ
2000 2010 2020 2030 2040 2050 Source: Lee et al.. 2011 Source: Lee et al., 2013

EX]: CATE-KOTI &% 3 =29 o 3]9] x1&(2015.03.31)
—FAST 2R daad $o 2qrre] st 29l AR 7
(O CTM(Chemical Transport Models) MOZART (Model for Ozone and Related
chemical Tracers)
— (%) 3D 22 8 F4 BARA 7] 24 38 L o5 B Aol
§ 5 AEAA WARE 8 AR FH0] 5

& 5 ole. ma Al b

— (input d°]¥]) Standard meteorological fields, anthropogenic emissions,

aviation and shipping emissions

— (output "]©]¥]) Extensive chemical scheme: CO, NOx, OH, CH4, NMHCs %

MOZART-3 A03: BC-NA (ppb) JJA b. Oslo CTM2 503: BC-NA (ppb) JuA ¢ ULAQ-CTM 403: BC-NA (ppb) JJA

10 10 p—

Hekght (k)
3
=
Helght [hea]

1000
BSS B0S 308 EQ 30N GON_ 8SN 858 B0S 308 EQ 30N BON__8SN 0S 308 EQ 30N BIN__8SN

100500 05 10 15 20 25 30 3.5 40 45 50 4100500 05 10 15 20 25 3.0 35 40 45 50 100500 05 10 15 20 2.5 3.0 35 40 45 50

EMAC 103: BC-NA (ppb) JJA . Oslo CTM3 403: BC-NA (ppb) JJA

0
855 60S__ 305 EQ 30N BN BN EQ 30N 60N BSN
10 0500 08 18 1.5 20 26 20 3.6 40 48 &0 4.0 0K 00 0.8 1.0 45 20 25 2.0 28 40 &8 &0

Change in O, (ppb) due to aircraft emissions
Source: Sovde et al., 2014

ESl

<J% 3> CTE 22 24
gt A 3]9] Abg(2015.03.31)

E4: CATE-KOTI &%

O}LI, _l.
ka
e
ri




(O CTM(Chemical Transport Models) TROPOS

— (input d°]E]) Standard meteorological fields, anthropogenic and aviation

emissions

— (output "]©]¥]) Extensive chemical scheme: CO, NOx, OH, CH4, NMHCs %
(O Contrail Coverage model COMA (Offline Contrail Modelling and Analysis tool)

— (Z227) &7 23 (movement) o] W v H AAr

— (input ©l°]¥) ECMWE/NCEP met. data, aircraft movements, propulsion

efficiency, satellite observations of contrail coverage

— (output "l°©]E]) Natural cirrus clouds, potential contrail coverage and contrail

coverage

Al coniral covaragn (FAST) Al conlsal coverage (FAST) - 280 hPa

N My
Y

Wo0R G0 0N 0@ M 1N 1% M0 AW TX LW O 00 G0 X 0P LN 1N LN 0N 1N X oW
il comiragg boo (%) Gertad i, bea ()

7= 000 M= 55 o = D40 D= 08 o = 142 W = 006

Contrail coverage from aviation
Source: Lim et al., 2014

<1% 4> COMA =& =2A AHm:}
Ex: CATE-KOTI &= =4 =Y 2 3|9 X2(2015.03.31)

(O RTM(Radioactive Transfer Model) E-S Code(Edward—Slingo radiative

transfer model)

— (%) UK 71H0IA A o 49 2E 7de 99 vaeA 449 /1§ v
3 FLo g3 E-S ndo] 13 9 HAE

— (input d9l°]¥]) Atmospheric composition, land cover, cloud fields, albedo,

meteorology

- (output OIO|E{) Radiative transfer over ‘'columns’ ' of the atmosphere
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Anrual cortrail radiastive farcing (FAST)

[T I Radiative forcing from aviation

k] 0 m;. =0 £ LT
ot e e, ¥ i) Source: Lim et al., 2014

[Min = 5.3, Maw = 14584, Maan = 20:3)

=

<J2l 5 > E-S code 2€ 24 2]
% CATE-KOTI 82 3t nd #a 3]9] x18(2015.03.31.)
— SCM(Simple Climate model) MAGICC(Model for the Assessment of
Greenhouse—gas induced Climate Change)
—(BA) Akl hE GFE FAE 9T v /F R B 9E wa g4912

st 71 FA AAZAM AL s
— (input dl°]¥]) Emissions scenarios

— (output H]°©]¥]) Calculates time—dependent concentrations, radiative forcing,

temperature response and sea—level rise from different perturbations

(O SCM(Simple Climate model) LinClim(Linear Climate response model)
— (F3A) Azt W& 9T HI7EE s T 7| BEZ A F 9 A uhAl oS

1
ol thet A E A GTP 59

J% T BA AARA LS Ve 3T 8 He
NE EAY BHUYS 2T

54 Avec) hE AAH BAF gAY ex dg ey g A 844
s AHE AL 5 dE E AL RS AN B 5 A

— (input d|°]¥]) Aircraft fuel, shipping emissions, emission indices, reference

radiative forcing from GCM, tuning parameters from GCM

— (output ®l°]¥]) Calculates time—dependent radiative forcing and temperature

response from different perturbations (CO2, 03/CH4 (from NOx), sulphate,

black carbon and contrails)
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E 156 > LinClim &4 &3}

short/long-term responses RF & temperature

. . future radiative forcing
(emission cessation)

Aviation Radiative Forcing Components
T T

2005
82| 20

2020
(A1,82)

[ Total (excluding induced

2050

@nm | ® |c ntrails | | | Induc

2050
(a1.12)

"
’ ! [l [ I 1
2050 i_’—l—'-_’.r ——
(B2, t1) =Y L .
r 7

Radiative forcing (W/m?)

! . L L
= 005 o 01 02 03 04
W0 10 190 0W 200 200 060 08 AN L T P N R B ] Radiative Forcing (W m-2) Source: Lee et al., 2009

ZA&]: CATE-KOTI &% &4 =& & 3]9] A7 (2015.03.31)

O A
~ AEDTS} Wlhel base DB Abo] 27} ztom], 43 Alzko] w9 &8

- =AY &R Abolzd] mEd AAst] BEen g

oy

212 base inventoryol 37| fleet W74, 8 7 &3 =94 /A
°l 4 AL Fal v AlyEl e =& Vs

A7k AWELE TESFL oM, AAE TFd Ao 4§

—AE g =R B A A RdEA Fhst A o E A el )
25 HL A AT A ks

—olf3t vkt v Ay e =55 53 ICAO CAEP A€ &%= sk 3l

A7k BN ol Ve REt dF FHS Sl flolM A g Rde

<& 16 > CATEV} &8 52l g5 &4 24

Emissions Model Concentrations Impact
Type
. . [ CCM J
ZA]: CATE-KOTI o9 % 5]9] AFF(2015.03.31)

1}) EUROCONTROLOA 7%t - =
O (%) Aok ¢kAdsta, a&4olH, 34X 40 F4 A9 U &3 =3 X¢d

(O 2015 49 34 &A 4070=0] Ak 2 55(2015.06 4170 )

s}




<% 17 > EUROCONTROL A|2= &

European Organisations

EUROCONTROL - History

EASA

e tes Lischlenstein

©  azemaan

IcAQ
(EUR/NAT)
53 @

41 member states &
the European Community

EUROCONTROL
40 STATES

H I EEE
3 2
7 7

Agency) 7]=2 A9 2 Ay}
%t ESTa #e 9

S
=

E

18 > EUROCONTROL #

ATM in Europe - looking forward

Regulate

®
©

()
)

Network management

)

© E]

Technical support

role

Performance review Deployment coordination

EUROCONTROL

Route charges

EA: EUROCONTROL KOTI 50}—'.?— &4 nd

(F249%) @ European Commission

Founding member
Major contributor

Longer term research

=

2 Aoyt AF&(2015.04.03)

jad)
=

EASA (European Aviation Safety
AXE, @ FAB(Functional Airspace Block) %<

"y w4 @F M B SJU(SESAR Joint Undertaking)
235 5o ATM & Z7)24 R&D A4 13

EUROCONTROL - Structure

SESAR and

Research

Route Charges Maastricht Upper Area Centre
Corporate Functions

1 sk

o

%x|: EUROCONTROL-KOT

T &4 =4

oA Aoy A12(2015.04.03)

(O AEM(Advanced Emission Model)18)

— 529 ik 717k oF 19 670

9, European Commission®] 4] oAk =] ¢

— EUROCONTROLOA 7idst rdlz A d3F7|9 dgL2E=3 CO2, H20, SOx,
NOx, HC, CO, #l#l, VOC, TOG %9 wj== A4

-8 A 7], dF, A5A48E, EE AR o F AR, A3 &
523 7% 59 TEw Ande vg 0 A9, NnE, gA5E, A5/5
g 5 AARS

—dAZAHFEE 3,000 FJE o]atoAE= ICAOY AXEEY o]|25 Al A8 4H| 2}
S (ICAO Engine Exhaust Emission Data Bank) % A&E AFEstH, 3,000 IE

— CO2¢} H20, SOx Hj

|4Fell tjall = BADAS A g=

A3

3ta, VOC® TOG (Total




=

Organic Gases)+ EPAS] W Eo] 93] AHdd HC W% A5 5 AFEsHe] AHY
3, NOx, HC, CO wW&%& 3,000 HE o]3lo thsfsl+= ICAOS Engine
Exhaust Emission Data Bank, 3,000 E o]Ake]] thajAl= ICAO A= 9 H YA}
9] Boeing Method 2 B|Z&AFE AH&3F

—ICA02Q Q=L Hre wdzx [CAO CAEP ¥ EUROPEAN Commission® 7
A A sk 43

— 20059 1d¥ 247t~ QwlEe] 5 9 B4

—AEM 29 7§ A] ALAQSS} STAPES Edlo] o] 7jwts

<E 19 > AEM 24 Z3|

AEM-Kernel AEM input data

‘ ACT_PRF.ENGINE_LTO_VALUES.txt | | AEM.VOCTOG CONSTANTS.txt ‘

1
[0 rom e |

ACT_PRF.aircraft_engine.txt

@ s e 1 AEM sput fle
Aight nie 1 Brawee
PSP e p——"
uuuuuu |
I o APT.airport_time_in_mode.txt
—_— —
AEM TEI9 A (1) AEM TEO| AKY (2)

(A4D flght pont is defi a
Iatituce, 3 langituge, 3light level, an
atme)

o portion of a raectory between
2 fightpoints)

N

Departure airport

AEM ZEI9| MY (3) AEM AFH ZiKgride! Zut AlZtsh

Aircraft/Engine Profiles

BADA provides
Fuel Flow above

jpooon ——
N Fuel Burn Calculation ’
= x Fuel Flow below 3000ft

from ICAO Exhaust
Emissions data

Coefficients for Fuel Fuslcongumed Engine Emission Indices
Burn proportional to Eory! C d ): aus
polluants missions data

—’ : Boeing Method2

TIITTEL cgucyommvoom

Hz0 COz SOx NOx CO HC TOG using EPA method

Z&#]: EUROCONTROL-KOTI &35 &7 =% &= Aojut A}2(2015.04.03)

O WISDOM (World Interconnected Sources Database of Operational Movements)

-4 AAY &7 & 22U (movements) W #HAA (Trajectories) ol thgt Hlo]H
s T

—6719 AMen hxd F(2€, 49, 6€ 9€, 10€ 1299 A7

- o] FU] e =AY 2
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— AEM3} dAEo Qo] d8 4AXF 9 227A wjES A, ICAO CAEPY]

27 H7tel A4

<# 20 > WISDOM MFTE A #EAMZ 1t

Import
CEMU 1L, |[ETFMS

ETFms || | Data |
Data

Flights &
Trajectories

Trajectory
Completion

Import
FAA ||| ETMS

ETMS Rala
Data

Update Static Data

OAG |4 Data
Data /7 \
\ Inconsistency
§ Report
A[\)rPtOﬁ w Way Point Aircraft
ata Data Data Flight e o
Profi = F;;’"M 15/02/2002 ,s’.;

Z4: EUROCONTROL-KOTI &% &7 =d A 7\1]D]L} AF&(2015.04.03)

O ALAQS (Airport Local Air Quality Studies)19
— European 34 A A3 [CAO CAEPE X35ty gaf 7t 9 =
7143 AEy HAEWE Rdg)

<& 21 > ALAQS AMFHY % EMZz

; Saurce

i _A\_-.AQS"_W : = Type, Identity and location
Missions Inventory = Quantity — mass per hour
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-2 BEF(EE Y o5dF ¥ 44 & AF) vy
-3 wiER(EE AV wiER) B 9 s 24, QA/QC
— 4 A Y (FE " A4 9 Budd, V58
O Ak mizd 719 2 Sxad4 deS A 28 Addes va3 25
— 197 g9 a2 e

ASA g, F7F @dad 9 ASAEEA A9, BUEE A, A
) w4
=39 oA MEFBAU Al e, 7] WE A=) A
— 4G - atAdS (lEE AS/AE) B owEd AR AIEE R 9 v )
—5outA 7159 2 Rad lEd 2 A5ASD

_93_




O Gald=ss s 247 SR #g A2" s st 7% A 9 24
o] Fo AT &R olF fd FFMEYE Data d3FS Ay, FEulEA
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T waver =9 AT 4%
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A adels e iey 47A wEF M-S st daelso] gloH,
A7 AR AleS Y= ngtdydy ‘miEE AR 3 ‘nEE T
A7v~  #BEA A" (Korea Transport Emission

KOTEMS)’ | TEJERS Byl TS A A HE

O
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Management System,

(National  Aviation
Resource Management Information, NARMI)  ©] A}&% 31 Q1S

7B SAGE (System for assessing Aviation's Global Emissions)
O 247k wj= FAACA /st EyozA, F37]e dx &AE%H3 CO, HC,

NOx, CO2, H20, S02 59 W&%e A9F. 98 Azt 45 As5d +2 n
e Aepgz A el Aolsk gizdl, BEvlg fHS I B AS
BE AT AR, taxi B 5 AAAEI AHHE wE e A8 dY AR
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}) AEM (Advanced Emission Model)
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AEAnHE, MEE AR 2o = ARl AR
3

B 243Y, N1F 5 XY
S AWMAA WY W AYAR, NPRE, DASE, FF/AFE 5 AGAEY

th) AERO2K
O QinetiQ(M171719) ] DLG (& °)
A FHEAAY R ofojH AAL F 2
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= Sa B
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Air Condition Unit  Step car Fuel Truck Deicing Truck Catering Car
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ofgfjol 7+eks] Avgeh, IDEFO+= A4 oxdA, e, s B
E= frield whHo R ASACl BEalE 53 ghokst gwe] 75 #
a3k ok =820 tdHH S I 5o 3 ddE A8y =
7 % Fo] FAE B ow gorstA ste AHo] S

@ 7|-=(Function)
- EEs s T2, E2 2dEs aE
- oS SEOA] 20| LOLPEX O] 2HEt M=
| o{(CONTROL) o 21=3(input)
- ZlsE v¥sl=d 223 71H =2 HIoIH= Z1=50]
TRE 25l =2 E|FL HIEEE= S BE=H

o= = e == (Input)
i [—> — - ion©] =7 FUES =1
(INPUT) (OUTPUT) FunctionO] ZHul=Z {MEE|E MHES

e X||O{(control)

B - 7152 SA4L Joist= JHiet=d, 7ol =2 =H2 2
FuNCTIoN) Mol Hest HofEA So= 715 +Me =X
ShAHLE A=olA| Bot.
ML S
(MECHANISM) e H|7 L] &FH(Mechanisms)
- 7152 $£3WsH= ALEE == ZHAHI=EA o] 23] 1 7]

<12 27> IDEF0S| maigig{nl o|o|

(O AEDTS Technical manual, User manual, ASIF reference guide FAHEA 4
SAGE manuals F3te] &3 2A7tA WS AHg gagso] 7|23 ox ZH o}
3 d=g/Alo] A 2 AEsty, €S &5 voloads A4 du &
A7 wEF APY G s e 22 /EY, Aol A5 2 DBE o] FolA
R+

Airports DB
ICAO emission index
BASE OF AIRCRAFT DATA (BADA)
Aircraft Performance

Airport layout
Study boundary
Operation
Climate

Flight Performa
= GHG emission estimation - Fuel burn
Emission

Weather model
Fuel burn models
Ground track

Track
Fuel (Bio/Normal)

Profile-driven flight performance
Trajectory-driven flight performance
Emission models

<32 28> 247~ ST AW S| 9EH 5B

— Airport layout: &=%/%2 33
FE v olzF dA oA e 7]

— Study boundary: ZFA}sFLA &
=% Aol 7hedt

— Operation: /%227 339 & 759 +F 2MEs 23 o+ &2/%

2 A7 8 BRSO AnE R
LA
()

— Climate: 7] Rd =24 337 gL
A odl QxES xeE
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F 5@ 9 gAY O FAA AueA Zwstd /1 dold
% g Zgetnl o/HF W 2 WA uY A5 A

O &g 22471~ vWed M A9 sy 2
— Flight performance: Z &37|7} 24

o] & T AT
a, 7(:)]4‘, = 1,

— Fuel burn: B3 A5 AR

=
=
— Emission: 98 A& 42 2217} A QIXE niE o g 2247
O &y 247~ wjEs A S 98] 223 DB W Ao A2 U 2o
= KR
=1

—Base of Aircraft Data: =& FZtellA 9] v]& Fest 4 wdy AF¢ 9 JRE
9 A=

— Aircraft Noise and Performance: 1845/Doc29 ARE o] &3t Fd F9 o]
53 dH9 v s U mdy AL ARE G S

—ICAO Emission index: A% 985 & Z} AR vj&5F ARE T3 A+

O &3 2472 vME% AES fsl 274 X BE, 8 da B
] 7w

GHG emission estimation Level 1
1. Weather model 4. Profile-driven
i flight performance
Pressure altitude - * )
Temperature deviation from ISA Bxplicit profile
Thermodynamic profile Trajectory extension

5. Trajectory-
driven flight
performance

2. Fuel burn model

Fixed-wing BADA fuel burn
Fixed-wing Senzig-Fleming-Iovinelli fuel burn Altitude controls
Sensor path flights

3. Ground track 6. Emissions
¥
Explicit ground track Aircraft-related emissions
Ground track extensions Ground vehicle-related emissions

<Jgl 29> 24TIA S ME 2E
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1. Weather model Level 2
ISA sea-level temperature
ISA temperature lapse rate
ISA sea-level standard atmospheric pressure
Pressure (mbar) — — '| 1.1 Pressure altitude —— Pressure altitude (ft)

ISA temperature (K)

1.2 Temperature

Te ture deviati
deviation from ISA emperature deviation (K)

Temperature (K) — — — —

<dE 30> M 2E (Level 2)

O Pressure altitude : Fo|7} F7Fgel wel 7]ste] sk A& o] &3t Foix
TES 4 (&S YD

718t sl LEE AAretE WY
I ISAS] t715A % vlaste] oy a1 A}3)

(O Temperature deviation from ISA : Fo]x Z A (Location, Time)olA 2] A &
=9} ISA 2E9t0] Aolzx FF7]19] Y He& AAtshsdl AHed
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O Fixed—wing Senzing—Fleming—Iovinelli fuel burn : Terminal area(&&2 A
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2. Fuel burn models LeVEI 2

Aircraft-specific 1st thrust specific fuel consumption coefficient
Aircraft-specific 2nd thrust specific fuel consumption coefficient
Aircraft-specific cruise fuel flow correction coefficient
Aircraft-specific 1st descent fuel flow coefficient
Aircraft-specific 2nd descent fuel flow coefficient

]
Altitude above MSL (ft) . .
Aircraft true airspeed (kt) .| 2.1 Fixed-wing BADA fuel . BADA total fuel

Aircraft total net thrust (kN) burn flow rate (kg/min)

<33 31> ¢z ¢4 HS (Level 2)

=9} Ax 2 YeEE Geographic coordinates
—HHd FFMFEHY T, 5% AYE Euclidean x, vy #HOSE Y=

O AY B REES A o5 Folue R,

—
e BFRow 74

|1

2% Weld F7hH o s Adt

3. Ground track LEVEI 2

Ordered set of points .
Ordered set of vectoring commands N 3.1 Expllmtkground
trac

—» Ground Track

+
Points from vectors
Radius of curvature

Ground Track | 3.2 Ground track | Extended Ground Track

extensions

<78 32> X|¥{M ZF (Level 2)
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5. Trajectory-driven flight performance

Level 2

5.1 Altitude controls

5.2 Sensor path flights

Track extensions
Trajectory output
SAE 1845 implementation
BADA implementation

Preliminary processing
Terminal area
En-route

<3% 34> A Ho|E 7|8t HIY &5 ZE (Level 2)

— Altitude control : Terminal area®]A 2] 1xeof tj

0]
A

=

=

— Sensor path flights : Fo1% &7 do]g]

Hh) 2A7IA AN BE
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ElHo] A2 RE Z
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6. Emissions

Level 2

Emission Index DB

Other inputs
NOx, HC, CO calculation
PM calculation
Sulfur calculation
€02, H20 calculation
VOC, NMHC, TOG calculation
0Gs calculation

Fuel burn l
Fuel sulfur content _| . .. .
Conversion efficiency 6.1 Alrcraft-rel?ted Emissions Emission

<18 35> &5 24714 AN 2 (Level 2)
< 25> 24JtA W AlE 2EY

Model Pollutants
The Boeing Fuel Flow Method 2 (BFFM2) NOx, HC, CO
PM

A First Order Approximation (FOA)

Fuel composition-based factors

CO2, H20, SOx, PM

Derivative factors

NMHC, VOC, TOG, 0G

W) ARz AN EF AL

Fuel consumption DB by type of GSEs
Full List DB of GSEs depending on the aircraft
ICAO (or National) Emission factors DB
Lower heating value DB at each fuel
Global warming potential(GWP) DB

Airport N Emission estimation for GSE
Type of Aircraft (Ground Support Equipment)

GHG & Air pollutant
Emission

GHG emission formula
Air pollutant emission formula

<O 36> AM4ZATH| S LY 202E A dEH JHdE

SFoRSE Tty 9 QlE DB JR7}

O AdxdZdn s A 9 &
—AREAE =Y A dudgs A A=Y AES T 169 2o, @]
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Emissions Estimation for GSE

Emission factor DB

Fuel consumption DB by type of GSEs per service operation GWP DB
Full List DB of GSEs depending on the aircraft Lower heating value DB
Fuel consumption of
= rel GSEs =
Airport - . by type of aircraft Total GHG Emission
Type of Aircraft Listing fuel consumption per service operation Total Air pollutant Emission
»| of GSEs for the selected » Emission computation »
aircraft

Y

GHG emission formula
Air pollutant emission formula

<38 37> XY= TH| HIEZT MFLUY T-HE

A 715 FAA GG

- MEFS A A sk F7IEol Aalsle Aol Y
= Adusta, g Adxdgulel et dsirgds 7o R AtE gupE 24
b AEES B Yste] AAe®s At

< F371F d AZZGZY 247EA WE2F AEA > (CAD

N,
B = XZD(FC’,C’Z.’ZXEQXEF;].X 10°?)
L, | 28715 8 24712(5)9) 8153 [kgGHG]
FC i | 29 9 2ard(k), 248818(]), 925808 A=2492F KL

)

N
EC, |azz

EF; | azzs
ol
=1

1)l the 247k(7)] BiEAlS [keGHG/TI]

5 SYRYEYR 4

K FF71F 8 AR d71LFEL WEF ARA > (IAD

N
E}_E(FOMZXEFL'J')
7
E’j 5715 E Ao OE gi7|E=A()Y wiEd [g]

FC i | 29 & 2ak), 298814(]), ARE5(1)8 dR49%F ke

EF; | Aazsa@)o ga 71 9d9ex(j)o] iEA4 [g/ke]
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O 1A% AFARA M= AEDT2a 7wt s Tds7IZ Holgdgloud o v
32 FAFZZ I Ve 248 Y3 AEDT2a ©]9le] AEIC, Aero2k, Piano—X X

2] VewAE 3T

7 MY 247X 8jEH A =213 Technical Manual ¥4

O 3% ea7ks e Y 223l 1% 242 93 WA, FTAGoE Agus

A9 A} AZE9OIQl mE FAAS AEDT2a, "= MITS AEIC, <99
AERO2k®] Technical Manual& #4138t

@ AEDT2a w774 £4
(1) AEDT2a Overview

2
toold. AEDT= &3Pdolr g4 own d7
AR H7I7EA WE 292

=7F e AAAEL el Wist AA WY 24 7 2@zt ddnde] sy
M AAte] 7.

o>
_O|L
rlr
B~
[
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o
2
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=
N
12

aa v HAE 9% &3] As, W7PkA, dRAR

- [e)
21 A ol FAA tool?l NIRS (Noise Integrated Routing System)
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= Al A AdEel 9= AEDT2b7F F708W, A4 A
sl &9  INM(Integrated Noise Model—2¢

53
EDMS (Emissions and Dispersion Modeling System—%d 33 x| o] w77}
2 HjE 24 S galE g

L oo
ol
il
rlr
of
~
1o
o)
i

(2) AEDTZ2a System Architecture
(O AEDT 2a¥ Microsoft. NET Z#dL 7|§to 2 311 Windows XP Professional,

Windows 7 1831 Window AW E 8% = A AHA AFEE 4 Q)& 7183 o]
T2 3, 39 2 fleet RO 3 P AAH GolE e AU
HFo
- =

X2 0= $3EH 4D AF, Fleet X 1283 event

assignmentsel] thgk FHLs DB ¢J¥& W= ASIF (XML-based AEDT
Standard Input File) ¥} 22 FHAl 7]&& AEDTY T8 H3AAw

O AEDT 2a9 output2 fleet mix, receptor sets, H| 845, 2, contours, 95

AR, A9 37 A a8jn 2A7EA wiEel dis) AWske g EZES 9= 1y

i Eﬂ &5 Z3g

(3) AEDTZ2a Databases
O AEDT 2a¢ X+ Hlo]Ei Microsoft SQL Server 2008 R2 databases®l # 7%
3 o] vlojetHlol A= A MAIY 3F, ¥4, Fleet AR E XT3t UF
O AEDTZ2a+= A2 dolg o] Ao tha)A ‘ﬂr'%ﬂr < sete wWepgt
O STUDT_ROOT: EAst= A5 A% v+ 24

O STUDY: ME2 A5 F 72 A4
— AIRPORT: FAA, ICAO, IATA 7] AF&3t 33 dolge st =29 set.
—FLEET : BE gyr] Bdef o] &3 4 9l HolH

(4) AEDT2a¥ Aircraft Performance
O AEDT 2at: % Hulda vdA =z, FEdA, Ad5iy
Al o€ Al AAtE FAR= A5 wi7|7ks bwlE Al
O AEDT 2a% F9, d54E, W77t~ HilERE Bk o}
T H|A R st Arks AT el Aol tigk Wt E£3E 0317
o trajectory®} H-EPerformance Model
—AEDT22a9% 55292 ECAC(European Civil Aviation Conference) Doc 299}
EUROCONTROL®] Base of Aircraft Data (BADA) AFE-AF w4 S A= st
e AMA A= 23 BHeld A Yol Rt ARE Thsetal T oA A A e
/\5]% 741 AFS SF r,q] A}Qmﬂ— BADAJ u]aﬂ Eoﬂal NJ)r ASR=I 74]_/;;3 nE 13]6(134:[7-
Zhell diall H o= oA T, AEDT2a%lA= = en—route7-3tell a4 qk AF8-3F
ZF A ti7| 2 e ]%Oﬂf—f}, = =¥ (flap) el gt 718k Ak
E &
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—BADA A% A= BADA dHoJgHo]AE Xgstal Qlal, 1845/Doc20 WA=
Aircraft Noise and Performance (ANP) do]ElHo]A~E x3slal 9l BADAS}
ANP tlo]EjHlo] A7 RE] 9] Ho]E= AEDT 2a Fleet Ho|g|H|o] Ao A1 &

HIAZ A, Ax 2 TJ8a e 7ig) MEe] st 2y oy E X3}

o
EUCAE=

(7}) Weather Model

O Weather field= #3F4 AIZFE] Fox 9& dol vigr 28] 4984
TAAEI9NE 1845/Doc29 e R ISA (A %+ di7]) X md=
A9k, AEDT 2av AR Q3o whet Jedo]l 52 34 Holy T ¥
A HolEE BT &k RS AR 4 dolH A4 AAdAle B
7 A7k A48 S 9l AEDT 2av A Alzto] HAHSS o, 7 a7x4
of RUC13 dlolEE o]&3 & QA leAE WA A2 vk o] 8 7ha3ird,
I Ay Algbe] 3t IR = I datasetEHE 7S whok o] g8k £ Qiubd, 7
& WHo®E RUC20 HlolHE AFEE & &4 AEF o] dt Ato]&2 GEOS |
°]H, NCAR dlole] Tg]al mpxeto s AIRPORTH|O|H7FA] A& whoke] 7k a1
UE TloJE] AAE o] 8F F gle A9 AlZtelEkd, ISA I HolHE o] &F

(\}) Fuel Burn Model

O AEDTZa= 1749l &z 7]e 7t w7 3te] s Fr7HAgHos A5sns
sk BADA User Manual¥ Senzig—Fleming—Lovinelli ¥ %
(O BADA g &% RdoA] 377} =88 dS 314 &1 Idle thrust setting©l A

o

AR

+854 ¢+ 4%, nominal total rate of fuel flow f,,, (kg/min)2]& o]&3st
v
1+FZ cle , (jet)
@ fn()m: VT C
1—— C 1000 , (turboprop)
C’f1 (rston)
o] 7] A
Vr 7] AA Hx(kt);
c, aircraft—specific 3 WAl F8 da5 A% A< (kg/min/kN
for jet, kg/min/kN/kt for turboprop, kg/min for piston);
c, aircraft—specific 7+ WA F¢ d5 25 A (kt);
F ad57] AA ¢ kN).
O &3717F <378 o ul, BADA dA A5 35F, fop (kg/min) < tha3 2ol
Al k= o 3]

fCR = Cfmfnom Eq 3-5
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o] 7] A
C aircraft—specific =% A53 5 AT (FAHY);

From nominal total rate of fuel flow (kg/min).

O 3314 Aol e g7l gt BADA A4 947 5548, r. (kg/min)& o33}
2o Ao Fof
(1—L)Cf .(jet or turboprop) Eq. 3-6
fmin Cf4 ’
C'f3 , (pston)
17| A,
h 1% (f);

¢,  aircraft—specific 31 WA &7 AREF 74 (kg/min);

1
i
=2
_C»‘h
ol
rO
il
ot
ul
X
b

Cy, aircraft—specific

© AEIC(Aviation Emissions Inventory Code) w7 #4]
O AEIC+= MATLABO.Z coding® o] Qo] zpshoA 7)atst= <a

B
2= 7P Attt @& 5 9ds ey sekelels sieels daesde gE

st B ES AFEste] AAAIMS Eola Sl
(5) AEICY &7

O AEICE ¥i7|7kA Wi &3 ol 53 25 #dst 94 JZststr] fla /N
A= 2005 v]dY ogE AAL] wzE 3717 AA v AL EF viEske vl
717v 29 ks AestE oS &A35ta, Monte Carlo
simulation< Al stEA A AA w7172 v E 9]
I | Aoz Fagstr] 98 ofe] 7HA M S S REd
MAew AME7bsd @37 wi7I7FA vlE 55 (A 103
| W7 7] wiEelA B FHUkE Ad HEx9

=)
o
=
mtn
J|
>,
_>r1_"

o
N

O AEICi= FH4eofl a3t 5odd 545 A3 ARgstdA a82d 7S AR5k

2 25 (LTO) =& 4] o] &5 (hon—LTO)

Hj &S A W2lo] 0~3000ft Alolo] WAsH= Aoz 3oy
e

o] FQ9 AL £38olu, 3000ft o)Al IS I
=

h= ’ )
WE Alrt AAE &9 Haadel it ?Xé, i %3—%@@ dEFIE A
ol =
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(h LTO Atel&

O LTO Ale]&-2 #to]&9] o8 o F&e ]  ‘times—in—mode's AF&3ko] 4
25 o5, A%, A< 183 taxing/ground (Z}

o] tigk A F8 S Agke tish = 4 9] (I0AC,2008).
£9Jo] ofyEE TIMs$ taxiout, taxiway
acceleration, hold, °1%, 7] 4%, ¥4%, A, #5F &5 A, 9 F4, 292

o ) H
taxi inC. 2 FAE ¢ xAQ Alo]|FE& AL
b B3 2AE

YA
aviation, 2005) & AFEE OAGE W3t &3y wE AA=wS uFa 9lor, vy
T =43 FFAE FHAh gk 4 573
gy71et 3o sk Aol s Alatstar, Z+zbe] o]l AR 717F w9k vyt 34

g Axtstr] sfel AR,

O OAG HlolgolX 22t 1G3F 37 58 wak o
o} 2AVIA wEF] AAty FAHS 98 A
3% Atole] & A% A E (great circle path) & wepttha 7Hgetar, ©
f3to g WAl A ek =W v]E&48 A E (lateral inefficiency metrics) =

.
Agatel 22U 5 AL

(&) &3#7] performance

(O EUROCONTROL®] BADA (Base of Aircraft Data) W% 3.9 (Eurocontrol
Experimetal Center, 2011) & A}g3}o] 3719 e AALS

O BADA+= 33870 AA 7)ol digt dolel7p x3=o] 17709 Af s ¥
+9 5740°] BADAC] AR-Hor mEg s gl& ymA 22170 e A=
EUROCONTROL®] A7l osf vh2 R} FALsA =4

O Stettler(2011) ]  HAIHMe  olgstel & AR F¥7iE2 Edw 5
EUROCONTROL®] BADA® o BAIHA ¢ 5719 Ao 42 =+ A+

O A= vlgo] Wol == =84 7|§ke] &7 A Edd gz ALk
Aststr] ¢18l vlg]l Y% look—up tables AFEE TAS, 98 58, 11
g B8 2 FF7] FAC wE As/eHtES LSt Z2H7 BADA
look—up table°] 3}
AR W H57F Al

A~
T
O AxE 9 aaxos #3357 98 442 54 Fa7ie 3o & e AEd




Mk o Fojxl F710 F R ARFE &Y vl FirelA g ] A
i

of s HlE TRl &F HAFS Fako] A4S o) F

s,
o
=
=
=
=g
—
A
[oS]
o
[ob]
=
o
(@)
o
=
(@R
o
<
=)
B!
=

Eyers(2004) F=&° TH= 7Hdetedl, 71A9 ¥ T (empty
weight), Htl F743t52 60.9%, ZAA7MA 7k H AREEHE AR GA5E, o
HIAE %= A vlgAto] 3AIZF olatd W& Wg] vld, 3A1%F 234
s A" ngor Ay F¥re £¥IE= HE BADACl AAH A
7000ft (ISA pressure altitude) S A}&-3+

N

(v}) AEICY Hj&% AMA

A 54 FE7leld wEHe W7I7AE VIRte R e U]l

A $3l Boeing fuel flow method 2 (BFFMZ2, Baughcum,1996) ] u}
A AR E, ®EA, A ERACY A9 ICAO  Engine  Emissions
Databank (CAA.200 9)°lA ElsE &83 ICAO databanki= ®7]7}A wlZE3 A=
FES 7% 30% 85% 100%2] 47}A F8 3oz 23

ICAO Hlolg= sllFH ¥ Az mAas 7|$o=® stal glom Folx F¢3 1%
A dm 535S TS AR AR Z3E st 24T
BFFM2+  databank®  FH  Alo] 5 ARreE diabE/a
(interpolate/extrapolate) = A|&3til T =RE 54 17149 AAHEE A
3 U AA A E Y log—log linear fitet ®3gba W LA ERA 9
log—log bilinear fitZ T4 ¥ 35 1Eo wWE wiEX 45 B4 7212 BADA
9] 53553 ICAO databank Els 259 wd& He =z 3

dg 379 BAYE 79 4"y 2%, v wmlekgel web gk By Ay
ICAO databank Els9} 3i+H, A4, 2% 9= ¥dd A5 4z vehds 4
Bl gl dAakstebAe] Elst 79 =9 o= o8] BA == whd, Fakst 4
49 Elsv 7W %% 49, % el g8 2y, v A7 sdst
A QA v gel] & 60%2 FiEEE 7HE

AEIC?] 20054 Inventory Results

r|

(¥} Worldwide totals

o TH2 A =AY WY AaE ok% A Aol M 2 24 Th
A 'EeaR, A FYAM el dle] Har oy WAL B A Tl

X
7b & W3kE HolE (Olsen,2012; Kim,2007). wi&e]l 93-S wejsha ¥ 4
-, A glo] vigte 3 d ey 0.6% A2
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e . , Coefficient of 90% Confidence
Emission Nominal (Tg) Mean (Tg) Median (Tg)

Variation Interval (Tg)
Fuel Burn 180.6 180.9 178.5 16.7% 136.1-232.9
COzasC 155.6 155.8 153.7 16.8% 117.3-200.7
SO, as S 0.108 0.108 0.107 17.9% 0.080-0.142
NO, as NO, 2.689 2.631 2.535 23.7% 1.761-3.804
co 0.749 0.760 0.749 28.8% 0.422-1.145
HC as CHy 0.201 0.203 0.196 42.6% 0.072-0.362

<% 38> MA| 247tA HiE

(AP Global

O otgl Z2¥€L 20059 AFd A AA v vt 7] A5k
e, AA A9 44.5%= A7 AA AR o] e A
o Edgo] dAE Q= A5, EFo

Fol ¥ T wxd AA vl

2t
1o
ok
Y
L
M
kd

an)
o,
X,
M
r)v
i,
K3 I
30
rir
o,
o
s
ku)
to
>
~
>~
=
i

r_{

oW 120w 0w o 0 E 120 E 180 E
Longitude

<78 39> OIzZigtE7| 24 7IA &2 column sum(200544)

© AERO2k #4]

O AERO2k+= QinetiQ(W17F719) A7 DLG(5Y), WA ALY, yEdae 235
AFA(NLR), gFHAAg R ooJ AA}, Eurocontrol 53 3H74 7)akgr

(7) AERO2k 274
O F37] SA7FA W& BAPEA S (radiative forcing) ¥ A7+ 2935 &3] A
1o A8 9 & 94 v 37 247 vWiEY dEE BAGAE S A
2 7}A ¥ (anthropogenic forcing) @] 3.5%% =}Aslal, 205074 3~7T%H =
7k AoIv[IPCC, 1999]. H ole] =7taS HAPHAI Y d3Fs vA= &
Sass dAsHl Algeta, AERO2KSE 22 A5 tools 7Wsto] ARE-Skal 9l
AERO2K&= AWk 10d F9te 7] #d dolH &5 7lAdste] 3379 s

N
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S 247 s A ES NTE e

(8) AERO2k® Description of the Inventory
O AERO2K framework b5+ ©TFeFst WO 2 gridded datas XdAE
World—Wide WebellAl Alg-7ls3tes s o+ Q<

4>
32
H

L C n L1 www.cate.mmu.ac.uk/projects/aero2k/

222 Apps (] Imported From IE @ Homepage | USCIS

homepage A—Z Index

Search for

Manchester
Mectropolitan
MMU CATE » CATE » Projects » AERO2k
Froject wte:
Projects AERO2K: Global Aircraft Emissions data project for climate change impacts evaluation
Evidence of Influence _ . ~ R
Clients Principal investigators:
Professor Dave Raper / Dr Delia Dimitriu
Customer:
CAA — Civil Aviation Authority
<112 40> AERO2k web site

— 20029 9 du AR 2AVA wjE 9 v
—2025d% € A8 &R 2AVFA wEH 9 v
-4 W3t F 6A1RF itk 24 Tk wjE 27
T e

—A A8 AR W e

(O 2002 Civil Aviation InventoryelA AlitEE 247FA+= Carbon dioxide (CO2),
Water (Vapor) (H20), Oxides of nitrogen(NOx), Unburnt hydrocarbons(HC),
Carbon Monoxide (CO), Particulate (soot) mass, Particulate number ¢

O Civil Air Traffic Movements Database? 2002W% 3 W% DB+ 4%F
AEGIE, A%, 1%, AHE =3t s 5ok 19 2002d% &
DB+ 1, 71k, Ad Wss aglste] tixzos d8d 65 <o 59

(O AEROZ2k prototype flight movement tool Z7]°] AMOCS2} ETMS+ sample
data® AH&3te] HE dlolHE 7ML= A& N o] HAo] spdEEA A
2, e Holge 49 date F4 9 dHeolHE 7HAes 4 Sla, HolEE
ool gtA Wty A F A HUuF

o o
=

]

l

offl o2

jaked
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EventTime
Source

application N
output files DepartureAdrport
k' allSign
l !
irlines Adrports I ocationIly
-
Global Time
[Zone Conwverter
o
.=
b=
—
=
b=
E
=
AeroZk: IGDATEventTimm

Generate uinique kewys for traffic flights
Convert all event times to standard time
(GINIT)

Compute FLUID ficld

Split flights as midnicht

<12 41> AERO2k flight movement tool2 2T == HOIHE 7IHQE 88 ZZIHE
Zte| ZA=

(O AERO2kx= AMOCSF ETMSE 7|+ dA 0% vHE= ZA 9 filght movement o]
B E 7FH oA Y "Mske 4= 9, o8 AR5 flight movement data® @ o]
EE2 . g HAE HolES o yek=e A7) vd dHeolHEE FAH L, 7]
do]E] 52 GMT (Greenwich Mean Time) & A|7F W33} A% o] Q4

‘ AMOC | ‘ ETMS ‘ | Schedule Database |

y
‘ Data converter | | Time converter |

Airport table

Aarline table
Great Circle <::|
Generator Fleet table

GIS

generator

‘ Text file converter for

exportation

<78l 42> AEORO2k flight movement tool 7H &

O AMOC 9} ETMSO] H|g7A% dole:= 959 AL 3
Al3kal7] 98l VBA (Vaisual Basic for application) 715+2] GIS & ZZ 1S 7
ek GIS 8 T2 73E Access DBOA dHolEE A S 4 L, HAAR
= AEAA] e drz WHIssE. o] RIS ol

— AMOCS} ETMS®] dlolE] ® 9 37t
~Ao® nAARe} v A3 Edo] J33] AxFHUA Folr] EPWo] Hiatyoe] g)

P
o
b
R
p
=
L
)
=
iy
o
N
L

el
iy
flo
o,
o
=2
>
>
ofo
ekl

[
o5~
ok
)

[e]
2
cx =
WE
Jin)
o
o
|
i
i—";
[y
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<78 43> Oj29| oo HO[EHETMS - T}EHA)et Kol HE A2 co|E
(AMOC - 7ih)o| fo|E LIE}E 112(4-5-6/10/2000)

O oty Z¥E2 ETMSS AMOCS 22 xS vlwst 199 ETMS Hde 9
Ao A EeHsta, AMOC B3-S v]=x] oA s
F7] 98 oy FdyHs sy, @Y A4 == g
A ol 1HES ETMS9 AMOCS H3S st & ¢

<&l 45> ETMS®} AMOCS| H|8 = =5t Fo| H|8 A=A
(9) AERO2k®] Fuel Profiling Prediction
O dg z23d38 7} o932 AERO2k Data Integration Toolol| A4 23]
—ol5: AW FATHEF 60.9%F AH&ste] 5 AQE vldskE wte olF T
7, emissions databank®} airport specific departure time—in—mode LUT?9]
17 &, o], 5 (30001t 74A]) ©lolH
— A% (>3000ft): T2 gojEelA 7] 8 1EE AAse A% dHolE Ho

O:

N
oy o
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I %
%, 3 AN

— 8 2 dolE HolRelN 7t ¢d PRkl A%, vhels, 387] Sl et
A9 +% AR 55 A

— step—climb®|Y} mid—cruise T-3ro|A 2 &34 cruise stepe -4

— 317 (3000ft 7kA): sk HolH HolEe HFE & ALLEEHE ALE3000ft 714
stdsts BoF AREE S A5 dHolH

1

]

|
J

AL

. emission databank®} airport—specific arrival time—in—mode LUTY H

o

(10) Aircraft performance assumptions
O 7] +F dHolHe &7 T, o1t AAGE, A5, 15), BPAIZE 114 o=
AEstE gekst doly 242 @37 s EE"H A8 AR s AL
ofef= 12 W&ol thall 8%+ 71 <
(O The Landing and Take—Off(LTO) cycle (2% 3000ft ©]&}ol A2l &
— &% dlojE 75 AME-¥ = emission databank® 91: W wjEF
HEZ A& AbEeted F2s JUErt R Eojof &
—3000ft F<FollAd mapsh= A H|E A5 3 mpA )k vy A o] 3 Adael dvka
7+ g
—EE 2 dladel X%
O AERO2kS] LTO #j&%2 A
gk HolE 7Es Al¥

\d

fin}
o,
ki
I
o

(7H Payload

-7 THS AT A5iaEe TS F+= AHidAY HATHY Ay FA=
T8t (57, ) we detA 1, HATE 25 s8H2 7] TR U
vz o] S whe e AnHge AT At 7] FAC U g4

— AERO2k®AM = ICAOS A7) d3APE a3 wg dHolHE ARSI (HY &4 <

7 5
ZFo] 60.9%2 H FATZ oy AF) [ICAO,2002].
(1}) Reserves
— o] A5F

(e} =
hey T
EE gAY 23 TAA 9AY 23

=i o] =],
— AEROZkOIM = FAY F F1telA dF vl33s &rstr] S8 223 A5
5%¢F 200nm2 93], 30% H¢F e 15 g FAT F Q= ARHS FHE o
59 5%°] 100nm §-3], 452 &< A 1% B

A & e E 95 g A
A 23 AgHs F7}E

(t}) Flight speeds

- Z3719 H¥ £xe Ak, $Hb(eF, head winds), &3 A practiceo] wheh &

2} A, 3FA} practices AwtA o7 FHt SAR(specific air range) 2l 99% =74 2]
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MRC (maximum range cruise) <SEHTF #E nwljgiow FAE I, LRC
(long—range cruise) 581 % 3t
— AERO2keIM = Hol SARS 99% A H9 &%

i

143

(11) Emissions Parameterization for Civil Aviation
O 247~ WjE5E WEATE /\Pﬁ-o}oﬂ AL WlEX] s T o0R /\P*q—ﬂbﬂ
Az dolee] ZAE

O o] BAQ A HA A9 ol L5 5 dolHE apshod, A% Fn
s8el4 EI NOx9he] Awge o3 31 A

(2) MEF Ay Z2I 4 4F 2233 F3o FQ3% DB FA}
sample DB +=
O AFAGHNHE B A3 BXEo] “(1) wiZ= 24 Tz JdaA4 ¥aA”
Fol ZgkE o] lloy g AdA ok thE WgololA MRl AT A A(E sample
DB A W FEHFHFES YT
O o8 Fx7)ek Az DBE AEDTZ2a¢ ¥ 3l ASIF(AEDT Standard Input
File) Z} AEIC 99 3¢ @A 9% X =Z Mappingstal J 23

P

1) BADA3 A< DB 7 75 ¥ ¥&37|-dx 24 Mapping
(1) AEDTZ2a Mapping
O 998 &&7]¢t Az DBE AEDT2a° 948 32l ASIF(AEDT Standard Input
File) o] ©t% 2 X2 Mappingste] &3t
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[FLEET).[dbo].[FLT_ACTYPES] [FLEETL.[dboO).[FLT_AIRFRAME_ACTYPE_MAP] [FLEETL[dba). |FI.T_AC|'\|"FE_CORREC|’ION| [FLEET].[dbo].[FLT_REF_LATA_ACTYPES]
|# Entry 2615 # Entry 2556 # Entry # Entry 243

[ACTYPE _ [SOURCE ACTYPE _|AIRFRAME_ID |SOURCE FROM_AC] YGJ-C IATA_ACTYPE |MFG_AND_MODEL

o LaTa a10 2876 ICAC 300 AZ06 160 FOKKER 100

100 LaTa A109 4533 IcAC Azs PAZG 141 BAE 146-100 PASSENGER

121 TATA A124 4557 ICAC AASA AAS 122 BAE 146-200 PASSENGER

142 LaTa A120 2558 ICAD Aass AAS 143 |2AE 146-300 PASSENGER

143 LaTA AZ 4877 Ao (AaC12 AC1L 146 BAE 146 PASSENGER

126 LaTa A306 2530 ICAC AC1E AC1L 1aF BAE 146 (FREIGHTER)

1aF LaTa 4306 2532 ICAC =N ACIL 310 AIRBUS A310 PASSENGER
310 1aTA 4306 4534 ICAC aces = 312 AIRBUS A310-200 PASSENGER
312 1aTa 4308 @525 ICAD ACST ACBD 313 AIRBUS A310-300 PASSENGER
F13 LaTa az08 2528 ICAG 225 ASTR 318 AIRBUS A318

318 [LATA A3Z08 4528 cAD [ ANA AN12 319 AIREUS A319

319 TATA 4308 2528 ICAC AT38 T38 31F AIRBUS A310 FREIGHTER

B5 TaTa A308B @531 ICAC [aTaz T4 31 AIRBUS A310-300 FREIGHTER.
1w 1aTa a308 2533 ICA0 avE HAR 320 AIRBUS A320

220 LaTA A310 2536 ICAT 8109 8190 321 AIRBUS A321

221 LaTA 4310 2537 ICAC 819 8190 325 AIRBUS A318 /319 /320 /321
325 LaTa a318 2538 ICAD |_52cx: BEZ0 330 AIRBUS A330

230 1aTA A319 2539 ICAD 5206 806 332 AIREUS A330-200

|32 LaTa azio 2520 ICAD 832 1532 333 AIREUS A330-300

EEE] 1aTA A320 2521 ICAD 858 BESS 340 AIREUS A340

320 TATA 4320 2522 ICAC |BsaP BESS 342 AIRBUS A340-200

zaz LaTa P asas ICAC B707 B703 3a3 AIRBUS A340-300

3a3 1aTa A321 4524 icAQ 8717 8712 345 AIREUS AZ40-500

3as LaTA A332 2525 ICAT |B727 8722 346 AIRBUS A340-600

346 LaTa 4333 2528 ICAT Igrzo B722 380 AIRBUS A380 PAX

280 LaTa a3a2 @527 ICAD B73A 8731 38F AIRBUS A380 FREIGHTER

EE 1aTa A343 2528 ICAD |8738 8732 707 BOEING 707 /720 PASSENGER
o7 LaTa A325 2520 ICAT B73C 8733 70F BOEING 7073208 /320C (FREIGHTE|
7oF 1aTA A346 2550 ICAD B73F 5735 717 BOEING 717-200

717 1aTa 388 2553 ICAD [8731 B737 721 |BOEING 727-100 (PASSENGER)
721 TaTa A3ST @535 ICAG |E?3Q B737 722 BOEING 727-200 PASSENGER
722 LATA AL 4878 Ao B73s B737 727 BOEING 727 (PASSEMNGER)

727 1aTa At 2879 ICAG [67a7 B744 T2 |ecamnG 727-200 ADvancED

<% 46> AEDT2a2 Fleet DB2| oi2{ stZ7|2} QI Mapping
(2) AEIC Mapping
O OAG €38 ~AlF 9= IATA CODEZ AEICY ICAO%}
AEICS BADA & 7] dof AREE = Qs gk

BADA ©|&¥ #j

L

OAG 7% - | ®¥ AEIC- BPPSl ADA st
IATA CODE ICAOO|£/BADAO|E ce

Aircraft in OAG Schedule to BADA Aircraft Mapping 3IX 16 A0 Airbus A310-200

Souce: AEIC v 2.1AircraftCodes.tit Y 17|10 Airbus A310-300

[ATA Code [AEIC #]ICAQ/BADA CODE |Manufacturer Aircraft Type / Model 320 18 |AS20 Airbus A320-100/200

TR Fobker m o 18 |ma Rirbus A321-100/200

b e ™ TR 2 |0 |mn Airbus A318/319/320/321

142 3 B462 BAe 146-200 330 21 A332 Airbus A330

143 4 B463 BAe 146-300 332 22 |A32 Airbus A330-200

146 5 |mde2 BAe 146 333 23 |A33 Airbus A330-300

T ) Bhe 6 340 U (A Abus A340

14X 7 B461 Bhe 146 342 25 |A3d2 Airbus A340-200

14y 8 (B462 Bhe 146 343 26 |A33 Airbus A340-300

147 9 B463 Bhe 146 345 27 |A34S Airbus A340-500

310 10 [A310 Airbus A310 346 28 |AM6 Airbus A340-600

312 1 A3 Airbus A310-200 380 29 A8 Airbus A380

33 12 |A30 Airbus A310-300 38F 30 |A388 Airbus A380

318 13 |A3l8 Airbus A318 703 31 |B703 Boeing 707-300

19 14 A319 Airbus A319 707 32 B720 Boeing 707/720

31F 15 [A310 Airbus A310 70F 33 B703 Boeing 707

<72l 47> IATA CODE ¥ 2 ICAO Engine Emission Data Bank2|

2=
T

th dHolHZHRF DB AM/FE/#E &Y ¥

O g5 247~ W5 A4 25 74 9 15 dA4oA &
5 Fds] g8 daatel 23 DBE FulE w3tk o]
HE535to] olgfo] B2 FAE

=

=

AlIXI B} Mapping

4 QALY EF
T+ Tier3bwe A4
AHA field =

gl &
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F 27> Airline Fleet Data
Airline Fleet Data
SIZA ER 2 §2)|82 S 22 UOoIeI 228
Data Type Remark
) Tail numberJt OtLID &2 Al BSE MEFZ.
Tail Number . . . . _
Operation Data2l Tail number 2+ ConsistentdolOf &
Aircraft Type
Engine Type
Engine UID
Year of Delivery
Number of seats
Role
< 28> Airline Fleet Data example
Tail Aircraft Engine Engine Year of Number Rol
. ole
Number Type Type ulb Delivery of seats
HL7XXX 737-900 CFM56-7B24 3CM032 2004 190 Passenger
<i 29> Operation Data
Operation Data
2 B A 20108 =2 2 Revenue OperationOff THollA CiS1 22 GIOIEDJF 2RE
Data Type Remark
) Tail numberJt OtLIL]) o] Al BISE HFZ. S Airline
Tail Number . _
Fleet Data2| Tail number 2t 240| U OFE
Origin Airport
Destination Airport
Departuretime
Arrival time
<E 30> Operation Data example
Tail Number | Origin Airport Destination Airport Departure time Arrival time
HL7XXX GMP CJu 13:00 14:00
<I 31> Detailed Mission Data
Detailed Mission Data
5247158, BN =23 712] = A A7 2] e AT)ol iRHFDRE ol E{ 7HE 2
Data Type Remark
Ramp Mass ACIEEZTAF T F Y
BlockFuel Gate-to-gated B2 A2
Duration 5 = AR
Track Distance = 23 A2
. clole] ZolEl AN A (B2 ARAA REo
Time A
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Coordinates

Heading

Altitude

True Air Speed

Mach

Ground Speed

Air Temperature

Gear Up/Down

Flap

Engine Thrust (if available)

Fuel Flow

<f 32> Detailed Mission Data example (1)

Ramp . Track . . .
BlockFuel Duration . Time Coordinates Coordinates
Mass Distance
. [Latitude, [Longitude,
[kal [kal [min] [km] [sec]
degl deg]
68,033 5723 110 1572 0
1800 46.263 -71.225
<I 33> Detailed Mission Data example (2)
. . True Air Ground .
Heading Altitude Mach Air Temperature
Speed Speed
[deg] [ft] [km/hour] [km/hour] [degree, Celsius]
57.86 35000 948.224 0.78 925.33 -58.3
< 34> Detailed Mission Data example (3)
Gear Up/Down Flap Engine Thrust (if available) Fuel Flow
[Newton] [kg/hour]
Up Cruise 3291.684 2400
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<% 35> Statistic Data (1)

Statistic Data

et 2o FgeAd SRR} Ba

Data Type Remark
Averageloadfactor N8, 715
Average or Histogram of Difference between Ground Track T
Distance and Great Circle Distance
Average Taxi-Out time U3, 7158
Average Taxi-In time sEEr )15y
Average Maintenance Cost per hour N8, 715E
Average Flight Crew Cost per hour LA, 715d
Average Cabin Crew Cost per hour &g, 7159
Average Fees (route fees, landing fees, etc.) &g, 7159
Average Fees (route fees, landing fees, etc.) LN, 75
<# 36> Statistic Data (2)
Statistic Data
Data Type Example Remark
Annual average of load factor
Averageloadfactor 70% or payload (if possible for
each route)
Average or Histogram of Difference between
Ground Track Distance and Great Circle 20%
Distance
Annual average of taxi—out and
Taxi-Out time 30 taxi—in time (if possible for
each route)
Annual average of taxi-out and
Taxi-In time 15 taxi-intime (if possible for
each route)
Average Maintenance Cost per hour 70 WA
Average Flight Crew Cost per hour 65 WA
Average Cabin Crew Cost per hour 48 7
Average Fees (route fees, landing fees,
13 =
etc.)
<i 37> Additional Questions
Additional Questions

How often does

the airline do tankering for each route?

Tankering What is the average of extra fuel amount for tankering

per each route?

) 3% DB FAF 2 &H (Aviation Database Overview)

kg

O 322474 wj&5F by 200 7k 1 ASS F3str] §J8 223 DB
25 _7,\_/\}0}0% delst & g1 7hs3s DBE FulstAY T Al Aok e
EUloA o s s 3l SR
— 3k Tﬂr‘ﬂ*ﬂi Aeks &3+ g1 : BADA 3.1.2(Eurocontrol®} A <F)

- 5% gx 73k doly gxH 0 BTS &
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<E 38> 2010 Flight Schedules of flights of 7 named Korean carriers World-World(1)

Carrier1 Carrier1Name FlightNo1 DepAirport DepAirportName ArrAirport
7C Jeju Airlines 100 CJU Jeju International GvWP
7C Jeju Airlines 100 CJu Jeju International QP
7C Jeju Airlines 100 CJU Jeju International QP
7C Jeju Airlines 100 CJU Jeju International GVP
7C Jeju Airlines 100 CJU Jeju International GMP
7C Jeju Airlines 100 CJU Jeju International QP
7C Jeju Airlines 100 CJu Jeju International GWP

<I 39> 2010 Flight Schedules of flights of 7 named Korean carriers World-World(2)

. Local Local e
ArrAirpor tName . . Speci ficAcf tName
DepTime | ArrTime
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHG-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q
Seoul Gimpo International Airport 0710 0820 De Havilland DHC-8 Dash 8-400 Dash 8q

<it 40> 2010 Flight Schedules of flights of 7 named

Korean carriers World-World(3)

SpecificAcft Ma;l?;ﬁ?ff Distkm | Depl|ATACtry | ArrlATACtry Frequency | TimeSeries
OH4 29 451 KR KR 1 2010-02-21
OH4 29 451 KR KR 1 2010-02-27
OH4 29 451 KR KR 1 2010-04-20
OH4 29 451 KR KR 1 2010-06-17
OH4 29 451 KR KR 1 2010-06-20
OH4 29 451 KR KR 1 2010-06-26
OH4 29 451 KR KR 1 2010-08-17
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(1) 2010 Flight Schedules of all flights (minus 7 named Korean carriers)
in/out of Korea (78,799=2] H gl to]E <)

<i 41> 2010 Flight Schedules of all flights(1)

ArrAi
Carrier1 Carrier1Name FlightNo1 | DepAirport DepAirportName oot
. o Seoul Incheon International
SQ Singapore Airlines 16 [CN ] SFO
Airport
o Seoul Incheon International
DL Delta Air Lines 158 [CN ) DTW
Airport
AF Air France 264 CDG Paris Charles de Gaulle Apt [CN
NH Al'l Nippon Airways 1161 HN\D Tokyo Haneda Apt awP
o Seoul Incheon International
5J Cebu Pacific Air 195 [CN ) MNL
Airport
MU China Eastern Airlines 5058 MWX Muan PVG
) Seoul Incheon International
XT Skystar Airways 611 [CN ) HKT
Airport
<IE 42> 2010 Flight Schedules of all flights(2)
Spec
) LocalDe | LocalA L. .
ArrAirportName . . Speci f i cAcftName ific
pTime rrTime
Acft
. . Boeing 777-300ER
San Francisco International Apt 1740 1110 ral
Passenger
Detroit Wayne County 1736 1800 Boeing 777 Passenger 777
Seoul Incheon International Airport 1330 0710 Boeing 777 Passenger 777
Seoul Gimpo International Airport 0855 1125 Boeing 777 Passenger 777
Manila Ninoy Aauino International Apt 2135 0030 Airbus A320 320
Shanghai Pudong International Apt 1220 1240 Airbus A320 320
Phuket 2220 0240 Boeing 767-200 Passenger 762
<I 43> 2010 Fight Schedules of all flights(3)
MaxTakeOf fWei . . .
aht DistKm Dep|ATACtry Arr |ATACtry Frequency TimeSer ies
352 9080 KR us 1 2010-11-19
298 10651 KR us 1 2010-06-03
298 8924 FR KR 1 2010-10-09
298 1178 JP KR 1 2010-12-21
77 2607 KR PH 1 2010-05-08
77 602 KR CN 1 2010-05-05
179 4319 KR TH 1 2010-02-07
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=L QUHE=E

=il = & 3= FE I 5E % L= =a 1= 3= FE 355 %

CN ANC 74Y 1711 1711 2.185827| [ICN KIX 333 1180 1180 1.509086
CN ANC 74F 1179 2890 3.692017| [ICN NRT 767 1166 2346 3.000269
CN KIX 333 1176 4066 5194374 [ICN NRT 777 1110 3456 4419833
CN NRT 767 1167 5233 6.685233| [ICN NRT 744 1071 4527 5.789521
CN NRT 777 1111 6344 8.104552| [ICN NGO 767 1013 5540 7.085033
CN NRT 744 1075 7419 947788 [ICN HKG 74E 933 6473 8.278235
CN NGO 767 1013 8432  10.772 ICN KIX 767 819 7292 9.325643
CN HKG 74E 938 9370 11.97031) [ICN AMNC 74y 806 8098 10.35643
CN KIX 767 820 10190 13.01787| ICN SIN 772 786 8884 11.36163
CN SIN 772 785 10975 14.02072 [ICN PVG AB6 775 9659 12.35277
CN PVG ABB 775 11750 15.01079 [ICN LAX 744 768 10427 13.33495
CN LAX 744 768 12518 15.99193] ICN HKG 773 757 11184 14.30307
CN HKG 773 738 13256 16.93473) [ICN BKK 777 711 11895 15.21236|
CN PUS 739 663 13919 17.78172 [ICN PUS 739 665 12560 16.06282
CN SFO 772 626 14545 18.58145| [ICN SFO 772 626 13186 16.8634
CN FUK 767 620 15165 19.37351) [ICN FUK 767 620 13806 17.65631
CN TAOQ 333 605 15770 20.1464 [ICN TACQ 333 608 14414 18.43388
CN BKK 777 583 16353 20.89119) [ICN FUK AB6 5438 14962 19.13471
CMN HKG 777 552 16905 21.59638) [ICN PVG 74E 523 15485 19.80356|

<38 48> AXZE A9 2071 E/=F =M (2005)

(3) 3 ZEIOHS AMES ¥ 2A47A WEF ALY
O AEDT2a% Fiste] A3k o (copyd mI3 $600, 3 copy Tul) kgl oA
AEDT2a%E Abg3stel dF ArkE F3slal AEDT2b7F 54 29l EA1E <F
olwl AEDT2bi= AEDT2acll GUI #R/F of2} input filel ASIF(AEDT Standard
Input File) 8 ZAW 5% gebx AEDT2aZ AFE3 7% 248 AdAA BuA
F-Ho] AEDT2a Technical Manual 7]5 ¥4 W&oz Aty #5319 uf x4
B2 AEDTZ2a ©]£]9] v A Edo]9le] HluwiA S 984 AEICS} Piano—XE&
grste] 2ATNAE AT
b ATl AT Al Aol 9 dlx2Ad Study 743, A, A7 AR
Ay ©F
T 2A7tA wEE A 229 5 i
fFAE 22 EdolE E]lste] =] el S Studys T8k =X AL

o AF AAE JAAE AR AP
8
Baste] ANS ST

o 9 o

@ AEICE A}€3F LTO(Landing and Take—Off) ¥4
(O AEICx v]= MIT ojgh a3stad 22 72 (Aviation Emissions Inventory
Code)
O LTO %= 3000fte]ste] &< <u|g, Non—LTO+ 3000ft o= <nE,
OAG (Official Airline Guide) 2tz @FF=FHE A& 3|ALE] 2005 B33 data
o] &
O T3 ¥W=& 20059 149X
O AEICeIA %] Raw data
O 19 18, 719H 199 %

Zend BE g3 list 24
T3 2 Matlab structureS A
SHAR} gy &3 AAE(OAG data), &5 & =




TF guE oAw ALT0)S awkow AEd oled egkel el ARICHe
RE o] EA R A S AREEte] 87t et wEelA e ol H A Fur] &4
b Ea = = i

Qrigin airport =2 =%

| Destination airport =& ZEk |

Aircraft type 237 IS

| DOPS(2) DOPS + EffDt + DisDt > H|3 % A |

Departure time =gk A|FH

| Arrival time =ETVED |

Fits (?)

| EffDE (A=FQL) DOPS + EffDt + DisDt - H|28 &} ARE |

DisDt (== 2 DOPS + EffDt + DisDt —» H|28 =} A

| stSeat ABEIR %S |

<18 49> Z&d¥ Raw data format

ArDep Arrival = 1, Departure = 2

Dest e

Aircaft type 537 58

hour 1819 0N§ 71702 # 14 59 ARl

<72l 50> 2% Converted data format

Option {1 Ef

Non LTO (Bada)

Monte Carlo

emission =&F

<72l 51> AEIC Software SET
O ol 2952 = F 147 3F(FUA 3 732, =4 33 735 s 20054
47F Fuel Burn, Nox, CO, CO2, SO2, SO4 HONO, NO, NO2, HC At= Ay=
YERE.
O 2= A3k B A84aR e A-HFIF(CN)o] 1.3867e+08 kgl 2 7H =11,
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avggogE AXFA(GMP)O] 4.1548e+07 kg, AFEF(CJU) 3.051e+07, H
2bEgH(PUS) 0] 2.139e+07°0.2 =9k, UmA] 352 99 4719 T Ao
of nla| 7 ¥&°] A5ALEF Zol7t A WA . I el tE 24V~ HjE
3 AA MM ZA b= Bl &) Aol= YA 24 3 wMEEE AT A
=3

o wiu 2.0599e+05 3.1782e+06 1.6545e+06 6.4772e+08

<72 52> LTO Hi&EEF AFH Z1f(1) (2005L4)

HOMNO (gram)

= wiaiu 2.4225e+05 7.4157e+03 52440 e+04 2.705%9e +06

<%l 53> LTO vi&=F AE Z3H2) (20051)

Lt [ e
it
e
20
ety
e
nsotit
= pr
G -
£ e E
=
£ i o
5 v By o L
3 5 1
2 s ol g
[ 5} 2 e

Leatin

RE_ T
00408
s
I o~ l I I
e T e [ - [ T —

Y UR AT v BT A2 B 4 4T RE LT 24 0T U U AE AT w4 BT AF BY o YD 20 UG 26 WD o9 HH dE AT Y BT 07 BY A HD EE HD 24 95 ¥R
National Airport Mational Airpart National Airport

[ Iyas oz 403 ] [ DAY 23S HE CO2, Nox B ST ]

<38 54> ILH3E LTO HiE2 MY Zx J2(Z(20054)
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© AEICE A}£3 Non—-LTO &4
O Non LTOL 3.000ft o]A+e] €3-S ou]dF, OAG 2005 data

(O EUROCONTROL®] BADA (Base of Aircraft Data) H|°|E &
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Table 2

Comparison of global aviation emissions inventories.
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Inventory

Year

Emission

Fuel bum (Tg/year)

NO, (Tg NOyyear)

CO (Tg/year)

HC (Tg CHyjyear)

NASA/Boeing
QUANTIFY

AERO2k
AEDT

Lee et al.

US EIA

2010

AEIC (This study)

AEDT

1999
2000
2002
2004
2005
2005
2005

2006

136
152
156
174.0
24
232
180.6

[136.1-2329)

188.2

138
1.98
206
2456

3

2689
[1.761-3.804]
2656

0.667

0.507
0.628
0.67

0.749

[0.422-1.145]

0.679

0.226

0.063
0.090
0.09

0.201

[0072-0.362)

0.098

* Reported as barrels per day, conversion to Tg assumes that there are 7.93 barrels per metric ton (US Energy Information Admin-
istration, 2013),
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(3) Flight Trajectory
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Example of Flight Trajectory
(Small Twin Aisle, Design Mission)
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Example of Flight Trajectory
[Large T .Aisle, Desigm Missiom)

<12 63> AT ME LTA 3712 2&7zlo WE nr st

(4) Block Emission
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Fuel Burn per Flight Segment
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Advanced Surreh Air Carrier Financisl Foem 41 Financial Schedule consists of financial informatien on Frafile
Rapets (Form 41 larga U5, cartifid ir carraci--includes balance ahedt, cash
Resources Firancial Dats) flow, employmers, income statement, fuel cost and
- eohjumglion, Birgralt sparabing axpandas, and cparalng
expenses. Note! Numbers presented on B1, B1L Balance Shest
Database Corectory and P11, 13 Staternacs of Oparationg now fellew the format of
Glossary comman public financial documants, This format reverses signs
fremn the accaurting fanmat in which rumbars aopeared prce 18
Uptoming Relesses 10182006 (Examples)
Data Release History
Adr Carrier Suatistics Manthly dats reported by certficsted U.S. air carriers on Profile
Data Finder (Farm 41 Traffic)- LS. passengers, freight and mad trangported. Ales includes aircraft
| Camiers type, service class, svailable capacity and sests, and sircraft
1y Mode heurs ramp-ta-ramp and pirborna.
iyintion
Air Carriar Statigticn Morzhly data reported by certificated U5, and foneign air Frafile
Maritime: (Farm 41 Traffer)- A0 casriers on passengers, frasght and mail trangponad, Ao
Mighasy Carniars wcludeg sircraft typa, service clase, available capacty and
seats, and aircraft hours ramp-bo-ramp and airbome.
Transit
Rad Al Carrier Summary  Summary duta of the noa-stop segment and on-flght market Prafile
' Data (Foarm 41 and Z98C  date reported by air casrers on Form 41 and Foom 298C
Pipeline Summary Data)
Bikce/Pedestnan
Othar Aathist OTiime Maathly dats repamed by US 2etilied aie carmiérs that Bcout Pralile
Sublect Performance Dats for at lnast ore percent of domestic scheduled passenger
By Subja reverued--includes seheduled and sctusl arrval and departure
Safety times for flsghts.
Fréaght Trasispart
" — Adrfire Cirigin and Qrigin and Cestination Survey (DB1B) is & 10% sample of sirine Profile
BHANH Trirve Destsfinlssh Survey HEkEL IFE 18paMing CArriers. 88 included SRgin, desbAnban
{rfrastructure (caie) and other inerary details of passengars transported,
Econcmic/Firancial
American Travel Survey  Mational data on the nature and characteristics of long-distance Frofile
SonslDemograghic [478) 1995 parsenal tavel, o a heuisheld survey conducted by BTS
Lrargy abaut every five years
EIHRETRAE Awiation Suppodt Tables  Provides comprebensive information about U.5. snd foresgn air Profile
Hationsl Secunty Shreri, Garnas antied, worldwada airpert le<ationd, and cthes
qgecgraphic dats. Thess data also include information on varicus
mireralt typad, thair manulscturer and medal Aames.
Cemmedly Flow Survey  Data gn shipments by demestic establishmants in Prafile

[CF5) mﬂurﬂﬂuﬂl‘ﬂ. whlEsale, maning, and selected other industnes.
P ARE Ln s aoisss Bais anas ma sse of sk Basszmla

<3gl 70> O|= nE=(DOT) 2| BTS C|o|E| ¥ =& Data Library

(6) &&AF H]E& DB 7%
(O BTS Air Carrier Financial:
olg e} o AT FEO

e Flying Operations

Schedule P—5.2 9] a&¥A} AH

ohl = Fx

S GEe

.

e Direct Maintenance
¢ Flight Equipment Maintenance

e Depreciation
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O 0O

Cost Categories Description

PILOT_FLY_OPS 51230 - Pilots And Copilots (000)
IOTH_FLT_FLY OPS 51240 - Other Fight Personnel (000])
ITRAIN FLY OPS 51281 - Trainees And Instructors (000)
IPERS_EXP_FLY OPS 51360 - Personnel Expenses (000)
IPRO_FLY OPS 51410 - Professional And Technical Fees And Expenses (000)
MTERCHG_FLY OPS 51437 - Aircraft Interchange Charges (000}
FUEL_FLY_OPS 51451 - Aircraft Fuel (000)
OIL_FLY_OPS 51452 - Aircraft Od {000)
[RENTAL_FLY_OPS 51470 - Rentals {000}
|OTHER_FLY OPS 51530 - Other Supplies (000)

NS_FLY_OPS 51551 - Insurance Purchased - General {000)

ENEFITS_FLY OPS 51570 - Employee Benefits And Pensions (000}
NCIDENT_FLY_OPS 51580 - Injuries, Loss, And Damage {000)
IPAY_TAX_FLY _OPS 51680 - Taxes - Payroll (000)
OTH_TAX_FLY OPS 51690 - Taxes - Other Than Payroll (000)
IOTHER_EXP_FLY OPS 51710 - Other Expenses (000]

1990 - Total Flying O, ations (000)

IRFRAME_LABOR 52251 - Labor - Asrframes (000}
ENGINE_LABOR 52252 - Labor - Aircraft Engines (000)
WIRFRAME REPAIR 52431 - Aifframe Repairs (000)
ENGIME_REPAIRS 52432 - Aircraft Engine Repairs (000)

NTERCHG_CHARG 52437 - Aircraft Interchange Charges (000)
IIRFRAME_MATERIALS 52461 - Matenals - Aaframes (000)
ENGIME_MATERIALS 52462 - Matenals - Aircraft Engines (000}
IIRFRAME _ALLOW 52721 - Airworthiness Alowance Provisions - Aiframes (000)
IRFRAME_OVERHAULS 52723 - Aiframe Overhauls Deferred, Credit (-) (000)
ENGINE ALLOW 52726 - Airworthiness Allowance Provisions - Aircraft Engines (000
ENGINE_OVERHALLS 52728 - Mircraft Engine Overhauls Deferred, Credit (-} {(000)
TOT_DIR_MAINT 52780 - Total Direct Maintenance - Flight Equipment (000}
AP_MT_BURDEM 52796 - Applied Maintenance Burden - Fight Equipment (000)

- Total Fi i i e (000)
INET_OBSOL_PARTS 70739 - Net Obsolescence And Deterio ration - Expendable Parts (000)
IWIRFRAME_DEP 70751 - Airframes (000)
ENGINE DEP 70752 - fircraft Engines [000)
IPARTS_DEP 70753 - Aifframe Parts (000)
ENG_PARTS_DEP 70754 - Aircraft Engine Parts (000)
IOTH_FLT EQUIP DEP 70755 - Other Flight Equipment (000)
FMMEW (7075.1- 7075.5) (000)
LT_EQUIP_A_EXP 70761 - Amaortization Expense - Capital Leases - Flight Equipment (000)
LY OPS EXP | A 70981 - Flying Operations (000])
70989 - Total Aircraft Operating Expense (Direct Operating Expense

<J8&! 71> BTS Air Carrier Financial

(7) BTS &&AF %4 DB &4
g Al B9 DBE vl BTS Air Carrier Financial: Schedule P—5.2 dlo|E 2] -
= 9 g7 7F H Fd@s ol&ste] T7Eete Af, B A F v Es
H 3 A] 7k (flight hours) &2 UFola] A7+ v g o7 gAakste] ALgsk = 9l
BTSHOlE & o] &3to] 201098 201297kA] w|=9] F wo]A aFAe} &4t
A7y &k B 737-800 #3719 At ¥H| = AALbe

¢ Delta Airlines

W
_‘

* American Airlines
* Sun Country (A7}&FAH
Al FEARS 2010-2012d B 737-800 &7 FEE F &S wgPr oz
o] ul g
Al G3AREe] Thol gl Bl A gu]go] AA Aot
% o

Sun Country &< 7 @2 37 A7z v&S Hol= ¥ 7 =2
Rental cost & HY &dF7E AFste= Al g235H] WEo 2 B9
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Form 41

Cost Categories Delta American “[-“_w”l._""
' 2010-20128/hr 2010-20125/hr 010 rl“ >
PILOT_FLY_OPS 5652 5315 5407
FUEL_FLY OPS 52,304 51,474 52,493
[RENTAL_FLY_OPS 5141 5451 51,212
LNS FLY_OPS 513 51 535
FENEFITS_FI.‘I"_DP‘S 5155 5119 59
$3,371 52,468 54,250
INIRFRAME_LABOR 536 562 £21
ENGINE_LABOR 524 515 7
AIRFRAME_REPAIR 5129 525| 5249
ENGINE_REPAIRS $162, 556 $150)
AIRFRAME_MATERIALS 5116 538 557
ENGINE_MATERIALS 552 571 543
TOT_DIR_MAINT 5519 5268 5559
AP_MT_BURDEN 5266 5236 5141
5784 5503 S700
INET _OBSOL PARTS 517 512 S0
AIRFRAME_DEP 5324 5146 S0
ENGINE_DEP 5144 531 50
PARTS_DEP 59 55 536
ENG_PARTS_DEP 521 50 50
5497 5182 536
523 56 50
54,693 53,171 54,987

<18 72> BTS &AL 28H| DB &4
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Fuel per Block Hour

DOC per Block Hour 3500
8000 3000
A2SDD-
6000 =)
=) = 2000
=] 8 —AA
84000 [—Y S 1500
& E—
2000 —DL 1000 |
N _SY
DI T T T T T T T T T 1 SY 500
o o o o — o~ — ™~
— — — — — — — — — — D T T T T T T T T T 1
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e S E£5885538¢858
oo oo oo oo o A S B S S S
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== = = = = A « = QN = O = 4
Flight Crew per Block Hour Maintenance per Block Hour (flight
800 equipment)
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S 400 —_—a 2 1000
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& S — A
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58385558 O & @M % 98 & 9 09 o
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e

O ICAO olgqAE AHM= mulldse wEzd SAZE WE 78 7le2 34
=0 Ao A AestEE HAst oy 7 A YiE A Al dHolE e du
Be FAT AL Ann Yg

O et ol@AS ARl CO2 #E U AAAE AAFT ov, o) e
W] 9 A ZFA QD AR A ASFAL QA ek

<I 51 > ICAOQ| 247tA ZL=TEt ERAA

o & & ZEF
1-1 aircraft minimum fuel efficiency standards
1 aggressive aircraft fuel efficiency standards, setting
standards for the future
Aircraft-related 1- purchase of new aircraft
1 technology 1= retrofitting and upgrade improvements on existing aircraft
development - optimizing improvements in aircraft produced in the near- to
mid-term
1-6 avionics
1-7 adoption of revolutionary new designs in aircraft/engines.
2-1 development of biofuels
] development of other fuels with lower life-cycle (02
Alternative fuels 2-2 o
emissions
2-3 standards/requirements for alternative fuel use
more efficient ATM planning, ground operations, terminal
41 operations (departure, approach and arrivals), en-route
operations, airspace design and usage, aircraft
capabilities;
Improved air traffic 3-2 more efficient use and planning of airport capacities;
3 management and installation of airport infrastructure such as fixed
infrastructure use 3-3 electrical ground power and pre-conditioned air to allow
aircraft APU switch-off;
A construction of additional runways and taxiways if used
solely to relieve traffic congestion
3-5 col laborative research endeavours.
More efficient 4-1 best practices in operations
A operations s optimized aircraft maintenance (including jet engine
cleaning/washing) ;
4-3 selecting aircraft best suited to the mission.
5 voluntary inclusion of aviation sector in emissions trading
. Economic/market-based scheme ;
measures 52 incorporation of emissions from international aviation into
regional or national emissions trading schemes, in
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accordance with relevant international instruments
establishment of a multilateral emissions trading scheme for

5-3 aviation which allows trading permits with other sectors, in
accordance with relevant international instruments

establishment of a framework for linking existing emissions
trading schemes and providing for their extension to

o international aviation, in accordance with relevant
international instruments
emissions charges or modulation of landing/take-off (LTO)
5B charges, in accordance with relevant international
instruments
positive economic stimulation by regulator: research
s programmes, special consideration and government

programmes/legislation and accelerated depreciation of
aircraft
=7 accredited offset schemes

5-8 explore extension of CDM

5g taxation of aviation fuel, in accordance with relevant
international instruments

6-1 airport movement caps/slot management

Regulatory 6-2 enhancing weather forecasting services

measures/other 6-3 requiring transparent carbon reporting

6-4 conferences/workshops

=2 : Guidance on the Development of States’ Action Plans on CO2

Emissions Reduction Activities(2013)
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1-1 Ground Ops APU - Total Reduction
1-2 FOPS APU - Optimized Operation

1 APU 1-3 Flight Ops APU Optimized Operation - "No Pack"
1-4 Flight Ops APU Optimized Operation - Single Pack
1-5 Maintenance APU Utilization Optimized Operation
2-1 Optimized - Cost Index
2-2 Route Specific - Cost Index
2-3 Cost Index - Delay Cost Mgt
2-4 FIt Plan OPT - LATERAL
2-5 FIt Plan OPT - VERTICAL
2-6 EU-OPS - RCF 5%>3%
2-7 CF Unprotected - 3% (A to B)
2-8 CF Unprotected 5%(A to B)
2-9 Redispatch (Reduced CF) - EU-OPS

2 Flight Dispatch 2-10 Flight Dispatch - Additional Fuel
2-11 Over Tankering
2-12 Alternate - OPT Selection
2-13 Alternate - Cost Index "0"
2-14 No Alternate Ops - (NO-ALTN IFR)
2-15 Holding Fuel Optimization
2-16 Loadplanning - CG Management
2-17 Loadplanning - ZFW Accuracy
2-18 Fuel Bias - (Flight Planning System)
2-19 Taxi Fuel Excess Standard Load
3-1 Flight Crew - Additional Fuel
3-2 Engine Out - Taxi Out
3-3 Reduced Flap Take of f
3-4 Reduced Acceleration Altitude
SO CDDs & T-Departures RNPs

3 Flight Operations 3-6 CDOs & T-Arrivals RNPs
=7 Low Noise Low Drag Approaches
3-8 Reduced Flap Landings
3-9 Idle Reverse on Landing
3-10 Engine Out - Taxi In
3-11 Pilot Technique - Flight Management
4-1 Engine Core Water Wash

Maintenance & 4-2 (Airframe) DRAG Paint, Wash, Steps, Seals, Doubler

4 Engineer ing 4-3 Aircraft Weight Issues (M&E)

4-4 Engine SFC - Build Standard
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4-5 APU SFC - Build Standard
4-6 Configuration Change - Weight Reduction
=1 Commercial Equipment Weight Reduction
5-2 Catering Weight Reduction

= Commercial & 5-3 Duty Free Weight Reduction

Ground Operations 5-4 Magazines Weight Reduction

5-5 Potable Water Weight Reduction
5-6 Additional Fuel - Over Fuelling
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— At G Al A= (Decision Support System, DSS)ol&t &4 B ZY AU £A 2] 9
st ASFHE 7IHEe] A HAIA

5. Macro—Level SAEAA X ¥
(O Macro—Level AFEA AdR




O ditAox ARG w2 A Malehs A T ARl JA s e A
of thet grrAG S AdeHr] A FEE AREE.
O DSS¢ 54336 mE Sprague (1980) 2 DSS A9

— DSS tends to be aimed at the less well structured, underspecified
problem that upper level managers typically face;

—DSS attempts to combine the use of models or analytic techniques with
traditional data access and retrieval functions;

—DSS specifically focuses on features which make them easy to use by
noncomputer people in an interactive mode; and

— DSS emphasizes flexibility and adaptability to accommodate changes in the
environment and the decision making approach of the user.

— GAA DA "ol = 9l A AlekE YRHAR] AR E thes XT3

—inventories of information assets (including legacy and relational data
sources, cubes, data warehouses, and data marts),

— comparative sales figures between one period and the next,

— projected revenue figures based on product sales assumptions.

— Daniel Power38) = mode of assistance® 7|+S. =2, SJAAE A DSS, dlo]
B T4 DSS, £4 49 DSS, A2 42 DSS 4 2dl F4l9] DSSE 4+
¥ DSS 2RAAE 4

— A communication—driven DSS supports more than one person working on a
shared task; examples include integrated tools like Google Docs or Groove

— A data—driven DSS (or data—oriented) emphasizes access to and
manipulation of a time series of internal company data and, sometimes,
external data.

— A document—driven DSS manages, retrieves, and manipulates unstructured
information in a variety of electronic formats.

— A knowledge—driven DSS provides specialized problem—solving expertise
stored as facts, rules, procedures, or in similar structures.[8]

— A model—driven DSS emphasizes access to and manipulation of a
statistical, financial, optimization, or simulation model. Model—driven DSS
use data and parameters provided by users to assist decision makers in
analyzing a situation; they are not necessarily data—intensive. Dicodess is
an example of an open source model—driven DSS generator.

— #E e ARl oA A W Vel E=EEs F7] flEiA, AEHE 4 9
Ay AAE AFES WEHoE FEE oS5 7HE AAE

SEA AT B BAES HARTE EY BAZ G A%, B 3
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JAES] HAA 52T Sfofeta 159 24 ol wes & F I
= ek,

— 18, Makridakis?} X A& b9l 740](1990), A #Z=o] 7uke T a1 34
X

o & & 9l olE&e FEsAU, FF ol zHe] MAE AXIF W2 FFelA
A5E glal Teld olBE AHgEte ARES AUS AdE wgs 28 5 9
£.39),

— e AEAo|y Brer sAA A ArFA E=3 Ao, AHHolALe A
A A s Adshs aRA gty 25T 5 S

—AlEgolde BE 7MY HEsHA %J%Hcﬂolcs—}uq, ctherst 7141 Angre =

d& BoF7] 9% 92

— 22y AlEEelAE 7Y &1 uf% “1‘/} 2 AREA7E 3 Mo r S
H &9 A3 BHojE 4 5 (Forrestert®),

— Forrester® ©Jo] o3t o¢toZA Systems Dynamics (SD)E A|3tgt.
Systems Dynamicsi= Al AlE# oS ESha)], AA - AF3] 9] &2 Fofo] A
44;6 oz x%.g_gq%ocq 1:41&01] x%zslz‘sl;

(1) 4 24 Afol9 I’_“’F

feedback loops) & &3l 9]

(2) thekst A4 X]N o] ‘41#19_
2

information) & 7} & &8st

~ oA mEe) ek @ olWe % SD Ao, Alzke] B Aawatel g
A 9474 Sdo] BF uvy FPE B4 Rd3e A A AnY A
ZEQE 539 ARHQ ol FEF

-SD2| F 54, Azkel ek Aawe] AF 43k A 2d)

H 7% <817 (the closed loop feedback)ell A=
— Sterman (2000)& SDE ®F=7] 98t oh3-2 T}‘i*‘% gD

Step 1: Problem articulation: in this step, we need to find the real
problem, identify the key variables and concepts, determine the
time horizon and characterize the problem dynamically for
understanding and designing policy to solve it.

Step 2: Dynamic hypothesis: modeler should develop a theory of how the
problem arose. It guides modeling efforts by focusing on
certain structures. In this step, we need to develop causal loop
diagram that explain causal links among variables and convert
the causal loop diagram into flow diagram. This flow diagram

consists of some variables such as depicted in Table below.

Q@

2 2ALA 4% TPl 2YAT(2012.5)
A =S

Y

o O T

YELWIS ASE 91T UYL oW A(2012.17)
a3l
[e]

LAITFA X7H7)% o]3Yu) LA (2015.2)
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T 7

Varigble ~ Symbol  Description

Level O A quantity that accumulates over time, change its value by accumulating or integrating rates

Rate X Change the values of levels

Auxiliay 0 Arise when the formulation of a level's influence on a rate involves one or more intermediate calculations, often useful in formulating
complex rate equations, used for ease of communication and clarity

Step 3: Formulation: to define system dynamics model, after we convert
the causal loop diagram into flow diagram, we should translate
the system description into level, rate and auxiliary equations.
We need to estimate some parameters, behavioral relationships
and initial conditions. Writing equations will reveal gaps and
inconsistencies that must be remedied in the prior description.

Step 4: Testing: the purpose testing is comparing the simulated behavior
of the model to the actual behavior of the system.

Step 5: Policy formulation and evaluation. Once modelers have developed
confidence in the structure and model behavior, we can utilize it
to design and evaluate policies for improvement. The
interactions of different policies must also be considered,
because the real systems are highly nonlinear, the impact of

combination policies is usually not the sum of their impacts

alone.
O AF A x3h), FFAE 58, 54 & nHUME A oA A A4
2 AT W 54T A

—ofe] A2 A Yepd A Zo], wEAu|Ae HAA AB|ARpeA 7] R&Del
HHE Anjzte] o] 27 7EA] AMA - F A F PG ol AAAEe] AEE.

— 708 ol AAAES, ZHRFe] B Y wE TR JFS vAE WS o T Us
52 (Objectives) S AY 1L 5.

— o & 59, ol Consumer (o, 2HAH) = wF A|AES] HF AREAI 7
oA} = FFEA, o5 HAE wE A v EE HAagstkal ket g
Ae Hdistsh= 24

—Service Provider (¢, &3AhH+ % AMH|AE Consumerol| Al #jsh= A4
FTEA, o]dZE 4 AF AFE, 149 HF5EE FUssiE e 548 AU
N

— Infrastructure Provider (o, I&A|7138) = AR 7]9F A (=) 9] 71d & o] &
of thgt Ag FA& st ol AAREA, ALE] 7IHE A &S FH)
st stal A|AE FHAsbshes Ale HAoE 3

31) T 2A7IA A A oFA|IAR ZPEZA|(OCD, SSRS, STP, SDP) W2 duh2(C-1-@)oll JAlls] 7]=E
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Stakeholders Descriptions Objectives

Individual travelers or shippers (for commer-
Consumers cial goods) that are the end user for the trans-
portation system.

min; travel time, expense,
max: comfort, safety

Public
Represents the aggregated interests of citizens, . , _
. _ o min: noise, emission, max:
Society from research agencies, to communities, to the o e
. quality of life
national level.
Service Owners of resources who sell transportation max: profit, market share,
Providers services to consumers, consumers’ satisfaction
Manufacturers Design, produce and sell transportation re- max: profit, market share,
Industry sources to service providers and/or consumers.  service providers’ satisfaction
Provide protections against mishap operation -
Insurance prote 5 P Opel max: profit, market share,
. of transportation resources by collecting insur- .
Companies . customers’ satisfaction
ance fee.
Regulatory Impose rules on the system that restrict stake- :
. . . max: safety, security
Government ~ Agencies holder activity and resource characteristics.

(Policymakers) pfrastructure  Plan and approve employment and enhance-

max: capacity, min: delay

Providers ment of infrastructure resources.
. Report information, forecast and plan from/to .
, Media port ' P Varied, but vague
Indirect the public.
Stakeholders  Regearch Develop and provide transportation related Provide firm foundation for
Agencies technologies. transportation development

O Macro—Level SAFAA A O] 75 W A4 L A FA4%

— System Dynamics 7|8 Macro—Level QA X 2d &S 3k A4

04, UeA Wl W eTAEe e 2.

HAEE: 7159 E —20d (R 7RSS 1dste] =3 44)

FHds: 7leds +20d (IS5HSE 2dste] 5 24)

Time Step: F&522 AXA W3l W FFAY] LFAAFE HAAVE X
Hato] 3719 B == 6/hEE A

O T4 W ZZFFE Jst 334 Hee =dl, FAMSE Yiro] 5

I Sl FoxA, AEx-AF, A28, )¢ B5 NEANTE
Mt RS 5, 7|EF A9 A FHHETFE A8
oA FREA G -F T, d-dE, 5o A NERNSE At B
g FF, 7ef A A dEE @Fe-5uF, -7, da-Fdol
Ao}, §) WSS At Yy 45

O 82 Mg W e TAg : #al ols) YA NS W o] WE et
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Gk FFTA L A FFA FF7) £F 2AF, 0F 98 % I
G AAel da 2ol beate® 44 Ed 3T mE Ani
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<34 2 AR Aviation System Block Update (ASBU) ol w2 sl 3] A
AE AVE T, A8 A A didt AAAY Yol x3tEHES W

2] S
oAl AR A A5, AYHH, Fub oAk gl FIV] 2F A
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5 REE 7S
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AREAE NN EE 1Y

# KRMEH AlE2 SImuSHFRASE Fo|FESRILICH

32) FT 2AA AEF dE A2’ 2871E7]e49 WAL H4I=E(C-1-0)0 FAls] 71+d

33) FT 2AVIA AEF A5 AR AJARD Q pATEE PAA el EHAL AJaE(C-1-0)0l Al 7]%%.‘

34) T35 2AIA TET A5 AAR AAR JEAEA e EWAL duE(C-1-0Q) ZAls] 7=

35) &5 2A7A AFT o|F A&’ AT EQo] A|lFAEA S EHAL FJutE(C-1-0)of FAI5] 7]

36) Sprague, R. H. and E. D. Carlson (1982). Building effective decision support systems. Englewood Cliffs, N.J.,

Prentice-Hall

37) https://en.wikipedia.org/wiki/Decision_support_system

38) Power, D. J. (1996). What is a DSS? The On-Line Executive Journal for Data-Intensive Decision Support
1(3).

39) Makridakis, S., Forecasting, Planning, and Strategy for the 21st Century, New York 1990

40) Forrester, J., Urban Dynamics, 3rd ed., Cambridge, Massachussetts 1970.
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