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Spatiotemporal Characteristics of Carbon Emissions and Eco-efficiency Evaluation of

Cultivated Land for Urban Belt Along Yellow River in Ningxia

Chen Jin', Tao Enze*, Tao Hong'®, He Haoliang', Gao Li'"*
(1.School of Geography and Planning ,» Ningxia University, Yinchuan ,
Ningzxia 750021, China; 2.Pingluo County Ecological Environment Monitoring
Station s Shizuishan, Ningzia 753000, China; 3.Key Laboratory (China-Arab) of Resource

Evaluation and Environmental Regulation of Arid Region in Ningxia » Yinchuan, Ningzxia 750021, China]l

Abstract: [ Objective] The spatial-temporal variation of carbon emissions from cultivated land for the urban
belt along the Yellow River in the Ningxia Hui Autonomous Region from 2011 to 2020 was analyzed, and the
ecological efficiency was evaluated in order to provide support for the construction of a low-carbon
agricultural model, the promotion of agricultural carbon emission reduction, and the promotion of high-
quality agricultural development in the region. [ Methods] A model to estimate carbon emission from
cultivated land and ArcGIS calculations were used to analyze the temporal and spatial characteristics of
carbon emissions from cultivated land in the urban belt along the Yellow River in Ningxia. The unexpected
output super-efficiency SBM (slacks-based-measure) model was used to evaluate the ecological efficiency of

cultivated land. [ Results] @ Total carbon emissions from cultivated land in the urban belt along the Yellow
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River in Ningxia showed an overall downward trend from 2011 to 2020. Chemical fertilizer and agricultural
diesel were the primary sources of carbon emission from cultivated land. @ Carbon emissions from cultivated
land in the urban belt along the Yellow River in Ningxia showed a spatial distribution pattern of higher in the
north and south and lower in the middle. Pingluo and Zhongning County were the largest cultivated land
carbon emission cities. @ The trend of carbon emission intensity of cultivated land in the urban belt along the
Yellow River in Ningxia was similar to that of cultivated land. @ The ecological efficiency of cultivated land
use in the urban belt along the Yellow River in Ningxia fluctuated in general, and the ecological efficiency of
cultivated land in the Litong area was low. Therefore, it is necessary to adjust the input factors in the
agricultural production process. [ Conclusion ] The spatial and temporal distribution of carbon emissions from
cultivated land in the urban belt along the Yellow River in Ningxia Hui Autonomous Region is uneven, and
the eco-efficiency could be unstable. Further exploration and consolidation of emission reduction measures are needed.

Keywords: urban belt along the Yellow River in Ningxia; carbon emissions of cultivated land; unexpected output

super-efficiency SBM model; ecological efficiency

T SRR RS B e BRI AR R L 1 5
L AN BE VR S 5K B K 2 AR AR Ak 5 Ak R Ml s
A 2 e A NS R AR A ) L s/ — Ak
B S M 2 AR A HE il Bk 25 B R, ARl AR 7= T B
SE TR E SN R HEO BRI —, 2Bk 1/5 1)
TR SRR T A A =g s, AR SR AR R
AR A AR 4B 55 — R A ST 4 ), 2014 4R AR
5 307 A il = SR HE R R 8.30 X 10° + A Ak HE
B b R AR B S RHERIR S . S B
RS AE AR, 2021 AR ETE 75 JRBEA E K & B
TS G AR TR SRR H B, TR AR ) e HE
S R LB — HAR EZEimie Z —.

BT 56 T Bk 1 Bk HE il 9 BIF 9% 35 2 45 v e 48 bR R
FAEERD e HE &R B0 0, X HE i
DU g HE ik s (B) 43 B I 2 DL B B R A A
RPN L T . A H R O 2R Al K 2 )
SEAIFST A% Hb B HE AR A 2 B4 K I8 ) A0 B 5 2K
WA BTG s . AR NS & A Sk %
RAE T wcHE R 3 A5 AR AL AT, LA 25400 A 5 B b A
FH BRI T4 /0 5 B 58 48 bn 0 2 AR ) 4% A AR
H SR B Ol TR 58 3 8470 5, O 1 ARl B
b T HE TR 558 /0 5 AR X388 DA H A e DX ) X
A8 AT LT N A B T 1 ORORUJEE B A 5
B2 VG b b X e R D, Rl g B g R (R B O
BB Z 5 53 0 B b R RSO B 0 T bk 2 R 24, A
1 K W8 40 4% 4r B (DEAD™Y | BE L AT WF R OAR
(SFA)™ | 3 F i 5t i 00 53 1 55 0 (SBMD 1% A5 A4
2, BORBUR AL )7 B (DEA) HoA Fr 5 #6545 /0 - A7
JE b {5 B 0 B S A Y TR R b b R A T
2RI T HAER A R R IR R SR
Az B v R AR AR B bR G, TR IR RE TS 4 i HE

CEFER L S B0 A RO B A e 2% . JE TR
77 i SBM HE ROR AT 1 AR FAE T8 A st AR B 5] A
DEA H R eR &, BB A R DA% 52 DEA F5 70 75 3%
R b i 25 0] A, 5 L e T I 4 22 = 1 D] 38 Ty
S 5 o P A AR AT H R A Al R T LA Sy
LA i B W b DX AR S A T ROR Y

25 F TR R O 2 3 %o X s HE s B S e IR &
GENA T HEAT T REDEFE 8R4 T 95 J0 b R 51 2
SLRE , IR 56 1 Bk e HE i AR SR E N AW
WA W I A e — e, 7RI IR 2
TR EEMAT KRR L R e A AR X
X I BTk GDP 2y i 7 H 4255 GDP /) 2/3 Ul b &
FEANTERBBEETE 1/2 Dbk, 2022 4, /K
R R WU 2 B R (S e 7 S U TR A A R A R
R T R R SR AT IX it 5 4 ), B AR T B U B T Al
Al S0 e JRR T 35 O B 3 L B b sk HE i 22 S R
SO R 2R X 7 B Ok R L R S R A U
HE B AT 5K AR SR S [R) B fF 9 5L A i 0D A 25 4%
SRR A A — E TR BE L BE O 9K 0 HE LA B A
JE L FE AR AR & R X, HAT — 5 Y B A S
B, HET AR S DL B O A S A S
i ArcGIS 8/ FEE 12 7 i SBM 8 R0 A5 AL,
T HYRN B, B 58 20112020 4F (6] A HF Hb B HE 7%
B 25 AR R R A A S R0, DU O 7 B0 o T
R EEA A AR M 2B 7 AR i AR M e T R R AR
A5 S0 HE 4R — e ES VB S

1 W57 ik SRR IR

1.1 HREXEFER
TR Ik T A 7 B LR H IR X U FE 5
B A U S T 7 e i< O IO 7 P VAR R =i s 1



420 7K R E

544

(104°17'—106°39"E, 36°06'—39°25" N), &\ i 1 Ky
28 290.66 km”, [ T B BT AL 42.61 %, Horh Bk b
ARk 4 678.34 km”, (5 7 B #F M S TE AR A9 39.04 %6,
T S VAT A A Y R e A DX A VR A
Ry —AF 2 B AR AE W AL FE EOK CREAY VAN
A, YRGBT, 2021 AF T IR AU AR T B H A B
3.09X 10" JC, f 4 X AR 77 Bl B 1Y 82.420%05 A H
4.59X10° A, i 4 X B A BB 66.02 %1,
1.2 HhmRHE R

YA 5 L0 Bl HE T A 7R SR BIF 5 HE ik 1) B

R . A SCHEAA G H I WF o il B85 & T H b X
(S0 AR B A 7= A0 R AR B 2 7= Al ok
b AL T I FE (4 T A AR e F S8 30D A% 25 14 A= 77
il A A 7= R A RR BRI 6 AN AR S R ik
TR X Bk b 190 S AT 5 . B b AR HE OB
A A D RHE R B 1,

E,=Ye,=XT, Xp, (1)
K E B R R (k) s e, WA WA P48
ABRRACE (kg) s T, AR EFBR WAL
B Fe 45 B PR B N i HE I R AL

R1 MMEFEMNBRARRENRERRY

Table 1 Main carbon emission sources and carbon emission coefficients of cultivated land
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Table 2 Evaluation system of cultivated land eco-efficiency
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Fig.1

Total carbon emissions and proportion of carbon sources of cultivated land in

urban belt along Yellow River in Ningxia from 2011 to 2020
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Table 3 Carbon emissions of cultivated land in urban belt along Yellow River in Ningxia from 2011 to 2020
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2011 243.75 15.23 26.79 4.52 4.95 14.32 309.56
2012 253.65 13.13 37.82 4.58 5.25 14.96 329.37
2013 258.46 12.96 28.39 4.49 5.50 14.44 324.24
2014 249.16 12.27 28.41 4.27 5.35 14.41 313.87
2015 246.79 11.49 28.33 4.26 5.45 14.67 310.98
2016 248.96 11.66 28.76 4.26 5.57 15.34 314.56
2017 249.50 11.25 28.65 4.18 5.77 14.19 313.55
2018 232.83 10.52 27.61 3.70 5.63 14.02 294.31
2019 231.54 10.25 26.84 3.66 6.43 13.78 292.51
2020 227.24 10.23 26.32 3.50 6.67 14.15 288.12
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Fig.2 Spatial variation of total carbon emissions from cultivated land in urban
belt along Yellow River in Ningxia from 2011 to 2020
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Fig.3 Spatial variation of carbon emissions per unit planting area in urban belt along Yellow River in Ningxia from 2011 to 2020
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Fig.4 Cultivated land eco-efficiency of urban belt along
Yellow River in Ningxia from 2011 to 2020
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Fig.5 Spatial variation of cultivated land eco-efficiency in urban belt along Yellow River in Ningxia from 2011 to 2020
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