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On landscape dynamics of the urban-rural ecotone based on remote

sensing and GIS: a case study of southwest Shanghai

GAO Jun',SONG Yong-Chang® (1. College of Urban Science and Tourism, Shanghai Normal University
Shanghai . 200234 ; 2. Department of Environmental Science., East China Normal University Shanghai . 200062). Acta
Ecologica Sinica,2003,23(4) :805~813.

Abstract: The urban-rural ecotone is an area which is strongly influenced by the urbanization process. Its
spatial uncertainty and temporal quality tends to cause undesirable landscape patterns, and has been an
axial point of the problems of urban ecology. The study of landscape patterns and dynamics within the
urban-rural ecotone with remote sensing and GIS is useful in determining the spatial features of the
ecotone and the succession of landscape factors as indicators of the relationship between urbanization and
ecological process. The study area was situated in southwest Shanghai, and was 94. 56km?. All the data
came from the color and infrared aerial photos of Shanghai, which included photos of 1984 (1 : 10,000),
photos of 1989(1 : 60,000) and photos of 1994(1 : 32,000). The study area was typical in terms of urban
spatial expansion of Shanghai, because it was integrated into the urban area with the expansion of
Shanghai after the 1980%s. This study area was divided into 5 primary landscape types and 12 secondary

landscape types. The analysis indices of landscape pattern included “Proportion of Patch Area”, “Patch
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’, “Fragmentation Index”, “Fractal

Density ”, “Patch Size”, “Diversity Index”, “Evenness Index’

Dimension Index”, and “Medial Nearest Neighbor Index”. With the rapid economic development of
Shanghai during the ten years between 1984 and 1994, landuse fragmentation due to factory warehouse
development increased continuously, which embodied intensive development of a landscape in the latter
stages of urbanization. The nearest neighbor index of warehouse patch increased, and the distribution
tended to be regular, becoming the preponderant landscape in the urban-rural ecotone. A significant
increase in urban population and development occurred between 1989 and 1994. The rapid increase was
influenced by the opening of the Pudong area, and signified a rapid stage of growth. Urban development
appeared in a pattern represented by low-density, widespread distribution, and grew most aggressively
along the quickly growing roadway system which was of a reasonably high quality. This phenomenon
indicated growth patterns were driven by urban centripetal force and traffic, with development tendencies
that tended to predictably follow the location of those systems. During these ten years of the case study,
the area ratio and the fragmentation degree of open fields, vegetable fields, water area and the rural
population landscape gradually decreased, and tended to be dispersed. Although vegetable fields were
maintained on a relatively large scale, the density reduced, becoming an intensively developed landscape.
The annual reduced areas of open field and vegetable field were in contradiction to the regulation of “the
General Planning of Land Utilization in Shanghai County”, which showed that the development of urban-
rural area was influenced by local political factors to a large extent; and that the official plan was not
responsive to the reality of development. This contributed to the spatial uncertainty of the urban-rural
ecotone. In contrast to the large reduction of open fields and vegetable fields, the increase of public green
space in the city was limited, and couldn’t compensate for the disappearance of semi-natural landscape of
field and vegetable land. Due to the patch size of public green space; its centralized distribution, and the
nearest neighbor of patch all adversely impacted the function of ecological system. In the urban-rural
ecotone, water areas of semi-natural landscape were faced with reduction of area and number, and increase
of the number of patches and fragmentation. Until 1994, open water and wet areas were the landscape
pattern which appeared most frequently. Since that time, the fractal dimension index continuously
decreased, patch shape simplified, and the regional ecological modifying function weakened. Water areas
comprised the most complex shapes of landscape types, and had the most mutual borders with other
landscape patches. So water areas were the most valuable landscape in terms of ecologic systems within
urbanization, deserving special consideration for conservation. When regional contrast analysis was made
using a landscape pattern analysis index and urbanization index . the diversity indices of the total study area
were all gradually added for the ten-year period. The increase of heterogeneous landscape also increased
the diversity of the original urban-rural ecotone, whose main landscape pattern was cropland. The
ecological features of landscape in the urban-rural ecotone showed that the unevenness of landscape
development; road, river and location condition were the important influential factors of the regional
imbalance in urban landscape development; artificial interference and scale effect were also made the
landscape development uneven. The increasing size of landscape patch in later stages caused the reduction
of regional fragmentation, and was replaced by the preponderant landscape. These were converse to the
fragmentation of initial stage in urbanization. The urban-rural ecotone was the most dramatically influenced
region of urbanization impact. Although individual patch development was artificial controlled, disorder in
regional patterns often appeared in the urbanizing area. The rampart on uncontrolled growth resulted in
imbalances such as the widespread increase of factory warehouses and urban settlement landscapes, a large

reduction of water-based landscapes, and depletion of overall green space. These trends lead to difficulties
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in adjustment of landscape pattern for overall health and ecologic diversity.

In conclusion, the status and function of the urban-rural ecotone in the urbanization area was in need
of definition and description. The assessment of these features can establish a baseline for discussion of an
equitable landscape pattern and open space that are necessary to develop a natural ecological system in a
dense urban environment and to improve regional ecological function.

Key words :urban-rural ecotone; landscape pattern; dynamics; Shanghai
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distance

Nearest neighbor index

Fractal dimension

Diversity index

Evenness index

Fragmented index(2)

Urbanization index

N
MNND= 2 NNDG)/N

i=1

NN1 = MNND / ENND

D=2 log(P/4)/log(A)

m

H=—21(P) ¥log.(P))

i=1

E = (H / Hu) X100%
FN,=(NP — 1)/ NC
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2(C1+C2)
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Table 1 landscape analysis index and urbanization index
Analysis index Formula Remarks
NF ,MPS
(hm?) NF is the
) . FN,=( NF— 1)/ MPS total patch number of a certain landscape
Fragmented index (1) .
component. MPS is the average patch area of a

certain landscape component in the study region

NND@G) i s
N 1 NND is the nearest neighbor
distance from the patch 7 to other ones around it. N

is the patch i number
ENND=1/(2 v d) d=N/A

P s A
P is the average patch

circumference of a certain landscape component. A

is the average patch area of this landscape
component
P; i .m

P; is the area proportion of the
component i out of the total components. M is the
total number of landscape components in the study

region

H=—log[ P;*]Hmx=log(n)

NP
(hm?),NC NP is the
average area of the all landscape components. NC is

the total numbers of all landscape components

3.1

index is the area ratio of the urban landscape to

Urbanization

farmland landscape. see 3.1

1989~1994

5a
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Table 2 The dynamic of landscape patch key elements of the urban-rural ecotone in southwest Shanghai
Patch k | s v Countryside Urban Factory &. Irrigated Vegetable Public Undeveloped Water
ateh key clements T esidence residence warchouse  field land  green-land  land body
1984 10. 24 2.33 11.14 28. 65 29. 05 0.92 1.14 9.14
1989 10.16 4. 27 13.50 21.70 22.75 1.08 3.55 8. 81
Patch area ratio( %) 1994 8.43 13.50 24.90 12.13 15.03 1. 35 8. 14 5.58
1984 9.27 0. 45 5.45 5.92 13.03 0.11 0. 46 4.79
(patch « km~—2) 1989 7.16 0.74 5.34 4.21 8.99 0.12 1. 60 6. 46
Mean patch density 1994 6.05 1.92 6. 04 2.78 5. 69 0.33 3. 05 6. 25
1984 1.10 5.12 2.05 4. 84 2825 8.71 2.45 1.91
(hm?) 1989 1.42 5.76 3.43 5. 115 2%53 9.31 2.22 1. 36
Mean patch size 1994 1. 39 7.02 4.12 4. 36 2.63 4.11 2. 67 0. 89
1984 0.796 0. 008 0. 251 0.115 0.552 0. 001 0.017 0.236
1989 0.476 0.012 0. 147 0.077 0. 336 0. 001 0. 067 0. 449
Fragmented index 1994 0.410 0.026 0.138 0. 060 0.204 0. 007 0.107 0. 620
1984 0.184 0.237 0.230 0.228 0.170 1. 004 0. 868 —
(hm?) 1989 0.213 0. 383 0. 246 0.239 0. 269 0. 897 0.416 —
Mean patch nearest distancel994 0. 250 0.412 0. 256 0. 266 0.310 0.431 0. 391 —
1984 1.04 0.41 1.12 1. 34 1.16 1. 30 1. 06
1989 0.99 0. 74 1.17 1.18 1. 05 1.12 1.03 —
Nearest neighbor index 1994 0.98 1.07 1.19 1.12 1.05 0. 67 1.19 —
1984 1. 035 1. 021 1. 000 1. 059 1. 036 1. 010 1. 036 1.292
1989 1. 041 1.029 1.016 1.070 1. 050 1.018 1.039 1.294
Fractal dimension 1994 1. 037 1.028 1. 025 1. 063 1. 065 1. 048 1. 034 1.231

. 10a
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Table 3 the analysis of landscape pattern of the urban-rural eco-tone in the Southwest Shanghai
Region Year Diversity index Evenness index Fragmented index  Urbanization index
1984 2.458 0. 634 0. 065 115.68
1989 2.578 0.713 0. 036 273. 26
Xuhui section 1994 2.581 0. 643 0. 035 1364. 81
1984 2.077 0.516 0.273 26.33
1989 2.380 0.629 0.213 38.53
Minhang section 1994 2.943 0. 759 0. 225 82.67
1984 2. 344 0.598 0.112 88.9
1989 2.519 0. 685 0. 094 292.8
All region 1994 2.688 0.678 0. 009 980. 2
9’
b b b
,10a 46% . s s
’ ’ 5a ’ 5a,
s 20 80 s s
N 1992 s s 1984
. o b o



812

23

, GIS s

[18]

References:

(1]
[2]
[3]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Farina. Almo. Principles and Methods in Landscape Ecology. Chapman Hall, 1998.

Gao H W. Advancement of theoretical research in ecotone. Chinese Jowrnal of Ecology, 1994,13 (1):32~38.
Niu W Y. The discriminatory index with regard to the weakness, overlapness, and breadth of Ecotone. Acta
Ecologica Sinica, 1989, 9 (2):97~105.

Hu D. et al. An eco-cybernetic analysis of urban-rural ecotone—— Tianjin case study. Acta Ecologica Sinica.
1996, 16 (1):50~57.

Gu C L, et al. Research on the urban fringe of China. Beijing: Science Press, 1995.

Chen Q Y. Study on the problems and countermeasures of land use in urban-rural ecotone in Beijing. Economic
Geographys 1996, 16 (4):46~50.

Chang Y, Su W G, ez al. Changes of land use pattern in eastern Shenyang. Chinese Journal of Applied Ecology
1997, 8 (4):421~425.

Xiao D N, et al. Study on the variation of landscape pattern in the west suburbs of Shenyang. Chinese Journal of
Applied Ecology, 1990, 1 (1) 78~ 84.

Li X Z, Xiao D N. Study on the urban landscape ecology. Urban environment &. urban ecology. 1995, 8 (2):26~
29.

Zhao Y, Wu Y M. Linear study on landscape heterogeneity of Dongling district of Shenyang. Scientia
Geographica Sinica» 1994, 14(2):177~185.

Li Z, et al. Ecoevolutionary analysis of Guangzhou suburban landscape. Chinese Journal of Applied Ecology.
1997, 8 (6):633~638.

Xie Z X, Xiao D N. Dynamic models of suburban landscape: a case study on Dongling District of Shenyang.
Chinese Journal of Applied Ecology. 1996, 7 (1):77~82.

Zeng H, Jiang C M. Landscape structure study of Longhua Area in Shenzhen City during the fast urbanization

process Structure and heterogeneity analysis of forest land. Acta Ecologica Sinica, 2000, 20 (3):378~383.
Xiao Y H. et a/. Annals of Xuhui District. Shanghai: Shanghai Social Sciences Academy Press, 1997. 66~68.
Wang X J, et al. Annals of Shanghai county. Shanghai: Shanghai People Publishing House, 1993. 86~123.
Xiao D N, Zhong L. S. Ecological principles of landscape classification and assessment. Chinese Journal of Applied
Ecology, 1998, 9 (2):217~221.

Li H B. Wu Y G. Quantitative research methods in landscape ecology. In: Liu J G.et al. eds. Disquisition of up-
to-date ecology. Beijing: Chinese Science Press, 1992. 209~233.

Xiao D N. Urbanization process and the sustainable utilization of land resources. Yunnan Geographic Environment

Research, 1997, 9 (1):34~39.



4 GIS — 813
2] , 1994,13(1):32~38.
[3] ECOTONE . , 1989,9(2):97~105.
[4] .o — . . 1996,16(1):50~57.
[5] .o . : . 1995.
[6] . 1996,16(4) :46~50.
(71 . 1997,8(4):421~425.
[8] . . , 1990,1(1):78~84.
[9] , . . , 1995,8(2) :26~29.
[10] , 1994,14(2):177~185.
[11] - . , 1997,8(6) :633~638.
[12] , . —— . , 1996,7(1):77~82.
[13] , —

. 2000,20(3) :378~383.

[14] - . : , 1997. 66~68.
[15] - . : , 1993. 86~123.
[16] , . . , 1998,9(2):217~221.
[17] . . . . . : . 1992. 209~

[18]

» 1997,9(1):34~39.



B & RKkE:. ETERMGCIS NESTHBSWELTHR
GAO Jun, SONG Yong-Chang: On landscape dynamics of the urban-rural ecotone based on remote sensing and GIS

E Legend

ARONNENNRONNER

o M-

= e

A

MOoOOONODEHO > @&

i

R | sddy PRmas S TR RERNE

Piate | The map of the urbun-rural eeotone landscape rypes in the Southwest Shangha 1984)

[
=
=
@
o
o
3
&

g BATEROREROERND

-y

TR N T -

IR EE =3 e

B oL - e

m e o 60

2
Al
&

EIRET 194 S | i S R R
Plate [0 The map of the urban-rural eeotone lagdscape types in the Southwest Shanghai | 1994

E{H Legend

RUCANONNRC NN

1

- kA

moOOonNOODDDoDE
- R B e e W

R L 1980 F il bk & 2 e r L R B0

Plate 1 The map of the urban-rural ecotone lundscape 1ypes in the Southwest Shanghai { 1959}

E A Legend:

Al:
A
Ad:
Ad:
B1!
B2
B3
B4-
L
C2:
C3:
Ca:
D:

E:

Tt H B LE & Countryside residenca

I T S B Btk Uirban residence

bR o 3 W e Culture and education land
I" dle fe-fi% il b Factory & warehouse

HE ) etk Roadway & square

1 E5 M ) Railway

¥l Il B Aerodrome

LR  Fl  Dock

#H Imgated field

4 bb Vegetable land

#4512 ¥y W Wiooalana

2+ {5tk Public green-land

B TF % W &k Undeveloped land

7% {& Water body



