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Abstract: To support civil aviation carbon neutrality, this study develops an Improved Sparrow Search Algorithm-optimized BP neural
network (ISSA-BP) model using 1996-2019 data. Five scenarios—Freeze, Baseline, Gradual Improvement, Substitution, and
Technological Breakthrough—are simulated to forecast future CO. emissions. Results show the ISSA-BP model achieves a MAPE of
1.7382% and R? 0f 0.9999, effectively avoiding local convergence. Simulations indicate that even under the optimal scenario, China’s
aviation sector must reduce CO: emissions by 58%—62% to reach carbon neutrality. An integrated reduction pathway is proposed,
including raising sustainable aviation fuel use to 70%, improving fuel efficiency, and enhancing carbon sinks. This study provides a
scientific basis for aviation emission prediction and low-carbon strategy formulation.

Key words: Aviation industry; CO- emissions prediction; Improved BP neural network; Scenario analysis; Carbon reduction potential

I = AT B A ER AR AR IR TRy 24 B [ B 2 T i ) 7™ IR Bt DRI — B, 2 EILFZE T AR (B
BROpE) AENIZ BRI, AR EE ERREA BB B (N Rk O 24k, P ET 2020 4R H X
B F AR, B A7 4 2030 4 AT SEBLBRIA 6 . 2060 4F AT SEBLAR H ACL, fEZG@Iz kT, AUk ilbsoh e R a8t I
2000 1 5%IEKE 2019 1 10%, TR B ARRBENRT 985 COHPRUR HZIE KT, A28 e [ Pre ATk
t BA AT B ARIAE R BT, E R R iy ok 17 B3 PR 772 2010-2019 4R [8], [ bRt 2 Vil == A HE BSR4 84 80 3.4%(,
] B L 2 i 2 B0 7R 5 2023 ARk IE B ORE BT HITKCT 1T 94.1%, AR 20 SRFI2 TR K 3.75%00,

AT BATRRHEBOTT 7T 3 B A AEHR O S0, SEmi PR 2R 00012 R g PR3 DL R HETSOE S SIS D T . A

WA EB: 2025-11-14

IHESME: ExERB%EES (THSS: U2033213) ; FREREARBI S EHLETME S (TH%S: 12023-040,
24CAFUCO04021) 5 H [ RMTE BET-5B % Bt R ARG B S5 v SR AL B f s 38 = (B %5 : CAMICCADGDO-
2025-01-01)



SV RPN

Journal of East China Jiaotong University

T T332 b, ARG an SR BRI 16 B9 23 T U7FT ARIMA BERIUSISE B 7E RURRR 7L PR 202 A, (BEREE
AR AR BN A7 A — 2 SRR . B N TR REROR AR TR, AP 22 2% J5 VR 1B M O BN (2 TR 2011 4, RE%
H K BP AR 2 T3 B BRHECNT . M5, Yang SE45 & 580K P BP #1428 T BT COARIL, SCFRHT L
“X” HARSEHY, Wang SEH4%E ARIMA-BP RSB, FETC R 53 0 2 B BHEBGEAT Rk EEREHU, Zhao 2542t
TR BN S RPN 4% (MIDAS-BP) JRA R, Bk H AR K] 5 AU HEOIN o i P 12

SR, AE45E BP #2515 A71E By B N Joy B o DL AL SICHE R 1 (1 1 Ao Db, A SRR H 6 S R e #R R SR A I
BP #2455 (ISSA-BP) , I L (K 2 K TH TS fE S e @ ik . AW R EEIFRE LUT TAR: M40k ISSA-BP 45
R, IR PSRRI B AR s ST A S A RUAE S, YA AN R BUR 5 EORTE O HES G SRR BTG A R R
A 1 S RIATERAE, RSB RS ZHE SR AR 2 A
1 bk R

NHER TN BT COAUIF S L1 50, ASCHEMESE Liv 3T EBRRATAL ACAO) JEAMELR B kAt L,
wEPUEH (V) IssRE (TD MABEIRTHAERE (ED 1F)9 ISSA-BP 2 MR B (M NAR B, K BRI P2 A e
BT, DURBRASFE TSR COAHRM AR BRI ), AR R i ] L3R 1.

R 1 R Co2 HBEME R rigtn ik R

Table 1 Index system for analysis of factors influencing CO2 emission from civil aviation
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Fig. 1 Process for predicting civil aviation CO2 emissions via the ISSA-BP model
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Table 2 Statistical descriptions of the relevant variables

B3 5 LX Y WdEE mKE mBUME
CO, HEiE: c B 45.88 3252 116.95 9.54
e s T AL = E EPLH 14.47 10.26 36.89 3.01

2 TN Y f¢76 239532 1770.18 601837  433.88
B I RTK/AZ T 20.07 1.93 24.92 16.77

REURIHFERREE Bl HAM/EAMAR 0.33 0.04 0.41 0.28

CoO HEAH  EC kgCO,/kg 3.17
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ISSA-BP HAUYE X e br LI RIMBAR, WK 3 fion, H MAE. RMSE. MSE 5 MAPE 4374 0.0841. 0.0911. 0.0083
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Table 3 Performance evaluation index results of each model

eit] R2 MAE RMSE  MSE  MAPE(%) IIZFERE) ARG D RE-MEER
ISSA-BP  0.9999  0.0841  0.0911  0.0083 1.7382 108.2 1.88 C
WOA-BP 09874 0.5880 0.7322  0.5361 10.7700 92.4 9.95 E
PSO-BP 0.9971 03224 04675 0.2186 1.9000 99.6 1.89 C
SSA-BP 0.9771  0.5745  0.7029  0.4940 13.6290 65.8 8.97 E
BP 0.9450  1.5201 22000  4.8402 10.3200 18.3 1.89 C
SVM 0.9453  1.6920 23992  5.7559 19.0200 125 2.38 D
ISSA-SVM  0.9934  0.6607 0.8352  0.6975 7.6300 34.7 2.65 D

T ZEERURIRS =MAPE x YIZRFERT/ 100, 150K S5 & M RERRLT s K5 A(<0.5), B(0.5-1.0), C(1.0-2.0), D(2.0-
10.0), E(>10.0).
R 4 NREBE 30 REE LK ANOVA 45 R
Table 4 ANOVA analysis results of 30 repeated experiments with different models

et MAPE(%) A5 REU(%) pfH giitw N
ISSA-BP 1.7382 8.74 0.3012 ns
WOA-BP 10.7700 13.97 0.0281 *
PSO-BP 1.9000 14.00 0.0298 *

SSA-BP 13.6290 14.01 0.0219 *
BP 10.3200 14.03 0.0172 *
SVM 19.0200 15.01 0.0065 ok
ISSA-SVM 7.6300 12.99 0.1154 ns

W p>0.05 RARBEMELT (ns) 5 *p<0.05, **p<0.01; &3 EKT a=0.05,
3.2.2 HAZARE SRR

NVERE T EZ A RE 5 vt 1IN PR AMESERS, KBkl 7 Ml gRdE (1996-2014 48D AL AL (2015-2019 4F) .
5 4R EIR, ISSA-BP FEIZE SIS LRI, WS MAPE Jy 1.8256%, H RARFFRE, KRG AT R
Rz ACERE, RHI GG . A 2 Tl th 2t ik — DR 8, ISSA-BP M TG 5 SebrfE M B, JE— D EE T K
T iz AL RS T AR e 1
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K 5 ISSA-BP BIAU Fpoh ksl 45 R
Table 5 Experimental Results of Time Series Extrapolation of ISSA-BP Model

AE/TE S FEAEL R? MAE RMSE MSE MAPE(%)
W (1996-2014) 19 0.9999 0.0447 0.0742 0.0055 0.3208
R (2015-2019) 5 0.9996 0.0840 0.0911 0.0083 1.8256

3.2.3 BEEILATREME TS
N RL RIAL AT AT, 3R Tent WU WIMAILIOTRIAL TR (Tent-BP) . B3 6 AIAN, %75 VISR A 5 2 FEAK

% 37.80 B, HINFEE T (MAPE=4.15%) , ZEARCRAS AT C %, W ISSA DLAb IR X 44 i TS & B A o0
BAEH.

# 6 ISSA-BP 5 fi{L 77 AL AER LL
Table 6 Comparison of Simplified Scheme and ISSA-BP Performance

LR MAPE(%) I ZRFERS (7)) LA BRI Rl BE R AR 2] IR EE L
ISSA-BP 1.7382 108.2 1.88 C 100%
Tent-BP 4.1500 37.80 1.57 C 25%
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Fig. 2 Prediction results of each model
3.3 BRHBIRRE S K HHE /1
331 HRRE
T 2024—2050 4 E RAY. COARBGEAA IR R AR AT, ARSCHT 7 SH {0 A  AHRBUH SCAFT28300, JE 2%
BEABIT ST RCRIS2027, g | AP 5t UREETE St MRRECCHERS 5. BRERE S B RS BORREE R (75 T COVID-
19 X RGO AI P, EALER 7. B FAET R K BEBE. SR LT R8T EE (SAF) NHSET7 A A
e, Bk 8.
K71 NABEREESHHIXH

Table 7 Differences in main parameters across scenarios

T 5 BURYESE e iaE it LB SAF R (2050 4F)
REE N TR ARBOE RPEK Al feGitaR, At 0%
S R DA HHECR RO HERfESGE, R 2050 s fegiteR, HHig 10%
ik O A PR fapc  BRRSGE, B 2050 Sl FArpoR, R 65%
B SAF ki BRRE  BERRL B 2035 S fRGHAR, BRI 65%

PORRBAER FRREORBURMA  APE  BfEmRL S 2035 5l EES & N TN 65%
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Table 8 Average annual growth rates of the factors in different scenarios

R 2024-2025 20262030  2031-2035  2036-2040 20412045  2046-2050

Y 6 6 5 5 4 4

WREETE R I 2 15 1 0.5 0.5 0.5

EI 0 0 0 0 0 0

Y 6 6 5 5 4 4

FEAENE B I 1.5 1 1 0.5 0.5 0.5

EI 0.3 0.4 -0.68 -0.96 -1.16 -1.5

Y 6 6 5 5 4 4

Wt T 1.5 1 1 0.5 0.5 0.5
EI -1 -1.5 2 2.5 3 -4

Y 0.03 0.03 0.02 0.02 0.02 0.02

BARER TI 1.5 1 0.5 0.5 0.5 0.5

El 0.5 0.8 -1 -1.5 2 25

Y 0.03 0.03 0.02 0.02 0.02 0.02

HARRME R T 1.5 1 0.5 0.5 0.5 1
EI -1 -15 2 25 3 -4

3.3.2 FERIBRHEBCR R

AWFFREET 1996—2023 FHHE (IR 2020—2022 FFHE) » KFH ISSA-BP &ML HERINT 2024—2050 4 [F [
Ak COHFTR A IEAT 2 1 M o 5 H IR, AFE SR BHEBUR 17 22 7 3 VRESTE R, 2050 “FEHEBOIKIE 219.22 Mt,
52019 K 10227 Mt FEHEIE T, HOECK T 2042 i8¢ (£9207.17M0 , {HESRHEE IR #rifidoiE &, @i
ARE CHLBIE D) 2040 k0 (133 .95MO) , (HIEHFIREETISAA IR BARE 5t SAF IRUSLAL R A HESh HERCT 2030 4
EIE (12949 M) , 2050 FERER 76.21 Mt; HIARZBIE RN, 2050 FEHEBT#E— B %2 70.64 Mt, EIEZHBKF. #F5
FH, o [ R R I8 B AR AR-BOR R U R R B A%, R D03 THZ E 2% 5 SAF BA, ik
SRR A LB AL U M R AR S
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B 4 ARFERTF ERMERERTER
Fig. 4 Energy demand for civil aviation in China under

various scenarios

3.3.3 BRHE RS ®E

B 5 ARER T ERMK CoOHME
Fig. 5 Carbon dioxide emissions for civil aviation in

China under various scenarios

YSEHLE SR A bR, P E RAIL TR AE 2050 42K COAFHERIAE 136 Mt TIHKYE TEA J T2 BRATAHE S E gl
S, B REIIHEBCE R DY 30 MY, 103k 9 Fo, AP S Mra RGR Y], G ERRRERS R, 2050 SEHEBCRIE 199.29
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Mt, FHUHE 63.29 Mt. HiAR S S B A SEIAT K B Bl 71, HEHE T 70.64 Mt, 5 B Br B FAH LA 47 7E
40.64 Mt [RIER T, 38 75 BV 58%-62% 1K COHEIE A it Sc iR Al
£ 92050 A SR bR S AR T30 L

Table 9 Comparison of emission indicators and emission reduction potential for various scenarios in 2050

. 2050 SEHERE AT 2019 4F A7k EH BHEERE e AIE O (E 5 H xR, e AIE O (bR H AR,
B
(Mt) JRHEEL B (%) 71 (Mt) <136 Mt) <30 Mt)
-87.44 (EIIK
YRt 5 219.22 -19.93 83.22 189.22
87.44%)

T 5t 199.29 -70.40 0 63.29 169.29
ok A 94.09 19.55 105.2 0 (Eiktr) 64.09

BRER 76.21 34.83 123.08 0 46.21
FAR TN 5t 70.64 39.6 128.65 0 40.64

NS BRI H AR, B BCRIA N ERG AR FERR SR 51 3 s Bk S0 7y sUK R, R R HE oMK ERR M
IRERE ML EE R AR R SHET, RS E SRR, TEREMUIY KRR (SAF) R L], 714+
2050 £EHEIT 70%; {EEFERM 5 36 BUR B 5 RERhRiE, IFEIRRIC S AMBIRE LS, DA A, @il Bk R
GEtEAs 4, o ] R T 7E S P ] 5K U s 1 [RD R, D A BR A 25 5 2 HE U BTk
4 5 #®

AT BT COAMURI R, 31T ISSA-BP TRMEEAL, JEEET ZAH S i HoRoR a4 SiErg 12 . 2458
W

1) $2H 1 ISSA-BP HEHITE COHFUHN RIS o i ok BRAESVE AL BP W45 24, I a1 TR,
£ (MAPE=1.17382%) SFaf#tt (R>=0.99997) , A &0 % T 44 BP #5284 5y I N JR S e e S Me S i e st 3k A 1 Rk
TR A AR A T

2) BB S HTR Y, RS ST, 2050 AR b E RAT COARBUIL 199.29 Mt,  # IR 63.29 Mt A Rk
B FBRIE VLR BUEEROR R 5T, HECR AT i T Bt 2 R H Az Bons B2 i o B HE e 18] B R (<30 M), f717E
29 40.64 Mt [T AN

3) ASEPAT AR F A H AR, ORISR : SRS SRS RS RAT R FERAEE S, K
JURIRREEAT L (SAF) A L], SH 0 T ik v ok 1) A ik Hk Jcdl i eV 56 7y AT AT o

4) AW FRNAAE—E IR FEARRIE I T2 EE T Fr 8, ARy R 28 REWiF Z1H; ISSA FiEEeRERY
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