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Workshop - Wzl AFHoR a7AY 22 U vey
34 75
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o CATE= A47Ks% 38 AL 9 93 25 A299 844 A72 A9 9
5 49

- Global Climate Change group Local Air Quality group, Noise and
Community Impacts group 5 37 1502 AFE AP o] 9loH, oF 30
W A d7elo] 4%

- UK A% 9 Furopean Commission, H|=+ FAA, 1 9 T%, AL 7] Al
24 9 7 PERE) ATAET ALshl B 2 A9 A7 A

o (F8 g% UK AF A Y, ZA3]2]9] advisor XY, ICAO CAEP A|4(d]
olf ¥ A TY dFE AP F

- Global Climate change group 2 -57|oA WEE+= BP9 HY ¢
G, 22U FT LWk wER 43 @ AL AN 5 J1Sust B
7E 48 478 VPSR Yo, FFAR U FT vl FAIFICAO

CAEPE A|¥

o FAST(Future Aviation Scenario Software Tool)

- Prof.David Lee’} S£&=3= Global Climate change group®l|A 7H&slo] A+
2% =

- 19994 7|9WH3ske] JF A2 {15 FAST 2d 7

- @A FAST 2E2 B3l Al &8-S 9% ICAO CAEP Hlole #&H A+
Z1%8

- (input ©|°]¥]) Aircraft movements, PINO fuel usage for different aircraft
types, mission distances and cruise altitude &

- (output HJ|°]E]) CO,, Fuel NO,, CO, Particles, Soot and Distance Flown

- (A 2"l F+A4)) Microsoft Acess DB, Visual C+& S35t A|AH] &

- AEDT HE2 AHjoflA 2F=m, B9t AFY B 7L 1oy, FAST &
g2 7FSE A BEE B9 APgAIZEe] AEDTS}F Blaste] ol A%
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FAST(2006) 4P 2ot

FAST/ AEDT/ AEM 4FY Z3t H|Ww

0
o] N BN El

Ltttk

Fusd Ik Yau

Fusllkgial

>

© W W SO 00 WD N SOOLUBTOSEL e M 18 T ST ST DL SO OEEAO (e a0 e

Current emission models and results (2006 estimates):

Distance
Inventory  Fuel (Tg)  CO,(Tg) NOy (TgNO,) (billion km)
FAST 178.3 562.2 233 389

AEDT/SAGE 187.0 (+4.9) 589.6 (+49) 272(+167) 389

AEM 189.8 (+6.4) 598.4 (+6.4) 2.79(+19.7)
Aero2K

170.0 (4.7) 536.0 (4.7)

* Number in brackets denote % difference compared to FAST
[Source: CAEP/MDG working group]

FAST future scenarios

— |EA fuel sales
354 CONSAVE r3s
IPCC-1999
3.04 MODTF/FESG F30
QUANTIFY

Gtco,

0.5 F05

00
%0 Source: Lee et al.. 2011

0.0 T T T T
2000 2010 2020 2030

T
2040 2

1 1,800

e [ Tech & Ops

= g00q L2 Teoh 8.0pe  Biokuel L1600
s ] Tech & Ups + current MBN-E TS

= {7 /| Tech & Ops 1 Diofuel 1 current MOM-CTS

Q0 per year goal [ 1400
3 [1]17] 2020 carbon neutral goal

£ 12004 — 2005 goal F1.200
2 - = 2005-10% goal 1081

@ 8

£ 1 MO0 Ly g
o

§ a0 e 400
3 4

& s eoo
g

k] 400
I e

§ 2004 00
£

0
T T T T T T T T T
205 2000 A5 20 025 2030 035 40 245 2080

Source: Lee etal., 2013

EX: CATE-KOTI &5 &4 22 23 3/9| X}=(2015.03.31)

- FAST 29| 235 & &7 bRt 29 AL 7hs
AEDT 22 diitie] AlAgE 753 Ao] obd aqfile] Bl 7idste] £
A F4o] mE Hde ARSHH, 74 Rdkte] Aiks 480] 8

o0 CTM(Chemical Transport Models) MOZART(Model for Ozone and Related

chemical Tracers)

- (%7) 3D 224 53 it w2 o7 249 st 9
old & & g 1 A 7P RS TEo)H LA 3

fe13
=

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

aviation and shipping emissions

- (output H|°o]¥]) Extensive chemical scheme: CO, NO,, OH, CH;, NMHCs &



oty

P

855 BS__ ms  EQ

MOZART-3 A03: BC-NA (ppb) JJA

BSS B0S 305 EQ_ MN__ GON_ESN
100500 05 10 15 20 25 30 35 40 45 50

EMAC AD3: BC.NA (ppb) JJA

S — L —
A.8-0800 08 10 15 20 26 1.0 48 40 48 &4

Oslo CTMZ 503: BC-NA (ppb) JJA ULAQ-CTM 503: BC-NA (ppb) JJA

10 p—

b.
10

Height (nPs]
8

1000
855 GBS S ED 30N BN _ESN

4.0-0500 05 10 15 20 25 30 35 40 45 50

0
855605 305 EQ_ MN GN8N
400500 05 10 15 20 25 30 15 40 45 50

sl CTM3 A03: BC-NA (ppb) JJA

— "

N BN 85N 855 8IS WS EQ 30N BN BN

S — L —
400500 0.6 1.8 15 2.0 28 30 35 40 48 &0

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

EX: CATE-KOTI

ol 2121 30| X12(2015.03.31)

CTE 2™ &4 Ay}

0 CTM(Chemical Transport Models) TROPOS

- (24) A% 5£EHQ 2D 2RY S8 G mYRA WE Az

FHAE ATE = US. NOxet #ed 5 FF A 782

I P
5‘:1'[_

- (input dl°]¥]) Standard meteorological fields, anthropogenic and aviation

emissions

- (output H]°o]¥]) Extensive chemical scheme: CO, NOx, OH, CH;, NMHCs &

o Contrail Coverage model COMA(Offline Contrail Modelling and Analysis tool)
- (F4) 37| FFHmovement)ol] T HIP9] Y Akt

- (input ©|°o|¥) ECMWF/NCEP met. data, aircraft movements, propulsion

efficiency, satellite observations of contrail coverage

- (output ©|°|¥]) Natural cirrus clouds, potential contrail coverage and

contrail coverage
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@ 00 OO 80 0D MM 10 L0 AR I TN LW X 00 4O 0N 00 L0 1N [0 OM 1N D 0m

Gl i, b (41 Gt taicigh bs (51
=000 M . W =10 =000, i = 12 W =005

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

EX. CATE-KOTI &5 &4 28 23 3/9] X1=(2015.03.31)

(38 3) COMA 2% 2A Zu}

o RTM(Radioactive Transfer Model) E-S Code(Edward-Slingo radiative transfer
model)

- (®3) UK /1301 B4 & g 55 198 ojg masA A4H 715

B3 o] et Bs Bdo] 1d 2 g

- (input Hl°]¥]) Atmospheric composition, land cover, cloud fields, albedo,
meteorology

- (output ©|°]¥]) Radiative transfer over “columns’ of the atmosphere

Annual contrail radiaive forcing (FAST)

| Radiafive forcing from aviation
Source: Lim et al., 2014

10 & [] & W & R
Nt mdiaive forcing, FF jmitim|

(Wi = 03, M = 1404, Mdsan = 303)

B

=X CATE-KOTI &

0
i

5t Y #3510 X2(2015.03.31)
(33 4) E-S code 2% 24 Zu}

= =
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o  SCM(Simple Climate model) MAGICC(Model for the Assessment of
Greenhouse-gas induced Climate Change)
- (F2]) Azl e I B7EE AT O V1S BEEA F leA 3 Y
A= fIgt 715 A AAZA ARG 7
- (input ©|°|¥]) Emissions scenarios
- (output Hl°]E]) Calculates time-dependent concentrations, radiative
forcing, temperature response and sea-level rise from different

perturbations

0 SCM(Simple Climate model) LinClim(Linear Climate response model)

- (F2) Azl e I B7FE AE O V1S REEA F 9E T Y
A= #gt 715 A AAZA AR 7Fs. T B Szl ot A EFE
GIP 59 7I¥ &A19 =5d4< AR
54 AUE o] 4E AAE BAF AAIE 25t SHolA 7S A Y
A &8 AHE TS 5 Ae 7IE M VIES AA E 5 QS

- (input H|°]¥]) Aircraft fuel, shipping emissions, emission indices, reference
radiative forcing from GCM, tuning parameters from GCM

- (output dl°o]€]) Calculates time-dependent radiative forcing and
temperature response from different perturbations (CO; O3/CH; (from

NOx), sulphate, black carbon and contrails)

_10_
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H 4) LinClim 24 Z3}

short/long—-term responses RF &
temperature future radiative forcing
(emission cessation)

) Aviation Radiative Forcing Components
A : 1 T
| | I
0 i 2005 o,
= | "% 1 1
Nord0y l ! !
[} | | |
o 2020 | I |
s u,5)| 0% | P N
NE = Total (excluding induced cirrus)
000
- B
: hir{ B Cortais | e ous
? 008 ‘ ! 1 Hg0 -, L-Black carbon |
Lo 2050 L -
: oo NN I |
LR R R s N —
H L | ‘ | | | | |
i 2050 ‘ ‘ ‘ ‘ ‘ i
i | ) |
E o @] :- | ‘ H‘ ‘ !
| ‘ 1 | | | | 1
m 2050 | s 1 L |
. (B2.12) o | - ‘ ‘ H | |
| | 1 i | I i i I
o o 006 0 01 02 03 04
N T T OO 1 1 Radiative Forcing (Wm?)  Source: Lee etal., 2009

SXI: CATE-KOTI &3 2t 29 2 319] X1=(2015.03.31)

o AAE
- AEDT®} H| W5} base DB Alo]Z7F 2o AHY A|7t

- BA a7w Ao|2o] BUY AAste] FEIHIL US

_,_,
e
=)
o
)

lo

- AL hase inventory©ll &7 fleet M7, =8 37 & +F4 /A
59 ¥y A8 S v AU ==& The

- ojn] P LAVt~ QHIERE &AL Qlon, AAE gkt AuE]e Hg
A7t A S

- AR 9 FA|F &4 A AW BEd2A FIfeka A o 2 a4 =Y
N = Ha HS A+ AY 7hs

- ol2|gt TRt Wl AlUE|Q =& B3 ICAO CAEP A¢ &5-Z skl Sl

- 2A7EA Bt oy} 713 Hs} 9FF = sl folA ARG Bt Zdke
85t AU

_11_
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Emissions ~ Model  Concentrations  Impact
Type

RTM ]

=X CATE-KOTI

@ EUROCONTROLOIA 72951 &= &y &4 29

o (BH) Aok obdstal, G870, 34 xIstAQl 49 A9 W 5 & A
201549 49 3 @A 407h=ro] A|F=ro 2 5=(2015.06 4170= 7A)

H 6) EUROCONTROL o= it

European Organisations 9\, . pv
uuuuuuuuu EUROCONTROL - History aaocom
EAsA Lischtenstein
31 States

ICAC

ECAC  Azerbaipn
(EUR/NAT?D 42 States m 41 member states &
53 States -m the European Community
Kazakhstan EUROCONTROL EU R T v

ustria ™ Irelar lalta

%ﬁﬁ,ﬁ;‘f" 40 STATES Suitzerlang | 28 States sweden  Finland  Gyprus m
Turkmenistar M
Sntharro oldna Netheriands Sovac Rep®) France Poland m
Russian Federation | | The Former Yugoslav  JiNATO Beigium  Sovenia® UK Buljaria
Belarus Republic of Macedonia 28 States of POugal  Germany - Grezce Lithuania m
Andoma Ukrane Lucembourg Denmark  Spain  Romania
Ageria @ Bosnia & Herzgovina @) ff Norway Hungary )  Czech Reptl Italy ® Latvia
Moroeco @) Serbia Iceland ®
Tunisa @ Amenia

Montznegro Turkey

Georgia ! Abania -

’ __ A=
;

EX‘I EUROCONTROL KOTI 3 2 2 2 MOt A=(2015.04.03)

o (F8YF) @ FBuropean Commission 2 EASA(European Aviation Safety
Agency) 71&€%4 XY 9 A3} HE, @ FAB(Functional Airspace Blockr&3<& 9
SFYEYA e 9 dY, A 95 FF, @ JUSESAR Joint Undertaking)=
e 5429 ATM ¥4 714 R&D A+ %_’63

- 12 -
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(E 7) EUROCONTROL F2¢%
el Py 1

ATM in Europe - looking forward - EUROCONTROL - Structure -

woowmot | =R I A oo

Regulate

©®
@ @ SESAR and
Research

e @@@

Technical support Netwaork management Founding mermber Route Charges Maastricht Upper Area Centre

Performance review Deployment coordination Major contributor

Route charges Longer term research Corporate Functions

E%{: EUROCONTROL-KOTI &5 2t 22 2 MojLt X=(2015.04.03)

EUROCONTROL
role

o AEM(Advanced Emission Model)2)
- 2d 7t 717+ oF 14W 670Y, European CommissionolA] a4t A
- EUROCONTROLOA 7ldbst mEl2 A §k57]9] dgarzFit CO, HO, SO,
NO,, HC, CO, #lAl, VOC, TOG 59 vi&F AHY
- A8 AEe T30, A, dEdavs, HiEE AR Qo F AR SLAIRE
ST T2ATY, 7S 52 EEI ANkHQl Hg) 9 dPRE, HPE, A&
T, AS/oPdHE 5 HIAEY
- ARAHFF2 3,000 HE oJsoflA= ICAOS AXEEE |25 Al ARAH]
%F A= (ICAO Engine Exhaust Emission Data Bank)®] At=2E ARE-51H, 3,000
T E ool tisAl= BADAS] AEE ARESH
- CO%F H;O, SO HiE%2 Andagro gy Adstal, VOCS TOG (Total
Organic Gases)= EPAS] ®'HEo] o5 AFH HC Hi&F A=E ARESto] 4
ZgstH, NO,, HC, CO ¥Wi&=2 3,000 HE olstol| tisiAl= ICAO] Engine
Exhaust Emission Data Bank, 3,000T]E oJAfo] tisA+= ICAO At&w 2 HY
A9l Boeing Method 2 Hi&ATE ARESH
- ICAO9] QIZE B2 dl2A] [CAO CAEP ¥ EUROPEAN Commission®] $F
73 A AY I 3
- 2005V E 1WH 247A QgD & 9 Hb
- AEM 24 7id Al ALAQS®} STAPES Zglo] Zro] 7jdhe

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

_13_
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(2 8) AEM 2M ZAn}
AEM-Kernel AEM input data

M AF Kernel 2.3.1 =]
Sudy | options | advenced opiors | Refererce tables | Help | ACT PREENGINE_LTO_VALUES txt |
Study description
Mame dprefier short narme) Author I
| | | ACT PRF.BADA FUEL BURN At |
fm— ot
=S =] - 5
ACT _PRF.aitcraft_engine.xt
Input
@ 506 506 file: | [ Erowac
bratfic e lI[E== Tnput file =P Output file
O s P
Right e ][ eranse
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