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HEEFHAERRERBRN; (B EFHEEMMRERERFAEES T E AT &
REBRZNEFIAH AR N ERTRIAR, RN G BRKE R B R
BT VTRBER,ABINLEMBELZFSHAINFRAELER. AXTFRLN,
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A RZHEARREATELEA KR E

KR EHREE HERNKEZ HBRE L£FHE
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P2 T B8 VR A5C3R J W  SEAR A I AR o 0 D, RS T A R TR R R AR
B LUBE B 0 AR 3R B 15 Ge Ak A RE TR 15 A RE TR 4B 14 80% LI L,V LA K ok — B s 38 4 47 45
S FRAE IR OMRA 5 , 2022 KR K5 ,2025) o 1 HL ) A9 1k A7 BB U5 7E R B b [ BB R 22 4 S5 &
AR Y TR B, BTRR T 90% LA I i) 2 WA HE L (Ma et al., 2024) . L, $2 7+ 46 41 58 U6 F1
B YT B B Bl 2 U A 2 kR A T SR (L B R e S B XU H Bk ) B R (5K A
K A5,2022) o (H b e 56 i 22 1 R 20 55 A 25 & R 2 - A AR LR B4 10 W A 4
LN 5E Ak A BE VRS T ORI TR Sl 1 BB R B i IR e P A & kR e sk e R
WG, H DA B R BT 0 BSR4 A 22 ) A B O W) 4 AR A B TRAICR B A (BRI 45, 2022)
T I HE U U R ASOR R R A R R R R A I ST T R s . PR BT R R Y &
PR, Be R AR RO B A e B o T A R IR R R IE AR S aE . SR L BT
AEAE 0] 5350 (Rebound Effect) , i U5 45 28 88 FH 1% SE PR 97 B 8501 AT B 32 B 8 )32 (1) 28 UF 1
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Fr FASE LA ge TR M8 v SRk HE AN 32 5 B SR AR 15 1

K BB A A% AR 31 45 R 25 A9 52 ) 1T i 25 70081 /K (Jevons, 1865 ;4% %55 ,2022) o
5 Rl b R AR 6 38 gt 0 BUBUR AR R RS 2 B i HE N SE & i S e S g2 i 4k

2 E R ApA IS R AR BRI . 201 L AETF IR, P R S FRAE VRN L B AU AR R EE
A6 PR UL S /N T S s HEOR S Zp i i TAE T 20214F 7 H 1E XU 3l 4 E B HEBOR
S5 il S PR AR TS G N R HE E ARV S8 AL PR B R R . MR BRI AUA
i UL R Bk T S ML, 4 B R AR S & i 2 vh BRI 2 5 2k Usia 3L B AT R
TR R FE BRI, S0 A RS RN e b e [ 55 580G T 5 R v 4 T BT AR A SR
A Bl IR W B T R AR 4 3 D) A5 A DG L SO 22 YR s A A A 4 Ll HE RO S & T 7 Y
B X o 202543 B8k KR AERIE AT L IE N ABRHE S & T 48 3, 2 [ i HE iR
2o i G A (b S e I AT R 55 BE AT OG T At € AR A A8 in i 4 [0k T
Gy i 2 D) WA 4 1 Bt it i e B 4 — Rk T 3, A TR P R R St RS S
FAR, 3 2027 4F 52 904 [ BkHE N AS By 73 H A BT o ol 5l 3= 2 HE A Tl 9 B A

4 [ e HE O A By 1 3 02 i 3 2t A e & i 1) B KT B B, H A 1 R e A b X 22 O
s 7= A R R ) CRRIG - RN 2240, 2024) . E2A WIF9E R AR 1T T ik HE A 3E 5y B 0K 7 B A1
T HE 50 (B W 55,2023 ) i 2F 77 Ml 45 7 e B (A% HE 55, 2025) % fifk R R 2% IR (fo] AT 458
2023 ) %5 J7 T A FTRESZ A o 5 ) b, I R A1 150 4 B S5 B AT B IR 4 b 2 R A AR 4R
R (Poter & Linde, 1995 X1 4 BFF1 1 30 BH ,2022) o Xt o B 5k i 37 15 14 4 56 1F 9 3% W ik
HETOAL 28 By 12 s BUR IS Al F 2 A 5 N BL# A CEFOR A D5 28 L, 2023) 2 T4 lk 4% (1
A TR AT R B P Y (BB 45,2023 ) 3R £l % 62 8187 Gl 2% 60 55, 2024) , JF 7T fig il
T AR 7 I 2% 7 A B s RN (A BT A5, 2023 B P ATOK IR L 2025) o X SEHIF ST 2 Bk
HETIOAN 2 iy B X 4 T e U5 R FH AR B 3 2 0 3 SO CE WO R 22 5888 ,2025) o SR, 4
KT i R FE 53 75 PO HE A 28 Sy BOR N RE AR TH % 0 B bR AE IR0 29 1Y VA 52 )
30 Aok it HE TS AR AR 28 B 3 AR Ak A R R AR B T 1 S iy R RE S o A% ek B e HE
TR SE By B AT RE 1 T 13 Y 1] 58845007 T XoF R 30 B T 1 S5 B 49 R AR 7™ 2R W FE 52 el

P& TH A A RE IR R F R 5 ke 2 Bk HE RO S 2 T g 2 s b B & 94 s 2 4k 6
I i e U 1Y O SHEZE R FE WU " H bR B T IR A BR AR b Ak A e TR AR B T Y [l g i 4
B H 5 B R A AE By B 8 22 BLAILTR , %k T 27 PP Ak ol R BOR ROR | 58 36 S (0 5% B IBUR (A
FAWHAEENHIG SIS L, i, A SO T AL B HE R SE B UK L Re TR AR
FIVER [ 1] A= 7 0 4 118 — i 347 47 485 R B AR, B 7 N A A 7 I 4 JEVAELTR AR 98 B 11 A A i &K
$& T 5| B 1] 55280 0 1) 1% T AL ) R0 Bk R A AE By B X e &8 o i A% e add R B S AR T IR
IF, 25 T b [ 20 O B R v Y, MBS 5 SIEIE PR A O T TR Ak T [ Ak A B T [l 5 4 e
FEEE R PR R 1) B TRV 4 R Bk HE TR AL SE By T %08 RE A4 Tk A 1 A1 B M 52 i

X [F] B35 N 1) o 3 e R T A SCHT I8 7 (Jevons Paradox) , R4 A i 45 7 3k %) 9% IR A1 FH
RORSEF AT Be 5 R B IR TG oK M AR T R o 0] 5800 — R SO R IR AR 4 S D Y
1w 552 PR T R 2 22 & P Y BE 5 1 EE 1 (Sorrell & Dimitropoulos, 2008 ), H: /)M i 1 Fiil 1
TR T | S (] Y £ b D ER BTG R AR B L £R A SRR TR A AR SR TR M A UF R
G FARAT A B [l AG N PR R A B R BRI (B B R S SR B O T Y U
R A 90 A v T 0k [ S0 A BE I B HIL R 43 B 5 28 BF 52 M A (Huntington, 2024) . %t
WEER J7 VA & WKFE T2 J7 1Al T [0 SR 0N A9 BIF 5% K 22 LA BE T8 I 55 1) 280 2 i e O AR 48
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Fr 5] [\ 53500 (Sorrell & Dimitropoulos, 2008 ) , 1H 33 Fh 1R 14K #5 T 7 4% 4 B 15 ELYE L) %) i
[l 568 0 52 4 A% AL ) (2T MG 55, 2022) o AR DAy 0 B [l 568 20 17 di 8 FH A 229801 20 A B Y, T
THE — M B 17 (CGE) 48 AL 1 5 T [m 3 0 1 7 A i B 5 AN (] 2 1 AF X T R 1 0 222 D fi
(Lutz et al., 2022) . SR H T 58 BUSR figf aok 72 09 SR Re P (204 , 2022 ) , 38 4 LA X (9]
SR B S B A% S HIL TR AT IR AER DT o O T4 3L A [0 585007 1) i AR AL DA RO 45
Wi, — 26 4} 5% 3 2ok 4 2 WL ASE L X (] 5 A% 1Y A% T AL ) i 4T #R 5E (Bohringer & Rivers,
2021) . Lemoine(2020) #4141 5 22 Fl I 2% i FITRE VTR 1) A9 — e 454 M 65 80, - 5 1 A fig
BT i 0T BB R T 1 1] 55 A5 0y R A7 3 I Ao e o SR, b R 2 UL B A 7 o AR 1) 22 1 22 T
SRR A 7 28 5, DT 3R GEPEARAR 1 FO0 oo 09 47 oMb [ i 13 2800 5 2 0 5% i

PRI A 7 3 PR AR ) 4 5 AN SR AN TP [a] A o Bl B & UF R R R R L
"] TR 3 5=k FR] i 45 AP S DI J0 0 A 7 I 48 Bk 3R H i 02 2% (38 45 155 ,2024) o AR 77 M 4%
AR — &R T rh e AE TR B &, W 4sid i M8 3K R AL 5 9 R HA AR, gl 4
TF & g e AR B 3 77 AR W 09 22 AN, (Acemoglu et al., 2016) . Acemoglu et al.(2012) 7£
Long Jr & Plosser(1983) %5 /& L JH AT 58 ZLAl b 42 i £F 7 0 28 — e B3 47 0 A A 28 LA PR GO e
F R W Gl R G A PRl Z2 R A DL S 2 i B 2R B 45 AR 1T 1) 4 45
S AN T 0 ORI o A 7 I 29— MR X 6 20 T HE 28 38 & e Sl F 5 22 T b sl (o 4 - 45
2024) .= B (Liu, 2019; 4% ,2025) W BUBUK (558 €A1 Li Yuanfei, 2020) % 1% £
25 ML) 8, DL K3t B 4% P BT (Acemoglu & Tahbaz—Salehi, 2024) | il 55k 34 K (F2 K A 45,
2024) .2 5 X Bi (Baqaee & Farhi, 2024) %5 #4  [n] 285 (1) 85 2240 Ar T 5 WA 24 117 22 WL 28 3% 2%
SR EM R I I Z — o ARSI N T A I 28 B R AR OU o i AR S T o AR iy B
B . 1545 T HAR G A A J7 TR 2R D0 B, AR 7 928 0 B I g Sk B B 2 0T i
1 T EHE SR (R G AR, 20223 TG 0 55, 2025) o [0 BLARRE AR BT 1= 52 B 1) 18 U A0 R 1 T T
1R R R WL 28 T S REFE AR R T B B Jmy 055 RE 12 10 15, 15 A 7 IR 4 4 i O T O e i
R 2 MR W) v B — B30 ARBIR TR A6 7 0 48 2 A i I 3 o 6l A BB DR AR 3 4 T Tt )
W, LR 2 T e LI S0 0 v [ A Ay B DA [ 98 ) el 5 g €0 P TR IBAC SR T 7 52 Wi i (T 1100 L R

A SCHIE Blackburn & Moreno—Cruz(2021) [ 70 AT HEZL 4 ik HE AL ZE & BUR 51 ABLHY
P2 A 7 O 248 A0 ) B A A R TR [ ER 80 S B HE TSR 58 B B HR% [l e R R 5 o A 7 1Y)
2R N LR AR A 7 I 28 43 BT O7 R Y GNIR K R T7 I 22— AH DG BIEFE DN I B8 DL I A AR 3%
PR AR IT AR 7 I A8 T 3R 0 N AR T UL ] 5 2h 25 94 8% (A cemoglu & Tahbaz—Salehi, 2024)
TEPAE A P2 8 A AR TS 31T 18] 190 265 235 40 b IR 3 R0 28 T SR AR T Sy 9 722 AR 8 4, DT B i A %4
b 20 1 22 5% FARAAT R PSR, DL R A i BUBOR 7S S od 22 5 AR R AL 5 5 S 5T A R R
M (Acemoglu & Azar, 2020; F B AU A4E ,2024) o A SR N A= A= = I 2% AR H e 240 A g
T 181 5 ONE 43, AR AT BR AL i A% 5 4o 75 1) Bk O o 220 b [ 5625 A% ML o AR AR
SCE— ARV B HE T 52 5 BHOR A A BRI 1] 332000 1Y) 2R 8 P 52 e B LA FHBIL A

3 A A1 T S 220 T AR A O 5 R S D g, A Sk — 25 B A A S AL TR BE AL b
1 S B R EEREVEE S, B8 T 50T 2 AR 7 W 4% it 4% S A0 L Y IA I (Acemo-
glu & Azar, 2020; R B35 45 ,2023) o HARTT 5, A SCOR BB 1146 A0 BE I8 803 42 T 1 [l 50
g3 Ry 4t R [l s B AR ] 55, I 28 48 20 B B HE AL SE By B X [l s o FR A S . BF ST R
B B HE JOAR AZ By R SRS Tt o %) 1 ke i AR 2 1 T34 A7 R I 8038 B2 T B A 7 I 5 9 2 ) i) e
G e B P B B L 3l i 5 R AR il 5 O O 4 45 R R AR S 0 45 A [ SRR A (] B i
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I fe & U A A BE VR [l 5P SONE A AR 7 4% N AR TRRE AR Al A RE TR 1 RN 5 e AR
TR SE o WA A 19 0CR 9 A TR T R0 A s 7 AR LG HR 5 2 5 R LR S5 A A B
i, 25T R G W 45 2540 5 B AU R IR 3L TR D

B, AR SO A 2 B RE A E AR R T B SR ST R R T R A A
A7 BE PR AR A B T A (] 59 0N 5 AL TR, s T B R ORLSE B BR[O N A AR B
P R e S G i s SR i B v R B AS o R AR A5 R SR W], 2% AR 1] Ak A 8 R [l 39 5800 3% B o
G0 REVRRAL , 22 5T A AL A R A [l 3 AR R R SR AL DA T . B HERORUSS By T 3 A s i
PR M [oa] 561 4R o 45 g [ L, e 2% 5 | A % S 1 A A e R Il 200 7 ) 3K 2 g, U T ) 55 Y
RERCR . o, BEURET TR HH 2 R0 70 T e K

AR SCH B BTk 2 2R (U)K B HE AL SE 5y B 5 TR 72 R 285 — B 24 A o M HE 2
PNA 7 0 28 A A R B R A L 2R AR T A BE TR 2 T B9 [l S8R 5 2% 0 e T e R TR
S 5 BB VR AT 2 — AP 30 R T 5 T [n] SRR B IE ST TR] I R T B A R A o o B
G S MR A BT RE B, 22 BB TR BT R ST BUR by (HOR BE 2P B2 AL S S HE
P BEIEAS (4 70 M HE 22 5 (2) R 1 b 20 ) A= 7= 9] 46 25 ) F o) A0 s 19 246 7= o R 2% itk — 2
B b A= 7 0 2 v g e ol A% S O R R R R PN A A 0 2 LA g T RELAE B B A
(3) JE T B B 55 A5 A TR 7 i A R Y, $ (3t 5 T b [ Ak A BB DL [l 39 0 1%
L B 0 HE A A oy SR A 350 1 582 i ) S E o Al 295 2R, JRE 9 O A% S ML DTk 5 45 4 ok
Mo XA RS T A 7= W 45 0 B 0736 5 b I 257 SRR A5 & S R i HOmER T X
Hh [ 28 5% [0 5 AR B IR, S B M BT 5 I T RE R BUOR $2 I 2 %

ARICAR T W ZHEUNTS < 55 88 o0 ¥y i 5 M RS U 5 Ay 5 4 34 10 45 8 5 5 = o A B
T JZ T i 7 A8 1] AL A7 BE PR SCR AR T B[] 55 A5 15 HIL ) -5 ik HE IO 52 By BUR Y ¥ A6 5 T 5 26
U B 73 e T v ] 8 A A AR R R AT B A A 5 5 TR A D S5 I8 5 BRI

T BRI

AW 78 38 3 51 AR HE A AE 55 BUR 5 REVRROCR 30 e T 248 8L A 77 0 4% — Jist 1) £y 435 44
FE# (Acemoglu et al., 2016;Baqaee, 2018) . A AFER R MR EE L H I ICEREA =
UL RO =R AT FAK . RKpE At & 55 2 R 30 A 55 A 7= B 3R W0 4 #5622 3 DL B
BERWOA TF I T2 B0 1] 7 i AR5 28O (B 45 755, 2024) o AR SCOC I AP A RE IR A T 8% 32 42
Th B S S S RS A A A B R R e . AR 8 e s S A B A A B 2R
TRz 7= o BUR R 46 5 A B3 AF U 2 B3 10 Az 7= B O St e HE RO 38 5 B ) i L —
UATTE O A2 7 B 7% 25 2 T DR P U S o AR SCIBRE T 7 RS 2 359 5 A 422
%, HABAEE A i3 (Acemoglu et al. 2016; T2 K 45,2024 [ HH 5, 2025) .
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BT RS NAFFRAEZ S0 (e, 2, -+, N) L, HoA BB 1T e 40 2 Ak 47 RE U5 7= & 3
10, 2 800 LE 72 35 8ty AR I Ik T RT BEAT o DRI i 00 45 1 A B 2 o, RO (] A
i, (= e, 2, -, N)HEATAE = o 00T LARNE e R AL B bR 2047 28 7 HLAE 7= eR 80K 3 5L

@ AR SCR A T 04 ) 800N £ S AL 53 BT 5 - TIOR B2 B BORE A TER AE SE E  T N AR BE R Re fE E
MXT A B SR AE I, B R KR [l KON A N R 2 — (Bohringer & Rivers, 2021) , [A] I 9% A 95 £ S5 8%
AR R ML Fy TT e A AR 52 T e TR 8% 5 [l SN R R BRI AR AR R EE T .
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BARAYE(CES) B, D .

1 o, -1 o, -1 o, -1

R L N1 oo
yi=|mle " +el(dx) T o+ zw;'xﬁ . (1)
=2

H o AT i A A ZER M ECE, S8 0, AT iR AE R
3 QoM b TR R RN CINE S ANE 5 2 NS T o W R SR () DO e ol Tl = ) R
JEo BEITHAR R o, MR Z T R G0 AT 18138 528 v 8] 8 B0 B0 R A8 T 22
RGBT 245 454 (Acemoglu et al., 2016) , LA N 4E 75 B Q Fom (FERESE j1T46 i SR N
w,)o T, 28 o, BRI XA RIS W BT R . AR S «, =
G, FHoh b, BRI AR 7 i B A Ak A BB IRR A3 . BB T) Ak A BE TR R R AR A
N o, R . X T4 M1k A RE IR IR 55 B AL, BE AP A T b A e IR L e AT
SRGEAR , DT SE BT RE o o 20 1] BB RUAR T X 25 30 11 2 W Ak A BE IR A o, B 52 ), A4l i 1
S AR A RE TR AR A 7 2% Q7 (Blackburn & Moreno—Cruz, 2021) , HIG R w, i /£ 0, =
OO T S TR B AT H TR o) IR S LT R AR T

w; ,]*e
XFFAEfEARRIR TP R A (= o) T 7EAT MR Q5 Qu R M .

ZEFIREWHRRAEZRTHAAENBEH M, A LS5 Fu & Wang(2024) FlE8HLH
(2025) , fEATF=MBI A SR AR MM AR BRI i AR BA TR 0%
] BT 45 A SR Bl 4 v oww,, o 2 AN 5 R TTAE PR BB R M o < OB IR B W 4R
BN LA FNG 50 S N A e R T MG . BRA 7Bl Z 40, 2 2 5 A A7 7E A g
. T WIRBAZREANFETBITE AR, AT E s — W EZ R
WAk wo SR FAE = BLBLR I 22 5, 430 11 FH A0 46 48 A BE 2R 0 S B AR AN IR AH ]

B A, 4 B B HE N SE 2 T S A T s e w4, 32 B w5 KU A A S ik i o 4
W1, HOBC A 43 Be DA S 9 R o i HE AL ZE & i 3 8 1w 9T Y G o O A R i B T
SZ A M e ) 7, S B E O 3 7 R HE 2 SR o TR Bl 2 4 R HE RO SE 5 T
AT 5E 35, T 2 AT VR % A0 W a0 A 78 TV BBl . o 221 1 5 HE RO A8 B BUSR R AE O S A
RO B T B HE A 52 o B 52 B, DA A 2 0 1) i A 20 o i 00 e B TEC A A, [ I B
IR TR B EEBOR Ao BC A 4 b W S e 45 52 BT 90, B4 4ol 7 B T 3 1 8 T 45
5 UM AL R A B BCBAE 25 T o AR AR SO RUAE 22 b, 47 46 B 3% B0 AR 1 43 BE AN 52 4 b 31 B
Pk (Coase, 2013) , S U AN 2 — e 14 i A 38 55 7 1) fhe 9% T 4690 B ' by 18O A0 A D, ik b Ak
B AT Ak T X B B TC A 43 TC A0 AT SR, DA SRR T R T HE A S S BOR X [ s
52 o 256 B 55 Be Chlie HE O3S 5 45 BB AT 450011 ) , A SR i b A0 B80T K T 491 i 25
TR E g R SEEgEr . @

@ (P eI A T LT 45 I A0 T 36 T 4 il 30 00 UG A T 280 0 4 R 117 350 2 L 10 T L) 4 o L IR 4
R HE WA S8 5 T 453 38 47 b 90 PR, 30 2027 4F S AR B 5 Tl 400390 S B HE ATl L 51 2030 4F A% 2 A A T 25 2 At 45
o S G T AT B2 4 AR 45 4 149 4 TR HE RO 52 5 117 45
@ 20244F2 H 4 H [ 45 Bi A CRRHERUR S 5 48 BAEAT 291) . AR B 5 1], BOTE 42 1 30 3 T 17 4 10
FE R A5 A P, LRI 35 50 5 AR T BT B T R MR 45, T A AR E HE RO 2, TS R s L DA
TR S UM T %8 o il 3 08 0 2 (R T 38 DA T3 30 7 1 5 8 240 4 BB 4 95 T 2 A e
G A A ST AEIR S th 5 BT 58 5 0 B St L Bl P B P BRSSO,
Ab A AL X 25 AR O LA A T, I (5 T BB 22 WEPAL 4 , (EIF 5 15 AR AR T4 1255 O R O WL
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Fr FASE LA ge TR M8 v SRk HE AN 32 5 B SR AR 15 1

A BT TAR AR AR 3 B el HE A 5 T S A A P 2R R E e HETROK - O
Sl B R HE TR 5 T R A B G R T () A 2 A, K A AT T v I A A e
FORCA i 2 o U 2 3 T ARSRAE T 19 2 B RA Y -

cost; = wv; + ZP,’xﬁ TT,wu; + py (Ei - Ai) (2)

o p, BT T A o, + > o R VIR A ZR 5 e A 0 P AR
o0, HHIRE A PR BLRLAS o E R AR MR A e HE R R RO T AR PR AR Y
A REVRAE ] x,,, VRN E, = 60,x,,, Horb 0, J9 38177 i Ak A0 RE IR B A 9 B8 HE R 2 8, &3 1 14
A1 RE VR 72X 22 55 B R A B HE R O AR AR T 25 5, s b 25 5 A B0 R (] e 1 A
T AR RE R AT IR B S B RSN SA . (B, — A,) 1] 68 S f B LA LA S 9
BT R p AT RN A T p, (B, — A,) OB TT 4 B HE il ek 8 1 G 2% 150 491 A4 0 1 B AR
(L) 245 ,2024) o YT T S B e HE BOK TR F 45 A 0 5 2% T 4006, e 1, 3% 30 0 40 281
Ao BT — MRS A AR AR v A A 35 AR A AK 1 B AN A LA AR BRI AN A% p, AR T B
(King et al., 2019 ; E XXM R 5815 ,2025) Bl p, = ¢p,o A S0 T 4 S 80 ¢ A28 M35 78 3% HE
T 5E 5y B 5k XoF Ak A B TR [0 58000 17 %) 5 A 5% i (B T I 4, 2023) , U A, AR R 1k T R A Bk
WA A5 5 T P9 Az R R AR 7 5 R OIS Bl O VR R IR R A T A et B A LSS 36T I Al
AR K F BB T i, @

(=) H 2y

o AT PR AT R AR e S AT B 5 S B AIL VAL A B B AN BRI )
R E PR IS sl IR R ERWA C = wV, WEEE N e BEE MR E. BREZRIRA
Ih FRBEAF K A BUR I — A i A P2 BEAR BB T = > zowv,e REETE B
LIRS B AT DL R A RN o (BRSO RO B RO U (CES) T XL BV .

N 1 o-1 -1
U(C,,,cz,---,cw) =(Eﬁigcia ) (3)

Forbr, o AN TRIIH B bl 1) B9 2 AU, B, o 8 X &R 17T 4 77 il B B i 4 B8 ¢
1™ i R B A %Eﬁ%éﬁ?ﬁjﬂz;:egcl =C+ T,

(=) 384 44 1

RV RIS S B= (p,w, y, V, X, o) 20, Hoh VRS i) B p S A5 5 8 4
& 1) w 9 WIIG BN E R AN o X T — B A B B AR R R S G — B M s v AL
w = 1(Acemoglu et al., 2016) o y #7177 H ) &, X5 2% F0 T T B 0) lh e AR ) it vV
S e AR B X AR B A S A LR R R LT AL e AR ORI, 45
PR TR R AR A 7 BOR R T S B A S A5 M DL KA A o 7 i 3 B R
B FRE A T BB E MR M ey = D) wre(i= e 2, N V= D0, PR
SV B =S A A, BRI AR T BT =)

O ZWEAKIE A IS A A R HE R . ARE Ma et al.(2024) B9 , 2020 4F b [ 26 ULRR HE B P i
FRHE N 2 8.27%

@ X —Ab I TF Weitzman(1974) i) 22 B4 BT, BIAE 56 £ 15 BB S PEA RUAE SR T, A% B AR 5 B B 1 38
BE AL BSR B W TE— B0k o XS A B 50 A ROR 5 T 3 A% {5 5 X G R G s e S AL S AL .
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Fossil Energy Rebound Effects and the Regulation of Carbon
Emissions Trading Policy: From the Perspective of Endogenous

Adjustments of Production Networks

CHEN Zhanming, CHEN Zihao and MA Jianhong
(School of Applied Economics, Renmin University of China)

Summary: To address climate change, China will strive to peak carbon emissions by 2030 and achieve car-
bon neutrality by 2060. In this context, enhancing the efficiency of fossil energy and establishing the national
carbon emissions trading system (ETS) are key strategies for advancing the green transition. In an intercon-
nected economy, sectoral fossil energy efficiency improvements trigger economy-wide adjustments through
cascading effects, which alter fossil energy demand beyond the source sector and generate rebound effects.
By imposing emission costs, the ETS reshapes economic agents’ responses to efficiency shocks, influencing
rebound effects and final energy-saving outcomes. Understanding fossil energy rebound effects and their in-
teractions with the ETS is crucial for policy evaluation and policy coordination.

This study examines fossil energy rebound effects under China’s national ETS. We analyze the transmis-
sion mechanisms of sectoral energy efficiency shocks and the regulatory role of the ETS from the perspective
of endogenous adjustments of production networks. By developing a structural general equilibrium model in-
corporating ETS regulation, energy efficiency, and production networks, we theoretically and empirically in-
vestigate the transmission mechanisms of rebound effects induced by exogenous sectoral fossil energy effi-
ciency improvements, and the regulatory role of the ETS in the transmission process of energy efficiency
shocks.

Theoretically, sectoral fossil energy efficiency improvements trigger adjustments in the output network
and the final consumption structure via direct and endogenous price channels. These adjustments alter overall
fossil energy demand intensity and cause structural rebounds. Meanwhile, as factor-biased technological prog-
ress, efficiency improvements reallocate primary inputs across sectors and raise household income, inducing
scale rebounds. The ETS regulations, by imposing emission costs, intervene in production and consumption
adjustments when fossil energy efficiency improves. This systematically influences structural and scale re-
bounds by amplifying cost shocks and altering network structures.

Empirically, we estimate elasticities of factor substitution using structural econometrics and calibrate the
model with China’s 2020 input-output data. We quantify rebound mechanisms and identify the ETS impacts
within a counterfactual framework. Results show that China’ s fossil energy rebound effects are primarily
driven by direct structural rebounds, exhibiting a significant “super conservation” pattern with an overall
value of —0.32. Sectoral heterogeneity mainly arises from differences in endogenous structural rebounds. The
fossil energy sector exhibits notably higher rebound effects due to its unique position in the production net-
work. The national ETS raises rebound effects by suppressing scale rebounds while amplifying structural re-
bounds, especially in upstream sectors. This weakens energy-saving outcomes of efficiency improvements,
with fossil energy sector as well as electricity and heat production sector bearing the majority of energy-
saving losses and the ETS’ s implicit costs.

The findings offer several policy implications. First, the principle of “establishing the new before abol-
ishing the old” should be upheld to promote fossil energy efficiency improvements. Second, it is crucial to
scientifically and steadily advance the construction of the national ETS, and focus on strengthening policy co-
ordination and institutional safeguards. Third, the establishment of accounting and management systems for
enterprise carbon emissions and product carbon footprints should be accelerated to solidify the data founda-
tion for implementing “dual carbon” policies. Fourth, efforts should be made to deepen policy formulation
and evaluation from a production network perspective, and implement differentiated and precise regulations
for key network nodes.

The contributions are as follows. First, the paper integrates ETS regulations into a general equilibrium
model of production networks, enriching the literature on rebound effects and the externalities of environmen-
tal regulations. It provides a foundational framework for analyzing the transmission and interaction of policy
shocks and technological change in a multi-sector setting. Second, it distinguishes the price network and out-
put network, clarifying shock propagation processes in endogenous production networks. Third, by calibrat-
ing the model with input-output data and structural econometric methods, it provides the first empirical quan-
tification of fossil energy rebound mechanisms and the external effects of ETS regulations in China. These re-
sults deepen the understanding of rebound phenomena in China and offer practical insights for targeted
energy-saving and emission-reduction policies.

Keywords: Rebound Effects; Carbon Emissions Trading System; Fossil Energy; Production Networks
JEL Classification: D57, Q43, Q58

(RHERE: EER)CRXM:F )
214



