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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

Heilongjiang Province from 2005 to 2020. Spatial autocorrelation and kernel density methods were used to
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analyze the spatio-temporal 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

HEHAE g NS LA A R R R I i S AR R, KBS, Nagabhusanam N 25 i) F 5 £ /R Bk
TR B GEMR AT 22 A RN U R R (0 G T O AU 4 ASCRBGEN P IR XAl 4 Hu A 28R 2 AT E A
BR 8 V6 A Bk 35 0 H BN 18 Y R T FEXEH A RS J5) 1 2 AL LA HEAT ¥R T . Nsiah 5517 &
R VE R . AR B 2 Mo ke e At BT AR S0 7 Al B2 Bl Al 56wl Bt L Tk
ST (0 D0 A HE B AR A e A Bk BORERIER IR S R AN A RO Y 1 2K S T
A R T OB A st PRI RTTECR B R A B AR BT 2
AR R AE Y . fEAT PR R A T, e am T PP MR I RIOR A PR B A I BE T R e H B
FE R BAE [ 2 7 5 IR R R B Y AR — T AR AR R R T PR 2R 0 A B T T . R PN TR R T T
%%E%Ué@%gbﬁﬁi?g%éﬁﬂgW}ﬁﬁ%[ﬂ . *EIET‘:]I;ZT_\“H‘E k%ﬁﬁ%y\g*ﬁ%%\ﬂﬁﬁ{t\%ﬁg@ﬂi%gﬁ*ﬂﬁ
B 2019 4F it R RO 15 F 9,83 X 10° 4 24 FE A IR 0 R A R S e A e
2 SRTHEH R 00 28,896 JUR 20 8,67Vt o AT BHRRUIROR £6
e TR T P T B U ) B A\ 55 80 ) G 2 B AN SR BT IR 2 ] A 22
- NN e . LETESE SRR 13 €/ LI R E SR Y G UEL B2 FN
j-?\—F,ﬁﬂﬂ%ﬁ%ﬁﬁ*&ﬁﬁ%%ﬂﬁ@%@éﬁ,%Iﬂﬁﬂﬁﬁ‘ S b B L) L B DEA 70 B T 1 B
ORI 5 ORI O W 0 05 DR 10 R PR, TR ey gk g CCR ™ A 6 o B 45 )7 et
W RS BT B AR AR T SIOIR 0 X450 2% e, R GEIR TR

BB R RACR 3 17 5P BT . 6509 20 i S
BEALRR PR 1 2 B LR MBI X0 T g o g0y 20t MR PR 7 2 B 5 15
5 A P U LA T 048 5

I 520 R 3R 9 20 A R AR 23 R P 2K L — 2 A B IR T
KA LIS Bl ) 28 R B 5 46 52 1] N Ab o 2 56

17N S B38| e SR SN 2.0 12 1

W R B2 . EAME I EEE P TR A= ST At i LT AT 5 — 2 3 L 7 L
FREFFAEY A P A7 R0 SEHOW )2 T R TR F 5T

ZE F AT A R 5T 8k R G MR T B s R

BRI A SE PN A BIE TS 1 A T Ji S 43 m] % £ 4

LV E N R S o <= A TS S |
NPT T KRBT, W Quaye 5 i AE W .
Yy BLA A5 e I B I g Al AR 7 R G B ROCR K R



%33

5K B 4E £ 20052020 AF e VT4 A T SO i ARG 55 A1) T 280 256 ik 233 A% Jm) 38 A8 2 52 il PR R 3

{18 3 O il R R S AR AR AIF 5 R AR T 5 9 25
I v A RN TR . DRSS O IH , IR K2
KA 7 1 RN 55 7 A A W B = i L 20 T B Y
A A PR BE T RE » AR B HE S5 15 YL W 18 SRy R 1R 7 1
Y ATEH 48 AR A ZR X LR 98 7 AR BR R A B
R B LGk, FEfFoE ROE Jr i, B Bk oy £ 24
HRE A A kL T SR A 2 R L R B R SE X I
R FF 98 ARGE AR 82 R, EL A Sk o U A
WA BT, SO AR A= 77 fie Ry S R B, A EL 2]
RUBE AT B AR B 1) T 280 7 W L B o0 A 4 48
FLRRRR . e B b R 503 A R [R) X 3R AS [
i 037 7 25 U 1 25 ] S5 J0 1 R T X A b ) R
R A 2% R A5 ) 43 S R AE 0 F 52 AT AR e 2 msf
25 TR IR ST RIS T AR SO IR
T A A 10 B B b ) T e HlE AR Sy AR 190 22 7 1 4
ASCRIE M 48 A5 K & L 32 F B 20R% SBM 4 AL
20052020 4F M e V148 FA BCF- it 33 A~ B G #F b
R Bt 1) FH 2405, 1) 25 T) ) AH DG AR Y | A% %% B Ak 43
Hr 4% EL (T B 25 - S5 AiF s A e 3, 1 2R 1) o B
FIAS [ A (G W RO #8508 B b AR B ) FH 2005 108 52 i)
PUER DAY A 3t B ) AR <2 4 JRIEC Al ik L 52 B AR
b AT FE 22 KR R AR 2K AR

1 WFRX SR

A BT DA Sy v B R G D 0 3 2 T 4 A
P55 A S RIETTAA AN Sl BA IXOR R, A SC LR
JEVLAR AT BUI L PR 08 0 8T it AR 7 Bk A BT 50
RAFFEIX . FA WO B A Sk v ] R 1) R b
R Ay B AL E R B XL A T SR R T A P L
IR E B M AR 2 127°51° 20" & 126°13' 56", b 4
122°24'38"% 128°31'50", % b X J& T 4L 7Y (1 2B +
X, HBJE F2 B DL 5 R R . bR AR 2 1.57
X 10" km?, 5 BT A b 4w AR 33.21% ., H
e, BF M TE AR 8.31 X 10 km? , 24 (5 WA BICE J5 + Hb ST
TRy 52.83% . SEAR FLARER 0% B M B8 98 45 4, 2020 4F
A O J b R B B AR B 4.04 X107 ¢, 5 BRI
BARETFE 53.58% . H Ik BF 58 A 1OT TR Bk 1K
e ) FH 3038 1) ) 25 Ak Jed i A2 R AR B s il (R 38, %o T4
MEEREZ Mgt e A T aEEE L,

2 WFSRJTIE S B R IR
2.1 WHARFAZE
2.1.1 Mz % SBM A HRE SBM #iA 2 —Fp

3 T BUE AL 25 M B ROCR VR s R T — R AR
M DEA £L# (42 [ BCC/CCR) ., 3% 8L I A AL 1] L 3t

B A% ) M1 BE B S | S Y O 22, 1T HL BE 8% 5 S50 Tk 22
AP TR R AE A 1 TGk o — b b A )
BRI R E A I MaxDEA 8.0 558 i, H
FEAFEHAAT .
RS Sl
6" =min meX (D

1 &S &Sy
17
qth =iy, +§1y'z” )

~Tik> > AJ.T,j —S:

j=1.j%0

(i=1,2m)

y&i= 20 A, y&+SE

i=1.j%o

(r=1.2-q)

Sl'y%>ﬁéﬁﬁy%*52
qih<ij+k23>>o

(S =0, S#=0, S"=0)

.0 HIRFL T BRI m HEA KR IT
BN g AR 4 510 B R R v B EE R
WA= S .S M S 43 H A HEA B = H A
R AR AR B A A E M E; i o €
R",y¢*€R",y"ER" ,JilE X=(x,,**, 2, ) ER™",
Ve ey JERTLY =Lyl ) JERY T
6" =1, S T DEA MEXT AR 88) T RAERK
FIA P RTUT 250 <1, BEIIAETERCR P R 4, 3R 1R
TJUAIE B B A BN A PR RTUT

2.1.2 =i AAXAEAR 2 [E [ AHCREE IR
TT B LI {5 EC AR 2 2 ] L i SO0 {2 A A B |
MM, 2R 7S b | A CH TR A8 J 7R 34>
DX 3 PN A A O M A il 4 ") Moran”s T 48 50k
Kom, RN

i} iw{j(f,_;)(l‘j_;)

1j=1

(k=1,2¢h) (2)

17

[—

— (3)
02_%:1 jélw,,
KT B EAREG 0 M I G «
Ml APEH BTG 10 WULIIE s = A LI (E; o
RREART 225wy, 25 [ ACH 6 B L O R 55 A BT D
Hby DX A B Cr ) B b AT e A1) P 208 23 7 3 2 () | g Bk
R THLH AR R & B GeoDa # 4 #4 HE 75 [H] AL
R L 23 [ A AR B (D ACE S 1. R ARAR IR 0,
42 Jay a3 (8] 1 RH DG A R T B A BF T IX S A o) A
() AR G RR B2 L (B TG AR A BN ER AN IRl B s
FHAR DI 18] B A AR CK -, Bk, 38 H] ArcGIS
10.2 AR AT G A8 8, 3878 Jm) &8 25 6] iy =
BT RRAE PRIV P X, Rk ANy



4 K - PR R

544

SW,X,
Gl=" (4)
X

KW, A AERER; X, X, HIFEHHRIT,;
FONLINAE . WER G 880 E N A, UL 7 R LY
Em TRE G X Rz R G B8R E N
TR WL @ ) B RO (ELAE T 28 8, S v s X
2.1.3 HmZBEAEL  BEEANIT (kernel density es-
timation, KDE) j&—F 5 F ¥4l £ 53 11 0 X 4 7 2
P AR R H W IE S B S 1 I . {5 B Eviews
8.0 A2 i 4% 5 BE i 4, 220 i B b AL Btk R 2805 3
SHRE . R BB

X, X

1
flo=1 DK

) 5

X, —x

AN FRFEARANRG b FoRal e K )&

IR PREL s & FORBEARIE , « FoRFEARIIE,
2.1.4 ¥R we 3R (GWR)  Hi R IAL [B] 345
TR 2 — ol 1) 253 T A8 Ak G 2R A 1Y Jmy A8 4 M Tl 03
23 18] 45 K i A B 4 v [ A R e DLUBIF 5 45 T 6
R AR AR 53 SNz B 7 BIF 5T X 380 4 o B AR
J— A8 A SR O 2R B4 [T U S TR, AT A 88 e R 7R
) Jey &8 25 0] ¢ & M 2s (| S vk Bk, A SCas
ArcGIS 10.2 FAF b 1 B8 AL ] 9 A28 (GWR) Sk 45
SR AR BR I FH A5CR A S i [H 2L Rk Uk
=BG v ) E BB ) ) FE (6
AL, Cuy o)) HFEEIN; B, (uyso;)) AEE(HDW
BUHZSHG ¢ M4 B (HD ARG o, WS B
CHO B AR A ORI S &5 & I BEALIR 2230,
2.2 IEAREENANEERIR
2.2.1  HbAKsE AR 2 ey B4R Bk LI R A
FHBCRA T _F 45 LU T 58 20 (0 Bk A= 7= ZE R A
AR AT RE /IS 14 e HEBCAC A 38 A5 e R Ak i 309 22 7=
PRI AR SO B A B ) 80% 9 T O 2 25 © A i
GEr s A R gt B M B T AR TR UL A
AR A ORI AR IR R (R D, MET
2 GE B bR FH 2503 D00 B 8 A AR R R R A R AR B
VR I o 25 EORE Bk b 1) FH ok R v 7 A 4 Bl HE A S Al
WA 7= AR e, TR RCR PR R B2 A B, ek
PR DT T A SO B A L 55 Bl T R AR R
) FH A R 0 B AT B, LA ERORR £ 49 ol e
Ak M A B Ak B it FH L AR 24 it FH R L A RS it
AR AT L Bh 7 AN KO T R R SR AR AR . T
1 ER ™ T AR S0 28 B R AL 2 T A 4 i 3k BUER B

S5 B It 1) T 6 00 B 7 A O L LA RO
AR S i RAEFE bR . FEARIBIEE ™ 1 5 T, AR 3¢
TR b AE 7 5k AR b ™ A B ik HE O VR AT M 4R
T o v e HlE Tk 3 LR VT B b AR R sk R v 3B L it
JE G AR 24 A B AL RN . 1A .

E=XE,=2>(T, X8, (7
K E B A A HECS 2 (O s T, f1 o, 4052
BRI R R BRI R L. S A B
F IR HE B R B T . BHE 312.6 (kg/km®) . fLJIE
0.895 6(kg/kg), f¢ 24§ 4.934 1 (kg/kg), Hf# 5.18
(kg/kg) . HLIR 0.18(kg/kg) . # B 20.476 (kg/hm*) ,

F1 HHMEBRFNANETNERER
Table 1 Evaluation index system of low carbon
use efficiency of cultivated land

75 4 s 5 45 4 B ey S
+ A AR FAL/10° hm?
FHHABEA A ML AT T
LA EC PN AL BT 4l i /
A REGHEA A 25t JHl ik /1
RIEHEA A JBE G /¢
HLAR A A B A 3 F1/10° kW
VEEBEA ARG R /107 hm?
N 2T i Al B E/ (10" J0)
Wit Mo B S/ T O
A BHERET L BRI/

2.2.2 BHWARBA AW Hoh B F 384 BF R AR
FRCRER T 32 M0 95 3 1 BEAR S B AT &R 52 TR
PASD 38 52 3 3 SR PR32 10 BF 3t 55 R O ARl 2R 7
S VBT A R K R JRE 7K S5 A A 0 B A8 o
R R IR 2020005 AR A R DA s ) T BROR A
i T A 0 B O T 4R AR (R 2) . D AR FRBE AR
P SRR SRR RO W B b R T 5 3R
SR s QO F LGRS NP i A, N B I
R B M) P 35 8 i BR80T s @ ARl AR 7™ 4%
1 < B i AR A e £ 60 5057 B 3t T BR AL A S
Y XA R bR F R A R o AR
AP B AESE B L H B B i AR A £ BE it
B AL AT AR A R (HAL T RERE R R
SOVER R 0 1 S OB b AR B ] AR R A R AR
D2 K JEIK - AT i BN #4977 S A A3
GDP, SCHEHESE R A 451 4 Hh Rk R 255 K F
(1 1 Tk 2 8 i G AR 7 R I ACRE 7 [ I X 0 A1
i 1) T B A i o i i 6 S A B M 2
AL AT b . @IS RIEKF 5. ik
B AP 1 52 T+ A ) Al 4 B CA K S 1 42 T



%33

5K B 4E £ 20052020 AF e VT4 A T SO i ARG 55 A1) T 280 256 ik 233 A% Jm) 38 A8 2 52 il PR R 5

A B s 02 R AR O R A AR 7 ARl BUAC AL 42
B AHA AT 8 5 BOUR M 95 3 1 S0 7 AN M i R
M © W B S A KT W A S KT LR U

SCRBURM I T4 245 AL HE L HLBR A ROl 2R 7 BERE b
WE2 A R T I Al 28 5 11 R R BRI E A
F10 8 4 L [ st 2 39 A ol e HE 1 AU

R 2 HHMURERF A R R [ 45 AR BUR i B
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Fig.1 Trend of changes in low-carbon utilization
efficiency of cultivated land in the Songnen
Plain area during 2005—2020
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Table 3 2005—2020 Song Nen 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 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
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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,
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Table 4 GWR model estimation results

o

&

el

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  0.11  0.02
AR —0.34 —0.16 —0.24 —0.17  0.02
Wil 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  0.49  0.65
Residual squares 10.90  10.60  10.60 8.81 5.34
Effective number 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? 0.65 055 0.38 031  0.54
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