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Spatiotemporal differentiation and driving factors of cultivated land
development intensity in Gansu Province

Hou Li, Huang Xin, Pei Tingting, Chen Ying, Xie Baopeng, Xi Ruiyun
(College of Management, Gansu Agricultural University, Lanzhou, Gansu 730070, China)
Abstract: [ Objective] The current cultivated land status and driving factors of cultivated land development in the
Gansu Province were investigated to provide scientific support for formulating targeted policies promoting
cultivated land protection and sustainable agricultural development. [ Methods] Using 14 prefecture-level cities in
Gansu Province as research units, this study quantified the intensity of cultivated land development and employed
methods including the Theil Index, standard deviational ellipse, and gray correlation analysis to reveal
spatiotemporal pattern evolution characteristics and influencing factors of cultivated land development intensity in
Gansu Province from 2004 to 2023. [ Results ] D The intensity of cultivated land development in Gansu Province
had fluctuated but increased overall. Spatial distribution exhibited significant heterogeneity, presenting the pattern
‘higher in the east, lower in the west; higher in the south, lower in the north.” High-intensity areas were

concentrated in the middle and eastern parts of the Yellow River basin, whereas low-intensity areas were
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distributed in the southwestern and western regions. @ The spatial differentiation of cultivated land development
breadth in Gansu Province showed a pattern of ‘higher in the east, lower in the west; higher in the south, lower in
the north, > with a continuous decline over time. Development depth followed a north-south transition of high-
value areas with narrowing low-value zones. The development frequency presented a ‘central-high-peripheral-
low’ pattern with increasing inter-city disparities. 3 The intensity of cultivated land development in Gansu
Province had formed relatively stable spatial agglomeration characteristics. The center of gravity had shifted
toward northwest as a whole, and the area of the standard deviational ellipse had increased from 135, 816.83 km?
to 144, 192.68 km?, indicating increased spatial dispersion. @ The total Theil index of cultivated land
development fluctuated slightly between 0.2180 and 0.1680, with inter-group differences (59.83%—70.56%)
dominating regional variations. The Hexi Corridor contributed 45.02%—58.50% to intergroup differences,
serving as the primary driver of variations in intensity in Gansu Province. @ Differentiation in cultivated land
development intensity in Gansu Province was not determined by a single factor, however, was jointly driven by
multiple factors, including natural environmental and socioeconomic factors. Natural environmental factors played
a decisive role in development intensity, breadth, and depth, whereas socioeconomic factors played a decisive role
in frequency. [ Conclusion] The change in cultivated land development intensity in Gansu Province is a dynamic
process dominated by natural environmental factors and assisted by socioeconomic factors. It is characterized by
obvious spatial heterogeneity and agglomeration, with a fluctuating upward trend over the examined years.
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Fig.2 Spatiotemporal distribution of cultivated land development intensity in Gansu Province from 2004 to 2023
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Table 1 Gravity center transfer and standard deviational ellipse parameters of

cultivated land development intensity in Gansu Province
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Table 2 Grey relational degree and ranking of cultivated land development

intensity and impact factors in Gansu Province

— A& TR AR b Mé%ﬁﬁgg%ﬁﬁﬁ

i Hey JTRE ¥ TREE ¥ A g Herw

R K = 0.774 1 0.773 1 0.741 3 0.609 9

AR R HUE RS 0.720 2 0.693 3 0.742 2 0.668 6
%73 0.645 7 0.667 5 0.755 1 0.677 5

A HLAK S 5 0.669 4 0.672 4 0.728 4 0.580 10

i X2 7 R E 0.664 5 0.651 6 0.624 6 0.795 1

A5 i (RIAED) A= 7= I A 465 0.648 6 0.624 7 0.576 10 0.730 2

HonPEE AO®E 0.718 3 0.715 2 0.608 7 0.686 4
3 R T AR 0.608 8 0.617 8 0.656 5 0.649 7

R S 0.556 9 0.583 9 0.598 8 0.706 3

AR Ja R AT S Bl A 0.548 10 0.575 10 0.595 9 0.645 8

2004—2023 4 H it & BF U & T BR(E 3 o 55
I H 2 B 32 4F 33 0 B, 3 B 4 B b AR
A HLIBAE SN X 5 T 57 8 TR I g 4 R — 8
T B 2000—2020 437 (1], H i 44 B Hh i A A
PO AR A e — 7, 32 H N HUR 2R B
Mo BE VR R AR AL A RS S — Oy, Rl X
B2 U W RS e TR Sl T Ak AR n HE L T ik
it AF b B A SR OH 2R S 0 B R B T R
PRI, A 0 o D P B R R — R AR T
B PR A R, (H 2 4 R A B T B AR
P2 A R ORI, S, AR R A R
% A, ORI R T A bl R R R RIS B ) A
SR T, AR /INT S5V X 4 A b T 2 9 R (0 F 9 A
o T AR RIS I

HR A8 BRI A i R A% A R Y 2 1)) S 4 R OF
C[ R PN b S I 7 S o A S
TERI S5 X 507 & 5 IF o 45 AR, 7R 3
TH R A R B IR A A 1 S A e 2 e . -
i, A0 DR 2R T A K 52 e B A b A A 0
XS BREEEC IR R 80 h TR E T
e SRS A R S = W A o . N I L R
WA K A A AR T AT BE S R R T, s
A H A8 R T K R S A P AT SRR AR
JE 5% Y RLRE B AR 0 DX 88, 3 5 © A BiF 9% T
JI ) A S A W A R A B T R R
02 )4 S A% R FE 4 BRUE T AR Ml B 2 0 B

T R A7 AR RE R 2 R AR EAFE R, A
1% JEE R — I0UE 25 W [N, X B T et A
TR, — 7 T, v N I R e Sl A e A K )
SR 2T AR B B K v 5 5 — T
FE 55 B0 T3 G IR LA B 0 AR 7 L R, 2 e B
B Ml T A T 5 0 R LA e b g AR Rz A ml A R SN
AT R B B i, LA A 350 P oy 2 R 1) F 3 4
Ko PRI, TEBE L TT A2 ), A AXCE 25 it I8 %) T &
A 55 0 L B R W O 7 AN 2 A 5| R R SR R
JE 7, B 23 N 100 38 08 B 3t T & 10 4 L 0K, X
BT Ak BT R K A A L

AW R G g s T H M A 19 I 8] P 518 T
e o JEE I 2 L R A R B R A R G 3 A A e B
PO AL X, IR R AR T B T % 5 B R e D R A
PLBEJZ Wb 58 7 BUAT RS A, O Bk 4 BEOT &
St T B i B AL ZE R AN N REDL S S
i) KE A 3L T A W I N R T AN (R AR R R R
M 1) G SR, LB T A DX B 9 P i B b
GRpgE R JE  HUF AT —E AR TEIR BRIk
B b ANE 5E B, ELX TR WA B O 1R S 08 W A
TE 5 SeWE 58 h 2 2 U S T 2 T R F8 AR IE M IR R
TR BT 25 DR 2 ) 52 AR T, 8 i R AT 2R
B 3t T e O 3 SR 1 3t B 1S S ) B S

4 4w

(1) 3 20 ala], Hlt & #F Hb 7 A& o8 B I ] | 52 0%



442 pi s U E SR

o545 %

P i < N E S S T R R o1 - o g o | R R =
IS R AR 4% Jmy o R B DXCAE T BT, AT
1% 3 X BT (A 40.65%0) , 5 W15 78 S R
KT (HI{E 33.68%0) o AR 5R B X 43 7 £ VY B ¥ AP
S, B ARG AL DX 2 5 SR i SR Tl (A4 1.13%0) 6

(2) Bk HLTF Ko B A5 4 B 0 i 25 AR 4k, SR ) fe i
O A BE T K AE 23 8] b i AS Y A PR R ] 1 Y 3
P, Hd B LT EECA BV, e
7 25 [ g Jmy , HAERT Y b 3R SE T I B 3.
BE M TF & TR BE v (B X f b 1) e Ak [ s G (E XS
FEL 22 W0 4 /0N o B b R A 5 < v e, D IR 1
A3 ARG SR, HLN [ T M 8] 25 5 2 iR K

(3) 3 20 ak, Hlt & BT & 5 B % T 380
FoE 1y 25 [A] A RRRAE , o H O R BN T 104.53°—
104.88°E, 35.71°—35.92°N,, & (R &) v Ik 5 [a] Sl 4% , {1
54 rh BB A X, A o 2 A 15 TR B DA 135 816.83 km?
o E] 144 192.68 km*, & B #F M I & 58 B AE AN [5) Oy
Ti] b % TR B 22 S o

(4) 3T 20 ald] , H k& BT % 35 5 2R R BBk
P /NIE D S R FEREHON0.218 OF% 2 0.168 0), £ M
D 28 S A BT i /s o o 21 ) 22 S DR R IR A
TN, 4576 59.83%~70.56 %, T 5 X B2 5.
1] P A AR X 26 8] 22 5 19 BT R 3R 7E 45.02 26 ~58.50%,
JEBRH A P K o 2% AR A 2 B 47 .

(5) H R 48 Bk 1 I A 5 B {H 19 53 5 1% B0 A J2 iR
B — DAl PR E Y TR 2 A R R AR S, HOE AR
WHEHRR>HSATEH R Hd, BRR R Hl
BB IT R SR R ROUR R e R A 4
T PR 3R X 4 R R e e AR D, AR BT B b O kg
N TR B X SR p kA 22 0 R B 22 S A

% % 3Lk (References)

(1] i, sF o i pg 4 Bk 5% 5 3l 2578 1k X 3K 3 g
[T]. K £ AR FFE 4R , 2016, 36(4) :309-314.

Shen Haijian, Guo Rongzhong. Change of cultivated land
and its driving force in Hu’ nan Province [J]. Bulletin of
Soil and Water Conservation, 2016,36(4):309-314.

(2] EWFE, v, Wb g, 55 7 Ik 00 st Or 3R ) i oy
TEZ A5 A AR [T s BRI 5T, 2025, 44(3) :638-655.
Wang Shilei, Jin Xiaobin, Hong Buting, et al. The inter-
nal logic and strategic conception of cultivated land pro-
tection planning in the new period [J]. Geographical
Research, 2025,44(3):638-655.

(3] WFFEAR, 0 2B, ARG 4l . 85 F A T ZI0R I o 22 5 B CH:
FER AR B T 0N M =48 1 107 4k P A [T i 3
5% ,2024,43(8):2010-2024.

Xie Hualin, Zeng Hongchen, Chen Qianru. Study on the

[5]

[6]

(8]

[10]

differences in terrace utilization efficiency among farmers
and its influencing factors: A case study of 1 107 house-
holds in Jiangxi, Hunan, and Fujian [J]. Geographical
Research, 2024,43(8):2010-2024.
RFWR,E RS A Ik 4 200 A P (74P 3 5
S AT R B S [T ] R A K 2 2 4, 2024, 58(6)
1043-1053.
Song Yu, Tan Tian, Dong Yong, et al. Effect of agricul-
tural industrial organization on farmers’ behavior of pro-
tecting cultivated land quality [J]. Journal of Henan Agri-
cultural University, 2024,58(6):1043-1053.
RN BB AR v 1B b 8 U T 42 i B2 B
LR B[], s #ERL A, 2013, 33(2) : 135-142.
Song Xiaoqing, Ouyang Zhu, Bai Linchuan. Evaluation
and evolution of exploitative intensity of cultivated land
resources in China [J]. Scientia Geographica Sinica,
2013,33(2):135-142.
B S W VL N C 7/ DUIRS R N L e
7GR B PR S AR [T, AR IR A4, 2025,
40(5):1194-1211.
Li Huimin, Chen Ziwen, Zhang Yichi, et al. The gover-
nance of “non-grain conversion” of cultivated land from
the perspective of the greater food approach: Logic, chal-
lenges and strategies [J]. Journal of Natural Resources,
2025,40(5):1194-1211.
TR R i, S 2 B AR URELAL A T AL i
DCAR 7 B 3t 25 7B RS B s R R R G R [T, b B
B2 ,2025,45(4) : 744-755.
Ning Jiachen, Zhang Pingyu, Yang Qifeng, et al. Rela-
tionship between peasant household’ s cultivated land
management scale and cultivated land use efficiency in
Northeast China from perspective of multi-objective col~
laboration [J]. Geographical Science, 2025, 45 (4) .
744-755.
R R, BB AR A £ T A P i gt 5 )
FRCE  ERER SIS E bR, 2025,
39(3):70-79.
Zhang Qilan, Lyu Xiao. Improving farmers’ cultivated
land green use efficiency under the “dual carbon” target:
Key factors and configuration paths [J]. China Land Sci-
ence, 2025,39(3):70-79.
X5 BB, AR WFY A TG gt DXORE AR B R R0 AR
5 KB R LT ] R ERE 530K, 2025,48(3) : 36-46.
Liu Yu, Han Yingshuai, Li Yanjun, et al. Changes and
drivers of low carbon utilization efficiency of cropland in
southwest China [J]. Environmental Science &. Technol-
ogy, 2025,48(3):36-46.
W XM, 2 BOR L 45 AN [ 25 ) JRE At ) o 280 e
HEw B FSE i R 2 LU R 4 S [T ]. K R AR E 4
2025,45(1):264-275.



J5 R A A Bl T R B B B A A3 S K IR Bl (R 3R

443

[11]

[14]

[15]

[16]

[17]

Yang Jun, Liu Chang, Yuan Shujun, et al. Carbon
emissions of cultivated land use transformation and influ-
encing factors at different spatial scales: A case study in
Hunan Province [J]. Bulletin of Soil and Water Conser-
vation, 2025,45(1):264-275.

Bl B RS R S A X R R
58 J3E 6 25 3 S 5 R A LB (). BE IR, 2020,42(4)
723-734.

Yang Qingke, Duan Xuejun, Jin Zhifeng, et al. Spatio-
temporal differentiation and influencing mechanism of
urban land development intensity in the Yangtze River
delta [J]. Resources Science, 2020,42(4):723-734.
WA AR e XA A i A X A R 8h ) 3T
M B AL o A LI 1. b Bl B U 5 X ), 2017, 38
(11>:122-129.

Tan Shaojun, Shao Jing”an, Deng Hua, et al. Assess-
ment of land use driving force and mechanism in Three
Gorges reservoir area [J]. Chinese Journal of Agricul-
tural Resources and Regional Planning, 2017, 38(11) :
122-129.

SRR W —Fk , AR v ST A R R A I 7S gy
S RIS R [T] SR, 2022, 37(6) :129-138.
Yuan Xiaoling, Guo Yilin, Wang Hengxu. The spatial
and temporal differentiation of urban development qual-
ity in China and its driving factors [J]. Human Geogra-
phy, 2022,37(6):129-138.

Armengot L, José -Maria L, Blanco-Moreno ] M, et
al. A novel index of land use intensity for organic and
conventional farming of Mediterranean cereal fields [J].
Agronomy for Sustainable Development, 2011, 31(4):
699-707.

Jite e, A A T — S BRVE A Bk i A R A Ak
A B S (R R BE ST (7] T 5 b X AP IR 5T, 2024,
42(5):226-234.

Zhou Chuanlong, Li Yingying, Li Dingyi, et al. Differ-
entiation characteristics and influencing factors of culti-
vated land utilization intensity in Shaanxi Province [J].
Agricultural Research in the Arid Areas, 2024,42(5):
226-234.

SR 22 4 R UL AR T 20 4F ) S AR B T R
56 IR 25 23 S F e [T ], op B RO B 45 X A, 2021, 42
(11):199-207.

Li Jialing, Hou Lanjin, Zhu Jibei, et al. Study on the
spatial and temporal variation of cultivated land develop-
ment intensity in Hunan Province in the past 20 years
[J]. Chinese Journal of Agricultural Resources and
Regional Planning, 2021,42(11):199-207.
K R A B AR AR H A ODF I DR T B A
AR LSRR [T]. v B AR 2 4, 2021, 37(20)
93-97.

Gao Fei, Cui Zengtuan, Jia Ruihong, et al. Main techni-

[18]

[22]

[23]

[24]

[25]

cal models and their implementation effects in fallow
pilot areas of Gansu Province [J]. Chinese Agricultural
Science Bulletin, 2021,37(20):93-97.

A, M ok A5 H I A A R A A 1 K B
BLAIWFFE [T ] oK 2 A Fp i i, 2010, 30(4) : 214-218.
Yang Fei, Xiao Ling, Zhang Ling, et al. Situational
development and dynamic mechanisms of cultivated land
resource in Gansu Province [J]. Bulletin of Soil and
Water Conservation, 2010,30(4):214-218.
RSO, AR, T AL, L 2 R LA T AR R 2
FE e 20 S B 8l g o3 A« LLH R 4 Sy I [T ], o B 2
2021,41(5>:900-910.

Zhang Wenbin, Zhang Zhibin, Dong Jianhong, et al.
Transformation and driving forces of cultivated land utili-
zation function from a multi-scale perspective in Gansu
Province [J]. Scientia Geographica Sinica, 2021, 41
(5):900-910.

Yang Jie, Huang Xin.30 m annual land cover and its
dynamics in China from 1990 to 2019[J]. Earth System
Science Data Discussions, 2021,13(8):3907-3925.
RT UL, X BR , SEAG 1 W) m A DSl B T o s
WA LAY S [T ], 1 [ £ BE U, 2022, 43(1) 1 28-33.
Zhu Jibei, Liu Qing, Su Zengzeng. Spatial-temporal
evolution structure analysis of regional cultivated land
development intensity in Hunan Province [J]. Shanghai
Land & Resources, 2022,43(1):28-33.

TP AR PN AF OB BRI R R
5 7 SR I B[] 28O0 B A LI R S X s S ().
HEE LA 5T , 2025, 38(4) : 713-723.

Yin Bibo, Zheng Jiaqi, Sun Zexuan, et al. Synergistic
growth of pollution reduction, carbon reduction, green
expansion, and economic growth in China under the
‘dual carbon’ goal: Effect measurement, spatial con-
nection, and regional differences [J]. Research of Envi-
ronmental Sciences, 2025,38(4):713-723.

XN T, A 25 KL 55 3T POLECR 1 95 M i 4
TR 55 MMl 2 ] A Jm B 240 4045 b 53 A [T ]300 B R 2 2 41
CHSRBHEMD ,2021,51(1):29-39.

Liu Bingzhang, Gao Jianhua, Peng Baoyu, et al. Spa-
tial pattern and subdividing industry distribution of finan-
cial services in Suzhou based on POI data [J]. Journal
of Henan University (Natural Science), 2021, 51(1) :
29-39.

AT PR IG  BE I € DG I B 1 H O 48 Al BRAR AL
Jre X B 7 R sz e o AT D). 5 AR SR
F%,2022(6):34-37.

Zhao Ping, Xie Baopeng. The influence of agricultural
modernization development on cultivated land yield in
Gansu Province based on grey correlation degree [J].
Territory & Natural Resources Study, 2022(6) :34-37.
Deng Julong. Introduction to grey system theory [J].



444 NS L SR % 45 %
The Journal of grey system, 1989,1(1):1-24. influencing factors in Gansu Province in recent 25 years
[26] 45,50 B .2005—2019 48 H i 45 #k i % 525 1 e [J]. Arid Zone Research, 2022,39(3):955-967.
SE B3R 3 BT« R TR (0GR BE R B [ ], AR KR 2 (31 B i, XA RI, B i, 45 6 T b L 00 88 A2 2 14
e (FF 24 B4 D L 2021, 23(S1) : 23-26. e e E R RS AN RN A
Cui Lan, Cai Weimin. Analysis of cultivated land i ,2024,39(6) :738-751.
resources change and its influencing factors in Gansu Chen Mengyao, Liu Xiaoge, Huang Dacang, et al. Fac-
Province from 2005 to 2019 [J]. Journal of Southeast tors affecting soil organic carbon on farmland in Fujian
University (Philosophy and Social Science) , 2021, 23 analyzed by geodetector model [J]. Fujian Journal of
(S1):23-26. Agricultural Sciences, 2024,39(6):738-751.
[27]  ESr g, 5K55 . H M2 £ oF) F G AL e 2 4% Jmy v Ak Je &2 [32] &A%, 4R 53,9 . v B 0dE BB b 2 0] 23 52 AE T 5
R ] TR, 2025,42(4) :695-707. (7). #3520 A5 BB, 2011,27(3) £ 54-57.
Wang Liyuan, Zhang Yong. Evolution of spatiotempo- An Xiangsheng, Xu Yong, Tang Qing. Spatial differen-
ral patterns and multiscenario simulation of land use tran- tiation of arable cultivated land in China [J]. Geography
sition in Gansu Province [J]. Arid Zone Research, and Geo-Information Science, 2011,27(3):54-57.
2025,42(4):695-707. (33]  Zbolt, w45 B8k, A8 2 T AR & KB i AL
(28] WIIHEE , B 1T H 48 5 AL B AL S B 3 4R 20 R T Z3 )b JRy o A2 [ 7). P B RE 27 (b R AL 22 ), 2025, 55(5)
I A e g i s AR [T ] A AR BT 4R L 2022(8) 1 42-50. 1671-1682.
Bao Juanjuan, Lv Jianping. Temporal and spatial evolu- Li Shicheng, Gao Deng, Zhao Zhilong, et al. Recon-
tion of coordinated development between new urbaniza- struction of cultivated land area and spatial pattern in
tion and intensive use of cultivated land in Gansu [J]. Canada in the past Millennium [J]. Scientia Sinica
Natural Resources Information, 2022(8) :42-50. (Terrae), 2025,55(5):1671-1682.
[29] EIF9R . PE2 T E — FAEH b AR e Ak B 28 Jilt A8 B AF [34] Wang Ximeng, Zhou Dingyang, Jiang Guanghui, et al.
MR [T] b4, 2025, 39(4) : 484-489. How can the sustainable goal of cultivated land use in
Bai Yutuo. Spatial-temporal evolution characteristics the Qinghai-Tibet Plateau be realized? : Based on a
and influencing factors of “nonagriculturalization” of research framework of cultivated land use patterns [J].
arable land in Xi’an over the past two decades [J]. Bei- Frontiers in Environmental Science, 2023,11:1134136.
jing Surveying and Mapping, 2025,39(4) :484-489. [35] AEE M, KK, EHEL 45 . o B kb 2 DR vF o B2 o3
[30] 7T, PR3E, BEME R 25 0T 25 a ok HoR 4 B B It DA [T]. h E £ R, 2021, 35(10) : 104-114.

25 AR R g e [T R XESE L 2022, 39(3)
955-967.
Hou Qingqing, Chen Ying, Pei Tingting, et al. Analy-

sis of cultivated land’ s spatio-temporal changes and

Xiong Changsheng, Zhang Yonglei, Wang Yajuan, et
al. Multi-function evaluation and zoning control of culti-
vated land in China [J]. China Land Science, 2021, 35
(10):104-114.

[VElVAVAlVAVAIVAVAIVAVAIVAVAVAVAIVAVAIVAVAlVAVAlVAValVaValvavalvavalva vValVevalVaValveavealvavelvavalvavalvavalvavalvavalve Valvevalvevalvavalvavelvavalvavalvavalvavalve valvel

(&% 31570

[17]

KT TR A AL L AR ST b R SRR RO BRI 28
A AEL VPl B 80 [T, i B MOl B 4 K 2 24 i Gt
SRR ,2024,18(1):71-81.

Zhang Yalian, Zhang Qihang, Liang Xuwen. Economic
value evaluation and efficiency measurement of forestry
carbon sink under the vision of carbon neutrality [J].
Journal of Central South University of Forestry & Tech-
nology (Social Sciences), 2024,18(1):71-81.

MR T T 3% 8BRS Vb A R MO S A R B AR
DB6108/T 49-2023[ S 1. 5 th fi4L , 2020.

Yulin Market Management Bureau. Technical Regula-
tions for Pruning and Revitalization of Salix Shrubs:

DB6108/T 49-2023 [S]. Beijing: China Standard

[19]

[20]

Press, 2020.

A O RN E AT B ML 2 A B G AR R L BT
i (2024 4F D : GB 50797—2012[ S]. b 57 v [ i1
2t At 2012.

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Code for design of pho-
tovoltaic power station: GB 50797—2012 [ S]. Beijing:
China Planning Press, 2012.

FUR L, MR R B RE G AR O $ AR B 2% T R 5 23
(). o e e 3 Jm 454, 2023(2) : 168-170.

Wang Juanting, Jiao Lei. Analysis of application benefit
of solar photovoltaic photothermal collector [J]. China
Construction Metal Structure, 2023(2):168-170.



