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Abstract—Quantitative measures for sustainable development are 
important topics and frontier areas of sustainable development 
research. The core of this paper is to determine whether human 
beings live within the bearing capacity of ecosystems. This paper 
introduces the ecological footprint method, which is proposed by 
Wackernagel M and other sustainable development since 1996, 
and uses this method to calculate and analyze the ecological 
footprint of Guangdong Province in 2015. The results show that 
the per capita ecological footprint deficit of Guangdong Province 
in 2015 is 1.648 32 hm2. Reflecting the current production and 
living intensity of Hubei Province has exceeded the carrying 
capacity of ecosystems, and regional ecosystems are under the 
excessive exploitation and pressure of human beings. 
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I.  INTRODUCTION  

Ecological footprint is a way to measure the degree of 
sustainable development from an ecological point of view. At 
present, nearly 20 countries have used the ecological footprint 
to calculate the bearing capacity of various types. The WWF 
and the redefined development organization have also released 
the ecological footprint information of the world every two 
years since 2000. In China, the concept of ecological footprint 
was introduced in 1999, after which many scholars have 
systematically introduced and studied it. Based on the 
ecological footprint method and the human development index, 
this paper analyzes and evaluates the social sustainable 
development of Guangdong Province in 2015 

II. PRINCIPLE AND METHOD 

A. The Concept of Ecological Footprint 

The ecological footprint of a known population (individual, 
city or country) is the production of all the resources consumed 
by the corresponding population and the amount of bio-
productive land needed to absorb all the wastes produced by 
these populations. The calculation is based on two basic facts: 
(1) human beings can estimate the majority of their own 
consumption of resources, energy and the amount of waste 
generated by it; (2) these resources and waste streams can be 
converted into production and consumption of these resources 
and Bio-productive land area of waste streams. 

B. Bio-productive Land 

Biologically productive land refers to land or water with 
ecological production capacity. Biological production refers to 
the accumulation of substances and energy necessary for the 
absorption of life in the ecosystem from the external 
environment into new substances in order to achieve the 
accumulation of matter and energy. Biological production is 
the natural income of natural capital causes, because natural 
capital is always associated with a certain surface of the Earth, 
so the ecological footprint analysis of the concept of biological 
production land to represent the natural capital. In the 
calculation, all kinds of resources and energy consumption 
items are converted into bio-productive land area. 

C. Equilibrium Factor 

In the calculation of ecological footprint, six types of land 
resources are usually considered: fossil energy, arable land, 
forest land, grassland, construction land and ocean. The six 
kinds of biological production area weighted sum is the 
ecological footprint. However, since these six types of bio-
productive land have different ecological productivity, they are 
multiplied by an equilibrium factor in the process of weighted 
summation, and they are transformed into bio-productive areas 
with the average productivity of the global ecosystem and can 
be directly added The The equilibrium factor of a certain type 
of biological production area is equal to the average ecological 
productivity of the global bio-productive area of this type of 
global production area except for all the global bio-productive 
areas. The traditional algorithm used the equilibrium factor and 
weight: cultivated land, construction land is 2.8, forest, fossil 
energy land is 1.1, grassland is 0.5, ocean is 0.2. 

D. Ecological Footprint Model 

 The ecological footprint calculation formula is: 
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Where i is the type of consumer goods and inputs, EF 
is the total ecological footprint, N is the population, ef 
is the per capita ecological footprint, ri is the 
equilibrium factor, ci is the per capita consumption of 
the i-type commodity, pi is the i-class consumer goods 
World average production capacity. 
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 The formula for calculating the ecological carrying 
capacity is 
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Where j is the type of bio-productive land, EC is the 
total ecological carrying capacity of the region, N is the 
population, ec is the per capita ecological carrying 
capacity, aj is the per capita bio-productive land area, rj 
is the equilibrium factor, yj is the output factor. 

 Comparison of ecological footprint and ecological 
carrying capacity When EF> EC, "ecological deficit" is 
not conducive to sustainable development; when EF 
<EC, "ecological surplus" is conducive to sustainable 
development. 

E. Million Yuan GDP Ecological Footprint 

The total population (per capita) ecological footprint is 
divided by the total population (per capita) of gross domestic 
product (GDP), and the result is the ecological footprint of 
million GDP. The smaller the ecological footprint of GDP, 
indicating that the land production efficiency is higher. 

F. HDI Index 

The Human Development Index (HDI) is used to measure 
the average achievement of a country's three basic dimensions 
of human development: health and longevity (measured 
primarily at life expectancy), knowledge (up to 2/3 of adult 
Rate and the gross gross enrollment rate of 1/3 weight) and 
decent living (measured by per capita GDP in dollar purchasing 
power). The formula is: 

HDI = 1/3 (life expectancy index) +1/3 (education index) +1/3 
(GDP index) 

Among them, 

Index value = (actual value - minimum value) / (maximum 
value - minimum value) 

HDI index 3 index values are between 0 to 1, 0 that the 
lowest level of human development, 1 that the highest level of 
human development. 

III. CALCULATION OF ECOLOGICAL FOOTPRINT IN 

GUANGDONG PROVINCE 

The biological resources of consumption in Guangdong 
Province mainly come from the local production and output of 
some biological resources is also for the input of other 
resources to meet the local consumption, so the biological yield 
can be understood as the consumption of the consumption of 
biological resources, because the consumption of biological 
resources is due to: (1) Volume; (2) due to different statistical 
caliber, and some biological resources, lack of data, it is 

difficult to deal with the data, so the use of production data 
instead. The production area of biological resources is 
calculated using the world average yield data on biological 
resources calculated by the FAO in 1993 (using this common 
standard is to make the calculation results comparable between 
countries, regions and regions). Because only the amount of 
import and export, no import and export schedules, trade 
adjustment part can not be calculated, so the calculation mainly 
by the consumption of biological resources and energy 
consumption in two parts. 

A. Biological Footprint Calculation  

The calculation method is: 

EFi=Pi/Yaverage

Where EFi is the consumption footprint of i resources; Pi is 
the total output of i resources; Yaverage is the average yield of i 
resources in the world. The ecological footprint of Guangdong 
Province is shown in Table 1. 

TABLE I.  THE ECOLOGICAL FOOTPRINT OF THE BIOTIC RESOURCE 
IN GUANGDONG PROVINCE 

 

B. Results Summary 

The footprints of various biological resources and energy 
consumption constitute the ecological footprint of Guangdong 
Province in 2015 (see Table 2). When calculating the supply, 
due to the different resource conditions or biological 
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productivity in different countries and regions, it is necessary to 
multiply the output factor when converting into the area of 
biological production. According to the data, the output factors 
are cultivated land, construction land 1.66, forest 0.91, 
grassland 0.19, water area 1.0. In addition, the proposal to 
report "our common future" by WCED should deduct 12% of 
the biodiversity conservation area in ecological capacity. 

TABLE II.  THE ECOLOGICAL FOOTPRINT’S SUMMARY OF HUBEI 
PROVINCE 

 

IV. RESULT ANALYSIS 

From the above calculation, it can be seen that the per 
capita ecological footprint of Guangdong Province in 2015 is 
1.840 73 hm2, which can be found in comparison with other 
regions of the world (based on the statistical year inconsistency, 
only qualitative comparison here), the ecological footprint of 
Guangdong Province is higher than the average level of our 
country, But below the global average 2.20 hm2 global 
ecological benchmark, in the global sustainable and local 
unsustainable level. In addition, the ecological footprint of 
Guangdong Province is much lower than that of economically 
developed countries and regions, indicating that the ecological 
footprint of developed countries or regions is generally higher 
than that of less developed countries or regions. 

The ecological deficit of all kinds of land can be found: (1) 
The ecological deficit of grassland is the largest, reaching 
0.504 10 hm2, which indicates the shortage and degradation 
trend of grassland resources. This is due to the improvement of 
people's living standards, food consumption structure also 
changes, a substantial increase in meat consumption led to the 
rapid increase in demand for grassland. The ecological deficit 
in the waters is also mainly due to the increase in consumption 
of aquatic products. (2) the ecological deficit in the second 
place is the fossil fuel land, which Guangdong Province, some 
high energy consumption of industrial units and residents living, 
heating a lot of consumption of coal, coke, crude oil and other 
closely related, reflecting the Guangdong Province in recent 
years The rapid development of industrial production. (3) 
Although the ecological footprint of cultivated land is the 
largest, but its ecological deficit is only 0.104 60 hm2, this is 
because the supply of arable land resources is relatively rich, to 

a certain extent, to meet the consumer demand. It is noteworthy 
that the shortage of arable land in Guangdong Province, if not 
timely control, will lead to exacerbation of deforestation and 
other exacerbations, and other land resources have been 
destroyed. (4) land types without ecological deficits are forest 
land and construction land, which will be conducive to the 
protection of forests and construction land development, the 
future of Guangdong Province, economic development in the 
forestry and real estate industry in these two areas to tap the 
potential. 

Guangdong Province, the ecological deficit of 2015 1.648 
32hm2, indicating that the ecological footprint of the 
contradiction between supply and demand is quite prominent, 
the economic development is based on the excessive 
development of resources on the basis of human economic 
activities on the local ecological environment, the intensity of 
intensity is higher than its ecological Bearing capacity. In view 
of the ecological footprint calculation is the use of enumeration, 
each additional assessment project is likely to increase the size 
of the ecological footprint, this article on the consumption of 
biological resources in Guangdong Province enumeration is not 
complete, so the above results is a more optimistic estimate, 
Guangdong Provincial ecological footprint deficit is certainly 
greater than 1.648 32 hm2. Therefore, it can be considered that 
the development model of Guangdong Province is in an 
unsustainable state. 
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activities on the local ecological environment, the intensity of 
intensity is higher than its ecological Bearing capacity. In view 
of the ecological footprint calculation is the use of enumeration, 
each additional assessment project is likely to increase the size 
of the ecological footprint, this article on the consumption of 
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the development model of Guangdong Province is in an 
unsustainable state. 
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