5544 B3 3 W) K A P A 3 4 Vol.44, No.3
2024 6 H Bulletin of Soil and Water Conservation Jun., 2024

2005—2020 F 2 7T & 8 F [H # MK ik
MANERNTEEET R MEZE

KRN, MEL, KA, MEAR. WS, Haw’

(LRI K2 A5 k22 B, BIBTL /R E 1500005 2. Jza:ﬁ E 4
25 [l FLRI A 5T B » BRJBYL WS R 1500005 3. LU@ZUUW A ARl , WP KA 030801)

M OE: [HB] RS e 1L A T IS DB b AR B ) A% 24 I 25 38 A0 AL A B 5 o A1 3%, Dy R IR [ K
R 22 4 TR B i HE 52 BR AR M AT 45 5 R 4R IR R AR . [O7 6] A D AR SBM LI i 2005—
2020 4F BRe VAR RN T S DX 33 A~ L T ) ) AR Bk AR JTD 28 3 )0 2 ) 19 K O AR 6 32 Al i O ¥k 20 i 4%
S AT B i B B8 1) 260 3 F) IR 23 6 Joy 30 728 R AT 28 T SR St B2 A TR U0 00 4 7 HE s iy I 3. [ 2R ]
OBTFE I P T T4 A BT J5 3t DO s A e 1 T80 R B2 T — B — T i AR 5 4 S (0 0.80. RIB B e Ay
BRI o O WA ) 4E BE A Bk AR 1 ) A0 3 A7 7 B0 19 T 1 2 ()R OGP o L Jmy 38 252 i 119 i 1
LR BRI G BRI R 3 E R0 AT T DXL S R 3 s A I T 248 B2 L A b ATtk ) 2 e
i?)utHXIEJh R A RRAE BN B 22 S BB W /D B AR R . O R R R, NS4 il T AR B

B P ik AR s B4 T ST SO R 5 A S % B b ARGtk ) 2803 B AT A 1D 5 L S R L R
MﬂﬂﬁﬁfF BIUBAE P Sk R 3 B A 38 0o R0 38 5 60 1) S, N34 GDP X 0 bl A0 8k 1) P 280 2% A6 AN T 4 3 5% i
BERT5 W AFAEE S o (518 ] SR IE V04 F BT it i DB 3t AR B ) 280 48 1 5 L T 34, B DX 3 ) A7 7 1)
22 5 L R R EUE A B U TS A R s s DX W R AL 2 4 A DX A T DO A % DX OB A Ak A

e SIUE ST
KR AR AR AR B AR s AR IO R
XEkHRIRED: A XEHS: 1000-288X(2024)03-0335-12 HE SRS F301.24

NS E: KE, MIEDL, KIS0, 5F.2005—2020 4 B R VLA A SO T TR R R0 I A A R 1 A

MR 2 (] 7K 45 R 4R, 2024, 44 (3) £ 335-346. DOIL: 10.13961/j. enki. sthetb. 20240628.001; Zhang
Hui. He Zhenghong, Zhang Liwen. et al. Spatiotemporal evolution pattern and influencing factors of low
carbon utilization efficiency of cultivated land in Songnen Plain, Heilongjiang Province during 2005—2020

[J]. Bulletin of Soil and Water Conservation, 2024 ,44(3) :335-346.

Spatiotemporal Evolution Pattern and Influencing Factors of Low Carbon
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Abstract: [ Objective ] The spatio-temporal evolution pattern and influencing factors of low-carbon utilization
efficiency of cultivated land in the Songnen Plain region of Heilongjiang Province were determined in order to
provide a scientific basis for ensuring national food security and low-carbon emission reduction, and to realize
sustainable agricultural development. [ Methods] This study used the super-efficiency SBM model to measure

the low-carbon utilization efficiency of cultivated land in 33 counties (cities) in the Songnen Plain region of
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Heilongjiang Province from 2005 to 2020. Spatial autocorrelation and kernel density methods were used to
analyze the spatiotemporal evolution characteristics and pattern of low-carbon utilization efficiency of
cultivated land in various counties (cities). A geographically weighted regression model was use to determine
the influencing factors of low-carbon utilization. [ Results] @ During the research period, the low-carbon
utilization efficiency of cultivated land in the Songnen Plain region of Heilongjiang Province exhibited an
increasing-decreasing-increasing pattern, with an average value of 0.80, which did not reach the value needed
for the most effective production; @ There was a significant positive spatial correlation with regard to the
low-carbon utilization efficiency of cultivated land, and there were strong clustering distribution trends of
high and low values in some areas. Multi-core polarization of hot spots was significant, mainly located in the
northern and southern regions. Over time, the low-carbon utilization efficiency of cultivated land exhibited
varying degrees of polarization characteristics, and the internal differences showed a gradual narrowing
evolution trend; @ From the perspective of influencing factors, the per capita sown area, the amount of
fertilizer used per unit of cultivated land, the per capita disposable income of rural residents, and agricultural
expenses had positive impacts on the low-carbon utilization efficiency of cultivated land. The multiple
cropping index, the amount of machinery used per unit of cultivated land, and the urbanization rate had
negative impacts on low-carbon utilization efficiency. The per capita GDP had different degrees and directions
of impacts on the low-carbon utilization efficiency of cultivated land in different years. [ Conclusion] The
overall low-carbon utilization efficiency of cultivated land in the Songnen Plain region of Heilongjiang
Province is on the rise, and there are significant differences between regions. In the future, it will be
necessary to optimize resource allocation efficiency and to establish regional synergy mechanisms to promote
the improvement of low-carbon utilization efficiency of arable land in various regions. The demonstration role
of hot areas should also be encouraged.

Keywords: cultivated land use efficiency; low carbon; spatio-temporal evolution; Songnen Plain
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Table 2 Selection and explanation of the factors of low-carbon utilization efficiency of cultivated land
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Fig.1 Trend of changes in low-carbon utilization
efficiency of cultivated land in Songnen Plain
area during 2005—2020
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Table 3 2005—2020 Songnen Plain area low-carbon
utilization efficiency global Moran’s I index

AEAfy Moran’ I VAI:] P H
2005 0.28 3.11 0.00
2006 0.15 1.79 0.04
2007 0.30 3.24 0.00
2008 0.18 2.03 0.02
2009 0.13 1.58 0.06
2010 0.00 0.31 0.38
2011 0.17 1.99 0.02
2012 0.11 1.36 0.09
2013 0.14 1.69 0.05
2014 0.13 1.57 0.06
2015 0.11 1.41 0.08
2016 0.26 2.88 0.00
2017 0.26 2.93 0.00
2018 0.15 1.83 0.03
2019 0.14 1.72 0.04
2020 0.14 1.68 0.05
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Fig.2 Distribution of cold and hot spots of low carbon utilization efficiency of cultivated land in Songnen Plain
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Fig.3 Kernel density map of low carbon use efficiency of
cultivated land in Songnen Plain

(1) WIRARAEF A BT D B b A1 e 1) FH 200 38 4%
2 8 4k FO AR R N A RS S, R R 5T
AR b AP e ) FH 280 22 b TR 3 X 5 1 Sl g
HH—%,

(2) 1l AR B 1) FH 2% 238 7 6 A [) 72 B 1% 1 Ak
fE. MWIEAR & 2005 4FF1 2009 4F 1% % )3 il 2 2 2
“HUIETIEA L 2009 AR B TR BN AR 4k S
o F) 2013 A il 2R 5 A Y ORI I 2 L SR B PR
P ACRAE ; BEE B R HERS L DN 2017 AR T i, & LA 2
EME AR, R Z W RRAE . SR b B 5T )
DA AT e ) ] 003 A % B i R 2 i 1 L — 3L
U6 — Z2 067 () T Ah 25 4 L e B MR AN ()RR BE ) W AR R AR
IS ] B TR DR 2 4% b X 4 U R AR AN - £ L ) 422 5
Wi o Al A 7 48 N L 3R T ) A S8 A DT 5 OB i I
WA FHRCRAAAE & 22 57

(3) B b AR Bt A FH 80% IX 80 22 S B i 4 /. A
i £k 3 06 i B2 R B, 20052009 4F A% %5 FE il 4 U



342 7K R E

544

BRI, N 2013 AR IF IR L 06 B SRR T il 2k b e 5
g T ™[] * Qe T ™ Bt 70 gk e T G A L R WAL BT i
by DX AR Bt 1) FH 2050 238 P 8 2 S 3 W i /0 L D TR AE T
22 3 25 6] 3 0 AN 52 L AH A B (D FE IR R Z oo #f
FE 7 AN B 77 25 0 o i e, 3% 37 S B T TR R AR
Mp A = AR AL B S T KSR P R R R G R .

3.4 HHEHF AR EE S

Shy it — A 43 A A BRCT D DX B ARG B R REOR
I P2 A ArcGIS 10,2 H B A0 AL 18] I 45 %1 Ak
AR ] R 2% 4% EL T ) A i A1 B 1) 00 1) % W) o
BRI ME . 3 4 A%, 2005, 2009, 2013, 2017, 2020
AELK A RECR 438 0.74,0.66,0.53,0.49,
0.65 , 7 WAL Y 1) 8 4 400 & O 32 45 4, BT 6 DR 36 ) L
fift BB HLAIC AR A SR B AR S 19 49 % ~74% . Al
H R BOE T A A [ AR 5 X B b AR A R 80 1
s i B8 R [ A7 AE 3K 22 5 o R 0 b AR e 1) FH 880 %
F18 552 M A 3 DA RS B /N AR UK A AR R T BN 349 T S T ik
N7 SR I SE T T TR AN R VA R Ay R K G |
St B R b T AR AT i IR fE R LAY GDP
ME FpHa 5.

(1) [ AR IRBE S A% B b AR e ) FH R0 19 52
FEF8BCRAE BRI IE A5 1F . & Rl e B2 B H A1
FH SR Hb B A S AR IO 25 e 2 Rl de R
5 R B R P 5 R RGN, W) BE 2 1 R
R 25 3 AR AT | R 24 56 o ik 2B 7 B kA B i AL B
InaHEC . AT H A 2R A 5Ok B b AT e A
FH AL 5 i fe /N FL AR 26 1, AT 1 i DR 2 s O it
DX A 26 8 At v BTN A2 L 2R K I L S B0 P AR K
B B AT A A H B LR B HESIE . )5
AR A DX 8k AR R B AL £ B0 L A Ak ol R 5 L K
S PN IR A VR B R 2 A R

(2) A b 8 U5 LI T 0 b ARG B ) 2005 4 5 i
FHON Y70 b i Sz bl 9 b % O SRR 0 . A 4 380k
B> N o a7 B KT R AR e ) K R A
5, AF ST P TRTUA 2R E038 Ol IF , 3% BN X B Ml T AR 4R
o X A b I R R 0% L AT I R SR . B AN
F1 o b v AR 3, W DA S AR Y Bh SR &L 7
15 5 B AR PR T AR s A AR AR R ROR X 5
h AR BEOE AR ST A R — S, A M
IR 5 28 8 IR R AR L = A 2 B R,
5 DX SR Hb RS L R 4 2 1k 228 Hog V) S B

(3) A 72 S A St 0 b ARG B ) JH 20055 14 5% i
FH B A B b 1T R b A A R R 5 57 B v AR AL A
FHEERAEALO AR 7 55 0 . S B b 17 R Ak I 4 T
[l R B0 B O IE . A BRI . B 2005 4E /)

0.35 FFEF] 2020 4E 1% 0.25, BEHA H A Ak A it & A7
SR PN T TR b DX B ) P AR B T A T R L 3
55 0w AR5 b T P S ) R 2 in 2 AR b M X
HEFRLL i = 1 e R P R 45 A — B, T
AR RE T A2 BT T, XM £ 18 77 1 3 2 3 g
il b 65 P o T R R 7 RS 41 T 326 1 B Bt L By Ak
At Z 51 AR ZE KA SRR DL S HE
. BN B b T AL ARG R A T A AV e )R AR
5 531 B 1) B R P BT D DX A 3 L A
R 3 A HEAT ML AL A A Al F 3 AN 2 4l ML AR 4%
8 22 A b ) P 803 a2 R v L o BE I AL AR AL B A 2
THRER AL 19 b A BE Rk, 51 R o HE s 55 3E 1 28 7 1 4
TIN5 XTI 400 ) At 1) FH 2803 A 1 2 T

(4) LU 2 JBB K S ot Bk 1t AT A R 850 36 1 5 i
FHA K JE RN AT S Bl A 35 GDP R AE 435 &
JEAK- . AAT TR BN 34 0] S E W A T A AT e )
LES AP SNERENEE- Sl N1 2N Rl TE 4
B o 50 0 R 3 T 55 o A RO TR M DX A B T BN 3
Al S ECCA 2005 4R 1K 2 774 o6 ETFE 2020 4E 1Y
16 172 oG, AR RO S HOR IR B — , 3 B4R
T A Ml A, XoF B b >R SBOKS A 200 4 B b A1 e 1)
FOCRARETE W3 R B 5 20 10 & R, A RO K TR
S 22 TCAK Xt A 1 AR R AR, DA T O D T B
Hb P B 4 AR N O R S . A Y GDP Xf
I A ik 1) FH 255053 R i A R A /N o L AR TR) 1) 4 47 X
RCR PR R 7 [ A7 A6 22 53,2017 4E 1 2020 4E 5 1E 7]
SEA L LA AR 0 SRy ) 52, T AR D Oy UM 48 0 R R
XAl f A2 a2 3 5 gk 2 v AR T 7K T R it e 24
PRRE 55 A Al A5 2, 388 A £ 7™ o 0 [ A, 3K
A 09 2R 7= B T B 2 28 B R KT B R T DA R AR
FURRR IR O RO 1 3, Rk A 72 AN FEE BB SRR
2 AW S B R v B A T R 3 o A B L R G B
Al B 5 =X, Bl 2D B R IR 2 RN AR BE TS gy 4R 7t (E
s .

(5) 30 & K J8 K Tt 9 b 6K A A1) ) 260 536 04 B i
B R R R IR S K KT, 308 Ak 22 X5 BF Hb I
WA FH AR AR TH = A S e — I, R Ak 0 AR
) For S i 0F Y B - R X b A R % R A R
AR A, KR B b R R S L S B0 b A st
5 FASEAN W7 [ AIC, 30 T 52 ) Bk b R R . S —
7 T 0T S0 40 11X LUAS Bk 40 E B /N Al 2 7
AN TE Bl T R TR RS e B b R T
B KT 8 4 v A2 ol K g R M 55 3 ) e % B AR Al
Az e S R AR 55 B0 Al AR Ak AN 3L Ak X B b A
FH7=HE RS



%33

K B2 . 2005—2020 4F 2 Jp VT48 H5 W T M AR Bk A1) 003 I 23 4 JRg 0 A8 B s i PR R 343

(6) W0F A S AR K1 X6 B b ARG B ) 2880 238 614 52 0
WA SO R R W B AR o 954 S H X BF 3t A1
filke R P80 B T AR kA T 3 45 00 9 A0 i BF Y
R —E, FTRE R AR R R B L B
B AT PR PR AP A8 T T A RSN T AL AR 7R AR Y
THI AP T ARl AR 7 YRR ORI AT R 2 ke JE UK
o TR o Tl R BT 0 B A BB — E R
G 1 A% M X PR3 1 G TR B2 0 L AT B2 e T B ) AR A
GG &

Fz4 GWREHBHITER

Table 4 GWR model estimation results

&

@

i

2005 2009 2013 2017 2020

RUEE1 —0.05 —0.09 —0.03 —0.06 —0.08
N R i AR .70 074 021  0.35  0.11
A E WAL R R 032 0.39 0.27  0.28  0.25
B AR ALAE B —0.91 —0.70 —0.30 —0.25 —0.12
RNERAYT LKA 284 1.04 012  0.29 018

A GDP —0.15 —0.66 —0.17 0.1  0.02
WG —0.34 —0.16 —0.24 —0.17  0.02
WAk 3 1.04 099  0.65 018  0.29
WA 379 0.68  0.33 —0.29 —0.28
R? 0.74  0.66  0.53 0.9  0.65
52T M 10.90  10.60 10.60  8.81  5.34
ARE 9.018  9.02  9.02  9.02  9.02
sig. 0.67  0.67  0.67  0.61  0.47
AlCc 87.13  86.23 86.21 80.13  63.57
R’ 0.65 0.55 0.38 0.31  0.54
4 45
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