FAF AT 1 AT http://www.sinoss.net

g ERFEERATUER

5
(At RS IHERF R, Adakd, 410082)

& MALRAER A WAE, 2FHEAARNE L, G&. THEEARRAT “—HF—87 ZHX
s, AmBERAERET “—ifr—R” FROARRZLAEHF SR, WNE “—F—R" BROZER
BERFANKGER, AL BAEZRELZF 4754 (GTFP) A HEHEXEKRTF, F&R
SBM—DEA A sf«—# — 375 % 30 AN E K 2006-2016 58945 & o5& 4 F FRFHFMNE, RE3T4E B
Aty GML 5K 0B RIRANGZEREONES ). AREREP: $—, 20062016 F1, “—ir—
87L& B R GTFP K-F#4RF 2 TRA, 5B KL GTFP K-F132 THERIEK, F=, Hé&sb 254
PR HRET, BRZESHA1.91%. 1.49%. 0.68%09:% FHK, HRA# T RRIEZFAREAETNE
25 F=, 20072012 5, “—i—7E & E K6y GTFP F¥3¥ K £ 1.26%, @ 2013-2016 5, GTFP
KF-FHIEK 2.87%, “—ar—5%" BB ZRAL,

RggiE: “—wm—57 A, HEsbRFAESE, HR#ES, SBMEAR

TESAFT: F2 LARARIRD: A

1.5|5

2013 4F, o [ E S 3 SR e — i — BB (BUR DR, c—r—B%
BERERE, PES—W B ERESEH M., JliE (PEC— B R SRER
JEHR T 2020) 7R, 2013-2019 4, H[H 5«—a — RV 2R [ K I SR Zpadt B O R A &2 1.34
Jife 36, HE A — T — B R B AR S AR B B BHIA 11731 143600, 4FY
WK 4.4%02), <—a— BRI (Rl RS T IRPUE R R B . IR B SRR T AR
o E B AR A B IS R S IR . N 2015 I (HESIIL 2 90 2 A BT A 21
tedify b 22 92 BRI 517300 2 2020 4E1 (R EBL S IUm IR S AR, HEE
S5 B A A R SR B A BN < — A — B, BT s e — W — B R E R
Jit

SR, A AERAAEARER WS R, R IR A G Sk, BERe—a— K
JRERI U ANT L. AND2EF Y e — B2 b B R [ N 75 Yo Fk 077 fe & 42
SRR ) R B HE TS 2 B 11 RN B 18 it 8 e U I B AN B 5, AR Tk S iR DL S
HEMSERE, W ER, i — B E K HE L SRR 28%, #F
P K JER I R AR, Z LB LE 2050 SEHE & 66%5). EMTS SN, ffme—i—1>
Z 5 E etk FEAE DL, T YA I6 A [ S AR, %o A a7 ] B 5 5, 3 — AP e —
W B EEE .

BT, ACH RS EOSERAERIEE (GTFP), HUME W IHLE X
MLkt R K, JFigH MAXDEA /@it 3 M B3R A 1) SBM. R B0l 5 4t A R AR
FERIEH. BRHRTOMN4ARSH GML 85, T — B iR X L5 R B NAE
1.

2. 3CHRERIR
G ATEE R (GTFP) MIMESRIEAEREF% (TFP) 25 REREN . 258
BRI LB ARG IIME NN, GDP ENFEH, ERRFHESEHRANEE, &



FAF AT 1 AT http://www.sinoss.net

W ZG KR . (HE AR AE AR DL R R T REIHEE S N, SRR
W& 22 551G B BT IR PN R 2, AT 1S B 1 TFP ASBE S Bt AR A 20 3R T B B S 42 5%
G Ak, TEfESE TFP B8l 25 B8 DURCHE O AE A EE = [ 28 64 TFP IRES 32
R T REA T AT R K0, Spth B Z AR PR LA 8 )1, TR L REIRAE R
BN, ¥ GDP AE NI, S A PR E AR A 1 8 25 K R i &= 14
Fro

OB RE RN A B AR — ML (SFA), H—Fh
R L T (DEA). SFA & —FhSH0 75, 20 4 By i 0 B A T2 X, DEA
TNEANTE B8 BRI A r= R BOE A, 1 H o DL EE 2 80 AR 2 7= H n) /L, FF R A2 7= 2 ik
1T, BRI Z 8] 7 BBk, O 3 BRI SR A B R A P2 R A T k.

im0 45 5 M 771 (DEADFE SR (0 A B AR P2 2 ) | ()2 FHAS 21 7 ASBrib & e i 5 35 .
Pittman (1983) UM% Ju i 72 B E1.45 73 B 19 75 v 7R 25 FE AR B R 7= i Sk il B A R B 3 AR ™
#, Chung %% (1997) BIF1 Chambers 2 (1996) UM EERE Eit— 563, 2T —FHm
J7 1A) M4 #E 25 PR L (directional distance function, DDF), K HASE = Hi {3 sk AN E 22 7= H AU
Y[R I N B E PR B HTHELE R . 4R1, DDF 2 AR RE . AR DEA 15/, Hik
FAERNL EB WA R, TFRESGRSHIRIR. N TGN T2, &Pt ) 772
AW g HeFFashil B 1) DDF UL JE42 A0 B () DDF #$2 Hi 10121, Fukuyama #11 Weber

(2009) [BIL)J% Fare 55 (2010) U4SFE b AEAl B4R HY 1 — 0 45 T st A8 52 10 O ) kB 2
P4 (SBM-DDF), BEffuR 11545 DEA B8 BUR S e HERUE R NS A G 3, U
' DDF {EAFLE R G BTN HAA ST I R, BN T 4 & GTFP &kt 7.
HJER, TREFEFVAWRXS 7T 0, @i $E B AR W 7 M PR 25 R %k (Non-radial
Directional Distance Function, &#% NDDF), o135 2= H A0 HE HH 2E 7= HH 38 ok bl 49 AS [
TSI F BE R 2, i AE DASE R} 22 I R A ST 4 0 A4 B 3 AR P2 R R AT,

TEXT GTFP #HATHRAS AT RIS, & K22 FATHXT GTFP 3BT TIRE M 4.
Chung % (1997) B T — 0 a] DL B A7 7 9 31 28 7 i 19 2F 77 22 45 2 —Malmquist
Luenberger (ML) 54, %8 %00T DAE R4 AR 7 ) Rl 42 R A EE = H o (H2 T ML
FRHOR Ge AT AB AR ) Az P2 RO (W R AR Bl 20 M, TEI2 MR AR = ORI G K& 34, i L
HA IR A T7 1A R S RS B 3 B AR TG v AT A, DRI HTVE Y ML 8 SR SR AR A T
AT FAR I ) R O17Y 4 Jy A = 0T e MR SR 2 P AL 1 B SR A o MIL 48 5508 7 75 5y ANAFAE 2R
RIFHEZ B E IR 8, JEH I T GML F8%406181, S TR N 534 GTFP KA, H
¥ GTEP [F3EK 7 i AR AR AR A, DUESRIR N T f# GTFP [3K3)[F &K . Zhou
& (2019) PO A = 2RI HU il AR RO AR, SR ARBED, IR AR AN AR IR AR AL,
DLHIRN T gt A B R AR P2 R (AR 3

IEAESR, XA R 2 2, DEA FERAAER] THEMAASTH . F%&E 2K H
— B DEA F1 ML $i5 H0xf o [ 1] 36 b i A 7= 22 g AT SRR AR R e AR 2 J7 1, 26T SBM
7 1) P B R A1) GML 48 BURE 05 A S0 BEAR [n) VA B 100 A8, 70 A 7= i v Sl 4 R AR AU
DRI T 0 SR 2 AT 1 AH A e SR B GTFPI22 241,

3HFF TS HE Ui A
3.1 AR F .
3.1.1 SBM-DEA £ th 4> B30 Az = 3l B A A ) 1

SO ATRAE R RE TR TG I Ta s, AetE R GER RS, HATK
Z R0 SR P B .45 73 i (DEAD SRINE SR AT A 725, LR T A =5 4y
Mrids, SRR H R, DA 28R 0 A 7= B et A P BTy T, oAb AR = BT
SR 2 B BE B R AR ROR . Ak, AFEZEE R BRI E G E S . BEE—

_-



FAF AT 1 AT http://www.sinoss.net

—EE KRR R T E S, R B SRR AR, AT IE R A AT . RIS
JEAT A S AR I KA 5t A B A BTV AR T DSR4 5 SE B AR P 15 0, A S A AR AR
[ A A LA 5t 7 1ea P 2 R B E @Z?&%ﬁ#%‘?* HARBRLUN Fror.

)i 5! j
SV(xtk ytk btk g g g)_max nlg M+1(mzlgm 21 tb
’ ’ 2 3.

I K

x __ Lt .
s.t. ZZ X, + S, =Xp,,Vn;
t=1 k=1

K
tot ¢ .

szyk =Sy = Vw5

T k=t

i

t

M‘\]

_Mw

ty.t b _ gt ..
b, +s’ =b,,,Vi;

K
ZZ,’( =1,z, 20,Vk;s >0,Vn;s’ >0,Ym;s’ >0,V
k=1

%,y bt R E, OB AR (g7, g7, g") on i
NIRRT LSRR S22 LD O R A TE R T L, (s, 7) R B AR
RS T ARSI AR AT A RRE S, 24 s, s ) SR T 0
BRI SRS RA TR MBS HAAF AR 07t B
(3,535 FORBONERERE R« 15 e BEHE TR A9 7 th 2 7 A R M

3.1.2 GML 85050 il 7 vkt e

ZRt0 A B A AR A B R Tl — B KRR A BT KR DL, ARERELAS A
5 b8, SHEMT —EEIE2 . RAJUTFEE AR ML FE 8005 1 1 2r 4 234k
FERABANE Rt RAEIEAT AR AR A AR AR AR B A, TR A R
KIS, T H PR E 7 R S R R ) S BRI T AT /. GML 5 2%
TR AP ERERE Y, BEA R0k G 2 MR TC AR ISR I, RIS, SRR 48 A 7 i i i
G VAR F N RAZ I T RETE . i i, nT DL S BOR BB BLR WL mT REdE, AT
ot e 1A AR iR, IR A — R ek

AR A RA AR (GML) WE SO E R R IBUNE S Z, N T
WA, E—%% GML #8807 i GTC (FARD) F1 GEC (FARBEH) kK T f#1e
B RAAL NS 1, BRI .

G t
GMLH] _ 1+GS ()f sV s lb :% 7g 8 ) _GECt+1 .GTCHI (32)
1+S (xt+ ’yt+ bt+ ’g ,g ’g )

GEct+l — liig;(xtvytﬁbt;gxagyngb)
! 1+Slt/+l(xt+1,yt+l’bt+1;gx’gy,gb)

(3.3
GT t+1 {|:1+SG(X ,yt’bt;gx’gy’gb)}/|:1+S—It/(xt’yt,bt;gx,gy’gb)i|}

/{|:1+S’/G(xt+l 1+1 bt+l gx g ):|/|:1+Slt/+1(xt+1 t+1 bt+1 gx g g ):|} (34)

e, SO,y bet g, g ) SO (x, v b et g, ") IR EIET AR e
JEE W B 7 VARG 2 1) 2 HA AN 448 SBM J7 [ BE S pRi 4. GML, GEC, GTC 4 MR gk to 4 %
FE PR K IEH, HARPCR AR . GML #8518 t+1 BMEN T ¢ WA s, #2%



FAF AT 1 AT http://www.sinoss.net

FRBORT 1, WARE GTFP L T #E /N T 1, WARER GTFP HBLT FREESET 1, AR
# GTFP &b FRERA, HARM DA YRR,
3.2 BEAIE R 5 B9 R IR UL A
MRYEEE T80, AR SCERE—H —BOI 2R 30 AN EZAE BT FOREA,  BF 70 [R]85
N 2006-2016 4, FEA E SO G — BROUSZR A DX I, FEASIN [A) O L — B R IR
MEMENEH G, B REA —EMRERE . BAARFEARE KWL 3.1 fix.
31— RREAE R E

HiIX EIE

ARAEE & W

RF L B, ENEEJEVE, HoRVENE, ZRE, #E, FEEE

[F2RIA ENRE, ELEEMH, R, #nhrlE

PEIEALAE THE, D@, mEk, FE, QA

HARRR B, BIJEN, v, RPN, $Ev, wFAl, PR, Hrigtk
W, WP, BT, 53, ERZIL

HIE MEBETTIE, R M

T RAESH R E A —

ASCRTHEA (3. MEFEAERWSGOSERET R, ENEPERES, BMEK
YEN—AN M sk BT, BA55 3 7], BEARMBEIERAME AN &, L GDP FlaxHE N &
3 AE N BAEE = AT AR BAEE 7= 1

PNFEFR T, AW TT T 55 30 13N S BT ARl N B E R B 4R Aw, AR T 57

RATI BN B AR AN B EETH T A . AR NS Sk S A AF =R N B R A,
K H Peen World Table 9.1 (fflEZFR) M8 AL & . BRI NEHE K B 32 EH e B &
(BIA), HEHRWIZ—IKEERHE R (FIREHO fENEREIRR. P~ HiEdsT, GDP il k
E Peen World Table (filE3R), EESZFr GDP {E N Efatr, kHFRCEEE K B 32 EH 8 IR
HEE (EIA), EH CO2 HlEmIE N E Efibr. GDP MHCIRFR A — ik 2011 AR 3£
JGo BARFNF=HEIER WK 3.2,

# 32 AR
A P li8i=gan XA ¥ S
Input FAHN R AL M~ RS
A NN AN /A H%ETT PWT9.1
BRI I — kBRI T /IR e EIA
Desirable Output GDP S2fr GDP UEWIE VN PWT9.1
Undesirable Output TRHFCE CO2 AEWAPNL EIA
4. LUEER S5 5T

4.1—H—BPREERAEBEREFTFKPNE

ASCHETFAEZ AR M B SBM 7 1) 1 B 25 pR E00 B T — A — BV 2R 30 N E R M
2006 £ 2016 FRILR AR LR AR (GTFP). 4R IE 4.1, * 4.1

HHEE 4.1 A7%0, GTFP HUEA 0-1, EEBOC U0 ST AR P2 JivE, SR R EKP Bk
IR, 2006 4 B4 T2 GTFP N 0.6938, 2016 ik %] T 0.8224, H:rh 2006 451 2012
ER A K, FREB KRR 1.0023%, 2008 FA1 2009 4 GTFP 3 FEi#,



FABRBALIL &N FEET http://www.sinoss.net

2013 3 2016 FFE2Z L FFHER, FIFEHKEN 2.8430%.

X ULEIX 11 4 (8], BRI, i — B E K1) GTFP 45 2] 7 I & MK, B 2006
EF| 2016 (A, i — B ERMAEFRERERSD T HIE, EEIKLFRENFEE,
T TR HE PR A R A (0 N B . 2008 4F F 2009 4E T M AR IR AR
TR B B AR IKP AN, A5 AT RE A TR N 32 A BR R E LI SE IR, S5 KB /KF-52 2 1 520,
MTIEZM | AR GTFP. 2006 -2 2012 SE K F L 2013 £ 2] 2016 F G R A HK
2R, Ja—BRBE K RAKFE T RENRE. XaEmE, w8 EE, B
B (8] (122 AN B3 R aE T — B OV R R WA DA, AR, w5 R BRHE SO 78
SREVEEE, PR EARI GTFP KRB I TG

0.85 6.00%

5.00%
0.8 4.00%

3.00%
0.75

2.00%

1.00%
.

0.00%
065 -1.00%

-2.00%
0.6 -3.00%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
B GTFP [ P 4 B

Bl 4.1 “—H B TR 30 NE KR GTFP JKAFEIE KR

4.1 7 A, MWEAERGE 2B KA R IE G KE, 2013 457, 30 MEEK
HRARREA B PR ETE (RE GTFP A 1D MEZKAER D, {CF 5 MEZK, 2013 2] 2016 4,
EBVEFERIVS I E X B2, 2016 &, A BAE PRIV E NS 13 4. JUH AR,
dndrE . EEHE R, By, e e, S SEE ST T GTFP fyEcKIE
K, WEAKPIER] T AR, HALKZHE FK WL 7 GTFP 3G, JLHJZ 2013 4ELL
J&, GTFP ¥KUIE, BONZMMA ERYIE, B wihns . SinfE . Yrigikrs JLaE,
DEEZK I GTFP KA RN TR, Bl .

XU, MEEANEK P GTFP SKAEWE L, i —B BN 5, ARZEE
SEIL T GTFP Mgk K, “—ar— BB TIEERNEFmlERE. “—ii—
FEOHEAT LSRR, DAS KRG UFE A ISR A 1E, (RHE T XSRS i i (1 5 38, Il 7 W2k
- E EAZR S 5 AT B0 R g B RS IE TR . MRS OONE, TR v T R R ek
PR TRER N, #HEIER] T M A THESINITRE . i, i — B E R Tk E
FWMAEGFF R ERIE. O BERRRNER KT RO RE R ER, S5 R ERER N
AR

41— — B 30 NMEZXK GTFP K

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Ffhifeiz e dEAE  1.00 1.00 1.00 099 1.00 093 090 090 091 096 1.00
AU YENIA 1.00 1.00 094 1.00 1.00 1.00 0.93 095 1.00 1.00 1.00




FAF AT 1 AT http://www.sinoss.net

B 2 74 073 072 076 078 076 084 0.83 0.94 095 098 1.00
LRAnF I 0.56 0.57 0.56 0.57 0.58 0.57 058 060 058 058 0.62
W= 069 071 071 073 077 086 0.87 0.89 093 098 1.00
2 W 0.71 0.84 090 083 083 087 093 099 1.00 095 0.96
R 0.65 072 074 078 084 086 1.00 093 1.00 1.00 1.00
ME B v i iH 049 0.50 049 051 052 056 0.59 0.76 1.00 0.88 0.76
RS ! 1.00 1.00 1.00 089 1.00 093 0.80 1.00 0.95 1.00 1.00
T A E 046 048 049 048 048 049 049 049 0.51 054 0.54
i B b 0.67 073 071 067 068 070 0.70 0.72 0.74 0.76 0.78
iz Jid 24 7. 0.62 0.67 0.67 059 055 063 0.65 0.67 070 0.71 0.71
DAL 0.67 073 073 067 070 073 0.75 0.78 0.83 0.84 085
% JE 0.58 0.63 069 068 064 064 0.65 0.72 0.75 0.79 0.85
= LRI 0.59 061 062 059 060 061 0.63 0.62 063 065 0.68
) IEDAES] 0.68 0.72 071 070 0.73 076 0.76 0.83 1.00 0.94 1.00
JFEIR % L 0.80 0.89 088 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00
LS 0.84 090 1.00 1.00 1.00 095 1.00 1.00 1.00 1.00 1.00
g Bl I A0 0.52 059 061 061 063 065 0.68 0.69 0.74 0.75 0.77
Ze 044 046 045 044 045 045 047 046 046 047 047
+HI 095 0.89 087 081 08 090 091 1.00 1.00 1.00 1.00
L= 027 029 030 029 028 028 030 030 030 029 029
g 091 1.00 0.87 078 092 092 094 100 1.00 1.00 1.00
) | 0.63 0.64 065 063 063 065 0.66 0.70 0.71 0.70 0.70
RER 2 JEME 058 063 061 058 061 061 055 0.53 0.55 0.53 0.60
PLta 7] 0.68 0.71 0.73 0.73 0.74 0.81 074 086 090 0.89 0.96
El 1.00 090 0.75 079 083 083 0.81 0.85 0.88 094 1.00
ElE Je it 0.63 0.70 0.68 068 067 077 0.82 0.87 092 093 1.00
215, 1.00 095 100 084 08 078 0.75 0.76 0.73 0.73 0.72
o] 046 045 043 042 041 041 041 041 041 040 0.40

42— H—B ERFOL2ERET RSB RMT
ARSCHETHA (3.2), (3.3) Al (3.4) K GML $8 50 il A HR BEB Fa 8 GTC FECR AL
AR GEC, LT ff«— — B W IE K GTFP MNTENI K3 1. 48R K 4.2 R,

1.08

1.06

1:03 \ /-’""\\

1

0.98
0.96
0.94
0.92
0.9
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
GML GTC GEC

42 “—ar—” W52k 30 NEZK GTEP IR 5 1743 filt



FABRBALIL &N FEET http://www.sinoss.net

HE 4.2 ATAN, BEACRPE, “—a— MOV E K GTFP &R SR LT, 30 MEK
2007-2016 4Ff] GML A4 1.0191, GTC H"F348ECN 1.0149, GEC [-FIFEECN 1.0068. 1X
Ui 2006-2016 FI 4L B K1) GTFP P T 1.91%, HAH AR FHEK T 1.49%,
FARBCR T K T 0.68%, 7 LLA Y, GTFP 38K 3= B2 R #EL 5Tk T S 801 . 2008
SEFD 2009 4E ) GML $85035/NT 1, XERE, XWEN GTFP 2 N, vl e ls 2
SN FENET KR PSR TR . HREMNT GML 8539 KT 1, BHERERM
GTFP /K2 T AFRFEERIGK, “—i—H IR E XK KR ER, & 8K TH
AR, FHXS R A R R TN NS, 1 B H AR R TH A5 R R £ 2
Jr .

N T B e — BB AT TG, RS TERE R &5 @ i KR8 1Bt
W, AHFFEOK 30 ANE KK GML #8508 43 i3 GTC F1 GEC 434 2007-2012 K 2013-2016 7
AR BT A . BARTS LA 4.3 A1 4.4 Fiow

0.
By Rz A1 e A MR [

TR

[ RE 7
PRI
=

e IR
e A

Iy B e T
R i
i A

S i

i i £ MF.

v P i

W 2

oy e P g
I A |
FEIRZ L
RS
i A vE RN [
Az2[H

SUEIES

A
RRIIE

) 24 A1)

R4 17 = e
HRERl

B

EEE JE 15
EONE]

L]

]

5

o
]

0.95

—

1.05 1.1 1.15

mGML "4 ®WGTC| ¥ ®mGECT L

K 4.3 «—#— B U [ X 2007-2012 4E1) GML $5 50 &% 43 filt 1
2007 £ 2012 48], 30 MEARE R 6 4 GML KT KRN 1.26%, Hd GTC [
K4 0.63%, GEC HIHEK A 1.06%. B 4.3 77%1, 2007-2012 4E[8], A F50E K1 GEC
1K E R GTC B L, X BB, £E 2007 4EE 2012 4E 1], GML 93 B K 5ok
GEC, EPEHAFRISRT. fEiZ B, “—i—B BRI H, i — B i E K pxt

_7-



FABRBALIL &N FEET http://www.sinoss.net

SIIT BRI R AR JRy I R S8 44T T, RBF BN GG, B B0 1R AN SR 4R T2
CoUT R FEIRTHIN TS, BORBED (AL M R AL .

094 096 0.98

[=]
o
[=]
=]
[ %]

—
[=]
(3]
[
[=]
=

1.06

—
[e=]
oo
—
[

B s A7 45 A e A [
F e

[ A 4

{4 hn ) I

HH I
Effre

I % T 3

SR i
i L AE

S R

it Tt £

V¥ i

) EX|2

ES UK

I EAES]

FEIRZ L
LIRS
WA v LR
ZE[H

[ FEI

A

Hrhng

fi) 2 F)
P LR
Lt 4

E13

31 J& pg
EANE]

L]

EGML["f}) WGTC| ) mGECT

Kl 4.4 “—#—p&” IR EZ 2013-2016 F35 GML 550 A 4 iR 15

2013 FE & 2016 4E[a], 30 MEAES 6 4 GML HISF K% 2.87%, Hrf GTC 1)
KN 2.78%, GEC KN 0.12%. it L 4.3 FE 4.4 w40, #HEL 2007-2012 4E,
2013-2016 £ GML “F¥18 K i, HA R 80%E K 1) GTC K Eb 7| B B8 i GEC K
Eefil, B GML K1) F kI . X ULEH, 7E 2013 4£% 2016 48], GML 33| | —E
BRI, RN FEK SORE GTC, B ARSI X0 T — BB T 32
i, SFAMTRCR SR 5 R AT T T, % B 2 S5 m Mm-S H 2 miR, AEFFRE
WK TGS, FN, 5. SEELUFEsith it — SR T ERAS RS, o TR
SUFK I FEES) ).

5.4 EBUREN
51 AL

G — R @R EE AR, P EX— BRI R B
M2 . BEE— W — TR N, SEREFEEREREN, BRIt g5



FAZ AL IL LM FE AT http://www.sinoss.net

RIEDVR, IR K NAESN /1, X1 B SR R ARl S Al e s AT B L. A
SCIE M AER A HE A FE ) SBM 77 1) P BE B R AN B < — B E K At e R A
KK, PAERARR—H — B B XA 5 KB IR MR REKT. FEERWT:

B, BB, W IR R E F BRSO S ERAE TR RB
W EIHES . IBERERNET R EREAR] T — e WS, eI ki E. RH
Hoo EREEJEVENE. Hrind . pEEE e iTIH, AR B [ S T AR A B A PR AR K ORI
K, (HEHEIEMET R Job A E—x 2.

B, BARRUE, 2006-2016 4EjE], i — O ER MO ST R AR FRdE
W AR RN 1.91%. 1.49%H 0.68%. i —I%> [H 5 44 0 J i) - 5
IR A THEARIL, BRYR I T 2% R R TTERE /N

B, BB, B 2013 4R e, WRZRE KSR RN K30 ) H R R K
5 GEC (HEARKER) MIRTHE NI GTC (BRI 1ETt. FiF, 43 GTFP K%
WA R 1.26% 3T 2 2.87%. XL, “—iiF — B EUUE &G EE S RILFER BN E1E
P, BN A, B ERAEFRBRESN T Wi, REEE
WAR TiEE. P ERS) T — IR E IR AN, ERERESR, «f
[l i 1 TR 2 A i S S B AH I

5.2 BUREIN
I A ST T AT DO SR et — B R R R A I L
B, i EUGR SN, RAFAHASERER AT REY, %55 EE%S:

WERFIFBOR R, IntRe Tl A e, ST — B8 B

B BOREED R O R e E M Fy . BRI, WTRAMINER ST 5 . $B SRS 1
PR A ECRY HOME B 5 L QIR 5 i AT (e BERoRBE D . — I, WA X B EX)
HRIFIE Gy, SRR HORIRAF A B RSB BEROR, 53— 7T, th2GE B ERAKT 6
Th, @ 5 E GRS, NMTE 25 iR A e, Tt et R A FK .

=, RIS TR A RO — I E R TR, et 25k g, J1—J7iw
BEHIHE, I A, Bk, < —E SRR EBUD TS R R E N ast R R, e
REVRESHY, FESLARER = AT RERSS WA J o Th O MBI R SRt i, SRS 5y . SRR
PR S RS 3 By — e — 7 [ 5 A BB At e, AT SERL SR R o
HE % [ R B SR ARAR SR, JEATHA R TUE, ARARHESE A b IR 22 ST B R 3E 2
et L R BT, SR AT SR
53HARRSRE

ARSI TEBER IS SR ol — B B R — @ EEE L, HEA —ZEMaEi, H
WAAE—ERRIR. FOEERAERK P R REE T GDP Mgk, N7 Ea2
T ELT R R, AR T ARG 5 2 4R bR M B4k (05 KT o RIS th T 4dfe
(RIBR A, A SCRIE T 43 EEBAT B, AR AR RESRIUE 2 SR A, A Bh T IR A AT
W

5 LK

[11 Deng F, Wang Y, Li Z, et al. China’s Technology Spillover Effects in the Countries along the Belt
and Road — Evidence from 49 BRI Countries[J]. Applied Economics, 2020, 1-16.

[21 A5HERTHL2FAMEARTE. PEH“—F—R7 T HILFT LEMRE 2020[R]. 77 PREARLA
E % 43k, 2020.



FABRBALIL &N FEET http://www.sinoss.net

3]
[4]

(5]
[6]

[7]

8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LI, WEYW. IEF R KRR ENFCEBRBARJ]. £akitiz, 2020, 25(07): 3-15.
FMERE, XA, HF. RBEARTVIELZZASLNE BlsnAR[J]. £, 2010,
(06) : 17-33.

MiF—. BRI, —ALMSEHERESTE I LT HE R &I, Z2FR, 2009, 44(04): 41-55.
Chen C, Lan Q, Gao M, et al. Green total factor productivity growth and its determinants in China’s

industrial economy[J]. Sustainability, 2018, 10(4): 1052.

Pittman R W. Multilateral productivity comparisons with undesirable outputs[J]. The Economic
Journal, 1983, 93(372): 883-891.

Chung Y H, Fare R, Grosskopf S. Productivity and undesirable outputs: a directional distance
function approach[J]. Journal of Environmental Management, 1997, 51(3): 229-240.

Chambers R G, Chung Y, Fare R. Benefit and distance functions[J]. Journal of economic theory,
1996, 70(2): 407-419.

Tone K. A slacks-based measure of efficiency in data envelopment analysis[J]. European journal of
operational research, 2001, 130(3): 498-509.

Arabi B, Munisamy S, Emrouznejad A, et al. Power industry restructuring and eco-efficiency
changes: A new slacks-based model in Malmquist-Luenberger Index measurement[J]. Energy
Policy, 2014, 68: 132-145.

Wang Q, Su B, Zhou P, et al. Measuring total-factor CO2 emission performance and technology
gaps using a non-radial directional distance function: A modified approach[J]. Energy Economics,
2016, 56: 475-482.

A directional slacks-based measure of technical inefficiency[J]. Socio-Economic Planning Sciences,
2009, 43(4): 274-287.

Fare R, Grosskopf S. Directional distance functions and slacks-based measures of efficiency[J].
European journal of operational research, 2010, 200(1): 320-322.

Zhou P, Ang B W, Wang H. Energy and CO2 emission performance in electricity generation: a
non-radial directional distance function approach[J]. European journal of operational research, 2012,
221(3): 625-635.

Oh D. A global Malmquist-Luenberger productivity index[J]. Journal of productivity analysis, 2010,
34(3): 183-197.

Chung Y, Heshmati A. Measurement of environmentally sensitive productivity growth in Korean
industries[J]. Journal of Cleaner Production, 2015, 104: 380-391.

Emrouznejad A, Yang G. CO2 emissions reduction of Chinese light manufacturing industries: A
novel RAM-based global Malmquist—-Luenberger productivity index[J]. Energy Policy, 2016, 96:
397-410.

Fare R, Grosskopf S, Norris M, et al. Productivity growth, technical progress, and efficiency change
in industrialized countries[J]. The American economic review, 1994: 66-83.

Zhou Y, Xu Y, Liu C, et al. The Threshold Effect of China’s Financial Development on Green Total
Factor Productivity[J]. Sustainability, 2019, 11(14): 3776.

Li K, Lin B. Impact of energy conservation policies on the green productivity in China’s

-10 -



FABRBALIL &N FEET http://www.sinoss.net

manufacturing sector: Evidence from a three-stage DEA model[J]. Applied energy, 2016, 168:
351-363.

[22] Liu Z, Xin L. Has China's Belt and Road Initiative promoted its green total factor
productivity?——Evidence from primary provinces along the route[J]. Energy policy, 2019, 129:
360-369.

[23] Wang X, Sun C, Wang S, et al. Going Green or Going Away? A Spatial Empirical Examination of
the Relationship between Environmental Regulations, Biased Technological Progress, and Green
Total Factor Productivity[J]. International Journal of Environmental Research and Public Health,
2018, 15(9): 1917.

[24] F2M, #%iE. FHFHS “—F—%" BRBRGFCAZZFA7R20¥AJ]. FEAD - FRS
73, 2018, 28(04): 134-144.

Research on Green Development Level Measurement of "One Belt And
One Road" Countries

DU Shidun
(Business School of Hunan University, Changsha, 410082)

Abstract: With the intensification of global climate problems and the need for economic transformation
and upgrading, green and sustainable development have become keywords for the construction of the
"One Belt And One Road".However, the international community still has many doubts about the
development quality of "One Belt And One Road" construction. It is the requirement of The Times to
measure the green development level of "One Belt And One Road" countries.In this paper, the Green
Total Factor Productivity Index (GTFP) was established to measure the level of green development, and
the SBM -- DEA model was used to measure the level of green total factor productivity of 30 countries
along the "One Belt and One Road" from 2006 to 2016. Then, the global reference GML index was
decomposed to identify the internal driving force of green development.The results show that:First,
between 2006 and 2016, the overall level of GTFP in countries along the “One Belt and One Road” has
been improved, and the level of GTFP in some countries has increased by leaps and bounds; second,
green total factor productivity, technological progress, and technical efficiency are respectively With a
growth rate of 1.91%, 1.49%, and 0.68%, technological progress is the main driving force to ensure the
quality of economic development; third, from 2007 to 2012, the average growth rate of GTFP in the
countries along the “Belt and Road” was 1.26%, while in 2013- In 2016, the GTFP level increased by an
average of 2.87%, and the policy effect of the “One Belt and One Road” initiative was obvious.

Keywords: "One Belt And One Road" initiative;Green total factor productivity;Technological
progress;SBM model
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