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In the past 20 years, China has experienced rapid urbanization as a consequence of economic 
reforms and population growth.  Urbanization is still proceeding at staggering speed. 
Therefore, the development of effective analytical methods to monitor the unprecedented 
growth of Chinese cities and the resulting environmental impacts are crucial for urban 
planning and sustainable development. The overall objective of this research is to investigate 
urban land cover change between 1990 and 2010 and the resulting effects upon ecosystem 
services by analysis of multitemporal Landsat 5 and HJ1-A/B images in three highly urbanized 
regions. 
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The project is funded by the Swedish National Space Board. This research is also part of the project ’Satellite Monitoring of Urbanization in China’ within the 
Dragon II program, a collaboration between ESA and the Ministry of Science and Technology (MOST) in China. The ENVISAT ASAR data and the HJ-1B data 
were provided by ESA and MOST through the Dragon II Program.     

Jing-Jin-Ji, the Yangtze River Delta and the Pearl River Delta with their major cities Beijing, 
Shanghai, Guangzhou and Shenzen were selected for monitoring bidecadal land cover change. 
38 Landsat 5 GLS1990 and 12 HJ-1A/B scenes dating from 2010 were mosaicked, classified 
and analyzed. 

The study examined land cover changes and the degree of urbanization in three fast growing regions in China. As a result of increases in urban areas, a significant loss of Ecosystem Services 
could be observed in all regions. The urban growth is highest in the Yangtze River Delta, followed by Jing-Jin-Ji and the Pearl River Delta.  Further research is planned to refine the 
classifications results and improve the environmental impact assessment. 

The detailed excerpts above show FCC composites of the 1990 dataset and the 
2010 one with the corresponding classifications underneath. The upper two rows 
show the megacities of Beijing and Shanghai whereas the lower two cover 
Guangzhou and Shenzen (from left to right).  

Classification accuracies around 80% could be reached and largest 
confusions can be found in distinctions between cropland/forest and 
built-up/bare. Classification errors can mainly be attributed to the 
inhomogeneous images in the mosaics due to varying atmospherical 
conditions and different seasons. Some obvious misclassifications were 
manually removed by reclassification under masks, namely wetlands in 
built-up areas and built-up areas on bare fields. Seasonally flooded rice 
paddies and aquaculture were reclassified from wetland/water to 
cropland for correct inference of ecosystem service values. 

False colour composites (FCC) of the study areas Jing-Jin-Ji, the Yangtze and Pearl River  
Delta (LT5 GLS1990 mosaic in the upper row and HJ1-A/B 2010 mosaics in the lower one). 

As a measure of magnitude and speed of urban growth, 
both Urban Land Index 𝑈𝐼 and Urban Expansion Index 𝑈𝑋 
are calculated as:  
 

 
 
where     𝑈L = amount of urban land          
                   𝑇𝐿 = amount of total land 
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“Ecosystem services are the conditions and processes through 
which natural ecosystems and the species that make them up, 
sustain and fulfill human life (Daily, 1997).” 
 

The loss of ecosystem services is calculated for the land-cover 
classes water, wetland, cropland and forest that changed into 
built-up areas. The total biome area is first summed up and then 
multiplied by a monetary factor recently revised for the Chinese 
market (Xie et al., 2008). 

The mosaics were classified using the 
Random Forest classifier, a multiple 
decision trees ensemble classifier. The 
final classification is decided upon by 
majority voting. Its main advantages 
lie in its nonparametric manner, large 
dataset handling and a relatively low 
computational complexity . 

Based on the ecosystem service valuation table above, a total loss of about 22 
billion Yuan over 2 decades can be observed in total for all three regions 
combined, the Yangtze River Delta contributing 20% and Jing-Jin-Ji and the Pearl 
River Delta 40% each. The Yangtze River Delta shows by far the highest 
urbanization indices both in terms of total urban area and urbanization speed, 
followed by Jing-Jin-Ji in terms of urban expansion speed and the Pearl River 
Delta in terms of total urban area. 

The cross-tabulation results express pixel to pixel land cover transitions. Built-up areas rise in all areas on 
the cost of predominantly cropland. General decreases in other land cover classes can be observed 
simultaneously. A remarkable transition from cropland to forest in Jing-Jin-Ji as can be seen from the bar 
charts, in part due to aforestation and misclassifications. The rise in wetlands in the Yangtze River Delta can 
be caused by confusion with cropland.  
 

The largest loss of Ecosystem Services can be observed in the Pearl River Delta, due to the loss of large 
amounts of wetlands. Least ecosystem services were lost in the Yangtze River Delta despite the highest 
degree of urbanization. This can be explained by the misclassification of wetlands and the fact that the major 
biomes that are lost (cropland) yield relatively lower ecosystem service values than other biomes.  
 
 

In order to grasp and quantify the magnitude and effects of urbanization, the images were 
first classified, then both urbanization indices and ecosystem service value losses are 
calculated within a 20 year time frame from 1990 until 2010. 

Urban growth in Jing-Jin-Ji and the Pearl River Delta seem considerably lower than in the Yangtze River 
Delta. This can be explained by the large amount of forested and mountainous areas that remain unchanged 
in Jing-Jin-Ji and the Pearl River Delta. Another possible reason could be the overestimation of urban areas in 
the 1990s due to the misclassification of bare land as urban areas. 
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