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Measuring sustainable development with the ecological footprint

method——take Zhangye prefecture as an example
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Abstract: Humans consume the products and services of nature ;every one of us has an impact on the earth.
Does the human load stay within global carrying capacity? The ecological footprint concept has been de-
signed to answer this question. The ecological footprint of any defined human population (from a single in-
dividual to a whole city or country)is the total area of ecologically productive land and water occupied ex-
clusively to produce all the resources consumed and to assimilate all the wastes generated by the human
population. The ecological footprint method presents a simple framework for national natural capital ac-
countion.

The ecological footprint is a function of population and per capital material consumption. The model
assumes that all types of energy.material consumption and waste discharge require the productive or ab-
sorptive capacity of a finite area,and the calculation of the model requires incorporation of relevant income,
prevailing values,social-cultural factors and technology in the area under study. However.attempting to in-
clude all consumption items,waste types and ecosystem functions in the estimate would lead to intractable
information and data-processing problems. Estimating the ecological footprint of a defined population is a

multi-stage process. In this paper.we gather the multi-stage model into following equation.

n

EF =N «efief = D) (aa) = > (/p)

i=1 i=1

The per capita footprint (ef)is the sum of land appropriated for each purchased goods (aa;),which is

calculated by dividing average consumption of each goods (¢;) by the average productivity of each goods
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(p;) »the population footprint can then be obtained by mulatiplying the per capital footprint (ef)by the pop-
ulation size (N).

Types of ecologically productive lands (mainly including arable land . fossil energy .residential area.pas-
ture .forest)are addressed in detail.

We calculated the ecological footprint of Zhangye prefecture in 1995. The ecological footprint ledger is
composed of three main sections. The first ledger is basic biotic resources consumption including its sub-
products,the second ledger is energy consumption,the third ledger is trade balance,Trade balance through
more detailed trade flow analyses can mitigate the influence of import and export product to consumption
varies. Every particular on above ledger is presented from Table 1 to Table 5. Based on the ecological foot-
print concept and analysis framework ,human consumption can be compared with natural capital production
at the regional level using existing data. In the case of Zhangye prefecture.the ecological deficit of Zhangye
is 0. 346hm? per capita. Some simplification in calculation methodology results in over-optimistic estimates.
Some countermeasures to decrease ecological footpring such as increasing resources utilization efficiency,
change consume pattern are put forward.

The paper also analyses the advantages and disadvantages of the ecological footprint model. The eco-
logical footpring present a simple framework for national and global natural capital accounting. Ecological
footprint index is an excellent aggregate index that coonects many issues of sustainability ,development and
equity. The model reveals the extent to which local carrying capacity has been exceeded and allows a cumu-
lative approach to impact analysis. The use of ecological productive area as a standard numeraire rather
than money or energy,make the footprint easy to understand,and also permit provocative calculations.

Integrated with encountered some main problems in this calculation, we also the weakness of
overviewed the weakness of ecological footprint method. The limitations of the model are that it doesn’t in-
clude several important issues :land areas lost to biological productivity because of contamination,erosion
and urban“hardening” and dissertation (especially in northwestern of China). Methodologically,the assess-
ments could be more complete by including the ecological spaces used for freshwater use,a particular im-
portant problem in arid area in northwestern of China. At the same time,many problems relate to data
available. Determined various biologically productive area is important in the calculation of bio-capacity. In
the aggregate process,error may be easy resulted. For example .simple added desert steppe and everglade
will result in large number in pasture in the empirical calculation. These differences mainly caused by lack
of standard definition of land use,and some assumption in the calculation process such as one good corre-
spond to one land types,which clearly neglect the indirect lind of human of utilization of goods. We also
paid attention to the productivity difference in various lands use in different province. Productivity is influ-
enced not only by human management factors such as technology ,knowledge and culture ,but also by natu-
ral geography conditions like soil,climate and resources availbility. Using data of the world average yield
makes the results comparable,but it neglects the difference in biological productive. Using local yield data
means the calculated area is real. Due to limited data,we use the world average yield in the empirical analy-
sis.

For the sake of applying this method in China,some improvements and suggestions have been but for-
ward in the last section of this paper. Above all,it is needed to build an integrate system of environmental
and economic accounting ,and improve some evaluation methods so that we can provide acceptable measures
of economic value of ecological services and natural resources. At the same time, with a view to make
ecological footprint model dynamic,environment value discount is also a problem which needed further

research. As ecological footprints do not measure people’s quality of life, the other imperative for
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sustainability , they need to be complemented by social indicators to cover progress toward sustainability

comprehensively.
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Table 1 The ecological footprint’s ledger of the biotic resources in Zhangye prefecture

[9]
Yield (global Biological Gross footprint Footprint per cap Biological
Categories
average) (kg/hm?)  product(t) (hm?) (hm?/per cap) productive area
. Cereals
.. Wheat 2744 423786. 70 154441. 21 0.128948 ‘5'7
.. Broad bean 852 8971. 20 10529. 58 0. 008791
oo Rice 2744 9258. 60 3374.13 0.002817
oe Millet 2415 2427.90 1005. 34 0. 000839
oo Broom broad millet 2415 1576. 90 652. 96 0. 000545
oo Maize 2744 279956. 00 102024.78 0. 085184
oo Potato 12607 18927. 60 1501. 36 0.001254
.. Soya 1856 7260. 20 3911.75 0.003266
X Chinese sorghum 3200 432.50 135.15 0.000113
oe Other 3800 4668. 30 1228. 50 0.001026
. Vegetable and melon
.. Vegetable 18000 39257. 25 2180. 96 0.001821
oo Melon 1800 3636.53 202.03 0. 000169
Other plant
.. Cotton 1000 1034. 00 1034. 00 0. 000863
.. Oil 1856 51478. 60 27736. 31 0.023158
cee Rapeseed 1856 39486. 10 21274. 84 0.017763
see Flaxseed 1856 11834. 20 6376. 19 0.005324
. Sunflower seeds 14261 2662. 10 186. 67 0. 000156
.. Beet 18000 231314. 50 12850. 81 0.010730
.o Chili power 945 755. 80 799.79 0. 000668
. Fruit 18000 71294. 30 4010. 79 0.003349 @
Animal product
oo Prok 33 42133. 14 1276761. 82 1.066. 11
oo Beef 33 4176. 02 126546. 06 0.105658
.. Mutton 33 6374.08 193153. 94 0.161271
[ Fur
s Goat fur 15 82.53 5502. 00 0. 004594
cee Sheep fur 15 3397. 44 226496. 00 0.189109
(XX Goat cashmere 15 32.57 2171. 33 0.001813
oo Camel hair 15 34.91 2327. 33 0.001943
s Egg 400 11015. 23 27538. 08 0.22992
s Milk 502 7226.12 14394. 66 0.012019
(DArable land; @Forestry ;@) Pasture
1 N N N R s
B ) NED) LG ) s o 1
, B 1993

s 1995
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Table 2 The ecological footprint’s ledger of wood consumption

9]

Yield (global Consumption Footprint per cap Biological
Categories ) )
average) (m®/hm?) (m?) (hm?/per cap) productive area
Direct roundwood consumption 1.0 952 0. 0003994 Forestry
Sawnwood 1.5 270 0.0001699 Forestry

3

Table 3 The ecological footprint’s ledger of energy consumption

[1o0]
o Conversion Consumption Footprint
9J® Consumption Biological
Categories coefficient quantity per cap
(GJ/hm?) quantity (G]) productive area
(GJ/v) (1) (hm?/per cap)
Coal 55 20.90 410644 7.1658 0.13029 ®
Coke 55 28.40 18886 0.4478 0.00814
Fuel oil 71 50. 20 601 0.0252 0. 00035
Crude oil 93 41. 87 1972 0. 0689 0. 00074
Gasoline 93 43.12 3214 0.1157 0.00124
Diesel oil 93 42.71 1260 0. 0449 0. 00048
Hydro-electric 1000 3.60 28055 " 57626. 9300 0. 00087 ®
energy
(DSpecific energy footprint global average in (GJ/(hm? « a)),@Fossil land area,(@Built-up area. * s
f1o] GJ. * units is 10° KWH,it has been converted to GJ by energy conversion coefficient
3 N N N N N
(9]
4
Table 4 The ecological footprint’s ledger of water resources consumption
[13]
Water resources The supply of The supply of water
Categories o consumption Water footprint  water resources resources footprint Biological
(m?3/hm?) (108m?) deman (hm?/cap) (10%m?) (hm?) productive area
123.5 13. 06 8. 829 12. 45 8. 417

Water resources

(DWater resources quantity pre hectare in arid area of northwestern of China

s 1/4\12\’
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296. 4% 10°m?*, @

2004

[13]

5

9.5X10°m*

Table 5 The ecological footprint’s ledger of trade balance

Net export  Proportion Energy Export value Export
Categories EF /cap adjusted
value (10* RMB) %) intensity (GJ/t)  (10*$) quantity (t) )
proportion
Food,oil 887. 0566 14. 77 104. 3596 0.007315*
Speciality 976. 5430 16. 26 114. 8874 0.008053*
and livestock products
Medicament 1299. 0540 21.63 20.0 152. 8299 58. 0581 0. 000018
Chemical products 551. 9330 9.19 40.0 64.9333 85. 7527 0. 000052
Hardware products 1861. 7980 31. 00 1.5 219. 0351 58108. 2182 0.001323
Other 426.4118 7.10 10.0 50. 1661 32.5240 0. 000005
* s * Denote that adjusted bio-
logical productive area is arable area,the other is fossil land area
s s
s s s
s
. 1995 887 . 121258 @,
0.007 315,
( ) 0. 007 315 B s
( . ) .
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Table 6 The ecological footprint’s summary of Zhangye prefecture in 1995

The demand of footprint The supply of footprint
Adjusted equivalent Adjusted
Total area  Equivalence Total area
Categories total area Categories Yield factor  equivalence
(hm?/cap) factor (hm?/cap)
(hm?/cap) area(hm?/cap)
0. 140 1.1 0.154 CO, 0. 00 0. 00
Fossil energy COy absorption
0. 001 2.8 0.003 0. 04 1. 66 0. 0664
Built area Built-up area
0. 270 2.8 0.756 0.23 1.92 0.4416
Arable land Arable land
1.553 0.5 0.777 1.71 0. 39 0. 6669
Pasture Pasture
0. 004 1.1 0.0044 0. 30 0.91 0.273
Forest Forest
1. 991 1. 685 2. 36 1.522
Total used area Total existing area
12% 0.183

Minus 12% for biodiversity

Total available area 1. 339
, 1995 1. 685 hm?,
1. 339hm?, s 0. 346hm?*, s
s 7 s
1, 0. 362hm?*, ,
0. 346hm? N o
1995 s s s
, s 1995
s o 3 :D >
He) ;® .
s
3
s 1995
b [I\] b
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