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Abstract

The unprecedented growth of urban areas all over the globe is nowadays
maybe most apparent in China having undergone rapid urbanization since
the late 1970s. The need for new residential, commercial and industrial areas
leads to new urban regions challenging sustainable development and the
maintenance and creation of a high living standard as well as the preservation
of ecological functionality. Therefore, timely and reliable information on land-
cover changes and their consequent environmental impacts are needed to
support sustainable urban development.The objective of this research is the
analysis of land-cover changes, especially the development of urban areas in
terms of speed, magnitude and resulting implications for the natural and rural
environment using satellite imagery and the quantification of environmental
impacts with the concepts of ecosystem services and landscape metrics. The
study areas are the cities of Shanghai and Stockholm and the three highly-
urbanized Chinese regions Jing-Jin-Ji, the Yangtze River Delta and the Pearl
River Delta. The analyses are based on classification of optical satellite imagery
(Landsat TM/ETM+ and HJ-1A/B) over the past two decades. The images
were first co-registered and mosaicked, whereupon GLCM texture features
were generated and tasseled cap transformations performed to improve class
separabilities. The mosaics were classified with a pixel-based SVM and a
random forest decision tree ensemble classifier. Based on the classification
results, two urbanization indices were derived that indicate both the absolute
amount of urban land and the speed of urban development. The spatial
composition and configuration of the landscape was analysed by landscape
metrics. Environmental impacts were quantified by attributing ecosystem
service values to the classifications and the observation of value changes over
time.

ivThe results from the comparative study between Shanghai and Stockholm
show a decrease in all natural land-cover classes and agricultural areas,
whereas urban areas increased by approximately 120% in Shanghai, nearly ten
times as much as in Stockholm where no significant land-cover changes other
than a 12% urban expansion could be observed. From the landscape metrics
analysis results, it appears that fragmentation in both study regions occurred
mainly due to the growth of high density built-up areas in previously more
natural environments, while the expansion of low density built-up areas was for
the most part in conjunction with pre-existing patches. Urban growth resulted
in ecosystem service value losses of ca. 445 million US dollars in Shanghai,
mostly due to a decrease in natural coastal wetlands. In Stockholm, a 4 million
US dollar increase in ecosystem service values could be observed that can be
explained by the maintenance and development of urban green spaces. Total
urban growth in Shanghai was 1,768 km2 compared to 100 km2 in Stockholm.
Regarding the comparative study of urbanization in the three Chinese regions,
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a total increase in urban land of about 28,000 km2 could be detected with a
simultaneous decrease in ecosystem service values corresponding to ca. 18.5
billion Chinese Yuan Renminbi. The speed and relative urban growth in Jing-
Jin-Ji was highest, followed by the Yangtze River Delta and the Pearl River
Delta. The increase in urban land occurred predominately at the expense of
cropland. Wetlands decreased due to land reclamation in all study areas. An
increase in landscape complexity in terms of land-cover composition and
configuration could be detected. Urban growth in Jing-Jin-Ji contributed most
to the decrease in ecosystem service values, closely followed by the Yangtze
River Delta and the Pearl River Delta.
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