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A decomposition-integration forecasting method of carbon emission based
on EMD-PSO-LSSVM

ZHANG Wen, WU Zhi-bint, XU Jiu-ping
(Business school, Sichuan University, Chengdu 610065, China)

Abstract: The emission of carbon dioxide has received much attention in recent years, as it can reflect the effectiveness
of those low-carbon measures. To alleviate the nonlinearity and volatility of the annual carbon dioxide emissions, which
may affect the forecast accuracy, this paper proposes an efficient decomposition-integration forecasting method to forecast
the annual carbon emissions. The empirical mode decomposition (EMD) is used to decompose the original emission
series into intrinsic oscillatory modes and a residual with different frequencies. The least squares support vector machine
(LSSVM) is optimized using the particle swarm optimization (PSO) algorithm to predict each decomposed part. This
paper chooses the real annual carbon emission of 12 countries all over the world to do the case study. The forecasting
results indicate the validity of the EMD on improving the accuracy of carbon emission prediction. Furthermore, the
comparison results between the EMD-PSO-LSSVM method and other forecasting models show the EMD-PSO-LSSVM
can improve the average accuracy of the mean absolute error (MAE) at least 46.46 % and at most 90.09 %, and can
improve the average Pearson correlation coefficient (PCC) at least 10.45 % and at most 45.10 %.
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T &5 SR B A0 1 delays 18 2835 22 IR vH 53k () IEP VAE 1056 0342 o
. A [ B HE S IMF1 ) B AR delays {54 15). 2% B
543 AR R 1 5 B 0 TN 485 SR 4 5 2% 1 pgg  APETIISS6 14008 0127
2 o, MAE 6445  0.692 — 0444
R NGEESRERTNEGE RIS (E gD SOPL o7 028 008
MAE 0629 0395 0012 0067
% IMF1  IMF2 IMF3 J3%Z05
- MAPE 155035 535.066 0.099 0014
I
i MAPE 73441 10729 - 0.135 MAE 5243 0482 008  0.095
MAE 12931  4.554 — 3.079
g MAPE 55348 11207 —  0.065
. MAPE 1872 59378  40.56  0.243 T MAE 20145 0587 o
MAE 0708  7.504 9395  11.248
- MAPE 88596 73983  — 0014
- MAPE 111814  — - 3.527 MAE 3611 2211 — 0056
MAE 2435 - - 19.618
gy MAPE 20447 797288 — 0032
N MAPE  89.346 - 46.199 P MAE 038  0.798 - 0.118
JIE N
MAE  5.762 - 1729
B MAPE 74.687 5576 1994  0.047
- MAPE 79561 291.153  — 9.9 i MAE 3534 0248 0125 0206
MAE 2749 1788 - 15917
. MAPE 91292 35192 41.882 0.015
MAPE 97432 5456  13.677  0.485 MAE 24412 6309 0.181 0.191
AT AR S
VAR 227 00 02 0 S WU 0 T 45 SRR AT 0 W AT LAAR B, R T
g MAPE SSIM 330 80 oon EIDJE B8 HE S8 10 43 R0, PSO-LSSVM #5727 1 451
: MAE 4864 1494 1635  0.102 RN 72 T [ To0N 2% 5 ¥8) B vy A0 A 1) o &5 SR B
B e s oas - 103 DAL R 22000 E T O 1 B e 5, 2 B0 1 B4R
B A3, PRI TMFs )RS 9 T A& 1) 142 5 T kS
MAPE 5594 44279 - 3.047 . N . -
Pl JEE, T X Bk 22 T PR RS YR 00300 A AR TN 2 SR v A 1
MAE 0071  1.949 - 5.043
PRAE. P EE B HE B s 28 58 EMD 43 fift J5 RS 31—
AT MAPE 15045  81.74 - 1.577 IMF A1 %% 72 3, [) B B AR S HE RO [, LA HE S 4%
MAE 1814 0.63 - 2501 AHEL T — M B KT 5 ORI T & SR
MAPE 97985 50434 7.075  0.075 AR oA [ SR i T T 5, 48 R T MAPE Al
i MAE 1472 2928 0616 0221 MAE, HoAth [ 58 1) 7 2% 5 a5 A A,
T 2P TN 45 5 9 R AR AL 1) B A, B AR
MAPE 56.846 190.285 108.232  0.026 N o
A SR 5 Eg X 3 R, 3 AL, B H

MAE  7.706 5.284 13.779 0.24

AR A, FAh T 530 B HE A T 55 1 e Ao ik e Ao 4



FTH

% T 5. £ TEMD-PSO-LSSVM & 4% He 5 i & s 7R M 77 ik

1843

. T H AR RS 7T DL B, FE 2008 4 ~ 2009
S B HE IR GHE R ¥, M 1299.7(million  tonnes) Bk £
1 130.0(million tonnes), 3= JF K 2 —J& 2008 4F [ 4
RGN H RS G ORI, B 42201248, H AW
B HEA 127 1Tt 22 2008 4 1 7K 4E, BD 1296.1(million
tonnes), 1M 2013 4F LA J5 BB HE T IR 545 55 T 568
AT B AR BRSO AE . AR SCIE R R AR R R
Wi, A 5 8 B FIE A 1 B A G, DRI e H AR 2013
AF ~ 2017 4F BB HE TN, BRI A 1 B4 1 v e,

FELE T 2009 4F ~ 2012 4F 1 b 3, 15 H A< 1) ik
HE T 25 FL A A AN HER, I PCC N 7B R 5L, Bl
5 R R T HEECHE 1 58 3, X P A Dl 2 15 B SR AR,
S Al L 51D TN 225 SR R DA UE P4 0 2 A B BT
DBETY A 25 k.

N Tk — 2B B IE 4y i 4R AL RE B EMD-PSO-
LSSVM 5 oA e Ak HF 70 & RO e 75 1 A 250k, % 2018
. ~ 2025 F [ BRHETBCRBEAT FE AN T, 45 R 4058 3
7.

% % 5300 z 2500
= 9300 t = 3 2 —
=5 = 5 5200 z 2 M K
~ i firen L
EE 9200t EE 5100 g 2000
E . . g 5000 . . E . .
20144F  20164F 20144F 2016 4F 20144F  20164F
(a) o EBRHER (b) 2 ERRHETM (c) EPEERRHETM
g AN S 500 |~ - s
- N /] BE R | o2 T -~
= = =
5 i N , ES \ S 184
= 5 N = s b N = L 2
g . . g . . g 132 . .
20144 20164 20144 20164 20144 20164
(d) IR BHET (e) EPGHRHETHIN (f) BTAR B HE T
» w 450 w620
o 800 e e P
=5 = 5 400 f ~ 5§ 600 %
T e T e T e
&8 EE 350 EE  sg0 2
—_ —_ —_ Z
= 750 = =
g - - E 250 : - g 560 '
20144F  20164E 20144E  20164F 20144F 20164E
(g) 7 EFRAET (h) LHHBRFFm (i) FEARRHETI
S 600 } 5 5
= S 470 } ~ =
E_E E_E .\ 3 E_E 1260 N N A
T = T = 7 T e N
Bo 450 | E o 460 f B 1220
= = \/ = 7 -
— = \/ = —_— —
E N N E 450 N N E 1 180 1 1
20144 20164 20144 20164 20144 20164
G)  VREBAT R AF i HE T (k) mAEBRHET () HABHER
— = HEESRsl K BHETRS
&3 FBREFUNSERAMESSHIEALER
#=3 BER2018F ~ 2025 FERRHFTNLE R
i [ [ B gk EpE R fmE RHE R iERRE Ek A
2018 % 9322.23 5367.58 2287.69 533.13 337.59 157.73 742.48 388.83 572.8 558.18 47391 1252.21
20194 9347.47 5441.42 2284.94 536.14 334.44 155.93 732.49 387.38 579.83 558.83 478.80 1228.10
2020 4F 9011.23 5608.26 2288.76 541.00 337.41 154.64 733.96 390.63 585.24 561.84 482.52 1221.92
2021 4F 8715.19 5661.83 2284.96 545.85 342.22 154.42 731.50 392.28 594.52 568.03 482.30 1239.68
2022 % 8951.29 5624.30 2287.52 550.16 344.72 151.79 741.35 389.42 603.24 573.29 484.45 1256.35
2023 4 9453.90 5683.17 2286.56 553.72 343.34 152.59 760.95 382.50 583.21 572.32 480.03 1253.97
2024 4F 9769.36 5876.35 2285.82 556.14 338.83 157.48 754.17 380.59 579.62 566.08 475.96 1255.21
2025 4 9740.82 5795.29 2287.44 557.43 332.80 165.75 735.27 385.54 578.15 562.62 470.28 1251.71
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xR ¥37%

WLEER 3 4% [ KA SR 45 SR o) LA Y,
AR HE TSR PRNME A AE 55 T e BT S, X
J PR g o [ B 46 HE TBCRR 7E 2014 4F ~ 2017 4 A7 1E
—NETN R BT S Yy R AR o, o
BHE 51 IMF2 A5 5 (1 TN A £ 1 X FfE 35, (45

BUNBITE BT AT e 2 BB A IR 1) 148 9 1B A [ T
3G S R 1A 22, B8 A a0 B 0 K, IR 0
P2 RIBGE. BRiL 2 Ah, R InE KR K 8 R AR HE
JBCE BN ) TR, HoAh R 2R oK 8 4 [
R T X BRG] B 45 R, B

T AR A A TN 380 A 536 2 1) R X 4 37 7 By
.
3 PP EIX A

Iy BT R 4 FIER S 25 H 42 MAE A1 PCC il
S5 JERF LG LA R 4R T 45 AL 1) MAPE {8 7] LLE
HH, DR 40 B BT 45 SR e A% (R 1IE MAPE 1 MAE (1]
{ELAE AR 7K1, H PCC B 4% i, 7 B AR RS M4t
UF. TRV, K Jy A G B3 00U A5 280 5 B ) A 28

‘ BEAT XS L. MAE AR T30 ARG 2., 5 B ARG 2 ik

R4 DEIFUNRBEMIR SRS L 45

3 2 BB HEAR SR TUNME i A 5 B ) B &S AR
ZE ), G IR UE T RcHE A1) B AN R A T e]
RE 248 8 s M. AEL P T Al 3 0B 0 AR ASE Bk 22 T 1)
FRFUMAE 2 LT ([9120.17,9 148.18,9 176.12,
9198.81,9213.28,9218.57,9215.61,9206.81)), 5 5
B A7 100 B8 IR 5F. 5% 22 TR St HE P A1) 1Y) A
047, %o AT R A b TI0I RE 65 ORUIE SR 4558 9 HE 1
B HETRONAE. 53— 77 1, A S 3 22 N BHE 7 41 A
S AT TL, AR EERHCHE A 138 R 2 %) o i 5

Ex EMD-PSO-LSSVM  LSO-GA-LSSVM  BP-NN  RBF-NN ELMAN-NN LS-SVM  SMO-SVM
" MAE 37.41 214.57 177877  1002.6 44226 704.04 635.37
PCC 0.67 0.35 0.31 0.35 0.34 0.34 0.24
MAE 69.19 92.66 145.34 133.47 97.07 98.41 98.35
e
PCC 0.74 0.54 0.50 0.45 0.44 0.44 0.44
- MAE 64.21 49.28 199.74 427.32 82.84 486.11 44275
- PCC 0.99 0.98 0.78 0.90 0.98 0.94 0.94
" MAE 3.55 8.65 10.66 10.12 11.94 14.94 13.33
- PCC 0.72 0.73 0.72 0.52 0.53 0.64 0.59
-~ MAE 12.80 2224 119.82 81.46 29.32 81.67 73.81
PCC 0.97 0.25 0.07 0.23 0.20 0.24 0.24
] MAE 0.58 2,63 475 16.60 29.99 29.20 20.00
BT 22
PCC 0.93 0.63 0.61 0.45 0.60 0.58 0.54
- MAE 9.22 17.01 36.19 20.94 28.30 21.04 27.34
o PCC 0.81 0.50 0.09 0.36 0.09 0.41 0.26
. MAE 492 21.84 77.59 59.46 48.68 73.38 49.43
© PCcC 0.98 0.97 0.25 0.59 0.82 0.95 0.22
_— MAE 6.66 17.69 46.52 87.58 21.61 80.51 89.28
PCC 0.98 0.69 0.69 0.61 0.67 0.12 0.56
W MAE 2.4 9.41 88.65 99.20 36.32 100.25 81.07
F$iffi  PCC 0.99 0.99 0.98 0.85 0.90 0.84 0.82
_— MAE 4.14 7.81 17.45 7.94 8.14 8.13 8.26
PCC 0.76 0.50 0.47 0.43 0.40 0.40 0.42
Bk MAE 39.92 12.54 46.87 39.03 27.96 13.73 20.43
PCC —0.68 0.94 0.85 0.90 0.69 0.93 0.88
- MAE 21.25 39.69 21436 165.48 72.04 142.62 129.95
h PCC 0.74 0.67 0.53 0.55 0.56 0.57 0.51

VE: AT EE 5| ] Qiao LY (T BN AN AL BB AL ) LSSVM R 7Y (LSO-GA-LSSVM). BP #1242 4% (BPNN). RBF
2 4% (RBFNN) ELMAN #1242 [ 2% (ELMANFNN) . LSSVM #5117 51| it /ML AL ] SVM(SMOSVM) [ TR 45 5, 3%
H 5 fREE R TR IR B AT E . 638001803 456 HY, Qiao Z512Y () MAPE 1B A REA7-1E [ AL, iU A ST & % MAE LA & PCC
{H AT E A, EMD-PSO-LSSVM #5284 77 (¥ MAPE {4 Bl 25
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%5 EMD-PSO-LSSVM =& &£ 7 ) MAPE {&

Ex EMD-PSO-LSSVM
i 0.41
ESE 1.35
EREE 2.93
YN 0.66
(i} 272
R AR 3 0.31
1 [ 1.21
THIH 1.45
7 1.11
YRR 0.41
E[ 0.90
SN 0.32
1y 1.15

EH FI0I A% bl 25 SR v DU H, it £ 9 A
OO A5 B B8 68 A 54 i B R TS TR )RS BE L R
3 8] SR S4B TN &85 SR 3049 3 K 2 4, BRnIE T 43
i RS T AE B P A Ak FE SR (210 TIORG B gt
=1 T LSO-GA-LSSVM 4 BB Al |, 73 fiff £ g Tl A5
7! (R EMD-PSO-LSSVM # i) ¢ % 44 *F 45 MAE {6
FE 155 46.46 %0(|21.25 — 39.69(/39.69 = 46.46 %). 5
BPNN # H, EMD-PSO-LSSVM #5 B f¢ % ¥4 °F 1
MAE {8 #2 5 K FZ 90.09 %0(|21.25 — 214.36|/214.36 =
90.09 %) & 4. A B (1) £ g P A v 1 3 PCCE
%, EMD-PSO-LSSVM #H #; T- LSO-GA-LSSVM 1fi &
P 7 10.45 % (|0.74 — 0.67]/0.67 = 10.45 %), & ¥
EMD-PSO-LSSVM &% £ fRilE— & K B2 1) 15350 T 4
A B AR E M. DR, SEA I MAE S A SE A8 E 1
JFR B 7 EMD-PSO-LSSVM A5 7Y [y 41t s

T Bt Lo &6 SRR BT 3 fide 48 1l Tt A Y 7 e
HEFHI 1] (R ot EMD 4y il 7 1 Be s A5 R bk
AR A 1R i B 1 AR 2 e, 545 Al HE 5080 B8 ST A,
N T A5 210 5 R fff ) T &5 2R 55— 5 T, PSO Ak e
[ LSSVM 152 28 68 % 45 A Bt b A5 400 1 ok 1) O
feadh . % B IR HEAE B BE 05 s i HL T B JRCHE R it 1
A R T AR ST J3 i B 13 T A5 25 ok e R Tk
HEAT T, T LA 240 B RcHE RS it A R 5 A Bl
e, ANy & TR UE AIRBRBUR « AT D8RS i $i ik ok
K%,
4 4 ®

T A VP PR 53 0 1 1) B B4R AR 2 —, B HE T
AR AR AR T RIR I 22 8 T il HE AL
8 1R 38 B 1tk AN ER 1, A S 45 A B4R 23 4 7 X EMD
AIPSO AL B LSSVM, H4) % B HF 1 73 i B B Pl 0 A5

B E S, A T EMD R B R B4 20 i AS [R50 22 £
5 AL DL R SN B 1 B 72 TG AR i, R T PSO-
LSSVM A5 RS TS ER 5 ), 45 22 A BB TN
{EBEAT £ F1S 3 5 I TN 25 2R 72 segm it A b, K
LR F PSO S LSSVM AT S 50 LI, 501
YO Tl DL B i 4B PR e BRSO B 2, NG A I 2 80T
BT S T RE A T O AR BN R AR AR, B B
UM TR RG B2 455 Bk g5 R b, ARSI R4 1R
i

1) EMD 73 -3 R BEWS 3 B HE it 70 i o BE AR
(7 SIS B, G2 At T e R HOHRE 10 A e Ak AN gk 2 4 i)
R, AT A ) 412 v I 00 045 52 o) Bk 22 IO ) G
{HE T B 0% DR AIE S A T AR £ s 22 50/

2) J3 A R TIU BE AY 7 12 4 B SRR HER I 111
J 45 SR B 1 AR BRHE TR e b )

3) 55 HAMAETRYAR EE, P H A 0 e S RS TN A A
RE M 7E DRAE A TR A 58 FA 175 100 412 e M R ) TN 2
BOrIE 1 AR HE T e 3 (00 A7 S5 AR

EEIRAR ST 7 fifb B G TRUINN A Y 6 0% A5 7 $ T Bk
I FITI0 A B P, (E AR SRAFAE — B8 AN 2, Bl B R E
176 A5 R ) B R RO, AN i ey T R R 1) A S
AR ST e BFR) ZE A5 ATS B 8% Dy AR Sk I i HE T 42 ik 2
% FLRR A SUR T FR AN TR R0 BRI FE i, 5
BT FORG e 3t — 20 2% R HE ) - R i B 5, ol e
T AR DL 37 R BIE L RAEA K RIAT
SRS B BRCHE T 72 55 A6, X A A
JEBAN PR LA B2 BEATIR 2 I B ER TS .
2S£ ik (References)

[1] Zhou P, Wang M. Carbon dioxide emissions allocation:
A review[J]. Ecological Economics, 2016, 125: 47-59.

[2] Walther GR, Post E, Convey P, et al. Ecological responses
to recent climate change[J]. Nature, 2002, 416(6879):
389-395.

[3] Zhao X B, Du D. Forecasting carbon dioxide
emissions[J]. Journal of Environmental Management,
2015, 160: 39-44.

[4] Fang D B, Zhang X L, Yu Q, et al. A novel method for
carbon dioxide emission forecasting based on improved
Gaussian processes regression[J]. Journal of Cleaner
Production, 2018, 173: 143-150.

[51 WangZX, Ye DJ. Forecasting Chinese carbon emissions
from fossil energy consumption using non-linear grey
multivariable models[J]. Journal of Cleaner Production,
2017, 142: 600-612.

[6] Wang S J, Li C F, Yang L Z. Decoupling effect and



1846

# # 5

F %£37%

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

forecasting of economic growth and energy structure
under the peak constraint of carbon emissions in Chinal[J].
Environmental Science and Pollution Research, 2018,
25(25): 25255-25268.

R, FEBTC, B, BTG S M B AT Mk
BgcHE O (B TR00N [J]. PREE AR, 2018, 36(12): 177-181.
(Zhao Y T, Nan X Y, Jia A D. Prediction of carbon
emission peak in coal-fired power industry based on
scenario analysis[J]. Environmental Engineering, 2018,
36(12): 177-181.)

LiZ, Li Y B, Shao S S. Analysis of influencing factors
and trend forecast of carbon emission from energy
consumption in China based on expanded STIRPAT
model[J]. Energies, 2019, 12(16): 3054.

Ge X L, Wang Y, Zhu H Q, et al. Analysis and forecast of
the Tianjin industrial carbon dioxide emissions resulted
from energy consumption[J]. International Journal of
Sustainable Energy, 2017, 36(7): 637-653.

WenL, Cao Y. Influencing factors analysis and forecasting
of residential energy-related CO2 emissions utilizing
optimized support vector machine[J]. Journal of Cleaner
Production, 2020, 250: 119492.

Ofosu-Adarkwa J, Xie N M, Javed S A. Forecasting
CO, emissions of China’s cement industry using
a hybrid Verhulst-GM(1, N) model and emissions’
technical conversion[J].
Energy Reviews, 2020, 130: 109945.

BB, RIEE. T FCS-SVM @ sl fcHE st
WHITJ]. LR ZUF, 2019, 35(11): 37-41.

Xu Y G, Song W X. Carbon emission prediction of

Renewable and Sustainable

construction industry based on FCS-SVM[J]. Ecological
Economy, 2019, 35(11): 37-41.)

Huang N E, Shen Z, Long S R, et al. The empirical mode
decomposition and the Hilbert spectrum for nonlinear
and non-stationary time series analysis[J]. Proceedings
of the Royal Society of London Series A: Mathematical,
Physical and Engineering Sciences, 1998, 454(1971):
903-995.

X5, S0, MR, 5. BT AR 4 BE AT
STBIBRAN M 22 RUBE A5 FO0I 7). $2 1) 5 P 5K, 2019,

(15]

(16]

(17]

(18]

(19]

(20]

[21]

34(2): 279-286.

(Liu J P, Guo Y, Chen H Y, et al. Multi-scale combined
forecast of carbon price based on manifold learning of
unstructured data[J]. Control and Decision, 2019, 34(2):
279-286.)

Liu M X, Zhang G X. Characteristics of multi-national
carbon emissions based on empirical mode
decomposition[C]. The 6th International Conference
on Business Intelligence and Financial Engineering.
Hangzhou, 2013: 458-462.

Rilling G, Flandrin P, Goncalves P. On empirical mode
decomposition and its algorithms[C]. IEEE-EURASIP
Workshop on Nonlinear Signal and Image Processing.
Grado, 2003: 8-11.

Vapnik V N. The nature of statistical learning theory[M].
New York: Springer, 1995: 138-145.

Suykens J A K, Vandewalle J. Least squares support
vector machine classifiers[J]. Neural Processing Letters,
1999, 9(3): 293-300.

Aziz N A A, Mohemmed A W, Alias M Y, et al. Particle
swarm optimization for constrained and multiobjective
problems: A brief review[J]. Management and Articial
Intelligence, 2011, 6: 146-150.

Kennedy J, Eberhart R. Particle swarm optimization[C].
Proceedings of ICNN’95-International Conference on
Neural Networks. Perth, 1995: 1942-1948.

Qiao W B, Lu HF, Zhou GF, et al. A hybrid algorithm for
carbon dioxide emissions forecasting based on improved
lion swarm optimizer[J]. Journal of Cleaner Production,

2020, 244: 118612.

fEE RN

KL (1996—), 2, A, NFiblassa 3] THE A 4L

Y543 BT A 55, E-mail: zhangwentonia@163.com;

REW (1982-), J, #dz, WA 00, NFHRHHE IR

57k WU 2 RS 358 B S R A SE R AT,

E-mail: zhibinwu@scu.edu.cn;

RICE (1962-), 55, #0%, Hi-E S0, WAL

RE LR BERLF M 7T, E-mail: xujiuping@scu.edu.cn.

(Friethih: ABEE)



