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Abstract. In this research we concentrate on developing an ecological footprint model for county cycle econ-
omy research. We follow the tracks of consumption of energy and natural resources of the county, then change
the consumption into the bio-productive area which supplies energy and natural resources. Through study-
ing whether the demand of bio-productive area exceeds the available supply, we analyze the sustainability
of the county cycle economy system. To forecast ecological footprint of the county, we combine the index
of ecological footprint with the index of GDP by collecting data from thirty nations and areas in the whole
world. Through this model and forecast, we get a series of results, which can provide scientific evidence to
the cycle economy development in this area. In the meanwhile, we find a new point to set up three types of
models which combine ecological footprint with GDP according to energy efficiency. And this is available to
provide a new strategic idea for governments, businesses and other organizations to improve the economical
and social construction.
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1 Introduction

The ecological footprint method is a bio-physical sustainable development evaluation method. It consid-
ers mankind and his development from a new view. The six assumptions of measuring ecological footprint
which are defined by Dr Wackernagel! ! are as follows: 1) it is possible to follow the tracks of consumption
of resources and wastes of mankind; 2) The resources and wastes can be measured by changing them into bio-
productive area which is necessary to produce these resources and assimilate wastes; 3) Kinds of land which
have biological productivity can be converted into standard hectare-global hectare, biological productivity per
global hectare is equal to the average productivity of the global land this year; 4) Because the use of every
kind of land is repellent, we can get the consumption demand of mankind by adding kinds of land; 5) The
ecological service supply of nature can be expressed by bio-productive space denoted by global hectare; 6)
The ecological footprint can exceed ecological carrying capacity. Through following the tracks of consump-
tion of energy and natural resources of the county, then changing the consumption into the bio-productive
area, the method gives a concise frame to calculate the globe, nation, area, family and people’ utilization
of nature asset. The ecological footprint method quantitatively judges whether the development of the area
is in the scope of ecological carrying capacity and supplies scientific theory information for the sustainable
development evaluation.
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The research on ecological footprint can be traced back to the seventies of the 19th century which dis-
cussed extra shadow area needed by a city in the energy sensel*>!, and analysed oceanic ecosystem area
demanded by coastal fishery of Baltic Gotland!®!. Based on the research of predecessors above, some re-
searchers brought up the concept of ecological footprint!’!, then perfect it and developed it into the ecological
footprint model. The concept of ecological footprint was introduced to China by these scholars in 1999, and
there were some research results in 2000!%], then the scope was extended to all provinces and parts of cities,
countries and towns. At present, the ecological footprint model methodically has compound, component and
input-output methods. The compound method was raised in the 1990s!”), and it is suitable for the study of
ecological footprint on the globe, nation and region level; The component method was posed in the 1998191,
and it is applicable to the study of ecological footprint for town,village,company, individuals and activity; The
input-output method was put forward in 1998!'!], then was improved by other scholars!!?/. Recently some
scholars also focus on the study of the input-output method, and published the research results in January of
2006131, Besides, because of the characteristic of being unfit for dynamic analysis for the ecological footprint
model, researchers strengthen the time series research on the ecological footprint model!'#!,

Compared with other countries of the world, the research on the ecological footprint is relatively late
in China. Although now the research has already involved the levels of nation, area and city, it mainly con-
centrates on the static comparative analysis of the ecological footprint on the national level; On the regional
level, the research on the ecological footprint mostly adopts the compound method to measure the ecological
footprint, and uses the productivity data of national average land to calculate the ecological carrying capacity.
The ecological footprint model was applied to the globe since 1997 when some scholars submitted the report
of the national ecological footprint which was entrusted and subsidized by the earth council'>~!'71. The report
of the national ecological footprint calculated the ecological footprint in 1993 of 52 countries in the world
for the first time. These 52 countries have 80% of the population in the world and 95% of the world gross
domestic product, and the impact on global sustainable development is very important.

Because the ecological footprint model is easily understood and related directly with the global sustain-
able development, it receives extensive concerns of the research institutions such as relevant international
body, government department, non-government organization and university, etc., and becomes the interna-
tional important method estimating sustainable development.The ecological footprint has now been applied
to measure the sustainability of many nations, cities and regions as well as for globe itself. And its applied
field has been extended to land demand forecast, tourism sustainability measurement, environment impact
assessment and so on!13-201,

The rest of the paper is organized as follows. In section 2, based on the nature of sustainable development,
we construct a set of indexes system and put forward design principle. In the section 3, we analyse this
county system and construct models of ecological footprint and biocapacity. In the section 4, we analyse the
ecological footprint and biocapacity of this county through applying the models constructed in the section
3. In the following, in the section 5, we propose a forecast model of the ecological footprint on the basis of
econometrics model and finally the conclusions have been made in section 6.

2 Preliminary concepts

The ecological footprint provides an excellent framework for measuring the extent (area) of humanity’s
appropriation of natural resources and services within the context of sustainability. Since its inception, there
has been continuous valuable advances in footprinting!?>~>#!. Ecological carrying capacity, which is called
biocapacity, is the maximum of utilization of resources and assimilation of wastes under the prerequisite of
not damaging productivity and function of the ecosystem and guaranteeing to realize sustainable utilization!”’.
In the course of calculating ecological carrying capacity, because there are great differences in the ecological
production capacity of various kinds of bioproductive land among different countries or regions, the same
types of areas of bioproductive land of different countries or regions need to weight to compares each other.
The tap between one type area of bioproductive land in different countries or regions and the average yield of
world is regarded as yield factor!. And yield factor is the rate between one type area of bioproductive land
of one country or region and the same type land area of the world. The ecological carrying capacity in global
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average yield can be calculated by kinds of areas of bioproductive land multiplying corresponding equilibrium
factor. At the same time, in term of WCED report, at least 12% of ecological capacity should be reserved
for protection biodiversity>. To evaluate the sustainability of this region through comparing the balance
between ecological footprint and ecological carrying capacity, we must construct a set of scientific index
system according to government policy and local circumstance. We should define the construction principle
of the index system to evaluate the county cycle system well with these indexes.

2.1 Construction principle

The index system of ecological footprint is a uniform whole, and the choosing of indexes and the con-
struction of the system should reflect the intension of sustainable development, generally conform to the
following principle:

(7) Concise and scientific. The index system of ecological footprint must be built on the basis of science,
the concept of indexes is clear, the coverage rate is wide, and can reflect sustainable development capacity of
regional resources and ecology.

(i) Integerity and completeness. The ecological footprint which is regarded as a comprehensive index
should reflect the main characteristics and states appraised from every point of view.

(7i7) Dynamic and stability.The index system of ecological footprint should keep relative stability during
a period of time, but with the regional development and change, the index system should also adjust to meet
the change sensitiveness of time and space, and reflect the future trend truly.

2.2 Index system

According to the analysis above, from the viewpoint of regional sustainable development, we structure
the index system of ecological footprint, see Fig. 1.

Ecological Balance

Ecologica Ecological
footprint capacity

Livestock || Forestry | Aquatic|| Farm ||{Building
product || product | product|| product|| land

E Forest|| Pasture||Energy|| Building|| Fishery || Crop
Ner9y| |'jand || land || land || land | land || land

Fig. 1. index system of ecological footprint

3 Ecological footprint modelling

By adopting the popular ecological goal measure method—ecological footprint model since the middle
period of 1990s!”), we calculate the ecological footprint of this county. Then we measure the current bio-
capacity of resources and environment according to the existing bioproductive land of this area. Finally we
judge whether the ecological appropriation is in the range of the ecological carrying capacity in this county
by comparing the ecological appropriation with the ecological carrying capacity of the area.
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3.1 Structure of ecological footprint model

Firstly we calculate the appropriation of biological resources in the county. We adopt the globe average
yield of biological resources of Food and Agriculture Organization of the United Nations in 1999 to measure
the use of biologic resources in the county (in order to make the result comparable), then change the main
consumptions of the area in 2005 into bioproductive area which is necessary to produce these resources, the
formula is as follows:

=2t (1)

where: i represents the type of consumption; A; is regarded as per-capita bioproductive area of consumption
items; X; is considered as per-capita consumption amount of consumption items. Y is deemed the globe
average yield of ¢ kinds of biological resources.

In the following, we calculate the use of energy of the area. Firstly we summarize the main categories of
energy consumption: coal, coke, petrol, kerosene, diesel oil, petroleum gas, heavy oil, water and electricity,
etc., to raw coal, petroleum, natural gas, water and electricity then change them into coal equivalent. Next,
convert the energy consumptions into the fossil fuel. The formula which is used to calculate the areas of land
production is as follows:

Xi= 2)

where: X;: per-capita ecological appropiation amount of the i kind of energy (ha.cap™'); A;: per-capita con-
sumption amount of the i kind of energy (GJ/kg); B;: average yearly output rate of the world (GT.ha.cap™1).

Variety of consumptions of biological resources and energy constitute the ecological footprint, the for-
mula is as follows:

EF:Nxef:NxZ(aai):NxZ(%) 3)

where: i: the types of goods-consuming and input; C;: per-capita consumption amount of the ¢ kind of goods;
P;: average production capacity of the i kind of goods; aa;: bioproductive area of the i kind of goods; N:
population; e f: per-capita ecological footprint; E'F': total ecological footprint.

3.2 Structure of ecological carrying capacity model

According to current the areas of bioproductive land, we calculate the ecological carrying capacity, the
formula of ecological carrying capacity is as follows:

ec=a; Xr;xy; t=123--- “4)

where: ec: per-capita ecological carrying capacity (hectare/capita); a;: per-capita bioproductive area; r;: equi-
librium factor; y;: yield factor.
The formula of total ecological carrying capacity is as follows:

EC = N x (ec) (5)

where: ec: per-capita ecological carrying capacity; N: population.

4 Application to county cycle economy system

Utilizing the data from the county’s Statistical Yearbook of 2005, we get some results of use of biological
resources of the county, See Tab. 1 and Tab. 2. The demand of ecological footprint is 7.1228 ha.cap~'. We use
the globe average output of biological resources of Food and Agriculture Organization of the United Nations
in 1999 and global yield factor and equilibrium factor!?®! to measure the conversion of productive area of
biological resources. The proportion of ecological footprint of biological resources of the county is uneven.
We get the ecological carrying capacity of this county in 2005, See Tab. 3. Per-capita ecological carrying
capacity of this area is 3.1042 ha.cap—! which is showed in Tab. 3.
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Table 1. Main consumption and per-capita ecological footprint of the county in 2005

average yield consumption total ecological per-capita biological
items of world of county footprints ecological footprint productive

kg.ha™! 10%kg ha ha.cap™! area type
Wheat 2744 64971 23.67747813  0.027116 Crop land
Potato 2500 7863 3.1452 0.003602 Crop land
Rice 2744 177170 64.56632653  0.073942 Crop land
Corn 2744 32587 11.87572886  0.0136 Crop land
Sweet potato 12067 9983 0.827297588  0.000947 Crop land
Oil 1856 36237 19.52424569  0.022359 Crop land
Tea 1182 195 0.164974619  0.000189 Crop land
Candy 1800 2231 1.239444444  0.001419 Crop land
Pork 457 49067 107.3676149  0.122959 Pasture land
Beef 33 2246 68.06060606  0.077944 Pasture land
Mutton 33 1350 40.90909091  0.04685 Pasture land
Milk 457 2444 5.347921225 0.006125 Pasture land
Egg 400 23488 58.72 0.067247 Pasture land
Bancoul nut 1600 333 0.208125 0.000238 Forest land
Palm sheet 2000 274 0.137 0.000157 Forest land
Walnut 3000 919 0.306333333  0.000351 Forest land
Garden fruit 3500 27720 7.92 0.00907 Forest land
Aquatic product|29 10200 351.7241379  0.402799 Fisheries land
Construction 1000 2017700 2017.7 2.310696 Built-up land

Table 2. Demand of ecological footprint of the county

demand of per-capita ecological footprint
types demand area  equilibrium factor (ha.cap—1) ecological footprint(ha.cap 1)
Crop land 0.143175327 2.8 0.4009
Pasture land 0.321123721 0.5 0.1605
Forest land 0.009816146 1.1 0.0108
Fisheries land 0.402799059 0.2 0.0805
Built-up land 2.31069629 2.8 6.4699
Total demand area 7.1228

Table 3. Supply of ecological biocapacity of the county

supply of per-capita ecological biocapacity
types s(illgfzpzirle? equilibrium factor yield factor ecologlcz(lilzir;gT% capacity
Crop land 0.671504 2.8 1.66 3.121149
Pasture land 0.064778 0.5 0.74 0.023968
Forest land 0.319343 1.1 0.91 0.319662
Fisheries land | 0.041913 0.2 1 0.008383
Built-up land 0.011693 2.8 1.66 0.054347
Total supply area 3.5275
Area of bio-diversity protection(12%) 0.4233
Total available area of ecological space 3.1042

4.1 Assessment of results

Judging from the demand and supply of per-capita ecological footprint, the non-harmonious character-
istic of total support and demand is obvious, and the ecological deficit exists seriously. In 2005 per-capita
ecological footprint of the area (7.1228 ha. cap—!) is 2.2945686 times of per-capita ecological supply (3.1042
ha.cap™!), so the ecological deficit has appeared. The result shows that the demand of productive land of
this county exceeds its supply capacity and the contradiction between the demand and the supply is serious.
Moreover, the result reveals that the present ecological situation is severe. From Tab. 4, we can find that the
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Table 4. Compare this county with other areas

types county province  west east  nation world
per-capita ecological footprint/(ha.cap~ ) | 7.1228 0.951 1.172  1.379  1.326 2.8
per-capita ecological supply/(ha.cap™1) 3.1042 0.385 0.718 0.513  0.681 2.0
per-capita ecological balance/(ha.cap™!) -2.29 -0.566  -0.454 -0.843 -0.645 -0.8

per-capita ecological footprint of the county is 5.371644 times of the globe and is higher than other areas; It is
416% more than the eastern area; It is 507% more than the western area; It is 649% more than the province.
The per-capita ecological deficit of the county is more serious than other areas above. Though the per-capita
ecological supply of the county is more than other areas above, the per-capita ecological footprint of the
county is also more than other areas above.

5 Ecological footprint forecast modelling

Because ecological footprint model is a static and instantaneous index, it assumes that population, and
technology, consumption level of materials do not change, the ecological footprint model only assess the
current situation. It is unable to reflect the population growth, technological progress and impact of social
economic development on ecological footprint, and lacks the prediction function of the future development
trend. The ecological footprint model has neglected such important factors as economy, society, technology,
consumers’ characteristic causing the ecological environment pressure. Therefore, to reflect the state of sus-
tainable development synthetically and strengthen the prediction function of the ecological footprint model,
we attempt to combine the index of ecological footprint with economic indicator GDP so as to offer the
economic plan, development strategy and environmental protection of nations and areas more scientific, com-
prehensive and truer reference basis.

5.1 Econometric model

Econometrics has already been widely applied in reality as the effective tool studying the development
trend of regional economy and analysing economic structure. Econometric model is a subject of expressing
the economic relation by means of mathematics, and it has the functions of structure analysis, economic
forecasting and analysis guidance to regional economy!?’~21. To anlyse the structure of this county cycle
economy system, demonstrate its development policy and predict its economic development trend, we use the
econometric model to analyse and predict GDP, population and per-capita GDP of this county according to
its historical materials and the current development situation. All statistical parameters are compiled in Tab.
5. The data come from the county’s Statistical Yearbook from 1995 to 2005. Except for the unit of x5 is
yuan/person and the unit of ¢ is person, the units of the remain are ten thousand yuan. The models based on
the econometric model are as follows:

(1) GDP: x1 = o + x3 + x4;

(2) Per capita GDP: x5 = ﬂ;
x

6
(3) population: xg = —6243670 + 3.709 X x5 + 3517.121 x time R?=0.903 F =16.079

5.2 Economy forecast for county system

A county area is a complex and huge system, and its development has the extremely complicated dynamic
characteristic. We construct economic models by econometrics to describe operation behavior of the economic
course, predict economic systems and evaluate policy. According to the economic models built, based on 20
billion yuan of accumulative total amount of the fixed assets of the county from 2006 to 2010, we make
the prediction to the economy and population in the county. See the predictions in Tab. 6 and the trends of
predictions from Fig. 2 to Fig. 4. We make the data of 2006 as initial data, initial time equals to 0 namely. And
we make year as time unit. In the tables, all prices are current.
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Table 5. parameters

X1 X2 X3 X4 X5 X6

Year GDP of GDP of GDP of Per .

GDP first industry | second industry | third industry | capita GDP population
1995 | 333872.0 85286.00 152311.8 96274.11 4099.00 814596.5
1996 | 401634.4 102441.0 174643.3 124550.1 5093.00 788660.0
1997 | 4445743 109589.0 186011.9 148973.4 5645.00 787614.0
1998 | 470455.3 109921.0 186015.8 174518.4 5942.00 791749.0
1999 | 505665.9 111722.0 198839.5 195104.4 6342.00 797357.0
2000 | 528173.3 106846.5 211933.3 209393.5 6401.00 825133.0
2001 | 574144.4 103453.9 232328.2 238362.3 6840.00 839400.0
2002 | 633763.2 110367.0 258887.9 264508.3 7708.00 822221.0
2003 | 727909.1 125831.0 296164.1 305914.1 8891.00 818676.0
2004 | 852602.0 151648.0 359290.0 341664.0 10261.00 830955.0
2005 | 992500.0 166400.0 441300.0 384800.0 11851.00 873200.0

Table 6. Economy predictions

GDP Per capita GDP population
Year enthousand yuan | yuan/person | ten thousand person
2006 1043490 11926.3 87.4946
2007 56849.3 13741.4 87.6696
2008 63671.2 15619.8 87.8450
2009 71311.7 17730.7 88.0207
2010 132569 21055 88.2583
aM 40,000
3M 32,500
2M // 25,000
1M 17,500
0 10,000
0 1 2 3 4 5 0 1 2 3 4 5
Time (Year) Time (Year)
GDP : Current ten thousand yuan Per capita GDP : Current yuan/person
Fig. 2. GDP Fig. 3. Per capita GDP
89 20
88.5 17
88 14
87.5 1
87 8
0 1 2 3 4 5 0 1 2 3 4 5
Time (Year) Time (Year)
population : Current ten thousand person Per capita ecological footprints : Current
Fig. 4. population Fig. 5. Per capita ecological footprint
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5.3 Forecast model of ecological footprint

Based on the analysis above, through collecting data of 34 nations and areas, we build three types of
forecast models of ecological footprint according to energy efficiency, GDP per unit of energy use namely,
which reflect the different relations between per-capita GDP and per-capita ecological footprint because of
different energy efficiency. The models are separately forecast model of ecological footprint of low energy
consumption, forecast model of ecological footprint of middle energy consumption and forecast model of
ecological footprint of high energy consumption. According to historical materials and empirical data, we
think energy efficiency between 0 and 15 as high energy consumption, between 15 and 25 as middle energy
consumption, more than 25 as low energy consumption. By using statistical data, we firstly build the relations
between per-capita GDP and per-capita ecological footprint, then analyse the current energy consumption of
the county, finally adopt the corresponding forecast model to predict and analyse the ecological footprint of
the county. All statistical parameters are compiled in Tab. 7. The data come from the International Statistical
Yearbook 199821 and the website (http:/rprogress.org/resource).

Table 7.
X Y zZ
. Per capita GDP Per capita ecological GDP per Unit
Nation footprint of Energy Use
. dollar per kg of
dollar/person ha/per capita coal equivalent

Egypt 790 1.5 1.1
Russia 2240 4.7 3.8
China 620 1.5 6.3
Czech 3870 4.1 7.2
Venezueal 3020 43 7.2
Jordan 1510 1.7 7.7
Poland 2790 4 7.8
India 340 1 8.7
South Africa 3160 3.1 10.5
Malaysia 3890 3.1 13.4
Pakistan 460 1 13.5
Turkey 1820 2.1 15.2
Nigeria 260 1 15.3
Canada 19380 7.4 17.5
Zndonesia 980 1.4 17.5
Mexico 3320 2.6 19.1
Thailand 2740 2 21.4
Philippine 1050 1.7 22.3
Korea 9700 3.8 23.5
Bangladesh 240 0.6 24.0
Australia 18720 10 24.1
America 26980 10.9 24.7
New Zealand 14340 8.2 25.8
Singapore 26730 6.2 30.5
Holland 24000 59 32.0
England 18700 4.9 34.6
Argentina 8030 35 36.5
Brazil 3640 3.8 40.0
Israel 15920 3.7 40.6
Spain 13580 4.1 42.8
France 24990 54 45.9
Italy 19020 4.4 46.3
Germany 27510 4.8 48.8
Japan 39640 4.7 77.9
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We get the models for per-capita ecological footprint as:

—3.612
(1) Per-capita ecological footprint of high energy consumption: ¥ = (;(OW
R?=0.854  F =52.718;
6_3‘453

(2) Per-capita ecological footprints of middle energy consumption: Y = 55
R?=0.951  F = 194.559; .
—0.371
(3) Per-capita ecological footprints of low energy consumption: ¥ = 3{53%94
R?=0.847  F =17.974

5.4 Per-capita ecological footprint forecast for county cycle economy system

According to the statistical data of the county, we get that GDP per unit of energy use is 4.219 dollar per
kg of coal equivalent in 2005. Because GDP per unit of energy use of this county is between 0 and 15, we
adopt the forecast model of ecological footprint of high energy consumption to predict per-capita ecological
footprint of this county. See the predictions in Tab. 8 and the trends of predictions from Fig. 5. We make the
data of 2006 as initial data, initial time equals to O namely. And we make year as time unit.

Table 8. Per-capita ecological footprint predictions

Per capita ecological footprint
Year ha/per capita
2006 8.20201
2007 8.941064
2008 9.66666
2009 10.44245
2010 11.59449

6 Analysis and policy

(1) According to the results and analysis above, if the county still adopt present production and con-
sumption pattern, industrial structure shape, the per-capita ecological footprint will increase from 7.1228 to
11.59449 when per-capita GDP grows from 11851 yuan of 2005 to 21022 yuan of 2010, its economy devel-
opment is at the cost of excessively depredating natural resources.

(2) The supply type of ecological space in the county is single, the total supply is very limited. Because of
the special characteristics of the county, the supply types of ecological space are mainly forest land and farm
land, but grass land and water area are seldom. With excess reclamation of farm land, serious soil erosion and
inferior land quality, the improvement of total supply has been limited.

(3) The industries of the county is mainly high energy consumption, and the population is relatively
small, so the index of per capita seems to be huge.

(4) People oriented, establish overall, coordinate, sustainable ecological development view. Change these
imbalances of areas, towns and economic society development to promote an coordinated development in
economic society.

(5) Improve ecological carrying capacity. The county should catch the favorable opportunity of the na-
tional policy of developing western regions, and strengthen the investment management of constructions of
ecological environment, strengthen comprehensive administration of soil erosion, improvement of artificial
pastures, ecological water infrastructure construction to improve production capacity of land. On the premise
of not reducing people’s living standard, the county should adopt the new and advanced technology to improve
the production output of per unit area of natural resources.

(6) Reduce ecological footprint. Change people’s production and life consumption patterns and establish
the social production and consumption system of resources economizing. Control population growth, reduce
the demand of ecological footprint, shorten the ecological deficit. The county lies in the industries stage of
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intensive resources, and resources are intensive and technologies are low, which gives rise to the demand
increase of natural resources. Therefore, it is urgent to accelerate the changing of assets and technologies.

(7) Solve the population of overloading of the ecosystem through many channels. Develop the third
industry actively; Organize the export of labour services to solve peasants’ excessive dependence on farm
land; Advance the urbanization process of the small and medium-sized cities actively to absorb more surplus
rural labor forces; In the area where the ecological condition worsens extremely, carry on the ecological
immigrant step by step according to the local financial resources.

7 Conclusions

In this paper, we have developed the evaluation and forecast models of ecological footprint to make
some studies of county cycle economy. Through following the tracks of consumption of energy and natural
resources of the county and studying whether the demand of bio-productive area exceeds the available supply,
we analyze the sustainability of the county cycle economy system. Because the index of ecological footprint
is static and unable to reflect the population growth, technological progress and impact of social economic
development on ecological footprint,we attempt to combine the index of ecological footprint with economic
indicator GDP to reflect the state of sustainable development synthetically and strengthen the prediction study
of the ecological footprint model. Through the analysis of the result, the course and the significance of cycle
economy are clear. It may help the government to establish the policies and offer the development strategy
related to cycle economy development much more effectively.

The forecast model of ecological footprint with Econometrics constructed in this paper is valuable for
solving some problems and measuring the sustainability state of the county in a certain. But except this
method, to evaluate the sustainability state scientifically and comprehensively, it is necessary to combine
the indexes of economy, society and environment with the index of ecological footprint. And more further
research still needs to be conducted.
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