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Regional differences and convergence of China’s
agricultural green development level:
Empirical analysis based on the panel data of prefecture-level cities

LI Qiannan', LI Gucheng'" , YIN Chaojing?
(1. College of Economics and Management, Huazhong Agricultural University, Wuhan 430070, China;
2. College of Economics and Management, Southwest University, Chongqing 400715, China)

Abstract Based on the perspective of green total factor productivity, this study uses the SBM-Global-Super model to
measure the level of agricultural green development in the prefecture-level cities in China from 2000 to 2017. Dagum
Gini coefficient, o convergence and [ convergence methods are adopted to investigate regional differences and
convergence. The results showed that: Firstly, the level of agricultural green development shows a fluctuating upward
trend, and there are obvious regional differences, the level of agricultural green development in the eastern region is the
leading type, and the distribution in other regions is relatively scattered. Secondly, the regional differences in the level
of agricultural green development are gradually increasing. The regional differences in the northeast and central are
small, and the inter-regional differences between the east and the west is the largest. The differences in the level of
agricultural green development mainly come from inter-regional differences, hypervariable density and regional
differences are relatively small. Thirdly, the level of agricultural green development in the country and four major
regions does not show obvious ¢ convergence and absolute 3 convergence characteristics, but there is a significant
conditional B convergence trend.

Keywords agricultural green development; green total factor productivity; SBM-Super-Global model; Dagum Gini

coefficient; convergence

Wk B . 2021-07-02

HEWH . ERARP¥RELSWE(71873050) s H K HARF R L HAET H (71903162)

B—EH . EXRFB LR A E-mail: 1137169595@qq. com

WIER . AR B A T, BB R AR L P ST . E-mail : lgcabc@mail. hzau. edu. cn



Fol

BRI E AR % € A R KT 8 b DX 2% SR B ML SIOE ———  T  TT TE ARECH ) SEIE 231

B TR 40 224 LR, v [ Al it 22 4K
TR 5 T A R R BT AR B AR
KO E - EESRERE 65 J7 ¢ KL b, SR i
Al 3 4 A 0 1 R I, PR R T YL R e J oK S AN - i
[ A5 2 e . — 0 T R B A R THFE
BRI B A ER A SR BRRA R B G,k
BB T4 T 55— 7 T AN )l X 5%
V5 B L 2 T e S A BE TR ) 45 7 AP 22 7 P
Al 2 (5, J Jre iy b X 22 PR R B i, ROt R R
b R A [ JH 2 2 AR 8 4 i AO) S f 5 RD ki A
U T

rh e R A 7 43 B TR B AR K R T Il 1) TR R
T 4t 10 S S A B B A T . A BT LR I A 4
B PR sk R R R R R, 2020
AEFN 2021 AR e — 5 SCPR BRI B RO St 8
& DB R DI 9 MR 2%, L kSR Bl
KAV A 5 ARl 2 45, JRE K Y- 1 X 22 S R L O A
95 AR Ml S 0 2 R KT B ML SO L AN A B T 4R R
b 2 £8 % JR Y B SRR 0 RN 46 /N b DX TR) 25 B T B
TS o AR ST B SE T T

CA MR B SR a0 & AT T T Z 0],
FEAFELUT 3 055 — . Aol &% A Kk e N
M. TR IEFAESIA N ROl S0 K J 5T g ARl A 7
(R 4 el s A B 2 52 I A Ml 5 G 0y HE 8 vy I AR R
AP ROR AR T . TR MR RS Rl
S0, R JR VN 2 N R T AR A A B 1 v YRR T U T
REIAT A SRR AERRE A I, 30
Al 2 €8 % YR IF R J& — B i sk i, B Iyt 2k
5 AL Bh A AR IRl e
KAWL S EOCR IR RS
Ve S S N S A P S S N I R A e
0 ARl S 8, ¢ JE K P AT A i, LADT R A K
EAYESOAN R, LRAREENERE
2o, GDP BB G 0 48 b A R DU R R A £
AR E N 23 GTFP(Green total factor productivity)
ML A o B (8, GDP RS T IR S R R
(A (e DL BT T A, 25 6048 B 14 28 DU 2 i 6 B 1) 31
M 5k RS R R BT A B8 — , (v s, T8 11 9000 - PR e
SR, Rl GTFP 58 T & 1 28 UF 1y K
AL — IR T A G — AT HESE 2
i et — A S M X AR 8 2 0 kR R B A AR . A
=Rkl gk EK X 2%, CAWR EE

K H H A A T AN Theil 78 808 R B 5) B K 54 2%
JUBE AR MY 25 (0, 5 i 1) Ml IX 22 St e BAR b 2 (0 K i
KPS 22 ATE 3 2 Fhr vk BUR AT ATEA 3 X
(] Al 25 (5 % JE A~ £ w85 A {ELAE 13 PP AT A7 A —
TEJRIBR o LR CER o3 BT U Tk il R X 2% S R
U Theil I8 2N T TREAR AR DL . L,
Ay S 8 K K- 31X 22 S (8 SICRIME R 51 5273 (1
A L T A 2 B Al 2 (0 R R K P L IX 25
MEZENA.,

Zi b AT AR S (0 S R AR I B
M IX 25 5 05 W AT T A SRR AW S E T 3%
fih  AEATS A7 AR B — 20 TR AL B 25 ) < 35— A RTOR TR
M g (5 5 Ji K Y- 14 i ik R K R A R E— 2
PRSI R AN S i SR O A Y (R RS 8 2
£8P R B L5 P I BB R T T Tz AT L (B AR B
M X 22 S MO SR T 5 05 T 20 S AR o . 2
=L RE WS R B K el P AR Sk
JE AR PTAR o DT S LA I 4 3tb A LA 1 P 70 3t 2
T 22 [ F) A - i ] R

YT AR TOR AT 3 A4S0 T BEAT 4h J . 45
— WFSEALAA D7 T A ST AL T (0 A B R A R
fa A 2R 0 IR . 2k GDPL &t 1 bR
PR AR ML L ARl S (5 4 B3R A )™ AORE BT 2 (R I5%
b A IR AN BT HEZR Al 2% (5 Jg
[t Y AR S L TSN A O T AW S AE
JE AR 25 (0 K K P i B it L 2R BRI S
KK P B M X 22 S Kol st AR B 58 A
Dagum F&JE Z BOR A Mk £ (5 4 e 1 3b [X 22 5+ 72
JEFISR IR IFR M o WO SOM B ST 1k 4 7 A b
R RS S . 28 = WSRO O T AR
BT b 2 T RO 2 AN 2t 6 R SRR KT Y b X 2% S
Lotk o AR T [ K kA SR L 9 N R R
AL A ACRT LA I 48 103 P9 BB A b 2 (8 K T B ¢ i
o5 T ELRE 8 B AR o F el gk (0 K
AW S R

1 ARFESHIERE

1.1 RUFBEBERKENESE

I A 5 0, e 2 IR 2 R Y R
i R 2 €8, 4 Ji AR Y- S AW 5 52 TE 43 A 0 BE A
ARl GTFP(Green total factor productivity) % i}
G TR G K R LS, AR Sk AL T
— DR TRES, R GTFP 2 a0l TFP



232 (IR S

2022 4 5 27 B

(Total factor productivity) fJ e fili b & J& i 3k 19,
AT BT AR S PTG 0 B A, B R LS
ARl 2 €0, % Ji KPR BRI AR S Y ) Y
M i e LA o, AS RIS AE 2 O A BIF9E Y Ak 317 = 8
75 G Wy A kg — T < IR 7 A B B 2% 0 B
(DEA,Data envelopment analysis) % 5. ff 22231 |
Tone ™ ¥4 ## T 9 4% 11 . JF A B 9 SBM ( Slacks-
based measure) B8, G R TR 1148 DEA #8142
Tia) 0 #0000 R el ok 1 g 22 A 2 B DL T 1

HIEE = H Expected output

0 1 2 3 4 5 6
JEHIEE = H4 Unexpected output
E1 SBMXERIHE

Fig. 1 SBM model principle

TEf64: DEA B, i A ST EWE ™S
AR AR 7 i [A) 55 L ) g B0 R C (BT 1D e
AN TS G W i) SBM B AL, A 231 R W
RGN AR TR T e D Y U A B R B, XL
BB B AL C Z A A 7E B Y 22 53, o st
K SBM #5% R #E 47 52 43 H7  BE AT DL 2% 38R 3
AP T RAR T L 3R] DLRE AR 0 B 7 Y A 4 O
KA FFERN G R R HIE . TEHEEAL AW
T 4k 4 # R R (Super efficiency) #1 4 /& &
(Global) Malmquist 4§ i /) 5 P #4 & SBM-Super-
Global #HY, LAZE it A7 850tk 5 B8 o0 1Y R e S 2 1 KL
Rl T gt 1) 0 RN

1 mo
1+ ;Zi:ls[ e

minp =
I
1_721»:1“‘" /yrﬁ
szl.j;é;,xijaj — 5 < T
S. t. [Ejl.j;tky,.jé\]Jrsf}yrk (D
8’5'17 75,{ 2 0

s o AR 2R 0 K KB s 2 A1y 0 391 Sy Al
BEANGHAH m Rl g i & O PR L IC R LA

G ME RS ] DIRERITTE £ DA RE T
PR s s, Als) ROBRES i NN r A= T
R B A ot AR
1.2 Dagum ER R
&% Dagum > [ HF 5T, A WF 58 A A Dagum %
JE R B A b 2 60 % R I L IX 22 53 ) HOR YR . 3f
=R/N WS
G=2 2, 22"
| AGD; — AGD,, | /22> AGD 2
KGR BARIETE BB & A 23 50 A IX e 55 AN
2R T #CE A 4 AT 3305 AGD,; Fil AGD,, 433
Kk XN T L B RO S8 KR K F
AGDW it % 22 (1) b 2% 17 4%l 2% 8 % J& K F 1 °F
BIE.
TEAS TR e BB AL b Rl gk %
P Hls DX 25 5 AT DAE— 20 0 g ok 3 S0 43, BRI IXC Y
5 TTER G, X 3R] 22 5 0 sT ik G, R AR 9 E
otk G, HEARXWTF .
G.= 2. G,pys, 3
Gy = 20,200 Gu(psi+pis)D, (D)
Ge= 20,20 Gupsi+pis)(L—=Dy) (5
KB~ Hep; py 439K j b XN Hb 2% T 4R
BRI TR T s, .5 008 5 K3
Aol B J KT 5 B R AR b 2% 0 & K F- 1 L
5 G, R IR ARl &% 6 % 3 e R A G,
g b DX AL SR (0 2 R SLE 2B Dy, Mgk
DX 3k 1] A b 2o 1 2 J %) R KT 2
1.3 s sy 47 A ik
1.3.1 olk#k
T v 25 2 A R L 2 8 R R K T o IR B Y
FE LB AR R M X RO S0 Kk B K1) 22
SRl EIAER R T RS, THREATR .

sz%Zj;(AGDH —AGD)?  (®)

Ko IR AGD, R0 HLIX ¢ IR Ak 2 1
KK AGDA ¢ ARl £ 8 K e 7K 7 S 18 .
MR o, <o, RWIRN S0 K JE A (19 22 5 Bl B
] 5B TE 40 /N AFAE o WS, R 2Z, W3 B A ol & £
R VAFAE RIS
1.3.2 Bolkék

BB I B ALIE 2 X B SR AR B B, 4



Fol

BRI E AR % € A R KT 8 b DX 2% SR B ML SIOE ———  T  TT TE ARECH ) SEIE 233

X B WSS A H At b X S 2 IR R ARl ¢ (5 K T AR
K-l DX iR 2K 1 4 XA B AR . AR B sk
PLE 5 2 8 5 50 R0l 2 8 5 Tl K 7 fE B W8l T
H B e R, BT .
In(AGD, /AGD;,)/T = 3 + BIn(AGDy) +¢
(D
AR B RECE /DT 0, WA 2 8 % i K
S AF AR B R BN s B2 W K R N A TR 2 X B
sk
In(AGD, /AGD,—,) = 9, + BIn(AGD,_,) +e¢,
(8
AP AR B RERF /N T 0, RIUIR O 2% 6 % K
AT BCES  Z, WE W BE A T Y HERS

gl g 8 & JE A I RIS F B SR ASKF. I
A s A B G 2R A 1) T3] 2 250 0 A58 78 6 2% A 8 i Stk
AT 36, IR ot 3ot U A A 4 [ o>
1.4 TEERNS5HERE
1.4.1 EEFHK
AW FE AR SUAR L R B 98 X 5L Al % B A 5

R 28 4 B0 0 AT A5 M Al % £ R R A 7 IR T B
A M 7= L A b T Y 5 G Al e HE ik 3 AR
o, el 7 B g b 5 0, % JR 1 TE 77 L ARl 1T
T 5 G AR Ml i HE IR AR b 2 0 e J el i vp e A Y
I AR (3 S -9 S U AN RL B ¢
tHb 57 3y BB AR RE R E R 5 A AR L W
1.

F1 RUFEBRRHOB/ANFTHIER

Table 1

Input and output index for agricultural green development
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Fig. 2 Agricultural green development changes in the country and four major regions
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Fig. 3 Ranking of agricultural green development in each province
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Table 2 Regional distribution of three types about agricultural green development
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Table 3 Overall and regional differences of agricultural green development
4y SN2 Rt ARHEB g [l
Year Overall Northeast Eastern Central Western
2001 0.039 1 0.037 6 0.024 4 0.0311 0.0511
2002 0.055 8 0.054 0 0.038 3 0.035 5 0.068 2
2003 0.070 7 0.061 5 0.044 8 0.064 0 0.070 4
2004 0.074 0 0.059 3 0.061 4 0.055 4 0.079 2
2005 0.090 1 0.059 7 0.076 4 0.063 1 0.097 4
2006 0.099 6 0.062 5 0.101 2 0.065 5 0.105 5
2007 0.112 9 0.063 9 0.119 9 0.070 8 0.116 6
2008 0.1335 0.073 5 0.156 0 0.071 0 0.137 9
2009 0.142 3 0.093 4 0.168 6 0.072 8 0.139 2
2010 0.153 5 0.098 4 0.176 4 0.075 4 0.155 8
2011 0.164 4 0.102 1 0.187 6 0.077 7 0.171 7
2012 0.170 6 0.116 9 0.205 1 0.076 2 0.167 1
2013 0.183 0 0.109 6 0.236 9 0.079 2 0.172 1
2014 0.182 2 0.113 5 0.2019 0.077 5 0.195 4
2015 0.187 7 0.126 1 0.216 3 0.087 2 0.190 9
2016 0.192 5 0.109 3 0.216 0 0.092 2 0.2011
2017 0.196 7 0.107 3 0.224 8 0.093 6 0.199 4
¥ {H Mean 0.132 3 0.085 2 0.144 5 0.069 9 0.136 4
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Table 4 Inter-regional differences of agricultural green development

. A=K Kb—H#H K& K798 K70 R — 74 AR
Vear Northeast- Northeast- Eastern- Northeast- Eastern- Central-
Eastern Central Central Western Western Western
2001 0.032 3 0.038 1 0.029 1 0.047 2 0.039 4 0.041 6
2002 0.056 3 0.068 2 0.042 2 0.075 5 0.055 5 0.053 9
2003 0.058 4 0.099 7 0.080 3 0.079 5 0.064 0 0.074 8
2004 0.061 9 0.072 1 0.082 7 0.075 0 0.082 0 0.070 2
2005 0.069 0 0.091 5 0.103 8 0.089 3 0.100 1 0.086 0
2006 0.085 0 0.084 2 0.113 8 0.092 5 0.118 1 0.089 4
2007 0.107 2 0.076 5 0.134 3 0.094 7 0.139 8 0.098 0
2008 0.127 4 0.092 3 0.155 1 0.114 0 0.168 5 0.110 7
2009 0.155 8 0.090 4 0.168 0 0.118 9 0.183 0 0.112 1
2010 0.167 9 0.093 5 0.179 6 0.130 5 0.194 2 0.123 4
2011 0.175 7 0.096 1 0.187 6 0.140 8 0.209 0 0.133 3
2012 0.191 8 0.102 9 0.198 4 0.144 9 0.222 3 0.129 3
2013 0.208 6 0.099 9 0.217 3 0.144 5 0.243 3 0.132 9
2014 0.191 7 0.103 0 0.203 7 0.159 1 0.2353 0.147 0
2015 0.200 4 0.115 3 0.212 9 0.162 8 0.242 0 0.147 6
2016 0.207 2 0.104 1 0.2150 0.160 5 0.250 1 0.1555
2017 0.2217 0.102 6 0.2256 0.158 7 0.2555 0.155 6
YJ{ Mean 0.136 4 0.090 0 0.150 0 0.117 0 0.164 8 0.109 5

2.2.4 R EZFRRBRALTHR . DB 22 5 09 DTBR A 5 L MG B

Al B 8, K e K - Hb X 25 57 00 T BT ik R AR Ak
DL 4, BAKF 20012017 4E G0 K
TR X 25 5 B R T X Bk ) 22 5, B (E Ik
A1.05% , 755 X B 22 50 Rk 4 0 R R
Hby X 22 S5 19 BT R AR 680N, 4 E 43 51 R 31, 84 %6 Al
27.11% . MIEAS B RO F Al 4 0 K /K- 1 X
25 SRR K AT B AR Ak R BT R 43 S AN B B
BB 2001—2002 4F 8 728 5% B X AR M 2 £
R JEIKT- L IX 25 5 10 DTk e KL T 2 B R
TRET 9.69 A S A, EE R AN [ Ml X ] 4 58 X
B X AR M 2 (0 K R KT b X 25 5 14 R e B h B

IEA
2

i 2001 4F () 30. 10% T ¥ & 2002 419 28. 10%.
X s ] 22 5 9 o3 ik A /DN, 2002 4E B TF R 27, 34 %,
AN BE R 20032017 4F K] 25 S5 % Al 4
0 JR K- 1l IX 22 55 1) o1 R e K, R I 0 B R R
B, 2003 4E R 46, 50% K FEE 2017 4ERY
44,24 %, MR 5 X A 25 5 59 78 B 5k O BR
A, R LIS BT T L22 A E . X
BN 22 5 0 STHR BN BRUE L A T 25, 6500 ~27. 330,
25 R AR AR M 2 5 U R R R AN AN EE S T A/
X 38 ) 22 5 L R A M X ) ARl R 00 R R Y 52 X
=3P
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Fig. 4 Contribution trend of regional differences about agricultural green development
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Schematic diagram of ¢ convergence of agricultural green development in China and four major regions
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Table 5 Absolute 8 convergence test of agricultural green development in China and four major regions
ZH 4z At i R [l
Parameter China Northeast Eastern Central Western
8 0.022 4 0.029 4 0.150 1™ 0.008 2 —0.001 0

(0.016 8) (0.022 6) (0.056 5) (0.021 7) (0.015 1)
5 0.024 7 0.015 8™ 0.028 3™ 0.023 1™ 0.020 4

(0.001 2) (0.003 4) (0.004 3) (0.001 4) (0.001 9)
R* 0.013 8 0.045 3 0.149 2 0.001 6 0.000 O

T %% | %% |

Note: *xx ,

* SR HIFRIR 1265 % 10 0K 3 47 5 N A b iR 22, £ 6 1A,

%% and * represent significance statistics at the levels of 1%, 5% and 10% , respectively.

Standard errors are in the parenthesis. The same as Table 6.

2.3.3  FfF B S AT

A J VO R X3 Al 2 0 % K SF 1) Z5 A B I
SR IR A5 R L3R 6, AT, 4 [ KO oK IX s SRR B
WSt R B AE 120K R i35 ok £, 10 B 3 28 4 X
Al 2k 0 2 e KV A7 AE B3 1 25 B IR SIURRAIE Lt
B SOl k0 R R W A B RS KF
Wesh, XE—FhAEE AT E LA, BARLRL Sk K

JE A AN A A 4t X WSS {FLJR: 2% 1 W S A7 7 D fie
PEHBIX 25 S B A /MBI T RTREYE . T A gk
b 2 8 A J A RS A AT I AN AR ) L Al 2 8 % TR K
S B 3 DX TRLAN - BUR A" 2 — ELATAE o 8 N 300 P
VIA LSS o AN AR SR AT LU i in sie 5 A 818 L 2
1o AR Ll 2 €0 A U R I ) 5 AR 45 T 28 i £ A
Ml £ €8, 5 Je KT Ml X 22 S R 4 D

x6 2ERINARSRIEERBKENEH pRHAKREER

Table 6 Conditional B convergence test of agricultural green development in China and four major regions

e o ZRdt AR &R [t
Parameter China Northeast Eastern Central Western
8 —0.192 9™ —0.324 77 —0.130 6™ —0.226 2™ —0.231 0"
(0.024 7) (0.035 6) (0.014 5) (0.066 4) (0.045 3)
N 0.037 8™ 0.106 0™ 0.042 2™ 0.024 4™ 0.025 5"
(0.004 7) (0.016 3) (0. 006 8) (0.008 8) (0.007 6)
R? 0.148 8 0.357 6 0.172 5 0.278 1 0.146 0

3 MRERERTR

ETgE 2L XA RNM. AR KM
SBM-Global-Super A X} 2000—2017 4F 330 4~ Hh
i Al & (0, e K AT S TR R R s

Dagum J&J& Z8 %045 78 Mk 2% (5 & e K - 3 IX 22 72
AR 1 K HOR R IR R o WS, B U SIUTT  A Bn Ae
g (8 5 JE K- B S L AR B LR BT AL
DA £ % K F B 3h F o4, X 2
)7 A6 25 1 22 o 4 AR 2 00 A JR 1) B
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S R B 2 3o R, R JE R BB 43 0 Dy 0. 144 5
0.136 4,0.085 2 F1 0. 069 9, M X I{H] 2 7E, &K
P — PG DX Bl ) 22 S A K, AR b — b X B[R] 22 S
/N Rl R0 K JR K b X 25 5 3 R VR T IX 5k
] 25 5, P-4 DTk S ik 41,0500,
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