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Table 1 The selection of wheat green total factor productivity
measurement index

Eizg el peplit st EiE AN S CE A
Indicator category  Indicator name Indicator description Unit
JiE 73 T R% d-667 m>
Ry H JE-667 m”
B PRI Al kg-667 m”
Input indicator Bk R J6-667 m”
HUBAE Ak 5% J6:667 m”
HRE D 6667 m”
dodth A JG-667 m”>
B AN kg-667 m>
P R bR A THIIRS S kg-667 m™
Output indicator JEHAEE P e TS Y I6-667 m
T kg:667 m™
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2.1.1 ABACE SBMALA
AT 22 AR T T A R I A B AR B 2%
#T (Data Envelopment Analysis, DEA) FIEEHLATH 75T
(Stochastic Frontier Approach, SFA) PiF 57k, H i DEA
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A H TC (Technical Change) FinHi Rt /K¥, EC
(Efficiency Change) FnBIARRBEALMIE DL, W Tt
N8 4 B A P GTFP ( Green Total Factor
Productivity) , WIRIFFKT 1, $LH] GTFP /K-F-H4Hm,
2, BB GTFP 7KGEb . HHE RS IE W] DAk 4k
IR AR % PEC (Pure Efficiency Change) F1R
%% SEC (Scale Efficiency Change) , ZiiiRIEFR
RPN E AL I ) AR R R R BN R KA,
BRI R AR B T R B R KA, Sk
T I A AN R R AR 22 S
2.1.3 @ Tobit AR

XNz G i A BEFR AR PR AR (R R DR AT b, A
F B IRBER TSRS OR 1) /N 22 SR 0 A LR AR 7 SR A il
BARE, RACE MR I B30 TR
280 UL EHUE, BT MR E AL &, % Tobit 1
RURHEAT Al TH R B 1, AR SO FH A RE A S s T i K
P, DRl i 2% 2 THIAR Tobit B AR HEAT B4R Hr, Bk
ST UNE

a+bx, +e& ,if y,>0
M,:{Q h ~;i;;<0 (4)

Wy, FoRHIX i 18 ¢ RN Z RO R ERA T E, o
FRonTH BB H 77 PRI, b Ros & W5 R R (1)
FARE, x, NEBEERER, &, ZRBHILEIG, y,,
AR, 2y, >0 I, KA BT .
2.2 HUERIFESALE

RE R BRI R SR, ASCRA 2004—2019 £
Jbv v, WEEEE 15 NME IR, BRI 15
ANEIEN PRI UL SN et B ZE S, AT
XPFEAR DX SdE AT S 0 DA 24T, AR IR S 0N 228 i
NIFFEEEREES, 15 AMREARB X 2Bk e N2 —
FEXL BRI AR =X, BRI S RN 2 R

R2 BHEAEMNEFEXDERRKE

Table 2 The results and basis of wheat production area classification

7=[X Production area 4 (IX) Province (region)

¥ll43 ek Classification basis

Wk, IR, =BG

#B—F7IX The first production area K. W

RO T AIATE 2 000x10°hm? BA_F, I HAE 2004—2019 FE2 6], /NFERIETAR ) S B0 b ka3

PG, NEE. Wb DU FETARAE 500~1 100x10°hm? 24, FHAE 2004—2019 4E 2 0d], £ %045 4 /N 22 R i A7

% —7”[X Th i -
%8 —7=[X The second production area Ny BEFE. H. FIE

% =77 X The third production area

BRI E

BRI, ZF. THE OFEEAE 500<10°hm’ LR, I ALE 2004—2019 2 A, NEAMETET RIS FERE

SR A o AR P ) EOE 2ok B AT St £
P, Hr e, A2 BB EERLSE & I  BR s
KB T CEEA G AN BORNE ) /N2 A
R R SRR SN AR [ E 5B
B S EN . BERTIAR . TR Wik 45 B8 4L
fkE (hEZHEE) M ChERNSGIHEE) o X
TEE A T IRy IR SR, B4 2018 SRR EIT
BN AW B B B, B DU AR R B B 22
IHEBEAT AN, RIS O T 8 e A A% AR AT [l VA 25 S A
SN, 0 TR AS R ARAEAR R MR EL,  BL 2004 48
NFIRAT IS

3 HR5H

31 INERELEEZRE TR EFEST

FIFH MatLab #xd /N3 Gt 4 B 24 77 R kA7)
B, HEERWRE 3 Por, ATUEH, RENESEA
BRAFRBAK LA T O bk ERK. Bk 3
AN B TERITARM B, 1 E N Z At A B A P R B
AR B TE, (ER ETHEFIEE TR, N 2004—2005 4F
B 1) 1.233 £ 2005—2006 4F £ 1] 1.100; 28 J5 7058 B B,
7 2006—2014 £E 2 8], H[E/N2 Skt 4 B A P 58 R AIG
T 1, 7£ 2009—2010 ER, ZREETERAFHHEEN
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0.883, {HJZIX—Hr B [ /N B =K AW Bk, ik B
TEIX—F A, FENEA AR B R RN DU
PB4 =180 55 =B BEN 2014 24, /)
F OO A TR A R BANMEE I B B sh A ik, (HE
EAMRELE 1 UL, JRFATREE X B E S
FEMA I 2, fEH R— S5 IR RS R, 2016 4F
JRANFEN R (E] 2020 FALREAR 2548 FH I KATE
E) . HMEInK TS EamA. WREIF AT R
RAHE 1%

F®3 20042019 FHRENREEEBREFTRR S
Table 3 The wheat green total factor productivity and
decomposition in China from 2004 to 2019

ERE SRR AERME O IENE BRI BRNCR

Year  ‘Ej"Z GTFP PEC SEC TC EC
2004—2005 1.233 0.985 1.038 1.206 1.022
2005—2006 1.100 0.981 0.955 1.175 0.936
2006—2007 0.962 1.080 0.970 0.919 1.047
2007—2008 0914 0.901 1.056 0.961 0.952
2008—2009 0.907 1.068 1.022 0.830 1.092
2009—2010 0.883 1.012 1.040 0.839 1.052
2010—2011 0.950 0.971 0.944 1.037 0.916
2011—2012 0.943 1.055 1.023 0.874 1.080
2012—2013 0.931 1.054 0.957 0.923 1.010
2013—2014 0.945 0.939 0.971 1.036 0.912
2014—2015 1.001 1.013 1.008 0.980 1.021
2015—2016 1.094 0.995 1.124 0.978 1.118
2016—2017 1.001 1.008 0.923 1.075 0.930
2017—2018 1.130 1.253 0.942 0.958 1.180
2018—2019 0.985 0.900 1.090 1.004 0981
{8 Mean 0.994 1.011 1.003 0.981 1.014

£ 2004—2019 F 2 [a], FE/NRZGE AT RER
N 0.994, Ek 2 TS, MWEBELRIE FRE, HAR
EYMEN 1.014, HAiEARMER 1.011, HBREN
1.003, 5 B /NG €8 AR P2 KPR AR ) B A 2B P2 /K P 5
i, B E . B SGE DL SR RN N Gk
SBERAE T KB . AR 0,981, G RN
G REPERE TR EEIRE, 7 B NFE AR
WA 5 ek A 7 T SR IASIL D, 763 25 R E IR & 22 1R
BERIRTHE T, NI B ARTE TR &, Bk
HEP M BAA DR S B S E H AR, W't
N E bR AT AR, SSB E 2 AL
BT, 1 2006—2014 FE2 0], FARBSHIMMEN 0.924,
2014 —2019 F (], FHABLHEN 0.998, UiHMEE
I (R HHERS , Mg O P I SRR R IR, T AR
R4 MG A0 AAR & 22 4 5 A SR FIXE H br
3.2 INEFBEEREFRTEEFEST

WA SR REAR R D 2, KR FEIX N ZE G
SBEAFRPAT U E R, BARGRINE 4 fos. %
i EE, A XE A RSB SIS, K
s R IXGR IR R, IR DR, JRIKTE T
— PR X AE A E N e R B AR PR X, /N R R R
A= B AR 4 AR ) 80%LA b, B /K st e T

HoAl= X, BEARETIRE R —g s, ([HEED
AR LW AT RTUE, 8 XN A LR AR
ot X FREHGBNLZI R, SRt Hg
REE B ZJFIRE RS, R&AFEEH X AEZRE
S EFR A AR LB A XA BORIR S T . 5=
X ek B A R A 0.985, LERE T EYE
RAK, AR T BERH N B 1 i T4 [ F 247K (1
DT, TERANZRFACH O KT 60% /247, #
WA T Al 0y, T B E AR B IR SEANE 5/
PR, WU = KON RR A A HAk 4 B
AR R T B R AR T B SRR ) o

R4 20042019 ERENERELEREFEHERSE
Table 4 The mean value and decomposition of wheat green total
factor productivity of each province from 2004 to 2019

s B (XD % gige e SREOR BB R HOR
Production Province REEBRER I ME WL ME

area (region) * GTFP PEC SEC TC EC
It Hebei 0.961 1.018 1.003 0.942 1.020
e . VL7% Jiangsu 0.994 1.001  1.000 0.992 1.001
H7X ) &
The first L Anhui 0.955 0.983 1.002 0.970 0.985
production ||, % Shandong 0.991 1.005 1.000 0.986 1.005
area
{i[F4 Henan 1.019 0.993 1.002 1.024 0.995
{8 Mean 0.984 1.000 1.001 0.983 1.001
1174 Shanxi 0.997 0.958 1.016 1.024 0.974
=53
Wl 0.935 0.996 1.000 0.939 0.996
Inner Mongolia
#®opeX i1k Hubei 0.979 1.001 0.994 0.984 0.995
The second g )| Sichuan 0.980 0992 1.006 0.982 0.998
production
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x5 HENEFEEERERMEIR Tobit BYFLER
Table 5 The panel Tobit regression results of wheat green total
factor productivity in China

Febr Eﬂftﬁff SOETEAPR FARME BARED
Index planatory GTFP EC TC
variables
Z B KT -0.012 0.017 -0.026
Economy A — 73 hn{e
Tevels (0.058) (0.060)  (0.030)
, 0976 20.021  -0.082%*
grve A [ 2 A5 B A
IR . (0.070) 0.072)  (0.036)
Financial -
investments &7 ARG 0073 0062 0031
PATIX (0.082) (0.085)  (0.043)
0.122%* 0.030  0.112%%+
sopert /DN IEFNHEIAN
BRI (0.061) (0.063  (0.032)
Resource N
endowment N 0.015 0023 -0.035
(0.038) (0.395)  (0.020)
~0.135%* 0.014  -0.134%++
NI/NFZ R FITHIAR
Aok A 7 (0.067) (0.070)  (0.035)
Production
conditions I 0.012 20.033  0.029
(0.078) 0.081)  (0.041)
0.747 0.953%%  0.762
AR A
(0.407) 0.422) (021D

T TS B AREE, o RRTE 1%KFRE, = RIRE S%KFRE,
*FRTE 10%K T3, FR.

Note: The data in brackets are standard deviations, *** means significant at 1%
level, ** means significant at 5% level, * means significant at 10% level, the
same below.
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s NI

FEMY BB T3 1, AR AT AR [ 5 B B A Bk
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e . ATRER R R 7E T BU 5 (1 B An e sk 5 4tk J
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*k6 HENEZREEEREFRFMERREERE
Table 6 The robustness test of wheat green total factor
productivity influencing factors in China

febr fRRR A FELTRE FHRWE RS
Index Explanatory variables FEZ GTFP EC TC
BT -0.066 " 0.059"  -0.090
Economy oG iniE
levels (0.037) (0.033)  (0.058)
, 0.047 0.055  -0.027 **
40 AT [ T 5 7
T L £5 % i 0.031) 0.041)  (0.012)
Financial
investments R ARG -0.041 -0.110 **#*  -0.049
PATX (0.040) (0.040)  (0.057)
0.281 ** 0.030  0.041 **
s 31 B [l NG BRI AR
SHAEIR 0.013) (0.0200  (0.020)
Resource
endowment A 0.015 0010  -0.002
0.025) 0.027)  €0.015)
-0.109 * 0.061  -0.101 ***
= NN P THAA
AP 0.061) (0.546)  (0.032)
Production
conditions - 0.039 20.008  0.031
(0.042) (0.022)  €0.027)
B 0.556 0.119 0.672
A AT
0.402) (0.603)  (0.432)
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Spatiotemporal characteristics and influencing factors of the green total
factor productivity of wheat in China

Dai Ruixi, Xu Shiwei*
(Agricultural Information Institute, CAAS, Beijing 100081, China)

Abstract: Green transformation can be an inevitable requirement to ensure food security in China, particularly for the
sustainable development and high quality of wheat production in recent years. Green Total Factor Productivity (GTFP) has
been one of the most important indicators to measure economic and environmental efficiency. It is necessary to accurately
evaluate the wheat production for the decision-making on the green transformation. Taking the 15 Provinces in China as the
research objects, this study aims to investigate the spatiotemporal characteristics and influencing factors of wheat GTFP from
2004 to 2019 using the Slack-Based Measure (SBM) model with the Malmquist-Luenberger (ML) index. Among them, the
non-desired outputs were set as the carbon emissions and the surface source pollution by chemical fertilizers and pesticides. A
Panel Tobit model was also selected to empirically analyze the influencing factors of wheat GTFP in four aspects, including
economic level, financial investment, resource endowment, and production conditions. The robustness of the model was then
tested to add the control variables. The results show that there was an overall declining trend in the wheat GTFP from 2004 to
2019, indicating that the wheat production increased at the expense of environmental damage, due mainly to the technological
regression. The 15 Provinces were classified into three categories in the spatial dimension, according to the wheat sown area
and trends. The inter-regional comparisons demonstrated that the second production region (Shanxi, Inner Mongolia, Hubei
and other provinces) was the most efficient level, the third region (Heilongjiang, Yunnan, Ningxia and other provinces) was
the second, and the first region (Hebei, Jiangsu, Anhui and other provinces) was the least. The reason was that the third region
was better served as the smallest sown area in wheat production, whereas, and the first region as the main wheat production
area presented a higher yield with less consideration for ecological protection. Therefore, it was necessary to accelerate the
wheat green production transition in the first region, which still remained the main production region of future wheat supply. In
terms of influencing factors, the total wheat sown area and wheat sown area per capita posed the most significant impact on the
GTFP, indicating that the wheat sown area was still concentrated in the first production area. However, green technology
training increased for large-scale growers in recent years. The rural fixed investment and the minimum purchase price of wheat
presented a negative impact on the GTFP, due to the improved yield and economic output with less concern for environmental
protection. In addition, the technological progress was significantly more positive than the technological efficiency in response
to all influencing factors, indicating a greater lacking of the new technologies promotion in the wheat industry system,
compared with new technological research. Therefore, it was a high demand for the decision-making on the wheat industry
support and protection in the practical needs of environmental protection under the sufficient yield. The coverage of fallow
subsidies should be appropriately expanded to relieve the ecological pressure area in the first production. The promotion of
new technologies can greatly contribute to enhancing technical proficiency in green production. The finding can provide a
strong reference for the green transformation of wheat production.

Keywords: agriculture; models; wheat; green total factor productivity; super-efficient SBM-ML index; influence factors
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