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Fig. 1 Theoretical framework of factors affecting agricultural production efficiency



2094 H % % | 2% i 35%:

RN HZES
1.2 HiERIR

G T ARl A AR A N RE VR A AR, AR SR FH S R %) il
ELN AP RO . T 201746 1-2 L 20184 1-3 7 . 2018 4F 5-9 H 783 13 4 Hhse 1 i4
T 65K (K2), WML 780y, MBERTTMHAEHE, ARCRHN92.13%,
RN FEAHE . P . P AR MREEY R BRSPS RER
PIARRE . BRI, BRGNS . EE R . RER . REKE; BEBERISCGIR
TR S R 55

>z

7t gl S

o
e

K
D& i g

11
o JHFHE
BB

12 B S
Fig.2 Distribution of surveyed villages

TRV (1) TRV FREEY/NE . Bk e, R R oAl Ak
FEE, i AR 25 AR RS FH ™= A B S el (2) RBIER T Fr 7E B Sl T 4 AR
FrEX, BEELRCN T, HRDE TRFEME . S, B . AR A FIRT,
RAE T T XS A PR s ) 22 5, AR SR AT RESE SR T R 8 B a T, FLER R
VERFRE AR EYI LIS — b 32, BRI, BESR B B p R
1.3 ARFE
1.3.1 glsrHEa ATk

FEFED A K T I R v & A RR IR A T A AT RO HE R, B HE 1 M
BEL MEAE . FERR . BRAEC . EWE . ORSEIDRE b R o Rl T AR R IR T R i HE S .
H, BEEE . READ . BEIERIUSCR S B R R AR, it AR A A [ R R
(PR AE AR 24 55 A 77 3 PR AR VR T #E S BUNM B B i HE D) o 31X HL S 25 At SClR ) 75 5,
AT



94 T A BRHEEZH T A AR S [ SRy 2095

E=E, +E. (1)
Kb BRI HRCE R (kg) s E AR ANIRHEL (keg); ENREIRIEAERBHE
i (kg)o
E =W xQ, (2)
Kb WO iR R A S (kg); QN i P B AR HER R 2L (kg) o X 2%
JEALNEFAR 25 PR 0%, HERC R £ 53310 857.54 kg C/Mg F14817.155 kg C/Mg™;
E,=N,xC, (3)
A NOREIFPREIRIIEAERD; COMEE i FPBEIR B BRHE R AL, A SO 2R S8
L I PARRRETR , Hidr, HL IR ECH 0.801 kg CO/kwh™ , SeyliiHEi R E A 11E
AW (Il URE:
Ce =L Coontens * Orae (4)
e Co MEMMIRHEIL R EL (Ckg) ;s Loy NEEHMIIAAL Z G (KIKkE) 5 Copn N
EE (TCTD; 0, WEMHE. Hib, (RA0% IR 42652 kikg, Sk AL
B (BYURESRNGE R gmilder ), 533124 20.2 TC/TIF10.98
132 B HERC 2R T Al Az 735 i 35 ik
(1) Super-SBM #5i7
KB L (DEA) MIEGRHEZ R T A A =808 . 1558 DEABRE
WDHN PR G AR R A A O, DNRASCR I TE Ik [R5 7 A s
A k. T Super-SBVIAE A7 i G HA A5 1k 1) B 7 45 T L3 6 0 53 L BT o
BN OL . 2T, 8 SR H Super-SBM AL S S0 B 48 65 S BT I B A4l A= 7= 4%
2 [RIEPREERHEBE A A = AR R = g AR, BIRIUNTT .

1 J—
szi/‘xlo
i=1
p: s, 5 (5)
L (S5 35/
+
s +s [Zyr/ym Z‘y /y )
x= /ljx/ }72$2/1jyi ybgz l’ybf
j=1,j# J=Lj#o =Lt
_ —g g —b b
S.t. xzxioﬁyr g.yro).ytz 2-yaﬂ (6)

Y 4 =1,)°=0,"=0,1=0
J=1j#o

i=1,2, -, m;r,a=1,2,,q;j=1,2, -+, n(j#0)
AP m MBI R A, n PP TEAE (A) 5 p IR~ L 1Y Super-
SBM BRI ; x. y Iy SrMFERAEZ | A= (kghm®) R BHEL (kg/
hm?), xeR", y=R", y'=R"; LR TADUI R 65 5 Flls. 20 B FER B L 7 5 A
AR BB HE R A Bt )

(2) Pl As R e

AR I S B O 2 AR Ml 2 7= o B v AT A L T A 2P e AR e i 1
AR P S AR AN A A PRI, BASE AR A PR AR L 1, 457 i A A
STt 2,




2096 H % % | 2% i 35%:

F1 IEFRIEEEY R B AR
Table 1 Categories and explanations of indicator selection
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Table 2 Descriptive statistics of each variable
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Fig. 3 Agricultural carbon emission intensity of surveyed villages
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Table 3 Results of agricultural production efficiency of surveyed villages under the constraint of carbon emissions
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Fig. 4 Classification of agricultural production efficiency under the constraint of carbon emissions
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carbon emission intensity and agricultural production efficiency



2100 H % % | 2% i 35%:

R4 ETFRAUBHEREEFIR & P LR ES L RIRBER BITR

Table 4 Classification of surveyed villages based on agricultural carbon emission intensity and agricultural production

efficiency and the strategies of low-carbon development

Bl it HE FERd Rt A2 SR 5

MRt BRNEEERS | SRR 2N EMITRE . FRTE @ R0 A . BUR R ORISR i R R A ik
RAS L [EREZRAT B EAT . PR R Aol BRERE A Ol & R A
JE L FEBHEIM LA, | BRIk PR, SR JE DAl R O R, SR
F WURATAERT A =2 BRI PN S B TSP
R LT SUNNS | FORE N . PRI |
EMTOCAN . BT EER . BB

AR EEEARIRN . BT EE . BRBARER . R R | RN R R A R AR
EE/NEN . KB EREAR, 2K B Skt ST s b2 E, Wi hE

IS e iy S R B PEAT  mH B AL IS TR LB 5 5] IF B ot 45 5%
RHE SR SGIE EWR B EBRIER . K FER A HE R KRB, g KA
FTMPE RS . A TR A . B E A WO P A I, B Y
EEhAT HEFARA | REEEN . NS HEBTT X, e K BB RO 5
ARER . FAREER . AR hAa R IR LA S,
AR, RIEBERTRER ., e ERmE. BRE AV AU K-

IRIERT . IEFREERERT

WO ELPSEAT | XEINHT IR JRFRRBRER & 2k R BURN SRS TR, R
FORRHERL PRSI Y MR B i B

AT, LKk LRIRAS

B, 1S ANEE AR o E A R

LR, Fes e e T

I3 R U A P TR B RRAR A, AT 3

CNT—HU” oA, 2

[ RE SV S R Y 2755317

MR, SPURT A AL A, | B2 5 A (FIHMTARZE R B3 | ISR FERLAE 58 R KR Bt )
Fr R SR L IRBE R TR SR ARRHRE  BEAl b 5 I SR S B R e S

il
e
ilig
%
5
i

FEN OB LER | SN FER . M IR IF B SRR, R
SR AURK . MEERIEN . BB SR VRPN R, SR A 7 Y
ETHER . TRERBRMN . WEENEN. & iR 2

ATEE =AY ACE R . Ft A

LR R 120 m HEGEED, [RIETiFAR DGR TR AN ™, U 58 i AL AE 7
LU PR RS, AR A3t R A A (i 4 (4 BEAL R S BCRE TR A WS S AR K, Al A=
BRI, (3) ERRERR %M B SRR E R B m O R, o B4
R A A P3RS TEAE VRS T e T 7 H RN, R R AE RO AR 7= Sl KT
IR TR MR TE ST A, N TARBR KRR AR S w i, Hd, &
F 57 B RN B VR A BRI %, R SRR R R, R P 857
FEDE KBS, Al A P ReR AR & = AN W & . (4) [IRERAREOR x5k
JERR RSSO ARARHE . RECR . RPN AE B o FIBE IR R A GG T, (H AR
FRCRANE o S A FERE R b AN 4, RPEABRTENEE, Fidh T35 ikl
YEYIAE R = A58, T 2RO A =R %, WF T AiETa A

Hrp, SRRSO R 26 4, ST R 40.0%, BT &5 FeBlER, kel
MBS 34, IR R 4.62%, T BBl i s S0P FIVERR AR 9 25 i
SRR 19 ANFITAS, B AR 9R 29.23%F126.15% . 15 HfR K 19 mn i AR A8kt 2 4%l A 7
IR A T R R, (BB R AR A FERCR, I AR B A AR & e



94 T A BRHEEZH T A AR S [ SRy 2101

T BRI DB, SRR AL PR
3 ZhgHihe

BT A 65 R A IR A8, SR Super-SBM AR S3HT T Bk HERCZI T iyl
A RRCR I 2 5, ARG AR B AN A A 7 AR B 56 ZR R RS R AT T 2R B O
IR T AR BN FEAR B A FE B SREm , EBAHENT - (1) TR Al BRHE T 5 3 52
WopgdbEr . MR RS A S, X A RS . ROAE AR NS
PEAFENZR AR o R SR B A B HE I B2 v LM A AR X B AL, (EUR W AF AR X Y
rfE D, BIEALHIIX ., (2) AT SR AL AR AL 288 2x i D v T R X RE DRI
BN, WTIFARAO BRHEBREE . (3) BRI 2R T A A R B AT R i 2
)22 5%, FEAR RO AL RO A4 0.76, KRS FEAL T2 0.6~0.8 Z[A]. (4) LA
A B HE A3 JBE RN MY AR 7 S8R B BI(E A AR AR IR, TR FE 23 U RIMERS i 2
FE L RSN | bR O | ARBRATRRIONS o JH b e i R A B RS A 28 8
R, X TR A T FEA L AR 83 3 i 1

N R E A A R, HESh RO SR ISR, ORI AT SR ICLL TR H it -
(1) JE Ay B L 205 AR AW RETR . BTURBLAFBRHERGRE , e BORIERL,
R A= WA, MARBRAO A IR R, IR RS, 51 R P BUE 2 E AR,
BB BB ARG o (2) s AR FERIBOE A5, SRR AT, 2
A A PR, K BEIR I Z B R A KA TR, e KR, RIIiE
FELAMV AR UL . B BB ANE BAKF . (3) TEPRIERE AR AU AT §2 T S8t 22 1k i)
A AR R A BIARE X, PRI B AR 1 BRI A, i S AL B HE FIR B
BT R XU P RS R B o BEAN, XAV AR P SR O (i L PG i 264
PSR HEAHENL , IRk Bl DA BRHER ;T T4 A S AR ZZ RIS E (AR
B BINE KBRS, NEUmsR A SR B . R SR RESTEA IR,
FEARA L e HE 5L

2% X Hk(References):

(1] %, d . Kb B A AR 7 ORI S A5 I R 3. ARV Z85F IR, 2003, 24(12): 45-48. [ZHOU H, CHU B J.
Complete an dynamic monitor system of Chinese productivity. Problem of Agricultural Economy, 2003, 24(12): 45-48.]

[2] NGUYEN T T, DO T L, PARVATHI P, et al. Farm production efficiency and natural forest extraction: Evidence from
Cambodia. Land Use Policy, 2018, 71: 480-493.

[3] SHORTALL O K, BAMES A P. Greenhouse gas emissions and the technical efficiency of dairy farmers. Ecological Indi-
cators, 2013, 29: 478-488.

[4] X &, EEE. ALV R =B Bt DEA 5347 LABEPE A E ). s LN H - BEE 53045, 2015, 25(7): 105-
112. [LIU Z F, WANG C H. Organic agricultural production efficiency based on a three-stage DEA model: A case study
of Yang county, Shanxi province. China Population, Resources and Environment, 2015, 25(7): 105-112.]

[5] B, EIE AR A AR 7 USROS HS e 3R 20 e 6 T 2R T8 1 =4 ORI R A ) A Bl SRR,
2017, 39(5): 924-933. [JIA L, XIA'Y. Scale efficiency of grain production and influencing factors based on survey data
from Heilongjiang, Henan and Sichuan. Resources Science, 2017, 39(5): 924-933.]

[6] Z=TE, ik SO, AREE. BicHE LT 1 v Ll Az 0  IX 25 S M 5 R PR 2R 22 B LB, 2016, 36(9): 150-
157. [LI B, ZHANG W Z, YU J H. Decomposition and influence factors of district difference of China agricultural pro-

duction efficiency under the constraint of carbon emission. Economic Geography, 2016, 36(9): 150-157.]



2102 H % % | 2% i 35%:

(71 E5 5, ok T v ol A AR BE K 28 22 s F 5. il I - B 5 2085, 2016, 26(6): 11-19. [WANG BY,
ZHANG W G. A research of agricultural eco-efficiency measure in China and space-time differences. China Population,
Resources and Environment, 2016, 26(6): 11-19.]

(8] XUMRKE, AR L. BRHEALZIHT AR 27 AR A= 280 RS R R VTR AL B2, 2018, 46(17): 321-326.
[LIU J H, ZENG F S. Study on agricultural production efficiency and its influencing factors in major grain-producing ar-
eas under constraint of carbon emissions. Jiangsu Agricultural Sciences, 2018, 46(17): 321-326.]

(9] SKENIR, BRiks, A8, 2. e £ KA 8O 2 R 20 4. AR ALBR =42, 2018, 49(1): 183-193. [ZHANG L N,
CHEN Z, YANG M L, et al. Spatio-temporal feature of maize production efficiency in main producing provinces of Chi-
na. Transactions of the CSAM, 2018, 49(1): 183-193.]

[10] sKIKsE, iR, Bk, 2. ALACHABCRMEZ SN 2K A 20T K748 4y B TR TESS. BE0ELE, 2018, 40(7):

1333-1343. [ZHANG Y Q, PU C X, WANG Y, et al. The efficiency estimation of fertilizer input and attribution: Panel

evidence from 20 corn producing provinces. Resources Science, 2018, 40(7): 1333-1343.]

B, BRIE. AR ST E SO0 AR P A R R LU TR . IR E, 2017, 39(4): 756-

765. [JIA R, LU Q. The effects of credit constraints on peasant household production efficiency under different irriga-

[1

—

tion technologies in Zhangye, Gansu. Resources Science, 2017, 39(4): 756-765.]

[12] 4R R, EB, B, 55, AR P A3 A: P HARBER B e R 204 JE T REPLETIT s 1707 4
WO, gl KR, 2013, 18(1): 210-217. [JIN F L, WANG L, LI G C, et al. Winter rapeseed's technical ef-
ficiency and its influence factors: Based on the model of stochastic frontier production function and 1707 micro-datas of
farmers. Journal of China Agricultural University, 2013, 18(1): 210-217.]

[13] e, a5, ARA LA S A AR P ReR A2 fl: BT CFPS BYSEIEZMT. Hh E AT 2235, 2016, (12): 4-18.
[QIAN L, HONG M Y. Non-agricultural employment, land transfer and agricultural production efficiency change: An
empirical analysis based on CFPS. Chinese Rural Economy, 2016, (12): 4-18.]

[14] BAEE, S8EUR, PRz R MRH RO AR 7= BRSBTS : 5T DEA-Tobit BRI 734t BT IERL%, 2015, 37
(9): 1816-1824. [QI J E, GUO G C, CHEN Y S. The impact of farmland transfer on agricultural production efficiency
based on the DEA-Tobit model. Resources Science, 2015, 37(9): 1816-1824.]

[15] DENG X, GIBSON J. Improving eco-efficiency for the sustainable agricultural production: A case study in Shandong, Chi-
na. Technological Forecasting and Social Change, 2018, 144: 394-400.

[16] B35, ARAEAE, 453 EE, 45, 2000—2015 AEAEU T I L A AR AL R A A P 550 I #2003 BETSE, 2017, 36(11):
2171-2183. [YANG Y, DENG X Z, L1 Z H, et al. Impact of land use change on grain production efficiency in North Chi-
na Plain during 2000-2015. Geographical Research, 2017, 36(11): 2171-2183.]

[17] E420%, XU, IS, 55, LHANeEIL b ) XPRCE A P BOR IS B TVLBCP I 354 A KRS R L - A RIFTE. 3R
TR, 2017, 39(8): 1488-1496. [WANG M M, LIU Y, KUAI H, et al. The effects of land fragmentation and land quali-
ty on the technical efficiency of grain production based on 354 rice planters on the Jianghan Plain. Resources Science,
2017, 39(8): 1488-1496.]

(18] FRER, sRmERR, X S Al Az 7 AR 5 HA e PR 3T DG SC R SIE 3 AT ik T 1AL Bl i Rl B 5 X R,
2016, 37(12): 198-203. [XING H R, ZHANG X J, DENG Y. Empirical analysis on the relationship between agricultural
production efficiency and its influencing factors: Based on the data of Hubei province. Chinese Journal of Agricultural
Resources and Regional Planning, 2016, 37(12): 198-203.]

[19] TALUKDER B, HIPEL K W. Energy efficiency of agricultural systems in the southwest coastal zone of Bangladesh.
Ecological Indicators, 2019, 98: 641-648.

[20] CLARK M, TILMAN D. Comparative analysis of environmental impacts of agricultural production systems, agricultur-
al input efficiency, and food choice. Environmental Research Letters, 2017, 12(6): 064016. https://doi.org/10.1088/1748-
9326/aabceds.

(217 SRR, A, #hTF, 45 R — L —RE—B RS IALHI 204, SRR, 2016, 71(9): 1613-1628. [ZHAO
R Q, LI Z P, HAN Y P, et al. The coupling interaction mechanism of regional water-land-energy-carbon system. Acta
Geographica Sinica, 2016, 71(9): 1613-1628.]

[22] WANG J X, ROTHAUSEN S G S A, CONWAY D, et al. China's water-energy nexus: Greenhouse-gas emissions from



94 T A BRHEEZH T A AR S [ SRy 2103

groundwater use for agriculture. Environmental Research Letters, 2012, 7(1): 14035-14044.

[23] XIONG C H, YANG D G, HUO J W. Spatial-temporal characteristics and LMDI-based impact factor decomposition of
agricultural carbon emissions in Hotan Prefecture, China. Sustainability, 2016, 8(3): 262.

[24] LA, 2 Kk, P 75 0, 5. v B ARl TG = AR HE B S I HERE AR X SR AR Mk T2 2 4%, 2008, 24(10): 269-273.
[DONG H M, LI Y E, TAO X P, et al. China greenhouse gas emissions from agricultural activities and its mitigation
strategy. Transactions of the CSAE, 2008, 24(10): 269-273.]

[25] E2%, Y[, W, 55, 74 RgH XA BRHFHOE S S mw R AESE. o [ - BRI 5 PR, 2017, 27(s2): 231-234.
[WANG X, MA S T, PU C, et al. Trends and influencing factors of agricultural carbon emissions in the Southwest Chi-
na. China Population, Resources and Environment, 2017, 27(s2): 231-234.]

[26] ZLFLUY, BRAZE, ThEITZ. JET STIRPAT FIGM(1, 1) AR B 44 A b A ABRHE G AL SO ST . KV L IR
PR 5 R EE, 2018, 27(2): 345-352. [LI K Q, CHEN J J, MA D D. Growth mechanism and trend forecast of carbon
emission from farmland inputs in Hunan province based on STIRPAT and GM(1, 1) model. Resources and Environment
in the Yangtze Basin, 2018, 27(2): 345-352.]

[27] BRIGEZE. |V A 285 3R e B IR I 25 s Jm) B RS2 i TR 32 3 . Aol IR L 27 274, 2011, 30(7): 1460-1467.
[QIAN X Y. Spatial-temporal variation and impact factor of carbon source and sink of farmland ecosystem in Shanghai,
China. Journal of Agro-Environment Science, 2011, 30(7): 1460-1467.]

(28] /A, B, LAERRI, 4. JLatT FEARAERA M B i 7. B AR 244, 2012, 17(2): 48-53. [LU X H,
HUANG J, SHI L G, et al. Analysis on carbon efficiency of the main cropping systems in Beijing. Journal of China Ag-
ricultural University, 2012, 17(2): 48-53.]

[29] BREE, A1OERE, XA Ik, VLR Bl if 2 AR 145 22 5 a3t k. BRUERRA, 2018, 40(5): 1084-1094.
[CHEN H, FU G H, LIU Y Z. Spatial and temporal variation and trend evolution of county-based agricultural green-
house gas emissions in Jiangsu province. Resources Science, 2018, 40(5): 1084-1094.]

[30] Uk, FEWIHE, BIFF, 45 VLVG A B B HET Y I 2 Bl A B mi R 3R 43 7. A VLR S PR, 2014, 23(3):
311-318. [YAO B, ZHENG M Y, HU D, et al. Spatial and temporal variations of county based agricultural carbon emis-
sions and associated effect factors in Jiangxi province. Resources and Environment in the Yangtze Basin, 2014, 23(3):
311-318.]

[31] #3ChA, BSREK, TRACT, . T 4 A (6L K R IR IS A SR B IREAAR, 2019, 34(1): 92-103. [YANG W J,
ZHAO R Q, ZHANG Z P, et al. Industrial carbon and water footprint efficiency of Henan province based on input-out-
put analysis. Journal of Natural Resources, 2019, 34(1): 92-103.]

[32] U, X SRR, J3E, A5, Y0 FE 4 R DXl K A BEIEO S A RRHE RN BIF 5. AL KRR B R 2244 B 9B 2
%, 2019, 40(1): 71-78. [WANG S, ZHAO R Q, SU H, et al. Carbon emission effects of agricultural land and water re-
sources exploitation in typical villages of Henan province. Journal of North China University of Water Resources and
Electric Power: Natural Science Edition, 2019, 40(1): 71-78.]

[33] WX ZRAK, 28 W Ja]. vl [ 90 30l DA T 2 265 2R B8 v o0 B DR AT N 23 28 e, AR 5 5 AR BB “2 412, 2007, 23(2): 1-6.
[ZHAO R Q, QING M Z. Temporospatial variation of partial carbon source/sink of farmland ecosystem in coastal Chi-
na. Journal of Ecology and Rural Environment, 2007, 23(2): 1-6.]

[34] WEST T O, MARLANG G. A synthesis of carbon sequestration, carbon emissions, and net carbon flux in agriculture:
Comparing tillage practices in the United States. Agriculture, Ecosystems and Environment, 2002, 91(1-3): 217-232.

[35] [EIZR A& Rk 2 4. W REIRBRE AR MES U 177, http:/hzs.ndrc.gov.cn/newzwxx/201401/t20140110_575400.
html. [National Development and Reform Commission of China. Interim measures for promotion and management of
energy-saving and low carbon technologies. http://hzs.ndrc.gov.cn/newzwxx/201401/t20140110_575400.html.]

[36] WAL, dhimld. T A= F X k2 ST FE. I Tk 285, 2011, (5): 47-57. [PAN J H, ZHANG L F. Research
on the regional variation of carbon productivity in China. China Industrial Economics, 2011, (5): 47-57.]

[37] 48, XUB, sk 0], 45, Ll A 7= R gl K i iR B AR BT, 2018, 33(8): 1326-1339. [JIN W, LIU S
S, ZHANG K, et al. Influence of agricultural production efficiency on agricultural water consumption. Journal of Natu-
ral Resources, 2018, 33(8): 1326-1339.]



2104 H % % | 2% i 35%:

Agricultural production efficiency and spatial pattern
under carbon emission constraint:
Based on 65 villages of Henan province
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Abstract: Exploring agricultural production efficiency under the constraint of carbon
emissions based on village scale not only helps to reveal the relationship between carbon
emission at the micro unit level and agricultural production efficiency, but also has certain
practical significance for the choice of differentiated low-carbon agricultural production mode.
Based on the survey data obtained from 65 villages in Henan province, this paper calculated the
agricultural carbon emission at different sample villages, and analyzed differences in
agricultural production efficiency under the constraint of carbon emission using Super- SBM
model. The results show that: (1) The spatial distribution pattern of agricultural carbon
emission intensity in the study area is "high in the north and south, but low in the middle",
which is mainly affected by planting structure, agricultural production conditions, and human
inputs. (2) Intensive use and large-scale operation of land will reduce the energy and material
input per unit area, thereby reducing agricultural carbon emission intensity. (3) There are great
spatial differences in agricultural production efficiency under the constraint of carbon
emissions. The average agricultural production efficiency of the sample villages is 0.76, and the
most areas are between 0.6 and 0.8. (4) According to the relationship between agricultural
production efficiency and carbon emission intensity, the sample villages can be divided into
four types: low carbon and high efficiency villages, high carbon and low efficiency villages,
high carbon and high efficiency villages and low carbon and low efficiency villages. Among
them, the two types of high carbon and low carbon inefficient villages account for a large
proportion, which indicates that there is a widespread problem of low agricultural production
efficiency in Henan. In the future, we should strengthen large- scale agricultural operations,
reduce energy and material input, improve agricultural infrastructure, and advance new
technologies for water saving and energy conservation, so as to promote the low- carbon
development of agriculture while improving the efficiency of agricultural production.

Keywords: carbon emission; agricultural production efficiency; Super-SBM model; spatial pat-

tern; Henan province



