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Study on sustainable development in nanjing based on ecological footprint model

ZHOU Jing, GUAN Weihua "
School of Geography Science, Nanjing Normal University, Nanjing 210046, China

Abstract: With economic development and population growth occurring throughout China, there has been increasing
conflict between resources, environmental protection and economic development in a number of regions. Therefore, it is
important to correctly evaluate the pressure of human activities on the natural environment and the ecosystem carrying
capacity at a regional scale. The ecological footprint model has received much attention as an indicator of regional
sustainable development. Recent studies investigating the ecological footprint of regions in China have focused on the city of
Nanjing, due to the speed of urbanization and the rate at which built-up areas are expanding in the city. Thus, based on the
ecological footprint model to study per capita ecological footprint and ecological carrying capacity in Nanjing from 1999—
2009, this paper applied the Mann-Kendall method to analyze the abrupt change point of per capita ecological footprint in
Nanjing. The Mann-Kendall method is a non-parametric statistical test, which has the advantages of a wide range of
detection, a small human impact and a high degree of quantification. In light of three subsystems—economic, social and
ecological—we selected 14 indices and employed the gray indigence method to explore the reasons of per capita ecological
footprint variation in Nanjing between the two different phases, from 1999—2002 and from 2003—2009. The results show
that during the period between 1999—2009, per capita ecological footprint generally grew; the change of per capita
ecological capacity and per capita ecological deficit had a decreasing trend ; the unit of 10,000 in GDP’s ecological footprint

and ecological diversity index dropped gradually; the eco-ecological system development capacity improved; but ecological
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pressure remained significant. The variation of per capita ecological footprint in Nanjing is divided into two stages : low-level
growth stage, which is from 1999—2002, and high-level fluctuation stage, which is from 2003—2009. From 1999—2002,
the main factors influencing per capita ecological footprint were the primary industry production value, population density,
and the green coverage rate of built-up areas. While from 2003—2009, the main factors influencing per capita ecological
footprint were the proportion of tertiary industry production value in GDP, rate of sewage treatment, and per capita greening
area. Through comparative analysis on the ecological footprint evolution of different phases in Nanjing—from 2003—2009
and from 1999—2002—we found that the economic subsystem was still acting as the main function, but the main
influencing factor had transformed from agriculture to tertiary industry. At the same time, the influences of the ecological
and social subsystems had been upgraded because the degree of correlation between per capita ecological footprint and
various evaluation indices ( per capita housing living space and population density in social subsystem, rate of sewage
treatment reflecting treatment ability of waste, and per capita greening area reflecting the level of greening in ecological
subsystem) had increased. In addition to our findings, we propose a suite of sustainable development policies that aim to
help in optimizing industrial structure, controlling the population, strengthening infrastructure construction, improving the
resident-inhabited environment, increasing the construction of urban greening, improving the capacity of dealing with

pollutants, and decreasing pollutant discharge.
Key Words: ecological footprint; ecological capacity; sustainable development; ecological deficit; Nanjing
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F1 1999—2009 FERT A ERRIT
Table 1 Calculation for per capital ecological footprint in Nanjing(1999—2009)/(hm?/ A)

AE Bty MR it 7Kk A REVR I HFUTH NS R
Year Arable land Grassland Woodland Waters Fossil energy land Building land Per capital Ef
1999 0. 135751 0.349914 0.006398 0. 681405 1.796401 0.006135 2.691596
2000 0.118582 0.396053 0.005024 0.818529 1.973528 0.009781 2.897556
2001 0. 137404 0.440462 0.004563 0. 884835 1.884442 0. 009627 2.88679
2002 0. 128936 0.445872 0.003452 0.931449 2.211766 0.011626 3.239539
2003 0.110854 0.465332 0.003971 0.976048 2.432406 0.013043 3.454802
2004 0.117426 0.454525 0.005134 1.02845 2.711445 0.014368 3.790204
2005 0. 110061 0.442117 0.005038 1.044171 3. 155967 0.019666 4.270233
2006 0. 103025 0.397326 0.005799 1.081383 3.278634 0.020991 4.375062
2007 0. 09408 0.306876 0.005242 1. 049809 3.328356 0.022048 4.355517
2008 0. 102557 0.27895 0. 005659 1. 112205 3.115876 0.022616 4.145561
2009 0.102145 0.254425 0.007514 1. 109606 3.263448 0.02396 4.300287

F2 19992009 EFEHABESEKENITE
Table 2 Calculation for per capital ecological capacity in Nanjing(1999—2009)/( hm?/ \)

4y P s ML b K3k S AMzrett ABEZORE)
Year Arable land Grassland Woodland Waters Building land Biodiversity Per capital Ec
1999 0. 056427 0.01135 0.000285 0.020586 0.025302 0.053528 0.392541
2000 0.052774 0.01246 0.000157 0.019497 0.025553 0.050797 0.372508
2001 0. 050042 0.012613 0.00079 0.017275 0. 025975 0.048742 0.357439
2002 0.046214 0.012551 0.0000219 0.016291 0. 025997 0.045745 0.335464
2003 0.043778 0.012472 0.0000132 0.015023 0.026172 0.043867 0.321688
2004 0. 04208 0.012412 8.96x107° 0.013591 0.026334 0. 042549 0.312024
2005 0.041222 0.012408 8.51x107° 0.012595 0.026395 0.041866 0.307018
2006 0.0131 0.012179 7.90x107° 0.012314 0.026331 0.040979 0.300511
2007 0.039342 0.011953 7.62x107° 0.012007 0. 026286 0.04033 0.295754
2008 0.038768 0.0116 7.32x107¢ 0.011812 0.026416 0.039904 0.292627
2009 0.038438 0.011491 7.19x107° 0.011621 0.026974 0.039823 0.292034
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F£3 19992009 FRRTE L MERERRFHAR
Table 3 Ecological deficit or surplus of every land in Nanjing(1999—2009) / (hm?/A)

Gy Bty A Liansl) pieE et RETR AT S PRV
Year Arable land Grassland Woodland Waters Fossil energy land Building land Per capital Ed
1999 -0.060319 -0.002753 -0.174843 -0. 130266 —-1.976041 0.04517 2.299055
2000 -0.032947 -0.000823 -0.197964 -0.15801 -2.170881 0.03558 2.525049
2001 -0.101134 -0.000258 -0.220199 -0.17192 -2.072886 0.037047 2.529351
2002 -0.099119 0.00094 -0.222927 -0.18153 —2.432943 0.0315 2.904074
2003 -0.062295 0.00034 -0.232661 -0.18082 -2.675646 0.02797 3.133144
2004 -0.090307 -0.000961 -0.227259 -0.201719 -2.98259 0. 024656 3.47813
2005 -0.074558 -0.000857 -0.221055 -0.205155 -3.471564 0.00997 3.963215
2006 -0.061038 -0.001781 -0. 19866 -0.212679 -3.606497 0.0061 4.074551
2007 -0. 040463 -0.001254 -0.153435 -0.206454 -3.661191 0.00303 4.059763
2008 -0.067453 -0.001846 -0. 138945 -0.21899 —3.427464 0.00176 3.852934
2009 -0.068171 -0.003927 -0.12721 -0.218526 -3.589793 -0. 000625 4.008253
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Fig.2 Dynamic change of ecological footprint in Nanjing ( 1999—
2009 )
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