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Table 1 Evaluation indexes of cultivated land intensive use
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Note: Land is mainly cultivated with rice in the study area. Based on this and limited data available, this paper adopted the cultivated area percentage of
high-quality rice as the technology input index. In order to eliminate the effects of price fluctuation, the data of output values are calculated at constant prices.
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Table 2 Eigen values and variances of principal components

— —— e
EHGr FHAERR ke P TETIRE
Principle Eigen . Accumulative

Variances/% .
components values variances/%
F 3.07 30.73 30.73
F 2.10 21.02 51.75
F; 1.76 17.64 69.39
Fy 1.15 11.51 80.89
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Table 3 Factor coefficients of principal components

izt /84> Principal components
Indicators F F F3 Fy

B FH N X 0.268 0.321 -0.486 -0.267
HEIHURIEN X, 0.417 -0.312 0.017 0.203
LB X5 0215 0.326 -0.037 0.511
BHE AN X, 0.048 0.547 0.150 -0.045
SRR X 0.423 0.297 0.195 -0.268
TEBEFR 5 X 0.306 0.290 0.223 0.294
bl fb % X, 0.297 -0.241 -0.171 0.523
I E X 0.483 -0.144 -0.046 -0.396
NEPE Xo 0.309 -0.361 0.422 -0.183
NEIRE 5 X -0.127 0.111 0.665 0.042
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Table 4 Cultivated land intensive use scores from 2002 to 2009

X3k HHHAELFIF 438 Cultivated land intensive use scores
Regions 2002 2003 2004 2005 2006 2007 2008 2009 V-4 Average
X 65.97 67.54 66.68 68.26 65.36 62.66 61.57 61.31 64.92
24X 64.43 65.44 65.05 64.25 63.26 62.70 6291 63.15 63.90
ILHEX 61.18 62.92 67.87 67.39 65.97 67.58 69.02 71.16 66.64
TR 62.34 62.95 63.64 66.56 64.60 64.78 65.71 67.23 64.73
Hrmx 63.34 64.73 63.47 64.03 60.84 63.14 63.21 62.85 63.20
BATX 46.37 52.63 5245 47.85 52.32 50.36 60.25 53.92 52.02
Kk 54.55 53.75 56.27 56.94 57.02 55.23 55.79 56.03 55.70
H 5 B 46.91 46.61 51.33 51.58 51.67 50.97 51.34 54.78 50.65
FEHITTX 65.90 73.36 68.28 70.29 69.68 69.26 70.85 71.10 69.84
FilX 49.48 49.47 50.70 51.84 52.57 52.45 53.82 55.23 51.95
el 54.68 54.92 57.46 56.26 57.82 59.55 60.06 60.95 5771
PN 45.72 44.78 47.46 48.34 48.12 44.88 47.68 48.76 46.97
B 47.20 47.66 49.48 51.18 53.20 51.80 53.15 53.88 50.94
pay Rz 60.31 61.25 61.15 62.48 62.67 62.40 63.08 64.42 62.22
N4 T 63.66 65.46 67.58 68.36 67.57 66.15 67.82 66.74 66.67
BT 55.38 53.77 55.32 55.97 56.47 56.30 57.27 59.46 56.24
B X 72.82 79.17 74.74 70.54 71.45 65.71 66.56 70.63 71.45
ZiPARAS 67.39 66.16 68.10 69.89 69.12 66.66 68.45 63.49 67.41
AR5 62.53 64.96 61.75 61.21 60.69 60.97 60.67 60.92 61.71
R4 T 57.43 59.83 60.22 60.50 60.98 61.66 62.35 63.73 60.84
% 5L 51.94 52.95 55.40 53.73 53.86 53.73 55.66 56.64 54.24
Bl i 71.86 80.48 63.04 59.98 59.19 60.43 61.48 63.19 64.96
Wk H 60.66 61.68 63.72 64.04 64.68 63.82 65.95 66.15 63.84
i 64.76 64.65 63.04 62.07 64.12 63.68 65.85 68.75 64.62
WA 69.01 69.17 69.63 64.99 75.01 67.27 70.80 72.45 69.79
gL 57.49 57.12 58.29 60.18 55.37 56.88 64.29 66.77 59.55
Jl 22 X 58.65 60.78 59.54 59.80 51.40 52.57 52.95 53.83 56.19
Al 63.32 64.35 66.55 65.68 65.98 64.04 65.28 66.11 65.16
FREETT 64.28 66.47 68.64 64.20 65.88 63.25 64.60 64.98 65.29
Bk =N 49.99 52.89 52.69 55.33 54.02 53.48 5471 56.00 53.64
A 46.92 46.51 49.79 51.78 52.17 50.79 51.41 53.64 50.37
JE i 41.27 42.40 43.45 43.45 42.79 40.48 40.51 41.50 41.98
Ak Tl 60.71 61.90 62.39 63.82 61.89 61.31 62.92 65.16 62.51
RIT 55.90 56.83 57.40 58.95 58.08 58.78 62.17 63.61 58.96
LT 59.70 59.87 60.63 62.84 65.54 63.33 65.31 68.33 63.19
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Fig.1 Average scores and coefficient of variation (Cv) of
cultivated land intensive use from 2002 to 2009
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Fig.2 Spatial differences of cultivated land intensive use in
different period of time from 2002 to 2009
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Fig.3 Dispersion levels of cultivated land intensive use degree in each evaluation unit from 2002 to 2009

4 FHR5iTe

ASCHRETHRAE LA AR, AN GREL
M FH R B2 R 7 e 2%k it 45 = 7 i A g 1 Gl i e
PHEEEL R I VP Fabr iR R, 7RI R A X iU
T R B R 20 R T R I 28 23 SRR AR REA T TS, WP
UREE A3 2t I

1) ZGEAMBHE BB PR, 5
DT R B SR L A A B B B “ R BT

PR B BT B TR AR, K
DX 2 P B O T “ W TR 1))
AR, WA EDU T P SR 24 LA
PR ETFR RN, DRI AR AR 20 5 B0 22 S B A
BLHN AT RE -

20 HAR GBI T Rl A M AR 24 P b T AR LT
BrBE AHATFEY N A DO AR 2R T K 2 5
Fo RXEIHUFL . BHERFIEm, BB
i 2 29 ) T RE BE AR e R 3B X 32 B0 A T 4K



%19 3 BOREE

o QDU T P B A 20 R I 25 20 S A 221

WP JR—2k, BRI R 30 e B L X AR 24 FE A %
i, BRI “ria) s, PRARY S0 5 48 5
3) 2002—2009 FE[H], EAIH T P8 A5 HL X HFHb
SEL R AR A LI S 1) o SRR AE s 22 B0 X A
SR AL I B T, AT X R
o B BB VL i 4 e A W2 s 3o Bl rho i
P R R ZE A X L X . BN X . R
BLEE I TR (0K N %, Bk s &2
Ezgm, B2 R KAE R B BRI .

5 OAT RIBFSEAR L, ASCER G “Fabs-251m]-
IR = 4 SRS R A R B ik, B
MBS RGHZE5 T BB T Rl A R A 24 R FH R
FEARA R, AT TR 2002—2009 4 [A] % 1
XA EE LR AT A 4 mar thik . BRI 2
HARGK AR S A 5 A5 2 N F g, HLARZ
FIFH KV 26 AR Bl A 45 S B2 2R 10 X ek 2 St il 2 I —
E MR 2500 SRRRAE s A SC PR T o M R 5 s 250 1) T
PAFE, EBUCVEMRAr BN A R, AN Ae i 27T
Pt R LRI T R . (H B B 5T R AR
1k, SR AR LR IR 25 50 S 1 9K Bl DR 25t 4R
AN HERRAAS R R R B AR 2R FH ) 2%
53 5 IK B DR 28 O SLREAT s Ak Wk A S
WIS EE 2. Mok, BEERA. 558
RN 3 E, A2 0 IR AR PR
Ao, BT AR LR FH AT IR 2R B SR K AR 2
IRBE o) RN 25 40 5 00 200 B G R0 3 R 8 o 3%
N FEARPORIGE AR ARSI BT 0 4 R 3 m ikt
LR, T D) SE LR B [ SORR B2 A X ] Fp 4t
R

(& % x #

(1] Xk, 275, 1980—2002 4 [ A& Hh R FH AR 16 1
B FRFAE[T]. AL TRE2IR, 2006, 22(4): 194—198.
Liu Chengwu, Li Xiubin. Time-sequence characteristics
of the annual changes of the agricultural land use in
China during the period 1980-2002[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2006, 22(4): 194—198. (in
Chinese with English abstract)

(2] ZEM, TT05E, IR, & Wb s L
BEARAAFAELT]. shIRRLERERE, 2009, 28(4): 611—616.
An Yujuan, Men Mingxin, Huo Xiliang, et al. The
characteristics of the agricultural land use intensity in
Heibei based on the production cost[J]. Progress In
Geography, 2009, 28(4): 611 —616. (in Chinese with
English abstract)

(3] kAT, Ak, whoL, SF. ERTTBRHUEE LM AIVEOY
IR A5y ST, MU 5T &, 2010, 29(1):
98—103.

Luo Dongqi, Li Le, Guo Ying. The appraise of cultivated
land intensive use and its spatial differentiation in
Chonggqing city[J]. Areal Research and Development,
2010, 29(1): 98—103. (in Chinese with English abstract)

[4]

[10]

[11]

[12]

PEdE. L ZR AT e X B R 4R 20 B2 I PR AE[T). AR
M TRE2EHR, 2011, 27(9): 328—333.

Pang Ying. Spatial and temporal characteristics of land use
intensive degrees of coastal areas in Shandong Province[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2011, 27(9): 328—
333. (in Chinese with English abstract)

BAEAK, AR, /K. BT R BRI AR A A
T DXHF 3R B 24 B I 25 22 5 4 A (0], M B AR,
2012, 67(7): 889—902.

Xie Hualin, Zou Jinlang, Peng Xiaolin. Spatial-temporal
difference analysis of cultivated land use intensity based
on emergy in Poyang Lake eco-economic zone[J]. Acta
Geographica Sinica, 2012, 67(7): 889—902. (in Chinese
with English abstract)

VRimkr, =M. 1980 LR B SR L) )
SERPERAELT]. HUBE2EHR, 2009, 64(4): 469—478.
Chen Yuqi, Li Xiubin. Structural change of agricultural
land use intensity and its regional disparity in China[J].
Acta Geographica Sinica, 2009, 64(4): 469 —478. (in
Chinese with English abstract)

FRIE, TR, R, SR ARETRIEART T
Mt ) 1 AR 249 S HAR A AR LU BT 50, ARk TR
224, 2008, 24(1): 108—112.

Zhang Lin, Zhang Fengrong, An Pingli, et al.
Comparative study of cultivated land use intensive degree
and its change law at different economic levels[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2008, 24(1):
108 —112. (in Chinese with English abstract)

KALR, WS, RAE, & AFRHSHX P E LR
KPS0 73 S SRS BL . DAY PE 4 01 (0]. 1l
4%, 2012, 30Q2): 156—164.

Zhu Chuanmin, Huang Yadan, Wu Jia, et al. Spatial disparity
of cultivated land intensive utilization and its driving forces
based on different types of geomorphology: A case study of
Jiangxi province[J]. Journal of Mountain Science, 2012, 30(2):
156—164. (in Chinese with English abstract)

D%, M. BET PSR HEZR AR £ H B IR E)
JIRFGE: AL PG48 g Bl [7]. KLt d o U6 5 7 45
2010, 19(8): 895—900.

Yi Jun, Mei Yun. Study on intensive cultivated land use and
its driving forces based on PSR model: A case study of Jiangxi
Province[J]. Resources and Environment in the Yangtze Basin,
2010, 19(8): 895—900. (in Chinese with English abstract)
AR5, AN, BRI PSR4 e A 5 PR 32 S R A5G 7y
B[], HRELN LB SIS, 2010, 20(10): 103—108.
Zhao Jing, Yang Ganggqiao. Canonical correlation
analysis on the influencing factors of the change of
cultivated land intensive use degree[J]. China Population,
Resources and Environment, 2010, 20(10): 103—108. (in
Chinese with English abstract)

SRS, WO, 5. R PR R WL BHBRZR Y
MR AT ]. o E R, 2012, 26(2): 50—55.
Wu Yuling, Gu Xiang, Zhou Yong.Factors analysis on
intensive use of cultivated land from the viewpoint of
farmers in Hubei Province[J]. China Land Sciences, 2012,
26(2): 50—55. (in Chinese with English abstract)
ElbAR. ARAE L PN Fa b R RAF T[], h
+HiRlEE, 2006, 20(3): 24—31.

Wang Yeqiao. Study on indictors for the assessment of
land saving and intensive use[J]. China Land Sciences,
2006, 20(3): 24—31. (in Chinese with English abstract)



222

Ak TREA AR

2013 4F

[13]

[14]

[15]

[17]

[18]

[19]

(21]

WD, A, TR A BT EMR TN R IR
AT AR Ik P X B SR 20 R AT R LE[D]. ARk TR A2 4R
2010, 26(4): 291—296.

Cao Yingui, Zhou Wei, Wang Jing, et al. Comparative on
regional cultivated land intensive use based on principal
component analysis and analytic hierarchy process in
Three Gorges Reservoir Area[J]. Transactions of the
Chinese  Society of  Agricultural  Engineering
(Transactions of the CSAE), 2010, 26(4): 291 —296. (in
Chinese with English abstract)

FENTE, BAE. SRR ENEIO AR LR VAN (). 7
R 2l FARRIARRL 2009, 34(3): 236—240.
Xiong Xiaoqing, Liao Heping. Evaluation of cultivated
land intensive utilization applying entropy method[J].
Journal of Southwest China Normal University: Natural
Science Edition, 2009, 34(3): 236—240. (in Chinese with
English abstract)

R, WIRAR, A, AR BE TR AT A5 B BT
BRI BB R PP ()], P 3R, 2011,
25(8): 61—068.

Li Ying, Hu Yingeng, Li Kun, et al. Intensity assessment
on cultivated land: Based on the updated results of
farmland gradation[J]. China Land Sciences, 2011, 25(8):
61—68. (in Chinese with English abstract)

REM, &k, FEE LT 2R Hh
TR IR 277 stk BE 20 BT LA B2 AR IX
R, BRI, 2010, 32(6): 1161—1168.

Song Jianan, Jin Xiaobin, Zhou Yinkang. A study on the
contribution rate of agricultural land use intensity to grain
productivity based on hierarchical linear models: A case
study on the Inner Mongolia[J]. Resources Science, 2010,
32(6): 1161 —1168. (in Chinese with English abstract)
U, WARL, VESCME. 3T DPSIR BRK IR 4
AR 290 F IS 28 22 e (W SR 9T . AL A S 1 [T].
R E R, 2009, 23(3): 49—54.

Li Jintao, Tan Shukui, Wang Wenxiong. Empirical study
of spatial-temporal differences of urban land use intensity
based on DPSIR model: A case of Hubei Province[J].
China Land Sciences, 2009, 23(3): 49—54. (in Chinese
with English abstract)

ARIRAE, Eif. AN BT AR 2R F VAT ik L AT
FU: DAL 2GR i o 1 (7], WD vt s 5 30 5,
2008, 17(1): 93—97.

Shao Xiaomei, Wang Jing. Comparison of intensive
cultivated land use appraisal methods of small towns: A
case study of Cixi in Zhejiang Province[J]. Resources and
Environment in the Yangtze Basin, 2008, 17(1): 93—97.
(in Chinese with English abstract)

KX, B, R M BEREPRBA L A
R ILBERIE/R[T]. BAREZAR, 2007, 22(6): 907 —915.
Zhu Huiyi, Li Xiubin, Xin Liangjie. Intensity change in

cultivated land use in China and its policy implications[J].

Journal of Natural Resources, 2007, 22(6): 907—915. (in
Chinese with English abstract)

BUNTE, R, R B PR LR
YRBh Ao AT ). P RS, 2009, 23(2): 11—17.
Zhu Xiaoqgian, Cheng Jiumiao, Fei Luocheng. Analysis
on intensive use of cultivated land and its driving forces
in Anhui Province[J]. China Land Science, 2009, 23(2):
11—17.(in Chinese with English abstract)

HSFERE, WHWPE, FEE, % KW HRELR A
I AR AT (0], ARk TFE2E4), 2012, 28(1): 230—
237.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Deng Chuxiong, Xie Binggeng, Li Xiaoqing, et al.
Analysis on spatial-temporal change of cultivated land
intensive use in Changsha city[J]. Transactions of the
Chinese  Society of  Agricultural  Engineering
(Transactions of the CSAE), 2012, 28(1): 230—237. (in
Chinese with English abstract)

BUKAR, il %, BEN, 85 TR EI TR
PR A R AT VEO (0], th AR AR, 2011,
27(32): 216—220.

Wei Yongdong, Wen Xuefei, Ma Fengmao, et al. The
intensive utilization evaluation of arable land in Yanchi
County, Ningxia based on entropy value method[J]. Chinese
Agricultural Science Bulletin, 2011, 27(32): 216—220. (in
Chinese with English abstract)

Hao Haiguang, Li Xiubin. Agricultural land use intensity
and its determinants in ecologically-vulnerable areas in
North China: A case study of Taipusi County, Inner
Mongolia autonomous region[J]. Journal of Resources
and Ecology, 2011, 2(2): 117—125.

AR, RRE, LW, & TR
AR OB ER LA 22 ST LR T]. AR LR, 2010,
26(S2): 331—337.

Kong Xiangbin, Li Cuizhen, Wang Hongyu et al.
Analysis on arable land intensity difference at plot scale
in Jingji Plain[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE),
2010, 26(S2): 331 —337. (in Chinese with English
abstract)

JiRIBE, REVE, SR, AE R ESRTTAR R ALK
535y A JRIT]. HUERAEAR, 2005, 60(5): 827—840.
Fang Chuanglin, Song Jitao, Zhang Qiang, et al. The
formation, development and spatial heterogeneity
patterns  for the structures system of urban
agglomerations in China[J]. Acta Geographica Sinica,
2005, 60(5): 827—840.(in Chinese with English abstract)
YO, AR DU TT R B AR A A B AR 2 3L SR
TERIRARD]. R RGR S5 LG50, 2010,
26(3): 264—270.

Fan Hui, Dong Jie. Temporal and spatial characteristics
analysis ~ of  relation  between  arable land
non-agricutlturazalition and grain productivity in Wuhan
Urban Circle[J]. System Sciences and Comprehensive
Studies in Agriculture, 2010, 26(3): 264 —270. (in
Chinese with English abstract)

RN 0 ER L T AR 1 T R T
S AR LA BRI AT 0], o EE R, 2000,
23(8): 73—1717.

Zhao Sifan. Rethinking the meaning of intensive land use:
Based on analyzing intensive land use patterns in
Hongkong[J]. China Land Science, 2009, 23(8): 73—77.
(in Chinese with English abstract)

B, KX, RIS, S ORISR 2
FERED]. BEREEERE, 2008, 27(6): 12—17.

Li Xiubin, Zhu Huiyi, Tan Minghong, et al. Measurement
of land use intensity[J]. Progress in Geography, 2008,
27(6): 12—17. (in Chinese with English abstract)

Li Xiubin, Wang Xiuhong. Changes in agricultural land
use in China[J]. Asian Geographer, 2003, 22(1/2): 27—42.
A, AEARSE. T ARAE T AR 2 10 2 ) 73 e 0],
HAR IR A, 2011, 26(8): 1287—1296.

He Wei, Xiu Chunliang. Analysis of spatial difference in
regional urban land intensive utilization: A case study of
Jilin province[J]. Journal of Natural Resources, 2011,
26(8): 1287—1296. (in Chinese with English abstract)



5519 39 AR DU T P AR 20 R I 25 23 S AL 223

[31] KHE, H LA, HEIEHEST B A r= MR 45\l 2% () 42 26 producer service agglomeration in Beijing-Tianjin-Hebei
FRAE[T]. HBRRLEHERE, 2012, 31(6): 742—749. metropolitan region[J]. Progress in Geography, 2012,
Zhang Wang, Shen Yuming. The spatial characteristics of 31(6): 742—749. (in Chinese with English abstract)

Spatial-temporal disparity characteristics of cultivated land intensive
use in Wuhan Urban Agglomeration

Zeng Jie', Yao Xiaowei'?*
(1. Faculty of Earth Resources of China University of Geosciences, Wuhan 430074, China; 2. School of Public Administration of
China University of Geosciences, Wuhan 430074, China)

Abstract: Cultivated land intensive use is a hot topic discussed in China since it is significant to guarantee food
security and promote sustainable development of land resource as well as social economy. Wuhan Urban
Agglomeration is an important region for crop production in Central China. In this paper, the spatio-time
characteristics of cultivated land intensive use were analyzed to better understand the variations of cropland
intensive use levels during the year of 2002 to 2009 in Wuhan Urban Agglomeration. An evaluation index system
was established at first. According to the data available, the study area was divided into 35 units at county-level.
All data used were acquired from statistical yearbooks. Based on the original definition and scholars’ discussions,
the established index system contained 10 indicators from 3 aspects including intensity of cropland involvement,
utilization of cropland and output benefits. The method applied in this paper was Global Principal Components
Analysis (GPCA) that combined principle component analysis with sequence analysis. Comparing to other
conventional evaluation models, the advantage of this method was able to reveal the sequential and spatial
characteristics of cultivated land intensive use of the 35 units objectively, systematically and consistently. Besides,
the coefficient of variations (Cv) was also used to describe the changes as well as its spatial reasons. Based on the
analysis process, the results reached are as follows: 1) During the period of 2002 to 2009, capital investment and
technology input of the cultivated land increased in fluctuation. Base on this, the average score of cultivated land
intensive use rose from 58.40 of 2002 to 61.62 of 2009 with wave-like change process. Specifically, it showed
rising steadily and keeping stable, then going down occasionally and ascending fast at last. Meanwhile, the
sequential changes of coefficient of variation (Cv) for cultivated land intensive use degree experienced double
rises and double falls. However, the Cv kept no more than 12% from 2004 to 2009, which was significantly lower
than the level of 2002-2003, indicating that the regional disparity of cultivated land intensive use was becoming
smaller. 2) During the entire period of research, the relative high level distribution of cultivated land intensive use
mainly involved Jianghan Plain and plains in eastern Hubei along the Yangtze River, which basically covered
from the west to the east of the study area. The intensive use levels of cropland were comparatively lower in the
northern and southern hilly and mountainous region. Generally, the spatial disparity pattern of cultivated land
intensive use in Wuhan Urban Agglomeration appeared to be high in the central part and low in the northern and
southern side. 3) The changing trends were significantly different in different parts of the study area. The levels of
cultivated land intensive use in the majority of the Wuhan Urban Agglomeration went up with fluctuations such as
Jiangxia District and Macheng City. On the contrary, small areas such as the town area of Wuhan City and some
surrounding units went down with fluctuations mainly effected by sharp descending of cropland output value. The
results were able to provide scientific basis for enhancing cropland intensive use in Wuhan Urban Agglomeration.
Key words: land use, principal components analysis, rural areas, cultivated land intensive use, spatial-temporal
disparity, Wuhan Urban Agglomeration
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