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Ecotourism as a form of tourism that focuses on the protection of the environment and sustainable advancement
has just been put forward and received widespread attention. Tourism activities will cause some damage to the
ecological advancement of the ecotourism area. In order to carry out sustainable development of ecotourism, this
study combined environmental monitoring technology and ecological footprint to conduct environmental
monitoring of Sanqingshan scenic spot through 3S technology that is a combination of remote sensing, geographic
information systems, and global positioning systems. The data were collected from 2010-2019 in the developable
area. The ecological footprint was calculated according to the monitoring data to predict the development
direction of the tourism area. By using remote sensing technology to obtain surface data, combining with
geographic information systems for data analysis and processing, and then using global positioning systems for
location positioning, environmental monitoring and evaluation were achieved. The results showed that, in the
comfort calculation, the average comprehensive comfort of the test area was about 0.60. The fluctuation with
year was small, while the tourism value was high. In the calculation of the number of tourists and comprehensive
income from tourism, the number of tourists increased by about 7 times and the comprehensive income from
tourism increased by about 9 times, indicating that the popularity of the test area was high. In the calculation of
tourism ecological surplus, the per capita ecological surplus gradually tended to 0, indicating that environmental
protection awareness should be raised to reduce the negative impacts of tourism activities. The results of this
study provided a theoretical basis for the sustainable advancement of ecotourism.
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Introduction which can assess environmental conditions and

monitoring environmental changes.

Recently, the development of ecotourism is Environmental monitoring technology can
getting faster and faster, however, the provide comprehensive and accurate data to get
environmental problems faced in the process of the environmental condition of the tourism area,
ecotourism development are also becoming and it can also monitor and analyze the indicators
more and more prominent. For realizing the of water quality, air quality, soil quality, etc., to
sustainable development (SDE) of ecotourism, understand whether the water source of the
the use of environmental monitoring technology tourism area is polluted, whether there are
for ecotourism development has become the harmful gases in the air, and whether the soil is
focus of related research [1, 2]. Environmental suitable for the growth of vegetation, etc. These
monitoring technology is a method of collecting, data can be used for tourism planning and
analyzing, and interpreting environmental data, management and can provide a scientific basis
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for tourism planning and management
departments to formulate corresponding
protection measures to ensure that tourism
activities minimize the impact on the ecological
environment (EEN). At the same time, by
monitoring indicators such as the number of
tourists, tourist behavior, and tourist satisfaction,
itis possible to assess the degree of pressure and
influence of tourism activities on the EEN. The
use of environmental monitoring technology can
also monitor indicators such as biodiversity and
vegetation coverage to understand the impact of
tourism activities on local ecosystems and to
identify and solve potential ecological problems

[3].

Ecotourism has emerged and ecotourism
development has become a hot issue for the
professionals concerned. Rahman et al. proposed
an ecotourism development assessment for
investigating the influence of community
participation on the SDE of the marine protected
areas by using a structured questionnaire to
collect data and analyze it by partial least squares
method. The results showed that community
participation could explain the differences in
ecotourism development [4]. Heshmati et al,
proposed a strengths-weaknesses-opportunities-
threats approach to calculate the errata of the
likelihood factors and analyze the factors
affecting  ecotourism  development and
sustainable use of natural resources. The results
showed that the approach could balance
ecotourism development and sustainability of
local resources [5]. Omarzadeh et al. designed a
method based on geographicinformation system
(GIS) multi-criteria decision analysis, which used
spatial coordinates to identify areas with the
potential to attract tourists and evaluated the
effective factors of increasing and decreasing
tourism  advancement  activities through
geographic information analysis for analyzing
and planning the potential of sustainable
ecotourism development. The results
demonstrated that the method possessed a high
accuracy [6]. In addition, Xu et al. designed a
scientometric method using visualization
implementation, which was able to review the
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research and development in the field of
ecotourism to determine the direction of
development in the field of ecotourism. The
results showed that the method was more
intuitive to determine the progress of ecotourism
[7]. To analyze the development of ecotourism in
the mangrove forests of the Gulapyeong,
Singgalen developed a method based on spatial
data and hierarchical analysis, which used the
normalization method to analyze the
development of mangrove ecotourism. The
results indicated that this method could better
calculate the priority of ecotourism development
projects [8]. Prasandya et al. also designed a
decision support system and hierarchical
analysis-based ecotourism development criteria
system for identifying priority villages for
ecotourism  development. The outcomes
indicated that the system could identify the
priority villages in a better way [9]. In order to
explore the potential of ecotourism development
using GIS, Jokar et al. designed a methodology for
adjusting the effective parameters in ecotourism
evaluation, which was assessed by using
geometric mean, Boolean, and multi-criteria
evaluation methods. The results showed that the
methodology outperformed the other methods
of evaluation [10]. To test the suitability for SDE
of ecotourism, Wibowo et al. proposed a
sustainable livelihoods method, which used
gualitative methods to analyze the data and the
outcomes showed that the method could reveal
the degree of SDE of ecotourism in many ways
[11]. Asadi et al. proposed an ordered weighted
average algorithm based on GIS and dual-
connected nodes for identifying and evaluating
ecotourism sites, which selected, weighted, and
prioritized the criteria based on the intensity of
their impacts. The results demonstrated that the
algorithm was more effective in evaluating the
ecotourism sites with better results [12].
Khyevari et al. designed an identification method
based on fuzzy logic and network analysis to
identify potential areas for ecotourism
development, which used network analysis to
determine the weights of the indicators and
identified the areas through weighted linear
combinations with more reasonable results [13].
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In addition, Mansour et al. proposed a spatial
assessment of the suitability of ecotourism land
and a method based on GIS and dual-connected
nodes, and a multi-criteria analysis method
based on geospatial space for spatial assessment
of ecotourism land suitability, which determined
multiple criteria and evaluated them through
multilevel analysis [14]. Kianisadr et al. reported
a fusion assessment method on the ground of the
Delphi method, the hierarchical analysis method,
and the weighted overlapping method for
ecotourism land standards and appropriate land
management. The method utilized the Delphi
method for questionnaire survey, and the
hierarchical analysis method to obtain and rank
the weights [15].

Many previous studies have proposed various
development assessment methods and priority
area determination methods about ecotourism
development and achieved better results.
However, only a few methods combined
environmental monitoring technology with
ecological footprint (EFO). Therefore, this study
applied 3S technology that was a combination of
remote sensing, geographic information systems,
and global positioning systems for environmental
monitoring and EFO calculation to predict the
direction of SDE of ecotourism development. The
objective of this study focused on the
environmental issues faced in the development
of ecotourism and the achievement of
sustainable development of ecotourism. An
environmental monitoring system based on 3S
technology, which could obtain exploitable areas
and calculate ecological footprints based on
monitoring data, were studied, and constructed.
In addition, a function of tourism ecological

footprint was designed to predict the
development direction of tourist areas, provide
practical guidance for the sustainable

development of ecotourism, and help achieve
harmonious development between ecology and
tourism.

Materials and Methods
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The area of research

The study site involved in this research is
Sangingshan Ecological Scenic Spot in northeast
of Jiangxi Province, China (118° 03' E and 28° 54'
N) with bordering to Anhui Province to the east
and Zhejiang Province to the north. The scenic
area consists of ten smaller scenic areas with a
total area of 756.57 km? and the center area of
229.5 km?% The geographical location is very
advantageous with well-developed traffic,
completed transportation infrastructure, and
multiple air routes of many provinces and cities.
The shape of the mountains in the scenic area can
be roughly seen as a triangle with the apex in the
north of the center, while the height of the
mountains gradually decreases from the center
to the surroundings, presenting the form of a
mountain range with a complicated topography.
The main part of the mountain is composed of
granite and magma rock peaks. The variety of
rock peaks and the long period of crustal
movement create its unique landscape, which is
rich in plant species and has a high vegetation
cover, even above 95% in the central area. Survey
data showed that the study area contained more
than 2,300 different types of higher plants such
as quince and ferns, among which there were
many rare plants. Meanwhile, there were 49
species of endangered plants in the study area. In
addition, the study area has a variety of rare and
protected animals such as short-tailed monkeys,
silver pheasants, white headed swallows, and red
billed lovebirds. Together, these rare plants and
animals form a complete and stable ecosystem in
the ecological scenic area. The eco-scenic area
has long been famous in China for its long history
of Taoist culture, especially for its unique granite
peaks and forests landscape, which has become
a scenic calling card to attract domestic and
foreign tourists. Recently, with the continuous
expansion of the scale of the scenic area and the
continuous improvement of infrastructure
construction, the tourism business in the area
has ushered in new development opportunities.
According to official statistics, the number of
tourists received in the area was more than
100,000 people in 2003, However, with the
development in recent years, the number had
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grown to 9.85 million by 2019. At the same time,
the trend of diversified synergistic development
was becoming more and more obvious, driven by
the expansion of the park. Under the current
conditions, the total number of A-level scenic
spots around the site is 6, divided into 2 "national
4A-level scenic spots" and 4 “3A-level rural
tourist spots”. Therefore, even though it covers
the smallest area, it has the widest range of A-
class attractions and has become one of the most
competitive attractions in the area.

Data collection

The remote sensing (RS) data used in the study
were Landsat data from 2010 to 2019 and
vegetation normalized data obtained by
Moderate Resolution Imaging Spectroradiometer
instrument. The Landsat data was Landsat
TM/ETM+/0OLI, obtained through the United
States Geological Survey (USGS) website
(https://www.usgs.gov/search?keywords=Lands
at+data) with a spatial resolution of 30 m. The
landscape was at a higher elevation, and in
summer it is mostly cloudy, which obscured the
RS data resulting in inaccuracy. There was a very
small amount of data that could be utilized in
each month. During the winter season, there was
less cloudiness. The data was more accurate, and
more data could be used. Therefore, the data
from January, November, and December of each
year were used for the study. In this study, only
the vegetation cover was calculated without
considering the spatial resolution, and the
Landsat data were non-real-time and volatile.
Therefore, vegetation normalized data derived

from the Moderate Resolution Imaging
Spectroradiometer (MRIS), which had been
publicized through normalization and was

commonly used in various experiments, was used
as the source data. Meteorological data were
obtained from the nearest meteorological
observatory to the study area to calculate the
comfort level. The relevant statistical data were
downloaded from the Statistics Bureau of
Shangrao City (Shangrao, Jiangxi, China) and the
Tourism Bureau of Mount Sanging Management
Committee (Shangrao, Jiangxi, China).
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Environmental monitoring system based on 3S
technology

RS is a modern observation technology
developed in the 1960s, which can receive
electromagnetic wave information radiated or
reflected from a remote target through multiple
sensors, process the collected information and
image it, so as to complete the detection and
identification of the ground scenery [16, 17].
Remote sensing image processing included
inputting original image, combining the output
single-band image through the band selection
module to generate the synthetic image,
enhancing the synthetic image through the
image stretching and sharpening process,
correcting the image after projection, and
outputting the image by mosaicking and cropping
the corrected image. The vegetation cover of the
study area was calculated by the vegetation

normalization index wusing the following

equation.

NDVI — NIR - RED 1)
NIR + RED

where NDVI was the normalized difference

vegetation index. NIR was the reflectance of
Landsat data in the near-infrared band. RED
was the reflectance of Landsat data in the red
light band. The vegetation cover was calculated
as:

Fye - _NDVI - NDVI,
NDVI,,, — NDVI

(2)

soil

where FVC was the fractional vegetation cover.
NDVI; was the vegetation NDVI for the ideal

case of areas without vegetation cover. NDVI

was the vegetation NDVI for the ideal case of
areas with full vegetation cover.

GPS was capable of all-weather, global
navigation, positioning, and speed measurement
through radio signals emitted by satellites and
consisted of ground monitoring system, receiving
system, and space satellite system. By using the
space satellite system and ground monitoring
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system for tracking and positioning, the users
could obtain the information through GPS
receiver. GIS is a kind of computer technology
system that can analyze and process spatial
information and can process the images provided
by RS and GPS accurately. The image calibration
started with data preparation followed by
inputting the original image obtained from RS
and GPS, establishing a correction function to
determine the range of the output image, and
then geometrically transforming the image
element by element while resampling the
grayscale, and finally outputting the image for
effect evaluation after completion of the
calibration. The three systems including RS, GPS,
and GIS could be connected to form a monitoring
system with the 3S technology. Among them, RS
could supervise the classification and validation
of the information provided by GPS. GIS could
provide and update the regional information for
RS, while RS could assist the classification of GIS
and perform geometric alignment. GPS could also
query the information of RS and the thematic
information of GIS to provide updated spatial
positioning.

Sustainability assessment based on ecological
footprint

For measuring the impact of tourism activities on
the ecosystem of the pilot area, the study
introduced an EFO model to determine the
advancement trend of ecotourism in the study
area. The EFO is a method for evaluating the
consumption of natural resources and the impact
of human activities on the environment. The EFO
is calculated by utilizing the bioproductive area,
and the result can show the gap between the
demand for human economic system and natural
ecosystem services and the carrying capacity
(CCA) of the natural ecosystem, which reflects
the SDE status of the test area in a more concise
way [18, 19]. The EFO model was shown in Figure
1 and was calculated from the amount of
bioproducts, and energy products consumed for
human survival and advancement, and the
ecological CCA of each type of bioproductive land
was also calculated. Biologically productive land
included five types of productive territories as
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forests, grasslands, waters, arable land, and
buildings. The EFO was compared with the
ecological CCA. If the EFO was smaller than the
ecological CCA, the ecosystem was in a state of
ecological surplus, at which time the ecosystem
was able to maintain its health and stability [20].
However, if the EFO was larger than the
ecological CCA, the ecosystem was in ecological
deficit and its SDE was threatened. The specific
formula for calculating the EFO was as follows.

(3)

where E; was the total EFO of the test area. €;
was the per capita EFO of the test area. N was
the population of the test area. I, was the
equalization factor of the it type of land. n was
the total number of land types. P was the
amount of production of resources. I; was the
amount of resource imports. E; was the amount
of resource exports. Y, was the global average
production of the goods that were consumed by
the species. In biologically productive land,
different types of territories have different
productive capacities. So, it is essential for
introducing equalization factors for equalization
and normalization. The ecological CCA could
represent the upper limit of the test area that
could carry the EFO, which was calculated as:

E. =Nxeg,

ec:i(aixrixyi) @

where E; was the ecological CCA of the total
population in the test area. €, was the ecological

CCA per capita. I capita
bioproductive area of the land of category i. Y;

was the per

was the yield factor. When the EFO was smaller
or larger than the ecological CCA, the ecological
surplus and ecological deficit could be obtained
and were expressed as follows.
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Biological Yield factor

productive land

Figure 1. The ecological footprint (EFO) model.

Tourism ecological
carrying capacity

Figure 2. The specific calculation process of tourism EFO.

(5)

EDl = N(ef _ec)
Eo, =N(e, —¢;)

where E_; was ecological surplus and Eg, was
ecological deficit. The EFO could be obtained
from the EFO of tourism in the test area and its
specific calculation process was shown in Figure
2. The contribution of tourism industry, gross
domestic product (GDP), and current year
tourism value added in the test area were used
to calculate the EFO of tourism by using Equation

(6).

E,(T)=E, xr

E:(T)

ef(T)= N

po
GDP

T

where E;(T) was the EFO of tourism in the test
area. I' was the contribution rate of tourism in
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Ecological
Deficit

Ecological
Surplus

Tourism
ecological surplus

Per capita ecological
surplus

the test area. N; was the total of tourists in the
test area in the current year. | was the value
added of tourism in the test area in the current
year. GDP was the GDP in the test area in the
current year. Then the tourism ecological CCA
was calculated as:

E.(T)=E xr
_EM (7)
ec(T)_ NT

where E.(T) denoted the current year's tourism
ecological CCA of the test area and ¢€.(T)
denoted the per capita tourism ecological CCA of
the test area. The tourism ecological surplus or
tourism ecological deficit was then calculated as
follows.

Ep(T) =N [e(T)—e.(T)]

ed(T):[’)\I—

(8)
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Figure 3. Remote sensing (RS) image processing results.

where E,(T) was the tourism ecological surplus
or ecological deficit of the test area in a certain
year and €,(T) was the per capita tourism
ecological surplus of the experimental area.

Results and discussion

The land use coverage of the test area

Due to the impact of force majeure factors in
recent years, the number of tourists around the
world has declined significantly, which may lead
to inaccurate prediction results. This study used
the monitoring data from 2010 to 2019 to
conduct a simulation investigation. The satellite
images and map data obtained by RS were used
to calculate the land use coverage of the test area
(Figure 3). The results showed that the forest in
the test area fluctuated between 8,000 — 9,000
km? through the years, while the cultivated area
fluctuated between 500 — 1,000 km?. The
variation of the built-up area ranged from 500 —
3,000 km?, and the area of the water was
basically 0 with little change (Figure 3a). The
proportion of forests in the test area ranged from
12 to 32%, while the proportion of town areas
ranged from 68 to 82% (Figure 3b). The analysis
demonstrated that the proportion of town area
in the test area was larger, but the forest area
was the largest, which indicated that the test
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area protected the environment better and the
distribution of land resources was more
reasonable.

The vegetation coverage in the test area

The vegetation cover of the test area was then
calculated (Figure 4). The results showed that
vegetation cover in the test area varied cyclically
over the time in the range of 0.55 to 0.84. The
vegetation cover in the test area gradually
increased from 2010 to 2016, and slightly
decreased from 2016 to 2019, with a general
upward trend (Figure 4b). The results led to the
conclusion that the vegetation richness of the
test area was high and proved that its ecological
condition was good.

The comfort level of the test area

The comfort level of the test area was also
calculated to judge its ecotourism value (Figure
5). Between 2010 and 2019, the index value of
the integrated comfort level of the test area
varied up and down in the range of 0.3 to 1.0 in
chronological change with an average integrated
comfort level of about 0.6. The index value of the
comfort level of the test area varied in the range
of 0.60 to 0.65 in chronological change with a
relatively small change in magnitude. The results
indicated that the comfort level changes in the
test area were more stable, and the ecotourism
value was higher.
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Figure 5. Comfort level of the experimental area.

Analysis of the development trend of EEN
sustainability

For studying the influence of tourism
development on the EEN, the EFO, ecological
CCA, and ecological surplus of the experimental
area were analyzed through the 10 year period.
The comparison of the EFO and ecological CCA as
well as the results of the ecological surplus over
the time were shown in Figure 6. The EFO of the
test area varied between 16.0 - 21.3 khm? with
an average EFO of about 18.0 khm?, while the
ecological CCA ranged between 20.5 - 32.0 khm?
with an average of about 25.2 khm?. Both the EFO
and the ecological CCA showed a general trend of
increasing, and the ecological CCA change curve
was above the EFO change curve (Figure 6a). The
ecological surplus of the test area was in the

prehensive comfort level
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(b) Annual variation of comprehensive comfort level

range of 4.0 - 11.0 khm? with the average of
about 7 khm? (Figure 6b). The results suggested
that the test area consumed more resources, but
the ecological protection of the environment was
good. So that, the ecological surplus was greater
than 0, and the overall SDE was maintained.

The results of calculated annual changes of
tourism EFO, tourism ecological CCA, tourism
ecological surplus, and per capita tourism
ecological surplus were shown in Table 1. From
2010 to 2019, the tourism EFO first increased
from 2010 to 2011, then slightly decreased from
2011 to 2012 followed by gradually increased
from 2012 to 2017, and then decreased again
from 2017 to 2018, and eventually increased
from 2018 to 2019 with a general increasing
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Figure 6. The changes of indicators (EFO, CCA, and Ecological surplus) over the time.

Table 1. Annual average changes in tourism ecological indicators.

Tourism ecological

Tourism ecological

Tourism ecological Per capita tourism

Year footprint (khm?) carrying capacity (khm?) surplus (khm?) ecological surplus (khm?)
2010 11.33 15.27 3.95 0.012
2011 18.72 27.68 8.96 0.019
2012 14.99 21.76 6.77 0.011
2013 16.06 22.69 6.64 0.008
2014 20.55 28.74 8.19 0.008
2015 25.54 36.96 11.43 0.009
2016 31.02 44.48 13.46 0.008
2017 34.71 45.44 10.73 0.005
2018 30.68 38.38 7.69 0.003
2019 37.63 50.00 12.38 0.005

trend. The trends of tourism ecological CCA and
tourism ecological surplus were consistent with
the trend of tourism EFO with an overall
increasing trend. Per capita tourism ecological
surplus increased from 2010 to 2011, then
gradually decreased from 2011 to 2014, and
slightly rebounded from 2014 to 2015, followed
by gradually decreased again from 2015 to 2018,
and increased from 2018 to 2019 with an overall
decreasing trend. The results suggested that,
although the test area was in the stage of SDE,
the per capita ecological surplus gradually tended
to 0, and might even have an ecological deficit,
which in turn affected the development of
ecotourism areas.
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The number of tourists and tourism income of
Sangingshan were obtained through the tourism
statistics released by Sangingshan Administrative
Committee Tourism Bureau and Shangrao City
Statistics Bureau, the tourism attractiveness
index and comprehensive tourism income of the
test area were calculated, and the outcomes
were showcased in Figure 7. The results
demonstrated that, between 2010 and 2019, the
number of tourists and comprehensive income
from tourism in the pilot area showed a rising
trend year by year, with the number of tourists
rising from about 3.5 million to 24 million, which
was an increase of about seven times. The
comprehensive income from tourism increased
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Figure 7. Tourism attractiveness indicators and comprehensive tourism income.

from about 2.5 billion to 22 billion with an
increase of about nine times. The results led to
the conclusion that the popularity of the pilot
area is high.

Conclusion

With the rise of ecotourism, the tourism industry
has developed rapidly. However, less attention
has been paid to the protection of natural and
humanistic landscapes, which makes this
development unhealthy. How to carry out SDE
has become an urgent problem currently. This
study applied 3S technology to monitor the
environmental changes and extracted data from
the study area. The EFO was then calculated on
the ground of the monitoring data to judge the
state of SDE in the study area. The results showed
that, in the land use coverage, the range of forest
area in the test area from 2010 to 2019 was
between 8,000 — 9,000 km?, while the range of
arable land area was between 500 — 1,000 km?.
The range of built-up area was between 500 -
3,000 km?, which indicated a better protection of
the EEN. In the vegetation cover, the range of
vegetation cover in the test area was between
0.55 and 0.84 with periodic changes, indicating
the high vegetation richness. In the comparison
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of EFO and ecological CCA, the ecological CCA
curve was above the EFO curve, indicating that
the test area maintained SDE in general. In the
annual average changes of tourism EFO, tourism
ecological CCA, tourism ecological surplus, and
tourism ecological surplus per capita, tourism
ecological CCA and tourism ecological surplus
both showed an increasing trend, and tourism
ecological surplus per capita showed a
decreasing trend, demonstrating that, although
the test area was in the stage of SDE, eco-tourism
had a certain impact on the local environment.
The small number of indicators used in the study
might lead to inadequate results, which would be
improved in future investigations.
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