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Table 1 Land resources ecological security evaluation index system
PP k5 #E Evaluation criterion

sz AEN = EES LY falatk Uk BRI 2 LR PE

Target layer  Criterion layer Factory layer Severe level Dangerous level Sensitive level Benign level Security level Weights
I i 111 I\ \

BTG C) /1% <10 =10~15 =15~20 =20~25 >25 0.0553

NIGHHTE R C, /(hm® A7) <0.4 =0.4~0.6 >0.6~0.8  =0.8~0.1 >0.1 0.0521

R FHUR R Cs (kga™) <200 =200~300 =300~400  400~500 >500 0.0533

Natural HRMAE T Co/% <25 =25~30 =30~35~ >35~40 >40 0.0852
subsystem BT LA Cs /% <5 =5-10 >10~15 >15~20 >20 0.0604

B THEEALE Col% >10 =810 >6-8 =46 <4 0.0821

KRR L) Co/% >10 =>8~10 =>6~8 =4~6 <4 0.0845

;;*ji% K- WHEIE Cs /1% <40 =40~60 =60~80 =80~100 >100 0.0792
s A GDP Co/(10* J8- N7 <2 =2-3 =34 =4~5 >5 0.0413
iﬁ T R b FHZEBEEE Cro/(10° 71i~hr_n'2) <5 =5-10 =10~15 =15~20 >20 0.0403
resource Economic Bt 117K Ci(kgra™) <200 =200~300  =300~400  =400~500 >500 0.0549
ecological subsystem HUPHFREE Cia /% <20 =>20~40 =40~60 =60~80 80~100 0.0422
S"“jrity B R s /(kghm?) >14 >1-14 >06-1  =02-06 <02 0.0432
ARG B Cg /(kg-hm™) >600 =500~600 =400~500  =300~400 <300 0.0395

NIHE Cis/(N\km?) >500 =300~500  =150~300 =100~150  25~100 0.0235

AT RS )\Q ﬁ?ﬁi@ﬁﬁf Ci6 /% >5 =4~5 >3-4 =2-3 <2 0.0221

Social WK Cir 1% <20 =20~30 =30~40 =40~60 >60 0.0223
subsystem BHE I HREL Cis >1.4 =>12~14 =1.0~12  =1.0~0.8 <0.8 0.0542

B A HUELIE Cro/(KW-h-hm?) <20 >20~30 3040  =40~500 >50 0.0313

HIRELIFE Ca/(10° TG-hm?) <2.5 =2.5-3 =3-35 =3.5-4 >4 0.0331
ZEATRRUE 1~15 1.5~2.5 2.5~3.5 3.5~4.5 4.5~5 1..0000
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Fig.1 Normal cloud model of land resources ecological
security comprehensive evaluation

2.3 ETESEREMIMESZTEESTN
AE R X sk b 0 A 2 2 A AT s R R Y
RERE, VO SR bR 0 A e R S AL

PE, A A AN T R DX sl b R 5 AR S e AV o
GHORORIPE S BENLE, 0] f 28 SRATHE PP O 45 2R
TOUTH e LIRS, DT 25 1N AT A JA] I S e
W S BEALE B T . AR LIEAS 2 0 BT
WHhIAL, AR T IES PGB, 255
PR AS y  SPIR Iy g LR JLER 23

1) o gt R A A 22 A DR X 4 1 BT 3R 0
K U={upuz,us, =, b VEIN IO V={v,vo,v3,"*"u,},
PR W= {wi,wows, o w, )

20 0 DRSS M B AR A A S AN R R AR )
PR, AR S R RS R R IR ry FOR
PR R 338 U P8 i AN JCER w6 TR i v o
5 AERI v RBE . BN i(=1,2,3,n)5
HORF AR j(=1,2,3, - m) 1R RSB 73530 x;
R, WK § W28 7 A bERE & T b 2%
PR -

Ex, =(xl;. +x;)/2

T B YR AR A 2 A VPN T & A VR S

I PEA 32 SRR S P AN GO0 AR Bl I8 ) i A6, P

LU PP B R3S {0 s 1 3L i 2 A2k
A, ERAT I, R

x—x2)?
exp{—( v ”Z }zO.S
8(En ;)

1 2
En; = (x; —x,)/2.355

b, B Eng AE PR E — ORI . AEIE T
P, R EUERR N, D) I 2 2 1 5 P R

3) ik LRI AE S L VPN IRAR R R 10 %
ANEAE, 7EfE PN TRPRI SRR fE, B
AR w1174 0 B el P ey S WL R 1
W A B Fork. NMHIES SR & RAERS, ¥
RN ER LAV Fabr i 2 AL EAE AN, 1M
Ja M B AR b X 2o R AR A B
CGA(x;)o N A L HE A A 22 VPN e 28 5 B 1)
BEE, WHEPTZRIEN s RAES, 2JEKIE
i) 2o R AE 2R SR EE AT INACTYS, A (e )
YENENAE, TR Y 2o R A ST 5743 3 —41
CGB(y)). )ikt CGB) I BT BE A A ik X
3 1 TR AR A A VP BN R bR ) A
HAT S K 2 fror.

4) VPR W ET UAE V WHIRSH F4E.
AW FORATELE W 5 FiR VAT A B A R
HEATASOR e, BT 759 30 1 B P A 2 e VPN
PR IR VLA 14 B



5022 B gk . LT IES SRS T R A S 2 SV 255
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Drop[CGB(x)]
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TE: x WEAEER, Eo Eno He 3 X I BIFEM, CGA 4 X
ZWBHRY B, Eny He, 1Y AW, WAUERI, CGB A Y A1
Note: x was the input data, E,, En,, He, were expectation. entropy and hyper
entropy of X cloud, CGA was the dataset of X cloud. E,, En,, He, were
expectation. entropy and hyper entropy of Y cloud, CGB was the dataset of
Y cloud.

M2 =R R

Fig.2 Cloud model uncertainty reasoning
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Table 2 Evaluation of land resources ecological security in

Hubei province based on cloud model

LG A
PP TE{W%/‘? ) %TQ i W Comprehensive
Evah;;tslg;ndex SlIlg e factor score Welghts score
2000 £ 2010 4 2000 4£ 2010 4E

G 3.0476 34212 0.0553

G 21259 24573 0.0521

G 41021 43944  0.0533
5 s 42125 44746 0.0852

Cs 12263 1.5678  0.0604

Cs 25701 3.8582  0.0821

G 27764 3.8422  0.0845

G 33253 44705 0.0792

Gy 11515 34223 0.0413

Co 1.0747 32301  0.0403

Cn 41713 44235 00549 29397 3.6033
B Cin 34627 43908 0.0422

Cn 45211 49702 0.0432

Cus 11231 1.0724  0.0395

Cis 2.1251 2.6033  0.0235

Cis 3.0193 2734 0.0221

Ciy 42061 45317 0.0223
B Cis 3.5785 32013  0.0542

Cuo 3.0977 34682 0.0313

Cao 28022 35941 0.0331

T SRR X 1.
Note: The index meanings were shown in table 1.
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Normal cloud model based evaluation of land resources ecological
security in Hubei province

Zhang Yang’, Yan Jinming'*, Jiang Ping?, Yang Nai®
(1. School of Public Administration and Policy, People’s University of China, Beijing 100872, China;
2. School of Resource and Environmental Science, Wuhan University, Wuhan 430079, China,
3. Faculty of Information Engineering, China University of Geosciences, Wuhan 430074, China)

Abstract: Land resource is very scarce natural resources. Finiteness and scarcity of global land resources have
become a common concern to human sustainable development. With the accelerating of industrialization and
urbanization, man-land relationship is going into the crux of the conflict. If land resources are damaged seriously,
it will also affect regional security and the sustainable development. Evaluation of land resource ecological
security is an important content of regional sustainable development measures. The previous evaluation methods
that were comprehensive index method and fuzzy synthesis cannot describe the fuzziness and randomness of
evaluation indexes at the same time. In view of that problem, normal cloud model was introduced into regional
land resources ecological security evaluation. Cloud model was the making of Li Deyi academicians based on
traditional fuzzy mathematics and probability statistics. The rule of land resources ecological security evaluation
was constructed combining the basic theory of cloud model and the process of ecological impact evaluation for
land consolidation. By translating the uncertain factor conditions into quantitative values with the uncertain
illation based on normal cloud model, the evaluation factor scores and comprehensive scores of Hubei Province
land resources ecological security were computed. Study results indicated that : (1) Hubei Province land resources
ecological safety status enhanced from the sensitive level to a moderate level, it increased from 2.9397 to 3.6033.
The general trend of regional land resources ecological security was elevated from 2000 to 2010. Index value less
than 2.5 indicated a severe, dangerous or sensitive level; (2) The normal cloud model was a mathematical
representation of fuzziness and randomness. The transformation from qualitative concepts to quantitative
expressions were realized when the fuzziness and randomness were integrated together. The method preserved the
randomness and fuzziness in evaluation. Evaluation method of regional land resources ecological security based
on the normal cloud model was an objective and scientific comprehensive assessment method. The study could
provide a reference for the sustainable development of regional land resources.

Key words: land use, clouds, models, normality, ecological security, Hubei province
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