
Int. J. Environ. Res. Public Health 2011, 8, 264-280; doi:10.3390/ijerph8010264 

 

International Journal of 

Environmental Research and 

Public Health 
ISSN 1660-4601 

www.mdpi.com/journal/ijerph 

Article 

An Integrated Approach for Assessing Aquatic Ecological 

Carrying Capacity: A Case Study of Wujin District in the  

Tai Lake Basin, China 

Chen Zeng 
1
, Yaolin Liu

 1,2,
*, Yanfang Liu 

1,2
, Jiameng Hu 

1
, Xiaogang Bai 

1
 and Xiaoyu Yang 

1
 

1 
Department of Land Resource Management, School of Resource and Environmental Science, 

Wuhan University, Luoyu Road 129, Wuhan, 430079, China; E-Mails: lunarzeng@gmail.com 

(C.Z.); yfliu610@163.com (Y.L.); hjm1210@163.com (J.H.); xiaogang880123@163.com (X.B.); 

ugbr4tnc2vh7@gmail.com (X.Y.) 
2 

Key Laboratory of Geographical Information System, Ministry of Education, Wuhan University, 

Luoyu Road 129, Wuhan, 430079, China 

* Author to whom correspondence should be addressed; E-Mail: yaolin610@163.com; 

Tel.: +86-27-87152706; Fax: +86-27-68778893. 

Received: 3 December 2010; in revised form: 10 January 2011 / Accepted: 11 January 2011 /  

Published: 24 January 2011 

 

Abstract: Aquatic ecological carrying capacity is an effective method for analyzing 

sustainable development in regional water management. In this paper, an integrated 

approach is employed for assessing the aquatic ecological carrying capacity of Wujin 

District in the Tai Lake Basin, China. An indicator system is established considering social 

and economic development as well as ecological resilience perspectives. While calculating 

the ecological index, the normalized difference vegetation index (NDVI) is extracted from 

Moderate Resolution Imaging Spectroradiometer (MODIS) time-series images, followed 

by spatial and temporal analysis of vegetation cover. Finally, multi-index assessment of 

aquatic ecological carrying capacity is carried out for the period 2000 to 2008, including 

both static and dynamic variables. The results reveal that aquatic ecological carrying 

capacity presents a slight upward trend in the past decade and the intensity of human 

activities still exceeded the aquatic ecological carrying capacity in 2008. In terms of human 

activities, population has decreased, GDP has quadrupled, and fertilizer application and 

industrial wastewater discharge have declined greatly in the past decade. The indicators 

representing aquatic ecosystem conditions have the lowest scores, which are primarily 

OPEN ACCESS 



Int. J. Environ. Res. Public Health 2011, 8         

 

 

265 

attributed to the water eutrophication problem. Yet the terrestrial ecosystem is assessed to 

be in better condition since topographic backgrounds and landscape diversity are at higher 

levels. Based on the work carried out, it is suggested that pollutant emission be controlled 

to improve water quality and agricultural development around Ge Lake (the largest lake in 

Wujin District) be reduced.  

Keywords: aquatic ecological carrying capacity; indicator system; NDVI; GIS 

 

1. Introduction  

Carrying capacity has been applied to describe the importance of the limiting factors of 

environment on human material progress and to make the calculation and prediction of the upper limits 

of population or economic growth for a healthy eco-environment [1]. In the 1980s, widespread 

discussion about the drought problem initiated the employment of carrying capacity in resolving the 

constraint of water resources from which human society was suffering in China [2,3]. Simultaneously, 

rapid increases in nutrient input and environmental deterioration due to the intensified agricultural and 

industrial production around rivers and lakes have given rise to the applications of water 

environmental carrying capacity, which originated from the concept of environmental maximum load 

[4-6]. Recently, ecological or eco-environmental carrying capacity were highlighted as people became 

more aware of the need to detect and predict changes in ecosystem functioning in situations where 

human activities had profoundly affected ecosystems [7-9]. In order to integrate all the definitions of 

carrying capacity related to water, aquatic ecological carrying capacity was proposed in an attempt to 

assess the degree of pressure from human activities on ecological resilience.  

Tai Lake region is one of the most densely populated and developed areas in China, situated in the 

lower reaches of the Yangzi River. During the past twenty years, rapid industrialization and 

urbanization, combined with a lack of effective management and technical measures, have caused 

many serious environmental problems such as water eutrophication, organic pollution and destruction 

of aquatic ecosystems [10,11]. Comprehensively, there are seven large- and medium-sized cities 

(namely, Shanghai, Suzhou, Wuxi, Jiaxing, Huzhou, Changzhou, and Kunshan) and 31 counties in the 

Tai Lake basin, in which Wujin District is located in the core of Changzhou city. The point pollution in 

this area is mainly attributed to dispersed rural industries such as township and village enterprises 

(TVEs), which were underpinned by the implementation gap in the toughest environmental  

laws [12,13]. The other prominent cause of water ecosystem degradation is non-point pollution 

triggered by intensive use of organic fertilizer (nitrogen, phosphorus) and other agricultural  

activities [14-16]. As a result, with the aim of evaluating the carrying capacity of the aquatic 

ecosystem in the context of diversified human activities and better protection of the aquatic 

environment, the National Environment Protection Agency in China initiated the “Water Special” 

project, in which aquatic ecological carrying capacity assessment was carried out in the Wujin District 

in the Tai Lake basin.  

In the past, many methods were explored for assessing water resource, water environment or 

ecological carrying capacity, in which the multi-indicator assessment approach was the most widely 
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used [17-19]. It followed a common procedure of indicator selection, weight determination, indicator 

(variables) estimation and integrated assessment. But the limitation arose when it was attempted to 

identify and estimate indicators reflecting ecological resilience in aquatic ecological carrying capacity. 

Previous research mainly focused on water consumption and water environment loading, and 

ecological indicators were often ignored in assessments [3,20]. For better reflection of nutrient cycles 

and energy flows in aquatic ecosystems, indicators representing both aquatic and terrestrial ecosystems 

should be incorporated [21,22]. With the accessibility of remotely sensed images and wide use of 

geographical information system, ecological indicators were capable of being quantified and the 

assessment of aquatic ecological carrying capacity could be more efficient and comprehensive 

[11,23,24].  

This paper proposes an integrated approach to assess aquatic ecological carrying capacity of the 

Wujin District in the Tai Lake basin using MODIS (Moderate Resolution Imaging Spectroradiometer)-

NDVI (Normalized Difference Vegetation Index) time-series images and GIS technology. Firstly, an 

operational indicator system was established in terms of human pressure and ecological resilience. 

Next, the integration of Delphi and the AHP (Analytic Hierarchy Process) was used to determine the 

weight of each indicator in different layers. Then based on empirical equations, indicators were 

calculated using statistical data, field data, land use maps and MODIS-NDVI time-series products. 

Finally, a comprehensive assessment of aquatic carrying capacity was performed based on defined 

criteria from 2000 to 2008, producing a final result for decision makers.  

2. Materials and Methods 

2.1. Study Area 

Wujin District is situated in the northwestern part of Tai Lake basin, in southeast China, with a 

geographical area of 1,246.6 km
2
. It links with Tai Lake, the third-largest freshwater lake in China and 

Beijing-Hangzhou canal, the oldest and longest canal in China (Figure 1). Rivers and lakes cover 23% 

of the total territory of Wujin District. Ge Lake is the largest one and is regarded as the western Tai 

Lake in the basin. The whole hydrological cycle of the area is controlled mainly by means of 

canalization (Su Nan canal from east to west, Xin Meng canal from north to south) and pumping 

stations. It is a typical agricultural district with more than 40% of the land area covered by paddy field 

and where the area of settlements and factories account for over 20% of the total area.  

There are 14 villages and two economic and technological development zones (ETDZ) in Wujin 

District. As one of the most developed districts in the Yangzi River Delta, it has a population of around 

0.98 million and its current gross domestic product (GDP) amounts to 85 billion yuan, 70% of which is 

from industrial output (according to the Statistical Yearbook of Wujin District in 2008). This rapid 

economic development has increased water demand greatly and water quality has deteriorated in recent 

years due to various point and non-point pollution sources [14,25]. 
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Figure 1. Location of the study area. 

 

2.2. Data Description 

Based on the holistic understanding of aquatic ecological carrying capacity, data were collected 

through a series of approaches:  

(1) MODIS NDVI time-series products: the monthly composite MODIS 250 m normalized 

difference vegetation index (NDVI) dataset spanning five growing seasons (January 2003 to 

December 2007) were created for the research area.  

(2) Field monitoring data: field data were obtained from Changzhou Conservancy Bureau, listing 

parameters describing monthly water conditions such as total phosphorous (TP), total nitrogen 

(TN) and chemical oxygen demand (COD) concentrations (January, 2007 to August, 2009). 

(3) Land use map: land use data for 2005 were obtained from the land use survey database, at the 

scale of 1:10000. 

(4) Hydrological network map: the distribution map of primary and secondary river channels was 

obtained from the hydrological network map of the whole of Changzhou city. 

(5) DEM data: elevation data and slope data were provided by ISDSP (International Scientific Data 

Service Platform) with the spatial resolution of 30 m (2009). 

(6) Statistical data: Statistical Yearbooks of Wujin District from 2000 to 2008 were obtained in 

which population and economic data were included.  
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(7) Auxiliary data: other data collected included the local Water Conservancy Construction Report 

in the National Eleventh Five-Year Plan (2005 to 2020), the local Social and Development 

Planning Report (2005–2020), agricultural and aquatic development planning reports and so on. 

2.3. Selection of Indicators  

Previous studies on the evaluation of regional carrying capacity in marine areas, arid inland river 

basins and urban areas revealed two primary obstacles for sustainable water usage: inadequate water 

supply and environmental pollution [26-29]. Moreover, it has been proved that the impact of any 

nation on environmental sources and sinks is deemed to be the product of its population, its level of 

affluence, and the damage done by the technologies that support that affluence [30]. Therefore 

indicators representing population density, economic growth, water resource consumption and water 

environmental loading were indispensible in the evaluation. Additionally, research on aquatic 

ecological carrying capacity was part of a trend to focus on methodologies for linking terrestrial and 

aquatic ecological ecosystems. A high probability of changes in the regional water quality of lakes as a 

consequence of location-specific forest-cover change was suggested [22,31]. Landscape patterns and 

their dynamics represented the physical framework of processes determining the ecosystem’s 

equilibrium [21]. The structure and function of land-cover determined the habitat environment; food 

webs and meta-populations associated with ecosystems were embodied at a meso-scale. As a result, in 

order to incorporate ecological resilience into the whole system, the structure and function of aquatic 

and terrestrial ecosystems should both be taken into consideration.  

Taking all those factors into account, the established assessment model classified indicators into 

two categories: pressure and resilience (Figure 2). In the category of pressure, population, GDP, 

industrial water use, agricultural water use, and industrial wastewater discharge and fertilizer 

application were included. The specific indicators were calculated using data from the Statistical 

Yearbooks of Wujin District from 2000 to 2008. In the category of resilience, indicators of water 

eutrophication, drainage network, DEM, slope, NDVI, aquatic Shannon diversity and landscape 

Shannon diversity were included. The indicator of water eutrophication was characterized using 

parameters of TP, TN and COD concentrations. Field Samples indicating TP, TN and COD 

concentrations were used for Kriging interpolation in GIS [23]. Aquatic biological diversity was 

represented by the Shannon-Wiener index of plankton community, which reflects species richness, 

evenness of their distribution and their inter-correlations, and is considered the best measure of their 

joint influence [32]. Specifically, three groups consisting of algae (bacillariophyta, chlorophyta, 

cyanophyta, cryptophyta and others), protozoa (phytomastigina, zoomastigina, Amoebaproteus Pallas, 

ciliate) and rotifer (brachionus, keratella, asplanchna, polyarthra, filinia and others) were identified. 

The values of the Shannon-Weiner index in different groups were determined respectively by the 

average of the calculated values at different sample sites. Finally, the Shannon-Wiener index of 

plankton community was assessed by the sum of these three evenly weighted evaluated Shannon-

Wiener indices. In accordance with the Land Use Classification System in China (2001 version), 

Shannon diversity of landscape was calculated using the area of 49 land use types extracted from the 

land use map of Wujin District. 
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Figure 2. Indicator hierarchy for AECC assessment. 

 

2.4. Normalized Difference Vegetation Index Extraction  

The nature of environmental problems required the use of tools able to capture changes in the 

structure and function of the ecosystems at large scales and a powerful description could be derived 

from the seasonal course of the NDVI [33-35]. It has been proved to correlate with green plant 

biomass and be sensitive to biophysical characteristics of vegetation such as canopy leaf area and net 

primary production [36,37]. Moreover, evaluating the potential of NDVI and NDVI-derived metrics 

for watershed monitoring and water quality studies was important in gaining an increased 

understanding of landscape-water quality relationships [38]. Consequently, MODIS NDVI time-series 

data were used in analyzing vegetation cover for aquatic ecological carrying capacity in the  

research area.  

Preprocessing for MODIS was started with the emphasis on radiometric and geometric correction. 

Then NDVI time-series images were obtained through the operation of near infrared and red bands 

with regard to the following Equation (1). Next the MVC (maximum value composite) method was 

applied, in which the pixel observation with the highest NDVI value was selected to generate monthly 

NDVI products: 

redNIR

redNIRNDVI







  (1)  

where NIR  referred to the pixel value on the infrared channel and red referred to the pixel value on the 

red channel. 
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2.5. Integrated Assessment 

A simple numerical scale related to the degree of aquatic ecological carrying capacity would seem a 

feasible way to convey findings in a comprehensive manner. Therefore, calculated indicators in the 

different categories mentioned above were transformed into a quantified grade scale between 0 and 1. 

In this judging set, the higher grade indicated a better condition in which a variable was capable of 

exerting beneficial effect on aquatic ecological carrying capacity. The final score of the aquatic 

ecological carrying capacity was calculated based on the quantified grades of indicators (variables) and 

their corresponding weights [Equations (2) to (4)]:  





n

i

pipiP VWV
1

 (2)  





m

j

rjrjR VWV
1

 (3) 

RRPP VWVWAECC   (4)  

where PV  is the normalized value of pressure, piV  is the normalized value of indicators in the category 

of pressure, piW  is the respective weight of indicators in the category of pressure, RV  is the normalized 

value of resilience, riV  is the normalized value of indicators in the category of resilience, riW  is the 

respective weight of indicators in the category of resilience and PW , RW  are the weights of pressure 

and resilience, respectively.  

The base criteria for aquatic ecological carrying capacity assessment was established according to 

national and local standards, books and literature, together with advice from experts on regional 

planning, water resource planning, land use planning, ecology, geography, etc. [9,39]. Meanwhile, the 

criteria were adapted in accordance with the quantitative analysis of sampled towns, counties, cities 

and provinces in the Middle and Southern parts of China. An integrated assessment criteria system was 

set up and the scores were classified into five levels, divided equally from 0 to 1 (Table 1). The weight 

of each index in different categories was obtained based on expert scoring and the AHP method.  

Table 1. Criteria system for the assessment.Ⅴ 

Level Ⅴ Ⅳ Ⅲ Ⅱ Ⅰ 

Score 0–0.2 0.2–0.4 0.4–0.6 0.6–0.8 0.8–1 

Indicator Unit Criteria 

Population density /km2 >1000 500–1000 400–500 200–400 <200 

GDP per capita 104 yuan 

per capita 

<2 2–2.5 2.5–3.75 3.75–5 >5 

Agricultural water use 

per cultivated land 

106 m3/ha <30 

or >142 

30–60 or 

112–142 

60–69 or 

103–112 

69–73 or 

99–103 

73–99 

Industrial water use per 

industrial added value 

m3/104 

yuan 

>100 56–100 45–56 31–45 <31 

Fertilizer application per 

cultivated land 

kg/ha >1200 600–1200 525–600 300–525 <300 
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Table 1. Cont.  

Level Ⅴ Ⅳ Ⅲ Ⅱ Ⅰ 

Score 0–0.2 0.2–0.4 0.4–0.6 0.6–0.8 0.8–1 

Indicator Unit Criteria 

Industrial waste water per 

GDP 

m3/104 yuan >25 13–25 10–13 7–10 <7 

Concentration of TP mg/L 0.9–1.3 0.2–0.9 0.05–0.2 0.01–0.05 0.001–0.01 

Concentration of TN mg/L 9–16 2–9 0.5–2 0.1–0.5 0.02–0.1 

Concentration of COD mg/L 40–60 10–40 4–10 1–4 0.15–1 

Drainage density  km/km2 <0.5 0.5–2 2–4 4–6 >6 

NDVI / <0.5 0.5–1.5 1.5–3 3–4.5 >4.5 

Elevation  meter >1000 500–1000 50–500 5–50 <5 

Slope degree >25 10–25 5–10 1–5 <1 

Aquatic biological 

Shannon diversity 

/ <1 1–1.8 1.8–2.5 2.5–3.5 >3.5 

Shannon diversity of 

landscape 

/ <0.5 0.5–1.25 1.25–1.75 1.75–2.25 >2.25 

(AECC) Aquatic ecological carrying 

capacity 

The threshold of aquatic ecological carrying capacity assessment was 

0.6 and scores above it mean the ecosystem is capable of bearing the 

human activities. 

3. Results and Discussions 

3.1. NDVI Extraction and Analysis 

According to the steps described above, the monthly NDVI distribution maps were generated and 

values were extracted for the period 2003 to 2007 in the Wujin District. It was shown that curves 

presented similar seasonal variation in different years from 2003 to 2007 (Figure 3). Two peaks in 

April or May and July or August could be observed in all curves, which demonstrated vegetation 

phenology. The value increased to 1.6 in autumn and decreased to 1.16 in early spring. It was 

estimated that the annual NDVI dataset were 1.328, 1.336, 1.343, 1.347 and 1.352, respectively, from 

2003 to 2007, which meant the area of vegetation cover increased slightly. According to field 

investigation, vegetation in Wujin District consisted primarily of cropland, pasture, orchard and forest. 

In past years, industrial development had brought about the conversion of cropland to construction 

land; however, the farmland protection policy and the emphasis on forestry and the fruit industry 

guaranteed the area of orchard and forest in recent years, which could partly explain the slight upward 

trend of NDVI. In terms of spatial variation, the vegetation used to be more homogenous  

[Figure 4(a), (b)]. But now it covered a larger area in the southeast part of Wujin District, even with 

extension to Ge Lake, which demonstrated the dwindling of the lake area and the deterioration of water 

due to eutrophication. In the central and northeastern part of Wujin District, the value of NDVI 

decreased obviously, which could be attributed to the economic and technological development in the 

development zones. Green coverage in the northeast decreased and was substituted by villages 

according to the investigation [Figure 4(c), (d)]. 
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Figure 3. Temporal Variation in NDVI from 2003 to 2007. 

 

Figure 4. Maps of NDVI distribution. (a) April, 2003; (b) September, 2003; (c) April, 

2006; (d) September, 2006. 

 

For a better description of the spatial variation in NDVI and to discover where vegetation cover 

changed most from 2003 to 2007, the research area was divided into 16 VGs (14 villages and two 

economic zones) and one Ge Lake to make quantatitive analysis of NDVI in August (Figure 5). 

Significant changes in vegetation cover occurred in Ge Lake, especially in 2007. The value of NDVI 

rose to over 1.6 in 2007, which was attributed to the phenomena of cyanobacteria bloom and polder 

area construction. In recent years, deteriorating water eutrophication caused the rapid growth of algae, 
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which had spectral features similar to terrestrial vegetation. Meanwhile, agricultural activities prevail 

in the polder area and vegetation cover has increased where cultivated land, pasture, and orchard exist. 

The vegetation cover was closely associated with water conservation, agricultural and ecological water 

use. Meanwhile, it was greatly affected by anthropogenic activities such as land use and, as a result, it 

was suggested that regulations be proposed on land use, in particular for the area around Ge Lake. 

Figure 5. Spatial Variation in NDVI in August from 2003 to 2007. 

 

3.2. Integrated Assessment of Aquatic Ecological Carrying Capacity 

In the past eight years, the population has decreased from 1,199,155 to 982,266 and the cultivated 

land declined by almost a half to 39,975 ha in 2008. However, GDP in 2008 was more than triple that 

in 2000, with more than 50% being contributed by industrial added value. Inevitably, the social and 

economic changes had a direct influence on agricultural and industrial water consumption, industrial 

wastewater discharge and fertilizer application. At the same time, due to the land use pattern change, 

irritation water use decreased from 632.16 to 280.42 million m
3
 and industrial water use increased 

from 127 to 150.52 million m
3
. Correspondingly, industrial wastewater discharge has doubled and 

fertilizer application presented a downtrend to 45.56 million kg so far (Table 2). 

Table 2. Values of pressure factors in 2000, 2004 and 2008. 

Pressure Factors Units 2000 2004 2008 

Population / 1,199,155 960,804 982,266 

GDP 104 yuan 2,339,228 3,887,695 8,501,987 

Industrial added value 

Cultivated land area 

104 yuan 

ha 

1,260,405 

78,457 

2,477,723 

48,629 

5,556,690 

39,975 

Irrigation water use  106 m3 632.16 359.52 280.42 

Industrial water use  106 m3 127 136.79 150.52 

Fertilizer application 106 kg 112.84 67.48 45.56 

Industrial wastewater discharge  106 t 39.75 87.87 88.5 
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In terms of assessing ecological indicators, the Kriging interpolation approach was employed to 

interpolate COD, TP and TN concentrations in the whole research area to recognize the pollution 

source and to assess water eutrophication conditions. In the light of data availability and continuity, 

water samples indicating concentration of COD, TP and TN were selected and collected. After data 

input, processing and modeling in GIS, distribution maps of COD, TP and TN concentration were 

generated (Figure 6). Simultaneously, the maximum, minimum and mean values of COD, TP and TN 

concentration were recorded monthly (Table 3). 

Figure 6. (a) Spatial distribution TP concentration (July in 2007); (b) Spatial distribution 

of TN concentration (July in 2008); and (c) Spatial distribution of COD concentration (July 

in 2007).  

 

Table 3. Concentration of COD, TN and TP. 

 January 

2007 

April 

2007 

July 

2007 

January 

2008 

May 

2008 

July 

2008 

May 

2009 

August 

2009 

COD Concentration 

Max 77.46 89.39 90.88 66.13 45.7 57.94 120.49 46.52 

Min 43.46 31.84 26.59 33.51 26.76 19.84 29.01 25.24 

Mean 62.1 49.27 45.02 44.86 37.15 36.62 43.65 38.43 

TN Concentration 

Max 11.25 9.23 8.02 10.72 14.4 9.12 6.38 2.54 

Min 5.19 5.57 3.13 4.85 1.59 2.73 3.46 4.12 

Mean 8.31 7.24 6.55 7.85 6.58 5.05 5.14 3.36 

TP Concentration 

Max 0.61 0.98 0.92 1.21 0.498 0.028 0.489 0.181 

Min 0.093 0.19 0.11 0.042 0.105 1.063 0.221 0.539 

Mean 0.296 0.402 0.43 0.392 0.296 0.304 0.353 0.31 

As the map shows, the main pollution source was around the northwestern part of Ge Lake and the 

southeastern part of Wujin District (Figure 7). Through examination of the distribution map of sewage 

outlets, it could be determined that polluted areas were places where concentration of factories for 

chemical products, steel making, and electronic equipment existed. Furthermore, population 
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aggregations around Ge Lake and in the southeastern part meant that domestic wastewater was an 

important component as well. 

Figure 7. Hydrology network and sampling distribution. 

 

The calculated result of indicators of resilience is presented in Table 4. Resilience was defined in 

the literature as the capacity of a system to absorb disturbance and re-organize while undergoing 

change so as to still retain essentially the same function, structure, identity and feedbacks [40]. The 

concept of ecological /ecosystem resilience focused on persistence and robustness in the context of 

multiple equilibria and stability landscapes [41]. As a result, indicators of resilience were assumed to 

be stable over the past decade so as to make quantitative analysis of slow variables and fast variables 

for assessing their interactions in aquatic ecological carrying capacity.  

The final result (Table 5) showed that the score of pressure increased from 0.35 to 0.57, which 

meant that human behaviors have been controlled, especially in agricultural activities. The amount of 

fertilizer application declined by more than half from 112.84 million kg to 45.56 million kg due to the 

loss of cultivated land and the improvements in fertilization technology. Meanwhile, the growth rate of 

industrial wastewater discharge decreased and the amount had been controlled to 88.5 million t in 2008. 

In terms of resilience, the concentration of TP, TN and COD have all exceeded the standard stipulated 

for healthy water and the Shannon diversity of plankton community in an aquatic ecosystem was 

extremely low, especially for the species of protozoa. In addition, topographic factors had important 

effects on hydrological and sedimentary processes and the result showed the low elevation and low 

topographic gradients of the area. It would decrease the risk of soil erosion and guarantee the stability 

of the integrated community within the aquatic and terrestrial ecosystems. The moderately diversified 

landscape and dense river network could be found from the resulting SHDI and drainage density. In 

the end, the aquatic ecological carrying capacity showed a slightly upward trend, increasing from 0.41 
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to 0.53. It was still at the third level, indicating that the intensity of human activities was exceeding the 

threshold of carrying capacity of aquatic and terrestrial ecosystems. 

Table 4. Results of indicators of resilience. 

Indicator Value Description 

Water eutrophication 

(pollutants concentration) 

TP 0.35 mg/L Water eutrophication condition is assessed by the 

sum of the evenly weighted three pollutants 

evaluated values 

TN 6.26 mg/L 

COD 44.64 mg/L 

Drainage density (DD) 2.37 km/km2 DD = Length/catchment area 

NDVI 1.55 Mean value of the research area 

Elevation 5.59 m Mean value of the research area 

Slope  1.102 degree Mean value of the research area 

Aquatic biological diversity 

(Shannon diversity index of 

plankton community) 

Algae 2.93  Aquatic biological diversity is assessed by the sum 

of the three evenly weighted evaluated Shannon 

index of planktons 

Protozoa 1.24 

Rotifer 1.79 

Shannon diversity of landscape (SHDI) 2.18 
It is calculated according to Land Use 

Classification System (2001 version) in China  

Table 5. Results of aquatic ecological carrying capacity assessment. 

 2000 2004 2008 

Pressure 0.35 0.41 0.57 

Resilience 0.47 0.47 0.47 

AECC 0.41 0.44 0.53 

Level Ⅲ Ⅲ Ⅲ 

3.3. Discussion 

Aquatic ecological carrying capacity assessment involved numerous factors including, but not 

limited to, population, resource availability, ecology, society, economics and government institutions 

[17]. The multi-index approach to the assessment was popular because it was capable of integrating 

relevant factors and variables as much as possible. Although a generic index system did not suffice for 

complete analysis of aquatic ecological carrying capacity, criteria were suggested to involve indicators 

from the perspectives of both human pressure and natural resilience. Based on the original definition of 

carrying capacity and the development of water resources, the water environment as well as the 

regional ecological carrying capacity, indicators selected herein included economic and social 

activities, ecological hydrology, structure and function of aquatic and terrestrial ecosystems, water 

resource utilization and water environmental loading.  

Meanwhile, there was a tendency that problems in water resource management were reflected at a 

higher level such as the ecosystem level, and in a relationship with social and economic development. 

The evolution of water resources and water environmental carrying capacity to aquatic ecological 

carrying capacity was inevitable in sustainable development as it demonstrated how the natural 

ecosystem bears the burden of human development and makes a judgment on whether social and 

economic development should be constrained. As a result, it was recommended that aquatic, terrestrial 
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ecosystem and human development be thoroughly embodied in aquatic ecological assessment in  

future work. 

In addition, variation in the ecosystem itself was hard to measure and data availability made it even 

more difficult to handle in aquatic ecological carrying capacity assessment. However, with the 

increasing feasibility of using remotely sensed data, NDVI products with high temporal resolution 

could be helpful in assessing regional watershed conditions that affect water quality and stream 

condition [37]. Furthermore, spatial and temporal differences and their correlation could be observed 

through time-series NDVI maps, which would be beneficial for water management. In our research, 

NDVI was used as an important variable to indicate the structure and function of the ecosystem. It 

revealed that there was a slight upward trend annually in the past five years and similar seasonal 

fluctuation in each year. The distribution maps of NDVI indicated the vegetation extension around Ge 

Lake, which should be given close attention by the authorities. Furthermore, it was demonstrated that 

spatial analysis in ecological and resource management was capable of being incorporated at a higher 

level with the application of GIS technology [42]. In our research, Kriging interpolation was used to 

obtain the mean value of TP, TN and COD concentration and the areas of higher pollutant 

concentration were observed in the resulting maps. In the future, RS and GIS technologies are 

expected to be applied in aquatic ecological carrying capacity assessment in a wider and more 

profound way. 

4. Conclusions 

In our research, aquatic ecological carrying capacity assessment was implemented using RS and 

GIS in the Wujin District. The work concerned can be illustrated as: 

(1) Social, economic and ecological context was explicitly investigated in our case, formulating the 

background for the identification of indicators and the establishment of indicator hierarchy.  

(2) The spatial and temporal variation of NDVI was carried out and the extension of vegetation 

cover into Ge Lake was observed, which should be paid more attention by local authorities. 

(3) Ecological resilience assessment was made with the integrated consideration of aquatic and 

terrestrial ecosystems, in which RS and GIS technologies were of great assistance in obtaining 

the final result. 

The eventual result of the integrated aquatic ecological carrying capacity assessment included all 

the indicators and their quantitative values. Also, maps were produced and spatial analyses were made 

accordingly. In the future, geo-spatial technologies should be incorporated in a more comprehensive, 

deep and quantitative manner into AECC. Generally, based on the work we have carried out, several 

suggestions could be made for decision makers.  

(1) Vegetation cover has increased in central and eastern parts of Wujin District in the past few 

years, which could be observed in NDVI products. However, the phenomena of cyanobacteria 

bloom and the decreasing of water area make it imperative to reduce agricultural activities 

around Ge Lake, since it will impair the aquatic ecological balance and aggravate water 

eutrophication.  
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(2) Concentrations of COD, TN and TP were considerably higher than the national standards for 

pollutant emission; thus water eutrophication was still diagnosed as the main problem in Wujin 

District. As a result, it is suggested that pollutant emission reduction should be strengthened, 

especially for industrial waste water discharge and agricultural activities.  

(3) In the long run, aquatic ecological carrying capacity has increased slightly, which reveals that 

government planning on land use, economic growth, population growth and technological levels 

was able to improve water management and could be reasonably conducted. 

Acknowledgements 

This work was jointly funded by the Program of Introducing Talents of Discipline to Universities 

(B08008) and the State Key Laboratory of Earth Surface Processes and Resource Ecology (Beijing 

Normal University, China), major State Basic Research Development Program (2008ZX07526004002) 

of China and Special Research Grant for University Doctoral Programs (20082050101000024). Many 

thanks to Guofeng Wu, Jingxiong Zhang, Wanshun Zhang, Katherine Houghton, MODIS Research 

Center in Wuhan University and some other friends for their help in the research.  

References 

1. Seidl, I.; Tisdell, C.A. Carrying capacity reconsidered: From Malthus’ theory to cultural carrying 

capacity. Ecol. Econ. 1999, 31, 395-408. 

2. Zuo, Q.T.; Ma, J.X.; Wu, Z.N. Concepts and models of supporting capacity of water resources in 

urban areas. In Proceedings of Sustainable Water Management for Large Cities, IAHS,  

Foz do Iguaco, Brazil, April 2005; No. 293. 

3. Feng, L.H.; Zhang, X.C.; Luo, G.Y. Application of system dynamics in analyzing the carrying 

capacity of water resources Yiwu City, China. Math. Comput. Simulat. 2008, 7, 269-278. 

4. Daly, H.E.; Cobb, J.B. For the Common Good: Redirecting the Economy toward Community, the 

Environment, and a Sustainable Future; Beacon Press: Boston, MA, USA, 1989. 

5. Wang, S.C. Analysis and regulation on water environmental carrying capacity. China Water 

Resour. 2001, 11, 9-12. 

6. Li, Q.L.; Wang, L.G.; Zhang, H.Z.; Yan, X.X. Research and prospect on theoretical framework of 

water environmental bearing capacity. Geogr. Geo-Infor. Sci. 2004, 2, 87-89.  

7. Pettorelli, N.; Vik, J.O.; Mysterud, A.; Gaillard, J.M.; Tucker, C.J.; Stenseth, C. Using the 

satellite-derived NDVI to assess ecological responses to environmental changes. Trends Ecol. 

Evol. 2005, 20, 503-510. 

8. Zhu, Y.H.; Drake, S.; Lu, H.S.; Xia, J. Analysis of temporal and spatial differences in 

eco-environmental carrying capacity related to water in the Haihe River Basin. Water Resour. 

Manag. 2010, 24, 1089-1105. 

9. Gao, J.X. Exploration of Sustainable Development-Theory, Methods and Application of 

Ecological Carrying Capacity; Environment and Science Press: Beijing, China, 2001. 

10. Wang, Q.G.; Gu, G.; Higano, Y. Towards integrated environmental management for challenges in 

Water Environmental Protection of Lake Taihu Basin in China. Environ. Manage. 2006, 37,  

579-588. 



Int. J. Environ. Res. Public Health 2011, 8         

 

 

279 

11. Ma, R.H.; Duan, H.T.; Gu, X.H.; Zhang, S.X. Detecting aquatic vegetation changes in Taihu  

Lake, China Using Multi-temporal satellite imagery. Sensors 2008, 8, 3988-4005.  

12. Vemeer, E.B. Industrial pollution in China and remedial polices. The China Quarterly 1998, 56, 

952-985.  

13. Wang, M.; Webber, M.; Finlayson, B.; Barnett, J. Rural industries and water pollution in China.  

J. Environ. Manage. 2008, 86, 648-659. 

14. Ellis, E.C.; Wang, S.M. Sustainable traditional agricultural in the Tai Lake region of China.  

Agr. Ecosyst. Environ. 1997, 61, 177-193. 

15. Cao, Z.H.; Zhang, H.C. Phosphorus losses to water from lowland rice fields under rice-wheat 

double cropping system in the Tai Lake region. Environ. Geochem. Health 2004, 26, 229-236. 

16. Zhu, Z.L.; Chen, D.L. Nitrogen fertilizer use in China-contributions to food production, impacts 

on the environment and best management strategies. Nutr. Cycl. Agroecosys. 2002, 63, 117-127. 

17. Giupponi, C.; Mysiak, J.; Fassio, A.; Cogan, V. MULINO-DSS: A computer tool for sustainable 

use of water resources at the catchment scale. Math. Comput. Simul. 2004, 64, 13-24. 

18. He, G.Z.; Long, L.Y.; Ma, H.; Wang, X.L. Multi-indicator assessment of water environment in 

government environmental auditing. J. Environ. Sci. 2007, 19, 494-501. 

19. Gong, L.; Jin, C.L. Fuzzy Comprehensive evaluation for carrying capacity of regional water 

resources. Water Resour. Manag. 2009, 23, 2505-2513. 

20. Guo, H.C.; Liu, L.; Huang, G.H.; Fuller, G.A.; Zou, R.; Yin, Y.Y. A system dynamics approach 

for watershed environmental management planning. J. Environ. Manage. 2001, 61, 93-111. 

21. Leuven, R.; Poudevigne, I. Riverine landscape dynamics and ecological risk assessment. 

Freshwater Biol. 2002, 47, 845-865. 

22. Wickham, J.D.; Wade, T.G. Watershed level risk assessment of nitrogen and phosphorus export. 

Comput. Electron. Agr. 2002, 37, 15-24. 

23. Snepvangers, J.; Heuvelink, G.B.M.; Huisman, J.A. Soil water content interpolation using  

spatio-temporal Kriging with external drift. Geodema 2003, 112, 253-271. 

24. Zhang, Y.C.; Lin, S.; Liu, J.P.; Qian, X.; Ge, Y. Time-series MODIS image-based retrieval and 

distribution analysis of total suspended matter concentrations in Lake Taihu (China). Int. J. 

Environ. Res. Public Health 2010, 7, 3545-3560. 

25. Ellis, E.C.; Li, R.G.; Yang, L.Z.; Cheng, X. Changes in village-scale nitrogen storage in China’s 

Tai Lake region. Ecol. Appl. 2000, 10, 1074-1089. 

26. Di, Q.B.; Han, Z.L.; Liu, G.C.; Chang, H.W. Carrying capacity of marine region in Liaoning 

Province. Chin. Geogr. Sci. 2007, 17, 229-235. 

27. Yu, D.L.; Mao, H.Y. Regional carrying capacity-case studies of Bohai Rim area. J. Geogr. Sci. 

2002, 12, 177-185. 

28. Feng, Q.; Endo, K.N.; Cheng, G.D. Towards sustainable development of the environmentally 

degraded arid rivers of China-a case study from Tarim River. Environ. Geol. 2001, 41, 229-238. 

29. Oh, K.; Jeong Y.; Lee D.; Lee W.; Choi J. Determining development density using the Urban 

Carrying Capacity Assessment System. Landscape Urban Plan. 2005, 73, 1-15.  

30. Goodland, R.; Daly, H.E.; Kellenberg, J. Burden sharing in the transition to environmental 

sustainability. Future 1994, 26, 146-155. 



Int. J. Environ. Res. Public Health 2011, 8         

 

 

280 

31. Graham, R.L.; Hunsaker, C.T.; O’Neill, R.V.; Jackson, B.L. Ecological risk assessment at the 

regional scale. Ecol. Appl. 1991, 1, 196-206. 

32. Stirling, G.; Wiley, B. Empirical relationships between species richness, evenness, and 

proportional diversity. Am. Nat. 2001, 158, 286-299.  

33. Lloyd, D. A phenological classification of terrestrial vegetation cover using shortwave vegetation 

index imagery. Int. J. Remote Sens. 1990, 11, 2269-2279. 

34. Soriano, A.; Paruelo, J.M. Biozones: vegetation units defined by functional characters identifiable 

with the aid of satellites sensor images. Global Ecol. Biogeogr. 1992, 2, 82-89. 

35. Paruelo, J.M.; Tomasel, F. Prediction of functional characteristics of ecosystems: a comparison of 

artificial neural networks and regression models. Ecol. Model. 1997, 98, 173-186. 

36. Gamon, J.A.; Field, C.B.; Goulden, M.L.; Hartley, A.E.; Joel, G.; Penuelas, J.; Valentini, R. 

Relationships between NDVI, canopy structure and photosynthesis in three Californian vegetation 

types. Ecol. Appl. 1995, 5, 28-41. 

37. Rundquist, B.C. The influence of canopy green vegetation fraction on spectral measurements over 

native tallgrass prairie. Remote Sens. Environ. 2002, 81, 129-135. 

38. Griffith, J.A. Geographical techniques and recent applications of remote sensing to  

landscape-water quality studies. Water Air Soil Poll. 2002, 138, 181-197. 

39. Dong, J.; Zhuang, D.F.; Xu, X.L.; Ying, L. Integrated evaluation of urban development suitability 

based on remote sensing and GIS techniques—A case study in Jingjinji Area, China. Sensor 2008, 

8, 5975-5986. 

40. Walker, B.H.; Holling, C.S.; Carpenter, S.R.; Kinzig, A.P. Resilience, adaptability and 

transformability in social-ecological systems. Ecol. Soc. 2004, 9, 5:1-5:9. 

41. Folke, C. Resilience: The emergence of a perspective for social-ecological analyses. Global 

Environ. Chang. 2006, 16, 253-267. 

42. Merem, E.; Robinson, B.; Wesley, J.M.; Yerramilli, S.; Twumasi, Y.A. Using GIS in ecological 

management: green assessment of the impacts of petroleum activities in the State of Texas. Int. J. 

Environ. Res. Public Health 2010, 7, 2101-2130. 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


