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Abstract: Using remote sensing data from 2000 and 2016 in the study area, the

temporal and spatial variations of regional ecological vulnerability in the the Jiaozhou

Bay Coastal Zone were studied based on landscape ecology and the characteristics of the

ecological environment. Models of landscape vulnerabity and land ecological vulnerabity

were established by characterizing the number of patches, patch density, reciprocal of

fractal dimension, vegetation coverage index, and ecological suitability of land use. The

results showed that in the past 16 years, the whole study area was predominantly level

one and level two vulnerable areas, among which the proportion of vulnerability reduction
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was 17.52%. When the ecological vulnerability index of land use in 37.48% of sample

areas increased, the land ecological vulnerability also increased. The ranking of overall

average ecological vulnerability for all the use types was: other land > cultivated land >

forest land > construction land > water area; the stability and anti-interference ability of

other land, farmland, and forest land system were weak. The distribution of ecological

vulnerabity of land was generally heavy in the Northeast and Southwest, gradually reduced

by extension, and conversion between different levels of vulnerability showed significant

differences and spatial heterogeneity. In Huangdao District, the area of level one and level

three vulnerability changed greatly, while the proportion of level one or level two vulnerable

areas decreased. The change of the level two vulnerable areas in Jiaozhou increased the

most, and the level one and level two vulnerable areas became the most predominant. The

Central district of the city had a lower level of change than other regions. The level five

vulnerable areas in Chengyang district increased significantly compared with other regions.

These results indicate that population, policy, and social and economic development were

the key factors that lead to temporal and spatial variation in the ecological vulnerable

areas.

Keywords: coastal zone; landscape pattern; temporal and spatial variation; ecologi-

cal vulnerability

0 Ú ó

)�yf5´)�XÚ�k��«á5, Ì�´�)��¸É��	.Øå�Lg�

¡EUå, 
Úå¯a5Cz¿�Ø¨|^���uÐ[1]. «�)��¸yf5µd(J

ò�)�]
Ú)��¸�o!è/²E!]
Ün|^9«��±YuÐJø­���

�[2]. IS	é)�yf5�ïÄÌ�8¥3µd�{!�.ÚA^5��¡, ¿mÐ


½5Ú½þ�ïÄ, 8c®²/¤
�
nÜµ�{[3]!�g©Û{ (AHP)[4]!Ì¤©©Û

{[5]!PSR �.[6]��X�)�yf5µd�{. ,
, ù
µd�{�3Ì*5r!"y

(¹5�¯K, ®ØU÷v«��±YuÐ��¦[7]. X8, 3S EâuÐ×�, ±dEâ�|

 �µ*�ÛµdU
l/Æ�m©Û�À�Ñu, ïáµ*�mA��)��¸�éX,

©Û�¸yfG¹, )û
)��¸yfµd�.�ïá9µd�INX�¡�JK, ®

�2�A^�ØÓ«��)�yf5½S�5µd¥[8-11]. �'ïÄÌ�8¥3à:��

�[12]!ì«[13]!6��/[14-15]Ú¶«[16]�;.yf«, �õý­u·�yf5µd©Û,


�é��ºÝ�üC©Û�é"y.

°W�)�XÚäkwÍ�°ºü�5, Ù��°º²L¹Ä�p�^��m1N, ®

²¤�·I²L¹å��¿��«�[17]. du<�O�9é]
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ÛïÄÌ����µ*�Û�è/|^CzA�[19]!µ*�ÛÄ�Cz�°Äå[20]±9µ

*�Û�mÉ�5A�[21]�. µ*�Û�mA��)��¸�m'X��, 3g,�^�<

a¹Ä�V­Z6e, °W�)�XÚÚ�¸4´u)õU5®Ï, d�«G�=C�,�

«G�, �ªE¤Ù«��)�yf5[22]. �±µ*�ÛCz��Ý&Ä)�yf5©?

���CzÅì¤�yf«ïÄ�9:. �²�°W�/?ìÀ��7Ú²L«, �<a6
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¢½ï�9<�!²LO��¦�²�°W�/«�)
)��¸yf!è/òz9)�

ØåO���X�¯K, E¤
è/|^9µ*�Û�ì�Cz, l
K�
�²�°W�

�)�L§.

Ü©Æöé�²�«�?1
�'ïÄ, o��[23]± 1989 c� 2000cè/|^Cz

?1é'©Û, ��+�[24]± 2000c� 2009c�ïÄºÝ, '7�[25]À� 1986c!2000 c

Ú 2006 c��m:. ù
ïÄ�õ±Êc��c�m��mºÝ, � 2000 c�­���m

!:. �d, �©±�²�°W��ïÄ«, ò 2000cÚ 2016c���m!:, À�äk�

L5��¬ê!�¬�Ý!©�ê�ê!��CXÝ�ê9è/|^)�·¨Ý�ê, L

�µ*a.yfÝ, ±d5�ïè/)�yfÝµd�., ©ÛïÄ«“�Ê”Oy�“��

Ê”5y¢�c��è/)�yf5��Cz, ÝºÙ)�yfA�,£OÙK�Ï�, �Ù

)�S��æÚ°W�±YuÐJø| .

1 ïÄ«V¹

�²� (36◦01′∼36◦15′N, 120◦03′ ∼120◦25′E) �áu�°¥Ü!�À��HW,´ìÀ

���½¸S��°�Ï��µ45°�. �²�����ÀH, ÀÜ°� 27.8 km, H�

�� 33.3 km, ²þY� 7 m, �S��Y� 64 m. �²�°Wáu�N�^�Ì�°W, �

N�;.��5�F�, ²þ�� 2.71 m, c²þü�þ� 900 mm, cþ§Ý 12 ◦C, ÃU

Ï 220 d �m, áu§�Gºíÿ, É°�GºN!, ÁG»eZH!gGp§õ�, �9

ÓG, oG©²[26]. 5\�²��à6k��à!$Yà!xâà!�à!o~à��A

^à6, à6����þYâ3à�«/¤�°,�à�n�³!�¯�/mü�. �²

���Ü�=$�/, Ü�Ü��4ÀÈ²�, ìóÌ�kÀÜ�¿ì, HÜÚÜHÜ��

¾ì, dd/¤���½//A��ÀÜüÊ/³p, ¥m$, ¿ÅÚLÞ�êQ/, �²

�= uQ/�.Ü. �â 20­V 80 c��I°W�nÜN��è/|^N��K, �©

�â÷°�	Ú1�¥%3°W� 10 km S��	(½ïÄ«��[23]. ïÄ«�9«��

) 4 �Ü©: ½¥««� (½H«!½�«!oô«9¿ì«Ü©«�)!¢�««�!�

²½««�Ú��««�, ¡È©O� 199.45, 493.38, 95.81 Ú 287.45 km2. �½ïÄ«�X

ã 1 ¤«. �²�°W�yk�/ 243.12 km2!�/ 133.82 km2!Y� 36.71 km2, «�²L

uÐ���<�)ä9¢½z�¯K, ¦�«�è/�|^§Ý\ì, è/|^a.�ü

�zuÐ, l
¦C 16c5, ïÄ«Sè/)�õU3�m�mþu)û5½Ø­½V­

Cz.

2 êâ��{

2.1 êâ?n

Ä:êâ: êiz1�«yã, 2000 c!2016 c ETM+/OLI�aK� (30 m ©EÇ),

DEMêiêâ (90 m× 90 m) �.

êâ?n: Äu RS Ú GIS Eâ, é�²�°W�� 2000c9 2016cüÏ ETM+/OLI

�aK�?1Ë�½I!�í��!AÛ°��!ã�OrÚà}�?n, ��ïÄ«ü

Ï�aK�Ä:êâ. éÙ)È, y©��/!ï�^/!�/!Y�ÚÙ¦^/ 5aè/

|^a., )È°Ý3 80%±þ, ¼�êizè/|^a.ã. )Èêâ=z� grid©�, ^

±O�µ*�Û�ê. lïÄ« 90 m× 90 m ©EÇ� SRTMDEMêâ¥J�·Ý&E, ¿

é·Ý?1©?, �è/|^êâ?1U\, ±O�è/)�·¨Ý�ê. �âïÄ«��
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Úæ��ó�þ, òïÄ«y©� 2 km× 2 km ���/��µdü�, æ��ª��må,

�k 314�æ�«, O�z���«�è/)�yfÝ�ê, |^ ArcGIS ^�J�ïÄ«z

���«¥%:�I, ¿ò��«è/)�yfÝ�êD�¥%:, 3dÄ:þ?1ÊÏ�

p�{��, ¿�âyfÝ�ê©?IO?1­©a, ¼�ïÄ«è/)�yfÝ�m©Ù

ã. ^�²�� ArcGIS 10.2 9 Fragstats 3.3.

ã 1 ïÄ« �ã

Fig. 1 Location of the study area

2.2 ïÄ�{

2.2.1 µ*a.yfÝ�IÀ�

)�yf5´g,Ú<�Ï�nÜ�^�(J, (Üc<ïÄ¤J[27-28], 3�Nµ*

­½59¤ÉZ6rÝ�µ*�Û�ê¥, À��¬ê (NP )!�¬�Ý (PD) 9©�ê�

ê (FI) (Ü��CXÝ�¤«�)�yf5�¯a5Ïf. µ*�Û�ê�É�è/|

^a.Cz���'[29], �±è/|^)�·¨Ý��è/)�yf5�·A5Ïf. µ

*�Û�êÏL^� Fragstats3.3 O��Ñ, �µ*�Û�ê�O�úª9�I¹Â�©

z [30]Ú [31]. ïÄL§Xã 2¤«.

2.2.2 �IIOz��­(½

duØÓµd�I�þj�Ôn¿Â�3�É, Ã{��?1)�yf5µd, ÏdI

�é��µd�I?1IOz?n, )ûëêØ�'�¯K[32], IOz��3 0–1�m. �

�'�êÚK�'�ê©Oæ^XeO�ª?1IOzO�.

��': Pij =
Xij − Xi min

Xi max − Xi min
, (1)

K�': Pij =
Xi max − Xij

Xi max − Xi min
. (2)
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ã 2 ïÄ�{6§ã

Fig. 2 Flow chart of research methods

Ù¥, Pij L«1 i �µdé��éu1 j �µd�I�IOz�, Xij �1 i �µdé�

�éu1 j �µd�I�ý¢�, Xi min!Xi max �1 j �µd�I¥��������.

�­O��{���{[33], ^d�{(½��I�­�±�\�*/�N��I3µ

d�INX¥��z, ¿Uý¢�NÙ­�§Ý. ��{��n´ÏL&E�5�ä&Eþ,

l
(½�I�­. Ùúª�:

Hj = −

1

lnm

m∑

i=1

Pij lnPij , (3)

Wj =
1 − Hj

n −

n∑
j=1

Hj

. (4)

Ù¥, m �µdé��ê, n �µd�I�ê; Hj �1 j ��I���, Pij �IOz�1 i�

µdé��éu1 j �µd�I�ê��o�IÝ
Ú�'�, � Pij = 0�, Pij lnPij = 0;

Wj �1 j ��I��­.

2.2.3 ¯a!·AÏf9µ*yfÝ�êO�

Äu NDVIêâ9)È�ïÄ« 2000c9 2016c��©aêâ, òïÄ«��CXÝ

©�$CXÝ!¥CXÝÚpCXÝn?, ©OD� 0.85!0.50Ú 0.20 ����CX�ê�

�é�^©. �/a���CXÝ�êO�úªXe[34]:

V Ci =

n∑

j=1

Aij

Ai

× Wj , (5)

ª¥: V Ci, i /aa.���CX�ê; Aij , i /a©Ù3 j ��CX�?þ�¡È; Ai, i /

ao¡È; Wj , j �?��CX��é�^©; i, �è/|^a.; j, ��CX�?; n = 5 �

è/|^a.oê.

è/|^)�·¨5L�
«�)��¸�Ð�, l�½§Ýþ�N«�)��¸�

g·¡EUå. �©±è/|^)�·¨5��è/)�yf5�·A5Ï�, 3ÙO�
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¥, ò·Ý©� 0◦∼5◦, 5◦∼8◦, 8◦∼15◦, 15◦∼35◦, 35◦∼90◦ 5 �?O, ©OD� 0.85, 0.65, 0.35,

0.25, 0.15. Ùúª�[35]:

Pi =

n∑

j

Aij

Ai

× Pij , (6)

ª¥: Pi, ,�è/|^a.)�·¨Ý; n, ·Ý�?ê; j, ·Ý?O; Aij , j ·Ý?OS i a

è/�¡È; Ai, i a/ao¡È; Pij , ·AÝ�­.

¯a5�r, µ*�yf,·AUå�r, µ*�­½, Ïd±¯a5�ê�·A5�ê

�'�L«µ*a.yfÝ[36], �Ñµ*a.yfÝ�êO��.�:

V Ii =
αNPi + βPDi + γFIi + δV Ci

Pi

, (7)

ª¥: V Ii, µ*a. i �yfÝ�ê; NPi, PDi, FIi, V Ci, Pi, µ*a. i ��¬ê!�¬�

Ý!©��ê!��CXÝ±9è/|^)�·¨Ý; α, β, γ, δ, �­, α + β + γ + δ = 1, ©

O�� 0.15!0.30!0.30!0.25.

2.2.4 è/)�yfÝ�êO��.

µ*a.yfÝ�ê��N
��µ*a.�yf5A�, ØUl�m�N��)�

�¸yf5. I�ï¦µ*a.yfÝ�ê�mz��., ò�µ*a.yfÝ�ê²¡È

\���è/)�yfÝ�êO��.Xe[37]:

EV I =

n∑

i

Ai

TA
× V Ii, (8)

ª¥: EV I, è/)�yfÝ�ê; Ai, i µ*a.¡È; n, µ*a.�ê; TA, ��«o¡È;

V Ii, i µ*a.�yfÝ�ê.

2.2.5 µdIO�(½

�Bu'�è/)�yf5���, A^ ArcGIS^��g,ä:{�½�ïÄ«©?

IO, ²LØäN�, �ªòïÄ«)�yfÝ�ê©?��?yf« (<0.04)!�?yf

« (0.04∼0.1)!n?yf« (0.1∼1)!o?yf« (1∼2)9Ê?yf« (>2).

3 (J�?Ø

3.1 µ*a.yfÝ©Û

�âè/)�yfÝ�êO��.�Ñè/)�yfÝ�ê (�L 1). nÜ©ÛïÄ«

�N²þè/)�yfÝüS�Ù¦^/>�/>�/>ï�^/>Y�, ùL²Ù¦^/!

�/!�/XÚ­½5Ør, é	.Z6�A¯a, ¡Eå�, É	.Z6u)òz�AÇ

�. é�Ñ��ê©Û�: �/!�/!ï�^/ PD!NP ��, ÙS»�Ý§Ý'Ù¦/

ap, Ù¥, �/�ÄÔÑE/, <a¹Äé�/�»�¬K�ÄÔ�)�9uÐ. �/ÚY

� PD!NP ¥O\ª³`²��µ*��iÝ~�, µ*��mÉ�5Or[38], <aé�

/9Y�K�Or, A��½�'�ü���/9Y��ØÜnmu9|^. 2000 cï�^

/©�ê�ê�p, �/g�, L²ï�^/Ú�/É<�Z6��, 2016 cÙ¦^/!Y

�9�/©�ê�êO\, Ì�´Ï<�O�9��(�Cz, ��éÙ¦^/!Y�9�

/�<�Z6Or. 2000 cÙ¦^/!ï�^/��CXÝ�ê�p, Ù¥Ù¦^/±�í
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�^/9à/�Ì, ��CXÇ�, �/9�/�O\ª³, `²��yfÝO\, ��É�

»��ÅÇC�. �/!ï�^/9�/)�·¨Ý¥~�ª³, �NÑù
/a¡EUå

~f, yf5Or. 2000 c±�/!�/9Ù¦^/µ*yf5�ê�p, ù�«�²Lu

ÐE¤��/!�/9Ù¦^/<�Z6\ì���', 2016 c�/!ï�^/9Ù¦^

/¥~�ª³,�/!Y�¥O\ª³, �NÑ«�S�3�/»��Y� ~��Å.

LLL 1 2000 ccc999 2016 cccµµµ***aaa...yyyfffÝÝÝ���êêê

Tab. 1 Vulnerability indexes of the landscape types in 2000 and 2016

a.
NP PD FI V C PI V I EV I

2000 2016 2000 2016 2000 2016 2000 2016 2000 2016 2000 2016 2000 2016

�/ 0.158 1 0.217 2 0.162 00.217 5 0.044 90.045 1 0.057 90.142 9 0.316 60.238 3 1.030 3 0.695 1 0.507 90.695 1

ï�^/ 0.139 2 0.124 2 0.139 50.123 5 0.078 70.049 2 0.199 20.138 2 0.334 10.276 5 0.441 5 0.427 6 0.440 50.427 6

�/ 0.155 4 0.143 7 0.155 50.143 8 0.043 40.040 4 0.083 20.147 1 0.262 10.254 6 0.517 7 0.635 6 0.517 70.635 6

Y� 0.100 3 0.132 1 0.100 20.132 2 0.034 50.039 9 0.213 10.183 3 0.265 30.266 8 0.407 7 0.438 3 0.407 70.438 3

Ù¦^/ 0.091 2 0.067 1 0.091 20.067 1 0.027 10.056 8 0.364 20.242 3 0.119 50.174 8 1.154 6 0.668 6 1.154 60.668 6

5: NP �¬ê; PD �¬�Ý; FI ©��ê; VC ��CXÝ; PI è/)�·AÝ; VI µ*a.yfÝ�ê; EVI è

/)�yfÝ�ê

3.2 è/)�yf5��Cz©Û

3.2.1 è/)�yf5�mCz

dïÄ« 2000 cÚ 2016 c 314 �µdü�è/)�yfÝ�ê��, �µdü�Cz

ª³�)~�!ØC9O\. Ù¥, ~�ª³Ó�«¡È'~� 17.52%, 
 16 c5ïÄ

« 37.48%���«è/|^)�yfÝ�êO�, è/)�yf5Or. dïÄ«µdü�

è/)�yfÝ�ê�?¤Ó¡È�Ñ (�ã 3), 2000 cÚ 2016 c, �)�yf«¡ÈCzª

³Ø�, �?yf«¥~�ª³, �?!n?!o?ÚÊ?yf«¥O\ª³. �?yf«

3 16 cm:ì~�, ²þc~�Ç�0.75%; �?!n?!o?ÚÊ?yf«²þcO�Ç

� 0.44%, 0.16%, 0.08%, 0.07%. d��ÚO&E��� 2000—2016c�'&E, ��½<�ê

O\ 215 �<, ²L¯�uÐ����(�d 12.1B48.7B39.2, N�� 3.7B41.6B54.7, 1n��

ÓÌ�/ ²w. �²�°W����½uÐ�Ø%«�, <��¯�O�9�¬²L�¯�

uÐ´��ïÄ«p)�yf5¡ÈO\�'�Ï�[39].

ã 3 ïÄ«�µd�?yf5¡È¤Ó'~

Fig. 3 The proportion of vulnerability areas at each classification level

�«�yf5�?¡È9(�Cz�O²w (�L 2 Úã 4), Ì��¹�: ��««��
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?!n?yf«¡ÈCz��, �?!�?yf«¤Ó'~~�; �²½«��?yf«C

zO\�õ, �?!�?yf«�ÌN; ½¥««��Ù¦«�CÄ§Ý�$; ¢�««�

Ê?yf«�Ù¦«�CzâÑ. ��««�S�?!n?yf«Cz¡È©OÓÙCzþ

� 36.75%!39.54%, (�þ�?yf«~�20.23%, n?!o?yf«O\21.77%!5.76%,

g 2012 c±5, #��²L«mu«ï�, ¦�pyf«�?¡È9'­O\. �²½«��?

yf«¡ÈO\, ÓÙoCzþ� 45.53%, �?!n?!o?yf«¡È~�, � 2016 c�²

½«�S=��?!�?yf«CX, `²ÙSè/murÝØp, éè/�|^§Ý?uPò

ª³. ½¥««��yf«¡È9(�CzØwÍ, Ù�Ï� 2000c±�, ½«S¢½uÐ§Ý

P~, ï�^/¥Ü©è/=��/, ±~�¢½^/�þl¿�Ó^�/¤�5���[40]. ¢

�««�Ê?yf«O\¡ÈÓÙSCzþ� 46.37%, �?!n?yf«¡È~�, dã 4 ¥

²wwÑ�?!Ê?yf«'­*Ü, ùÌ�´Ï�¢�«¯�ó�z�?§9è/|^�ª

�o�+n¦è/|^¥yÑ�/×�~�
ï�^/×�O\�G�. Üw��[41]é¢�«

ïÄ�Ñ«�Sï�^/*Ð×�!mu«5yÃS!è/|^Ø��¯K, lý¡`²Ùy

f«�?,p�7,5.

LLL 2 ���111���©©©«««)))���yyyfff«««¡¡¡ÈÈÈCCCzzz

Tab. 2 Area variation of ecologically fragile areas in each administrative division

©«
¡ÈCz/km2

�?yf« �?yf« n?yf« o?yf« Ê?yf«

��««� −57.73 −12.34 62.11 16.44 −8.48

�²½«� −35.30 51.97 −13.44 −13.44 0

½¥««� −0.22 −5.92 7.50 −0.77 −0.59

¢�««� −36.13 42.07 −28.67 1.65 21.08

5: “-”Ò�~�

ã 4 2000 c (a) 9 2016 c (b) �©«)�yf«(�

Fig. 4 Structure of ecological fragile areas in each partition

3.2.2 è/)�yf5�mCz

lyfÝ�m©Ùã (�ã 5) ��*�wÑ: è/)�yf5�©ÙoN¥À�!ÜH

Ü­, 	òÅì~��A�. n?!o?9Ê?yf«Ì�©Ù3À�Ü9ÜHÜ°op�

«�, ¿�k£Ä9*Ðy�, �?!�?yf«Ì�´o?!Ê?yf«ë�üý. äN

©Ù�¹Xe: 2000 cïÄ«è/)�yfÝ�ê� 0.605 7, yfÝ�ê�N�p. o?!
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Ê?yf«ÓïÄ«¡È'­©O� 3.40%Ú 3.49%, Ì�©Ùu°W�Ü©���««�

ÜHÜÚ½¥««�ÀÜ!À�Ü9¢�««�¥Ü!ÀHÜ. �?!�?yf«Ó�«¡

È� 28.66%Ú 55.02%, ©Ñu�«�, ¿����3. n?yf«Ó�«'­� 9.42%, Ì�

©Ùu¢�««�¥Ü!�²½«�HÜ9o!Ê?yf«	�«�. 
 2016 cyfÝ�ê

� 0.573 1, �N�~fª³. ÜÃ�[41]éòS/«�ïÄ�w«)�yf5�~fª³, ù�

Ü9�[37]éwS½ïÄ(J��, )�yf5�rfCÄ�¢½ï�^/Ú�/�ì�CÄ9

ò����ü�¢�ké�'X. o?!Ê?yf«ÓïÄ«¡È'­©O�4.72% Ú 4.61%,

'­O\¿�±>«�øò. �?!�?yf«Ó�«¡È� 16.58%Ú 62.11%, �?yf«

� 2000 c¡È~�, ã 5 ¥��*wÑ¢�««�¥Ü9�²½«�HÜ«�n?!o?yf

«��?=C, ¦�?yf«¡ÈO\. n?yf«Ó�«'­O\� 11.97%, 3°W�À�

Ü!ÜHÜ«�*Ü. �yf«¡ÈCz��²�°W�¢½*Ü�', 2000 c��½Sè/

mu�C�Ú, ¢½*Ð�ú, ¢½­%u)=£, 3“P�uÐ”ÔÑg�e�²�°W�«�

¢½­%�À�!ÜH��*Ð[40], E¤oNn?!o?!Ê?yf«¡ÈO\.

ã 5 ïÄ«è/)�yfÝ�m©Ù

Fig. 5 Spatial distribution of ecological vulnerability

2000—2016c, �²�°W�/«�?yf5�m�=z¥yÑwÍ�ÉÚ�m©É5A

�, �L 3 Úã 6. T�ã�?yf«Ì���?yf«=z, =z'~Ó 79.23%, Ì�©Ùu

ïÄ«Ü©���««�!¢�««��Ü±9�²½«�Ü�Ü�, ù
Ü©��/9ú/

CX«, mu§Ý�é�ú. �?yf«¥ 379.89 km2 �±ØC, ~����´=z�n?!o

?!Ê?yf«, éuo?!Ê?yf«�z'­©O� 42.51%Ú 38.80%. n?yf«�Ù¦

©«þu)=z, �?!�?yf«=z¡ÈÓ 76.07%. o?yf«�Ê?yf«=zÓCz

¡È� 30.65%, Ù©Ù«�?u¢�««��½¥««���?�puÐ«�. Ê?yf«=

�n?!o?yf«u)=z, `²Ê?yf«SmÐ�o��,¦yf§Ýü$. �?yf«

�o?!Ê?LÞ'~�, A3�A�«�¢1�o��, ��«�uÐ�Ý, ¦Ù�±û5u

Ð. 2000 c�m, du<�Øå, <�»�ú/�/, m��/, ��)��¸G¹Åì�z, C

c5�X¢½uÐ­%�=£±9�o�ümÐ[24], �/9�/k�½§Ý¡E, oN)��

¸G¹Ð=.
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Tab. 3 Spatial transfer matrix of ecologically fragile areas km2

2000 c
2016 c

�?yf« �?yf« n?yf« o?yf« Ê?yf«

�?yf« 56.15 243.36 7.63 0 0

�?yf« 87.02 379.89 94.43 17.34 11.08

n?yf« 26.71 39.27 15.46 10.51 9.30

o?yf« 7.86 3.19 7.46 9.81 8.18

Ê?yf« 0 0 3.36 12.94 21.13

ã 6 è/)�yf«�m=�ã

Fig. 6 Spatial steering diagram of land ecological vulnerability

4 ( Ø

�²�°W�è/)�yfÝnÜüS�Ù¦^/>�/>�/>ï�^/>Y�, Ù¦^

/!�/!�/XÚ­½5Ør, É	.Z6u)òz�ÅÇ�. ïÄ�ãS, �/!�/!ï

�^/»�Ý§ÝCz'Ù¦/ap, ��/!ï�^/9�/)�·¨Ý¥~�ª³, L²Ù

¡EUå~f, yf5Or, É<�K�C�. �/!ï�^/9Ù¦^/µ*yf5�ê~�,

�/!Y�O\, «�S�3�/»��Y� ~��Å.

l�mþw, ïÄ�ãS, è/)�yfÝ�ê~�ª³Ó�«'~�17.52%, 37.48%�

��«è/|^)�yfÝ�êO�, è/)�yf5Or, «�So?!Ê?©«Ó'~O\

���?!�?yf« ~. ��««��?!n?yf«¡ÈCz��, �?!�?yf«

¤Ó'~~�; �²½«��?yf«CzO\�õ, �?!�?yf«�ÌN; ½¥««��

Ù¦«�CÄ§Ý$; ¢�««�Ê?yf«�Ù¦«�CzâÑ. <�9¢½z����¬²

LuÐE¤
è/|^+no�, ù´ïÄ«p)�yf5¡ÈO\�'�Ï�.

l�mþw, �?!�?yf«ÓÌ�?O. 2000 c9 2016 cè/)�yfÝ�ê©O

� 0.605 7, 0.573 1, �N�~fª³, ¢½uÐ­%�=£9�o�ümÐ, �/9�/k�½

§Ý�¡E, oN)��¸G¹Ð=. ïÄ«è/)�yf5�©ÙoN¥À�!ÜHÜ­, 	

òÅì~��A�. n?!o?9Ê?yf«Ì�©Ù3À�Ü9ÜHÜ°op�«�, ©Ù
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Åì*�, �?!�?yf«Ì�´o?!Ê?yf«ë�üý. �²�°W�/«�?yf

5�m�=z¥yÑwÍ�ÉÚ�m©É5A�, Ù¥, �?éuo?!Ê?yf«�z'­©

O� 42.51%Ú 38.80%. �?yf«�o?!Ê?LÞ'~�, ATé�A�«�AT¢1�o

��, ��«�uÐ��9�Ý.

é�²�°W�è/)�yf5©Û��, ïÄ«“�Ê”Oy�“��Ê”5yÏm, )�

yf5oN�~fª³, �d)�yf5�?�m©Ù�wÑp)�yf«3¢�««�ÀÜ

9��««�¥Ü8à*Ü. ��¡AX­Uõd«��p�²LuÐE¤�è/|^�ª�

o�+nyG, ~X, /a¥±Ù¦^/!�/!�/�è/)�yfÝ�ê�p, ATéè/

�mu?§?1�ÆÜn+�, `z)�XÚSµ*�Û, �±«�)�XÚ�û5uÐ. ,�

�¡�\ré�/9ú/�o, ~�éú/!�/�muÓ^, 3�/ú	!ï�±>9¢ï�

/�«�Ün5y^/, O\��CXÇ.
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