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Dynamic calculation and analysis of ecological footprint of Chongqing after
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Abstract In recent years the concept of the ecological footprint developed by Wackernagel and Rees in the mid-1990s has
gained much attention. Basically the ecological footprint is the amount of productive land required to support the
consumption of a given population definitely under existing technology. As a static model the ecological footprint has been
extensively used to assess the condition of sustainable development of various regions at specific points in time. However

little information is available on time series analyses and predictions of the ecological footprint. An ecological footprint time
series of Chongqing in China was calculated from 1997 to 2004. Predictions of that from 2005 to 2009 were performed with
the Gray Model method developed by Deng in the 1980s. The method can predict the development of the system using the
continuously differential equation. In Chongqing the ecological footprint was 1. 2108 hm’ per capita while the actual
ecological carrying capacity was 0. 4696 hm’ per capita in 2004 thus leading to ecological deficit of 0. 7412 hm’ per capita.
From 1997 through 2004 the ecological deficit of Chongqing increased annually as the ecological footprint increased. The
ecological carrying capacity decreased however indicating an unsustainability of the present developmental and
consumption state of Chongqing. The ecological deficit of Chongging will reach 0. 8695 hm’ per capita in 2009. Based on
these results measures to reduce the ecological deficit for Chongqing were suggested such as controlling the population

adopting suitable technology to increase efficiency in resource use changing manners of production and consumption and
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protecting the environment.
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Table 1  The ecological footprint’ s ledger of the biotic resources of Chongqing in 2004
2 2,
Category kg/hm- . ) 3 . hm /ca.p Type
Average yield Biomass Ecological footprint per cap
Rice 2744 5095471 0.0591 Arable land
Wheat 2744 783825 0.0091 Arable land
Maize 2744 2278038 0.0264 Arable land
Legume 1856 381081 0.0065 Arable land
Potato 12607 2782018 0.0070 Arable land
0il crop 1856 417500 0.0072 Arable land
Fiber plant 1500 10209 0.0002 Arable land
Tobacco 1548 85036 0.0017 Arable land
Vegetable 18000 8635700 0.0153 Arable land
Sugar 18000 117700 0.0002 Arable land
Pork 74 1364300 0.5864 Pasture
Beef and mutton 33 92953 0.0896 Pasture
Fowl meat 457 193581 0.0135 Pasture
Milk 502 85143 0.0054 Pasture
Egg 400 365500 0.0291 Pasture
Aquatic product 29 239255 0.2624 Sea
Tea 566 16064 0.0009 Forest
Fruit 3500 1372200 0.0125 Forest
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Table 2  The ecological footprint’ s ledger of energy of Chongqing in 2004
GJ/hm? G/t t hm?/cap
Category Global average Conversion Consumed Ecological Type
energy footprint coefficient quantity footprint per cap
Coal 55 20.934 18327100 0.2219 Fuel land
Gas 93 39.978 3510300 0.0480 Fuel land
0il 93 41.868 3737300 0.0535 Fuel land
Hydroelectric 1000 11.84 3798400 0.0014 Buildup land
2004
3 2004 4 1.2108 hm’
0. 4696 hm’ 0.7412 hm?
3 2004
Table 3  The biologically productive area of Chongqing in 2004
10* hm? % hm?/ cap
Type Area Percent of total city area Area per cap
Arable land 228.74 27.76 0.0727
Pasture 23.81 2.89 0.0076
Sea 26.77 3.25 0. 0085
Forest 325.13 39.46 0.1034
Buildup land 55.89 6.78 0.0178
4 2004
Table 4 The ecological footprint summary of Chongqing in 2004
Ecological footprint Ecological carrying capacity
Type hm?2/ e
m /(-ap Equivalence hm?/cap hm?/cap . hm?/cap
Ecological . Yield factor .
. factor Adjusted area Area per cap Adjusted area
footprint per cap
Arable land 0.1327 2.82 0.3742 0.0727 1.66 0.3403
Pasture 0.7240 0.54 0.3910 0.0076 0.19 0. 0008
Forest 0.0134 1.14 0.0153 0.1034 0.91 0.1073
Sea 0.2624 0.22 0.0577 0.0085 1.00 0.0019
Fuel land 0.3234 1.14 0.3687 0. 0000 0.00 0. 0000
Buildup land 0.0014 2.82 0.0039 0.0178 1.66 0.0833
12%
. 064
Minus 12% for biodiversity 00640
Total area 1.2108 0.4696
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Table 5 The ecological footprint summary of Chongqing from 1997 to 2004
GDP
hm?/ cap hm?/ cap hm?/ cap hm?/10* yuan
Year Adjusted ecological Adjusted ecological Ecological deficit Ecological footprint per
footprint carrying capacity 10* yuan GDP
1997 1.0383 0.5079 -0.5304 2.3321
1998 1.0389 0.5051 -0.5338 2.2179
1999 1.0592 0.5005 -0.5587 2.1948
2000 1.0728 0.4967 -0.5761 2.0803
2001 1. 0605 0.4942 -0.5663 1.8756
2002 1.0997 0.4863 -0.6134 1.7327
2003 1.1319 0.4754 -0.6565 1.5701
2004 1.2108 0.4696 -0.7412 1.4250
2.2
2.2.1
1 1997 ~2004
2004 0.7412 hm’ 2.58
1997 ~2004 o R BT —am AEATRAN EC —a S ED
14 -
) T2t
1997 ~ 2001 1. 0383 hm 20l
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K3 06r M
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2001 2001
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3 63.8%
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Table 6 Reference values of accuracy assessment rank
8 ‘ "
Accuracy rank Poster checking value ~ Small error possibility
I 0.35 0.95
I 0.50 0.80
3 ] 0.65 0.70
0.80 0.60
1997 ~ 2004 il
7
1997 ~2004 Table 7 Gray model test results
1.0383 hm’ 1.2108 hm’
Ecological Ecological
0.5079 hm’ 0.4696 hm’ oo vEe coesIer
footprint carrying capacity
‘ 0.42 0.20
Poster checking value ’ ’
)4
2009 Small error possibility 0-86 .00
0.8695 hm” Accuracy rank | I
8 2005 ~ 2009
hm?/ cap
Table 8 Predictions of ecological footprint and ecological carrying
capacity of Chongging per cap
1
SPSS v Ecological Ecological Ecological
2ar
o footprint carrying capacity deficit
Pearson r=0.897 p<0.01
2005 1.1994 0.4663 -0.7331
r=-0.977 p<
2006 1.2270 0.4607 -0.7663
0.01 2007 1.2553 0.4552 ~0.8001
2008 1.2841 0.4497 -0.8345
2009 1.3137 0.4443 -0.8695
2400
2
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