Rl GgeEEKZE: ETZXERNTHERY
YA S

HRRA E 5 W OB

i E: RARLGEEN KRR AR E LKL 3R E KRR
WREEAR, RTHAAKEEELNIER, KLRA S RIRBENTH
A (MRIO) #FHREIFMGRREAREZERTFINLZTATR
(TFP) B AR, AARBFTREZREZ L0 “16487 REni, ¥4k
AFTRANAEIRFHK A HEOSGESER; ERAALKBAEE
ZFRR IR T HABE M A AT S, R i TR ) E AR A Fe 4 B) Luen-
berger & = RI§H 5 AR, FALAEILM R AL 25 &, 4B F & F R BRI KK
F, TR ARG F e IR I RE KRR, FIEN/ B EF 3 GTFP
TAT Akt AR5 A @irA, ARRT, #IARLGEASEAFE
8RR AR R A R R RA A L) B AR5 R b A s R bl
PRI, ARBAA, KAZFREIBREFZLRETIRS, mER T EFK
FRREXERARS, ELEELE, RLAFRZNEGLES, K E
PR T TG A RRG, FHOAETEZRIT LR EH R E
‘e AR RGN F A BRI AET AR m, Rk, RLIRITHK
FERILEH AR BKAME” BRAMEFAL FERAMMET TN

*OBRIRAR, LA, FHERHRE A SREOR AR, BT B4 : xchenha@connect.ust.hk;
FI5, P, W RZEEB2ERE, BT HEAH: wangfangsend@sicau.edu.cn ; HH: (Gl
WWEH), B, WA R¥ELT 2=k, BT M4 : miaozhuang@swufe.edu.cn, 28 3C3K
HEEHERBEES (723731205 72074183) LI K EFH SR % H & HATH
(22&ZD102) HBY, BEAFRAESEIL, XA,
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“HFEAT, ATEEME, RRRAM. BRERRTEHRE, ARRLA
B RN R T F A RANEMN ILRA, Ak, YEG
B S EERGREFITOARFASF AR RIS, MEABEZEEHLKR
St 2 FARBR AR K R 09 5 AR

KR RLEGENK A2ZFA7F BATE #RRLEXRBEE

ST

— 5=

1960~20104F, 4K A 1 LY 304258 &2 7012, BT Z i T-4F
B TS K% (United Nations, 1999; LanzZE, 2018), AW A
HEBEWREBZNRAS BT R, fEIE, 2ERAGDPIEK £92.5f%
(World Bank, 2016), HA5 % TR A =R E, Skl = mim3
%, ARt T ABRIEE YL (Alston Fl Pardey, 2014) . VE R4k Rk
RIEPEZUKNOKE, bFRGrAll . Ahf | A R Ia) ] S8 A R %
M RE X EAEERE L, PEBUFXT =" mBEERERA, R
GNE IR E BB SR F, F L, P EXEERR R RS TE X
Aok, P E A R 7.6% BB IR TG T A 18.9% A M, 15
i 45 B R B B AR B IR A K A IE s, P E Ol 2 E R
PR RN, (R R 2004~2015 4ESE L “ TERE” (FAO,
2015; K%, 2018), JEEARSK, 2ERA DA AT HELE 2060 4R 21 10012
(United Nations, 2015), A &S] G A EER R Z . K
i, B AR AR A B R A 7 R S HRCR R T I AR B 4 1 %
1, ARSCKE T IR B S FT 5 ST

Az PRI KA A PR B X H B ER (Sheng 58, 2019;
AVKFE, 2019) Vo 28 TS A BB 1A B R RO T
KAZAWTE, M2 2 A 3k, IR R A 2 DS o i

O AEH IR R T KOO, A SO R KB A2 K R (TFP) &8, Ik
SR AR . RTEFHREENEI T SETFER (2021),
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Ay WA S AR . Gong (2020) 5111, LS04 KA 8L
FEPIA IR : — [ E REBORNBER WA= X R 2 fb . — 20 A 3
k5 Hicks (1932) 2 A975 2 A1H #IS L & Romer (1986) . Lucas (1988)
BN A KIS G . XTI, Gong (2020) ¥ S HIE AN
A GRS ITHESE , A5 A 7= R B A8 R BRI, FRA B
KEERER; oI ABENLETE 0T 07k, A 7 A8 0 A A
(Input—embodied) FH%A A H (Input-free) PIHESY

B KA AA SO AR P B T T — Kb SR, Bl Tl ik
PSR PR T, TR FE SO R BN IS YR (R AN
PE) ATRESXTEUA A r= R B = AR AR (FreliRaE, 2016), HARVELE
FAL G R AT BT HE A SR SR e D 0 V-5 BRI 249 RO ) (1 AH SE 4 HT -
B, NSRS ) Tl Ak 55 A A i AR T B U 5 PR B R B TR ARE
T G VR i 5 R B AR R e eI K . AT BR PR IR LA 5 A M KI5 H
(1] (A2 T W S B9 B E S5 307 - SR BRI A AL B AR, T B U SRR 2
WA CE M AE 2 522 R AT A Z it #l40, Cassou Al Hamilton
(2004) XFPIHRIT N AE B AR AL I L 22 0 & R AR U TIR 2R, IR ESE
R R T T S S5 Qe A Wilson il Damania (2005) MBS
FER T MA TR M . BUATES . RERBCR IG5 RS . A
. OMARBESAERE (BR) nJEEHAMKETEISIR, HXR
WiSC#k (Banker%F, 1984) #2108 T —FidESEO L (MIBAEEL M), H
AT BAR TCRCR AR A 7= 38, (E BT Hh 0 5502 F R B A e A 3
TR A S, FAESSUEDRG th 28 T 98 SR 22 . Hailu%s (2001)
PRTIEAAEAR, e TdEmE (RESIRLL ISR ENm
SR (BLE RS, BB A S S VT LA R, RAER
A A8 AR/ IMERIT= e KL R SEPRTR SR . AR SCrE A M AESEOr k5
FOAVSERN b, 25 R IR S SR BB B 2 E B, S T R R

@© BUEE GEA) FFESHNE Gl R, S EERDESRAE 7 E 1 B 7w 1
TESRACAME R /M, T S R AR A A 7 3 1 [ MM B ) O T S L
InME KA .
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e IR SEi KA THES,

ARG IR ER T UM 2B R RO RO eBRZ A"
R CHEAAERAR” (MAMRAEEN, 2019), AT
TREMSE, WPRRF— (2010) 32 H 7 10 B Eg eREOW i Tl 2R AR - %
AT, R ZIR =1 bR 2B R A R ILE R A%
JEIAEE R 2 DA AR AR, 56T SRR 2 505 REVHEBOR A 20 sh T
Tk gk 7= R T AILAE (2016) M T8 BFME A= S
TS Y HE RS, R TR IL S5 Y Malmquist FEEGISE T b A 4 2
FAE, KN 1991~2013 4Erh FE LV A 2B R A - K FEE M EAR
PSR ATRARERIARET (2016) Xt 1995~2013 4F 28 4~ K A4 L5+ E
AT, I H Malmquist 38500 TREAII N A9 f i PR AR E G
RIRF 5 B R F A 1) B AR SR HE T ol A3 A R . Sk
F 07 M B e L K Luenberger 28 7= R 3845, ABUPAE (2022) X 1996~
2018 4 H E 30 M X (4 (A B 2 AR P b T TINGE., I B A AR
ERL, RIS Sk HEBUK EAEAEE U Bk R, DB
(2023) VAR[AIEEGE A, iz 7 R g sR BT 1 IREE A X 4 (4 22
FAEPERIE, RIS 5 o (0 2 TR PR FREAAAE R U B
R, VNP EBEBAL T4 S 2, R BRI R A Re e it
SEFAETRES . KT (2022) i HJ7 PR RS R EC S T E KT R
kTR, DR 2T O e g gk, (AR AR E
B, XS R U FRERE WiR . 25 LAk, o KEs
S FRNESRIEE Ry “SETE”, 4 SCHR B AR 7 A Ty Rk o, O
HAM RS HTBR TR A BER 5Tk, B A 7= R A b Z B A A LR
(AnEHRGEA) 52, ALBERLBEE AR DA S A TR . B —A s
PRI B A B, GG AL AT HA R RS e I A fIFP A = 2R ({3
WIAEAL) BN GE 480, SR, ZHESR A MBI R A L §7K
FRREAE P A L RS b et 22 D R AR I A P B AR i s 98 4 o A ST

© SR AR A, Forh, BRI M RFR R E R B, AN M RN
SEARIRIMT o
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(W0 Fare 25, 1994) BT “YAASHH", BB = 5RAS 5 ORI T
GEEFR) FEEARBIE (RISTRE)), 2N T 555 L Tk 4 .
P AT UL, DAFERFSE AR R AL & YR IR L BRHhcak 5 e R a2 J
A EZAMTAELE , AL TCTEAE LR T O 1) 43 RIS [ 43t fr 7 Ak
FHBE R A P A T A T A

ARSI PRSIk R AT TR . B, ORI SCHR BT
JiE o R SOHE 22 DX IR AT BRI G A U PR B R I A B
o, M “Z XA R B £ BT+ AR P R AR B R 1 SE i
BRI EERE %, 40 RIUA B A R SE . ST I SOk, A SCTER @i oT
HE 40 ek 5 P FE 43 W 4 T WU S R A M B8 AR BB HEFE S (Nordhaus,
2006), LA RIS I i AT BB RNBREE S 2, ST K AR A
SRR 5 AT R A PR AMR A HLEE & . 70 B SR T 2 L5
BBFFERAA T, A SCHR T REAE7E LA F k2 il . 45—, SRR, o
Heslesk s Y HE R B BRI, W SRR CAmE” il
TR A S S R SN . KO T R
BRHERCE TS Ye i < B BoE (nakTs, 2022), IR % A
FH . BRHERES Y Bas” RSBV s BRI . BRHE ks Y
WO A S R, (B b g AR KR A SR 4 (i
Zhang %%, 2020), HETTIEHE X GE WA . B3 HE Mk I3 Yyl 528 i 42 T
SMESRON HEATRI S M . 45—, DAFESCERER e R (R
HERCE S YR, TAER ZHS IR, ZAhE 2 AR R 7T g
SRR,

HUR, ARSCN S4TSR SR T AROR () R R
(Bh) B9 “PIRBRATE”, $B/R T BB S i A B 2 A P R s A i

O Rl SRR | 38, B N Sl s B AR B LR A
P PR R BTIRFIT . R E AR TS R S AR S o RS2 ek
BAEEATHIRA RIS B, BRI R REIRFI AR E . — 4Lk
HEROR S L B 3B T5 QeHE 2

@ kb, ZAEEPIE AN AR AR, SRS G A HERCE N T B Sndd A S A
BT YPEHERC (PR “Zki5Se" )5 AR R 2 S EROTN 4550 A R
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UK B E (B AR QT AECRIET,) . FEA T2 R IR 5 A2 3 L i
MIRTER T, ARS0E FHAESEESL X 5 i 4 2000~2014 4F 4Bk 43 /> FE 4T
PRI 28 D K IEA TR S5 00 M o TEBEERE b, 3F— 25 S A AR 7=
R CRHE—IN WSR2 R . VRS, ., WA
FE, KA GRS IR 2R I G B AR A PR R AR A i R BRI A7 AR
HoTHk. B, AN AR B, KRR A R A AL S il Ay AR T T RS B
(FARAH) FUSRE RN (FOERETH) . 58—, MBI B, s
AR T S B T AP 25 1, AR SO E Y
SRR AR K ARSI R (B AR ) SN A GER
B IREE R I A R K AR, S AR i B AR T RACR BT ELAR
FUHkY

AR SCA SN B A AR T AR 1Y, F AT %IE, B
P, RN ERATHAL = AR A . Bl TolJsokeas, 2 AL
CIE b 3l Lag g R E al Sy AR TR A 4 . Hk, AR (i
PO AR FRRILY) . 2019 42 BRI 6.9 /2 AT YUER B, 5 4Bk
FIEARYERFE 8.9% . A SCEARIR R YR BH Al (0 ] RRL 1 K (0 A Rk i A
NI Ay 8 fife 4 3R Jm 3 DX SR LT [ R RL 22 B S5 S R & . Bl 1%
GG RKAZ BT TSR] T T2, BRI IEAR SCICUE 4518 i e i
PRI . S5 RANSEIELR AR, ASCRANIES
BOE QAT 2 s O M 57 A h B i, Thiis FHZrE # Rl +2
A, AR TS T 2 E R AR T SHIEZS SRR . OREIE

O WE 1R,

@ it ASCHHERAT LUK S AR SRCREE T MR ZEFTARA T AR R, DR,
B, ARSCAT Lo h BRI BRI BIET GEREREIRIITREA) . BHEBORIIAIHT (B
TUBLAHE AR B EIHN) LA S S BT (BHEBRBIBIRE) X EBARM A 5T

B ARSI AR IETR SR “BE—IN (M RIUT, BRI YR IS
IE, PIEZRAHIE

@ BRI MO R XS T 8% . AR, E BRI AT AR, A SCAET
SERPAR P LA R, R L A, MRS A .

272 |
\;
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FIH GRS S Y D HETBOR T 2 A A P2 RN 2 [ 2R, fehS
BE Y IR 5 PR B A (LIS AN IS, I SR B IR SR B R
SRR ARZEHESR B2, QTR REARINN, 2BR43 4 FE A TR
i A P O 0.616%, HARCREEAHE 2 F2EMHESIET (0.380%) ,
T ARG ST IR A TT 208 (0.236%) 3 @Feik 4 PR g 43525 2 7 3 4
K, MRk d B A BN KeEE (EE MR ; @A
ZUARRN R EE R A IR SRR R S, OTEREARBIN, HOREH
SRHCEETHR R 2 E R A R K N RARGER . Kk, SBiHAT
PR — AR AR T TR RCRER T, s 5 S B AR R R B S AR BT

A SCRIARTR T ZHA T 58 3B XA SO vk (B 2 XS4 A ™
SRR | 50 LR B A Y % Luenberger £ 77 RAEHUMR ) HYBRISHIE 48
PR IEAT AR, 5 =0 4 P B e U5 S L GE TR RAE T LA IAR 56 DU
G3Xf Bk EE AT RAO FR T R A AT IR, A R
HAFFE S5 FBOR E L.

= ERER R

TEARGE A T R (BOR) HESEr, 558 TR AR B PR WA 7= 1
Y FEARAZZE, WETEMPTR, EREREVEET =T, ANRSFRY
A K 25 Fh e PR LR AR R SRR AR AR 55, et S AR IR = AR
BTG YR o i T RAEA = gL, ASCH A (W RN RFETE
K. BRIRASS S IR BAER, Bl A7 SUEVE A 5™ i 32548
bro FESC b, ARAA IR SR AT e S A R ARSI ) ik, D
BRI S . A2 S5 YRR

5% Wang % (2020) MWFSE, A3 TRIR % SR S RS 1
WLHEB RS (AP CO,. SO,FINOx), AT AR E EHIFE S IEER
CHEE BRI (W Huang %, 2007), ASSCFAFEIEALBRA S SN
FERRBIPE DA SR B T ARAS P, BERRAERRIR R “Pa” Rl fE A
AR, IRERRHEBCL RS e HE O R R AR R T R AR
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Az

1R TR GEE KA 57 SCHR AR (g R AR T i ALl 3R 1T A7
GO A R M HESL . 5L b, RS HOT L SHB A G KR
(40 C-D R BL5E) HAEME TR E R A R A SRR (BT ZAMZR), 0
Gong (2018, 2020) RJUKEHLATHT /M (SFA) AT 73 fift Hh AR S5 00 22 55 1
KAGER, HHROITOIOAMRE S 20 (BRI ™ ) RS,
738k, ZHOTE SR IO E BRI L B AL TS e R R i
AR T (U8 PRS0 A9 1 8O0 ) S EORAIET (CINALAS A 19 354
O XA . HXSEOE SHEBREA AL, B 1TANE TR
THAES BT ERBIR 2T (DEA) BYZMRIESE o ASCRITM SR (g K
R HE L R AR Sk o A 8 T BT B K R G ) e R A 7 R R
AUHTARCRIETEPIRR T, TR A AR AR 1 Ah 5, MR TSR
iR AT R AR SO A O T B B U R 5 B B R R A A R R A B AR R
HACRIRTT BRI B otk . FET 0k, BRal #2400 X ORI T s AR 1
TR R BB A AR B, AT R B A RO BT sl SR B X 42
BRAETRIARAE, A kAR 3 RSB IE R A AL o FEARSCRY
HSHESL T, N LSCRTA, A B A ARl R i SR B AR IE T
Forb, BORQUR R B A BT B R 1 SRS gl RIS BE LRI A 5 A 22
RGBT EZRE ™ (BORACFABHR 5, AR A= BRI
B4 T A B W SN 3l ) o AAROD 22 WA i R ], (BB 57 8 )
FREAR IR LR LG, RAGFERER | SRR
REL BEPE BN ST, AT LUORIRE S S Al E . RORIRTHEAR R B HOARK
P, I R A R BT R AR A S DA TE, (R AR
TR LU R AR MR, Aol A = A8 BIUK S RO AW i e AP FiAE SR
SHECRERIAR T . Lahiiih% . Rl AL G 1ESE, ATLIMLALEERTCE , [
TR MARCR, iR s Aol o

HAKTTE , ASCHY IS A R T 2 KBBR8 A
PRRARHESE | 3 SRR FEAS R FI 42 J8) Luenberger A= 7 e FE 40 AR RS 2 13
I 4BrHESE .
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(—) SREHNF=HER

EFZ XA (MRIO) ALK 2 ERULR 55 75 5t T 40l fE A
L BHECS 15 e HE R R B AR S A L, WA S R
ARMESL CAEr=pRh), IR P i S5 8 2 0 AR S J Al A = TE R A
B, 45428 Luenberger 4 77 R A8 B, 10IEST B JIBUR A SIS ER
DAKREEFIH |« R B 5 Y P HE AR 320 e 75 02 A b 4 8 38 A R iy 4
Tl ARBIHT . FREAE AR, JESCE RO REERI i . 4l co, 2
WL ARl SO, I FIA M NOx 2 7055 {E 1 i 22 DX A% A7 AR L A B30T ok
h T A R, AT AL RE IR A M ], 32 B MRIO #75
) RE A R LR B Y 50 T BB AU IRAO TR T Z M R &S RS . )
ERIKIG QAT BARTREAAEM A TFHIT; QAT R,
B ETHRB TR TR AR Q A2 TN R B A B ™ it i
o RUTR T Z XA MR ARSI, HI MG R e R
priy (1l

X=Z1+Y (1)

OM x TEERE X FY 230 AR T 80 I AR 750K, 2103 M X i ]
PERE 25 g M DX p 3BT TR R IR, QM x QMHFE. EAh, X THlAKE
N URBRAE R . Sy TR Z1=AX, AR3CE O A RBOERE Z1/X ]
SRR A TR, 20 (1) ATRAY R

X=(I-A)"Y=(I+A+A+ -+ A")Y =LY (2)

K@) i, MURBLHERE, L=(1-A)"=(T+A+ A+ + A7)0
Leontief i [ ; 7EBkfEREET 5 F, ik () wydmd el I
(I+ A+ A+ e+ A)YFOR, BRI, IR T HBATORIERAE, AY
HEE TP HERA TR TR R — GO PRI A YR T A — g e %
ATt IS PR DU, ATV AR 777245 g 1 b AT
ISR g BUh AR o TR AR BT R Ui R e e T LLRATE

N T SR TN 4 BR A R AR, ARG T A REEMI T |
BRHERCR A5 QI HEA LT, K AR JEAUBIT 52 rp B U545 PR E 2R A9 5 B
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e DAL RER ], 20 (2) Al E—2 P RSl A BRAN [R] 1L X f 77 Ml 5
[V ) B BB IER A3l . LRI 3, AR SO SCF R X SRR 5 f7 /s B8 j X Ik
SR TR RETEM T S IE AT LU P A s DR T TR RETR S A AT LR
E=fLY, WUk, R ) 5 BB ] 3R R -
E” E12 cee EW
E21 E22 EZM

E = (3)

E M E m "t EMM

T EE AR, PYUEREE, Je— M x MAERE, H, R R
BB 7 g HL DX p 31T Fh 1 DX 35 T TR R 8 PRI o T 6 R P A T AR
REVEA A AT, B AT Al T+ S BRI P O BB . LA g HUIX p 358
Tl 2= B S REIR T RoR ) £y = > Bl ST R R T R
SR F HREIR 0 e A 7 it . AN THE G IE, s PUERE E, mT L
Al B AR AR = 30 2 Hh R B R B d5c 2 A 7= i o AR ] R 30 A 2 X TR
B TR0 CO,. ARl SO, 5400k NOx I HERLE FE . S6F 2 K A 7=
BEA, AERARME R T A AR = e R A AT AR AR O o I ANAE g Mo X p 3B1T
AN ARSI A 7 i BT 2 A 2RO B RO BB IR A (B0, DAL
PR (V) o [FIRE, SEPRAR PG B2 A E R R, AN
ARICHEIER CO, (C1). SO, (S1) FINOx (N!),

R1 ZREENTHREH

rhl e TR S
7
B A R RY
Rl Z”' 1) Z(l, Q) Yl Xl
FREHA
R() Z((L 1) Z((), Q) YU X()
st v - ve
ISEL TN (xh” (xoy

ORISR : Wang%5 (2020),
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(Z) RAGEEFH RIELR
1l B 22 XA A= RS, AT A B Y e BROR R 28 DR AL 3R T 3 S
WIRE R R, ERIERL L, A7 RIT (RRESBHR) FIRLOE A (B
ARRIERAEAD | 355 ABERR I, MM K. Lab FIEACHL) 7=k
WA= (ol sy, R YRED, RRBRHERCRTS e e e (B —
AAbk CO,. 5 AbEE SO, MASAMYI NOx, sr5ld €. SFINH) SFIEH
B B, S iSRRI A T REMESE (APPS) WK
(K, E, Lan, Lab, R,A, M, F, Lc, Y, C, S, N):(E, Lan, Lab, R, A, M, F, Lc)
can produce(Y, C, S, N)

APPS =

(4)

— i, AW A S SR B PN RRIE . — AR RN ]k

By, RALEMELE, AR A REROE 2 H (Non—Jointness, RIZE4%
AR o HAE SCRT LA A R AR .

(K, E, Lan, Lab, R,A, M, F, Lc, Y, C,S,N) € APT

(5)
onlyY =0, canC,S,N =0

TR AR B R DU R L A (RIS el Ab ), R
HIAR A S B -

(K, E, Lan, Lab, R, A, M, F, Lc, Y, C, S, N) € APT ©
ae(0,1)
F
{[(K. E. Lan, Lab, R A, M F, Lc), a(Y,C, S, N)] € APT} (7)

e (5) FI= (6) ~ (7) MZRT, X (4) A IE sl LG Y
H AR AP 2 A= P i BRSPS R E o BRI, A T SRR
gl g A =R (Agricultural Production Technology, APT). iz HA%\l.

@© fEASCh, BARTWT AR, L (Lan) . RABEE (R). 1R (4) . ILB (M),
Mk (F) MEBHEA (Le)o
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SR RORMESE, RS TIN5 HT AT R A RS SR e iR (Rl 2k
FRICRCRE)

(Z) BRFARNEER

1R G W B AL 45 A3 HT A TR S o LA B T CRAE o B AR, 6T bl
FE (Slack-Based Measure, SBM) . %t T 22 # % | B (Range—Adjusted
Measure, RAM) H13& T J7 [a] 14 fH &5 PR 44 (Directional Distance Function,
DDF) M. (AT HBESE R AR R, IR A e — o i etk =S (],
1, SBM I DDF B AU 5 215115 VAN R ) £, 11 RAM A RUAA A JC iR ik
IR DL (CooperZE, 2011). BN, BUA BRI BRI K L2 I
NP NS, (ARG RHE R RS, X — KRR e 4
FFA IS AR A = . ST, ASCE AT F AR T b B 5 A BT Ab
BRA i1 PR s N EE AR BRI, AR BEVE A R 8 DA B 55 3h 1 8K
A EEB AR, BILRE N AR E, &5 O A,
PURBIFHY, PSR his; mxt PR BHEERRATN S, KHE
AT AL SE G A KSR SR B TT % (Sueyoshi Fil Goto,
2012) o >R Cooper 55 (2011) $& i (i FEUREL M FERL R (Bound-Adjusted
Measure, BAM) H-#EAT0cil, kMt ass i 2B RS « A fe S0 Bl
sl (8) PR:

M N N R
[zsm; eSS+ Sy + zse/u}
3 . — . m=1 n=1 n=1 r=1
SAS[,(%%IJ) max M+N+0+R

1/ /

. . ¥o— .

s.t. ztmi)\i - Sm - tmi" zxnf)\i + Sn = Xnirs
=1 =1

I I
zyuz'/\i =S =y zbri)‘l +S)=b,;
= =i

ST (8)
me‘ i 2 MY, 3 qui i S Maxy,;
= =1

I
an‘/\i 2 minb,; A, 20; Vn,0,r=20;
=1

S:,80,80 = 0.
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X ) o, BIEH DRERITTHEMARE A =), -, 1) eR
FNFPEFERA L = (v, -, x,) e REFEmIARN A F=ES, P24 0 FpiIEE ™
Wy =0y, =y y)e Ry FHFFEBEE RFF AW = b= (b, -, b,)eRpo
(xf th v, BO)REREE i DETHRTE BT EE A . BHRA . W™
LA B . (S, S5 S5, SOAUREE i N THATE I PR
TR L W AR R RS A . A CHALE [ D, a4
(U, Ly, U, L)ZFRTEAMEAEE ™ 1A FER (B A ERR) 50l
HZ B2, RN

- _ )
U! =maxt,, —t,,, meMi'el

L:=x,—-minx,, nelN,i'el (9)

U = maxy,, -y, oeO0,i'el
L'=b,-minb,, reR,i' el
Hrp, M8 i@ THRREA . AR GBS ) r%8aE 4k
M AP EARRNER A A S iR ME (BeRfE) 1, X (8) #2xih
AT -

maxt,. = t,;
X, = minx, (10)
maxy, = Yo
b, =minb,
PPN
JJ:[:’ ZIKI/—\EX:
max tm[ = tmi'
Xt = minx, ( 1 1 )
maxy, = Y

b, =minb,
Pk (9) ~ (11) R, X (8) AL E X
(H) 5 Luenberger & 7= #1545 fF 1= E
Slb s to 4 = 3 AR HEZR 25 508 FH ) BAM A BB A 3848 & ) RS T

i

O FEEENR, ARG, W () RFEHBRIRE; S0y st
Svi= i, 3 (8) FRHBHREA A,
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BRI, HARRER R HA RS AV, B TR 24N, 28
HEZLS 5 VAT ATV A A PR A Al T (Pastor 3§, 2020), MalmquistZf
7R AE K (MPI)  (Caves %5, 1982) 5 Luenberger /£ 77 % 48 %% (LPI)
(Chambers, 1996) J3ffHCAH UL Horh, MPIJET Shephard -5 ] P 2 &
Bokor, Retex B R T A E R i (TRSE, 2020), fHXE
FERIZATAE R PTRE (Boussemart %, 2023) . LPINIET 2550 )7 [ G
AT iR tep TN A1 2 s N T LR E A 45 N #uM%ﬁm%
AR . B, J5EBEA TN RGN ML, DRk
A P BRI AR Ol R B AR A

AR SR 7 S R AR 142 Ry Luenberger A= 77 FA8 B MRS R £ 5
M, SPMESCEAAE I 25 5, i EEAE RN (2017) 32 FH BAM &AL
BT 2003~2014 4R E 29048 (X, 1) BIKRIRARGERCE, FARZEIA
% 8 BAM B HAR R EAEAE “07 (HTENL, WAIZH A% EohAsk
AR, 3L, BRUBAE (2022) DLEGKT (2022) R4S AWFRHESR AR A
Luenberger f6 5505, (NI LIAATIINEE (SBM) 83 J7 R FE B %k (DDF)
ARSI N T4, T Cooper 25 (2011) WA M, 15570 L8l e jis 465 751
FAM, AR EAE s ]

M TRCRIE (CIE) 2018 4 J5) Luenberger A= P 3R 8 K 19 F6 4ttt . T A
PR — BRI B SR BB A 5%, THR I — 2 U RS — AR 1 ok
FAH, IHCIEFRR:

aEU):UNx'y'b0=cnau)+CMr(y+aE()
i s (12a)
P+Q+Rz ”‘ P+Q+RZZ i

ip ll

FFEAE BT FRFNFREE (4 (19 2901 2Bk 32 Z 8 B AL i T T Y 4
BRA AN, 168 AN EAETBORE, LM (Lan) . FHBTA
(Le) . LB (M) BERE (F) . skl (4) ., RERFI LS (E) . 578071

’1

P+Q+RZ

O ACHEFRCERAR AR LR, BT —E B ARSI (). A
SRR 57 225 e 9] LA 1995 SRS AL (9 97 ST FERY LU AR 1L (3025 .
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(Lab) . R A (R) fERIBEA, Rl H (V) /BRI~ H (Gong,
2020), 4k CO, B (C). SO,/ (S) FINOx ik (N) 1E KR E "
o g, X PRI, LRI RERTICRCR S R — A i OUCRATAE
PINEE R

CIE(t) = > CIE (1) (13a)

ae{lan, Le,M, F,A,E, Lab, R, Y,C,S, N}

LAk, % Oh (2010) AYJR K, A SCHY 7 o B 1 I ) 15 58 A T A 24
7 S RO B A Bk R R A BT R R L R AT U A, R e R JOROR
(GIE) o T 2, A AxBk E B PHRRM AR AL 8 A7
Sl LUK S 4 JRy Al AR 7 BOR AT, R R T LT 2 O AG 58 42 = o L
ESIp

GE(0=IE(V b, ) aE()+Gw()+GM(J
0 g0 s #(12b)
P+Q+RZU) P+Q+R2

oo, T IR R 2R DR L T it B AR i
GIE (1) = > GIE, (1) (13b)

acllan, Le, M, F, A F, Lab, R, Y. C. 5. N}

PRIy, BERTARIE R0 (FR[E]) i v ) 5 ) A D TEROR AR R
ﬁ%%% PN AR R A S HOR TR, o DRE [+ 39 iy o v 5 2 [R] i
T I TEROR K- DL BOR WS AR 7 8L . TR 4 ] 5 2/ eaeR
ELA LA b, AT — 20 SCIRI A TR 1 A 4 Jm) To R ME 1 22 57 R
258
GIE!(Lan, Le, M, F, A, E, Lab, R, Y, C, S, N
= CIE((Lan, Le, M, F, A, E, Lab, R, Y, C, S, N) + TG!( Lan, Le, M, F, A, E, Lab, R, Y, C, S, N )

(14)

TEMCFERE -, fE% Chambers (1996) #Hi )% #E Luenberger 4= 7= 2541,
ARSCEG I T AR LPTA = AR i Al [EAEER S, sl (13a)
X (13b) FzR, ATLARF BN AR S B TCRCRK o UM, A
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IR L H A RORIE (BCREF SEARBHT) ] 53 A AT AR
TR, UL SRS s I S EARBERNATR T, ASCECELRIAE
TEAHRIAEE 3 2B R A TR . BARm S, Ar- g2 en] ik
(15) Fn:

LTFP:™ = > LTFP."
ae(Lan, Le, M, F, A, E, Lab,R,Y,C,S,N)

(15)
- > [GIE, (1) - GIE, (1 + 1) ]

ae(Lan, Le, M, F, A, E, Lab, R, Y, C, S, N)

& (15) o, LTFP, " RETHRAT B RE « ETFRIMK, K2
BOE L HHTC . Gong (2020) RIEIK A H 2 A =R A IIFE THA
T SRR, A SOk 2T % A 7 3R i 28 55— A/ A
(EP AR BN ) . HE % Fire %5 (1994) IOBFSTH A 72 SR B K A0 e A
A (TP) FECFEARTE (EC) D

EC:™ = > EC;
ael Lan, Le, M, F, A, E, Lab, R, Y, C, S, N ) ( 16 )
= > [CIE, (t) - CIE® (1 + 1) ]
ae(Lan, Le, M, F, A, E, Lab, R, Y, C, S, N)
TPy = > (e
ae(Lan, Le, M, F, A, E, Lab, R, Y, C, S, N) ( 17 )
= :E] (TG, () — TG (¢ + 1) ]

ae(Lan, Le, M, F, A, E, Lab, R, Y, C,S,N)

f, EC, RITP 3 IRERBA T B AR o WMRCRIETH I A A
FHITTER, HABSHOE LRIRTSC, 7R EERD b, ASCRT IR 5™
AR EE AN FIRGE (ECELTP) MAFHE K IAPRTTER, A B T2t 4
LIS A P S 1F e Q| A2 SER LS N U S Sy Sr Y s

O FRAHT R IR T Z (WA ZEAFAR A S R LSRR, AN R AT T LU RR 42
Th, MR GET NS — LR SR BRI . i TREITER, A SOFRTEAEZEOR A
BTSN ABIRALE], GIUNBOR SRR . T SRANRI G 14 S e A A A
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= HAEERIRE

AR ORI FH A BR 32 B4 K 2000~2014 4F AP i B g, XAl ]
SRR PR TSRS . S, FERFST I BERE (1 43 TR A
WA B SRR 5 BRI LK (2014 4F, 43 B RA0LAE = (i
5 ABRIN67.2%, WRAHCR: 5 AERIN82%) V. A SeH IR T TR LR
AZEZE (Gong, 2020): A (F,, HIAM), fLIHE (R, T3
Jt), tHL (Lan,, A AWRAEAREYSE), 553171 (Lab,, BHN), Hl
WM, ATERAEHALE), FHEA (Le,, ATTRA), Skl
(A, THZMcal fRIgHAED) . 4h, ASCEEHA = (Y, T%ET, L
2004~2006 4FHAAEMAR) VR . FIRBA A8 i R R
TR AL FIL (USDA-ERS) @,

B OXF i, PERH Y EURERERE | JER A
Yy, HAXS BRI @578 1 ARSI 16~65 2 5 QMUK AT
SRR AR . L. WCEIRL . BORIAL . BEAHL . KR BT
@R 1 2004~2006 4F- A= BRS04 7= S A& T AR R sl A = Bl IF
DA SE 7 A SE e iAol Az 76

BRAEGERIAO A AR RSN, AR SRS R IR 5 B R AL THE
B, ARSI R AR 43 4 R EA TR YR R RE TR . SRS
G HETL 04T BE R M Eora 248 FEAKHX (Eora Y — A2 501K 437 26 41>+
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4 Eora #8942 Bk MRIO A4 5

Mcal IR, BIRERLTHFELLAL

H b, FEEARER-ERS (https: //www.ers.usda.gov/) 2L T 7 189 1~ EFK 1961~2016
AR EE  (Kanemoto %5, 2016), {H Bora {42 140 £ 43 4~ £ B 2 Jr (& LU & ROW
(Rest of the World) #8535 IERIEE 10 5e BRI AR , ASSCR AR & B At 2000~
2014 455

@ HAHMWMX (ROW) L& THRZTHE, BT ROW ML, ASCHIE T

CRECHGC)
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T, IR R TS ok, EA L hitps: /iwww.worldmrio.com) ©, Jf:
BT Eora 04 FE ) 2R MRIO RAGF AV R SRR RPN a2l
G PRI B, SR S0 28 201448, A R0 2R = R AR IR 2
T2 T FIRATHRLRM A AR RS THRAE (FE 8 ML 14
WP A 3N R ) . 2000~2014 AR B IC M B R, 43 D F8A
TARBY AL 3BT 1248 FH 3798. 7942 Wi BE IR A 5k (BRifid) . 3305.7 T4
i 44, 1469.5 5 #5781, 3814443 T0LMEE . 734.6012 Mcal 1R
REVE SRR (Mcal 19 W] AR REMR S kL)« 76.8 7 S HLME (A& Az
HL) . 3009 T3 AMIERE, 2831.4 7 KA HUFA, 774 T 367.5012 3 TThA
A B A, R FRTTAE TG B 77 AR T 24.095 Giga kg CO, /23 |
97.051 Giga g SO, /7 F198.266 Giga g NOx L@,

Fz2 2000~2014 FELBRAIN EELEFAHLRAM I TN/ HEZERHE IR ES T

A 5 Hf ¥ bafE BOKE RME
REVERIFH A2 32 E Tz 379.879 1138.268 20015.710  0.654
+Hh Lan HITA 33.057  71.716 316.316 0.011
58y Lab EWIPN 14.695  57.446 362.496 0.002
203 R 4235t 3.814 6.887 45.564 0.006
kL A +42 Mcal R i5HRE 73460 147310  1058.880  0.344
MUK M BT AR 0.768 1.561 11.660 0.000
ek F HAAM 3.009 7.702 48.920 0.000
FHBEA Le Bk 28314  66.698  304.104 0.035

@ RHREUIF LI WIOD, OECD JF & [ ICIO, ADB JT % (1 MRIO 54 i & A 55, {H 2
Eora $UH8 FE T AF 4 AR SO RETRANTS Y HE RN IS TR T 75 R 5 I 1 B R . it ol
LRMEL, MRITTA M.

@ ASCRHABERFI . SO E mHE RRE BRI CHE HET DS,
P e SR AR A LA ST, 10 8 2 SR A — OB e 4 A A R 45
HRMEZET AR, BOFHFRAMNED, SHRUTAT,

® Giga WERHNL, 1 Giga=10"kgo
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gx
A = Hf PiE  WefEE BKE BR/ME
P AR
Al 2= Y AR E T 36.750 85420  595.170 0.073
CO, il C Giga kg 24.095  51.352 395211 0.090
SO, il S Gigag 97.051  208.886  1862.598  1.624
NOx f& i N Gigag 98266  210.630 1943.828 1812

. FHER T 2000~20144F 434 FELFHARBIRGHRE, AN 6451,
PRI . Fora R FEMIEBRMRIO K, FEELIB-ERS,

W SEHE AT

ARSOR R I RAZ I SLAR P R HESL N T 42 Bk 43 > ER A TR A
FERTT, A R I 25T K 2R TRk IR 5 (e ARl S g I
A RORAESE T ARl

(—) RUFEEF=THE

RIS (9) ~ (11) MERZR, ARSCHHE (8) #Y BAMBIRIG S ke
AR AR SR A 7 JCRCRAE, JFAMIAIE (12a) I (12b) 054
AR TERR I3 ik 2 AT AL R T R =R, BRI ARk
SO E S EMRIE A S ICRCRE . R0, R =l TR, O
VLB B T A 7 AR BT AL, AN T EE BT A AR A BT RE DA A
e “Wim” 5 SERT. i, AR (13a) s (13b) AERS
B L3R = AR TCRCRE I i AR — i, SCBUR G AO AR  TeAR
KRR B HEE L

XFTHEE, BAFENAL SO SR 240 T = /i,
BORME N 08 4ZIE T 00 ME N aBOKRE . N ok MfE. KA,
K. DR ES R AR R, Al S A R RCR B Y
Ji PR T R R A Ml i E A AR AT ARl W] R £ T TR R ) B i R
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(RAEEE, 2023), BAKWE, —Hm, S EL A LGRS
T L S5E . RO GRS TR A TS Y A A 2 4
TABIAAXT M o 53— T, o E UM B E AR AT RS R R, i
S BE T 2021 FE KA (I HESELOL AR AT IR B &
FEVTLRA R IR AR A AR A Y EZEH R br . Aok,
] OO L A 2 R R T R R T, Ak A A R, PMIEOK R S
FRIRMR IR s [RIE, #E PR Ae OREI R, SRR K £ BRI, tsh,
AW TE AR B A S A AR, R DR e el T RS R R
P E IS Sy, (EE R, 201148, 2014 4Eth E 4 g4k 72
TRMRERIRYE, FESE&EEEW, nTaERY I & MLk
B (TERCRAEH 0.06) LA K AR 7= i i) [ B 5 4 S 20 465 v B Al 2 J s o
T —EREMNE (Huang 5%, 2007; Bureau4$, 2019). M, ZAHXK
2 5 RN X A7 i B I PR SE S, A 25 T P R AR AR B 7 B 1 X 38
fiJmy, fEm AR, B . L AR GR  (Besik
45, 2023),

K2 7R T 2000~2014 45 4Bk 43 4> B2 BRI TCRCRAE I F- 1 — 4
B EEAHE . B 2FTAL, 2000~2014 4F TCRCE M R “WERE” 434 .
BARNE, Al A= TRCHER EER 0T (0, 0.2) FhE, WIgktT
(0.4, 0.6), X153 E AR A 7= 1) TCRCRAE 7 i 38 AL (Chambers F1
Pieralli, 2020). BCAERUGEREIGL, RIHE A — BT R R 448 vy R vy 40
ZUARMER G MATHIRERE, 51910 — BB SHEARRCE
BRI A DA REERE . (T RIERFN Ok SO AR AR BTH Y
TS Ty, FMIERS T 25 ERNRBeRH R, HEEENE, RARTICR
HARTF 0.6 AT IRBUR G, (HIFABERE A SERVE B NI A
RORMN AR, TR AT S B Z X . i T 369055 & 289
(LN 8

AR ZERE SR, SRTEE (2000~20074F) MItL, b FREARM G B
(2008~20144F) HYTCRCRAETE W TE X A I 0 o0 o, TRERON T R 3%, 3X
BEWERZ4TARN R A = FORE ARG B B2E TRORAY . B,
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FI2FH, kRl AE = TCRCR I /AT R LA T st dh, —, TCRCRE
XSS 5 A 320 T Ry B0 oA, IR G2 T PR JCRICR X ] (0.4, 0.6) [ 03K
FIX[E (0, 02) B3, R MRACEM@SHAcESEE . F =, SRR
RORIEE R W2 m, U TCRCRE 22 B W 4i /o 5=, 73 /KIGmifi
MY B PR AE ] ., 2007 4EFDBUEHE 0 A B 1B 32, T 2008 4 5 S 5
BORTIH A PRI

(e} —_ (S} w B w =)

r't

N

2015

20104 0.8
06 . Waﬁ-&a
20054 04 x

0.2
20004 0

B2 RUTHEENEB=HZZE
PRI . Eora BRI SERMRIO £, JEERF-ERS,

ARG B R TR R . DR AR I X R T S R R R
(R&D) KB AR . BIRA B EF A A RRD BEA S s £ T Hufz, 2
AR L A I S AR B0 A J o [ S R AR M R&D $ AT R38R A 28 v T
DRIBER, F— R A R BT R THNE ) G LL5E,
2016) . QAR AR SHFECRI L . REHCRIE FEZ OS2
ERAE N 11 1 o 27 N A R 7 R | R o S & L B TR NS
AR T B R A A R RE S ) (BRIRAE, 2022) 0 @aRkKl
SERHERY A BRI U T AL 5 Tk AL, s S Tl AR 3%
WA ZEAFE Y, AR, SR SCBUENR . Ak, R A A,
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SRR E 2 W, IR B AR = SO R R B i — 2R
F& (Hussein, 2016).

SAMIXT R, WANGETHR (P S SRRV ) TR
AN EEETERCREMR T (8% T) FIE (SRR E & T
{H), R PHAREEGE FARO A P2 ATV T, ARISHAT HL DR AR & e A
WEAR I Z RIS R . e & T, TUE E8Aa WA R B, Bk
S E S B RF & A, P E B VE R (JCRCRAE S5 0.001 F
0.008) AR G = {E A XTI o LU R ZE T K T RS AR ORI R R, ZE
SRS AR R A ) ARl S 0 2 A5 AR o KB TR] (435124 0.010 £110.008)
WALHEE FAON A= B I, AN EASR PR R R, EIR
A= BEARXT N, FE A3 AR A BIHER S AL LRSS 4206 . FEHT I
W R FORATE . SRS SRR AR T L Bl . A AR
WAl (e, B EARERIE . IR B E R KRR S 7L 454
PRI S

T EAE IS, AT SO BRI T LU, I RBRERAL
AR Y ELAR TR o O T RIS N [R] AR S A e () 48 B ORI, B 34 T
FERN AR B TORCR A ML AR BRAll o™ AR RSN, HoAl
TN AR SRR RS BN kA, SR IR B B Ry B A8 45 A 3 7
Ay AP HE AR B AERREE , T AR FE A ) Al TR 8 TR . Bk
b B A HA AR 5 SR TR A R AR 2, Hh, 7E
2007~2009 4F-#12012~2014 4, JL-F i A mAR 2 T IBCRME N, 1M
2002~2003 4F- 1 2005~2007 40 1 B T TERCRME _F T, 78 2Bk 4 Rl fE 11
], FELEFR LA = ROR T BT, R B B A B 4wl XU
DA

(Z) RUFGEEERLEFER

RAEA (15), 7EMALHRIM PT A5 5 HUBR B A A8 (T4 T, 0 AR 4
9P R R ) 68 D 2l e, VT A AR P R i B A

@ Ul TR A AR T i SR . MU T AR . U
HRPH T AL () T . ISR T AL AL IR

289



MESTLE 2024 F5 48 (K5 12 #)

() (Gr)
SI0c 010 S00C  000T ¢TI0z 010 S00T  000T
T T T 90 T T T 30
<1070 <4100
Jz00 1200
£0°0 Jc00
; dv00 ; dvoo
T ON W 0s
() O () OH
SI0T 010 00T 000T S10T 010 S00T  000T
_ _ _ 10 Rt 2 v = aprvrory L
<4100 4100
5 200 1200
deoo leoo
47070 4700
() W (Gpdy)  VHRERT
S10c 010 S00T  000T S0z 010 S00T  000T
T T T 30 T T T 730
vnqAq4WA¢AVA¢A¢A»A»A»A¢AVA¢AJm 100 J100
206 §$Tx 200
Je00 dc00
dv00 dvoo

AP

(e

SHA-BANEIZE 2 OTHIN YD L g w0 ilafeisk 2
ERANERERYEE R A/ L FMA

9]

({fdy)
§10T

010T
T

4200
4¢0°0

S00T 000¢
T q(0

100

. —170°0
[nsraelox
(Gy) EH
S10T 010¢T €00¢ 000T
T T T O
f$®¢¢$f&f®$¢$& 100
—420°0
—4€0°0
4700
(Udy)  DHEATED
S10T 010¢T 00T 000T
T T T 90
<1100
-200
9¢€0°0
700
T I8 a

()
S10T 010C S00T 000T
T T T 0
410
v»vnV«VA¢4»¢¢A¢«V¢WAV»V«V¢W¢% 70
4€0
440
[y
()
S10T 0102 S00T 000T
T 0
4100
4200
€00
41070
@
gy MEIF
S10T 0102 S00T 000T
T T T = O
4100
v»¢A¢AVA¢A»¢¢»«A»¢WA»»V«V»wpx 0
4€00
4100
9
(Gdy) Pl
S10T 0102 S00T 000T
T T T 90
4100
xJA¢m¢m¢m¢AWA¢mw«»Av»v«v»w¢w w00
€00
44070
frteiee

l# https://www.cnki.net

290

N



R GHEHKEE: 2T 5 KABN HEA oy ki

fbo TEAESEAERN, FSTRCRME S SRR AT RWE O ME; A
TS, WA TCRORE I ] B — BB (), T TFP B X 25 1 i 45
(S o UM TR S A= R ], FERCRRRMFET, Biksa
BARBZFA 1 BAAL 37 1307 GDP, QRS2 B R Al T 1 87 1
FESS LAF 77 1 0.5 B0 GDP, R4 MA4F - M TCRCR R 0.5, TAE e+ 14,
RICRCRIRSLAEFFAE 0.5, WAE=FA N0, RIFIH T 2R3 FES
TEARTERE A I N I Al 42 BE 30 A 7 e 4 M L JRAR B 1 B )™ il
g5

FEREAIAN, hERREAOl 2B R A = R B AR N -3.111%, HF%E
R R 2011 4F J 2014 4E S (A 77 TERCRAERE KT F B TFP TR AR IR
OYFRAATE, HECRIETHE GBAERN) HIEmME ARG (FFm&sh)
T, XFRHSHAMZFAM L, g 2000~20144EAARKSS S, o ERGE
HEE A [ G A P v T HL 22 FE i /), R T TR AR P 2 R A )
BRI, EAFHE AR BUEAR AR, 5 et — B sk . V5SS R
CSIAROYART SERE, Bl A B R A AR AR A LERE A N S AL
IR IR, T HA A R TR A R, R S 5 S
M5 G HE RO DG Y AR i, X R A MU AL 3 24 ) Tz Al 4>
TR ORI RS, fEARk — BRI, R R EE DL
VI R Bl ] R AR ARl T HRE S R R TR AR K AT RS, R0l SO,
NO, T RGN (539 9-0.595% F1-0.592%) . L7524
W, ARSCH R SR T3 2014 47, HFRRE R B e I AF R i Al AT R &
JRARDL

MR R, TEREARIN, 2ER43DEFFIRE T R 77 R K Ny

©  FRFRE, ACRIREGITEEZYECHM TP, FERAIIN, ThE AR 2T R A RHY
KEFAREE ECHlE, T TPHITTRE DN SEERIEC AT, (H TPEIIREIR.

@ WEIEN, BAAHLESNEREAYING TP R0, (525 FRoReE P E AR A N i
i1 TP 5 HAMZ T AR o
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segmentation is common in China and has had a significant impact on its
economic development, the distortion caused by market segmentation is not yet
significant enough to make domestic trade more difficult to conduct than
international trade. The spatial gravity model also shows that with the
development of the economy, the trade cost of China’ s domestic trade has
significantly decreased compared to China’ s international trade, indicating that
China’s domestic trade has achieved relatively greater development from 2003 to
2009. In recent years, China has continuously strengthened the construction of
domestic circulation and a unified national market, built a large number of high-
speed railways to promote the flow of personnel and other factors, and carried
out extensive business environment construction. Therefore, there should be a
greater relative reduction in domestic trade costs. We should have more
confidence in the current smooth domestic circulation and vigorous development
of domestic trade.

Keywords: Domestic Trade; Dual Circulation; Gravity Model; Productivity
Paradox
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Summary: Clarifying the source of agricultural growth is the premise and
foundation of exploring the sustainable development of agriculture. The classic

“all-in-one” indicator TFP in the black box is opened in this article by
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decomposing it into technology and efficiency components in terms of input/
output variables, using growth accounting techniques. The focus of this article is
on identifying various pathways through which technology and efficiency affect
TFP and figuring out the most effective channel to boost productivity, which is
hard to systemically recognize previously. The corresponding empirical
approximation to the agricultural production frontier is constructed using selected
country-level data while bounded-adjusted linear programming techniques are
used to decompose observed country-level agricultural TFP growth into two
components in terms of input/output variables: technology and efficiency.
Notably, the resource and environment factors (footprints) are also considered as
input/output variables estimated using the multi-region input-output model. Also,
the ideas of wvalue of environmental resources and externality theory are
embodied in the framework. During the sample period across 2000-2014, it is
found that leading country group has strongest agricultural productivity growth
and global agricultural productivity progressed over time. Besides, the most
effective way to boost world agricultural productivity is to promote the
performance of technology associated with agricultural energy use and efficiency
related to agricultural land.

The productivity growth patterns and its two sources (technology and efficiency),
as well as the components of individual variable exhibit measurable gaps, both
from regional and temporal perspectives. Indeed, according to our classification,
countries clustered into leading one (i.e., Developed, High-income, Urbanized
group) are possessed with strongest historical productivity gains across the
sample period. On the contrary, countries clustered into lagging one (i.e., Less
developed, Lower middle-income and Agriculture-based group) exhibited the
weakest productivity growth. Notably, different sources are quantitatively
measured. Taking 43 economies across the sample period, both the technology
and efficiency contribute to the productivity growth, whereas the effect of
efficiency is more significant. In particular, the performance of technology
associated with agricultural energy use and efficiency related to agricultural land
is prominent. In terms of development level, varied growth patterns of
productivity in developed and developing countries are exhibited. Technological

progress of agricultural energy use in developed countries promotes most to their
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productivity progress, whereas efficiency progress of agricultural land exhibited
prominent effects on developing economies. Such analysis can also be applied to
other country groups in order to find out the most effective pathways to boost
agricultural economy. Temporally, the whole sample period is divided into three
sub-periods. Obviously, the agricultural productivity exhibited growing trends
over time. Specifically, in the earliest period efficiency promoted productivity
whereas the contribution of technology is negative. In the middle period,
productivity growth mainly relies on positive efficiency while converse effect of
technology impedes the productivity growth. In terms of the latest period, both
the technology and efficiency have ameliorated positively to promote the
productivity growth.

Keywords: Green Growth Accounting; TFP; Multi-region Input-output
Model; Energy and Environmental Footprints

JEL Classification: D24; Q10

327



