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Abstract: The coastal zone is considered as the most dynamic natural environment providing goods and services essential
to human beings. Due to diverse natural and human pressures many coastal cities are experiencing severe environmental
problems such as climate change sea level rise coastal erosion environmental pollution and so on. Land use change is the
apparent and widespread consequences of urbanization and global environment changes which has important impacts on
coastal zones such as directly altering geomorphological configurations influencing ecosystems and ecosystem services
provision and increasing coastal city’s vulnerability.

The presence of a perturbation or stress sensitivity of the affected entity and the system’s capacity to cope or respond
( resilience) are major elements in the vulnerability analysis of a social-economic-natural complex ecosystem. Sensitivity in

this sense is defined as the interaction within the system between the systems or inside the complex ecosystem used to
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characterize the response level the system according to changes in its internal or external factors. This paper presents a new
approach to ecological sensitivity assessment under the vulnerability research frame and the sustainable supply of ecosystem
services is employed as a measurement of human well-being under the influence of global change threats such as land use
change.

The paper took Xiamen a coastal city in Fujian Province as an example to study ecological sensitivity to land use
changes from the year 1987 to 2007. Firstly the ecological sensitivity mechanism of the major land use activities was
analyzed such as urban construction land expansion and reclamation. Then the Ecological Sensitivity Index ( ESI) to land
use change was defined as the ratio of the variation of ecosystem services value to the variation of Land Use Intensity and
the dynamic changes of ESI are calculated in detail from the year 1987 to 2007. Finally using the layer calculation function
of Geographic Information System ( GIS) technology the spatial distributions of ecological sensitivity were derivate. The
results showed that construction land area increased significantly from 67.48 km’ in 1987 to 308.21 km’ in 2007 as much
as 4.57 times. The sustained expansion of construction land came from agricultural land and forest. From the year 1987 to
2007 shoreline length of Xiamen City experienced an increase-decrease process from 290.19 km in 1987 343.23 km in
1992 t0 299.93 km in 2007. The reclamation aimed at aquiculture causing the coastal line to zigzag and fragment while
the reclamation for transportation or construction land causing the shoreline smoother and shorter. The Land Use Intensity
increased from 2.44 in 1987 to 2.52 in 2007 while the ecosystem services value showed a generally decreasing trend of
7.39%10” Yuan in 1987 to 7.02x10’ Yuan in 2007. The mechanism research of the ecosystem sensitivity to land use change
indicated that Land Use Intensity and the ecosystem services value showed an opposite trend and Land Use Intensity
increased inversely with the decline of the ecosystem services value. The ESI increased from 1.50 in 1992 to 4. 94 in 1997
then decreased to 4. 12 in 2002 and finally increased slowly to 4.47 in 2007. Overall in the past twenty years the level
of ecosystem affected by land use changes was not very severe. Most of the high ecological sensitivity areas located in the

coastal area.

Key Words: land use changes; coastal city; ecological sensitivity; ecosystem service value; Xiamen City

60% 2/3 250

23

49

. IPCC (

IPCC N

hitp: //www. ecologica. cn



24 : 7443

1
1.1
1
( N _ N _ _ ) “ 1)7! 13 p)”;
12
; 1987—2007
SR e :
OB
wa | g ot 4 808? HEMO? OB R A E
(i 5} 4.9 Pl AL > SEBRE > MW R P e |
RE | At W 7 3k 7R FEAE, R 1 |
! 1 [ | l
| RUBHESH 7 RUBHEFAY J/ !
JEL iR
1
Fig.1 Vulnerability research framework
1.2
117°53"—118°27" 24°25—24°55" — .
. 1565
km’ 390 km?.

N . . N 6 13 24 \155 313 .
2009 1.77x10° 2.52x10°  GDP 1.74x10" GDP
6.90x10* . 1.2:47.3:51.6 ° .

1.3
1987.1992.1997.2002 2007 Landsat-TM ( 30 m)
GIS . . .
. . . . 7 .
1.4
14
15
1.4.1

http: //www. ecologica. cn



7444 31
L=Y (6 xC) x100% (1)
i=1
L G, i C, i
n o
1 Y )
2 3 4 10
1.4.2
17-18
19
20
~ Y 3
. (2) .
ESV =" (A, x VC) (2)
i=1
ESV VA, i L VC, i
21
1.5
22
1) = |AESu-1y |- [(ES, —ES, - 1) /ES, - 1 (3)
ALU (LU, - LU, - 1) /LU, - 1
](j) AES(.f—l 7 j_l ]
ALU ., j-1 j ES, j ES;.
j-1 LU, j LU, j-1 . j-1
2.1
2.1.1
1987—2007 2 .
67.48 km® 2007 308.21 km* 2007 1987 4.57
1987—2007 232.631 km®

hitp: //www. ecologica. cn



24 7445
20.221 km® . B AR © bk SARMM oK
1987  728.96 km’ 2007 442.69 000, SRR DREx amk
km? 2002 RBOU-T
1600 +
2002—2007 216. 46 s
km’. 20 a 1987  658.10 km’ Z 1200
1997 541. 54 km> 2007 664.42 < 10007
B BOO |
km® 1997 B 600
o 400
200
1987—2007 3 .
1987 1992
290. 19 km 1992 343.23 km
2 1987—2007

2007 299.93 km * . 1987—2002

Fig.2 Land use changes of Xiamen City from Year 1987 to 2007

~

; 1997

23

>z

5

1987—19924F 1992—19974F

7 0

& S - o ------- 20024F

— 20024 —— 20074

1997—20024F 2002—20074E
0 IE} ZIUkm

3 1987—2007
Fig.3 Coastal line changes of Xiamen City from Year 1987 to 2007

(1) 4 1987—2007

http: //www. ecologica. cn



7446 31

1987 2.44 2007 2.52,
(2) 1987—2007 4
1987 7.39%10° 1997 6.99x10° 2002 7.17x10° 2007
7.02x10° o
SPSS13.0 ESRHASRSE = AHEARY
3 oA - ;
Pearson s . COMAERRE - LHWARBE 554
I3
2 Tr 2.52
-0.834 0.01 oy 6 250 &
s:= 2
®E T 248 BE
o g g - E —
g8 47 =g
3.2 ;?g_ E 3t 2.46 ﬁ;
3 — g
(3) 1987—2007 52, 244 ' §
=11}
1 1992 S 1t 242
0 2 4 A , 240
1987 1987 1992 1997 2002 2007
Y o
. 1987—2007 Ttk Noac
- - 4 1987—2007
1992 1.50 1997 4.94 Fig. 4  Changes of ecosystem services value and Land Use
2002 4.12 2007 4.47 Intensity of Xiamen City from Year 1987 to 2007
1 1987—2007
Table 1 Ecological Sensitivity Index to land use changes of Xiamen City from Year 1987 to 2007
Year 1992 1997 2002 2007
ESI 1.50 4.94 4.12 4.47
ArcGIS (3)  1987—2007
1992 (1997 .2002 2007 5 0
Tabulate Area o #
(1 1—8.47)
(1 8.47—15.95) (7 15.95—23.42) ,
2 o
2 1987—2007
Table 2 Ecological sensitivity area to land use changes of Xiamen City from Year 1987 to 2007
1992 1997 2002 2007
Year
[km? 1% [km? 1% [km? 1% km? 1%
10.25 0.53 23.98 1.24 16.20 0.84 10.83 0.56
25.29 1.31 102.23 5.29 94.69 4.90 106.39 5.50
241.16 12.48 178.44 9.23 104.19 5.39 241.47 12.49
1656. 10 85.68 1628. 14 84.24 1717.70 88.87 1574.10 81.44
Area, Proportion, High ecological sensitivity area;, Medium ecological sensitivity area,
Low ecological sensitivity area; Non-ecological sensitivity area
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