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Abstract: It is crucial to elucidate the spatiotemporal pattern and driving factors of trade-related carbon emissions in the
Yellow River Basin for formulating fair and effective emission reduction strategies and achieving the important goal of
regional cooperation in emission reduction. This study utilizes a multi-regional input-output model to conduct an in-depth
investigation into the composition of trade-related carbon emissions across nine provinces in the Yellow River Basin over a
long period from 2007 to 2017, as well as the transfer pathways of these emissions at both provincial and industry levels.
Through structural decomposition analysis, it tracks the influencing factors of trade-related carbon emissions within and
outside the Yellow River Basin, revealing the heterogeneity of these factors. The results demonstrate that the overall carbon

emissions in the Yellow River Basin at the production end exceed those at the consumption end, resulting in a net outflow of
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trade-related carbon emissions. This outflow is primarily driven by the trade of intermediate inputs meeting production
demands in other provinces. The region’s production supply and overall demand are shifting towards the central and western
regions and the northeast, while decreasing towards southeastern coastal provinces and increasing towards the central and
western regions and the northeast. Industries with a net outflow of trade-related carbon emissions are concentrated in mining
and quarrying, petroleum and chemical industries, non-metallic mineral products, electricity, heat, gas, and water
production and supply, as well as transportation, warehousing, and postal services. These emissions predominantly flow into
energy-intensive and capital-intensive industries. Structural decomposition analysis reveals that external final demand and
local carbon intensity are the main factors affecting the outflow of trade-related carbon emissions, while internal final
demand and external carbon intensity are the main factors affecting the inflow of trade-related carbon emissions.
Additionally, production structure and final demand are key factors influencing trade-related carbon emissions in the Yellow
River Basin, with the former acting as a suppressor and the latter primarily driving emissions. Therefore, the Yellow River
Basin should strengthen guidance on production structure, promote the transformation and upgrading towards clean and low-
carbon industries, and gradually transition from terminal low-carbon technology upgrades to intermediate production
technology upgrades to reduce implicit carbon emissions. The findings of this study provide a reliable data foundation for
setting emission reduction targets in the Yellow River Basin, aiding policymakers in formulating measures to reduce and
control trade-related carbon emissions. Furthermore, the estimation and decomposition methods employed in this study can
be widely applied to future research on related emissions in different regions and sectors, contributing to the achievement of

regional-scale carbon reduction and pollution reduction goals.

Key Words: the Yellow River Basin; multi-regional input-output; trade-embodied carbon emissions; structural

decomposition analysis
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Fig.3 Patterns of spatial and temporal changes in implied carbon in trade in the Yellow River Basin, 2007—2017
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FOBEREMY b 45 1 BRI L], FAFF I A 70.95% o X — RS iR U A B v 07 b R R 3 AN Tl 7
AR AR T AMCEH ORI RN, 6 A>T 00 T R ORI K3t , - Y /K L St 7 rp i K F St , %2
AR A B, 9 SRR B B B 16 1 TR, ¥ S 5 B & e ATl AR v fe Ay 13 M4
b BRIV S S S R N BT LR T S ) B SRR ATl (E T B B R R R AT ML R B
P8 R T4 50 o W i BRI B DR e i ) R BB A R v 5 ) B 5 B e R M X 4 5 IR i i e 1 i 2 8
B P 5 O BE DR DA DG A BE IR 2 4R L7l L KR o BEAR S B 0l D=l (3 17 4 A R A7y A7 LA T i
AR D AT, — o DX IR B TR P 0 e A7l A 75 5K L BT Y 0T DX I b 3 e A7 ) 7 >R R 5 — R AR K
A5 DR ZR BT B I BRI 5 T v P DX 2 5 5 = b A 0 X e T Je ) D B R R — LB A
&SI A L VR S PN B

£3 HAREETULSRSEAHREBE/ M

Table 3 Implied carbon transfer from net trade by sector in the Yellow River Basin

J#'5 No #BIT Sector 2007 2010 2012 2015 2017
1 A 0.9 0.5 -1.2 1.8 -1.0
2 SRkl 26.6 28.2 38.5 50.0 48.9
3 1 AR S -0.3 -0.1 -1.8 -0.8 -2.0
4 Zi40 -0.3 -0.4 0.0 0.1 -0.1
5 ENC PSR E: 0.3 -0.1 -0.8 -1.0 -1.4
6 A AL s Tl 17.3 25.6 48.7 38.0 24.4
7 4B Pl 22.2 24.0 46.2 47.6 29.0
8 G TRV AT R E o T 31.9 21.5 18.4 35.4 -14.5
9 &I il 0.0 -0.2 -0.5 0.0 -0.3
10 B 1.1 0.5 -1.8 -2.6 -1.6
11 BRI -0.8 -1.5 -2.2 0.0 -1.4
12 A SRR 0.1 -0.1 0.3 0.2 -0.1
13 At 3 7 0.0 -0.2 -0.2 -0.3 -0.1
14 g IR B OK B AR 7 AR 212.6 188.7 369.1 413.6 391.4
15 AR 0.2 0.4 0.1 0.3 -1.1
16 iz i ik R B 8.2 7.2 11.6 2.0 9.7
17 R FEAAERK 3.4 5.9 8.1 3.1 -1.7
18 At A 551 -0.3 0.5 0.2 2.7 -3.7

> 0 ML < 0 gk A

2.3 BRI 5 B i oK B R A pr

T A5 T En T MR E S RS E 5, 5 —%14 EEPE (EEPT) [ 8 ASLH 43 L,
SRS AR A R AR Z AR E R E RN : AEEPE+1=(AC +1)x(AC_ +1)x(AA,+1)x---x(AS_+1),
VLA A6, A A B HEGR BE (AC)) R AL A T R BRI AN IR 43 EEPE ¥ |71 37.84% Rl
1.3784 =1.3845x1.0027x1.0910%0.6057x0.9539x0.8794x1.0004x2.6051x0.9999x0.6874 .

M1 4—5 AT LIE A TR ABIN AR (AQ, ,AQ_) ) &= T3 EEPT MK 19 N |, IR B IRA TR
SEREAL(AS, ,AS ) X AR R SL R A e 4 R 1 A8 Ak . BARCRT | BT Y 4ol A e 24 75 SR A Y A2 Ak
(AQ,) FE EEPE “F-2434 /1 0.48% , KT, XS AMR 25 K S 2816 (AQ ) 3 EEPE ~F-2134 11 140.79% ,
T DX S A M ) SR 245 SR RV AE AL 6T BRI 52 ) B B e HE O™ A TR 52, 78 EEPL KBS R A7
SREHR B (AQ_ ) FBEEPL V- X34 i 8.59% , 11y 8 il Ui Il A% My fie 24 7 5K B9 A2 4k (AQ, ) 2L EEPI 7
IR 142.09% , LA LA 78 BEEPE B3I XS M 275 K B8 5 32 AR, e EEPL A3 K,
AR ER TR B SR, ETRES R B AL (AS ,AS_ ) X B O AR 7045 3 9 EEPT 3 e {2
VR, SFHIT S A M R 2T SR IR (AS,) ) Xt EEPE SR S i f2 E 7 (0.16% ) |, T X 384 M #ix
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KT RGN AEI(AS_)) WAL K A2 EEPE 3K (1.63% ) . 8 MR 25 B T00 i o 1) o e e ] A8 32 B R A
JEAR MU B 5 SR A A R A, TR X RO ) e T SR S5 A A8 1k, 78 EEPT H A Ml fie R 5 SR 45 4 19 A2 4k
(AS_)) 5 H(8.59% ) it id XM AT SR AT 92K (AS, ) (5 (1.59% ) . ML AT LAFE i, 1E EEPE (193
e KIS R A5 b £ AR, TAE EEPL 84K b A i e 47 R 450 o 2 1B 458 DTk, fix
LG R IS DX IR DR o 1 i B2 R 3K I LIl — DR SR A DXk A S FEAN TR OS2 R DAL, 7 il
SE BT ) Bl A BRI, 85 S 533911 2% Al AR X SR A e 28 SRV B HE S 5 F EEPT B9 520, A5 PR
By an i AR oA PR T RS AR
&4 EEPE ZEMSMRLER (20072017 4£) /%
Table 4 EEPE Structural Decomposition Results (2007—2017)

iﬁ Pj'vﬁce c, c, A, Apa Ay A 0, 0., S, S, AEEPE,
2007—2017  FHilF 3845 0.27 9.10  -39.43 -461 -1206 004  160.51 -0.01 -31.26  37.84
i -32.16 -036  -3.73 -933 -442  -531 024 16830  -0.01 943  57.14

il -591  -025 2717  -2375 -39  -8.07 0.6  146.99 0.16 13.69 128.17

TH 3019 0.05 -15.04 55.43 0.13  -7.69 037  131.02 0.00 3.86 282.95

MH 5074 -0.50  -3.02  -33.02 .02 -3.15 021  107.71 0.09 152 101.58

B -17.01  -0.36  -14.83 2775 -3.11 -798 073 151.87 0.11 451 112.92

P 3496  -0.06 -13.49  -24.47 0.6 -13.12 047  118.88  —0.09 1652  97.24

WE -25.22 0.06 -19.68 -4.82 6.45  -8.00 153 14541 0.64 315  44.89

W% -15.48 1.03  -13.30 13.82  -7.08 -842 056  136.42 054  -677  59.79

C, : TR D IR PRI HE AR EE 5 €« T 3L o DS M TSI FE 5 A o BT Y0 8 DX 3 N e ) 772 il 890 G0 I 45000 5 A = B0 1T B899 T ) SR S840 5
Ay s P8I TH SR I SCIRIAIL 5 A« BR BT IS N LA 7™ 0 B0 T R T S50 5 Q, « BACTAT AL S DX S5 A ) e 20 SR BT Q.+ BROTAT L DX IR A M ) e 25 7
SRBH; S, « BT VR A DX I A ) B 2 T SR A A 5 S« AT Gk DA Y B 4 5 SR &5

x5 EEPI &5 MREE R (2007—2017 4F) /%
Table 5 EEPI Structural Decomposition Results (2007—2017)

2007—2017 Hiff 0.02 -0.02 7.79 -0.08 -40.23  -14.02 130.03 3.45 1.70 -6.37 25.42
pu)i -0.09 -5.37 1.81 -0.13 -23.49  -17.14  146.31 12.61 -1.46 0.91 68.05
Hofy -0.02 -3.42 3.00 -0.10 -30.08 -15.27 94.74 7.11 17.08 5.72 51.97
THE 0.14 -4.71 -5.57 0.19 -0.78 -18.79  278.76 2.09 -0.70 -1.52  175.06
BE 0.80 -6.96  -5.36 -1.03 2430 -20.52 89.49 9.59 6.74 8.00  107.78
(Sl -0.11 -4.03 0.85 0.34 -7.13  -1637 168.62  28.84 3.21 0.11 169.49
vy 0.50 -1.14  -8.81 -0.39 29.85  -21.38 93.41 0.66 -1.44 8.42 91.66
g -0.52 -0.40 -3.25 0.22 37.68  -18.73 168.59 9.33 11.77 1.80  259.23
TR/ -0.29 2.69 5.98 -0.18 -62.06 -23.36  108.64 3.63 21.51 -2.71  -19.49

BHERCSR AL (AC, ,AC ) X8 i dsk EEPE S0 02 4 T, % EEPT % i 4 kl /E i, 76— e FE
R T R 2R T R AR EEPT, BAKTS , XBRAMYBRHEBR BEAE L (AC ) X EEPE BRI ]
TERI(-0.02%) , B HLR A BRHE AR B AR ML (AC, ) X EEPE &2 #E I (6.51%) o IR FE R EAEFIE
TR NGE BEPGFILTE i3k 6 X — 7 AR R AR RE IR 1A R B T A RE IR S A, 53— 7, i
THOBRAL R BB Y S A R REFE YRS 7 2, S BUR EEPT 80K, LINSERHI, £ 52 ™
WA SR o3 T A v R EEAL T R Bk AR E A RN B R LRI RS I HE S EEPT TS Y
Ko X EEPL, 8100 ) B HE O3 B2 A2 AL (AC,)) B AR SR A2 HEVE T (0.05% ), X3 AM B HE 58 3 72 Ak
(AC_ ) W= H AR (=2.59% ) , 2 W 8 ) Ui ulode 5 30— A0 B AIRBRHE RGO BE . 25 19k 7 EEPE | B
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PR AR HE R A (AC) ) & SR, ifE EEPL | XA BRHERGER B (AC_)) 3= SHEHT,

HEPREEAE A (AA ) AA,  AA,, o AA ) KBTS EEPT S6IIAR 5 25 A3 I 1 . 23] SR 404 IX
LE P 25 AR A EEPE A4 FH | 2 B A= 7= 25 09 1F 80 8 (AR Ak 1) 5 1) & g, v L 45 A 7= 45 1k
EEPE UHI6I/EH LA KL AR % EEPL R0 fiI/E &, 4350 0 —50.47% , =79.62% ., W] e Y Ji 2 X P~
Dy B ERA TR HEBOR | X 7= b P B2 48 A A AL T2 5 R (i L RE A A8 ) 52 2 B e HE il 9 7= A o AR
FEESF IR R 77l BT 1) 35 FR OB (AA,, ) R BT SR R 4348 X EEPE B IR AT, 3R
—4.20% ; 775 A1 BK R BK0NE (AA,,, ) %F EEPE (R0 B BH S8 /N 1 1) 6 R 800, 34 - 1.58% , R #
AL I R T U M SRR DX A e M R TR 7 A R R A ) BT 3 R A B i
S L EO RIS T A R R L 2, T BRI R R T XA K AR A B AR IR A
P BB T RICR A KT 8 D S A 7 S5 A8 A3 T B — s A B b W LAY 3l HG 7 ol 25 4 T 2 DA TR 9 2 B HE A
XIAMY P Z5H8 72 5l (AA,) [FFEXS EEPE BAMGIMER] . BRI BOER 7348 X 1 2B 7= 2548 28 A% EEPT 2
THIVEF] (TR BRAN ) | 1R PR 8 35 1 Ry DI A0 08 77 Ml 28548 A2 2y ( AA ) P (9 5 1B R AN (AA,L,)
EAE BN, A KA Z5 728 3hii ke T EEPT RS, e an i\ A i 1656 22 200 (AA,, ) W T B Bk
PUAILZR ) EEPE 24 TR PAEHEVE R, i 7=k A5 a1 Bk R AN (AA,,, ) XFTRS S AP B9 EEPT j= 4=
TEREHER, X —IHG R, B NAE " — R SERE | BN — b X4 A 7= 5 A 2 T I R B o8
it B HE A 3 BRI AL T DA™ it Dk &, 6 7 b P il BB SR ) B R S B HE E A

AR S, M 2007—2017 4, #6504 039 EEPT KT EEPE fO3GSR ANpu Il ;52 e V6 A3l 1, 1 BH 31X
SO AR 3 1E AE AU B A TR HIE BSR4 S , I ELLE A [ XIS B s HE R 7 TR 40 B R A8 G Holy 7 A
INARA , H EEPE ¥4 3405  EEPT 38 KRB, Wt 2 1, FLWHE R RS iR, PRI, 4 38 T] 37 Suf o ik
HEER 0 St I H T SR =AM,

3 FRREREIR

31 45ig

ARICHETF MRIO LR 5T 2007—2017 AFAS B[R] B BRI 9 A48 X 3R 5 s B i A AB B, LA S AR
G RNAT D2 T PR B 6 A58 s il ad SDA TR | S B B YT 3 3 52 ) o5 ik HIE st IX 3 R 1 g 06 s R 2% 48 7 L IX 3
PAINSE B B S i HE O i R 26 A S i . R AR 25 SR AN

H—, M\ 2007—2017 4F | BRIk HE i 2 SIS 3 7E 2012 4R 5 3 AZHE I 11 6 AT R BRI
TR HE A 2 7 i KT 2, SRy ¥ BR o B i HR b DX Ry v A A B B ) O 2 A A A 1Y
AT R I 2, I BRSNS AT A B BT B B S ARHE R Y S A AL,

0 NG B S i HE R R R RS A Sk TR A A 7 L Ny e v BV 3 e 2 7 A I R A T SRR ) g
FARACH X B Bl , %o A< B W4 00 A A6 1 AR SR T A0 28 0 a2, 1 %o v 7 8 A AR I b DX g 38 1 R 55 oK I 7 3
TR e

O = BT B ) B B e R AT L AR AR A Mk Tl ARG TR T s TR OTIRR
FoK B A P FEE R b DA Sz i 6 i BB 5 Ml , 32583 ) R TR 25 AR 28 7 b R A AR AL

SV, A P AR R 2T SRIE S M BT i3k EEPT B9 SCHE R 28, DX S A1 (1) I 24 SR RITAS b 11 s HE
SR ESZ I EEPE BN =2 3R X P 19 e 2475 oK R X IRA M e HE SO0 B 2 52 i) EEPT 38Ny 2R &K,
Az PR EE R B ik EEPT = 28E IR (07 5 BEPU A LU ZR 48 B ) 7= b 3T LA ST R P 52k R L
B e T Pl B TR BRI EEPT 7= A TR AR HEEH
3.2 BURHEW

BT VL5, TRATXF T el ms HE A H A DL

O BT T B b IR HEBGR B () A 7 R R DL RS/, HON T E NS P& 5
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KB 55V SR o B S R R B 2 (AR ) APl PR, BRBR S X S84 3 i RX i T BE PR AN 2 (LB AR Y
BN BEARLE P i A AR BB, 38 2B AR A b T 20 £ e AP HE BI04 A 7= A il e 10 2 4 T
Al MGEAS S TRl X e HE A DR

5 W0 IR SR AN R T 558 s . R T SRR RMEAT O SEAE , B AL ST SE RS S T
R B BT AL S A R B A/ 28 B 5 R AR DI A i S v o B A 2R vt DX Rtk b R, D e g™ M
AR, AR HETL o [RIST, D2 2 r YRR AR E i DX A4 T 2% 117 37 A Ji& i/ Xof B8 T 0 8 il PO 75 K, DTG 28 A1
DR B BRHE RS o stk s il 5 PR AR AL IX 1 G VR SV IS ARBREOR TN 250, TR 0 R
[l L, S B X Sl ]l ol 114 BB ) 0

S = R A R R BRSBTS B B B S R HE R A R BRI AR T, R — 2P AR A el e T
FETHR AL R, AR i B 2 R W] AR LA S R HIE R B8 AR A A iR R | A P 254 (22 4k
X T HERC B A VR TS A DAL, BT sl i X A 7 4 R B 5 |, HE Sl 1) 38 s ARt ™ Ml % T T 4%, 1%
2 N S R 4 AR T i) o ) A B AR TR, DA D B 5 e HE TR

4 BRMEMH—SHR

F T ECE AR O T4 S B, M AT S E A R e 3 i b Ty, B, SO R S BB IR AT S A &6 11 ok
58 Oy THECR: , Bk A CEADs , (48 7 ML i HE R R BE R 7 . B A= s A BE i
T A HEH FH AR IR 43, AR SCH T 22008 T A A HE L | 3 1T R 2 580085 8 19 A 77 St ik HIE i o 5008 i /)N . (HL
HRHE CEADs S , 76 2007—2017 4 [R], 1 25 48 522 fil U518 FH s B B e ik HIE ot o Al HIE G o 1) LU B
16 1.1%—24.1% , TIEUY 30 3.9% 3.9% 4.2% A2%FN 4.4% , B 203X 5B HE R 7] B S 50844 i HE
R ABEARAL 4.1% 3% —IRZEFE TN . Hk, i T R 0 4 il 75 A KRS 1 5
1, 4 E A G AR A R, R T R OB B SR 2017 4R AR SOR ke R K 5[] BT
B 38 52 B B 1 e R S s i PR 28 A TR 5, AR 500 B A ekl SR P T B, e A7, A S 2R 1 At 53
O3 AR TR T AR 12 N T ARSI X AN [ BB AH DRI G v B A Bl DX RO R sl T H AR 9 553
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