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Abstract: 

The appearance and expanding of urban agglomeration is an important spatial character in 

urbanization process. The Yangtze Delta region has the highest rates of urbanization in China. However, 

because of the lagging of urban planning, the decentralization industrial distribution and out-of-order 

exploitation have encroached cropland, forest and grassland in excess in some regions. The regional 

landscape and ecological connectivity have been modified significantly by the rapid urbanization 

process and by the speedways and national highways among cities and towns. Many ecological 

functional areas are becoming the bio-isolated islands divided by many infrastructures. The case in 

point is Suzhou-Wuxi-Changzhou agglomeration region within the Yangtze Delta. Land cover maps in 

1980s, 1995 ,2000 and 2005 showed that urban development had encroached cropland and forest. This 

paper used the concept and method of human appropriation of net primary production (HANPP) to 

evaluate the changes in ecosystem processes and spatial patterns induced by urbanization. This paper 

explores the degree that human activity impacts the regional net primary production and the 

interrelations between patterns and processes in landscapes. There are strong correlations between 

HANPP and urbanity, and the aim of this study is to discuss the changes of HANPP and to point out the 

proper land use methods and construct the ecological safety situation in urban agglomeration areas.  
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1.Introduction 

Urbanization is one of the most important aspects of global change(Xu,et 

al.2007)and now considered a major driving force of regional development in China 

(Ning,1998).During the last 30 years ,when the pace of reforms in China increased, 

many areas have experienced dramatic urban growth, as a result of rapid human 
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population growth and industrial development need. Cities become the crucial engines 

of regional socio-economic development and the appearance and expanding of urban 

agglomeration is an important spatial character in urbanization process. Some 

research indicated that there are over 28 urban agglomerations in China (Song ,et 

al.2006). 

The Yangtze Delta region has the highest urbanization rates in China, where there is 

a clear and significant urbanization connected trend in spatial, and the transportation 

net composed of many speedways and national highways has been formed among 

cities and towns (Xie,et al.2007). Due to that ecological functional areas are becoming 

the bio-isolated islands divided by these infrastructures; the regional landscape and 

ecological connectivity have been modified significantly by the rapid urbanization 

process. Although many cities are moving towards sustainable development, the 

current situation shows still weak ecological sustainability in Urban Agglomeration 

areas (Su,et al.2007). 

Urban ecological sustainability always is the focus of international society and one 

of important contents of sustainable development research. The challenge is how to 

comprehensively evaluate the urban sustainability. Sustainability is defined by EPA as 

follows: “Sustainability is the ability to achieve continuing economic prosperity while 

protecting the natural systems of the planet and providing a high quality of life for its 

people.” (http://www.epa.gov/sustainability/index.htm). Ecological assessment of 

sustainable development is one of the superiority fields of international ecological 

economy and researches on sustainable development (Peng, et al.2007). In this paper, 

we aim to use the basic concept, theories of human appropriation of net primary 

production (HANPP) and its approaches to measure urban ecological sustainability in 

Suzhou-Wuxi-Changzhou(SWC)agglomeration region within the Yangtze Delta.  

The approach of human appropriation of net primary production can assess the 

ecological sustainability of human ecological-economic systems through measuring 

how much the net primary production is appropriated by human beings (Haberl,et 
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a1.2004).The recent paper by Long et al. (2008) is an important contribution to the 

study of HNAPP in regional scale. They calculated HANPP in the middle reach of 

HeiHe River basin basing on Miami model� and discussed the relations between the 

HANPP and ecosystem diversity. Their research results indicate HANPP is an 

available way for the assessment of sustainability. 

The above research provided many insights on the study of assessing the impact of 

LUCC and ecological sustainability in urban agglomeration areas. The case in point is 

Suzhou-Wuxi-Changzhou agglomeration region in the Yangtze Delta in this article. 

This paper thus focuses on two issues. The first issue is to evaluate the urban spatial 

expansion using the LUCC maps in 1980s, 1995 ,2000 and 2005. The second issue is 

to estimate HANPP and explore the relation that human activity impacts the regional 

net primary production.  

2.Data and Method  

The study area (SWC) consists of three prefecture-level cities of Jiangsu province, 

Suzhou, Wuxi and Changzhou. It is located between 119º 08´E -121º 20´E and N 30 º 

47´N- 32 º02�́ adjacent to Shanghai� the largest city in China (Fig. 1). The total area is 

approximately 17,651km2 and its altitude ranges from 2 to 611.5m above sea level. 

Plains and low-lying fields surrounded with dykes are the principal landforms. Hills 

are distributed sporadically. In the subtropical monsoon moist climate zone, mean 

annual temperature of SWC is over 15°C and the amount of average precipitation is 

1000-1100 mm. The zonal soil type is yellow-brown soil. It has plentiful biological 

resources. The dominant vegetation types in the region are many manual crops and 

forest-coniferous, deciduous, and ever-green broad-leaved mixed forest. 
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Fig. 1 Location of SWC region in Eastern China 

 (The remote image data is from http://glcf.umiacs.umd.edu/) 

SWC has a long history of human-induced modification of LUCC under an 

ever-increasing human population pressure. After economic reform, it has undergone 

rapid economic growth and became an important industrial region. The region had a 

population of 14.28 million in an area of 17,651 km2 in 2006. Although the region 

accounted for only 17.15% and 19.52% of the total area and human population in 

Jiangsu, respectively, its GDP (RMB 969.03 billion) accounted for 44.89% of the 

provincial total in 2006. The SWC is also one of the most urbanized regions in China. 

The human population density in the urban areas is around 135, 09 persons/km2. 

Net primary productivity (NPP), as an important guideline of measuring the 

production of plants, has been used in ecosystem service values assessment and global 

change research recently (Xu,et al.2007).Human appropriation of net primary 

production (HANPP) can be regarded as a percentage of potential NPP (Haberl, 1997; 

Haberl, 2005). The definition of HANPP consists of three components. They are 

potential NPP (NPP0), actual NPP (NPPact), and human harvest as NPPh. The 

difference between NPPact and NPPh is NPPt remaining in ecosystems after harvest 

(Haberl, 2001).HANPP can be calculated with the formula: 
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HANPP= NPP0- NPPt= NPP0- (NPPact-NPPh)      (1) 

HANPP measures the extent of NPP appropriated by humans. High levels of 

HANPP imply the potential risk of ecosystem function and the decrease of ecosystem 

service values (Haberl, 1997; Haberl et al., 2001). Every component and the relation 

between HANPP components indicate the changes of LUCC to some extent.  

3. Discussion  

3.1Urbanization in SWC 

As a developing country, Urbanization and modernization of China are evidently 

influenced by its own history, politics and culture� Shen,et al.2005� .The urbanization 

process includes the changes of three factors. They are increasing population, 

economic development and spatial expansion. The centralization and diffusion of 

human population and the change of economic proportions are the internal driving 

forces of urbanization. The human population and economy urbanization will impact 

the spatial pattern of urbanization and urban landscape. 

 As one of ancient civilization regions in China, there were many famous early 

cities in history. Nowadays, SWC has been experiencing urbanization at an 

unprecedented rate. Urbanizations of population, economy and space are all obvious 

in the study area. Based on LUCC data in 1980s, 1995, 2000 and 2005 and the local 

social- economic data, we have observed the quick change of SWC urbanization. 

From 1984 to 2005, the population living in three central cities has increased two or 

three times. During three time intervals (1980s-1995; 1995-2000; 2000-2005), the 

average increasing degree of urban population is 35%, 16%and 

118%respectively(Fig.2), which can be attributed to the special economical 

development pattern –“South Jiangsu model”-in SWC region. Agricultural surplus 

labor preferred to work in township business and still live in the rural area. The rapid 

industrial development had not brought about the corresponding pace of urbanization 
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in this period (Zhang and Gu.2002).However, since 2000, industrial agglomeration 

has driven human population to move to urban and suburban areas increasingly(Ma, et 

al.2007).  
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Fig.2 the human population living city zones in three cities  

To relieve the pressure on the land need for urban development, urban population 

growth and economical development are always followed by urban expansion 

(Aprioku, 2004). The area of urban resident land in 2005 increased 2.4, 1.37 and 1.2 

times, compared to the areas in 1984, 1991 and 2000. During three time intervals, the 

average annual increasing area is 26.92 km2, 26.83km2 and 42.74km2 respectively. 

From 1980s to1995, at the initial stage of reform and open-up policy, urban spatial 

expansion was spontaneously centered around three big cities and these central cities 

played the leading roles in urbanization process; from 1995 to 2000, urban-rural 

fringes were fused and filled by industrial zones; Especially since 2000, Urban 

development rates have been accelerating, as evidenced by the fact that average 

annual 61km2 of cultivated lands were developed in five years between 2000 and 

2005 .Three cities have been stretched to be closer and closer and a big urban group is 

coming into being(Fig.3).  
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Fig.3 urban spatial expansion of cities and towns in SWC 

3.2 HANPP in SWC  

In this article, Miami model was used for NPP0  (gC·m-2·a-1)calculation with the 

formula. The main parameters of Miami model are annual average temperature and 

annual precipitation which are acquired easily.  

NPP0 (t) =3000/[1+e(1.315-0.119t)]                   (2)           

NPP0 (p) =3000*[1-e (-0.000664r)]                   (3)              

The parameter t is the annual average temperature (� ) and p is annual 

precipitation (mm). According to Liebig law, the minimum will be chosen.  

As there was no NPP field measuring data, NPPact was assessed on the basis of 

the literature available (Xu, et al.2007).Harvest data were obtained from agricultural 

statistics available at the district level. NPPh was estimated by using harvest output (P) 

and harvest index (E) and moisture content (W). The formula is B = (1� W)× P / E, and the 

conversion divisor  of  agricultural biomass to carbon value is 0.45(Fang, et 

al.2007). 

The results showed that HANPP had increased 18.4% from 1995 to 2000. In1995 



 8

and 2000, HANPP% in study area was 65.77% and 75� , and HANPP% in Suzhou 

and Changzhou and Wuxi districts all exceeded the higher limit (39� ) of global 

HANPP% estimated by Vitousek et a1 (Vitousek,1986) and higher than the average of 

some western regions in China(Long,et al.2008). It should be mentioned that these 

estimates are excessive to some extent. The reasons are mainly: 1) SWC is one of the 

highest urbanization rate regions where the agriculture and industry are more 

developed than other regions in China. The degree of land use is very high. The 

agricultural land, roads and buildings are likely to cover too higher percentage of the 

surface. Except the unavailable land, almost all lands are reclaimed; 2) limited by data 

imperfection, NPPact was estimated to be lower than actual values. The biomass of 

wetland and wasteland is not calculated in NPPact; 3) limited by inherent defect of 

current calculation model of HANPP, we did not consider the NPP imported from 

other regions, thus the NPPh was likely to be overestimated. 

Table 1 

Results of HANPP calculation in 1995 

 NPP0 

( tCm2 yr-1) 

NPPact 

( tCm2 yr-1) 

NPPh 

( tCm2 yr-1) 

HANPP 

( tCm2 yr-1) 

HANPP% 

Suzhou 8573365.915 5530229.638 2586598 5629735 65.67% 

Wuxi  5097981.093 3429137.476 1772495 3441339 67.50% 

Changzhou 5253910.234 3761720.595 1883218 3375407 64.25% 

total 18925257.24 12721087.71 6242311 12446481 65.77% 

Table 2 

Results of HANPP calculation in 2000 

 NPP0 

( tCm2 yr-1) 

NPPact 

( tCm2 yr-1) 

NPPh 

( tCm2 yr-1) 

HANPP 

( tCm2 yr-1) 

HANPP% 

Suzhou 8400290.743 5136786.522 2920723 6184227 73.62% 

Wuxi  5568509.371 3226993.871 2225778 4567293 82.02% 

Changzhou 5681433.129 3587552.826 1892953 3986834 70.17% 

total 19650233.24 11951333.22 7039454 14738354 75.00% 

4. Conclusion 

As for SWC area, obviously, human population growth and urban expansion is 

inevitable trend. Considering the climate change and the development of 

social-economics, the ecosystems in study area would face more stress. Human 
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population growth will require more agricultural land and construction of buildings 

and infrastructure are likely to contribute to further increase of HANPP over the 

present value in the coming years.  

In addition, comparing with the result of ecological footprint (EF) research in 

literature (Bai, 2003) in SWC, that this region is in ecological deficit condition is the 

common conclusion. In China, the researches using HANPP model are less in 

sustainability assessment. My tentative research on regional HANPP in SWC showed 

that the information from HANPP research may be more available for further research 

and supply scientific backing for the development of ecological economic model. 

HANPP should be regarded as an important indicator for sustainability assessment 

and measuring the intensity of human activities interrupting eco-system (Haberl, 

1997). 

The research result in this article has indicated that the intensity of land use in SWC 

is very high, aiming at maintaining ecological safety situation and promoting 

economical development, it is necessary to restrain out-of-order urban sprawl firstly. 

The fundamental reason for weak urban sustainability is believed to be inefficient 

urban planning and management. The government should plan rationally and carry 

out the plan legally. On the other hand, owing to the NPP of cultivated lands occupied 

major part in the total NPP in SWC, to improve the biomass of cultivated lands will 

help to support the urban sustainability. Thirdly, the negative effects of landscape 

fragmentation should receive more attention. The increase of ecological lands, native 

vegetation cover and corridors among the landscape units (Chang, 2005) will 

strengthen the spatial connections and improve the ecological carrying capacity. 
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