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1 Introduction
The sustainable development of the region must take the sustainable development of the 
ecological environment as the premise and guarantee, at present, the entire ecological 
sustainable development of industry is undergoing a “green communications” reform 
whirlwind with energy conservation, consumption reduction and emission reduction as 
the main directions. This is undoubtedly a great issue for the sustainable development of 
the green communications industry and the entire society [1]. The ecological environ-
ment not only is the carrying space of the social and economic activities in the region, 
but also provides the natural material foundation and the space for the waste disposal 
for the regional development. Therefore, as a decisive factor in regional development, 
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the sustainable development of the region requires comprehensive consideration of the 
regeneration and substitution capacity of regional resources, the recycling and purifica-
tion capacity of life support systems and the protection of biodiversity. The ecological 
footprint model, which has been developing rapidly in recent years, not only can meet 
the above requirements, but also can be calculated intuitively and has regional compara-
bility [2, 3]. Therefore, the relevant international machines have been quickly obtained. 
The recognition of government departments and research institutions has become an 
important method in international sustainable development measurement [4, 5].

The specific contributions of this paper include:

1 This paper proposes to use ecological footprint to conduct a back analysis of the eco-
logical environment and resource consumption.

2 Quantitatively convert the material consumption generated by human activities into 
the area of biological production land and compare it with the supply area of the 
study area.

3 On the timescale, the study of ecological footprint time series has been added to 
reveal the internal interaction mechanism between regional ecological footprint 
characteristics and regional development and evolution.

4 The ecological footprint analysis method is used to reflect the changes of regional 
sustainable development indicators, and the regional sustainable development indi-
cator system and analysis framework based on the ecosystem are constructed.

The rest of this paper is organized as follows. Section 2 discusses the ecological foot-
print, followed by the method discussed in Sect.  3. The experiment is discussed in 
Sect. 4. Section 5 concludes the paper with summary and future research directions.

2  Ecological footprint
Ecological footprint refers to the total area of land and water that can continuously pro-
vide certain people with all the resources they consume and absorb all the wastes they 
produce [6, 7]. EF’s calculations are based on the following two facts: Humans are able to 
estimate most of the resources they consume, energy and the amount of waste they pro-
duce; these resources and wastes can be converted into ecologically productive areas for 
the production and consumption of these resources and wastes [8, 9]. The main consid-
erations are as follows: fossil energy land, cultivated land, woodland, pasture land, con-
struction land and water area which are weighted to sum up the six kinds of biological 
production areas with different ecological productivity [10, 11].

EF accounting formula:

in which i is the type of consumption commodity and input; EF is the total ecological 
footprint; N is the population number; ef is the per capita ecological footprint; it is the 
average balance factor; it is the per capita consumption of class I commodity; and it is 
the world average living ability of class I consumer goods [12, 13].

(1)EF = Nef =

n
∑

i=1

(rici/pi)
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2.1  The basic thought and hypothetical premise of ecological footprint research

Ecological footprint refers to the biological productive land area (hereafter referred 
to as land area) needed to maintain resource consumption and absorb waste under 
given population and economic conditions [14, 15]. The basic idea is to convert the 
“interest” (ecological footprint) of the natural assets needed by human consump-
tion and the “interest” (ecological carrying capacity) generated by the natural assets 
into the land area which can be compared with each other. The comparison between 
the two is used to judge the overutilization of natural assets by human beings [16, 
17]. To this end, there are six assumptions: (1) the annual consumption of available 
resources and the amount of waste generated; (2) the consumption and waste of most 
of the resources The material flow can be converted into land area; (3) various differ-
ent types of land area can be given a certain weight and converted into a standard-
ized global hectare unit (with the world average productive capacity); (4) all types of 
land use are exclusive, so the total demand can be obtained by adding up the area of 
resource utilization and waste absorption; (5) the total interest occupied by human 
activities can be compared directly with the interest provided by itself; and (6) aggre-
gate demand may exceed total supply [18, 19].

2.2  Calculation method of ecological footprint

The ecological footprint calculation process is shown in Fig. 1.
It can be seen from Fig. 1 that the calculation method of ecological footprint can 

be divided into two parts: (1) converting human consumption and waste emissions 
into corresponding land area and (2) comparing ecological footprint and ecological 
carrying capacity with common standards. The first part is mainly through the estab-
lishment of the consumption-land conversion matrix [20, 21]. It is relatively simple 
to convert the consumption of biological resources into the corresponding land area; 
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only the embedding of the corresponding land area should be considered, that is, how 
much land area is needed for a given consumption quantity to produce and supply 
[22].

2.3  The key points in the calculation of ecological footprint

Land disposal of fossil energy: Usually, the exploitation and utilization of fossil energy 
means the depletion of stocks and the generation of waste gas. Therefore, in view of the 
development and utilization of fossil energy, the fossil energy land can be treated from 
the point of view of flow evaluation and the land area needed to provide the energy con-
suming substitute and absorb the waste gas [23]. Because the natural system has the 
obvious absorption ability to  CO2 and the data are more abundant, this mainly deals 
with the waste gas of  CO2. At present, it is mainly used to estimate the land area needed 
to absorb the new  CO2 to calculate the demand for fossil energy land. The absorptive 
capacity of forests is calculated by calculating the average absorptive capacity of 26 dif-
ferent biota. The detailed calculation process is shown in Tables 1 and 2.

3  Method
Ecological footprint model, as a method of accounting for natural resources from an 
ecological point of view, has experienced the development of one-dimensional model.

3.1  Calculation method of ecological footprint model

The formula for calculating the ecological footprint of the project is as follows:

in which  EFc (C = consumption) is the ecological footprint of the consumption 
invested in the construction, operation and maintenance phase of the project.  EFw 
(W = waste) is the ecological footprint of the waste produced during the construction of 
the project.

(2)EF = EFC + EFW

Table 1 Carbon uptake per unit area

Global forest area 
 (Km2)

Aboveground dry 
matter weight (t/
Km2/a)

Underground dry 
matter weight (t/
Km2/a)

Total dry matter 
weight (t/Km2/a)

Total carbon 
absorption (tC/
km2/a)

5120.227 × 106 11,612 × 106 2.27 2.84 1.42

Table 2 Global average energy footprint

Carbon emission factor Global average 
energy footprint (Cj/
Km2/a)

Coal 26 55

Oil 30 71

Gas 15.3 93
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in which N is the population of the project, ef is the ecological footprint per capita, rj 
is the equilibrium factor (j = 1, 2 … 6) to indicate the land type and abi is the per capita 
bioproductive land area of the class I consumption project. ci is per capita consump-
tion for category i projects, and pi says average global production capacity for category i 
projects.

With the construction of the project going on, there will be some waste. Every  1m2 
construction project in our country will produce about 60 kg waste. However, due to the 
lack of strict supervision and management of the treatment of Lakzaka in our country, 
construction waste is usually disposed of by direct stacking or landfill. The construction 
waste of each 1000 kg will occupy the land of 0.067m2, so the calculation formula of the 
ecological footprint of construction waste is as follows:

The calculation formula of ecological carrying capacity of the project is as follows:

in which ec is the per capita ecological carrying capacity, ej is the equilibrium factor, yj 
is the yield factor and bi is the per capita biological productive land area.

According to the proposal of the (WCED) of the World Commission on Environment 
and Development, 12% of the area of bioproductive land should be set aside for biodi-
versity conservation, and the actual ecological capacity of the project should be multi-
plied by a coefficient of 0.88. Namely,

Calculation of ecological surplus:
The concept of surplus (ecological deficit) is defined as follows:

If ES > 0, there is ecological surplus, and the ecological carrying capacity of the project 
is higher than that of the sustainable improvement of the project. If EF < 0, there will be 
ecological deficit, the ecological carrying capacity of the project is not as good as the 
ecological footprint, the sustainability of the project is poor, and the project is in a criti-
cal state between sustainability and unsustainability, such as ES = 0.

3.2  Three‑dimensional ecological footprint model

On the basis of two-dimensional model, Niccolucci has introduced two new indexes, 
footprint depth and footprint breadth, to describe the ecological footprint by the vol-
ume of the cylinder, so as to explain the human occupation of the natural resource 
flow and the natural resource stock. The plane analysis of the two-dimensional model 

(3)EFC = N · ef = N · rj ·

n
∑

i

(abi) = N · rj ·

n
∑

i

[

ci

pi

]

(4)EFW = SBA × 60× 0.067× 10−3.

(5)EC = N · ec = N · ej · yj ·

n
∑

i=1

bi

(6)
EC = 0.88N · ec.

(7)
ES = EC− EF.
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is extended to the stereoscopic analysis of the three-dimensional model, and the lon-
gitudinal expansion of the ecological footprint research is realized. Compared with 
the two-dimensional model, the concept of natural resource stock is introduced in the 
three-dimensional model. The stock of natural resources is relative to the flow of nat-
ural resources; when the flow of natural resources cannot meet human consumption, 
additional consumption comes from the stock of natural resources. The evolution of 
the ecological footprint model from two to three dimensions is shown in Fig. 2.

There are the following relationships in the 3D model:

in which EF is the ecological footprint; BC is the area of ecologically productive 
land that can be provided by region; and ED is the ecological deficit.

In a three-dimensional model, there are the following relationships:

In the three-dimensional model, when the ecological footprint is smaller than the 
ecological carrying capacity, the footprint breadth is used to characterize the extent 
of human activity occupying the natural resource flow. It can be concluded that foot-
print depth is an indicator of regional ecological pressure on a timescale.

3.3  Research progress in ecological footprint model

According to 175 related research papers which have been retrieved at present, the 
research on ecological footprint in China is mainly focused on three aspects, that is, 
model review, scale footprint research and specific industry/sector footprint analysis. 
The comparison of the content and quantity of China’s ecological footprint research is 
shown in Fig. 3.

(8)EF = BC+ ED

(9)

0 ≺ EFSize ≤ BC

EF = EFSize × EFDepth

EFDepth = 1+
EF− BC

BC
.

Fig. 2 Evolution of ecological footprint model from two to three dimensions



Page 7 of 14Chen et al. J Wireless Com Network        (2020) 2020:258  

4  Experiment
Spatial and temporal analysis of ecological footprint and ecological carrying capacity 
of water resources in China was performed.

China has a vast territory and is affected by many climatic types, and there is a seri-
ous phenomenon of uneven distribution of water resources in time and space. In recent 
years, water pollution is becoming more and more serious. Under the influence of mon-
soon climate, the total amount of water resources is abundant in most areas of China, 
but there is a serious imbalance in spatial distribution, which decreases from the south-
east coast to the northwest inland. The difference in time distribution is also large; most 
areas have less spring and winter rain and more summer and autumn rain. The spatial 
and temporal differences of ecological footprint and ecological carrying capacity of 
water resources in China from 1997 to 2010 were studied in order to improve the plan-
ning and management of water resources in China. For a certain reference basis, pro-
mote the sustainable development of China’s social and economic environment.

4.1  Ecological footprint model of water resources

It is divided into three major users: domestic water, production water and ecologi-
cal and environmental water supply (including only urban environmental water sup-
plied by artificial measures and some rivers and lakes, wetland water). The calculation 
model is as follows:

in which  EFw, N,  Efw, γw, Pw, W and Wcap are the total ecological footprint of 
water resources  (hm2), the number of population, the ecological footprint of water 

(10)
EFW = N × efw = γw ×W /Pw

efw = γw ×Wcap/PW
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resources per person  (hm2/person), the global equilibrium factor of water resources, 
the global average production energy of water resources  (m3/hm2), total water con-
sumption  (100m3) and per capita water consumption  (m3), respectively [15].

The ecological carrying capacity of water resources refers to the ability of the highest 
value of water supply to maintain the normal operation of economic system and eco-
system in a certain period of time and in a certain region. It also has natural attributes, 
social attributes and spatial attributes.

As 60% of the water carrying capacity of a region and a country is used to maintain 
the ecological environment, the water carrying capacity must be multiplied by a factor 
of 0.4; ECw, ecw, γw, ψ, Q, Pw and N are water resource carrying capacity  (hm2), per 
capita water resource carrying capacity  (hm2/person), global equilibrium factor of water 
resources, output factor of regional water resource source, total water resource amount 
 (m3), global average water production capacity  (m3/hm2) and population, respectively.

The correlation coefficient is a statistical analysis indicator of the degree of correlation 
between variables, and its formula is as follows:

in which RER,  ECw and RF are the correlation coefficient between the ecological car-
rying capacity of water resources and precipitation, the ecological carrying capacity of 
water resources  (hm2), the mean value of ecological carrying capacity of water resources 
 (hm2) and the value of precipitation (mm), in each year, and mean precipitation per year 
(mm).

RMB 413,000 GDP Water Resources Ecological footprint.
This indicator can be used to measure the utilization of water resources, with the fol-

lowing formulas:

When the results of  ECw–EFw are greater than, equal to, less than 00:00, the water 
resources show ecological surplus, ecological balance and ecological deficit, respectively.

4.2  Results

The ecological footprint and ecological carrying capacity of water resources in China are 
calculated. The results are shown in Fig. 4. It can be seen from the figure that the annual 
variation of the ecological carrying capacity of water resources in China is great, and the 
maximum value of the ecological carrying capacity of water resources appears in 1998, 
reaching 21.1. A minimum of 100 million  hm2; was seen in 2004 and 2009, with only 
1.5 billion  hm2, down 28.5%. By calculation, the ecological carrying capacity of water 
resources has a great correlation with precipitation, and the correlation coefficient is 
0.5%. During the analysis period, China’s water resources showed a certain ecological 
surplus in Fig. 4, and there was also a certain amount of growth. State space is available 
for use. The ecological footprint of GDP water resources in China has declined (Fig. 6), 

(11)ECw = N × ecw = 0.4 × ψ × γw × Q/Pw.

(12)rER =

∑

(ECW − ECW)(RF− RF)
√

∑

(ECW − EC)2
√

∑

(RF− RF)2

Water resources ecological surplus (deficit) = ECW − EFW.
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from 1.5% in 1997, an annual decrease of 11.1%. The utilization rate of water resources in 
China is increasing year by year.

The water resource utilization of a region or a country can be judged by comparing the 
relationship between the ecological carrying capacity of water resources per capita and 
the ecological footprint  (hm2) in Fig. 5. The ecological footprint of water resources per 
capita in China from 1997 to 2010 was maintained at 0.0.68– 0.76 hm2/person, which 
showed the trend of first decreasing and then rising, the highest value appeared in 1997, 
and the lowest value appeared in 2003. The relative change of ecological carrying capac-
ity of water resources per capita is relatively large, which is closely related to the amount 
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of precipitation in the current year. The highest value appeared in 1998, reaching 1.5%. 
69  hm2/person. It was mainly affected by three heavy precipitation processes in the 
Yangtze River basin in that year, and the lowest value appeared in 2009, which was only 
1.5%. The change trend of ecological surplus of per capita water resources is close to the 
trend of ecological carrying capacity, and the highest value appears in 1998, reaching 
0.5%. 97 hm2/person, the lowest in 2009, was just 0.5%. 39 hm2/person, still have ecolog-
ical surplus, can further develop and utilize. The per capita ecological surplus of water 
resources has generally shown a downward trend, indicating that China’s water demand 
is increasing, while climate change leads to changes in precipitation and water pollution. 
Changes in vegetation have also reduced the amount of water available in China.

In the ecological footprint account of water resources in China from 2003 to 2010, 
the agricultural water consumption was the largest, and the ecological footprint was 
maintained at 0.0.44  hm2/person and 0. The per capita ecological footprint of water 
resources fluctuated greatly between 46 hm2/person, which was the largest in 2006 and 
2009, which was 0.5%. 46 hm2/person, the smallest in 2003, was just 0.5%. 44 hm2/per-
son, accounting for an average of 62.2% of the total water account. Industrial water and 
domestic water accounted for 23.3%, respectively, 175% and 12.5%. The ecological foot-
print of industrial water use is maintained at 0.15 hm2/person and 0. Between 18 hm2/
person, domestic water is maintained at 0.5%. 081 hm2/person and 0.094 hm2/person, 
showing a slow upward trend, ecological and environmental water supply only 1.5%. The 
range of changes over the years is 0.1%. 01  hm2/person to 0.015  hm2/person. In gen-
eral, the ecological footprint of water resources of each production account is increasing 
(Fig. 6), and the water demand of each account is increasing (Fig. 7).

The ecological footprint of ten thousand yuan GDP water resources can reflect 
the utilization rate of water resources. It can be seen from Fig.  8 that GDP water 
resources of ten thousand yuan are the lowest in Beijing and Tianjin, and the water 
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resources have been fully utilized. Xinjiang is the highest, mainly because of the eco-
nomic structure and other factors; one of the characteristics of water use in Xinjiang 
is that the proportion of agricultural water use is too high, accounting for 95% of the 
total water consumption. Tibet took the second place, which was mainly related to 
industrial structure, water-saving level and water resources.
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5  Discussion
At present, domestic ecological footprint research has made gratifying progress, but 
there is still a big gap compared with outside countries. According to the study of 
domestic ecological footprint, compared with the frontier research fields and trends of 
ecological footprint abroad, the research on domestic ecological footprint and sustain-
able development in the future should be strengthened in the following four aspects. The 
main contents are as follows:

1 On the timescale, the study on the time series of ecological footprint is increased 
to reveal the internal interaction mechanism between the characteristics of regional 
ecological footprint and the evolution of regional development, as well as the cor-
responding coupling relationship between the change of regional ecological footprint 
and the regional sustainable development.

2 On the spatial scale, we should increase the comparative study of the ecological foot-
print in the east, middle and west regions of China, large, medium, small cities, cities 
and villages and analyze the structural hierarchy of the ecological footprint.The dif-
ferences of validity rate, temporal dynamics, spatial superposition and spatial diffu-
sion reveal the relationship between regional development and interregional, inter-
continental and even global, and discuss the spatial segmentation scale and degree 
of regional ecological footprint spillover and transfer. The "mark value" of ecologi-
cal footprint under the ecological ethics equity of regional development can better 
reveal the inner nature of regional development and regional and even global sus-
tainable development relationship.

3 On the one hand, we should strengthen ecological footprint and ecological compen-
sation, ecological footprint and ecological security, ecological footprint and envi-
ronmental ethics, the time series of ecological footprint, the different spatial scale 
comparison of ecological footprint, the ecological footprint of waste materials, the 
limiting factors of regional development capacity, the ecological footprint of circu-
lar economy and so on; on the other hand, we should strengthen the relationship 
between different consumption patterns, consumption level, ecological footprint 
in the context of consumption culture and regional sustainable development, and 
international trade. The inter-regional migration of ecological footprint is caused by 
domestic trade and the inter-regional diffusion of ecological responsibility, energy, 
transportation, aquaculture and industry. The research on ecological footprint of 
specific industries and departments, such as agriculture and tourism, will expand the 
research field of ecological footprint.

4 On the one hand, the improvement of ecological footprint calculation method should 
be strengthened, such as regional hectare, yield factor, equilibrium factor, land type, 
trade adjustment, energy consumption and waste absorption. On the other hand, 
the ecological footprint analysis method should be combined with other indicators 
that can reflect the sustainable development of the region in terms of social economy 
and economy, and the index system and the analysis frame of the regional sustain-
able development based on the ecological footprint should be established. Vigor-
ously developing HANPP (human appropriation of net primary production) analysis 
strengthen the ecological footprint based on PIOTs (physical input_ output Tables) 
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rather than MIOTs (monetary input_output Tables), ecological burden research, 
promote regional and global sustainable development.

Abbreviation
EFA: Exploratory factor analysis.
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