
Introduction

Tourism has become an important part of people’s 
daily life with the rapid development of China’s 
economy and the improvement of living standards. 
China’s ecological environment has been continuously 

destroyed, which has aroused the government’s 
increasing attention to environmental protection and led 
to ecotourism gradually becoming an important object 
of people’s focus in recent years [1,2]. 

As a mode of economic activity to practice the 
concept of ecological civilization, ecotourism has 
gradually changed people's understanding of natural 
ecosystems, providing a new approach for sustainable 
development of nature conservation. Ecotourism, which 
emphasizes that we must protect the environment in 
our activities, is a kind of tourism activity that meets 
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tourists' experience needs and develops the economy 
while protecting the structure and function of natural 
and social ecosystems [3, 4]. The most commonly used 
definition is the one established by The International 
Ecotourism Society (TIES), which states that ecotourism 
is “Responsible travel to natural areas that conserves the 
environment and sustains the well-being of local people” 
[5]. A large number of studies on ecotourism have 
been conducted on a global scale with the continuous 
improvement of people's awareness of environmental 
protection. These studies can be summarized as the 
assessment of natural scenery, ancient cultural relics 
(quality, impact, infrastructure, tourists, etc.), carrying 
capacity and the social and economic value created  [6]. 
Therefore, sustainable development of areas with the 
contribution of ecotourism is an important issue in the 
world today  [7]. 

The research on the suitability of ecotourism is 
currently an important topic to solve the contradiction 
between human and land, which is related to the 
harmonious unification of human and nature and the 
sustainable development of human beings. The evolution 
of the landscape pattern has caused great changes in the 
spatial structure of the landscape, and it is intuitively 
reflected in the structure and composition of the 
ecosystem, thus affecting the suitability of ecotourism 
[8-10]. The landscape pattern change is affected by the 
shape, number, spatial distribution and structure of the 
ecosystem or the land utilization/cover type [11-13]. It 
has typical spatial heterogeneity and can effectively 
reveal the spatial variation characteristics of regional 
ecological conditions [14, 15]. The impact of human 
activities on the regional ecological environment can 
be clarified, and the internal law of landscape pattern 
evolution can be determined through dynamic analysis of 
landscape patterns [16, 17]. This can reveal the internal 
mechanism of changes in landscape pattern affecting 
the suitability of ecotourism [18, 19]. Geographic 
information technology has used different methods 
in the suitability analysis of ecotourism destinations 
to identify potential ecotourism development sites in 
recent years. However, the research on ecotourism 
suitability assessment is limited to the use of relevant 
assessment systems to classify the space, and little 
attention is paid to the internal influencing factors of 
classification [20-24]. Similar research is not conducive 
to the future ecotourism planning and development of 
regions with low ecotourism suitability. For example, 
the author used the analytic hierarchy process (AHP) 
to divide the study area into most suitable, suitable, 
moderately suitable and unsuitable areas for the spatial 
planning of ecotourism suitability in Baoting County, 
Hainan Province [25]. The constructed evaluation index 
system was used to divide the desert tourist destinations 
into moderate suitability and low suitability to evaluate 
desert ecotourism suitability [26]. The study only uses 
the AHP to establish an evaluation index system to 
qualitatively describe the suitability of carrying out 
ecotourism activities for the evaluation of the suitability 

of ecotourism in Snow Mountain [27]. These studies 
help people to recognize the suitability level of different 
types of ecotourism, but they do not explore the internal 
relations from the impact factors and are thus unable 
to provide a path to promote the future development of 
regions with poor suitability levels. 

Since the introduction of the concept of ecotourism 
into China in the 1990s, it has grown gradually, due to 
it’s nature correlation with sustainable development and 
future trends towards it [28]. However, the development 
of ecotourism is still at a primary phase, with so many 
natural environments being severely damaged due to 
overdevelopment, and the contradiction is still very 
prominent between the specialization of ecotourism 
and economic benefits [29, 30]. Although the party 
committee and the provincial government of Henan 
province also put forward the development strategy 
of “tourism province” with the overall layout of “two 
belts (the along the Yellow River ancient tourism belt 
and the ecological sightseeing belt of the middle route 
of south-to-north water diversion) and five zones (the 
Songshan zen culture tourism area, the south Taihang 
scenic area, the Funiu mountain leisure resorts, the 
Tongbai-Dabie mountain red and green cultural tourism 
area and the eastern Henan plain ancient culture 
ecotourism area)” in 2008 (Fig. 1), there are still many 
problems. Therefore, it is necessary to ease the tension 
between ecotourism and tourism-related economic 
growth by some technical means and methods. The 
superior geographical conditions and historical and 
cultural conditions of Henan Province have created 
abundant natural and human resources, which have the 
unique advantages of developing ecotourism. However, 
these superior conditions are accompanied by the 
relative vulnerability of the ecological environment. 
For example, the forests in Henan Province have a 
single structure, low biodiversity and weak forest 
ecological service functions; serious water ecological 
environmental problems, serious soil erosion in 
some areas; unsatisfactory agricultural ecological 
environment, and ecological damage caused by mining 
resources development is difficult repair etc [31]. The 
ecotourism in Henan Province is in a stage of rapid 
development and immaturity, and it is easy to see the 
phenomenon of inadequate recognition and improper 
development. Therefore, the study explores the key 
landscape pattern factors that affect the suitability of 
ecotourism and reveals the key points of ecotourism 
response to landscape pattern through the quantitative 
representation of the landscape pattern and the suitability 
of ecotourism by taking the whole province and the city 
as the unit. The following objectives can be achieved: 
(1) the existing ecotourism development conditions and 
future ecotourism development potential can be well 
understood; (2) it can provide theoretical basis for the 
government agencies to carry out the macro-control of 
ecotourism in the province and provide theoretical basis 
for the tourism developers to carry out the ecotourism 
site selection; (3) it can provide a theoretical basis for 
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the ecotourism scenic spot to carry out the work of 
ecological system protection and environmental quality 
restoration with corresponding intensity; (4) it provides 
the reference advice for the eco-tourists to choose the 
tourist destination.

Materials and Methods  

Overview of the Study Area

Henan Province is located in the middle of China 
and belongs to the middle and lower reaches of the 
Yellow River. It is adjacent to Shandong, Jiangsu and 
Anhui in the east, Hebei and Shanxi in the north, 
Shaanxi in the west, and Hubei in the south. Therefore, 
has a geographical advantage of extending in all 
directions (Fig. 1). Its terrain is high in the west and 
low in the east; Taihang Mountain, Funiu Mountain, 
Tongbai Mountain, and Dabie Mountain are distributed 
semi-circularly along the provincial boundaries in 
the north, west, and south. The central and eastern 
portions include the Huang-Huai-Hai Alluvial Plain; 
the southwest area is the Nanyang Basin. Plains and 
basins, mountains, and hills account for 55.7%, 26.6%, 
and 17.7% of the total area, respectively. Most regions 
belong to the warm temperate zone of the climate, and 
the southern region enters the subtropics, belonging 
to the continental monsoon climate that transitions 
from the north subtropics to the warm temperate zone. 
Meanwhile, it also has the characteristics of transition 
from the east to the west from the plain to the hilly 

mountain climate. Therefore, it has the performance of 
four distinct seasons, the same period of rain and heat, 
and the complexity and diversity. From the south to the 
north of the province, the annual average temperature 
is 10.5-16.7ºC, and the average annual precipitation 
is 407.7-1295.8 mm, with a peak in June-August. The 
annual average sunshine is 1285.7-2292.9 hours, and 
the annual frost-free period is 201-285 days, which is 
suitable for the growth of various crops. The province 
is rich in water, animal, plant, forestry and mineral 
resources in terms of resources. The province has  
15 national-level forest parks, 15 provincial-level nature 
reserves, 2 world cultural heritage sites, 189 national-
level cultural relic protection units, and 8 national-
level historical and cultural cities. Therefore, it has 
a high potential for tourism development. The added 
value of the tertiary industry accounted for 45.2% 
of the province’s GDP in 2018, contributing 50.0% to 
GDP growth, 4.4 percentage points higher than that 
of the secondary industry according to the economic 
growth published on the portal of Henan provincial 
government. The total tourism revenue of 19 cities in 
the province was RMB 675.1 billion, showing a rapid 
growth compared with the previous year. There are  
159 scenic spots above Grade 4A, 532 star hotels, and 
1199 travel agencies, which received 665.11 million 
tourists from home and abroad in 2018.

Data Sources

The data are used for analysis and research from the 
following five aspects in this paper. 1) Remote sensing 

Fig. 1. Overview of the study area (The ecotourism center represents the ecotourism areas).
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data: data of land utilization/cover type derive from 
MODIS’s 4 MCD12Q1 products (2002, 2007, 2012, 
2017); the vegetation index data (NDVI data) derive 
from MODIS’s MOD13A1, with the column number of 
H27v05. The above data derive from the LAADS DAAC 
data center on the NASA website (https://ladsweb.
modaps.eosdis.nasa.gov/), with a spatial resolution of 
500 m. After re-sampling, the resolution is increased 
to 100 m, and the data quality can meet the research 
requirements. The digital elevation model (DEM) 
data are from GS Cloud, with a spatial resolution of  
90 m * 90 m, and are combined after downloading.  
2) The meteorological data are obtained from the "China 
Meteorological Science Data Sharing Service Network" 
(http://data.cma.cn). A total of 15 meteorological stations 
are selected in Henan province and its surrounding 
areas, including average temperature, precipitation, 
wind speed, relative humidity and solar radiation.  
3) Basic maps: topographic map of Henan (1:250 000), 
vector administrative boundary (1:250 000), road map 
(1:250 000), and river and lake map (1:250 000), all of 
which are from National Geomatic Center of China.  
4) Social-economy statistical data: the economy and 
other statistical data from 1999 to 2017 are obtained 
from the Henan Provincial Bureau of Statistics. 5) Field 
research data: first-hand information obtained from two 
field studies in this province from 2017 to 2018. The 
perceptual cognition of the local land use situation is 
through the discussion with business personnel from 
local relevant departments such as local forestry, water 
conservancy and nature reserves. 

Research Methods

Ecotourism Evaluation System

Based on previous studies of ecotourism by experts 
and scholars, we select 7 spatial indexes as evaluation 
factors for ecotourism suitability: naturalness (NL) 
[19], water proximity (WP), traffic proximity (TP),  
landscape diversity (LD) [32], vegetation coverage 
(VC), relief suitability (RS) [33] and climate comfort 
(CC) [34], which are used in the following formula to 
calculate the composite index of ecotourism suitability 
[35]:

                        (1)

...where Ej represents the comprehensive index 
of ecotourism suitability in the area in year j; αi 
represents the weight coefficient of the factor Xij; Xij 
is the value of factor X in year j, and n is 7. The Jenks 
Natural Breaks has been used to divide them into 
five grades when calculating the seven evaluation 
indexes, so as to highlight their relative importance in  
space. Meanwhile, the equal weight method is used to 
enhance the applicability of the results in the research 
area due to the large research area, namely, αi = 1/7 
(Table S1).

The ecotourism evaluation method is used to 
calculate and evaluate the ecotourism suitability of 
Henan Province to obtain the comprehensive index of 
ecotourism suitability in each grid unit. The spatial 
statistical tool of ArcGIS10.4 is used to calculate the 
comprehensive index mean of the ecotourism suitability 
of each city and region, with the mean representing the 
comprehensive index of ecotourism suitability of each 
city and use this software to make a spatial distribution 
map of ecotourism. The equal interval method is 
used to divide the comprehensive index of ecotourism 
suitability into 5 levels to compare and analyze the 
spatial and temporal differences of the comprehensive 
index of ecotourism suitability.

Selection of Landscape Pattern Indexes

The land type is divided into six categories: 
grassland, forestland, urban and rural construction 
land, waters, wetlands and arable land based on the 
land utilization status in Henan Province. Because the 
average land area of the study area is approximately 
20 km2, the land-use data space is re-sampled to a 
100 m*100 m grid, and the landscape pattern indexes 
are calculated separately by province and 19 cities 
in Fragstats 4.2. Based on the landscape index 
classification of the international landscape software 
Fragstats 4.2, 14 landscape pattern indexes are selected 
to quantitatively characterize the spatial and temporal 
characteristics of landscape patterns in Henan Province 
(Table S2). It involves six aspects of the landscape 
area, landscape density, landscape shape, landscape 
proximity, landscape vergence, and landscape diversity. 

Pearson Correlation Analysis Measure Method

In SPSS22.0 software, Pearson correlation  
coefficient method was used for analysis of correlation 
between landscape pattern factors and ecotourism 
suitability of the study region. Two significance 
levels (0.05 and 0.01) were set and two-tailed test was 
performed. On this basis, the key landscape pattern 
indexes that can influence the ecotourism suitability  
of the study region in different periods can be  
identified.

  (2)

(3)

...where Y is ecological security index, Xi is the i 
landscape pattern index, C1(Y,Xi) is the Pearson 
correlation coefficient between Y and Xi, C2(Y,Xi) 
is the Pearson correlation coefficient between Y and 
lnXi, C(Y,Xi) is the Pearson correlation coefficient 
between Y and Xi. The sign (positive or negative)  
of coefficient is consistent with that of the original  
value.
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Results

Spatial and Temporal Changes of Ecological 
Tourism Suitability in Henan Province 

from 2002 to 2017

Time Variation of Ecotourism Suitability 
in Henan Province

The comprehensive index of ecotourism suitability 
of each city in Henan Province was obtained according 
to the evaluation method of ecotourism suitability  
(Fig. 2). The results show that the time difference of 
the eco-tourism suitability comprehensive index of each 
city in Henan Province from 2002 to 2017 is relatively 
significant. Among them, 7 cities including Luoyang 
City and Jiyuan City showed an inverted U-shaped 
change trend. The highest value appeared in 2007, and 
these cities accounted for 38.89% of the total number 
of cities. This shows that the ecological environmental 
protection measures implemented by these cities before 
2007 have achieved good results, but after 2007, they 
have returned to the previous level, and the ecological 
environmental protection measures have not been 
well continued. Anyang city and other four cities also 
showed an inverted U-shaped change trend, accounting 
for 22.22% of the total number of cities, with the 
highest value in 2012. This shows that the ecological 
environmental protection measures of these cities lasted 
longer than those of Luoyang and other cities, but did 
not continue after 2012. The four cities, including 
Jiaozuo City, exhibited an N-shaped change trend in 
which the ecotourism suitability index increased first, 
then decreased, and then increased, accounting for 
22.22% of the total number of cities. This shows that the 
implementation and effect of ecological environmental 

protection and governance measures in these cities 
are changing in stages. The comprehensive index of 
ecotourism suitability of Xinyang City and Zhumadian 
City showed a U-shaped change trend, the lowest value 
appeared in 2007, accounting for 11.11% of the total 
number of cities. This shows that the implementation 
and effects of ecological environmental protection 
measures in Xinyang City and Zhumadian City are 
slower than those in other cities. The comprehensive 
index of ecotourism suitability in Zhoukou City 
showed an upward trend, accounting for 5.56% of the 
total number of cities. This shows that the ecological 
environment protection measures of Zhoukou City have 
been effectively extended. 

Through the above analysis, we can get that Henan 
Province generally adopted the ecological environmental 
protection measures vigorously promoted by the state 
before the 2008 Beijing Olympic Games, so that the 
ecological environment of the province has been well 
improved and the suitability of ecological tourism has 
been enhanced. However, after the Olympic Games, 
ecological environmental protection measures have not 
been further extended, which has caused damage to 
the ecological environment and reduced the suitability 
of ecotourism. In addition to the important influencing 
factor of the implementation intensity of environmental 
protection, topographical factors, changes in people’s 
environmental awareness and the intensity of local 
tourism will all have an important impact on the 
suitability of ecotourism in this area.

Spatial Variation of Ecotourism Suitability 
in Henan Province

The ecotourism suitability was evaluated to clearly 
identify the spatial difference by taking cities as the 

Fig. 2. Dynamic changes of the comprehensive index of ecotourism suitability in Henan Province from 2002 to2017.
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unit in 2002, 2007, 2012 and 2017 (Fig. 3). In addition, 
the areas occupied by ecotourism suitability by city 
were counted in 2017 (Table 1).

The results showed that there were significant spatial 
differences in the comprehensive index of ecotourism 
suitability among different cities in Henan province 
(Fig. 3). The spatial pattern of the comprehensive 
index of ecotourism suitability is basically the same in 
2002, 2007, 2012 and 2017, showing a spatial pattern 
of hierarchical distribution from northeast to southwest 
and gradually increasing from northeast to southwest. 
Among them, compared with other years in 2007, the 
comprehensive index of ecotourism suitability increased 
from Lowest and Lower grades to Higher and Highest 
grades in Zhengzhou and Kaifeng city, Jiaozuo city and 
Xinxiang city in south, Pingdingshan city in Luoyang 
city and northern part of Xuchang city, and the number 
of Higher and Highest grades in the whole region 
increased significantly. This shows that the ecological 
environment management and protection measures 
carried out before 2007 have achieved good results, the 
ecological environment has been significantly improved 
and the ecotourism suitability of the whole province has 
increased.

In order to clarify the suitability level of ecotourism 
in various cities of Henan province, we made statistics 
on the percentage of each grade in the area (Table 1, 
Fig. 3). The results show that the area proportion of 
Xinyang city reaches 32.08% in the Highest ecotourism 
suitability region, and the area proportion of Higher 
reaches 51.60%. This shows that Xinyang City is the 
most suitable for ecotourism development. Secondly, 
there are Luoyang City and Nanyang City. The area 
proportion of Highest is more than 20%, and the area 
proportion of Higher is also high. It is also possible to 
develop ecotourism. The cities that can be considered 
for proper ecotourism development are Jiyuan City and 
Sanmenxia City, and their Highest and Higher areas 
account for more than the remaining cities. The eco-
tourism suitability of the remaining cities is mainly 
less suitable and generally suitable. It is more difficult 
to develop ecotourism before the current situation is 
changed. It is appropriate to carry out small-area and 
small-scale ecotourism development or not to carry out 
ecotourism development.

Fig. 3. Spatial pattern of ecotourism suitability in Henan Province in 2002, 2007, 2012 and 2017.
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Analysis of Impact Factors on the Ecotourism 
Suitability in Henan Province from 2002 to 2017

Spatial and Temporal Changes of Landscape 
Pattern Indexes

The landscape pattern index of each city in 2002, 
2007, 2012 and 2017 is calculated with the city as the 
unit, and the spatial distribution map is generated in 
Arcgis10.2 (Table 2) to analyze the spatial characteristics 
of landscape pattern change in Henan Province and to 
study the response of urban ecotourism suitability to 
landscape patterns.

In terms of the area density index, the spatial 
variation of provincial landscape fragmentation degree 
is obvious in the four periods, and the landscape 
fragmentation degree in central and eastern regions is 
lower than that in western and southern regions. The 
results show that the MPS high-value areas were mainly 
concentrated in the eastern and western regions from 
2002 to 2017. It presents the spatial pattern of "West East 
High, Central Low", and shows a trend of increasing 
first and then decreasing. The spatial distribution of PD 
and ED has a strong consistency in the four periods, 
and it shows the opposite spatial distribution pattern 
with LPI. The high-value areas of LPI are mainly 
distributed in Pingdingshan City and Puyang City, and 
the low-value areas are mainly distributed in Jiaozuo 

City and Nanyang City and Xinyang City in the south. 
PD and ED are mainly dominated by low-value areas, 
and high-value areas appear in Jiaozuo City, presenting 
a spatial pattern of “high in the middle and low in the 
surroundings” and showing an increasing trend.

In terms of the shape index, the spatial distributions 
of the AWMSI indexes were more complicated at the 
four time points, showing that the complexity of the 
landscape patch shape in the southwest was higher than 
that in the northeast. The high-value areas of AWMSI 
were mainly distributed in Nanyang City and Xinyang 
City in 2002. The spatial distribution of AWMSI has an 
upward trend with the evolution of time. The AWMSI 
extended from the southwest through the middle to the 
northeast after 2012, showing a spatial pattern of "high 
in the south and central area, and low in the east and 
west". The LSI distributions were relatively regular 
from 2002 to 2017, showing a spatial pattern of “high in 
the south and west, and low in the north and east”. Both 
AWMSI and LSI indexes showed a trend of decreasing 
first and then increasing of time variation, indicating 
that the complexity of landscape shape first decreased 
and then increased.

In terms of the vergence index, the fragmentation 
and dispersion in the west at the four time points were 
more significant than in the east. The MPI showed a 
spatial pattern of “high in the west and low in the east” 
from 2002 to 2017, and MNN showed a spatial pattern 
of “high in the south and west, and low in the north and 

Table 1. Proportion of eco-tourism suitability grade area of each city in Henan Province in 2017.

Name Lowest Lower General Higher Highest

Xinyang City 0.06 1.21 15.05 51.60 32.08 

Luoyang City 8.06 24.70 23.88 13.78 29.58 

Nanyang City 1.05 10.23 37.35 28.66 22.71 

Sanmenxia City 19.01 23.62 24.09 17.85 15.42 

Jiyuan City 10.58 35.26 33.01 10.79 10.36 

Pingdingshan City 6.71 30.95 39.95 14.56 7.82 

Jiaozuo City 12.60 42.36 33.37 8.37 3.30 

Zhenzhou City 20.96 39.05 27.28 9.55 3.16 

Zhumadian City 2.84 32.22 52.31 10.15 2.49 

Xinxiang City 29.82 46.96 17.58 3.80 1.84 

Anyang City 34.28 47.75 12.16 4.60 1.21 

Hebi City 33.35 46.98 15.29 3.64 0.74 

Luohe City 9.43 37.95 45.89 6.46 0.28 

Xuchang City 26.97 56.07 15.53 1.27 0.16 

Zhoukou City 9.51 54.66 33.39 2.45 0.00 

Shangqiu City 11.04 58.43 29.25 1.28 0.00 

Kaifeng City 33.11 53.09 13.39 0.40 0.00 

Puyang City 77.22 22.10 0.67 0.00 0.00 
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Index Landscape pattern index change chart from 2002 to 2017

LPI

MPS

PD

ED

LSI

AW
MSI

MPI

MNN

CON
TAG

Table 2. The changes of the landscape pattern index in 2002-2017.
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east”. The spatial distribution patterns of CONTAG and 
AI were consistent, showing a pattern of “high in the 
east and low in the west” and good connectivity in the 
landscape patches in the east. While the spatial pattern 
of SPLIT was just the opposite, showing a pattern of 
“high in the west and low in the east”. 

In terms of the diversity index, the distributions of 
landscape diversity were not obvious at the four time 
points. The spatial distributions of SHDI and SHEI were 
consistent, showing a spatial pattern of “high in the west 
and low in the east” and tending to gradually decrease. 
This result indicates that the balance of landscape types 
is decreasing and homogeneity is increasing.

Recognition of Key Landscape Factors 
Affecting Ecotourism Suitability

The Pearson correlation coefficient method is used 
to analyze the comprehensive indexes of ecotourism 
suitability and 14 landscape indexes representing 
landscape characteristics in 2002, 2007, 2012 and 
2017. A two-tailed test is performed at significance 
levels of 0.05 and 0.01 to analyze the correlation, thus 
determining the key landscape pattern factors that 
affect ecotourism (Table 3).

The correlation analysis results show that there 
is a significant correlation between ecotourism and 
multiple landscape pattern indexes (Table 3). Although 
this correlation fluctuates in time, it does not change 
the level of correlation between them as a whole. The 

following is a specific correlation analysis of ecotourism 
suitability and landscape pattern index.

In 2002, TA, LSI, AWMSI, MPI, and SHDI 
were closely related to the comprehensive index of 
ecotourism suitability at a significance level of 0.01, 
with correlation coefficients of 0.741, 0.854, 0.742, 
0.814, and 0.659, respectively. LPI, CONTAG, SPLIT, 
and SHEI were closely related to the comprehensive 
index of ecotourism suitability at a significance level 
of 0.05, with correlation coefficients of -0.501, -0.473, 
0.558, and 0.587, respectively. These results show that 
the single landscape patch and continuity have an 
important impact on ecotourism during these periods. 
The main reason is that the higher the degree of 
fragmentation of the landscape patches, the higher the 
balance of the distribution of landscape patches, which 
helps to improve ecotourism. 

In 2007, LSI, AWMSI, MPI, SHDI and SHEI 
were closely related to the comprehensive index of 
ecotourism suitability at a significance level of 0.01, 
with correlation coefficients of 0.831, 0.816, 0.694 and 
0.709, respectively. TA, AWMSI, CONTAG and SPLIT 
were closely related to the comprehensive index of 
ecotourism suitability at a significance level of 0.05, 
with correlation coefficients of 0.555, 0.504, -0.584 
and 0.534, respectively. It can be seen that the size 
and connectivity of the dominant landscape have a 
great negative impact on ecotourism. Meanwhile, the 
connectivity between similar landscapes has a positive 
impact on ecotourism. The better the connectivity 

Table 2. Continued.

SPLIT

AI

SHDI

SHEI
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of the similar landscape patches and the richer the 
landscape types in the region will make the higher the 
comprehensive index of ecotourism suitability. 

In 2012, TA, LSI and MPI were closely related to 
the comprehensive index of ecotourism suitability at a 
significance level of 0.01, with correlation coefficients 
of 0.756, 0.747, and 0.853, respectively. AWMS 
was closely related to the comprehensive index of 
ecotourism suitability at a significance level of 0.05, 
with a correlation coefficient of 0.571. These results 
show that the landscape shapes have become more and 
more complex and irregular with the increase of the 
intensity of land development and utilization by human 
activities. The more abundant the landscape types,  
the more conducive to the improvement of ecotourism 
level.

In 2017, TA, LSI, AWMSI, MPI and SHDI 
were closely related to the comprehensive index of 
ecotourism suitability at a significance level of 0.01, 
with correlation coefficients of 0.693, 0.779, 0.596, 0.791 
and 0.598, respectively. SHEI was closely related to 
the comprehensive index of ecotourism suitability at a 
significance level of 0.05, with a coefficient of 0.546. 
These results show that the enhancement of human 
activities causes significant changes in the landscape 
shape, fragmentation and connectivity. The higher the 
degree of landscape fragmentation, the more abundant 
the types, and the more complex the shapes, the more 
beneficial it is to improve the level of ecotourism.

To sum up, the landscape pattern factors that 
are closely related to the suitability of ecotourism 
have many factors and have a high correlation, 
indicating that changes in landscape patterns have a 
strong comprehensive influence on the suitability of 
ecotourism.

Discussion

 Evaluation Method

Ecotourism is a new approach to tourism resource 
development and the tourist experience [36]. The 
ecotourism suitability is an important internal driving 
factor for the change of tourism intensity, and the 
evaluation of its spatial and temporal patterns is helpful 
to explain the spatial and temporal changes of tourism 
intensity [37]. Ecotourism suitability evaluation is the 
evaluation of ecotourism suitability in the strict sense 
of regional development, which can provide a scientific 
basis for the development of ecotourism in various 
regions according to local conditions and is a powerful 
tool for implementing the concept of ecotourism in 
ecotourism destinations [38]. The differences between 
the landscape suitability can be used to guide a region 
to adopt different spatial control intensities from “hard” 
to “soft” to develop ecotourism and meet the tourism 
needs of different types of tourists in “hard-soft” [39]. 
At present, scholars are paying more and more attention 
to the research on ecotourism suitability and focusing 
on the evaluation criterion of ecotourism suitability 
[40-42]. Although the differences of the conditions of 
various study areas and the difficulties in obtaining 
spatial data make the evaluation criterion selected in 
previous studies different, it is not difficult to show that 
naturalness is the most important criterion, whether it 
is represented directly by naturalness or indirectly by 
the distribution of wildlife, the original ecology and 
vegetation cover [43]. Multi-objective decision making 
is the main method for suitability evaluation, assigning 
values to the development suitability of various regions 
according to the evaluation criteria and weighting each 
criterion by AHP [26], Delphi [44] and other methods 
to calculate the final suitability results of these regions. 
With the development of geographic information 
system (GIS) technology, the multi-objective decision 
method and GIS technology are combined to make 
the analysis and evaluation of ecotourism suitability 
more accurate and reliable, which has been effectively 
explored by many scholars at home and abroad 
[45]. The seven evaluation indexes selected for the 
evaluation of ecotourism suitability in this paper are 
all characterizations of landscape naturalness and have 
clear goals, which avoid the subjective selection of 
evaluation criterion to a certain extent. The spatial and 
temporal pattern changes of the landscape pattern and 
ecotourism suitability in Henan Province are analyzed 
by constructing a landscape pattern index and an 

Table 3. The correlation between the comprehensive indexes of 
ecotourism suitability and landscape pattern index from 2002 to 
2017. 

Landscape Pat-
tern Index

Ecotourism Suitability

2002 2007 2012 2017

TA 0.741** 0.555* 0.756** 0.693**

LPI -0.501* -0.348 -0.246 -0.437

MPS -0.147 -0.085 0.150 -0.097

PD 0.064 0.028 -0.266 0.072

ED 0.221 0.291 -0.107 0.219

LSI 0.854** 0.831** 0.747** 0.779**

AWMSI 0.742** 0.504* 0.571* 0.596**

MPI 0.814** 0.816** 0.853** 0.791**

MNN -0.054 -0.142 0.253 0.062

CONTAG -0.473* -0.584* -0.201 -0.438

SPLIT 0.558* 0.534* 0.104 0.404

AI -0.237 -0.302 0.093 -0.233

SIDI 0.659** 0.694** 0.440 0.598**

SHEI 0.587* 0.709** 0.369 0.546*

*p<0.05, **p <0.01.
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ecotourism suitability evaluation model. The purpose 
is to analyze the relationship between landscape 
pattern and ecotourism suitability development, and to 
contribute to the development of ecotourism. Landscape 
pattern and ecotourism suitability analysis is a very 
complex process, which involves a variety of factors and 
is difficult. More scientific evaluation indexes should 
be selected for evaluation. The regional ecotourism 
suitability grade standard should be classified according 
to the existing studies, which still needs further 
discussion. In addition, the selection of landscape 
index is mainly made through reading literature 
and understanding of landscape index, which is too 
subjective. The selected landscape index may not all 
well reflect the relationship with the suitability change 
of ecotourism. Therefore, it is necessary to better 
construct a new evaluation index system for ecotourism 
suitability, and use more scientific research methods to 
study ecotourism suitability and its landscape impact 
factors.

 Relationship between Ecotourism Suitability 
and Landscape Pattern and Actual 

Development

The regional ecological environment is deeply 
affected by landscape pattern changes and the evolution 
of landscape patterns can cause great changes in 
the spatial structure of a landscape [16]. A series of 
ecological problems caused by unreasonable land use 
will cause changes in landscape pattern to varying 
degrees [46-48]. The results show that the level of 
ecotourism suitability is significantly influenced 
by the key landscape pattern index in this study  
(Table 3). In order to further understand the relationship 
between landscape pattern index and ecotourism 
suitability, the key landscape pattern index which has 
reached a significant level of ecotourism suitability was 
comprehensively analyzed. The results showed that 
LSI, AWMSI, MPI, CONTAG and SPLIT all affect 
the level of ecotourism suitability mainly by affecting 
the "agglomeration effect" of landscape. The higher 
agglomeration of landscape patches may affect the 
suitability of ecotourism by mainly affecting the NL, 
TP, LD and RS in the evaluation system of ecotourism. 
There is a significant positive correlation between 
ecotourism suitability and SHDI and SHEI representing 
diversity, which can also prove this argument to 
some extent. In addition, TA may also influence the 
suitability level of ecotourism by expanding the scope 
of landscape to increase the NL, LD, CC, etc. It can be 
concluded that the changes of key landscape patterns 
will affect the suitability level of ecotourism by 
influencing various elements in the evaluation system of 
ecotourism through the above comprehensive analysis. 
Such influences are not single, but mutual.

Since the "two belts and five zones" ecotourism 
development strategy was put forward by Henan 
province in 2008, the suitability of ecotourism in Henan 

province has also shown a significant change in space 
over time. By comparing our research results with 
"two belts and five zones", we can find that, except 
for the poor consistency between the eastern Henan 
plain ancient culture ecotourism area and our research 
results, other "two belts and four zones" have different 
degrees of consistency with our research results on 
the whole (Fig. 1). This is because the factors selected 
for the suitability of ecotourism are mainly from the 
natural aspects and lack of factors in the aspect of 
human landscape in this paper. Eastern Henan plain 
ancient culture ecotourism area is mainly composed 
of human landscape, so it showed poor ecotourism 
suitability, and the natural landscape is the main part 
of the along the Yellow River ancient tourism belt, 
ecological sightseeing belt of the middle route of south-
to-north water diversion, Songshan zen culture tourism 
area, south Taihang scenic area, Funiu mountain leisure 
resorts and Tongbai-Dabie mountain red and green 
cultural tourism area has a higher consistency with our 
research results. The suitability of ecotourism in other 
ecotourism areas has shown a decreasing trend, except 
for the Tongbai-Dabie mountain red and green cultural 
tourism area after more than 10 years of development. 
Therefore, these areas should pay more attention to the 
protection of the ecological environment and develop on 
the basis of protection.

Landscape change is the most visualized sign of 
land utilization/land cover change and the interaction 
mechanism between the changes of land utilization 
and landscape patterns is the focus of studies of global 
environmental changes [11]. Landscape pattern changes 
are a comprehensive reflection of a variety of natural and 
man-made factors or ecological processes on a certain 
scale of the ecological environment system [49]. The 
natural attributes and complexity of landscape types are 
visually reflected in the structure and composition of 
the ecosystem, thus affecting the changes of ecotourism 
suitability [50-52]. The tourism industry in Henan has 
experienced explosive growth since the beginning of 
the 21st century. The number of tourists reached 750 
million in 2017, an increase of 14.6 times compared 
with 2002, and the tourism revenue reached RMB 77 
billion, an increase of 2.5 times compared with 2002. 
The tourism intensity reached a historical level and the 
tourism carrying capacity continued to increase and 
was severely tested [53]. The increase of the number of 
tourists in the region and the continuous construction of 
infrastructure continuously impact the natural attributes 
of the ecosystem, thus affecting the fragmentation, 
shape, connectivity, and diversity of the regional 
landscape, directly affecting the regional ecological 
environment, and changing the ecosystem [54]. The 
continuous development of ecotourism resources has 
led to the rapid increase in the human demand for 
ecological carrying capacity (ecological footprint), 
resulting in a scissors difference in which the ecological 
carrying capacity demand is greater than the supply and 
forming an ecotourism suitability small regionalization 
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mode [55]. This situation not only endangers the 
living environment and ecological needs of the local 
people but also exacerbates the difficulty of ecological 
governance and poses hidden dangers for regional 
sustainable development [56-58]. This paper finds that 
there is a close relationship between the landscape 
pattern indexes and the ecotourism suitability in the 
spatial pattern, and changes in the landscape pattern 
indexes can affect changes in the ecotourism suitability 
through the evaluation of the landscape pattern indexes 
and the correlation analysis of the ecotourism suitability 
indexes. Therefore, future ecotourism planning and 
management in Henan Province should start from the 
key landscape pattern factors (area, shape, proximity, 
and diversity) that significantly affect the development 
of ecotourism to change the land-use types reflected 
by the key landscape pattern factors. It can provide a 
guarantee for the sustainable development of ecological 
tourism in Henan Province. However, the study does 
not provide an effective and reasonable explanation for 
the change process of the landscape pattern indexes and 
the change mechanism of ecotourism suitability. Thus, 
the issue of how landscape patterns affect the change of 
ecotourism suitability is still an important part of future 
research.

Conclusions

The comprehensive ecotourism suitability 
evaluation model and the landscape index model are 
used to evaluate the spatial and temporal changes 
of the ecotourism suitability and landscape patterns 
in Henan Province from 2002 to 2017 in this paper. 
The quantitative method is used to explore the key 
landscape pattern factors that affect the ecotourism 
suitability. The following conclusions can be drawn 
from the analysis: 1) The spatial-temporal difference 
in the suitability of ecotourism in Henan Province is 
significant by evaluating the suitability of ecotourism 
from two scales of time and space. The temporal 
changes in ecotourism suitability are mainly inverted 
U-shaped changes, accounting for 61.12%, and the 
other three types of changes accounting for 38.88%. 
The ecotourism suitability of Henan province shows an 
increasing trend from the northeast to the southwest, 
and the spatial pattern changes little. Among them, 
Xinyang city, Luoyang city and Nanyang city have a 
large area with high level of ecotourism suitability, 
which is most suitable for the development of 
ecotourism. 2) This paper makes an in-depth analysis of 
the key ecological processes that play an important role 
in the suitability of ecotourism from the perspective 
of landscape pattern, and identifies the key landscape 
pattern factors. The area, shape, number, type and 
spatial configuration of landscape patches have an 
important impact on ecotourism suitability and show a 
significant time difference. The ecotourism suitability 
is significantly related to TA, LSI, AWMSI, MPI, and 

SHDI in 2002, significantly related to LSI, AWMSI, 
MPI, SHDI, and SHEI in 2007, significantly related 
to TA, LSI and MPI in 2012, and significantly related 
to TA, LSI, AWMSI, MPI, and SHD in 2017. There 
are multiple landscape pattern indexes and ecotourism 
suitability indexes showing a significant correlation 
from 2002 to 2017. The results indicated that the 
shape, fragmentation and connectivity of the landscape 
have changed significantly with the enhancement of 
human activities. The higher the degree of landscape 
fragmentation, the richer the landscape, and the more 
complex, the more beneficial it is to improve the level 
of ecotourism. The higher the degree of fragmentation, 
the richer and more complex the landscape is, the more 
conducive to the improvement of the ecotourism level. 
Therefore, the change of landscape pattern affects the 
suitability level of ecotourism.
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Index Type Landscape Pattern 
Index Code Ecology Significance

Area

Total Landscape Area TA Refers to the total area of the landscape, determining the scope of the 
landscape and the maximum scale of research and analysis.

Largest Patch Index LPI
The proportion of the largest patch occupied in the landscape area is 
used as an indicator to determine the degree of landscape dominance. 

The higher the LPI value, the more obvious the advantage is.

Mean Patch Area MPS
An important indicator representing landscape fragmentation: the total 
area of the landscape / the total number of various patches; the larger 

the MPS value, the lower the landscape fragmentation.

Density

Patch Density PD An important indicator representing landscape fragmentation; the larger 
the PD value, the higher the fragmentation.

Edge Density ED

Reveals the degree to which the landscape is segmented by the 
boundary; the larger the ED value, the higher the degree to which the 

landscape is segmented by the boundary; on the contrary, the landscape 
connectivity is good. 

Supplementary Material

Table S1. Selection and calculation of the evaluation index for ecotourism suitability.

Table S2. Landscape pattern indexes and their ecological significance.

Index Code Description Calculation formula and classification

Naturalness NL

It refers to the degree to which the earth’s 
surface is free from human disturbance. The 

higher the degree of naturalness, the higher the 
ecotourism suitability.

The NL of different land cover types is classified into 
5 levels, with values from 1 to 5.

Water 
Proximity WP It reflects the spatial proximity of a landscape 

cell to water bodies (i.e., rivers and lakes).

To calculate the distance between the landscape grid 
and the nearest water body and divide it into <200 m, 
200 m – 500 m, 500 m – 1000 m, 1000 m – 3000 m, 

>3000 m; with values from 5 to 1.

Traffic 
Proximity TP It reflects the proximity of a landscape cell to 

roads.

To calculate the distance between the landscape grid 
and the nearest road and divide it into <500 m, 500 

m-1000 m, 1000 m-2000 m, 2000 m-5000 m, >5000 
m; with values from 1 to 5.

Landscape 
Diversity LD It refers to the number of landscape types that 

exist within a certain spatial range.

To use the landscape types in the unit area to 
characterize the landscape diversity index in 

the region and use the natural breakpoint method to 
divide the LD into 5 levels, with values from 1 to 5.

Vegetation 
Coverage VC

It is a powerful index for evaluating the 
ecological status of a region. The higher the 

VC, the higher the ecotourism suitability.

To conduct re-sampling by NDVI data and ArcGIS 
software and divide VC into 5 levels according to the 

vegetation status corresponding to the NDVI, with 
values from 1 to 5.

Relief 
Suitability RS

It reflects the degree of topographic relief of 
landscape patches. The greater the relief, the 
higher the natural attributes of the landscape, 

and the higher the ecotourism suitability.

To use the Neighborhood Statistics in ArcGIS to 
calculate the topographic relief and use the natural 
breakpoint method to divide the RS into 5 levels, 

with values from 1 to 5.

Climate 
Comfort CC

Climate comfort is directly proportional to the 
ecotourism value, combining the temperature 

and humidity index (THI), the cold wind index 
(WCI) and the clothing index (ICL).

The CC is divided into 5 levels, with values from 1 
to 5.
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Table S2. Continued.

Shape

Landscape Shape Index LSI
An important indicator representing he complexity of the landscape 

shape; the larger the LSI, the more irregular the landscape shape, and 
the stronger the interference between the landscapes. 

Area-Weighted Mean 
Shape Index AWMSI

An important indicator representing he complexity of the landscape 
spatial pattern, and is the sum of the average shape factor of each patch 

type multiplied by the weighted value of the type area; the larger the 
AWMSI, the more complex and irregular the patch shape, and the more 

complicated the spatial pattern.  

Proximity

Mean Proximity Index MPI

MPI can measure the proximity between  patches of the same type 
and landscape fragmentation; if the MPI value is small, the degree of 
dispersion between patches of the same type is high or the degree of 

landscape fragmentation is high; if the MPI value is large, the proxim-
ity between patches of the same type is high and the landscape con-

nectivity is good. 

Mean Euclidean 
Nearest-Neighbor Index MNN

An important indicator measuring the landscape spatial pattern; 
generally speaking, the MNN value is large, the distance between 
patches of the same type is relatively long, and the distribution is 

relatively discrete; on the contrary, the distance between patches of the 
same type is  closer and the distribution is agglomerated.

Vergence

Contagion Index CONTAG Represents the spread degree of landscape patches; high value indicates 
that some patches of the dominance type form good connectivity. 

Splitting Index SPLIT

Represents the fragmentation degree of landscape segmentation, 
reflects the complexity of landscape spatial structure, and reflects the 

degree of human disturbance to the landscape in some extent; generally 
speaking, the larger the SPLIT value, the greater the impact of humans 

on the ecosystem. 

Aggregation Index AI Represents the aggregation degree of landscape; the larger the AI value, 
the closer the patches are gathered.

Diversity

Shannon’s Diversity 
Index SHDI

Reflects the richness and complexity of the landscape, and describes 
the uniformity of the proportion distribution of the area of different 

landscape elements; the increase of SHDI value means that patch types 
are distributed in an equilibrium trend in the landscape.

Shannon’s Evenness 
Index SHEI

SHEI is a powerful tool to compare the diversity changes of different 
landscapes or different periods of the same landscape. When the SHEI 

value is small, the dominance is generally high, indicating that 
the landscape is dominated by one or a few types of dominant patches; 

when the SHEI is close to 1, the degree of dominance is low, 
indicating that there are no obvious dominance types in the landscape 

and all patch types are are evenly distributed in the landscape. 


