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Abstract

The decoupling relationship between carbon emissions from urban sewage treatment and eco-
nomic growth holds significant importance for the low-carbon transformation of industries under
the “dual carbon” goals. Based on panel data from 2010 to 2024 for the three northeastern prov-
inces, this paper calculates carbon emissions using the emission factor method, analyzes the decou-
pling status using the Tapio model, and conducts case studies in conjunction with policies such as
environmental protection inspections and overcapacity reduction. The results indicate that carbon
emissions generally exhibit a “first increase and then stabilization” trend, with Liaoning having the
highest emissions. The decoupling mainly consists of weak decoupling, growth connection, and ex-
pansionary negative decoupling, with strong decoupling only occurring in 2017, 2023, and 2024,
indicating that a stable low-carbon pattern has not yet been established. There are significant inter-
provincial differences, with Liaoning performing relatively well, while Heilongjiang experiences the
most expansionary negative decoupling and still sees positive carbon emissions growth in years of
low economic growth. Cases show thatin 2017, the strong decoupling in Liaoning and Heilongjiang
was driven by the reduction of industrial wastewater under the combined effects of environmental
protection inspections and overcapacity reduction, with this strong decoupling being an exogenous
shock type; in 2023~2024, Liaoning’s strong decoupling reflects the endogenous effects of pollution
reduction, carbon reduction, and the shift toward a cleaner power grid. Carbon emissions from sew-
age treatment in Northeast China are rigid, making it difficult for carbon emissions to decline auto-
matically as the economy slows down. In the future, policies should be implemented on a provincial
basis to promote energy-saving renovations, control new capacity, develop low-carbon technolo-
gies for cold regions, and gradually decouple carbon emissions from economic growth.
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B AR A 2 At T () BRI B R o IR T V5 K AR B T e LB “I5 R 5 “ReIR LT
W JE M, XEZ W BRI B (1], TER, FREG KA i R s,
AP BHE R R POE I KA . ARG R, 15K KGR 2 S A 2 BN 1%~2%, &
B & AR R SR BUT AT S 2 — (2], TEHE ST [3], FREIRAT5/KEAE R B 2015 41 428.8 12
m3 T E 2024 1 678.3 14 m3, HGMEIL 58.2%. BEE T EEAGFE S, TS KA TR SRk —
K, V5 KA EAT W B HE R 2 BT S [4]. 2022 4F, (ki FRRR P R 3 R it T ) TR H
HeBES KA E T REBEAE, AL T MM, REAAFEMR . T5/KAFRAT MV AT BB 1 5] 94 B 1)
L —

EHE RN, BRI TE KB IRABOF BRI S RGO R, T A AT AR K&

ST ENR (TS PR U R G RSt 5 52 II3E SI[EB/OL]. (2022-06-13) [2026-09-21].
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JEAS I il e 22 FAEHRECR B A E 2R X [5]. BT, T 5 KA B RRHRB 0 7 R B TR
HERURAE S R R 55 5 T EREDTIE B, ©AARZ RAHDRE 7%, 5T RelRvEAESdE v B A
HEB6], #4545 IPCC 7748 5 CHy 1 NoO S5 E RN 7). ZEKIRE b, A% 24T
FR=MA FEE, KILATFHEE5 RABERAGTHIX, SRICHX P GEHT A L. EEFEKS
I 1R R TTTH, Tapio B OOl 22 N TBcHERG. REVRIE 9 /K RIRSEAII, F TR s
JE 15 G 5HR bR Z R I BEARES[8] [9]. AT, HEIBLER 73BT R 115 7K AL BB HE TS IR FEATI AR A6 R

RIEZEBOLTE HHE . BRITEEAREEEREZ T, BAA MRS 5 k2 R BRHE .
AR, RIGHIX S5 KR, N IFRE4 R, B 18K, A B B m E - 22 10] .« [RIRT,
ZIXIRA B K I, V5K R AP RE YRS PE BRI, Dy LR TIE A B0 AR S 5 22 A K I < ) R
{RIR S, PR ACEE RERE T o T A EP KT . RIR R R IR T 2R b X S K A PR HE )
BERRME . 7E “X” HERE R T, ARACHIXBEER N S5 ML )y, B HERE S KA B AT AR AR K
HLWHEUS 2 55 1K 2 A 06 22 AT R 2 0 LA DX IUAS [F) (R4, (ELRE S SEIERIE 72 1 AS 784

ET I, AWFRURIE=E AN S, T 2010~2024 £4 FEBEGE, RS KA R
IS CHyy N.O BELHEEBRHE, SZ A Tapio MUABIAY Mt 5 4 5r b K Z M M BARAS, IF
X AR R I 22 S AT LU . R H ITE T 35—, BRI =BG KA FEHE O 4 AR
e =, FIW =RT5KAERHL S GDP BIBEIRES s, =, R RZE R IR ]
REJEEE, A XS PR b R BUR IR 5 %

2. BIEKIBESMRG*
2.1. FARXEHS

A= OFBLTE HHRENBRILE, T EAIGE, ZXEE TREER g, AFEK
FEVe, M M X PR IHIE A UL 1] S2ARIR SR AFREN, T5 KA B AL s E W LA, N PRIEAR
BRI (] B R, S EURALIG K A B REAR 3 e R X [12]

MEFAE R RIERE, ITERRI=ERTIER L, B0 E0IRT2EFKr. [, XA
PRRSHg L, WA DR R T RES, e Ba T2 E PR, HEEEE T 5. £i5K4E
BT, RAC=EWBCE SO B, ToR BB R B, (HAR > RO A oA G, 3¢
w2 BATPGIARE S . R BRI BUF R BN BOR R A B 1 AR AL M X 5
IR AE R HE B RF IR TS 5

2.2. BEERIESAE

AW IR TG A 2010~2024 4F, BFACSRICAL TE . SR FEIRITA . B 8 3 2 a5
BATS KA . HBIX A2 ME(GDP). 55 s 5 GDP ELE . AERH A DAL R

WS K AL EE B AR IR T (R E 3 2 IR Ge T A %) 20 124 543 A GE v R T A0 B s K A B
AR AT K AL N T I Vs KA R S B s KA R R, RS R TS KA R
B AR A RS KA B SR T AR AN SE 3, FL A B AASAR X /0N, oF DX S H A 2 P s A R
it DA IS KA B S S PR A TS KR B, BEEREIEUAE RIS K, G4 A B S 0k NI,
BHEOK RGN TAEEAK s Al A AT A FE AR B REHER TR AKATE G Ta A

GDP FIZE M8 il 5 GDP Eb B RIE T30 7 HAk. BRI =B HNED B RR I FE.

e [ 3 T R S 4R %5 [EB/OLY]. (2025-10-10) [2026-09-23]. https://www.mohurd.gov.cn/gongkai/fdzdgknr/sjfb/tjxx/jstjnj/
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[ R G S R AR 40 X I o L R SR, g SR A 58 G A S i DLARIIE
FRbR AR — B FAEN DAL R B R RERIE T = Gk b i “ERFEAEND” R AN
FLE” $545.

FLIRBARIZ ST ) COD A TN Bl S R T 58 R e EG Qe & A4 Hrb, SRE
RITAR R R B 5 B AR AN, LTERKAAERAR, HEZRATEARLCRA TN, BITHAET
HARPEMEEN, BAAEEEAE 232 T i,

23. IRHEBIEE TS &

AW TR FIDFEAEPIANE > — RIS KB AT R b AR R R COox HER —
VTR AL B R AR PR P AR 1) CHA AT NoO ELEHEI. ZEPRRIE] CO AT ANIZSHTE, 2570 AE
T5e) fhiak b ik B A AT FHES RN o

2.3.1. B AEEBRAREE
HL TR BCR FH HE R 7%, FEAR AN
Eelec,t =Qt*€t*EE*10 (1)

A E,,., NE T HFER AR (CO): O, N5 t FIBTT K IE (T m®); e NE t FFERALTS
IKALEEHFE(kWh/m®);  EF, A5 t FARIEIXIB N CO, HEMA (kg CO/kWh); RE 10 N m* 5
kWh. kg 5 t Z [A] [P 50 R R

R B 2R A DX L X T i A AR, AR ST AN TR [ I 1, TR AR T T R AT AR I S A
BIRETY . B ERBEMSEZ RS RAIRICX B CO, HERA T 2011 44 0.8189kg CO/kWh,
2012 4E°4 0.7769kg COx/kWh3, AEZSIREEH A A 2021 “E R AL X3 HL /3°F34) CO, HEAF 4 0.6012kg
COy/kWh [13], 2022 fEiE—BBE A 0.5564kg CO/kWh [14]. FET FiR B ¥R A, RALMEIEE I
i 2010~2024 FZEFF, 2010 FFZME 2011 FF{HAME, 2023~2024 21 2022 FFAH IR B IE 1
TR ST A B

e, BALTG /K AL FR L FE R FI S S 0 Mridi s A 2010 4FFEVE(E 0.325 kWh/m® e s, ZES IR
1S4 1980 FEi5/KACER ) REFERE MGt /BT R . BEUEIS SRR R T 1%, mife
FHE AR 2%, TIRFHE IR FFAAE .
2.3.2. EEBEHIREZE

HEARAFE CHy M1 NyO, KA IPCC HES A% 5 . CHy HF783% COD By &A% H, A y:

Ecyy, = Reop * By * MCF *GWP,, ®)

X R, 9 COD HilkE(T); TPCC (2006)F5 B £ 0 AL 3G T5 /K HEFE K Bo 44 {E 9 0.6kg CHakg BOD. %
FEEAHT 7L KA COD E Mg sh/K-Fatr, 28 IPCC $87+ BOD 5 COD [##: 57 5¢ &(0.6kg CHa/kg BOD
~ 0.25kgCH4/kg COD), AHFFTE Bo A 0.25 kg CHakg COD. MCF NH IS IERF, B (& =S4k
TR R ) AR KA T 0.165; GWR, BUIPCC 3 FLIRIFAL 5 K 28.

SIRSEIREEREF RS 2011 AT 2012 4 A [ X L X P2 A AR R UR 1 R A, R B SR HE AR I RS N [EB/OLY]. (2014-10-
27) [2026-10-21]. http://hbxh.dg.gd.cn/plus/view.php?aid=639; ‘B /7 RATFLATEIE: X1 =)@ 4 E A K AR UEE 4266 5 &1
43 [EB/OLY]. https://www.mee.gov.cn/xxgk2018/xxgk/xxgk13/202301/t20230117_1013357.html; HfE%:

http://hbxh.dg.gd.cn/plus/view.php?aid=639
YRR ESRTE R (2025 R [EB/OL]. (2025-12) [2026-09-23].
https:/www.mee.gov.cn/xxgk2018/xxgk/xxgk05/202601/W020260104720924663816.pdf
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FAE, TR

NoO HES % TN B, A X08:

44

E R, *EF *2—8* GWP, , 3)

nvo — v N,0

X R,y A TN HIRE(E);  EF, , B GRS KI5 32 B b R BN = U A HoR TR ()
7)) ° (2018)B4 1A 0.005t N2O-N/t N5 44/28 3 NO-N % NoO KT EH S R % Gwp, , L 265,

T8 7 G SRR B 1B COD R TN HISE U, AW 70 LLEE — k4 [l V5 Yt 5 B4
(2017 SEYAAT I8 B S, RHESE BT 5 KA 3 ) EL e HE i R 8 £ SR R BRI f
E5M 54 3.5027 1 3.7225 t COze/ i mPe LT HRRMER I35 A, ZEBILTEHEK, BRILEH
JEZRACTERHIIX, V57K AR ER T 2 A AR FURFEA T, R B 2 £ E M E AR TIME 3.6126 t COxe/ /i
m?® E NI T WG AR . 2RI IR A B HEAE R 4 T DL .

T BV, AR IPCC RIAZFAELL, Bo*MCF i~ LR, CR&T5R & B
PUSRE H RS, PR BT B IS PR LR » 35 3 H5dis P (0 Ti5 98 7= AL Tl B A% S A

2.33. ZEBL AR SRR

ARBIFEAAZ S R EEHETSORT CHa NoO BLEEHEG, RAWNZFIHFE TS50 gt Jo b B 2535
KXW R BT LR E: 55—, AOGERR XIS R EBRHE S S KB X R, BaTE
HORR T AR 2 5 GDP A6 26 BAH XS K, T SRR HE SR (4, TEA SRR 7 TR T
A% B BB R JE T A AN 25 AR IRAS IR I T = AR AR R . 35—, ARG S ik = 78 75 45 K Ak
T RIZFERERS Y AL B REREEE R A Gt — M AT A A% S5 2 BmT DLORIE A 75 B 8] 5 37 R 44 13 2 TR 1
ATtk =, CHEMFFRRE, e RS A B HE R 5 S, HAS AT TRE
B BRIEC R LT I, 2 Ay s B e AR I 2 A

2.4. Tapio [ 325
R EIAS K A BRI HE I S A Br K (R 8 58 &R, AW 70K Tapio AR AL[16]. 25 AL
TR HEBUE 25 GDP AR 4k 36 1 FL s (B i Aa Ha 40 R P — 3 (ARG . HHEA 30N

oo NAC (C,-C.)/C.,
%AGDP (GDPE,-GDP,_)/GDF_,

X, e MBS C AN C il S E— AR HECR ;s GDR A GDP_, 735319 = 39140 E— H1
XA B E .

& MRAR I BA 5 5 LA B B TSR 2 . GDP A2 A 3 1 IE S 20 &, Tapio 4 i SRR 23 )\ R [17].
AWK % Fbnite, BARFIBRYE 0 1 .

“)

Table 1. Decoupling status and its criteria

= 1. RIS R EARE

AR S Ac/C AGDP[GDP e % & )

ok s >0 >0 g >12

i) 558 571 B >0 <0 g <0
GERYIRE| <0 <0 0< & <08

SRERTS /KA FR 15 Y LB R R = I E R AT GR47) [EB/OL)]. (2018-04) [2026-09-23].
https:/www.mee.gov.cn/xxgk2018/xxgk/xxgk06/201804/W020180926550238576829.pdf
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3. BRE S
3.1. RIS /KA IR R T YHE

FET I SAZ L, 2010~2024 FARIE =B IREBL5 K FIRHE BB A E 1 iR, BIEKE,
AW BCR AR SN 3 2B S AR, AR ERPE. T EBHR G LT =E KAk
Py XS T AN TR R 15K R R A K E A AR RV B R AR AR,
B AEAN R 10 B0 e P s AN

MBS ARG, ARIL=E RS KA R SR R RTINS K. ERERRT IR
2010~2015 “ERTJG, A1 BESRAEACHEE RIS K AR FE 1 it 55 Ya BBl oK, V57K AbBREEIZ DI, Bk Al v
ETF. 2015 FELUR, A LT KMZE. N D HRREE0 H DA IS 7K A BE B Wk T & ] = 5
Wi, V57K AL BB I TR R, A AEAN A M IO, BRI B B 2 NP AR BN IR )
MrBt. MWBHEECR LR KA, WA 2017 4EA1 2023 FEHBLAIGK, BRITAEE 2017 SEHBIHE T
B, HAREM ZABHBCEAE L IR, HSGE BT 1.
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Figure 1. Trend of carbon emissions from urban sewage treatment in the three northeastern provinces (2010~2024)
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Figure 2. Evolution of decoupling status between carbon emissions from wastewater treatment and GDP in the three north-
eastern provinces (2011~2024)
B 2. RIL=ETRLIRRHMS GDP R #RZELE(2011~2024 £F)

Table 2. Statistics on the decoupling status of carbon emissions from wastewater treatment and GDP in the three northeastern
provinces

2. A=A i5KAIBEHRENS GDP BrRES S5
B S e S WK E R Ik £l ELRTYE:| o A7
ST 3 4 3 4 0 0
FHAK 1 6 1 5 1 0
AN 2 5 1 5 0 1
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2011~2014 4F, 3L 7 F0 5 bR UAGS B FO3G K42 32, BBBTTAE 2011~2012 4F 8554, {2 2013~2014
FEFE N SR UL, BREDIRAS IR 22 T AR A o Jorb 2011 AR bk BRI SSIE, 10 T NG Ko
2012 SF =B BPNFIIE; 2013~2014 0L TONSEKERE, HMONTIMAA B ERE, BRIy ik i
By 3X I AR AL HE X 2 B R R AR M R, (H SEORVTRRHEROE I T 46 GDP B3, i i R
1t.

2015~2016 4, =AHMWHPIRA I S TS Iy sk e, 354k 2015 45, VT 2015
SEAD LY 5K B B SR . X — B BOAR BB X R BRI HOR R N, GDP MR R 1% A A HEE
1K, (Hy5 /KA BRBRHER T IR R IEE K, S BORHEON 3 53 5 T GDP 1.

2017 4E, TR IRIT RN B SR £, B GDP 3K s Hia T B, NWF R A AR S 5 .
X PR 2 T R R B SR 1 S T DA R P REIEUCR IR N DA O, LR
BUHITEDL 2.4 150 2018 4R =44 B RAS TRk 5l 3B 1M B i) 5 it 4 5 2R | AR EOR A0 Tl
R, AR5 K AR FRAT L B 5 A SR VSR T

2020 4, =44 GDP B4 KME R, (Hi5 KB RRHEBO R IERA, W7 BRILRIUAY ik 55
By, AR ECA TSI BB Fe Bt v, BB 2R R K T T AR [R5 ek 5 K A B A7

2021~2024 4, BRI, KRESFEBES . LT 2021~2022 FH IS, 2023~2024
SRS SR s MO BT PR WTE S B . S KOE By 9K U 2 A B 4. 2022 4F
HARH LSS A, B GDP ST BRHRBCNE R, H R BEIR BN T2 PI4R IR . 2024 FF R
GDP H43HAL 0.04%, BRHFBUEK 4.42%, RINY K G, RHSFHIGRKEIT 50 5 N 5K
He ATy B A R o

3.4. XEFHHRARSOBERRGIRIHT

NERAR BT LR AS T AL, AT SRR S, L7708, 5 BRI BUR SCHF, 6y
A AT T L R A AT

(1) 2017 SE30 7 HEOpVTomMiey: MBS L= REUR B INATE. 2016 FE BT RN SR
ZPERERE 18] [19], 1T BMITAE MR B IR AL G 0, mRERE ML BR = 45 P2 0> T 3 N5 7K R
TV K & 5 [R] A S PR R B 23t B I S A 2 (2016 4 11 H eI [20], #E3h B a0 K HEG Ak
FE T R g, S TRETHEE B, TR GDP 3G ARHE T B s il ey . %5 b >k 3 4k
BRI T KR, AR B SR sdeH, AR R

(2)2015 4F, FIRVT H U 78 Py ME— SR S BRI 2015~2016 SFIELE Y 5K iy . 52 [F br
AN TR AR BRI R [2 1500, ZRACEBRREE NAT, RIS KA B AR PR IG K, B R NI |
It

(3) 2020 4, =48 GDP $83 KIE Fig, (His/KABEEPIEREK, 7. BRITRION KA,
T AT K HE TSR A b W

(4)2022 4F, FHARHIUREFCIA A E— (55 SR, TEREEY 2 SRV EY K RN, &5 FATRK
HEBAL /N T B

(5) 2023~2024 4, L TESPESLIURMEY . (U BRI P R RS 7 ) BER MRS K AL EE )
TRERERE . AL T2, SR SRR R v %%, HE) R BOK PHBE K F IRt 22], i L HE TS R
N, HTERRHEOH R R, TR ROESE RS, I RR SR TS R I VA Y AR A

il REFEMPAPIREZIARB L. L7766 G0 MTEIMEMT 58T, BMiEEH SN
AR EI M, P A PRI A SE AR E A AR A B AR
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3.5. HRERKARERE

=ZHMEPRSFAE B2 R T8 RIS e, wF 7N I 3 M 45(2017. 2023 2024 4F),
HIEABAPIRES, BEIRES LSS M MREEAY kA A F . Xl 5L Taf e 8 k. GDP
FEHARO B R A G RN 75 K AL BRI R B, AL RIS A R, BRSO T AR

ARG I 1 R 6 RS, HEi sk EAHIL 5k, H 2022 FH LSS 57U (GDP 5l
KM RHEBCINE T F), Ui N AT W BUS KB HE R B BT R B, B R BRI AN R & BRI AR IR
ke e o N =T = N B/ T P 2 G TR A B 3 SO R A

SERVTAR B 2 KGRI 5 RS, BT IR SRR B 2(5 1K), H. 2015 4 H 58 £ i #5(GDP
SO RS G K), MR ERE. XRPBRILELFEKZIE =T, FHKEE AR R 1%
JtiAE AT G Aar WA OSSO R 9 K S DR 3R DR IG G, 0t il B S5 b s A FE ARk, o 00 oA 9k i
0 [ AT T W 5 R

BARKE, ARG X5 K AL BB HE ORI e B AR 2 DI SE, B BOROE . 18T
PRAGFA X 358 72 S AL SR = B BRI B AL A BRREE,  HEZNA TP K 5 HEBUZ P i

3.6. MRS

N6 ELREHR TR AR AN 52 X R B S5 1R O RE I, A SO BARCGEHEE % 0.7) JEHE . m(GEHEE < 1.3)
=R AT RUBE ST SRR, =S SN AL = IR AT R AR B AU B B
AR T AR BN 2021 48 2022 4t 99 B AR iR R, IR s 3 IR S TG
WAL R 5T 2022 4 th 55 7 B FE v s Ul B s BT A R Rt 5 R 2012 48 th 5 B B e oI K048,
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