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Abstract: [ Objective ] The carbon emission efficiency of grain production was determined for 74 cities in the
five provinces of Huang-Huai-Hai region, and spatial differentiation and dynamic evolution were quantified in
light of the “double carbon” goals development strategy and goals. The current situation of carbon emission
efficiency of grain production in the five provinces of Huang-Huai-Hai region was analyzed in order to
promote green and low-carbon grain production in the region. [ Methods] The carbon emission coefficient
method and the three-stage super-efficiency SBM model were used to measure carbon emissions and carbon
emission efficiencies of grain production for 74 cities in the five provinces of Huang-Huai-Hai region from
2011 to 2020. The spatial differentiation and dynamic evolution of carbon emission efficiency of grain
production were then determined by means of the Theil index and kernel density estimation. [ Results |

(D Carbon emissions of grain production in the five provinces and cities of Huang-Huai-Hai region during the
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study period showed a fluctuating downward trend with an “M” shape. but the decline was slow. The use of
chemical fertilizers was the main cause of grain carbon emissions. @ The carbon emission efficiency of grain
production in the five provinces and cities of Huang-Huai-Hai region initially decreased and then increased.
The average efficiency of the first stage was 0.59. Excluding the influence of environmental variables and
random errors on the efficiency value, the average efficiency of the third stage was 0.48, which was 18.6%
lower than the efficiency value of the first stage. Chuzhou, Zhumadian, Dezhou, and other cities had higher
efficiency values, while Huangshan, Weihai, and other cities had lower efficiency values. @ The spatial
differences of the carbon emission efficiency of grain production was on the rise, and the differences within
the region were the main factor affecting the overall difference, among which the difference between cities in
Henan Province was the most significant. @ During the sample investigation period, the core density curve
changed from a “single-peak shape” to a “double-peak shape” where the main peak showed a fluctuating rise
and a slight shift to the right, and the secondary peak maximum was smaller, indicating that the overall level
of carbon emission efficiency of grain production in the five provinces of Huang-Huai-Hai region had
increased, regional differences had increased, and the region showed a multi-polar trend. [ Conclusion | The
overall level of carbon emission efficiency of grain production in the five provinces of Huang-Huai-Hai region
was low, and there were obvious spatial differentiation characteristics. In the future, all regions should
reduce the input of materials such as chemical fertilizers, and adopt the strategy of “counterpart assistance”
to promote the positive interaction of grain production technology in various regions so as to narrow regional
differences in the carbon emission efficiency of grain production among regions.

Keywords: carbon emission efficiency of grain production; three-stage super-efficiency SBM model; spatial

differentiation; dynamic evolution; Huang-Huai-Hai region

“HREARLEZ KRN RO B R BT R E R
BER AL AR AR e R R O Bl HE R R 2R 22
Mo TPCC 55 LRI AL 4 & 48 L Al B 0 42 BRIl
TR ZRHEOIES . R A R S RO AR T Y
B oy o TR IR & e R B E L, Tk
IR AR Gl = A HE R 5 A RO il = A HE
S =002 Horh R R R 2o R T S B
Rk 7026 LA Y, EEMEE 5 A8 A D v 1 A AR
AR A O DR GO Al T R TTRR
{E B e 5 A MR AR R AR 24 55 A T ) % i K
A S A o o TR I A5 R ) B DR TR g o T X ” H
B ST L A DU R B 5 A R R AR 7 R ik Ak
I A H S ) 22 5 K Bl S S L A B T 2 A B
5 BAE I SR G O R R R 5 AR
BRI A 7 P BB S S BRI AR 4R

H BT 2 AR B SR 2R 7 B HE O RCR T 5 &2
SN TR B R ORI L A ) ) S Bl A AR
SET . AR BRHE OSBRI 5 T B R BESEN W
Haoyue 25 (ZE 5 25000 I B 52 | X 4, 48 e AN [) R
JEIT T, e B 45 MR B AR 7 B RS R K 2
BB HBEAOKPFBAR, A ERBRATIRE S . 7
AR BE 5 1 A A BE LRI A3 T R ROR
SBM (super slack-based measure) & HB Malmquist
TR AL | = B BOB AR SBM BRIV AE L Horp,

=B B s ¢ SBM 5L R RE % HE B 5 5 A8 1 A BE AL
T 22 0 50 AE 1Y 52 ) B e KRB B HE O 3R ) B 4 R
(G B J8E . 25 (8] 9 S Jp T, SC T2 A g A
BT RIRIEE R E R B R IR AU B b HE U ROR 1Y
25 (B 43 5 W AE & B, 45 b DXORR £ AR 7 B HE BOSCR AT
FE B I M DX 25 5. s A E AR Oy I, R D OR
55 BEAGTE VR RR B A 7 ik HE ORI 1 Bl A TR R T
I L B4 b, DXORR B 2 7 Bl I R 0038 19 42 %% B it &
B ARG BB

P ILA WEFE B R R A 7= e HE OB B 58 85
HFE ARANAEAE — & Ja BRA , B 58 RUBE 22 IR 5K
A B W) T R L R AR B 1 A SR A B
PR R0 SR Y 52 A IR AR SO S is =B B
HEAL A SBM A AU S [Bk P4 45 7% 5t R B AL 12 25 X 0R
(B Y52 i, X 8 I VA ML DX 5 45 T O £ 26 7 e HE TRk
FRPEAT I BE L O T I RE A5 R R H R FR A A
AT T g X H il DX 22 S5 Ko By 25 9 748 TG R R AR 5K L LA
W10 BOMET 5 A SR AR IR A 7 SRR 2R AR A
1 WXL

B IR VR 1 DX A5 T o [ Rl v AR R0 TR LA
db. b 36°—42°N, 114°—121°E, F % 44 & 3 b,
AR T RS B TE R A R 7 A L BT I
Bl D, 2 EEENRE,



51 W A O O MR AR 7 i HE RO 2 (8 o3 S % By A AR 391

B il
CI&#4
LR

0 150  300km
—

B1 E#EESEAXME

Fig.1 Map of five provinces of Huang-Huai-Hai region
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Table 2 Carbon emission efficiency evaluation index system
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Fig.2 Carbon emissions of grain production in five
provinces of Huang-Huai-Hai region
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Table 3 Second stage regression results of carbon emission of gram production in five provinces of Huang-Huai-Hai region
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Table 4 Average carbon emission efficiency of grain in first and third stages of each

city in five provinces of Huang-Huai-Hai region from 2011 to 2020
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Fig.4 Spatial-temporal evolution of carbon emission efficiency of grain production in five provinces of Huang-Huai-Hai region
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Table 5 Decomposition results of Theil index of carbon emission efficiency of grain production in five provinces of Huang-Huai-Hai region

O Bk HE OROCR 28 IR 45
MikER HNER 4 1) 22 5 T e) %L?é WA LR A
2011 0.079 0.078 0.001 0.053 0.072 0.083 0.130 0.034
2012 0.076 0.073 0.003 0.059 0.059 0.077 0.105 0.062
2013 0.071 0.068 0.003 0.053 0.060 0.080 0.100 0.037
2014 0.079 0.074 0.005 0.052 0.062 0.086 0.100 0.054
2015 0.070 0.066 0.004 0.053 0.065 0.083 0.076 0.040
2016 0.067 0.065 0.002 0.048 0.070 0.077 0.071 0.047
2017 0.081 0.078 0.002 0.054 0.092 0.087 0.074 0.073
2018 0.079 0.076 0.003 0.053 0.083 0.081 0.092 0.057
2019 0.084 0.080 0.004 0.056 0.093 0.094 0.078 0.062
2020 0.093 0.088 0.005 0.053 0.162 0.095 0.076 0.100
RESRLEN 0.078 0.075 0.003 0.053 0.082 0.084 0.080 0.057
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Fig.5 Kernel density estimation results of carbon emission

efficiency of grain production in five provinces of

Huang-Huai-Hai region
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