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Spatiotemporal evolution and driving factors of coupling coordination
between carbon emission efficiency of cultivated land

use and food security in Fenhe River basin

Li Man, Wang Mengzhu, Liu Huancai, Wang Chao, Jian Kai
(College of Geography, Shanxi Normal University, Taiyuan, Shanxi 030031, China)

Abstract; [ Objective ] The spatiotemporal evolutionary characteristics and driving factors of coupling
coordination between the carbon emission efficiency of cultivated land use and food security in the Fenhe
River basin were explored, in order to provide decision-making references for improving the level of coupling
coordination. [ Methods] The undesired output super-efficiency SBM model and entropy weight method were
used to measure the carbon emission efficiency and food security in the Fenhe River basin from 2005 to 2021.
Next, the spatiotemporal characteristics were analyzed. On this basis, coupling coordination and its driving
factors were discussed using the coupling coordination degree model and an optimal parameter-based
geographic detector model. [ Results] (O The carbon emission efficiency of cultivated land use varied

significantly among counties; most counties still had mid-and low levels of efficiency. @ The level of food security in
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the Fenhe River basin showed a trend of “increase-decrease-increase.” The high-value areas were primarily
concentrated in the northeast and southern regions, while the low-value areas were located mainly in the
upper reaches of the Fenhe River basin, the urban area of Taiyuan City, and the gorge region of Linghuo
Mountain. @ The level of coupling coordination between carbon emission efficiency and food security in the
Fenhe River basin was relatively low, showing a spatial distribution feature of “low in the upstream and high
in the middle and lower reaches.” Counties in the stage of imbalanced degradation were mostly characterized
by lagging carbon emission efficiency, while those in the phase of transitional development were chiefly
characterized by lagging food security. @ Per capita cultivated land area, urbanization rate, and population size
were the primary driving factors affecting the level of coupling coordination between carbon emission efficiency and
food security. [ Conclusion | Counties in the Fenhe River basin should focus on differences, improve the short boards,
and optimize cultivated land use while strengthening support for agricultural science as well as technological and
policy-related guidance, ultimately achieving simultaneous and coordinated development of the two.

Keywords: carbon emission efficiency of cultivated land use; food security; coupling coordination; undesired

output super-efficiency model; Fenhe River basin
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Table 1 Indicator system evaluation of food security in
Fenhe River basin
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Table 2 Carbon emission coefficients for cultivated
land use in Fenhe River basin
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Table 3 Stages of coupling coordination development of carbon emission efficiency of
cultivated land use and food security in Fenhe River basin
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Table 4 Driver detection results of coupling coordination index of

carbon emission efficiency of cultivated land use and food
security in Fenhe River basin from 2005 to 2021
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M7 2005 4F 2010 4F 2015 4% 2021 4
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X 0.350" " 0.425 0.448" " 0.438"
X, 0.407" " 0.231"" 0.273 0.450" "
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TEaox % % % x APHIFROR 109,526,101 i E MK

3 W

UMRAL AL TS B AR ol A BT IR A5 ARl AR 7 B
4728 A 2 22 0 AR AW 09077 8 i JO R R AR 45 F 2 7 A
TVERN . A SR R TR O A X0 U R
SRR S S RIS X T R AP 3t ) T ok HE 288 3 5 MR
LA A PME G R BRI, W] O 2 S B AR R L
R bl & P bR d & . AT R Z 80
HRAED )™ X TT R B AT 5T 205 2R 45 38 B8 Bk HE iR 5
R 22 4l 1) DR A JR 11 T AR SR 13T 3 4k 1 A0
FER B AR A 25 BOR ST 1 i ) 1k DL SR B
7 SV A DXCBORR £ 7 XA AR B IR LI Al AR
FOARAE T WA AR XS 25 B A [ 2017 AF BLK B i
ST B HE ORI AR B2 A IR KO- S T R
TR IR . BEA FH S BOR A o AT LR AL B 2
HORIE L —H A KA R .

AR T Ui T OB M A e HE R R
BRENA IR . 45 A A U5 45 R 31
TILAX R 5L

(1) T A (] i DX B 3t 00 Bl HE O R SR |
AW UM R A R Tr ), e AT 25 AR B, BUF Y
LD H LA R AR A5 K B DR Al A 7 5 AR AR BRI
AR 5 KR IX T2 2 6 8 1) 50 B T 2R % R

PN R TR S AR T BARAR L 5 bR i A B IR
SRR SINER= ¢ TR Lk 2L g P G

(2) KL TR ) B HE O3 i 28 £ B DX e
A A WETT R R AR L A i e 1R 25 B 55 A e 7
T2 AR o5 ORI A G Dol 2 2% I B8 5 A B )
FHBRAE R TC AR, A3 Dol ek 198 200 5 b T R B 22 A i s Y
114 S DX A Al 28 7= 2 A, B R R R IR AL
B3k RS AR TR R ™ RO 7 B s A T R A0
FREL X — 2D AR T AR G284 SR S

(3) s ML 51 T o i 2 2 BOR A R A R
A N E SRR DR 4 2 18] 84 2 O 5 58 0 AT B4
BT R LA PR FE RA M i 5t A= 7 7 4 2 A e A Al
o T A JRE L R AR AL LA Bl T X0 8 5 B 981 2K SF- Y 67

Al

4o

A SCR A 5 T 980 2 AL 0 0 2 500 1 3t B4R U
TARTE 2005—2021 493 T Ui SORF 3t M) P e HE T RR
SRR L AR A IR XL IR S R LR B LR
FELEL,

(1) 3] 3 3B 3t ) P Al 0 i 2 B 5 46
Je b B R e R X 3 AR v 7 I R B AR L B A
T 78 5 2% L DX A R P HR i S 3R 2 S T L o
IR BT DX R JHE i 0 L DX g v af AR T e D AR B
EIX A4 F A IRAE R

(2) WAL RBE b T 37 SR £ 22 4 K - i 3l 1]
BB RS BT TR LT R R R
B R RS, 2 ] BRI AL AR Al v L
JE A AR )RR

(3) N Xt Hb i BRI A S5 A0 T R 22 i
It A0 e 0 3R 5 R R 4 R A B 3R P 1Y

C4) o TR oA A1) Bl TR S5 MR e
AR £ BN T 2K S S A i A1 o (L 77 A T ) 2 i 2 5, 2
BLS AR P T U 4 23 A R AR 5 A X e TR
B+ B M ) FH B R 0RO R R K Y-
1 B WP  JCHAEHEA T A I HEA T B ) . B3
BONWL AT W F AL TS BB, D AR A
DEACE A P A TR s i ol A4 6 5235 5 RS =
LA Sl B 3t 1) P s HE TIOR3 5 AR B 2 A A P 0

2 % 3Lk (References)

(1] B BR R o 2 s 8 ol s 00 55 B A1 ik £ 7K - 3
T ERARS TOPSIS ¥z L] AR IR 2
#%,2021,36(2) :395-410.



270

K A PR 4R

545 &

[2]

[3]

(4]

(5]

[6]

7]

(8]

Tian Chengshi, Chen Yu. China’s provincial agricultural
carbon emissions measurement and low carbonization
level evaluation: Based on the application of derivative
indicators and TOPSIS []J]. Journal of Natural Re-
sources, 2021,36(2):395-410.

PUE L AN 7 N = O KA L 7 = = SO
PSR 25 52 RIS ] AR & EEH.
2022,37(2) :477-493.

Liu Mengba, Zhang Anlu, Wen Gaohui. Regional differences
and spatial convergence in the ecological efficiency of
cultivated land use in the main grain producing areas in
the Yangtze Region [ J]. Journal of Natural Resources,
2022,37(2) :477-493.

XUTEAE S o B, 28 B, 60 20 4R P ER B 4R R AL
IR B HL O D JOR B L A% R B S e [T ], 3 4R B 2
#%.2021.36(6):1413-1425.

Liu Zhengjia, Zhong Huimin, Li Yurui, et al. Change in
grain production in China and its impacts on spatial sup-
ply and demand distributions in recent two decades []J].
Journal of Natural Resources, 2021,36(6):1413-1425.
E A AR PN IS S E AR LR R ROR Sk R R Y
RS WL Bt 23 23 5 [0 ], A SR B IR~ 4. 2022, 37 (10)
2651-2671.

Wang Jinwei, Sun Jie, Lei Ting, et al. Coupling mechanism
and spatiotemporal differentiation between grain production
efficiency and tourism development in China [J]. Journal of
Natural Resources, 2022,37(10):2651-2671.

AU, FhA T /NG P EAE IR —GERE R RAEN
N2 A% SRy S w BRR [T, 3 B 22 42, 2024, 79 (9) .
2389-2406.

Hao Shuai, Sun Caizhi, Zhai Xiaoqing. Spatio-temporal
pattern and influencing factors of efficiency of water-
energy-food system in China [J]. Acta Geographica
Sinica, 2024,79(9) :2389-2406.

RN B BRI N K LR R B SR AL
PO R R K sg R PR R [T . 42U b B, 2022, 42
(10) :177-185.

Li Changsong. Zhou Xia. Zhou Yuxi. The characteristics
and influencing factors of coupling coordination between
water-soil matching coefficient and grain production in
the lower reaches of the Yellow River [ ]J]. Economic
Geography, 2022,42(10) :177-185.

TR D AT IR R A R AE P ) SR B R 2 HE K
REBEHS T LI 01 L) s BAL 2%, 2017, 37
(9):1392-1402.

Zhang Pengyan, Pang Bo. He Jianjian. et al. Coupling
relationship and trend of cultivated land productivity and
food security: A case study of Henan Province []].
Scientia Geographica Sinica, 2017,37(9):1392-1402.
U B, BN R E e ST AR R
FhE RS S A7 R S SR L) ] R R &
¥ ,2023(6) :21-31.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Li Yiyun, Mao Xiaohong, Huang Zuhui. Evaluation and
countermeasure research on the trinity protection of
cultivated land quantity, quality and ecology under the
background of national food security [J]. Rural Economy,
2023(6) :21-31.
ER R TR E SN Z T E I A T Ak
“HERAL” A K HCBRF L . LU P BT 4 5
#,2023,43(4) :144-153.
Wang Cheng, Liang Xin, Dou Haojian, et al. Spatio-
temporal evolution and driving mechanism of non-grain
cultivated land for rural multi-value realization: A case
study of Chongqing [J]. Economic Geography, 2023,43
(4):144-153.
& MR BB, B L A B SR R R HE OB R S
MEZ2K R hELERES X, 2023, 44
(2):156-169.
Yang Qinglin, Zhao Rongqin, Zhao Tao, et al. Elation-
ship between agricultural carbon emission efficiency and
food security at county scale [J]. Chinese Journal of
Agricultural Resources and Regional Planning, 2023,
44(2) :156-169.
Wyt R eI R 7 KR RO R SR B4
FEABEFE L] AR M BT IR 5 XA, 2024,45(7) :12-27.
Yang Chen, Zhang Yanyuan. Study on the coupling of
agricultural carbon emission efficiency and food security
in major grain-producing areas [ ]J]. Chinese Journal of
Agricultural Resources and Regional Planning, 2024,
45(7) :12-27.
FEORT U L AR S A 3, WAL A B R S A A
RSB R A RIS U 98 K H IR Zh AL R 5
LI £ R4, 2022, 36 (8) : 75-84.
Lu Xinhai. Cui Haiying, Ke Shangan., et al. Coupling
coordination and driving mechanism of green transition of
farmland use and total factor productivity of grain in Hubei
Province [J]. China Land Science, 2022,36(8):75-84.
AU X P 3P0 0 L KBRS R TR SR B R 4
BRI DR IR AIE S LT ). 5 UM 9 D2 22 e CH AR B2 180D
2024,42(5) :106-116.
Chen Bo, Liu Ruiyu, Gao Mingying. Study on the cou-
pling and coordination of carbon emissions from culti-
vated land use and food security in mountainous areas
[J]. Journal of Guizhou Normal University ( Natural
Sciences) s 2024,42(5):106-116.
A8 X0 P 3P0 g I A A6 St Ok e HE R A i 1l
DB A T R AR PR AR L) . o BB} 2 3 , 2024, 43(7)
1372-1388.
Chen Bo, Liu Ruiyu, He Zhaoxiong, et al. Pathways of
cropland use in mountainous areas balancing carbon
emission reduction and food security [ J]. Progress in
Geography, 2024,43(7):1372-1388.
YRR A OC, Tk A AU T O K AR A IR BT AR
SRR R SR s W S L) ) IR R 2 2 R, 2024, 44



5% 2

Zp 5 A YU B AR e B R AR 22 A P R I s A B HL R Bl D 2

271

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

(8):1-11.

Li Zhenhan, Li Jingwen, Yu Hongwei, et al. Research
on water ecological environment protection and sustain-
able development strategy of Fen River basin [J]. Acta
Scientiae Circumstantiae, 2024,44(8):1-11.

Yang Jie. Huang Xin. The 30 m annual land cover
dataset and its dynamics in China from 1990 to 2019 [J].
Earth System Science Data, 2021,13(8):3907-3925.
XIAE W] JEWLTE, B, SRR 20 AEUET AR S & TR
BARHOR N = B S B R [T B R R A=,
2023,38(3):707-720.

Liu Chuanming, Fan Guanyu, Mao Guangxiong, et al.
Spatio-temporal variation and influencing factors of
grain production efficiency in Huaihe eco-economic belt in
recent 20 years [ J]. Journal of Natural Resources,
2023,38(3):707-720.

DUV, BAEM. 0 FREEXRELL 54
BELWFHHEMRA R %1 51E B it 15,2023,38
(7):117-128.

Luo Haiping, Wang Jiacheng, Hu Xueying, et al. Study
on coupling of vulnerability of food security and ecological
security in major grain producing areas [ J]. Journal of
Statistics and Information, 2023,38(7):117-128.
 °F » Ronbin Qiu. & T TOPSIS £ 8 ) = 4
B 2T K BT 2 W LT, B ol R 2 4R
2022,27(12) :1-14.

Lei Xunping. Qiu R. Evaluation of food security in
China based on entropy TOPSIS model and the diagnosis of
its obstacle factors [J]. Journal of China Agricultural
University, 2022,27(12) :1-14.

XU B, E A L 5l R0, S TG R M XM R 4 N BT
(V1P R K224 CH AR M 22024 .46(2) 1 115-124,
Liu Xian, Wang Rutong, Zhang Feng, et al. Research
on evaluation of food security in Southwest China [J].
Journal of Southwest University ( Natural Science
Edition) , 2024,46(2) :115-124.

TEMR W, BE S b AR b 5 U] B0 B HE
IR 23 R AT K B0 #8280 B BF 5 LT 1. vh [ - Bk 2, 2019, 33
(12) :45-54.

Ding Baogen, Yang Shuwang, Zhao Yu, et al. Study on
spatio-temporal characteristics and decoupling effect of
carbon emission from cultivated land resource utilization
in China [J]. China Land Science, 2019,33(12) :45-54.

oz, T3 2. B A ik HE i o A R 3
T Res g A L) o A 285, 2022(3) : 104-127.
Tian Yun, Yin Minhao. Re-evaluation of China’s agricul-
tural carbon emissions: Basic status, dynamic evolution
and spatial spillover effects [ J]. Chinese Rural Economy,
2022(3):104-127.

R TR ARG, 2 I8 e 1R Ml Atk HE R 25 R AR 2 5 )
WS EA D « SRS R, 2011,21(8) :80-86.

Li Bo, Zhang Junbiao, Li Haipeng. Research on spatial-

[24]

[25]

[26]

[27]

[28]

[29]

[30]

temporal characteristics and affecting factors decomposition
of agricultural carbon emission in China [ J]. China
Population, Resources and Environment, 2011,21(8)
80-86.

T B I TR I A5 o I ol A ol Bk A 7 38 25 )
KA L R R LT PEA D - BHRS 3,
2020,30(5) :46-57.

Wu Guoyong, Sun Xiaojun, Yu Fubo, et al. Spatial
correlation pattern and influencing factors of China’s
crop production carbon productivity [J]. China Popula-
tion, Resources and Environment, 2020,30(5) :46-57.
Andersen P, Petersen N C. A procedure for ranking efficient
units in data envelopment analysis [ J]. Management
Science, 1993,39(10):1261-1264.

KT L TR IE A PR, A e U U B A 5 A A
Az SRR S DI BT M LI 2 AR AR S 3R B R [T .
Al T 241t , 2024, 40(16) : 240-250.

Zhang Ziqing, Zhang Daojun, Chen Liang, et al. Cou-
pling coordination evaluation, spatiotemporal charac-
teristics and driving factors between urbanization and
cultivated land use ecological efficiency in the Yellow
River basin [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2024,40(16) :240-250.
T EE P ERE E KA SR a Y
PRI A ST [T ). M B PR BB} 24 2024, 40
(4):102-108.

Wang Zhenyu, Zhou Yuxi. Coordinated development of
carbon emission efficiency and grain yield increase in
China’ s major grain-producing areas [ J]. Geography
and Geo-information Science, 2024,40(4) :102-108.
Song Yongze, Wang Jinfeng, Ge Yong, et al. An optimal
parameters-based geographical detector model enhances
geographic characteristics of explanatory variables for
spatial heterogeneity analysis: Cases with different
types of spatial data [J]. GIScience & Remote Sensing,
2020,57(5):593-610.

T 0 AR R BRI 2% . SR R B[], B A
#,2017,72(1) :116-134.

Wang Jinfeng, Xu Chengdong. Geodetector: Principle
and prospective [J]. Acta Geographica Sinica, 2017,72
(1):116-134.

EE L& YR T, 0 it v At ) P 0 e AR A S i
254y SRR R R R R LT ] A0k TR % 4%, 2021, 37
(21):269-277.

Kuang Bing, Fan Xiangyu, Lu Xinhai. Spatial-temporal
differentiation characteristics of the efficiency of green
transformation of cultivated land use and its affecting
factors in China [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2021,37(21):269-277.



