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Landscape Dynamic Change Pattern of Haikou City by TM Imagery

and GIS
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Abstract : Urbanization is perhaps one of the most important human activities that creats enormous impacts
on environment at the local, regional and global scales. The urbanization process is the urban sprawl and
the absorption of adjacent villages into the city. From the 1950s to the 1980s in China there were
restrictions on the migration of people from rural to urban areas of the country. These restrictions were
due to “the registered permanent residence policy” which in turn limited employment opportunities in
Chinese cities. Thus in China the urbanization process was different from that in developed countries.

In 1988 the provincial administration and special economic zone were built, a great amount of capital
from abroad and other areas of China was invested in Hainan with the favorable tax policies. As the
capital, political, economic, cultural and transportation center, the built-up area expanded quickly in
Haikou city accompanying with the rapid development of the economy and the real estates. The purpose of
the paper was to study the landscape dynamic change pattern during the rapid urbanization process.

Haikou is latitude 19°57' 04"~ 20°05'11” north and longitude 110°10'18"~ 110°23'05" east. It is in
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north Hainan island and border to Qiongzhou strait. The climate is tropical monsoon with the annual
precipitation of 1639 mm and average temperature is 23. 8 C. Mesa is the main topography. high in south,
low in north. In 1998 the total population was 527900 and GNP (Gross National Product) was 1.1 billion
Yuan with 20 387 Yuan per capita, 3.3 times of the national and 3. 48 times of the provincial. In other
words the average economic level of the population in Haikou was higher than that of either the national or
the provincial average.

Three separate dates of the Landsat TM (Thematic Mapper) imageries in 1986-11-01, 1996-10-01 and
2000-04-30 were interpreted. The path and row of the imagery was 124-46 and weather condition was
cloud free. Using the terms of the national land use classification system, landscape was divided into the
following categories: forest, grass, cultivated land, water, city, rural settlement, construction site and
sand. The topography map of 1 : 100 000 in 1996 was based on to interpret the imagery by remote sensing
and geographic information system software MGE. The imagery in 1986 and 2000 were interpreted to get
the dynamic change map during 1986~1996 and 1996~ 2000. If the landscape kept stable, the sign was
same; if changed, the sign was changed too. For example, 2051 was signed when the landscape of forest
was converted into city. The data sets were processed by ARC/INFO.

Landscape structure changed dramatically during the past 15 years. During the first period, from 1986
~ 1996, agricultural field, water area and sand decreased rapidly with the increment of urban, rural
settlement and construction land. During the second period, from 1996 ~ 2000, the forest and water
decreased while agricultural field, urban, rural settlement and construction land increased. Thus pattern
of change in the landscape structure was the conversion of agricultural field, forest, water, sand into
urban, rural settlement, construction land. In sum natural landscape in addition to agricultural fields was
converted into human settlement and construction landscape. The total area of 1996 increased because
96.99 hm ? sea was filled into urban land.

Fragmentation F;.separation N,.lacunarity A () and diversity index I are each applied to study the
landscape spatial change in the periods from 1986 to 1996 and 1996 to 2000. (1) Forest. During the first
period F; decreased and N, kept stable with the plantation of man-made forest. During the second period
forest acreage decreased by 15. 65% with the conversion of agricultural field, urban and construction land,
so F, and N, increased. Forest lacunarity index decreased slowly in the first period and increased in the
second. It was accordant with the fragmentation law. When the dimension was 300~1500 m, the index
decreased quickly. As a result larger forest patches were more frequent in the first period. In the second
period there were mort the imagery by remote sensing and geographic information system software MGE.
The imagery in 1986 and 2000 were interpreted to get the dynamic change map during 1986 ~1996 and
1996~2000. If the landscape kept stable, the sign was same; if changed, the sign was changed too. For
example, 2051 was signed when the landscape of forest was converted into city. The data sets were
processed by ARC/INFO.

Landscape structure changed dramatically during the past 15 years. During the first period, from 1986
~ 1996, agricultural field, water area and sand decreased rapidly with the increment of urban, rural
settlement and construction land. During the second period, from 1996 ~ 2000, the forest and water
decreased while agricultural field, urban, rural settlement and construction land increased. Thus pattern
of change in the landscape structure was the conversion of agricultural field, forest, water, sand into
urban, rural settlement, construction land. In sum natural landscape in ang the second period water
acreage decreased by 6.87% . F; and N, increased simultaneously. The conversion of water was

concentrated in the dimension of 300~1100 m. The grass kept stable and most sand was converted into
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the forest and rural settlement. (4) Urban land, rural settlement and construction sites. The built-up area
sprawled up by 210. 82% and encroached on agricultural fields, sand and even the sea in the first period.
The disconnected patches of the built-up area were combined, so F,; and N, decreased. With the building-
up of Hainan province and the largest special economic zone of China, a series of favorable policies
stimulated the real estate development. There were more small patches in the dimension of 300~900 m in
1986 because of the out-of-order development. Urban lacunarity index decreased in 1996 with the urban
expansion and combination of small patches. In the second period there were more patches with the urban
expansion and F,, N, increased. Acreage of rural settlements increased by 94.76% in the first period and
21.38% in the second period. The fragmentation and separation increased at all times. Thus rural
settlements extended and dispersed with the same law which lacunarity reflected. Construction land
increased by 32.9% in the first period and 14.33% in the second period. F,, N; always decreased and
construction sites concentrated in the two periods.

The landscape diversity index decreased in 1986 ~1996 owing to the decrease of agricultural fields,
water and sand. The diversity increased little in 1996~ 2000 with urban extension. From above analysis
the fragmentation F, and separation N, could reflect the same law as lacunarity, but could not measure
dimension change. Lacunarity could measure the landscape component spatial distribution characteristics
by changing the dimension.

During the rapid urbanization process, Haikou city sprawled as its built-up area grew. At the same
time the landscape structure of the urban area changed greatly. The natural landscape of forest, water,
sand. sea, and the agricultural landscape of fields were converted into the human landscape of urban, rural
settlement land and construction sites. Because there were different models and degrees of human activity,
effects on the landscape components, and the spatial pattern of the landscape varied. The landscape
ecology quantitative method could measure the effect of human activities and policies on the landscape
structure change pattern during the rapid urbanization process in the urban-rural fringe area.

Key words : Haikou city; landscape pattern; dynamic change; fragmentation; separation; diversity
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