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The analysis of ecological carrying capacity (EC) is important for understanding environmental changes and
formulating relevant development policies. Based on EC, this study calculated and analyzed the changes of
ecological footprint (EF) and EC of the forest scenic spots in Hunan Province, China from 2014 to 2018 using the
ecological footprint (EF) method. The calculation results showed that the tourism industry in Hunan Province
developed rapidly with the number of tourists and tourism income increased rapidly too. The EF and EC also
increased year by year, but ecological footprint per capita (ef) and ecological carrying capacity per capita (ec)
decreased at the same time. In addition, EF had a rapid growth rate, and it was always higher than EC, which made
the scenic spots always in a state of ecological deficit, and the situation deteriorated year by year. According to
the analysis results, it was found that the forest scenic spots in Hunan Province were in the state of unsustainable
development, which required the rational development and management.
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Introduction

which has been widely concerned by researchers.
Peng, et al. took Dali Bai Autonomous Prefecture
of Yunnan Province, China as the research subject
and studied the construction of its mountainous
cities [1]. Through the analysis of EC, it was found
that Yunlong County had rich water and soil
resources, and the ecological environment was
well protected with the highest EC value.
According to different EC values, regions were
divided to achieve the sustainable development
of the mountainous areas. Wang, et al. analyzed
the EC values of the Yangtze River urban
agglomeration and found that Nanjing,
Yangzhou, Taizhou, and Changzhou cities were in
the high load stage, while Suzhou, Wuxi,
Nantong, and Zhenjiang cities were in the low

With the development of society and economy
and the continuous improvement of productivity,
more and more problems such as environmental
damage and resource exhaustion have appeared
in the natural ecosystem. To avoid the
deterioration of the environment, the scientific
and reasonable use of the environment and the
sustainable development of environment can be
realized only when the use of the environment
has been controlled within its bearing capacity.
The analysis of ecological carrying capacity (EC)
relationship is of great significance for
understanding the regional environment and
formulating future development strategies,
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load stage [2]. It was necessary to coordinate the
social, economic, and ecological development of
cities according to the actual situation.
Kusumoarto, et al. calculated the ECs of several
tourist areas in the Halimun Salak National Park,
West Java, Indonesia and found that all areas had
great development potential and the current
number of tourists in these areas had not
exceeded their carrying capacity [3]. Li et al.
calculated the water EC of Heilongjiang Province,
China, analyzed the changes of EC in different
cities from 2000 to 2011, and found that there
was a serious ecological deficit in Nenjiang River
Basin and Suifen River Basin [4]. Forest has
functions of wind prevention, sand fixation,
water and soil conservation, etc. As a scenic spot
constructed with forest as the main body, forest
tourism scenic spot can provide people with
superior ecological environment and leisure
space, which is widely loved by people. Forest
scenic spots have high requirements for forest
ecological environment, but with the rapid
development of tourism industry, many scenic
spots are facing some problems, such as the
superior ecological environment has not been
converted into a competitive advantage, or the
fragile ecological environment has been
damaged by human activities. The main research
subject of this study is the forest scenic spots in
Hunan Province, China located in latitude 24° 38′
~ 30° 08′ north, longitude 108° 47′ ~ 114° 15′ east.
Hunan Province is in the transition zone from the
Yunnan-Guizhou Plateau to the hills of Jiangnan
and the Nanling Mountains to the Jianghan Plain.
The topography of Hunan Province is a
horseshoe-shaped landscape surrounded by
mountains on three sides and opening towards
the north, straddling the Yangtze and Pearl River
systems with a subtropical monsoon climate.
Hunan Province is rich in forest resources with a
forest coverage rate of 59.96%, and its ecological
service function value is ¥1.01 trillion (Chinese
Yuan). The subtropical evergreen broad-leaved
forest eco-region of the Wuling Xuefeng
Mountains and the Nanling Luoxiao Mountains
spans five latitudes from 20 to 30 degrees north
latitude and is known as the most valuable ecoregion in the world in the same latitude zone.

Tourism resources are also very rich in Hunan
Province with two World Natural Heritage sites,
Zhangjiajie and Lang Mountain. There are many
scenic spots built on forests, such as Dongtai
Mountain National Forest Park, Huayanxi
National Forest Park, Zhangjiajie National Forest
Park, and Tianmen Mountain National Forest
Park. In 2018, the total tourism revenue of the
province was ¥835.57 billion showing an increase
of 16.5%, while the domestic tourism revenue
was ¥825.51 billion showing an increase of
16.5%, and the international tourism revenue
was $1.52 billion (USD) showing an increase of
17.4%. This study analyzed the relationship
between the current EC and scenic development
with ecological footprint (EF) approach to
provide theoretical support for the subsequent
development strategy and scenic spot
management.

Materials and methods
Data source
This study mainly analyzed the EC changes of
forest scenic spots in Hunan Province, China from
2014 to 2018. The data needed for calculation
were retrieved from Hunan Statistical Yearbook
(2014-2018) [5], China Forestry Statistical
Yearbook [6], relevant data provided by scenic
spots, and some data obtained through
consultation with scenic spot management
personnel.
Ecological carrying capacity (EC) analysis
The methods for analyzing EC are as follows.
(1) Logistic method:
Through logistic model, the EC can be expressed
by the number of populations that can be carried,
which can only be used for static and short-term
analysis.
(2) Net primary productivity (NPP) of natural
vegetation:
The EC is expressed by the production capacity of
plant community, i.e., the recovery capacity of
ecosystem [7].
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(3) Index system method:
The EC is analyzed through the pressure state
response (P-S-R) model [8] and its derivative
model.

area, rj stands for equilibrium factor, and yj
stands for yield factor.
The equilibrium factor adopted the calculation
result, and the yield factor referred to the value
as shown in Table 1 [12-13].

(4) System model method:
It includes system dynamics model (SD) [9] and
statistical model.

Table 1. Values of EFA parameters.

Land type

(5) EF method:
It is simple and practical and can reflect the
relationship between bearing capacity and
pressure through the comparison of supply and
demand [10]. It is the most commonly used
method in the analysis of EC. Therefore, this
method is also adopted in this study.

Cultivated land
Woodland
Grassland
Building land
Fossil energy land
Water area

Ecological footprint analysis (EFA)
EF refers to ecologically productive areas that can
provide resources that the productive
populations need and absorb wastes [11]. The
relationship between EF and EC is as follows: (1)
If EF < EC, it indicates the region is in a state of
ecological surplus (ER), and its development is
sustainable; (2) if EF > EC, it indicates that the
region is in a state of ecological deficit (ED), and
its development is unsustainable.

Yield
factor
1.63
1.4
8.37
1.63
1.4
1.46

Results
The changes of tourism in Hunan Province from
2014 to 2018 were shown in Table 2. The tourism
industry in Hunan Province was in a state of rapid
growth from 2014 to 2018. Comparing to 2014,
the numbers of domestic and inbound tourists in
2018 increased by 82.93% and 66.33%,
respectively, while the total tourism income
increased by 173.89%. The rapid growth of
tourism population has brought huge economic
income to the tourism industry of Hunan
Province, but also increased the burden of
ecological environment.

The general calculation formula of EF can be
expressed as:
EF = N × ef = N × Σr j ×

Equilibrium
factor
2.8
1.1
0.5
2.8
1.1
0.2

ci
pi

where N stands for number of people, ef stands
for per capita EF, rj stands for equilibrium factor,
i stands for type of consumables, j stands for type
of ecological productive land, Ci stands for per
capita consumption of the i-th commodity, and pi
stands for the world average productivity of the
i-th commodity.

The changes of EF and EC in forest tourist
attractions were shown in Figure 1 and 2. Figure
1 showed that the EF value of the scenic spot
increased year by year from 0.75 in 2014 to 0.91
in 2018 with an increase of 21.33%, while the
ecological footprint per capita (ef) value
decreased year by year from 0.051 to 0.027 with
a decrease of 47.06%. Figure 2 demonstrated
that the EC value of the scenic spot gradually
increased from 0.278 in 2014 to 0.289 in 2018
with an increase of 3.96%, while the ecological
carrying capacity per capita (ec) value gradually
decreased from 0.018 to 0.009 with a decrease of
50%. With the development and utilization of
scenic spots, the values of both EF and EC

The general calculation formula of EC can be
expressed as:
EC = N × ec = N × ΣA j × r j × y j ,

where N stands for number of people, ec stands
for per capita EC, Aj stands for per capita land
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Table 2. Tourism from 2014 to 2018.

2014
Number of domestic tourists (100 million person-times)
Number of inbound tourists (10,000 person-times)

2015

2016

2017

2018

4.1

4.7

5.6

6.7

7.5

219.5

226.1

240.8

322.7

365.1

Total tourism income (¥100 million) (Chinese Yuan)

3,050.7 3,172.9 4,707.4 7,172.6 8,355.7

Domestic tourism revenue (¥100 million) (Chinese Yuan)

3,001.5 3,660.0 4,640.7 7,085.2 8,255.1
8.0

International tourism revenue ($100 million) (USD)

Figure 1. Calculation results of EF.

Figure 2. Calculation results of EC.
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increased. However, due to the rapid growth of
the number of tourists, ef and ec values both
declined rapidly. The growth rate of EF value was
significantly higher than that of EC value. The
increase amplitude of EC value in five years was
relatively small, i.e., in an unsustainable state.

Hunan Province, China were analyzed using EFA
method. According to the calculation results, it
was found that the tourism industry in Hunan
Province developed rapidly from 2014 to 2018.
The tourism revenue increased rapidly. However,
the EF and EC values increased year by year while
ef and ec values decreased at the same time. The
EC value was always smaller than the EF value,
i.e., in a state of ED, which suggested that forest
tourism scenic spots in Hunan Province were in
the state of unsustainable development. In order
to achieve better development of scenic spots,
the following suggestions are put forward.

By comparing the values of EF and EC during 2014
to 2018 period, it was found that studied areas
were in a state of ecological deficit, and the
results were shown in Table 3. The EC value of
forest tourist attractions in Hunan Province was
always smaller than the EF value. The ecological
deficit (ED) value increased year by year with the
ED value in 2018 was 31.57% higher than that in
2014. Based on the above results, it was found
that the development, utilization, and protection
of forest tourist attractions gradually improved
with the increase of the number of tourists and
the increase of tourism income, but generally
speaking, it was still in the ED state, indicating
that the forest tourist attractions still could not
meet the market demand and failed to achieve
sustainable development although there was
some development.

(1) Scientific and rational development: The
development and planning of scenic spots should
take the ecosystem as the first, put functions of
forest such as air purification and water source
with pressure roots in the first place, follow the
natural laws, fully understand the characteristics
of urban climate, topography, etc., reduce the
disturbance to the natural environment, carry
out the protective development of fragile
resources, protect the animal and plant
resources in scenic spots, strengthen the
monitoring of various resources, master the
dynamics of resources, and ensure the balance of
ecosystem. Moreover, in order to meet tourists’
needs, the planning and construction of trees
should be emphasized to create a beautiful
tourist space and provide convenient tourist
routes.

Table 3. Changes of ecological deficit.

Time
2014
2015
2016
2017
2018

EF
0.75
0.78
0.83
0.86
0.91

EC
0.278
0.281
0.285
0.286
0.289

ED
0.472
0.499
0.545
0.574
0.621

(2) Control the growth of EF: In the process of
traveling, the demands for food, clothing,
housing, and transportation are increasing,
which lead to the continuous improvement of EF.
In order to effectively control the growth of EF,
scenic spots can take the way of tourism
diversion to appropriately balance tourists in the
off-season and the peak season and alleviate the
contradiction between the capacity of the scenic
spot and the number of tourists by controlling
the tour time.

Discussion
Forest tourism scenic spot not only can give full
play to the ecological function of forest, but also
is an important part of the tourism industry,
which has made great contribution to the
development of tourism economy. With the
growth of the number of tourists, the
contradiction between the development of
tourism industry and ecology is becoming more
and more serious. EC can be used to evaluate the
sustainable development capacity of ecology [14,
15]. In this study, the forest tourist attractions in

(3) Establish the ecological compensation
mechanism: Scenic spots can take part of the
tourism revenue as the special fund for the
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ecological protection of scenic spots to make
compensation for the ecological damage caused
by the development and construction process. In
addition, scenic spots can obtain support from
the forestry department to supervise the forest
development status and get professional
guidance in case of problems.

5.

6.

7.

Conclusion
8.

Based on the EC, this study analyzed the
environment of forest tourist attractions in
Hunan Province, China by EFA method. The
results demonstrated that (1) from 2014 to 2018,
the number of tourists and tourism revenue in
Hunan province grew rapidly; (2) from 2014 to
2018, EC and EF values of forest tourist
attractions in Hunan Province increased year by
year, among which the EC value increased
significantly; (3) from 2014 to 2018, the ec and ef
values of scenic spots decreased year by year; (4)
from 2014 to 2018, scenic spots were in the state
of ecological deficit, and the ecological deficit in
2018 was 31.57% higher than that in 2014. The
results showed that the forest tourist attractions
in Hunan Province were in a state of
unsustainable development, which required
more attentions in the development and
management of scenic spots and the adoption of
strategies conducive to ecological balance, so as
to achieve a good development of scenic spots.

9.

10.

11.

12.

13.

14.

15.
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