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The Impact of Climate Change on Trans-Pacific Flights with Cost-Benefit
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Abstract

Increasing economic development has caused a rise in greenhouse gas (GHG)

emissions over the past century. These emissions lead to global warming and hence
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climate change. The commercial aviation sector is a major contributor to this,
accounting for about 2% of global man-made carbon dioxide (CO,) emissions, and
expected to reach around 4% by 2050 (IPCC, 2014). Conversely, climate change
affects aviation since changes to temperature, and wind speed, lead to changes to
flight routes, which thus causes extra journey time, fuel consumption and operating
costs; and so to yet more GHG emissions. This paper aims to explore the impacts of
climate change on the cruise stage of commercial flights on trans-Pacific routes and
evaluate both the environmental and financial costs of extra fuel consumption, and
analyzing the cost-benefit of using sustainable aviation fuel (SAF) as a potential
long-term adaptation measure. The empirical results for TPE-LAX flights show that
climate change is expected to lengthen the journey time of these flights, causing
an extra fuel cost of NT$ 24.5 million for Taiwanese airlines. This translates to
an extra NT$ 95.1 million for northern trans-Pacific flights for these airlines. Of
all the exhaust pollutants, CO, and NOy are responsible for the majority of the
environmental social costs during the cruise stage. Incentives for the use of SAF in
commercial flights could potentially derive from an increase in traditional fuel price
or a reduction in biofuel price. The sensitivity analysis shows that, in a high CO,-
cost scenario, if the additional cost of replacing traditional fuel by SAF for the extra
travel time caused by climate change is to be less than the environmental benefit of

using SAF, the price of biofuel must be reduced to 70% of its current level.
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ECOLTO 0.08 0.07 1.98 39.11

F AL kiR 1 ICAO Aircraft Engine Emissions Databank (2021) °

EEFEENE > ICAO I R A KM
W& B 25 1 IR HE IR B - IRIBE R L S
FRERHE RS CO, LLAN iz HoAh TS P HE IR
FRE - A FEMRE Pawlak A (2018) &
WS » FEE T 5@ R KRS BR CO ~ HC
& NOx HEfSiR B Bk » BRI
W~ BRJT R R o AR AR
LTO [ B HERER » R UR B B
2aanr

933
Eco = Ecorro * 5102 ()
933
Epc = Encrro X—é-l.oz (3)
2
Eno, = Enoyiro X433 %€ (4)

ECO’ EHC: ENOX : ETE%%E‘F CO ~ HC
B NOx o HEAREL -
ECOLTO’ EHCLTO’ ENOXLTO : LTO B%‘EQ—F CO~

HC k2 NOx Z HEBAREL -
0 : IREEMLIRE > N (5) ¢
TC
0= 288.15 K ®)

T.: MEEEE (°K) - a08eERsk (6)

T.=T,x(1+0.2x Ma®) (6)

T, . R 98 B B A #E K 5 B2 (International
Standard Atmosphere, ISA) 8 E =&
BRERE (°K) ©

Ma : fiZ22si B (B ) -

5 ¢ R TEMUAREL - AN (7) ¢

P

S = c
101325 Pa 2

P, #EEET] (Pa) » AN (8)

P. =P, x(1+02xMa*)** (8

P, : KB ISA fHERIE MREERT (Pa) ©

e HH O By 272

h+ HUR R IEHRE R o 22 SR B AR - A0
A (9)

h=-19x%(w—0.00634) )

o i
;H\:EF] w= 1073 xe70.0001426><(H—12900) ’

H Ry (GERD -

FHEE L (2) 2 (9) i CO ~ HC
NOx MRS B R PRI R - FHREE R
{E ABCER S (1) BRI 1S It = Fys )
AR B ik B RA
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3.1.3 RATHFEIEINELES R BFHY

R A RN KR B B
At @A s - IR HE— 3 EIRIRA T
FEI B O AT AR B AR » 400 2.2 Bt - 1
B R 5 T RE R B R AR TR
BRI E FE B B SR AU HE IR - AR FTER
R BRY & AR angsE =
(10) :

Ce:iik(Tl;TgJ (10)

i=1 g

C, : [RIFRATHF R nm AT 42 & BB & Bk
K =R | Z2R) -

Pyt i TSI K E B L BR B ik S Bk
AR CHrEws | ZER) -

Ty REEARAERITIFR (438#) -

T, : JREFRATIRF R (43) -

R7 MMEARRAREE

FH REI1056A

3.2 MERBERAS
B8 TATA (2017) 75 » %2 A R
AT o3 e B A S [ S A
HE R ERAR SRR ~ M RITE
FRA ; M EAARRE SRS R
BB B ~ BB RATBEER TR » 5F
WFR T FR o WA H DU A o5
22.89% Ry RS » AIAIRRHITE RER ey Ry
fifizz A Fla AR AR ARSI IR S © Mg as
ks B R R T BT a8 22 =L (1)
PR
Cr = Fouisel, (11)

C, + R B BRHiHAER (2T °
Fopise = MRS B AT R (D /73

) °

47.1%

LOReRURME -8t o
WAB -FHE IR B -
1Rl 22.8%
T 12 RS

EREENA marBERmRE 6.7%
Direct Operating ﬁﬁnﬁ:ﬁz%ﬂz}z}%i{’ﬁ{i%ggm 7.0%

Costs (DOC) TP N o
1.8%
2. B 9.0%
3. e 7.0%
DOC #8&t 63.1%
4. 3%k ~ HEEM 7.8%
R R A 5. IRERES (BE#EE) 8.2%
Indirect Operating | 6. ZZ%5 ~ $4E - {E4H 6.7%
Costs (I0C) 7 ATBUR B R B 14.2%
10C 485t 36.9%
#8358 Y AN Total Operating Costs (TOC) 100.0%

TR KR IATA (2017)
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Topise + SHURFRE] (535

325 3t SRR I FEETI A7 X1 S fo 538 P 48
LA - ATRTESRMIZE 2 Al AR T
IRF [ i 7 A L BROMIRTHI A - P —
AEREIE SAF (Z AR -

BESW )

4.1 IRIEERA

41.1 EGBIRERA

B 15 G AL B ik & A 2 o
M+ DL TPE & LAX Z 5 K S PE i 43 B
Bl - 43R 1 fros - BdEE C ffiaE ¢ E iz
BRI B IS Ryl 7 777-300ER
SRR By GE90-115B » RRHE iR 3¢ [k 5
fiize pr e gtz EEH - LR Ry 0.84 1§
i SE¥IIRATIRFR « TPE £ LAX 5% 710
4388 5 LAX £ TPE 35 855 43§ o Ky
i HI 2 DASE 25 A 17 IR R 25 ICAO Fff
12 LTO B& BeIF R RERD » 23 Al ks « B
(Take-off) 0.7 43 %% ; € 7} (Climb-out) 2.2
1 5 55 (Approach) 4.0 73§ DL 12 5#
/ Y817 (dle / Taxi) 26.0 43$# » 43t 32.9 43

(B2 ~

x8 EMHELEH

RBBSEI AP R R L AR AW

$ » ZHE 1% TPE £ LAX Z 3K i I i Ry
677.1 43 $% s LAX % TPE & X fifi i 5
822.1 418 - FHINE K MIIF T Fy 1,499.2 53
$ o ZEPIEARB R BN 8 R -

FH A i 22 25 3 Sl FEAfE FEAE [F] — &
5 - Taf =R - ARIFRER AT
GERN LB Bk & A () ZEH R 8
THEBERE (E) - i HE R B RS &
JE i AR T O o S TR R AR MR K 2 K i
A 36,000 & R % 40,000 & R (A 1E - A
fF 72 LA 38,000 3 R{F Ry &1 55 e it &
fi P B IR R AN i B o S R AR
## EUROCONTROL (2019) 2\ 2 fifi 22 2%
F K & Bl (Aircraft Performance Summary
Tables for The Base of Aircraft Data, BADA)
i 3 777 BX 38,000 HE KK A - BRI
BRI 1282 AT o

BTG KRS Bt ik & AR
9 Fi » AEFTEHEEIH » DL NOx Ziit &y
FAGE 164 3 Ryfxrsr » HK Ry CO, #9120
B~ HC #9713 B » %Ry CO £ 3 & »
M & CO, fH A& Fo 8 T 5.98 TL#T 2
RE > Hit @ s E 360 & - MR H Al
HEf - Bl CO, o BAT & AN HEIR L
& - (EHEER R B - IR R HERUER T

. A . DT ATRERS | T A B RS
\ TPE-LAX 710 677.1
7777{%_(%:)13}{ GE90-115B 0.84  |LAX-TPE 855 822.1
K[E 1,565 1,499.2

FA KR D AT R o
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R 9 BHHMNKMBEE IR (P)(FEH)

— :«( "H‘ 2(« N . Z’?%A% ?3Fﬁi{%§§ -I igi
R l?ﬂﬁnf;%ﬁ ('52“ //fgé) i s | (@ U (%ﬁgﬁﬁﬁ@m
GRE#E/ A #d) =

2.08 1,263,276
Co, 3.16

5.98 3,631,917
HC 1,499.2 128.2 210.60 0.00325 131,550
CO 5.53 0.02999 31,875
NO, 467.77 0.01828 1,643,449

FTALRR D AL RAE o

i F AR o IKIEEAEHR B S B
it E AT - AR R o RS HLE
Bt bt SR A RN 5 i H Al
NOx HILUH: & sy B Ak & AL = Fr

Rt A -
4.1.2 REEERTHENERZIR
1R A

Williams (2016) 2 #ff 5% 3% 7 » WE &
SR TR B 0 S K PR AR SR AT R P
TTHYSZEG A - A T 28 e B PR A
% (JFK) e isEtés (LHR) 2
AT I [T R 338 47 i #6334 47 9 -
WA 4 588 MER 1.183% 5 FEITHTIE
LHR % JFK Z 317 I A H 400 43
AL R 405.3 S8 FHETR 1.325% - HH
TP T S0 ] A T S SR T A ] s 2 S

®10 cUEBRAITRRE (988)

PERFAR AR [ 2 SRR - A1 - ARBF9E LA
Williams (2016) Z i 9¢ R BL B » FHEES K
SEREMAR TR THF I R - Pt AR R HE
JBUSAR

iR 1% FRATIF I 405% 10 fiTr » TPE
 LAX 2 AT IRF [ Hy 710 53§ #5702
701.6 43 $% ; LAX % TPE &2 1% 17 I} [ H
855 4 i 4L £ & 866.3 43§ - HE B 2 [m]
TRAT I € 1,565 73§ 4E & & 1,576.9 71
i 0 HAER 2.9 7388 - MHER 0.185% -
AT IR AT A 2 BBt & A (C,)
EANF 11 « [EARF CO, HIE T » i
BN A 73 B R 2= 5,679 S 10,061
TG FRAT IR AL £ 1% M BR B ik &y A SE
307 5 F 544 5 o

12 BUREFEIAE 2L

et | FROEM | B | e e | oo
TPE LAX 710 1.183% 4E%E 84 701.6
LAX TPE 855 1.325% fER 113 866.3

el 1,565 0.185% E 29 1,567.9
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® 11 RARITEEENMATE ZRIBEMERAE (C)(FHEHE)
s=3msnay WHPEEE 2 | F5RMERITE | ARITHEIEMMETE |RITHREIEMBK | RITHFBLERE
! TEERRA RAIE N Z B A ZIRIEMTERA (C) | MPERTERA | #IRIETERA
1,263,276 2,337 1,265,613
CO,
3,631,917 6,719 . 3,638,636 .
£ 5,679 £ © 3,075,830
HC 131,550 243 = 10061 131,793 RN
Co 31,875 59 31,934
NO, 1,643,449 3,040 1,646,489

TR kR A

LRE -

SRS NS 3 SO

R 12 EBEAEEUBMGRRITRBIEMMOIEZRRETERA HEE/ F)

C, 2FIRE BN ZIRIBT S A
1K 5,679 18,309,096
— 3,224
= 10,061 32,436,664

TR L AR R

FAHE » RIFRAT I R oM AT AR L BB ik &y
A » 43 Al R 2 ¥ 1,800 B 5z 3,200 B
T AN - CO, fEFTE HEY HEER S
FeiA » SRR NO, A HEE iz Bt &
A - (R LA PR SR M S B R A T IR R B o0
FrfiT it @ AR » {521 NO, i BREE it
AR E (HEE 54%) X0 CO, (i
41%) » MEHTE CO, A 2K = B AL ik &1 gl A
TEEET » CO, #f hoi FEELZ BRBET S AR
AR (5B 67%) ©

4.2 MZER BB A S

A1 3.2 §i Fr - AE 22 2 T A5 TH R
AR BRI 22.8% » BEE TRITI By HY
e HRE RS < T A R AR Y
WA A2 2 B R BRI S
BTy e R 13 BB TAEMBIE > B

777-300ER IR AL 2 IE A2 BEMIAR < KA
IHFEE - DURIRITIRF R ik 2 PRHNE #E
BRI - BER AL IR
FRATHFEIRA - RIS FEI IR - (HIg A2
8 2 22 AL BRI TRA T R [ 388 s P KA 22
JEE BB - [RIBLAEBERR T E AEIR
AN 372 A AR A A S 2 e
BRORHEE SR fE A% » 108 FF-EE ATt 0.53
ET0 - KTR A TR 20.49 T (LA 108
L MESR 1 LIS HT 2 30.925 JLET
) o BN 372 8T BRIAEE A B et =
¥ 7,622 JTLERHIBOR -

DR bE » R S A 5 3 36K A R R 3
15 B8 AR TG LS » 59— TPE &
LAX ZR[EITEEATT A & BRI A B ER B it
SR - L aE 2 B o HA R AR
ARG T 2 Bt e A ] -
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® 13 PUHEFEEBEE R A

L RcmEEs  RoBEmEmE | 22 | .
LiZE . . = 574
BER | AF) | CHEERE (AF) | (AF) | 2fEE
TPE-LAX 86,804 85,727 -1,077 —1.24%
LAX-TPE 105,393 106,842 +1,449 +1.37%
(o] 192,197 192,569 +372 +0.19%
LTO JH#E
3,092 — —
(3% ’
M 198,381 198,753 +372 +0.19%
RS
L;Z\/EE:?Z: 4,064,827 4,072,449 +7,622 +0.19%
(3= )
TR AR AT A
12,000
10,061
10,000
4] 7,622
% 8,000
6,000 5,679
4,000
2,000
0
BEHERA S  BEHERE @) B A

2 RIFESKMESEIEMAATTE CRIB SR A R (TT / B EMHL)

FH 5% 1 0] 41108 4F C it 22 = dt &
BB EEAE 20 9 E il E
42 Tt - BB EAE E C 122 By 1,040 BT ;
E #i2% Ry 2,184 B » 4F B RAHIS FE L B
386,880 AT Kz 812,448 /AT WSAERERS I
ZIREFESR LU Fr i 22 R [ A& Bl
A5 H L B VAL AR B TR A
C a2 RSN SCHY 792 BEREHA
E 228N H 1,664 B 5 REGHIRERIE
fifizE 2 F 2 ARSI B A AR S HY
2,456 BERRIHBA - FHEAS SR B IR STt &

AR LLIR AN 14 AR ©

RER 1 2ER > AFRFE—F
T IRAT IR A = B e AL £ HiiR 2 3
2 C iz E MR EEA 20 B FF
33,640 T 5 E i L E MR EHEAE 170
HE - B4 IE 8,840 HE - BN HEE SR LL
PR sdfE - BUAT{S B e b sy
IRIFRA 7 IRF T 8 i 97 A2 2 BRAMIRIHR AR -
BT RS S B R B ik &y B LR A SR 15 A
0 C WiZ2 AL E MR RGN 2,700 &1
A ; E 22 in 6,700 & - $EGHERE
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£ 14 SEBIZBMGRTITAFEIEMMATE 2 A
finze WINZHFE | BINZEBRA | EBNZRETERA
AT (AT 1 5) (FiEHE / F) (HiEHE/ F)
C fiize 386,880 7,927,171 .
P B : 18,309,096
E fize 812,448 16,647,060 = - 32,436,664
4 24,574,231

FH IR AR RE

& 15 JLEMBRRARITEEIEIMMETE Z LA

finze SEHER WNZEBRA | EilZREHERA
| GhEH /| §F) Gh=EH | F)
C fz= 3,640 27,745,099
i & 70,873,920
oo ) s
E iz 8,840 67,380,955 = 125561280
4 12,480 95,126,054

FALKR D AT RE o

B £ Mt 22 2wl AL E MR B RN S H
9,500 EHAIHBA °

4.3 [EREEMHAARNES
U

& A K 2% 73 BT (Cost-Benefit Analysis,
CBA) ' HIZRFH AL — AT E B T ZE Y AT
P HEHEEEEET - K rryE
HERTRZ AR » DAEsRi/ NSRS 2 i
K2tz J5 = (BRER# - 2015) - 5 &4
B B E i AP RIEE
2 SR AR U R A - A LR i - th
SO AT SR M B B R+ P4 R G B 5 e
A o ZRHHFSEEE i L (o B A B 5
B 25 PR R BRI AE TR T IR
IR & AT AR 2 b & A » DURMIZE A

] 58 FH K AR i 22 OB AR B 2 o (AT
F 100% 422 BAMH (B100)© A I 415
ISR BARE (5 4) » SV F R DA
B100 Ry 7 ¥ o GHE 7 R S HE R K
s Bz it & A (Py) LA B100 &
R L - PSR DAUE 4 R TR [ 8L
ZE 5T (3% 10) - BIR[A52( 5 ] B100 1Yy
L&A - BAEREE - BRI EAHR
Tt Se o F AR A B A R S A TR
1T R RHRCR R S H S - KA
T FEEPRET 58 AR AT i & A - A
% g Ho A AR R K32 -

FEER AR R » {E5E F B100 %% »
R » T4z CO, it
B A B R Y Sy 288 865 TT » HL{H
= Fy 2,486 T ¢ 43 AN A T 1,472 JL R

© #F 2 #2018 £ i FedEx Express 777 p #1772 F g =t ¢ * 100% 2 F ¥ 08 5  (Boeing,

2019) -
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4,233 JC s HC Zit &ALy 106 JC - k>
137 JC 3 CO Zit &ALy 33 JC » Jak 26
JC » DU NOx it & Ay 3,217 JC » 1
0177 JC - A B A BB RS 51
Fy 1,458 JT Jx 4,219 JC - PR B A A B R
VAR IR (R AT ] kA ik B A+
RANF 16 Ao -

LB AR R B AR IR AN R AT £2
R T B SR A A E Ry 2222 - A
B oL B OB RY 2 5 2 8 5 (ICCT,
2019) » ' RAYRRTESEBR 5550 i R Edt
4/ SMbEREL AR I % (Hydroprocessed
Renewable Jet/ Hydroprocessed Esters and
Fatty Acids, HRJ/HEFA) K & % & i i
(Fischer-Tropsch, FT) - gij& &g & @&k

FH REI1056A

R S e WA i B BRRE - BiAnfE A
BEEEY (KE -~ W) KIFEEEY)
(RRJRRAE ~ fiatst) ~ s - e i @)
VIRENG S5 Fo 2R - BB RKERIRRA ~ R
FFE WG E R o AR R (B
SfH 0 2015) o AR BE LS (B AR AR
JiE0ANE] - AT R AR 1.5 52 3 15
(ICAO, 2018) » ARWFFEE 4B BOBHE RS
ZETE  BDUHSEIME 2.25 f5 R REHE - Ry
FFNTHERE 46.1 T6 - M2 BRIHER
LA 108 A S EAR S R BRE » Fy
BT HTEHE 20.49 T © i F AR AR K
AR B LI Bt A TR R R i Pl 508
IMHFEZ I B AR AR 17 - 3% 18 HijZe sk
SR B U R G I » 5 AR L

R 16 MEMUMTERITIEIENEAATTE 2t ERARIRENE GhEE)

VALY B AT ERA B100 ftE A =8
CO, (1K) 2,337 865 1,472
Cco, (=) 6,719 2,486 4,233
HC 243 106 137
Cco 59 33 26
NO, 3,040 3,217 -177
e & © 5,679 & $4.221 B

= 10,061 = 5,842
L
THKR D AT R o

F 17 KHBEEMEARE RS R 2B E A (Fh=HE)
I T W2 BERA
IRIBE | scmme) AR | (AR REHD | Gt/ SRERAR)
BRI 20.49 17 7,622
BN 46.10 17,149
E?_—E 25.61 — 9,527

FH kR AT RA




RIEBBHB KT EMRZIZERISEMDISHERZKERZE W

xR 18 RIZEBKMBFEIEIN T (B E B 2 A& LR (Tt / AR BT
- o IR
P Bihd | EERR | Gaszmses)
1K 5,679 4221 1K 1,458
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A B = 10,061 5.842 = 4219
AN R EK
SR A 7,622 17,149 M2 IR
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4.4 SEEMBEERERE D
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