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Abstract: Under the background of increasingly severe resource and environmental constraints, how to
promote green development and promote the harmonious coexistence between man and nature has
become a key issue on China’s development road. Through the measurement and differentiation
research of China’s green development efficiency, the government can better grasp the current situation
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of China’s green development, and then the realization of sustainable economic development can be
accelerated. Firstly, takes 30 provinces in China as the research object and introduces the by-production
technology under the DEA framework to measure the green development efficiency in China. Then,
uses Dagum Gini coefficient to further explore the spatial differences in China’s green development
efficiency and their sources. The results show that during the sample period, China’s green development
efficiency based on by-production technology is generally high, and the average value of green
development efficiency is 0.84, but there is still room for improvement; the regional gap of green
development efficiency is significant and on the rise. The inter-regional gap is the most primary source,
with an average contribution rate of 44.12%. The regional difference in green development efficiency in
the western region is the largest; the largest inter-regional differences are observed in the eastern and
northeastern regions. Therefore, it is necessary to strengthen exchanges and cooperation on green
development among regions to achieve regional green coordinated development. Finally, puts forward
countermeasures and suggestions based on the conclusions obtained, providing decision-making
reference for the comprehensive green transformation of economic and social development, and helping

to promote the unification of economic benefits and environmental benefits.

Keywords: green development;

production technology; Dagum Gini coefficient

0 51 &

S fh R AR R LIRIOCR | R . AT RREL N K
HFr & oF Kt k=L, 5m =+ Kk &
fo iy “HEgh ek ok e, R NS AR FE LAY 5
I A [ AR ST R R AT SR K R LR R A Ll AR 1LY
P&, WA NS A SRR A 0 R BRI R T . 4R
M, 76 B 255 VS & R 7T 50 R, AR BRI 2T
TR B 16 B0 B A MR A VE B I 5, 200 kR 5 A B AL
B P JEARIHZE Y, Sk & 3% ( Green Development
Efficiency, GDE) JZ Bt T 7F 52 Bl 4 (4 & Ji& H s isf T B
IR 5 A Z L, 255 PR a8 K R KF 1Y
AR, GO R RS T A AEENSH
(e o b, ] Bk =5 000 R g €2, J 2 2% a1 % H:
HEAT A RO 43 B, 6F T A b AR v A e K S
R, i — P FRG O LRI B A HE
A BRI S,

o) B v [ 2 £ 2 R AR R 2 B O T I A
T, o327 3 >R FH B HL AT 3 325 (Stochastic Frontier
Analysis, SFA), i i 15 % i iy A2 7 eREOI B 4%t
JEALFREY T 1 TS B A T eR AR
I HREALE — Bl A AR 7 kB A DL TR B2
B AR L SR, 7R R AR B AE 42
T, S8 R R RO I B N AN 2 g M XS (A
B, CO, SR B 0 5 [A] I 25 B AE N . 7
HEHEZR R, SFA J7 6 A 2 DA VE R I B2 20 60k R 300 %
BUAE A1 45 43 B ¥ (Data Envelopment Analysis, DEA) 5
R AR L, O B BAR A T R BOE 2, AT
LB G M B AP, 22 40 22 77 Y Y 52 B A 7 ad R, K
N e 0, RS  E 25 i . 7F DEA BB HESL T,

efficiency measurement;

spatial difference; DEA model; by-

2B T FEZENTEA 57 3l J R RE IR FE =y T A
B AFEBR, LLSEPR GDP 1E R W15 7 46 45, LA CO, 1
JAEBE IR AR, A EIRIERMAR N, AR
Z 3 51 A SBM A5 BY I 55 S 48, e e A% A8, R A
TE A4 1 A= 7= 7] BE 4E (Production Possibility Set, PPS) K
FAEMI =t H i A & (free disposability) B 2, %
R E TR A DR AR PRI B 7 NS, R I B
ALLLH D, AR SRS RN S Y, il hn,
FEAS SC B 2 8, % R AR A AR IR R R, A K AR I
B CO, BAL B, X BEWE RIF57 8. A el
BEA TP P2 E AR A, CO, 7 LA A b 2 1 B,
XTEEA CO, A &ML TR AL, K,
WL H T by-production b Ff 02 2 &b H 5
P A% O AR T AT XT3 B2 5 AR S5 B 7 0 o ) i
PR AR PRl R AR o BRI, X TR EE P R
B A o AT AL, B R ARG A I
SRR, A S R R R R AER R Tx T AR
AP R AR S A A M, SR A b
ARSI P L A ok R, PSR AR I B A
# . by-production 4% AR 1] L 5z B 28 5% A= 7= 3 ol b 4
DAL #5 5 PR AL AR AU, X I, 42 ] by-production
AR [ A e Rk R

TE LR Bl L, 8 % O A s E AR
FE st as 1a], 51 A ET by-production £ AR A9
DEA FE A, I B 2015—2019 4F r [5] 30 >4 (X, T,
AN Er P R b DX TS R M DX SRR JRAUR .
20 43t v [ S 0 R 3R i) DX el 2 e B R
KM Dagum 8 RO LA HE T BARE R
B XN 25 S pTmk L DI E] 22 S TR RN R AR % R
DTk



4 8 0] IhEE, % ST by-production £ AR g H E 5k €0 % R W IE S 2% AL 5 43
1 BB SRR 5 QO A 0 ™ H R SO0 B L

1.1 3E£F by-production AR 1 DEA #i#1

Bl AR 7T S B Ak, AR R A R T, R
A 7= b A L R A5 A5 0 B o AR I P L B
Z 7 i 45 DEA % (CCR ML | BCC 57 45 )
ARG AR B B 7= 1 2 R AR D, BRI UL, G fer Sl B 2R
Y49 A\ DEA BiRIZ 3| T AR 228 e . HEl R84
SRR R A 3 5 vk O AR AR
A8 B Ak 3 5 ()38 1 7% e o BOKE R B e

Horp, 85 — PR AOL T 18 T #2225 o R AP eF
7 D U 5 55 P AOS B8 R R AR I R AR AR
AR, ARSI AT DU D, (HOR AN BLSERY o 7S PR
A B R, A e B il R R AR E B AR
PR o N, £ IR Ak 0 K AR I, ARSI B )
bR CO, Hil it REIRIH FEB A =153, M5B A | 953
FEATEK, CO, I/ PT L3 3k 8 /1 R VR T R 1T S K
ik, RAY S8 g5 7 A A g, Wa(1) .

Stp= {(xl,xz;g) 1g< Z/ljgj;xl > Z/ljx{;xz > Zﬂjxi;Z/lj =1;4;20;(j=1,2,..., n)}
j=1 Jj=1 J=1

J=1

Shy = {(xz;g) m=a) Ab=a) 4bi0<a<l ) 4=14,20(=12,.., n)} (1)

j=1 J=1

J=1

SppD = {(xl,xz;g,b) D (xi,x058) €85,N (x3b) ESZP}

o SR RIS Qe 0) A G I #E A X
HHABEN s g B s o AR B . AR
WA AT RE AR, AT T N RCREAAS, W(2) .

max 3

s.z.Z/ljg_,- > (a+8)g,

=1
n

Do aby= (1= )by,

j=1

Z/ljx{ <ax, (2)
Jj=1

D < (1=,

j=1

O<a<1,Z/l,~:a/,
j=1
;20,(j=12,...,n)

K o HEMAL T MAABCRE N 1-8, 4 B=0,
BIVRCRAE A 1, D5 BH G2 M DX 1) £ T Ak A 350tk
A BRCRE/NT 1. KT 0.8 B, ULz X 4 1 &k
SRR AT, RS — 8 By elcitk 23 ] /N T 0.8 B, Ut
B2 Hl X B AT AR AL, 2% 60 % A Ol ik 7 e s
1.2 Dagum #£J8 R B J7 1
DAGUM #£ i} 1 & M 2 JE 22 K0 G il g IX 3
N 22 57 DTHR G, . DXIB ] 22 55 TR G, P11 728 25 32 5Tk
G, = A0, SR e RBUE SR, WA TE ) 22 7
K, AT A Dagum HEJE RE X1 T by-production
Fo AR rp [ R R R AR X 22 S kAT A A, 1R
ARIA(3) .
LIy
2w
A wi s w500 O HLDCES P AN L IS e
B I k0 R AR B Wil & 4 (0 K TR OK - 3418

Wi = Wi |
=GW+G,,},+G, (3)

n R R Gy BB m R 23 XSRS ny () 9 X
BN A G R R )R LA (4) ~30(8) .

— le Z:’il 'Wﬁ B Whr|
2
J

G = - (4)
k
Gw:ZT/jpjsj (5)
=1
6, = 2 2mi 2] (6)
nn, (W;+W, )
kol
an:ZZ jh (Pij+Pth )Djh (7)
=2 el
kol
G,:Z G (pjsi+pus;) (1=Dy,) (8)
=2 h=1

K Gy j ML IX PR BB G XN 22 55 Gl )
Hi DX A b IX A DX RIS 2 R ARG G A X 25 5 DAk
Dy 2k j M XN i b DX A AR5 W05 G o B AR %% E BTk -
2 IEfREERFNEIE R IR
2.1 FEARF

S O WA RIS, WNBEAS . 55 s FIRE IR — 4>
J7 T A B AHE bR, LASEBR GDP Fm 3= i, LU
CO, HE i R AR = iy e, o, B AR 4 A M
WAL RN, S RGN WY, K SL 8 A
P AT I ORI A XK = Lo+ (1-6, ) X Koy, K AR
WA, Ko MW G — WIS A i, 1O BRBE0,
FH A28 O [ 5 98 77 T8 iRV o, o R AT IH 36, 2 Dy
9.6%); 97 s A AR AR B N B0R 7R s AR IR A H
2.2 HdEk

PRI E 2015—2019 4 30 48 (X, 1T, AS 35 74 g
iy DX W85 b X)) SR AF ST G, A8 AR B0HE R IR T T



“ mOE A

32 4%

AECR E AR5 ) O ER R SR ) U B 5
THEYE, FRYESETHA R I 1,

F1 BAFHEERREST

% 2 ETF by-production L RHI 2015—2019 FHEZRELRE
MEMNELER
Table 2 Results of China’s green development efficiency from

2015 to 2019 based on by-production technology
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Fig. 1 Distribution of efficiency levels of China’s green development from 2015 to 2019 based on by-production technology
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Table 3 Sources and contributions of the overall difference in
China’s green development efficiency from 2015 to 2019 based on
by-production technology
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