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R A PR 35 A [ T 2™ S, 2 Rl T R R SR R T R B R 7 R PR T 4 T R 7
T, SCEAR K 3 L A5, B B 22 R B 1) 4% €6, 4> B 2 /5 72 % ( Green Total Factor Productivity ,
GTEP) BRI AL , R A Al AT 258 e J o Al ke 4 6 S 1) BT (SR 4 ,2021) 1 [l bl i 4 5
ARG BB % Tt e T A o 3 9 A 22 SL RS, 2023) ) 32 4 T v B BRSO  E SR At AL
HERR B, 4B 7R (Total Factor Productivity, TFP) S 5 A = 5 i i Fl FH 4 3 B 3 45 A IRAS
P 2 A T B AR, AR T 2 T A AR 7 A Aol A B R A R (LR RIFR ARl
TFP) $5 45, R G (0 438 A 7 R (LR RIFRAR M. GTFP) 4Rk — 257 18 T R 15 Yo SR ™ i (£
T4, 2012;5 B K 45E,2018) RS ARl 2 B K A R AR IR T I RIERBE AR ORI . 4ROk
WA AR THA . GTFP By 2 AR g F R s PRI, 56 SC kv S el GTFP 4 R R HEAT T 248 )
IR, O B S0 F (M0 T 48,2016) BREE MM (T EBE 25,2021) A B0 (4058 45,
2023) T4 i A S (ZRfaiE , 2021) Al AR TR (BEIEME 45 ,2023) A7 5 (B F5 E 45,2023)
RHFE (ELEC 45,2024) S MBI (S5 45,2022 34T, 2024 ) 2517

ANV AN BURT SO & SR 1 % TR T B 2 —, A5 KRR R I Rk R 7 B kb
W A VR L5 RN BILI I ( 2016 438 ] SR A Ml AW B I, BT = RN 5 9 4l 3 544
TN ) o A AL e I A A — T8 Rl Al A 77 T g 0 T Al AL B 5, T LS ek PR AR L M A K
V7 AR BT S5 AR 3 A 7 ) A WL, T T R 50 Al 4 7 R A (2R ok 4, 2010) 1Y E B B ISR E
(2021) ¥ PR4E(2023) ) SEIEBFFESS F3 3 W1, AU BN BOR () St S0 5 4w 1Al TRPTS A
RSB B T 2o K 380N A1, A LI R0 194 52 6 s 7T R A 25 R385 77 A S, s e 26
(2021) FF5E R I, AL B AW R A% B A 4 1 {8 FH 15 et BE A 20 A B AR M 2 7 B 724 1 7 5, AT
SRR BT AR RS YW HERC I 2 /0 B B GTRP /K SF- i 5, AR
D AL BN SR HE R 3 T A GTRP 42557 AT i — [ B S 8 e 2 ot

VR4 (2023 ) 3 T4 [ A 81 WL 5 B B F 7 2k B, AR AL A S0 a8 4 P e LA 25
TR 25 AT A5k — SR T HE T el TFP $27F, H 3R AR UE TR AR EL ', 4R58 (2023) SR 30 4
Y THTAR B 19 3BT 26 T, 4 WL e 0 054 2 4 € AR AR 10 2 3 AR R ARl GTRP 3K,
GRS W R o (RS PR REAE v S B B AL B AN X — A S AR A T4
T, VA % BN 23 LA AU A 77 9 T 30 R 3k, DT S 06 I 391 5 A Ml AU AL K F- ( 10
45,2018 TR 45,2019) 10 R4 AR LI TN L 730 ek A € AR HE A T N 0 AR R g
USERI T Al GTFP? WEFRUEIE 5 G L7 (5IRAE PRt — B B B, [, A LU 2% P BR B8 R 2%
k. TEP (A0, e LI B s X 499 A BRI PR 25 9 4l GTRP BRI S B i 2 s /N, i S

ST R I AR SO O T A SRR ARSI B AN Al GTEP BSE I K H: 3 S 081, O
R JH 2008—2021 4F 31 N3 B TR SO EA T SSTERG B . AH HL C A STk, A SCH 0 B ik 32 3876 T2 46
— ST AR T AR ML BN XAl GTEP Al TFP (5400, = 5 1 e AL b I ) B3 280, B
T8 B E T R T (A AFFEE R E R A TR P 20) WL RN o Ml A HE 25 Rl 4%
ARSI , A B TR AR A HE A5 52 18 R ARSI 3% SR TE E AR Ml GTRP $27op & 45 1 R
JH, 2T S AT RO A HEA MY, GTFP 3K, 3 JE ST T4 36 T 7 A SR B 07 3 5 45 =, M AT AR L
TE A RNER B 3 ANHERE /AT T A LI B AN S i 4l GTRP Al TRP 1) 5 5ok, SRy itk — 24 5
IV Bk S A IS S G RS Y P A MR T 2 A e I 7%
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— BRSO EMRRMRIR

1. KA B AN TRk GTFP 449 % )

MRS i, 2B AR AR P T R th TR s AR R o 5k . BOR kR4
A H AR Bk S | ASGHER AR S A 7= R TSNS, HAR RCR B S 1 78 BUA H AR COE T il ek 7% U
R AR T A A AR ) R A 5 e SR BT ) A R TR RS S, T R R e B R A
KA o PRI, AR S B T R T A R AR AR B3 0 A R AR T A LI R e Al GTEP 7=
HERI S

(1) FARE Bl

AR B FT LA 380 i sl 2 7% rp A WL B B R AR P A Ll 4 TR WL RE 7 45 12, HfE 3l
Al A P AR SRS, TRP 3285 . —J7 T, AR WL AN AT LA 432 A AR AR WL 8 A A ) 42
FEAR A HLRE AL 55 ks (I 25,2023 ) 21 S0 o Al A 77 20 78 20 U S AR AL 45 s A HLAE A,
55, AT S50 P 4 L AR Ao LA Az FH B B 7 M A Ml A P S BRI B AR K P4 85 . 55—
AT, 3 AR BRI S5 697 5 B 5 35 i S B AT R, 10 A 3K B — 2 S PF AR WL A REE A
W 55, RN AL FBR D 25 BB FLARAAS A AR WT TR o R I , AR WL A U e 3 A D 30 2 9 2 L
H 2B AN AW TH AR BB, B S5 5w A AL S A Al A 7 v 1438 I 25 B34 sl
WHARBES o T UL AU S B AR 7 AR I T BB, A WL B 5 R 1 A WL i A L
PERESETH 2 HE S A P AR | T B 538 0 8437 1 7 B8 5 A PR 300 B 7 1 Gl 8 Rl 2B 72 1
ZERRRAS ) L SEBA TFP 427T

(XA, GTFP St , AN (U B H 8% i 7 % Pl 400 B 7 1y Gl 4 Ml 35 e W HE ) | T %
AR AE AR HEA = S0 0 ) 00 X A A BRSO , — 7 T, 80 ORI A VB 245 3 /K TR
R 00 b B2 A ML 4 R AR A (8 T, T LA 126 A B ) AR A0 S B b 2B 7 B S A ok o
A 35 YL HERL ; 55— 05 T, LASEI R S HL A 3 0 Al LB A T 2 B A ol 7 e HE . R, AR WL
ARIE X A M A H B H 0 5 5 AR 1y AR A [0 6, i 1 2 €0 B R A ) 0 A B 7 4
BRI BT AR T — M H AR HE A | 2% (i AR A5 1475 R 0 HE B SR 200 e AR Q7 IR A, 3 7T fiE
TEAE R 6 01 AR P2 R A i T A A A 72 2 T PR 2 Tl 3 XU (XGE M 46,2022) ) R I, 18
Aol 38 SR B A E BRI P 3 (0 4 AR SR N B SRR 5 B B SE 2SR, e L N 1 R 4
T R4 B 20 M fff 16 B2 2 28 AR, M T 6 A A ol 7 1 e [T o 8 0 7 A 75 e Hl i it B
KT, YA B AT B A MR A 2R 7 K 3 T AR S g KR, e Bl
AL GTEP 4255,

SR B 1] 28 B R0 AR HEAE i SR M 15 e HE i s RS, (LB 2 B 2 S 5 I 48, B 8
Fe AR H 2552 BT, F M AU AT AR A 1945 €0 1) o S RTS8, 412 08 84277 £, £ 95 Sy HE i ik
WEARG , A1t , R Ml AL A2 38 0L 35 24 e i 1 [ i th 2 R AR Al 75 e A HE 388 B (AR e 45,
20225 B155 45,2023) 7 LR AR AL BN HE S 1) AR Ml AR HE A SR 1 28 B 1 KR K TR
B35 YA R , BT AT ASEHEA O, GTRP 4271, SR, 4RI EE ™ 2 b TREaSt , R % R s AN e g A 7
K (TEP) B K2 5 T L& UM ERG A4 7 5 (GTFP ) H K (Yoriik et al. ,2005) o BF L, KL B M
AT LUE A R AR A ) AR m Al GTEP Rl TFP fE XS4l GTEP (4R T IR X 45008
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(2) e ARBCR M B E

MR b, AR ML BN FT LA 1 AR VR FH i st Al 26 77 B AR S0 < 1 5, AR LI B O (i 75
RHVEE R BIHIX RS TR, SRS 253 Iy 2 18] 77 A B R AR, BE ML e i 25 3 1 6 7% ( B o 4%,
2015) 7 5 GRBE R G A 45 AR AR T S0l 4 P AT AR M T (BRI 45,2019) 7033 3l e
P28 AL M AN R A ) R, 2 AR M TR B 00 (35 R B 46,2023) %S B ol 1) 2 7 B R AR T
HHEAEL LAl B SR AE TR A 228 LR gD, 35380 LR AR S5 A P B L
BSLIU BT, TR T 2B P B R BR . FLUR, A WL B AR HE T A WU 210 IR 55 1) 2% S
(VFDR 45,2023) 1 5 RITFA A P2 18 AR A AN 55 3h 3% 2k = RE M4 & , MR AR A Ml A P R A
R, G, T R R —E VR A REHE AN H SR X SRR P 7R LT b
(913 BASKRR XU , 42 8 T i A TR0

SR, _E R FIAE A 2 P S B P B 75 S, 52 95 3 1 3l L M R P R B AR ) i 2
EHFLREIM . SERE , HATIRE A 353 J1 59 A A K AR 2 S O A% R, iR 5 T
FEE SR LI U/, fe HU TR AL 285 B A MR SR B . (it 45,2022) s[RI, R i K
WIS A PR B2 B, S LI e I A L 38 3ot A Y 6 T B3 — B A R A T Al A 7 e A
B (VPR 45,2023) 1T oAb A B BN 2 25 0 5 LA P2 2R 2 T P 325 e 2 BRACA I H A
IR TR, BIRAHUG B RN HE T A 7 I A M AU, ELTE A LGS 0 2 45 A LA Rt 58 1 2 5 A
WIS AW ARBENIR S5 BE2 A B0 5 A0 2 R 29 7F AR WL I B RCR A 1, WAl B AR B Ay ok
SEAEFIMELL R A . B T L, e 35 301 0 A3 A K- AR i FRE S LB B R 52 2 B B, AR LI
X AR 5 A AR 1 e VR P T RE S 88

25 PR AR SCHR I IFFBEE 1 AL B AN BE A% 0 B 3w . GTRP 2 S/ T4 DL b
WA olh. TEP BRISE 5 A LI B MG 3 3050 5 AR kA5 SR AR 4 k. GTFP Al TFP 427},

2. KRB B AN 0 K GTFP % P

(1) N1 8EA 57 otk

AU E AN A, CTEP (3R T I B4 P AR AN AIZ HIRE ST 2R . — D5 T, 3230 R L
TR (¥ PRI A, R AR A H AR (R 4 2 JE R (B 2R 45,2020) ™ W S AU HIL L B 156 22
CIMRAHLR AT REPEROR , 30 A F T A AL B AN 5 | S A< R B ot 19 BESR PR AR ML VR
DL EAT AL AN ER AR DS o F5— 51 AEAR M AL 7= S e AL XAl 7™ A 253 g
I RN FEARRARIE B AR P ARBLIZ FTBE I AR . A BN T BEAS K P 5 B HTEAR A A
DEREC , ACHLIE B AN E LU E S A SedE H AR T8 70 52 A LS A 72 7, [l ARHLE AR R i sk = LA K
XY BEIHE L ZAA A AS 3 2 S8 AHIL e FH 2 e v (0 RE DR T RE AN S IR, X A lk 2R (L E AR B R
FRAE SR o AT UL B N T AR AN AR RS RIBOR R e R it 1 25, A B T
Uy 3 R AEAHLNE B AN XA, GTFP $2T A VR T IR, A EC A AT BEA - BLR IX, A LI
BN XSRS N T BEA K- m X A0 GTFP fY e/ S 3% .

(2) e S bk

W R AN FAR L BRI UG A B R ARG E AN GTFP [ 520t il i
W AN TR TAFAE 2257 o TR L DX i BAGEE AR TR SR RE IR , 322 i 8 4% A0 P ) 1 L 3 58 A L il At 5
Ja A MU A S 32 BN Y0, AT Fe b LU X, S JU DX 3 4% 0 3 A M) T AR R R A
BLERIHE) ™ Fitizs T, PRI BIL A AU A 3 Bl A M AU A 1) e R 68 S Bt DX Al A 77 5 AR 2 1) e
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VEF 28 g B 5 (B 208 45,2019) Y L 5940 S J5THI X B9 R MRS 22 2 PR BT 45 s , ML 78 T A x4 (5
TH T ATUBRIT) (5 P T S B v, A AL U T LB A R i i AR SR g b B AR, DT Bh AR b S £
FiRBES o BRI, AR HE B 1 DX, A AL B I S 5 X Ak, GTFP A4 A P 3 S (3

(3) BRI S e

EAHFFE LW ML S5 GTFP S I 5E , 76 RS ML 4 ™ 1) 3t [X 3 H9 , 42 0lk. GTRP 14 KR
Aol TFP M KR (E A7 %6,2012) 7 0 FESRBEHLHIACE 5085 i M X, 40l A 72 207 T A 3% 310 4% o A 57
il P T 1) FIRD HS 0 5, 2 S T PR AP AN (A 7 (RE I 45 ,2023) 7 HETIT 23 SRR R
PR ARAAR B A A 77 BT TR (I 4 2 45,2020) 7 2 BRBE LK P-4 85 Bt , A AL B A0 U I
HERR 0 JEE S 1) 2 S R, X (MR AR LA MG 7 8 B, 3k 2 (R A AL 3 b AR T 2 53 (5 4 L
g AT AR A 77 27 T AR I SN T 538 v A 0 TR AR L i, T 38 308 e AL A e O o 4
bR AR BAEHEVE T o PRI, F EEERBE L AT A0 M 1, AL I o R B85 A0 i 7 S v
XAl GTFP [ A F oA B 3

ZE LA AR SCRE AR UL 2 ABXS T &, A AL B AN XA GTFP B3 FHVE HAE R AT N 1584
KT v DX S L IX. | BRI M 0 M I By (5

= SRER IR

1. BRAZT

G A AL B U X A . GTRP (1 520, [ i) 55 A0l TFP A5 X L 23 A7, 275 6 % R 2%
(2018) HLZHE(2023) A 2AZAIE G (2023 ) fmiFgE 7 5 A o 8ot F VAR (1) 11 (2)
In GTFP, =ay +a,In subsidy, + 2 Z:zak(]ontrol“k +o, te, (1)

In TFP, =B, +B,In subsidy, + Z :ZZ,BkControlMr +o, te, (2)

b i e op ARG M X (& 0y ) AR, B B A2 4 “ ARl GTFP” (In GTFP) F1 A&l TFP” (In
TFP) 5353 Al GTEP Al TFP 1) B AR XA , A% OB i AL B AN (In subsidy ) Sy 1l [X 35
PRI AN A7t (AR IR IS ) B9 8 SR B, Control /s 2 IR GTFP IRk TFP ()
— BRIV T, @, FR MR ERY, &, R BEHLIL I

DRI ARALIE B AN AL GTFP Sl TRP 1) 5 3858 , A g [l H AL (3) ~ (6) -

In GTECH, =d, +d,In subsidy, + Y, 3,Control +g, +&, (3)
In GEFF, =9, +0,In subsidy, + " 6,Control +g, +¢, (4)
In TECH, =8, +8,In subsidy, + . 8,Control +¢, +&, (5)
In EFF, =p, +pIn subsidy, +Y " u,Control +g, +e, (6)

Horp g R R A SR O HOR UL (In GTECH) AN 2R EHARBER” (In GEFF) Al HAR
7 (In TECH) M FARBER” (In EFF) 53 B 2R EAEARDER Al 20 G HARBRAZ b ARl 1
AR A AFARBAAACH) B IRRRUE , AR B E LRI

2. T=Ho

(1) B A
% JESIEHE 1 T SRAT I LA S AR A U 2 SR X A 6 S B 0 , A SR HT B SOl B i A
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VP A B2 Al X frg Al TRP FAR L GTFP, 5% b [ BE FIELRL 3C (2021) 42 28 4 AT R
(2022) F9BFSE 2 LA ARAE S BRI TR AL A A KR < M AUBR Sl 17 A P A it 4 4l
AR LA IR A SRR A0 P A O TR AR A S B AT AR, LA ARl B (2007 4R AR
W) VERIHER = 46 bR, DL Aol o HERGE " MR AR = th e br . Hodr, “Rolloghol A% R« 55—
ML B (AR S B AR e S ) 7 el < A HLAK S T 7 SR T R AL S 51 -3 4
VAU S3-Hnl BB Sh 1 S it s Al BRHERCR” (T 2% 22045 (2011) (7535 ki 6 Rk
TR AR ARSI R BTN, 6 FIRRHIRCIR 43 B AL A 25 AR Ssth BB A L IR, Xt e
HEik 25043514 0. 895 6 kg - kg™ 4.934 1 kg - kg™ 5. 18 kg - kg™' .0.592 7 kg - kg ™' .312.6 kg + km™,
20.476 kg - Cha™',

MR TS50k B4 /0T (DEA) FIHE ROk MIZS A 19 35S 80E To s 508 A mBOE 30, B T 16
B E S, 9 2 A TS el GTFP, (L4421 A 1 DEA BEAIER$EA 7 i [) He 722 1k, 24
FEFERE At JEE B AN L B 2 o A A X G2 O RICRA, LA JE e PR 220 1 BB Hh i A e, 25
B L5 RAAER (T I %5,2010) 77 5142 1) AR ARG SBM R B AR REAS R AN L L B , {HL 220 T 3%
AT JEUE H 45 ., WA MR B v e (R 45 ,2017) Y PRI, ASCR 254
PRI AR 17 A AR AR EBM BRI S H AR AR , 3 5% F Oh(2010) 42 H B3 F 425 DEA $£ R ) GML
SRGEMT AR GTFP (B2 B | %07 ¥ 2 BT SCHRAE I 5 4l GTRP i3 5 7 194 7
(FEIT. 45,2016 FRMFLT 45,2021 FEAEZE 25,2023) 0 GML 5 $ido b 45 P S B OGO B A %5 52014
Sy ARG A PR I, AP T Chung 28 (1997) 3624 1] DEA HEARYR H 19 ML 1550k R L1065 6
PEHL T AF 0y UE AT B AT RE A 7E 2Rk LR G AR G )R (2R 28, 2021) 1 f@ ke T Oh AN
Heshmati (2010) 3£ F 751 DEA HARYE H 1) SML 5§50 A A 0B P AR R vF SR IB 8 g R, 1
SEBRE A B 72, 2 AN 7 U 28 5 BR B2 AR AL I R 9¢ T B R L, T Rl B 7R R IR 4 1
(EHEVE 25,2019 300 4T 45 ,2021) Y 0l TROMINE A1) GTFP $5 50— A4ERE AL GTFP A4 T
AR BRSO, TS IR A, DL 2007 AR S CiZAE A GTFP i 8 R 1) , ZJ5 & 4K Z i
(o4l GTFP 35 %0HITR , 155 24 4F BRUE 940l GTFP | B 11 SR 505 VE Ay A 6 28 B 4l GTFP™
Al GTFP $8 5, ARIEER) 77 kA5 8 Rl e F AR L Fn R R A FARBCR” . “ Al TFP” “ &
P AR BEA” T Al H AR I 5T R ) (I BRAE AR = 48 HR ) o

(2) Bt R i

AR BN e A4 LA WU A7 i TR T T 2k, 320 LUJS A L WLBRAL /K F- , R T R
JIAFEAS PR O R FR B e R . A5 % TVFIDAE (2018) (BRSEBE%E (2019) MMFZE ™™ SR FH S0l
TR IR LI B AN 4 i R A L X AR IS AR WL BN KT o 2% 18 S A LI AN LA K v
RN T, KPR ML 75—l 10 48, BRTTSEE T IH AN 10% , 0 Fe LI B AN i35 4
K : subisidy, = [ z ;;;)07(1 - year_gap X 10%)subisidy”] /land,, , FH subisidy, Fy i X T 509 5L
BRACHLIE B AN , year_gap ATIAEBR (#5 year_gap>10 1L year_gap=10) ,land, HHEHEFL, HFAHL
W A MR 1R T 2004 4F i) 2004 45 B0 1R AR A 7 BRI A% 8 ZIO0 B4R O AR HLIG B b I
PEAT P AT B 4 PR 3R A S0

(3) ¥l s it

i X 2 FER I (2018) AR HI%E (2023) FRFFE ), Be B LR il As it — 2 RAE W P
27 SR PR B VR R R T B R A ) A R R T AR A LU R A i . bl TR 28 BV E M 0 28 5 S 2 A X
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B, BIZAC R A A R BO 0. " BARICHERE” , R AN EY) 32 9 i RS A A ) e 1 o 1 ALY
FUAER A o AW AE ™ 5y 52 HARIREE I RE ML, 52 K 22 S 80™ R I, DRI P00 2% 22 42 114 [l 0 28 800
SR AR SRTIER 3 I o 3t XA 7 R P EOR AT B Tl A vl RE S BUR A AR
SEO BRI BEIRGT WAl A AR 7 A SR IR (R A il Al 19 A R 2 XA AR A ER T AR
B S IETRE 0 (55 S0 %5, 2018) 0 | PR U 32 A8 1 [ A R 0 1 DU AR K R Sl 382 e
SR AT A W TR AR A0 B AR ol T B (B A o /KBt RE A8 8 AR A 7™ 2 F Dl 50 25
AR GCE R A AR 7 i, By AT 2728 1 B [l R BO IE . TOR SRR KA SR AT A%
O ARG 5, 2 BRI THA D T (2020) AR L B SCH BCE SCH P IR R g R
LIV E 6 AR Z B E R BN 1.6.9.12,12.15. 5, il 1 #5251 32 207 4E FRAY A 1 EL ] 3fe LI AH
LI Z R A BRUR IR R o A 25 3 77 1 2 0R R, HL 5 S REAIE A2 0 MR B R 1 BE
G A TR RO AIHE FIRAN, DR BN 2728 40 1 [l U3 RO TE . 7R WFBGCRACE T SR ATAAR
IRk 55 S S AP G IMEL Y PEAER A o W BCSORAT B Al A7 TR T 32728 1 1 1] 090 3R
HONIE

3. BB

BT HAE Y T PAFIE AT HAE AR SCRE R E 31 A48 1 (AL FEHE IR 5 1L X ) 2008—2021 47 i i
WK BT SRS . HH AR N 20 AR BROR A P LN FRT SE R4, AR 52 9 ThT AR
BT AR B P ERR SRS S — M ABOR A &8 B GE AR5 R HLE 3 1 & ol
BB S Aty MU S T3k 8 o BE AP IR DA 52 ), AU &AM R 1 A7 B s A Ml B0 2
[ A AURAL AR 2 ) DL RAN AT FRA AL B AN 5 S A TF A, AR S Bk B B K G0t Jm R o,
SRBIEE L (AN ST o 181 MAXDEA 854 GTFP Ml TFP , 3 X 4% 0 i B A2 1 AT Rip

Ja 1% 148 FEALFR, LIRSS 5 [T A S5 RN . 3% 1 JRA SCE SR R IR PR G4 2R

®1 FETEHRMSITER

A FEA A FRifEZE f/IME W RAE
4\l GTFP 434 1.229 0.303 0.478 2.212
A G i A 434 1.228 0.311 0.528 2.369
s Sk N 434 1.010 0.118 0.474 1. 309
WAL =
4\ TFP 434 1.196 0.297 0.533 2.437
A E ARV 434 1.200 0.304 0. 601 2.317
Ll ARz R 434 1.012 0. 168 0.476 1. 690
M BRAS R R E AN 434 725.027  790. 487 49.788 4 511. 401
KA PRI ZE 434 0. 663 0.142 0. 355 0.984
R ERRE 434 0. 170 0.135 0. 006 0. 695
Tk Ak 434 0.476 0. 086 0. 188 0. 634
P AR )
A At K F IR G 434 0. 456 0.204 0.172 1.234
VIR 434 7.704 0.772 4.296 9.853
AT 7 4% K - 434 0.512 0.759 0. 071 5.001
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2 WSS R R, 2008—2021 4E % [E el CTFP #4247k, 4E K00 ik ) 3. 87% , o, Rl 4%
EH AR B IH N 4. 12% el 5 0 ARG H ] -0. 24% , F W E AL GTFP {4 K EERFEH A
A X 5 K ZBOCHR BT 4518 — 3 ( F 23 45,2012; 25048 45,2019 SRMFL1 25,2020 40 H
a 2020) 1 AN KISRE AR EE L TR S RS M X 4 . GTRP 4E 571 538 43 ) 3. 78% (4. 27% Fil
3..69% , F 0 ML I Fr) 18 05 2 T R R PR Hh AL X 2 S PR A, T S 3R AR B AR IO ELAT W L 1)
BEr F2 7 AR AT, HfE 3 T Hp s st X ol A 7 AR I 26 R T, T2 30 X el B R HE B e

2 2008—2021 4E K GTFP 1 TFP $#5# % H 4> %
gl GTFP - b GEH AR L RIVBRERARKE Ll TFP R FE RS Ll BARIE

Eh . N . . . )
EIE EEE £ SR EI SR

2008 1.003 0 0.979 8 1.023 7 0.991 2 0.962 6 1.029 7
2009 0.9951 1.008 5 0.986 7 0.986 3 0.991 4 0.994 9
2010 1.001 1 0.999 4 1.001 7 0.998 1 1.012 0 0.986 3
2011 1.024 1 1.0327 0.991 6 1.022 6 1.029 3 0.993 5
2012 1.018 1 1.011 6 1. 006 4 1.016 5 1.015 3 1.001 3
2013 1.0327 1.026 6 1.006 0 1.0353 1.034 2 1.001 1
2014 1.027 9 1.0250 1.002 9 1.027 8 1.027 7 1. 000 2
2015 1.036 4 1.0519 0.985 3 1.038 3 1.052 4 0.986 6
2016 1.049 2 1.040 0 1.008 9 1.046 0 1.048 5 0.997 6
2017 1.059 5 1.072 5 0.987 8 1.059 0 1.0559 1.002 9
2018 1.070 0 1.087 2 0.984 2 1.065 2 1.082 3 0.984 2
2019 1.080 4 1.073 2 1. 006 7 1.072 2 1.063 8 1.007 9
2020 1. 066 6 1.084 4 0.983 5 1.053 6 1.076 6 0.978 7
2021 1.083 1 1.092 0 0.9919 1.102 8 1.096 5 1. 005 7
2 1.038 7 1.041 2 0.997 6 1.036 3 1.038 6 0.997 8
AR 1.037 8 1.039 2 0.998 6 1.033 1 1.0353 0.997 9
s 1.042 7 1.047 0 0.9959 1.044 4 1. 046 4 0.998 1
iR 1.036 9 1.039 1 0.997 8 1.0339 1.036 4 0.997 5

T (1) R AP HFE U8 5 (2) AR XA AR AL 50 R b AL | e TLOR JHTVL Ra il
AR AR 5 TR DA L P AR R T R TG T R LI AT R 5 P M X AR A S )T
FR PN G o pl BRI CHR IR TR B A R

MM SRIELE R

1. 1835 1 894t s R

Huasman #3025 R 2R P AE 0. 000, $6.244 BEATLAOW B3, SOR 18] € R0 1] YA A8 2 ok R 47 Al 31
BRI (1) FIC2) B EIHEERILE 3, (1) ~ (3) FIB L IMALE R AL I A REZ AR 5, BAZ O R
AR BT S AT R AU DR (3) SR A A5 SR S g Ef . i ZE U, (3) BRI AL T B AR K
ST i S — S s T 2 W BCSCAOKE AT R B E N O, S S U AT CHA P A R A [l
HRBAF S SHIE BN — 80 5 THRIER (2016)  Wang %5 (2022) {940 BT 45 5 — 80 1R
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PR T L B SR B R AT LA — 5 O IS TR e 22 I TR (2016) ™ AR
1A WAL A A5 A5 — 09T, [ 01425 S SR A R B 250 0F , R I B A 4l GTFP
ST IO S A WIS Pk . AT, TEJ5 SCROBERI ST P S I T BRI — 301
1L (3) (4) FRGIEILE R, ML EANY X5 4l GTFP” A1 4l TFP” {4l R B9 TE 1% 19
TR b 3 WA, R AR LI RNV O B 55 4 T Al GTFP Rl TFP s AR BRI, L
Wy N X A, TP (£t 5500, 141) KT ARl GTFP” i R KL (0. 131) , F WAL 4
S R [ FEE R, 5 Ml TP 52 35 AP KT Al GTRP 278 MR EE . ey, IBEDOE 1 10 05 35 4015 3 0
U HE— A I LI N SO A R (8 A Ml e I A M BB O JEE A M BB i 5 R
PR L) BRI [0 D205 50 032 4 AL B RN 0F A 7 EH VBB HIE RO LA T S0, )RR T
AR MY BRHEHCHRFE | 22 W AHLI B N 72 1 O 28 5 3 R ASUR R T 3R 805 e RO, I i 1 Il GTFP 42

T, i85 B SR B BT A — 2.
®3 RNWEAMEIRL CTFP Fkll TFP B0

(1)
gl GTFP

(2)
4l GTFP

(3)
4l GTFP

(4)
Al TFP

AR R
KA RIS
HARICERLE
ol sk
AR 7K A FE R Bt
RAF NI BEA

WA B AR K
L1 B AR KT
(gel
AR 7 A

N

R

0. 1427 0. 034)

-0.701 (0. 210)
Pl

434

0.215

0. 130 (0. 035)
-0.535(0.539)
-0.503 (0. 120)
~2.5847(0.942)

1. 042 (0. 486)
il

434

0.373

0. 131 (0. 040)
~0.867(0.559)
-0.3547(0. 111)
~2.900 (0. 706)
0. 629 0. 345)

0. 300 **(0. 057)
-0.379"(0. 091)
0.215 (0. 094)
~1.1427(0. 621)
il

403

0.533

0. 141 (0. 039)
-0.760(0. 557)
-0.323"(0. 113)
~2.848 (0. 644)
0. 646 “(0.292)
0. 276 **(0. 059)
-0.317 (0. 090)
0. 162 (0. 087)
~1.156 (0. 565)
il

403

0.527

T TR RN 1% 5% F1 10% 1 2B VK 55 A R R AE bR R T SR 1A

R4 RUTEEAEREFIGRKAN 5 REE RN

2

Al S H

A B HE R

AR HE 5 B

ALY TR
A
F s it

5.397 (0. 529)

AR I8 S

N
R2

0.2247(0. 024)

P ]
Pl
403

0. 680

0. 083 (0. 027)
5. 469 (0. 469)

Pl
Pl
403

0.453

~0. 041 (0. 008)
0. 604 (0. 167)

Pl
Pl
403
0.571

BRI (3) ~ (6) A RIAZE R (U2 S )  ACHLIE AU AT LA 35 08 1A 2 (0 H AR BEAE A 4
ARFEL TS A 2% O EARBR AN BARSER BN AN 2, 3 TR G AL B AN 3 Sl i FoR
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PERRTEFZ A, GTFP Rl TFP i S AR M IR AR RE A 4% 38 1E R 1 RS 25015 LA
Bk PR, 7 MU A A AR B AR HE A B[R], e A R AR BOR RS, itk — B4R THROl
GTFP Ay TFP T Bk o S ) AT, b, it 28 20k BE al U B, AR WL B A U X Aol 2 8 £ AR
BE B EAE/INT XA B BE A e e E A FH , 22 19 25 A AL e 0t 3 5l 94 R ol 2 AR B 25 BT 2
i 1) 2255 M A i, A R BRI T 2 55 0 Al 2 (5 A R 1) 51 5 Rl , AAS W4 i b AR BE 42 ) 35
S RIEBLILY €T

RS ORHTGEAEISR A H AR S 504 M5 AR R A F0

s Mg EHARM L RSB EEARPE RALEARIEE el BEAR
AL B # I 0. 165 (0. 037) -0.033(0.021) 0. 191 (0. 028) -0.051(0.031)

RO -1. 124 (0. 576) -0.020(0. 383) -0.915(0. 663) -0.239(0. 578)
= il i el P
AR 52 U0 £l P Eail P
N 403 403 403 403
R 0. 568 0. 064 0. 609 0.203

2. RS

LK ) A5 R TSR, AR SCHEAT R AR AR PEAG I — SR B IR g R . GTFP A58
AL, T SBM BORURI 252 LU R Malmquist 35 B0kt 212 T, NI, R AT SBM-GML $i5 £
YA, GTFP , FpT A TR T . — R B OB AR i . S5 T 2 5 (2018) I ML ™ R A
DiAF R 8 S ACHUN B AN B 4 (AL B AN 1) AR A% O B A i, BB BEAT AT [ 9y =2 M
BREFIREEAS o 5 TR B B 7 HA BOR AR R e, I R 8 v R A S5 SR e AT AR TG . b IR AR M A
AR (WA 6) ALK B AN w34 (2t T Alk GTFP $2 7t

[RIIRF, S G fige it 72 det RS ) 23 S5 AR A A P [ BRIl 3245 53 4 52 ), SR P T JH A8 2 4 )
PR UCECHEAT A AEPEAR B o ERRBRAAT LASN AU A 003 (1 A ATL I B AN U 728 8 1) 1 A {ELAE D A AL I B AP
W™ ) TR a8 T B Bedie /D —ARIE AT 01 H o Sk IV SR AR A0 5 3t DX 8 A JR 2R A R AR BUR 52
Tt 0 580 S AT ) AU 8 B A, T b DX AR A 14 A AL B e U - P47 5 7 S X ) A4 ATL 0 A Tl L
ASRNE  (EXA XA, CTFP A2y A G, i 2 T RS 5 AR S PE RHRB P 20K . 58— BB
IR ZE R R, T RAR R AT B AN Al R K (1. 083) £E 1% /K- R0 0E, H F 4Eit
H(793.35) LK T 10, 5 " BrB AR R (WL 6) , A /9 “ AL AN X 4ol GTFP”
it RBAIIRAE 1% 7K E B ENIE . [A, Kleibergen-Paap rk LM ZE 14819 P {54 0. 000, #fi4s T HAZ
A L B BE ; Kleibergen-Paap tk Wald F Giitimi KT 10% /K- 11l FHE , R AAFAESS TR
AR, THAZ R RO S B . ml UL, 7E R A AR P TRDE S, A SO B A 858 AR AL o D itk —
BRI AN SRR E S (2023) 170K DA DL B AN (5 v 0k 43 B CR R T P O0801
FEAAE g AL AL, HARREAAE X RAL) , ARl AL i O D FE b2 &, 0 Logit BRIl #4452, 3531
R FHEARIEHC 1 2 4 I AT D E A% DT BE 5 B AN £ () B FBL P ARV AR 22 1 f6k T C P i 194 AR A T i
PTG . 3% 7 {04 T F = AP IE RCT kA 2 TR A5 2R 0 i B A 1 1) AR O AE 1% (R7KF- L
FONIE , RYIASCR A LSS BA BT AR e
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*o6 REUREER

T B mRTE BB OMREE HIRERETREA  THRARRE W
AAILIE RN 0. 144 (0. 064) 0. 112 0. 036) 0.203 (0. 022)
ARG BN 1 0. 184 7(0.027)
gl -1.502(0.926) 0.017(0.397) -0.735(0. 663) —2.359*(0. 439)
P A bl il il I
A 8 2 AR P Pl il i
Kleibergen-Paap rtk LM %5 1|4

120. 134[ 0. 000]
[ I P 1A

Kleibergen-Paap tk Wald F &t
[ E 10% K7 1 i e
N 403 403 351 403

793.3461{16.38}

R’ 0.502 0.678 0. 554 0.701

R HEFSLEKRIESER

[N yR7S AbPHZH Xf HEZH ATT ARG AN Ll
AR ITRL 0.289 7 0.1432  0.1465™  0.0349 4.20
RHUGERNE 1 : 4 FEABUCHT 0.2740  0.1727 0.1014™  0.0305 3.33
A 0.2740  0.1704 0.103 6™  0.029 6 3.50

3. M85 2 9 b 25 B (F ST

ARSCR G- R 0 5 R AT S S o0 A, AR I SCREAE S A REAEAR AT LLR 0 4 — 2 DA AR A
NI W O RO B R REAS I 0o R N 3R AR A RA” Midl; RS HF s AR 2
J3(2022) {5 KT IE ALY HoB T 30% 198 3 A D < 1 2EHIB X" 0, AR fy IH Ok < T 25371
DX 5 =R R FHPRE T Yo BT A S GDP 1 by JE A A fat PR AL /K72, MR G AL BORs R AR 43
“ER RS AL AN ARIABE RS AL AR AR DL 8, n] LA BRI AN XA GTFP ik
b TFP FR 20 BAT SN S iR B

BR BB TERA A BEAR K- e B X P ST AR b A ey B9 M DX R 5 L 5 A 3t X, AR AL
ey B A 2 2 e 0 1A GTEP AR TEP $25 45 T AEARA AT BEAR /KPR A 3t X Bt i AR o e A
R 3t DX PRI AL 5058 PRy M X, AR AL B AN XAl GTRP Rl TP A2 AN 3 o I, A 2
HRNUE . FE— 20 R AL B AN Al GTFP R TEP Y520 , 75\ ) B8 A K -5 e 1 X0
JECTEAR o HEB R ML X, 5 AR AR AT A5 SR — B0 AL B AN XA GTFP iy 52 T4 F /N T X Aoll. TFP
AR T 5 T LR PR R AR 58 X, AR AT AN Ol GTRP B4 THE R T X5 40l TFP [ T

@ T FIGIXK " AdfAL 5 R JHE ISR LT AR BRI TR R LR IR T R
@ BTG YA PR B A A GDP 43351 FH [ %8 B 7= $ AN M5 58 B0F1 GDP 38 B0k 47080, Hh T P4 3T A0 81 5 W% 7= e A %
FEROR M , 2 IR EAZEZ (2008 ) (s ) o b B 7 5 5 30T VA G L5 PG G 242 e /K S AR UL 1) 75 T TR T B8 1100 38 8 0 A% 45 B0
BARTFBENE W BERIER
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F, BB R (039 58 22 (e f AL A 7= Ao lb 3 A PR B ARBIL A 2, e 2 AR Al 2R 7 2 8 3 T 22 i ik
ST B, I SR A BB 2 P 1), 2B PR A GTFP B

x8 REMSWER
Panel A AL EAMEZ A GTFP 157 i1

AR BANEAR  RANEAR  TRMIEX TRMIEX  SHEAHE A6
0.227"" 0. 033 0.214"" 0.019 0. 093 ™" 0. 056

AL BRI
(0.026) (0.057) (0.026) (0.054) (0.042) (0.083)
0.221"" 0.337"" -0.478 -0.370 -0.515 -0. 804

L e
(0.044) (0.050) (0.467) (1.219) (0.571) (1.372)
5 ohi AR il il i el il i
A1 ] 5 B NE = = il il il kil
N 212 191 182 21 224 179
R? 0. 635 0. 508 0. 675 0.573 0. 493 0.516
Panel B: &ML E FMESZ AL TFP (7). 5 511

Ap i BASTGAR  RASIGEAR  TEMIEIX  TRHIEIX  SHEMHE R HH
‘ 0.239 " 0. 035 0.234"" 0.016 0.090" 0.076

AL BRI
(0.029) (0.053) (0.034) (0.053) (0. 045) (0.071)
0.201 " 0.336™" -0.427 -0.476 -0.518 -0.959

figie
(0.051) (0.055) (0.423) (1.064) (0. 456) (1.288)
AR i = il il il kil
AR ] 2 RUONE =l gl =il =il =l =l
N 212 191 182 221 224 179
R 0. 645 0.534 0. 683 0. 551 0. 486 0.478
B SR SR

2004 A7 S A ALV B AN BCRA S E S T A MU S 8, e it 1 Al AR R lk A 7=
KRR o SRT, A AU AT R 28 T 48 KGO0 A4 [l 2 77 AR BRI 3 e RO, SRS 15 e W 1k ik
JEFFEEREAR , (H 75 G W HE OB A BT 3 in, 2B 10 3 Fofll GTFP 3 48 FoAlk TFP 3. A SCR A
2008—2021 4F= 31 ™48 1y B RSCHE , 3z FH T AR I8 R 20010 A6 TR 4 6 A AL I B AP ot Al GTEP FR 2T, 245
JBR = (1) AU B AN X Al ™ (RO R HE T i 32 HAT T ) 520 [R] I dL AR 1 Al B HE 3
F WA EANY ™ A2 1 22 F 34 ROV R TR B 15 RO o (2) ML B A 2 35 e oF 1 40l GTFP
Tt LIS E R B B EAREAS TSRk A 1] 4573 VE B AE A fd A 36 e 15 R o . (3) 4R
AL EL AN IR R0 B Alk. GTRP S i i BE /N TARll. TFP i g 19 5 152, 2 WA HILIN B A X 4k
Ak GTEP {4 3E ) 520/ T A TFP B IE R0 . (4) AL AN 32 2000 1 4l ok B R o AP i SR T8
Kfedt Al GTEP Ak, TFP $2T i A SR e SRE R RE A A% 2 25 1 L e, AL B A X A
bR AR B L REAE RN T XA EAR B e BEAE R o (5) AR AT AR KB HU X
AR o5 A i b DRI S5 0 ] A el DX A ML AU 2 25 e 1Rl GTRP 38T F, AR N7 BEAR K
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SRR DX P T R o R AT 3 DRI S5 MR A 55 s DX AR ALY B AU o Ml GTFP (SR AN S 25, 3%
HR B i AT SEAKF FNEREE G BT BEA R T 1 s A WU B AN A4k, GTEP 48 TH0% 5 73 4k, FEFR B AL
i s DA KL AN Al GTFP 4R T F R T XAl TFP (952 T T, 2 I 3 58 0 58 JL ol A
AT LB R4 GTFP 3 <

BT EIRSHE ARSI LT 78 < 55—, I 9 B S O 3 FEE R B IR, 5 e 2 £ A
li] , A R BEAON, GTFP 42T} — 5T, EEIN RO A AL B I 45 S AR B SR A% 3 BE IR % <3 5
RFBERE , KRR ST 58 98 i LRS00, MTI R — 20 R 4% A SR B KA A, 4 sl A ll 4%
ARBEL FUSCRIETY 5 73— T7 17, FEPFA A AL B A I 25 AR SR 1) SR SBOCR I i 2825 T PR B30 0, BKs
U SR Tt -5 T R A R R o A e PR R A, FE AN, ROk B AR B A AL A= 7 U 4 AP
B 2 TERE SR ARV IR B AT I, BURAESH IR i AL HLAR AL . 56—, I 58 36 B B UK, s
LRt B B, AR R A BAR R . H AT, AR A AR R 3 3 T 7 22 R A, 5 B LI A I
ARBEIE L BOARBCR MG FE e A CTFP Al TFP M9 o 2038 i i RAHLBEIE FAALLE 1B 9 15 55
AV HUIRAL TR Bt i SESEAATUAE AL AN s AATLBA 5Nz 55 25 , i oA 12 SR AR LS 77 7
FR ANBEFH™  FIANGES ™ AN 2 P MRS 5 e o i PO £ REBS VI 5835 55 301 1 TR Al - s i A L ] | i
F— I BRI 55  HESh 573 ) M A SE 2R A it sl , 4R mRoll B e BSR4 i RAFRY
SIERAEAE o S =, N IR AT 97 8 1 BN T BEAR K 3 2 4 PR AL 0 R, e R AR LI
HIUG S5 S AR BOR XA, GTRP B4R T o b, i 107 B2 o MU R A8 1] PR FDRS v, bE i, DAE
D FRHEDAL I B B 1L DX PR I AL L 45
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Research on the Impact of Agricultural Machinery Purchase
Subsidies on Green Total Factor Productivity in Agriculture

TIAN Ai', ZENG Ling-qiu’
(1. Institute of Western China Economic Research, Southwestern University of Finance and Economics, Chengdu 611130,

Sichuan, China; 2. Institute of China Rural Revitalization, Sichuan Normal University, Chengdu 610068, Sichuan, China)

Abstract; Accelerating the green and low-carbon transformation of agriculture is imperative for China to build a
strong agricultural country and achieve the strategic goals of carbon peaking and carbon neutrality. How to
improve the agricultural green total factor productivity ( AGTFP) is the key issue facing the transformation. The
agricultural machinery purchase subsidy policy implemented since 2004 has greatly promoted the development
of agricultural mechanization in China, which in turn has contributed to the technological progress of
agricultural production and the improvement of agricultural productivity. However, in addition to economic
effects, the implementation of this subsidy policy also has an impact on the ecological environment. Existing
literature lacks consideration of environmental effects when examining the impact of agricultural machinery
purchase subsidies on AGTFP.

Based on the panel data of 31 provinces in China from 2008 to 2021, this paper uses the EBM-GML index
model to measure the AGTFP of each province, and empirically examines the impact of agricultural machinery

purchase subsidy on AGTFP through the panel fixed effect model, and makes a comparative analysis with the
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traditional agricultural total factor productivity without considering environmental factors. It is found that
agricultural machinery purchase subsidy has significantly improved AGTFP. After robustness tests such as
replacing the explained variable, replacing the explanatory variable, replacing samples, endogenous treatment,
and propensity score matching, the conclusions are still robust. The agricultural machinery purchase subsidy
mainly promotes the growth of AGTFP through the channel of technological progress, with the channel of
technical efficiency being less significant; if environmental factors are not considered, the promotion effect of
agricultural machinery purchase subsidy on agricultural technology progress and AGTFP will be overestimated.
The results of the heterogeneous analysis show that the promotion effect of agricultural machinery purchase
subsidy on AGTFP will be more obvious in areas with higher levels of human capital, in plain areas, and in
regions with higher environmental regulation levels.

Compared with the previous research, this paper expands on the following three aspects. Firstly, different
from existing literature that predominantly examines the implementation effects of agricultural machinery
purchase subsidies from a single economic or environmental perspective, this study expands the research scope
by focusing on the agricultural green total factor productivity index, which considers both economic and
environmental effects, thereby broadening the study of the effectiveness of agricultural machinery subsidy
policies. Secondly, this paper compares and analyzes the impact of agricultural machinery purchase subsidies
on agricultural technology progress and agricultural technology efficiency in different situations ( with and
without consideration of environmental factors), and investigates the green bias of agricultural machinery
purchase subsidies. Thirdly, based on the heterogeneity of rural human capital levels, terrain conditions, and
environmental regulation levels, the paper further explores the external supportive environment for promoting
the improvement of AGTFP through agricultural machinery subsidies.

This paper reveals the underlying logic of how agricultural machinery subsidies affect AGTFP. It proposes
strengthening support for complementary policies such as the construction of agricultural mechanization
infrastructure, agricultural machinery technology training services, and land transfer. Additionally, it suggests
integrating environmental effects into the policy evaluation of agricultural machinery subsidies. By doing so,
government departments can maximize the supportive role of agricultural machinery purchase subsidies in
promoting agricultural green development under the goal of the green and low-carbon transformation of
agriculture.

Key words: agriculture; agricultural machinery purchase subsidy; green total factor productivity; technology
progress; technology efficiency; environmental regulation; human capital
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