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4.1 EELHIE H A E T LN
4.1.1 #EE TACH B A AEDAT

2008 4 i e J5 b s Al 36.83 J7 km?,
o 4 R AR 1 3.87%: o pFH AR 19.52 75 km?,
P BT D A R TR LR AE 50% A L, Jf-BA
4 16.04%MIBHB H T 2 H 27%K a0, 7
TR RO B L U R R R, BB R R
TR . BEHL TR T 1997 451 2006.94 J7 hm®
B 4% 2008 4E#) 1951.89hm?, /> 55.05 J7 hm?, [%
i 2.74% . ASHFHTE A 0.0874 hm® yi /> %
0.0768 hm®, At F AR 1 1/4,
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Table 1  Analysis of urbanization process in Huang-Huai-Hai plain during 1997—2008
N S O " AL B
1 P T L A T Population urbanization level/% NH 5 P A o Fh ﬂaiﬂ @_?ﬁﬂ’f UH iS4
WL B b5k i R G ficient of
Urbanization o 1997—2008 4] o Growth of Growth of Coe. ielent o
Regions - - e Growth of per . cultivated land
stage type 1997 4¢ 2008 4 b . urban organic -
capita GDP/% land/% town/% occupied
Changes and/% own/% 110°hm?
N Jext 79.61 86.51 6.90 343.85 33.69 123.85 -1.44
BRI KT s
KT 70.07 72.55 2.48 407.26 9.98 50.89 -1.64
VLA 42.29 56.85 14.56 275.88 44.20 38.63 -0.18
PSR K Ty sy 46.20 55.82 9.62 322.88 62.49 55.54 -0.56
MiIp =y 42.35 51.43 9.08 255.18 10.26 29.81 -2.31
. MK 41.63 4533 3.70 282.11 43.09 40.56 -1.23
BRI B KT ,
ZRR 41.65 4335 1.70 137.06 31.56 32.96 -4.37
a3 PP I 45.51 52.54 7.04 291.21 31.56 32.96 -7.82
e Bk O L R BN S B ACOPARHR AN B 5 T PR AL, U7 hm.

Note: The coefficient of cultivated land occupied by urbanization is the reduction area of arable land for every percent increase of urbanization level.

1997—2008 4, BAEIEEAL P e, B
S S IR Ak A, LT R S R S A7 AR IR
MRS IE (AR 2) o B5E, Wi s s Ak
JRE 5 R AR BRI AR B AR 8. K,
T AR R I IR R I R D A A 1997 —
2000 “FHAME], REEALACTE S 1.03 ANEr AL Y
WEEALIEE Ny 0.26%, B> 3.56 J7 hm®, 4%

AT N 0.89 J7 hm/4E, BiHASLR R 4-0.18, B
A A B AR JE 4-0.04%; 2000—2004 AF3YE], FEI
BTN 0.74%, BB S)ZSE 0-0.39%, B
mT AT 2004—2008 AEHAMN], ST LR
PR TS 2 ), XGm a1 . ui BB hiE b
3N 2000—2008 AR, I 2k B TR
Feirb, s 8 R R AE T B

*2 EESTREBELHEREZSHBENSR

Table 2 Contrast of urbanization process and cult

ivated land changes in Huang-Huai-Hai plain

AL HERE B Az 1L
; Urbanization process Change of cultivated land
R S . = LT AT -
Time span BB e SRR ”‘3/54&;4 , Rate of Change AL
. N o L - o
Amplification/% Average speed/% Variation/10"hm change/(10*hm™a™) intensity Dynamic degree/%
1997—2000 4 1.03 0.26 -3.56 -0.89 -0.18 -0.04
2000—2004 4 3.70 0.74 -39.07 -7.81 -1.95 -0.39
2004—2008 4F- 2.31 0.46 -12.42 -2.48 -0.63 -0.13

4.1.2 HLEM R FAFIESAT

PP R H S A R EE K . R
M. KGEH, PR HAE 5 AN gk, 1997
—2008 ), %I AR R A P b,
Hrh By b B %, A 37.35 )7 hm?, HCh KB
H19.05 75 hm?, SEHL. BEBLKHFIEKE, 405

Wb 562, 3.01. 0.02 77 hm?2%0, B #4549 25 4k 4
23 FiN, AKGeHh by 2008 AEHFHL S TR 49.27%,
FHXE 1997 SEMEATHE I, Je 12 DX 45 i B e K Py b
KA, HROE S B RO AR A 41.68%, Py

EEA AT AR W /K FHOMTER R T B9 A 3 1
SHB LA BT B A1

£3 EHEBTE 19972008 EHEMT R
Table 3  Structural change of cultivated land types in Huang-Huai-Hai plain during1997—2008

Cuﬁlﬁiﬁim — 1997 4 2008 4 19972008 4T

types Area /1(/)2hm2 Lt.45 Proportion/% T Area/10*hm? Lt Proportion/% Change of area/10"hm
WK 151.51 7.55 148.50 7.61 -3.01
R H 0.85 0.04 0.83 0.04 -0.02
KR 970.81 48.37 961.76 49.27 -9.05
Fith 850.93 42.40 813.58 41.68 -37.35
St 32.84 1.64 27.22 1.40 -5.62
TR 2006.94 100.00 1951.89 100.00 -55.05
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4.1.3 BRI E TR FAFAE

1997 —2008 “FE Bk 17 5 44 2 ARk S B
R (R HBIR A SRR (2 4) o 1) W LESRE, B
MO TR D B 2 A 0 T B 48 S 35 %) 21.01 J7 hn?,
HUGRALR, T 9.96 J7 hm?, RS54
7.42 J7 hm?, ZSALE D IEIT 9548 2.64 J7 hm?s 2)
WA SRR A, Jb Wi m. — T 1997
SEAC TR A ) SERE B A, A R AR Ak =
RGP A AR R R T, BN
H AP E R B, IR e, 5
P ESEH, JUHE il s 4, @Ak

a3 n, PR AR s R RHEIE B 37.16. HUUE
R WHER 2R, AR AR 2.83~
8.40, LRI « AR AT R4S
AL ELIHE N T 20 30 WA T ABfb 2 AR B0k
A, Abntii. WbE MR HILE T 10 LLE,
X R R ISR LD 1 DR R A, DI L
D G RS BRI I A A ) R X I R L
ARAE R R A8 TR 22 (B AR AR 00 S AR HAE 7.39~9.79 2
], BONHEE, SR R e ] T A
BEHL; VL34 25 AR AL 73 SR O 4.80, BEHIIL
FESEEAL R R b /0 v A Bk

F4 EHEBTIR 2008 F3FLE 1997 FRIH T
Table 4 Contrast of cultivated land changes between 1997 and 2008 in Huang-Huai-Hai plain

AR AR 5 R

sk 1997 4ET AR 2008 4ETH AR ARk AR T BAE . o
Regions Area/10*hm? Area/10*hm? Variation/10*hm? Change intensity ~Dynamic degree/% Space diligeer:ntlatlon
dbnt 26.80 16.84 -9.96 -37.16 -3.10 18.09
PNES 48.44 4437 -4.07 -8.40 -0.70 7.39
MEB| 514.83 493.82 -21.01 -4.08 -0.34 38.17
M 194.89 192.26 -2.64 -1.35 -0.11 4.80
G 262.15 254.72 -7.42 -2.83 -0.24 13.48
28 447.78 44239 -5.39 -1.20 -0.10 9.79
bEIE 512.05 507.49 -4.56 -0.89 -0.07 8.28

VEe BRAEHONT . RPN I R S AT BOX RS, il T o P ST ST 5 28, At A0 43 21 s Dl TV B s

Note: In addition to Beijing city, Tianjin city and Hebei province is the complete administrative division, other provinces involve only plain city, due to the

need of the research in Huang-Huai-Hai plain.
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TV T SRR b K ek > (R IR, 5 | A B
Hb TR AR R o DRA SRR R TR 70% LA
PR . AR . SRR L AR
BE g v R AR T AST R, T T R 53 B 1 0 FA B b AR
HF B b T R A . i BT B R £ B
VEWE /K FH A K BEHAE 13 500~ 15 000 kg/hm® 2.
), AR P Ut 56 4% 2 JE R AR 7= e o 0 g T
BAR AT S — MO A T8 X I AR PR A 1
DX AN 4% A2 R 38 o b #8 J F A TA Hs EEOR
1L Ml FRR £ B0 7 2 9 000~ 10 500 kg/hm® 22 Ji]
AR B 5 it 5 46 R B AAE 7= 66 o N8
AL R S T LU H A b it 2 A5 4 1 A «
1) 5545 TR b 3 P A Ak 1 R AR A i 8 0 6 o AR

JRCREHb, TR A TR M P A A K L A
S AT T EE K EE L 7K 3 b R S b T AR R A
Frigb, A8 AR A 17.68 J1 hm?, ASALBRAE 4-1.53;
BB B A AL & 37.37 J7 hm?, ASALiRAE
-4.39. TR TR P K P AR RROR, SR AR
TR E R o 2) ARBHE L EL /N vy . — D7 T
BT HE S TR D, HL S TR i AR A B
Ko ARTURH P pcbe =y, 1997 4RI 57.56%
T3 2008 1) 58.28%; Y3 — 51t T i
PR TAE, InRA IR B I, AREK
AR BT AW =, AL TR R R
FE— B Ko AR U O B3 K I ATk 2
IR A=), M2 SR, &R
Hoy5 Gy, Bk R A S B AR BRI A

x5 EEBTERHHRETNUR
Table 5 Quality changes of cultivated land in Huang-Huai-Hai plain

b 2R s 1997 4 2008 4 - A5 Ak, LR
Quality type of Secondary iR Fe 1 iR Fe 1 ORI Change
. type of 2 g o g Variation/10"hm . -
cultivated land cultivated land ~ Area/10*hm Proportion/% Area/10*hm Proportion/% intensity
K 1 151.51 7.55 148.5 7.61 -3.01 -1.99
. 7K e 970.81 48.37 961.76 49.27 -9.05 -0.93
el A Ky
et 32.84 1.64 27.22 1.39 -5.62 -17.11
Hit 1155.16 57.56 1137.48 58.28 -17.68 -1.53
HRH 0.85 0.04 0.83 0.04 -0.02 235
1B TR i 850.93 42.40 813.58 41.68 -37.35 -4.39
Hit 851.78 42.44 814.41 41.72 -37.37 -4.39
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J3 hm?; Xy iR, 7 hm?s X A
JE PSRN, TG Xo AARK Ja R AN,
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Table 6 Eigen values and total variance explained

H—ERy Ry
X I First principal component Second principal component

. g Ji Z TR Tk g T ZETTHRA Bl bk

Regions FRHAEAE . o . EEEOREN . S )
Eigen value Variance contribution Accumulated variance Eigen value Variance contribution Accumulated variance
gen vaiu ratio/% contribution rate/% gen vaiu ratio/% contribution rate/%

Jenti 8.696 96.624 96.624 0.227 2.517 99.141
R 7.829 86.986 86.986 0.888 9.870 96.856
bEBlee) 7.611 84.566 84.566 0.925 10.277 94.843
LI 8.238 91.530 91.530 0.429 4.764 96.294
2R 7.395 82.163 82.163 1.351 15.009 97.172
IARA 7.739 85.984 85.984 1.018 11.315 97.298
bE Ry 7.631 84.790 84.790 0.973 10.815 95.605

WL 6 WTLAEH, 54 2 M Bl otk R
KRBT 94%LL b, SEARTFE FRAT T BSR4
IR [, 23 25 WRIBAR,  ARAE 32 Rear Bfur v A
AR B BT GR 7, Wtk
o35 8 AR 2 A A 5% R B

I AL IR B 3 FR bR 5 A — B A G R
BORE, AEORIMEE: 1D I D X, %
P X3 — E B BT A 0.9 BLE,  uF B EE
N TR 38 K B b 52 i e BB de il . 20 0
AR BR Xo~Xs 5 56— e afr L 7o A2y
] A B 77 R X R R DX ] 5 = B A X (A
KRHYMAE 0.97 F1 0.94 UL L, AABLHI 25K
SR HESH VR B2, xRkt i g s Pk
XA P HE S VR B T 3 B A 7K T R B AL

PN 22 7 2 . db s b K P e,
PR bR, DS MR LR X, A
-0.996, =N Xs AT 0.995; REEHTIH
WA R R 32 B RE THES)), DR X 24 0.953,
Xs 4-0.662; TV R EHES BT R JE BT k48
LA Xe B tlm T Xss AR R R4 T4
PR IR I T, T IR X (A
fa N AE s B8 T 58 = b ) B e
T A L, X PR I T X
3) ZRASBATEFE X FI X (IR # s e, o Bk
TR M R R Y DX 8, Lk iR, BT
KB m R W . 4) AR IR bR
Xs F1 Xo P #1 My E AR HARATE =, UEHH BRI
N 2 S S A 35 7 QR 5 ) Sl A 4 s 1 FH T A
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Table 7 Principal component matrix
UNRER S C0d
EiFLin Z T B R IR %R = v A T R bR
Population Economic Spatial Lifestyle
urbanization Urbanization indexes Urbanization indexes Urbanization indexes
N . indexes
X 4% At = —
: - e BT : = ; " I IR AT
Regions Variable ¥ ; ARk X [ 2 LR 2 I g T i N
2 ENT gyt TREEERE T e s BRIV ol kmr
Proporti ! N ;A X F')\ é\ > Proportion of Proportion of [ Xs A g f7 Urban per g\ Xo
rop 2b;gn or Pper capita inves tﬁ(l?cnts of second tertiary Area of orre;n(i)c capita  Rural per capita
Ou lation GDP Bvilt arcas industry  industry output urban land t§ n disposable net income
popu utit-up output value value W income
- H—E RS 0.997 0.977 0.995 -0.996 0.995 0.973 0.942 0.983 0.987
§n
E S Y 0.026 0.204 0.016 0.033 -0.032 -0.186 -0.316 0.167 0.141
- H—F s 0.910 0.980 0.958 0.935 -0.662 0.987 0.960 0.973 0.983
SEN]
0 0.295 0.157 0.152 -0.335 0.743 -0.013 -0.128 0.203 0.178
. T 0.967 0.985 0.948 0.961 0.708 0.730 0.963 0.980 0.980
ME]
e Y -0.034 -0.155 -0.286 0.087 0.577 0.626 -0.163 -0.166 -0.177
T H—E RS 0.957 0.976 0.966 0.977 0.870 0.920 0.983 0.988 0.967
o E S Y 0.199 -0.208 -0.233 0.007 0.455 0.151 -0.003 -0.072 -0.237
S H—F s 0.975 0.977 0.996 0.453 0.662 0.980 0.977 0.996 0.973
21
0 -0.161 0.166 0.045 0.870 -0.718 0.030 -0.091 -0.022 0.115
W T 0.989 0.994 0.988 0.934 -0.194 0.995 0.973 0.982 0.993
- e Y 0.066 0.052 -0.038 -0.148 0.977 -0.017 0.157 0.037 0.077
— TR 0.919 0.989 0.994 0.973 -0.350 0.961 0.983 0.961 0.969
bl
E S Y 0.299 -0.004 0.066 -0.069 0.932 0.059 0.003 0.040 -0.042

5.3 YIELXHHE R DR % JT el AR EY

5 HY T2 3oy o3 Mot A2 B (10 g 20 A7 17 i
b PRSI SRS T T S R AR 2 T
2 1] V1 2 56 A ROR A U T D AN (] X )

xS WHELIH

WAL T SR 1 N R R o ds FHGE o0 AT
WA REATZNER A 534, 43H 5 44 2 117 1997—2008
SRR A S SRR IR B ) R T 2 TR £ o gkt
AR, ik 8 Brow.

AL E S E PRk

Table 8 Multiple regression model of impact on cultivated land under urbanization

[X 1%, Regions [ 455 Regression models Rtﬁl;t/?i%y
Jbstms Y=147.786-1.418X,-2.204X,+0.002X3+0.032.X5-4.536 X-8.861.X7-4.809.X5+35.91 1.Xy %% R*=0.998
Rt Y=53.977-0.799.X:-0.381.X,+0.01.X3+0.666 X,+0.725X5-3.314X-4.809.X7-1.483 X5 +0.244.Xy W R*=0.996
b By Y=616.662-0.220X,+2.9X,-0.07.X3-0.758X4+1.175X5-3.072X6-11.514X7-33.750X3-54.611.Xy P R*=0.993
TTHA Y=201.917-0.203.X,-4.565X,+0.003.X5+0.022.X4-0.007.X5-0.728 X¢-1.424X7+0.798 X5 +2.576 Xy % R>=0.993
AR Y=719.594-13.685X,+5.070X,-0.035X3+1.363.X,+0.598 X5-116.325X6-126.957X7+27.802X3-22.069Xy W% R>=0.945
IR Y=376.842-2.151X,-20.836.X,-0.005X3-0.301.X3-0.060X5-1.925X¢-3.354X7+4.405X3+125.589.Xy i3 R*=0.885
MaREeE Y=583.137-1.163X,-0.007.X3-0.331.X4-0.033X5-2.215X5-1.622X7-1.413 X3 +15.151.Xy P R*=0.941
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JSEZFENFEE L, Y% Xo ONTTHIMEIRY 7 h’s X5 9 ERIBRI IR, )7 hm's X WIREUR AN, Tt Xo MARKEIR SIS, Jt.
Note: Y is area of cultivated land, 10*hm?; X; is proportion of urban population, %; X, is per capita GDP, 10* Yuan; X; is fixed investments of Built-up areas,10°®
Yuan; X; is proportion of second industry output value, %; Xs is proportion of tertiary industry output value, %; is Area of urban land X , 10*hm?; X5 is area of
organic town, 10*hm?; X;isurban per capita disposable income, Yuan; Xois rural per capita net income, Yuan.
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Difference analysis of effect of rapid urbanization on cultivated land
changes in Huang-Huai-Hai plain

Meng Peng, Hao Jinmin™, Zhou Ning, Hong Shuman
(Department of Land Resources Management, China Agricultural University, Beijing 100193, China)

Abstract: Through the research of the internal relations of urbanization process and cultivated land change in
Huang-Huai-Hai Plain, the paper reveals the regularity of urbanization process in different regions. The purpose is
to provide a decision basis for the preservation of cultivated land and the sustainable development of urbanization
in China based on data analysis and empirical contrast. By using the method of principal component analysis
(PCA) and multiple linear regression model, land use change, the quality and quantity changes of cultivated land
in Huang-Huai-Hai plain were analyzed. There were obvious differences in the 5 provinces and 2 cities during the
urbanization from 1997 to 2008, such as the urbanization process, the speed of economic growth, the changes of
industrial structure, growth of urban land area. With the rapid urbanization, the area of cultivated land presented
decreasing trend year by year. The enhancing range and the development speed of urbanization negatively related
with the change intensity and reducing speed of cultivated land change, and the change also presented a wave of
increase and decrease. The cultivated land change of study area showed the obvious regional characteristics. For
example, the biggest decline of cultivated land area in Hebei Province reached 210,100 hm?, while the least
decline of cultivated land area in Jiangsu Province reached 26,400 hm®. The overall quality of cultivated land
presented decline trend. More than 70% percent of the occupation of the cultivated land for the urban construction
was the high quality arable land with good location, irrigation facilities, highly production capacity. However, the
quality of arable land newly increased by reclamation and new development was lower. By selecting population
urbanization factors, economic urbanization factors, spatial urbanization factors and lifestyle urbanization factors,
the index system of driving force of urbanization was established. Based on PCA, some regularities can be
revealed: At first, the population growth affecting on cultivated land change in these regions was the most direct
and common; Secondly, the promoting functions of economic indicators were significant different due to the
features of urbanization and the level of urbanization. Next, the influence of construction land growth on
cultivated land was very significant, because that the space urbanization indicators load was higher; Lastly, life
urbanization indicators were positive and high load, which showed that the attractions of lifestyle including
income differences have an obvious role in promoting urbanization. Based the multiple linear regression model of
driving force factors of urbanization and cultivated land change, it was showed that the commonness and
difference of the relationship between urbanization process and cultivated land change in different regions in
Huang-Huai-Hai Plain. According to those analyses, some conclusions and suggestions can be put forward. The
urbanization can be promoted timely and moderately, to avoid massively occupying arable land at the expense of
food security and ecological environment. So the conclusion can be drawn that occupation of less farmland,
intensive use of construction land and preservation of cultivated land is the wise choice for the new urbanization
development model with reasonable environmental policies.

Key words: land use, principal component analysis, regression analysis, models, urbanization, cultivated land
change, driving force factors
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