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The different urban green-land spatial patterns and their environmental effects .

A case of the central district of Yichang city.Hubei Province
ZHOU Zhi-Xiang', SHAO Tian-Yi', TANG Wan-Peng®?, WANG Peng-Cheng', LIU Xue-Quan®*, XU

YOI’lg*ROI’lg1 (1. Huazhong Agricultural Universitys Wuhan 4300703 2. Hubei Forestry Academy, Wuhan 430070). Acta Ecologica Sinica
2004,24(2):186~192.

Abstract: The urban green-land system plays an important role in improving the quality of urban environment and maintaining
the balance of urban ecological system. However, the whole ecological benefit of green-land system is mainly determined by
green-lands’ internal structures and spatial patterns when the percentage of green-land coverage is less than 40%. So far there
hasn’t been any research on the relationship of urban green-land spatial pattern and its environmental effect. In this paper. the
four types of landscape structures and their green-land landscape patterns, including the landscapes of dominant green-land
patch pattern, even green-land patch pattern, dominant wooded corridor pattern and building or concrete covering pattern
(control) on the central district of Yichang city in Hubei province, were analyzed on the basis of landscape ecological principle.
The environmental effects of all landscapes were monitored at the same time, by means of the selected environmental
parameters of air temperature, relative air humidity, atmospheric noise and the content of SO,, NO. and total suspension
particle (TSP) respectively. The relationship of the green-land landscape patterns and their environmental effects were
analyzed by comparative method, in order to put forward the rationalization parameters for optimizing the landscape structure
of urban green-land system.

The results showed that, though there was an unanimous general structure, such as roughly the same of total patch area,
building or concrete covering patch area and woodless corridor area between the four landscapes., the environmental benefits
were significantly different due to the unequal green-land coverage and the varied green-land landscape patterns. In which. the
landscape of building or concrete covering pattern (control) was mostly composed of woodless corridors and building or
concrete covering patches, which the green-land had the least total patch area and the tiptop fragmentation index. while the
percentage of green-land coverage is only 1. 00%. Therefore, there were adverse circumstances with the relatively higher air
temperature, atmospheric noise, TSP content and the lower relative air humidity in the landscape. The landscape of dominant
green-land patch pattern had the highest green-land coverage (up to 43.59%) and average patch area of green-land (29118m?*)
dominated by great green-land patches. In which., the green-land patches having the highest dominance and the least
{fragmentation index, coexisted with wooded corridors in possession of the relatively higher total area and average area. The
environmental effects of the landscape of dominant green-land patch pattern expressed mainly in air temperature decreasing,
relative air humidity raising, atmospheric noise reduction and dust retention, in which the average relative air humidity
increased by 5.93% . the average atmospheric noise weakened by 28.12% and the TSP content reduced significantly by
86.42% while the contents of SO, and NO, had no significantly difference comparing to the control. The landscape of even
green-land patch pattern had the relatively lower green-land coverage (11.34% ), dominance and fragmentation index of green-
land patch, while the total area and average area of wooded corridor were bigger than that of green-land patches. The green-
land landscape with a regular distribution in the landscape was mainly composed of the middle or small green-land patches
coexisting with wooded corridors. Comparing to the control, the average relative air humidity increased distinctly by 4. 64% ,
the TSP content reduced obviously by 46.62% , the air temperature and atmospheric noise also had an obviously decreasing in
the landscape, which revealed the same effects as the landscape of dominant green-land patch pattern. But the effects of dust
retention and atmospheric noise reduction were only 53. 95% and 12.45% of that in the landscape of dominant green-land patch
pattern, respectively. There were only 6. 13% green-land coverage and the smaller total and average area of green-land patch
in the landscape of dominant wooded corridor pattern, while the dominance and fragmentation index of green-land patch were
relatively high. In the landscape, the wooded corridors with the greater total area (87660m?”) and average area (17532m?*)
dominated over the green-land landscape in which the total area of wooded corridors accounted for 97. 60% of that of corridor-
lands and 98.43% of that of green-lands. respectively. Comparing to control, the atmospheric noise and the TSP and NO,
content increased 21.47%, 5.08% and 9.06% in the landscape of dominant wooded corridor pattern due to the busy traffic

bearing, respectively, in spite of the 6.29% elevation of relative air humidity. Thus, the landscape of dominant wooded
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corridor pattern deposited the serious contamination of noise, TSP and NO, , and it turned into a main pollution resource in the
urban shopping center.

On all accounts, the landscape dominates by great green-land patches, which the green-land patches coexist with wooded
corridors with a regular distribution, has an important role on improving the landscape environmental quality, while the green-
land coverage plays a dominant role in it in the urban shopping center patterning a unanimous general landscape structure.
Moreover, there are the greater average area of green-land patch, the lower fragmentation index of green-land patches and
higher area percentage of wooded corridor, the more effective role in improving the landscape environmental quality.
Accordingly, it is more convenient and applicable to take the average area of green-land patch, the fragmentation index of
green-land patch and the area percentage of wooded corridor as judging the pattern’s rationality of urban green-land system
with a view to the practicability of urban green-land planning and construction.

Key words:urban green-land system; landscape structure; spatial pattern; environmental monitoring; environmental effect
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Table 1 Ranking criterion of air pollutant content(mg/m?)
Ranking criterion
Air pollutant 1 2 3 4 5 6 7
SO, <0. 025 0.025~0. 050 0.050~0.100 0.100~0. 150 0.150~0. 200 0.200~0. 250 >0. 250
NO, <0. 025 0.025~0. 050 0.050~0.075 0.075~0.100 0.100~0.125 0.125~0.150 >0.150
TSP <0. 075 0.075~0.150 0.150~0. 225 0.225~0. 300 0. 300~0.400 0.400~0.500 =0.500
2
2.1
C 2, . 55. 60hm’, 3
33.00~39. 00hm* ; . s 41527m*,
(15389m?), s . 36.3%m?, 3 24. 00~
30. 00hm? ; (2160m?*), 3 18720~18960m*
(2160~4710m* Do »4 .
s s 43.59%, 3
11.34%, 6.13% 1.00% .
2
Table 2 The patch information and spatial structure indices in different landscapes
Index of patch spatial structure DGPP * EGPP * DWCP = BCCP *
Total landscape area (hm?) 55. 60 38.47 33.22 38. 66
Patch area of building and concrete covering (hm?) 25.94 29. 04 24.10 36. 39
Total patch area of green-land (m?) 232947 32063 1399 3862
Average patch area (m?) 24172 15389 41527 25774
Average patch area of green-land (m?) 29118 3206 155 552
Total woodless corridor area (m?) 18960 18720 2160 18840
Total wooded corridor area (m?) 44625 43560 87660 0
Average woodless corridor area (m?) 3160 2674 2160 4710
Average wooded corridor area (m?) 14875 21780 17532 0
Percentage of wooded corridor area (%) 70.18 69. 94 97. 60 0. 00
Percentage of forest cover (%) 43.59 11. 34 6.13 1. 00
Dominance of green-land (%) 45.71 29. 67 41.96 27.42
Fragmentation index of green-land (ind/hm?) 0. 4539 2.7511 6. 8700 18.1253
Wooded corridor density (hm/hm?) 0.2995 0. 3587 0. 8443 0. 0000

* DGPP: Dominant green-land patch pattern; EGPP: Even green-land patch pattern; DWCP: Dominant wooded corridor pattern, BCCP:

Building and concrete covering pattern
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Table 3 The observed results and ¢-value of environmental parameters in different landscapes
Environmental parameter and its statistics DGP® EGPPY™ DWCPY BCCPY
Minimum~ Maximum 23.21~24.77 21.97~24.57 23.31~24.83 23.13~25.19
Average 24.01 23.36 24. 08 24.27
C) n=17) p N .
. [ EGPPY 3.1177
Air temperature )
t-value DWCPY 0.537 2.865"
BCCPY 2.753" 9.679" % 1.222
Minimum~ Maximum 70.66~81.50 65. 74~81. 62 71.22~79. 62 65.76~75.90
()¢ ; Average 74.27 73.36 74.52 70.11
1) (n=7 . .
@ EGPPY 1. 287
Relative air humidity ¢ )
t-value DWCP™Y 0. 360 0. 879
BCCPY 8.852" " 2.928* 10. 7477
Minimum~  Maximum 44.31~50.55  61.36~63.10  77.00~80.11  63.86~65. 97
Average 46. 60 62.56 78.75 64.83
(dBA) (n=5) . IR, .
. . [ EGPPY 11.313%
Atmospheric noise ,\
t-value DWCPY 23.743" " 34.425*
BCCP™ 22.256 % 3.584" 24.329" "
SO Minimum~ Maximum 0.019~0.119 0.028~0.095 0.027~0.121 0.025~0. 142
: Average 0.0594 0. 0594 0. 0578 0.0578
(mg/m?*) NO Minimum~ Maximum 0. 027~0. 080 0.026~0.099 0.046~0. 087 0.027~0.082
Air pollutant ! Average 0.0534 0. 0552 0.0626 0.0574
content Tsp Minimum~ Maximum 0.042~0.104 0.188~0. 375 0.458~0.563 0.396~0. 604
Average 0. 0668 0.2624 0.5168 0.4918
Minimum~ Maximum 2~3 3~4 3~6 3~7
Average grade 2.4 3.2 5.4 5.2
(n=5)Judgment grade t @ EGPP®Y 4. 000"
of air pollutant content t-value DWCP® 5. 477 % * 3.773%
BCCP® 3.833" 3.087" 0. 784

(D) DGPP  Dominant green-land patch pattern; EGPP  Even green-land patch pattern; DWCP  Dominant wooded corridor pattern; BCCP

Building and concrete covering pattern; @) zo. 05 (6) =2. 447, £0.01(6)=3. 707, t0.05(4) =2.776, £5.01(4)=4. 604
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