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Niche theory is one of the most important theories and tools in ecology. Niche width is a concept used to measure the position and
role of an individual or population in a biological community. However, in the measurement of niche width, due to the unique
characteristics of ecosystems, evaluators often give information based on subjective judgment to describe the status of
ecological factors. Natural language is used to describe the state of ecological factors, and all the observed values come from
the subjective judgment of the language value of the evaluator and have fuzziness and randomness at the same time. To
achieve scientific and reasonable decision evaluation, it is necessary to comprehensively consider the fuzziness and randomness
of complex systems. The cloud model is used to improve the niche width model, aimed at solving ecological factors under
natural language information assignment and niche width evaluation. It is applied to measure tram niche width, which is the
typical ecological factor value assignment using natural language thinking.

1. Introduction

Niche theory is one of the most important theories and tools
in ecology. To date, the application of niche theory has
expanded to various disciplines and is increasingly used in
nonlife fields, such as nontraditional ecological fields such
as politics, economy, industry, agriculture, culture, architec-
ture, and education, and even transportation niche analysis
[1], thus forming powerful theoretical tools [2–7]. Hutchin-
son [8] proposed the concept of niche width to measure the
status and role of individuals or populations in biomes. The
greater the niche width values are, the more fully the indi-
vidual or population uses various resources, making it easier
to be in a dominant position in the community. However, in
the measurement of niche width, due to the unique charac-
teristics of the ecosystem, evaluators often give information
based on subjective judgment to describe the state of ecolog-
ical factors. Therefore, many scholars propose using the
fuzzy sets theory to solve this problem. Among them,
Ragade believes that fuzzy sets theory provides technical

support for ecosystem decision-making [9]. Bosserman used
fuzzy sets theory to study the problem of niche classification
based on expert knowledge [10]. W. Wang used fuzzy sets
theory to discuss the ecological concepts of community hier-
archy and dominant species, community crisscross regions,
similarity metrics, and the relationship between niches and
communities [11]. G. Cao addresses the limitations of the
Hutchinson niche concept and proposes a new concept of
a fuzzy niche [12]. F. Hao and Y. Li, on the other hand,
developed niche theory and proposed the concept of a fuzzy
supervolume niche and the measurement formula of niche
width and niche overlap [13].

In addition to fuzzy sets theory, solutions to similar
problems also exist in probability and mathematical statis-
tics, rough sets, and other theories. These methods have
clear entry point and clear boundary condition constraints,
which are easy to operate, but they often have certain limita-
tions. For example, probability and mathematical statistical
theory often need the determination of prior probability,
requiring a large amount of data as the foundation. Rough
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set theory also has a certain generality. These methods adopt
hard boundary division when dealing with the boundary
problem of the data. This advantage is that the data differen-
tiation degree is good, but also means that the ambiguity and
randomness of the data are correspondingly reduced. How-
ever, the evaluator uses natural language to describe the state
of ecological factors. All the observed values come from the
subjective judgment of the language value of the evaluator,
and it also has ambiguity and randomness. To achieve scien-
tific and reasonable decision evaluation, we must compre-
hensively consider the ambiguity and randomness of
complex systems. Therefore, according to the subjective
evaluation of the language value, the traditional fuzzy sets,
probability, and mathematical statistics and rough sets are
no longer objective and comprehensive responses to the
actual situation to a certain extent. D. Li proposed a new idea
of subordinate clouds, using digital characteristics to
describe subordinate clouds, and pointed out that normal
subordinate clouds have universality in a large number of
fuzzy concepts [14]. Later, Z. Yang, K. Di, and others further
proposed extending the two-dimensional cloud and the mul-
tidimensional cloud for the knowledge expression and pre-
diction of the spatial database [15, 16]. D. Li also applied
the multidimensional cloud model to explore the association
rules [17] from the spatial database, further extending the
application of the cloud model. With the development of
research, D. Li pointed out the normal cloud model through
expectation, entropy, and super entropy, the precise deter-
mination of the membership function to construct the nor-
mal membership distribution, the normal distribution
formation condition is more relaxed, its universality is stron-
ger, and the situation between qualitative and quantitative
interconversion is simpler and more direct [18]. C. Liu
defined the expectation curve of the normal cloud model,
analyzed the trend and law of the normal cloud model with
parameters, further explained the universality of the normal
cloud model, and further revealed the rationality of the con-
cept of cloud model representation uncertainty [19]. In
terms of the reverse cloud algorithm, C. Liu proposed a sim-
pler and more accurate reverse cloud algorithm to reduce the
error [20]. H. Chen proposed a new reverse cloud algorithm
without certainty, which solves the problem of occasional
hyperentropy of existing reverse cloud algorithms [21]. At
the same time, the emergence of cloud reasoning [22], simi-
lar clouds [23], and other concepts has continuously
improved cloud model theory itself, and its application in
intelligent control and prediction, data mining, risk warning,
system evaluation, and other fields is also more profound
[24–27]. Therefore, the cloud model to improve the mea-
surement model of niche width aims to solve the problem
of ecological factor assignment and niche width evaluation
under natural language information and applies to the typi-
cal tram niche width evaluation of ecological factor
assignment.

2. Cloud Model Theory

The cloud model is used to realize the natural transforma-
tion of the uncertain language value and the quantitative

value. The theory comes from the classical random theory
and fuzzy sets theory, but the relatively fuzzy sets theory
has the advantages of reflecting the randomness and ambi-
guity and the correlation between them, forming a qualita-
tive and quantitative mapping, greatly avoiding the
uncertainty in the decision-making process.

2.1. Cloud and Cloud Drops. Let U be a quantitative domain
expressed by exact values, C is a qualitative concept on U , if
the quantitative value x ∈U , and x is a random implementa-
tion of the qualitative concept C, the certainty of x to C is a
random number with a stable tendency

μ : U ⟶ 0, 1½ �∀x ∈Ux⟶ μ xð Þ: ð1Þ

The distribution of x in the theoretical domain U is
called a cloud, and each x is called a cloud drop [28]. In fact,
cloud is a holistic description of multiple cloud droplets. The
description employs three digital features: expected value Ex,
entropy En, and hyperentropy He. Using these three digital
features of the cloud can transform qualitative concepts into
quantitative expressions, enabling efficient integration of
qualitative conceptual ambiguity and randomness. Cloud
model has the following properties:

Cloud model is a distribution of random variables x in
the quantitative field U , and xhas the certainty of the nature
of random variables.

Cloud model consists of multiple cloud drops. Every
realization of the random variables x in the qualitative con-
cept is a cloud drop, and the whole composed of multiple
cloud drops is a cloud.

Cloud drops have the certainty of the nature of random
variables, which refers to the degree to which the cloud
drops can reflect this qualitative concept.

2.2. One-Dimensional Normal Cloud. The normal cloud
model is the most basic morphology in the cloud model.
According to probability theory, the expected curves of a
large number of random distributions approximately obey
a normal distribution, both in the social sciences and in
the natural sciences.

Let U be a quantitative domain expressed by exact values,
C is a qualitative concept on U , if the quantitative value x ∈U ,
and x is a random implementation of the qualitative con-
cept C, if x satisfies x ~NðEx, En′2Þ, where En′ ~NðEn,
He2Þ, and the certainty of x to C satisfies

μ = e− x−Exð Þ2/2 En′ð Þ2 : ð2Þ

The distribution of x over the theoretical domain U
then becomes a normal cloud. In general, a normal cloud
is universal to uncertain knowledge representations [29].
The normal cloud model constructs specific algorithms
based on the normal distribution in the probability theory
and the Gaussian membership function in the fuzzy sets
to realize the qualitative and quantitative uncertainty trans-
formation. Hyperentropy He is a measure of the degree of
deviation from the normal distribution and can reflect the
inequality in the influencing factors or whether they are
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not independent of each other. When He=0, the cloud
model degenerates to a normal distribution, and the cer-
tainty degenerates to a classical normal membership func-
tion. The universality of the normal distribution and the
universality of the normal membership function together
lay the theoretical basis for the universality of the normal
cloud model. Therefore, all the clouds in this manuscript
also obey a normal distribution.

2.3. Forward Cloud Generators and Reverse Cloud
Generators. The algorithm that generates cloud droplets is
called a cloud generator. According to the cloud generation
mechanism and computing direction, the cloud generator
can be divided into a forward cloud generator and a reverse
cloud generator. Forward cloud generators are different from
reverse cloud generators in that different known conditions
lead to different results. A forward cloud generator generates
normal cloud-distributed cloud droplets Dropðui, viÞ based
on three known digital features. The reverse cloud generator
refers to a set of cloud droplets given one conforming to the
law of a certain normal cloud distribution as a sample, pro-
ducing three digital characteristics, that is, Ex, En, and He,
and describing the qualitative concepts corresponding to
the cloud.

2.4. The 3En Criterion for the Cloud Models. The 3En crite-
rion for the cloud model means that for qualitative concept
C in quantized domain U , the contributing quantitative
values fall mainly within the interval ½Ex − 3En, Ex + 3En�,
where the cloud drop elements are small probability events
that are negligible. Therefore, when using the cloud model
to achieve qualitative to quantitative transformation, the
cloud droplets outside this interval can be ignored, thus
reducing the computational complexity.

3. Cloud Improvement Model of Niche Width

3.1. Niche Width Model

3.1.1. Niche Resource Matrix. The niche resource matrix rep-
resents the number of biological individuals or populations
that occupy or utilize niche resources. According to the
niche hypervolume composition, the niche space composed
of the niche is composed of various ecological factors
designed to satisfy the survival and development of an indi-
vidual or population. These ecological factors are the
resource conditions required for the survival and develop-
ment of individuals or populations, and there is a certain
range of threshold values. In terms of various resource con-
ditions, the measured value of ecological factors indicates the
degree of satisfaction with the survival and development and
ecological value of individuals or populations. Thus, the
niche resource matrix is shown in Table 1.

In Table 1, Dj represents the j-dimensional ecological
factor of biological individuals or populations; Sk represents
the resource gradient of the biological individual or popula-
tion on the j-dimensional ecological factor; and Pik repre-
sents the proportion of the i-th biological individual or

population occupying the k-th ladder resource on the j-
dimensional ecological factor.

3.1.2. Basic Model of Niche Width. Initially, the concept of
niche width [30] was proposed by Hutchinson. Van con-
siders niche width as the proportion of resource-limited
multidimensional space exploited by a species or community
segment [31]. Macarthur and Levins extend it further [32,
33], arguing that niche width is actually the distance passing
along a particular line in niche space. In fact, so-called niche
width refers to the sum of the different resources occupied
and utilized by an organismal unit. Here, the Levins formula
[33, 34].

Bij = 1/〠
r

k=1
pikð Þ2 i = 1, 2,⋯,n ; j = 1, 2,⋯,m ; k = 1, 2,⋯,rð Þ,

ð3Þ

Pik =Nik/〠
r

k=1
Nik i = 1, 2,⋯,n ; k = 1, 2,⋯,rð Þ: ð4Þ

Bij represents the niche width index of individual or
population i on resource dimension j. j represents the eval-
uation index dimension of the niche, i represents the num-
ber of objects evaluated, k represents the niche resource
gradient, and Pik represents the proportion of the i-th bio-
logical individual or the population on the j-th dimension
ecological factor. In general, the value of Pik is obtained by
the ratio of the number of individuals (Nik) to the total num-
ber of individuals connected between the biological individ-
ual or the population i and the k-th gradient of the
evaluation index j.

The niches of biological individuals or populations gen-
erally have multidimensional ecological factors with differ-
ent weights, reflecting the influence and importance of
each ecological factor on the biological individual or popula-
tion niche. Multidimensional niche width measurements can
be obtained by the one-dimensional niche width exponential
weighting included. Therefore, the multidimensional niche
width formula is as follows:

Bij′ = 〠
m

j=1
Wj × Bij

� �
i = 1, 2,⋯,n ; j = 1, 2,⋯,mð Þ, ð5Þ

where i represents the biological individual or population, j
represents the index dimension, B’

ij represents the niche
width of the biological individual or population i, and Wj

represents the weight of index j.

3.2. Cloud Improvement Model of Niche Width

3.2.1. Cloud Conversion. For the evaluation value conferred
by a group of multiple evaluators with natural language
information, the resulting data need to be converted into
qualitative concepts. Here, the reverse cloud occurrence
algorithm is used to obtain three digital eigenvalues, thus
realizing the cloud transformation of the sample data. A
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reverse cloud generator refers to a set of cloud droplets given
a certain normal cloud distribution rule as a sample, produc-
ing three digital features Ex, En, and He and describing the
qualitative concepts corresponding to the cloud. Among
them, the reverse cloud generator [22] is.

Step 1. Calculate the average of known cloud droplets, which
is the expected value of the reverse subordinate cloud model.

Ex = 1
n
〠
n

i=1
xi: ð6Þ

Step 2. Calculate the entropy belonging to the cloud model.

En =
ffiffiffi
π

2

r
1
n
〠
n

i=1
xi − Exj j: ð7Þ

Step 3. Calculate the hyperentropy belonging to the cloud
model.

He =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S2 − En2

p
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n − 1 ⋅ 〠
n

i=1
xi − �xð Þ2 − En2

s
: ð8Þ

Step 4. If S2 − En2 < 0, delete the sample of 1% near the
expected value and return to step 3.

At this point, the cloud of the niche observed for the bio-
logical individual or population i on a one-dimensional
resource is expressed as Ci (Exi, Eni, Hei).

3.2.2. Cloud Improvement Model. The cloud expression of
the observed niche of a biological individual or population
i on a one-dimensional resource is CðEx, En,HeÞ. For exam-
ple, the one-dimensional normal cloud C (3.07, 0.68, 0.43)
and the cloud model for niche width evaluation were ana-
lyzed, as shown in Figure 1.

In the basic model of niche width, Pik represents the pro-
portion of the biological individual or population i in the k
-th gradient state of the resource dimension j and is the ratio
of the total number of individuals (or other indicators) con-
necting the biological individual or population i to the k -th
gradient of the resource dimension j. However, in practice,
the number of connected individuals is based on subjective
judgment and cannot be completely accurately determined,

and the proportion of the evaluation object in the k-th gra-
dient state is determined by the ratio of the number of con-
nected individuals to the total number of individuals only,
and there is also error.

C. Liu demonstrated that the cloud drop of normal
clouds is a random variable, in which the expected value is
Ex and the variance is En2 +He2 [19], so the niche of a bio-
logical individual or population in one dimension is in the
form of a normal cloud. Then, the proportion of a biological
individual or population i and the k-th gradient state of
resource dimension j can be expressed by the area under
the normal distribution curve, that is, the probability of the
object in a certain gradient interval. Then, the values of Pik
can be calculated using a standard normally distributed area
surface query. For example, in Figure 1, when the resource
gradient of this ecological factor is 4, the proportion that
the biological individual or population occupies over the
[4, 5] gradient interval on this dimension can be approxi-
mated by the proportion of the [4, 5] interval area under
the maximum expectation curve of the normal cloud to the
[1, 5] interval area under the maximum expectation curve.

In the practice of niche width evaluation, the normal
distribution of its niche is not always standard normal δ ~
Nð0, 1Þ, and it needs to adopt a standardized formula to stan-
dardize some parameters and then solve the normal distrib-
uted area surface. Let the one-dimensional niche cloud
model of a biological individual or population be CðEx, En,
HeÞ. Pik is the proportion of the cloud model and the popu-
lation on the resource gradient k based on the relationship
between the cloud model and the normal distribution, that
is, the probability of a biological individual or population
niche in the interval ½k − ω, k + ω�, where ω is the interval
parameter of the resource gradient, as determined by the
actual situation of the gradient setting.

If k − ω > Ex, point k + ω and point k − ω are standard-
ized.

U+ = k + ωð Þ − Ex

En2 +He2
, ð9Þ

U ‐ = k‐ωð Þ − Ex

En2 +He2
, ð10Þ

p k+ωð Þ = p −∞<k+ωð Þ = p −∞<U+ð Þ, ð11Þ

Table 1: Niche resource matrix.

D1 … Dj …
S1 … Sk … S1 … Sk …

Biological

1 P11 D1ð Þ … P1k D1ð Þ … P11 Dj

� �
… P1k Dj

� �
…

2 P21 D1ð Þ … P2k D1ð Þ … P21 Dj

� �
… P2k Dj

� �
…

… … … … … … … … …

i Pi1 D1ð Þ … Pik D1ð Þ … Pi1 Dj

� �
… Pik Dj

� �
…

… … … … … … … … …

n Pn1 D1ð Þ … Pnk D1ð Þ … Pn1 Dj

� �
… Pnk Dj

� �
…
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p k‐ωð Þ = p −∞<k‐ωð Þ = p −∞<U ‐ð Þ: ð12Þ
If k + ω < Ex, point k + ω and point k − ω are standard-

ized.

U+ = Ex‐ k + ωð Þ
En2 +He2

, ð13Þ

U ‐ = Ex‐ k‐ωð Þ
En2 +He2

: ð14Þ

According to the symmetry of the curve, there are

p k+ωð Þ = p U+<∞ð Þ = p −∞<−U+ð Þ, ð15Þ

p k‐ωð Þ = p U−<∞ð Þ = p −∞<−U−ð Þ: ð16Þ
By querying the normally distributed area table, the

values of pðk+ωÞ and pðk‐ωÞ are obtained, and by normaliza-
tion, the proportion of urban trams on resource gradient k is

pik =
p k+ωð Þ − p k‐ωð Þ
��� ���

∑m‐1
k=1 p k+ωð Þ − p k‐ωð Þ

��� ��� : ð17Þ

Finally, the single dimension niche width index has the
same formula (7), and the multidimensional niche width
index has the same formula (9).

4. Application in Tram Evaluation

Trams cannot be separated from the city, a composite eco-
system of nature, economy, and society. A city not only
involves the natural environment, including geological
and climate elements, but also involves human production,
life, economic development, and civilization interaction,
with a country or region of political, economic, and sci-
ence and technology cultural center function, which is a
kind of by nature, society, culture, political, economy, behav-
ior, and other factors under the comprehensive influence of
the overall environment. Different cities have obvious differ-
ences due to their urban economic ability, geographical envi-
ronment, culture, customs, and many other factors. People
have different demands for the psychological feelings, func-
tional expectations, and aesthetic demands of trams, and
their essence comes from the complex urban ecosystem itself.
The sustainable development and modernization process of
tramsmust be on the basis of paying attention to the develop-
ment of nature, society, culture, politics, economy, behavior,
and other factors, put people first, adapt measures to local
conditions, and coordinate with the ecological environment.

Niche theory can use the idea and method of ecology to
analyze the tram of the public passenger transport ecosystem
and the urban ecosystem and explore the relationship
between the tram and its carrying environment. The ecolog-
ical factor of the tram niche, namely, the resource dimension
and the threshold range that it occupies, jointly determines
the niche width of the tram. The tram niche width model
is mainly used to evaluate the utilization or occupation of

ecological factor resources of trams, to evaluate the size of
the ecological niche, and to reflect the diversity of ecological
factors of trams. Introducing the niche width measurement
model into the study of trams will help us to correctly under-
stand the relationship between trams and the carrying envi-
ronment, reveal the extent to which trams occupy ecological
resources, and guide the design of trams from the overall
height of the system.

4.1. Tram Niche Indicator System. The concept of ecology,
one of which the most important foothold is people and
the service object of passengers, also determines the survival
and development of trams. Therefore, it attaches great
importance to the subjective feelings of passengers, takes this
as a holistic basis, transforms some ecological factors into
scientifically quantified indicators, and becomes the key to
communicating the positive relationship between passenger
subjective satisfaction and the evolution of the tram niche.
Therefore, the author proposed using the text content anal-
ysis method, conducting the content analysis of the multi-
source large sample data, extracting the core elements,
using the Delphi method to design passenger-oriented ques-
tionnaires, and finally using factor analysis to build the tram
niche indicator system [34], as shown in Table 2.

It should be noted here that the research data of this
indicator system are from Chengdu, China. We distributed
a total of 240 survey questionnaires along the Chengdu tram
line, with 233 recovered and 228 valid questionnaires and an
effective rate of 95%. All of the participants in this question-
naire survey had taken trams. Using the KMO test and the
Bartlett spherical test on the sample data using SPSS 25.0,
the KMO statistic was 0.904>0.9, and the concomitant prob-
ability was 0.000, less than the significance level of 0.05, indi-
cating that the validity of the questionnaire is good and
suitable for factor analysis. Therefore, the establishment of
this indicator system is reliable, but its scope of application
is mainly in China.

4.2. Data Research and Acquisition. Using the Likert level 5
scoring scale, the “tram niche width evaluation question-
naire” was compiled based on the tram niche index system,
from 1 to 5 being very bad, bad, average, good, and very

1

0.8

0.6

0.4

0.2

0
1 2 3 4 5

Figure 1: The distribution of a one-dimensional normal cloud on
the resource gradient.
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good, respectively. A total of 150 questionnaires were dis-
tributed along Chengdu Tram Line 2, 100 questionnaires
were distributed to teachers and students in transportation,
mechanical design, and other related majors of Southwest
Jiao Tong University, a total of 250 questionnaires were dis-
tributed, a total of 220 were recovered, 220 valid question-
naires were recovered, and the questionnaire was 88%. To
compare and analyze the niche width of the trams, 220 ques-
tionnaires of road bus No. 708 were collected on site along
road bus No. 708, and a total of 197 valid questionnaires
were recovered.

4.3. Cloud Conversion of the Data. Three digital eigenvalues
can be obtained by using a reverse cloud generator to survey

statistical data. According to 220 valid questionnaires in
the preliminary investigation, the observed ecological niche
of Chengdu Tram Line 2 in one-dimensional resources
consists of 220 samples. The 220 samples were treated as
220 cloud droplets, which were transformed into cloud
model expressions using a reverse cloud generator to gen-
erate three digital features describing the corresponding
qualitative concepts of clouds, and the cloud expression
of Chengdu Tram Line 2 in one-dimensional resources is
Ci (Exi, Eni, Hei).

4.4. Niche Width Evaluation of Chengdu Tram Line 2. The
survey statistics are assigned by the scoring method of 1-5,
so the niche dimension of Chengdu Tram Line 2 is divided

Table 2: Tram niche indicator system.

Target layer Criterion layer Index layer Weight

Tram niche A

Functional technology B1

Track structure C1 1.72%

Braking ability C2 4.03%

Power performance C3 2.27%

Run stationary C4 1.72%

Safety performance C5 4.49%

Weather resistance C6 1.98%

Bogie structure and floor height C7 2.91%

Power supply mode C8 3.62%

Station planning C9 4.49%

Vehicle environment B2

Thermal environment C10 2.58%

Spatial scale C11 6.52%

Luminous environment C12 1.45%

Interior decoration C13 2.17%

Column handrail C14 2.58%

Plane layout C15 5.69%

Acoustical environment C16 3.11%

Operation management B3

Passenger cost C17 0.77%

Operating time C18 2.53%

Passenger transport organization C19 6.03%

Broadcast and information system C20 3.04%

Facility operation and maintenance C21 2.28%

Running speed C22 2.90%

Integration of public transport system C23 3.99%

Cultural image B4

Track landscape C24 1.66%

Body shape design C25 1.41%

Regional visual coordination C26 3.39%

Passenger visual field C27 0.71%

Color painting C28 1.90%

Station shape design C29 1.19%

Regional cultural integration C30 1.49%

Material quality C31 0.95%

Economic suitability B5

Passenger time efficiency C32 2.72%

Fatigue reduction benefit C33 1.08%

City size matching C34 3.25%

Regional economic matching C35 3.25%

Right-of-way setting C36 4.16%
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into four resource grade states, and the niche width of
Chengdu Tram Line 2 is 4 at the maximum. According to
the cloud expression of the observed values of each index
of Chengdu Tram Line 2, the one-dimensional niche width
of Chengdu Tram Line 2 and Bus Line 708 is calculated as
shown in Figure 2. The niche width of Chengdu Tram Line
2 on the criterion level index is calculated, as shown in
Figure 3. Finally, the calculated comprehensive dimension
niche width value of Chengdu Tram Line 2 is 2.214, while
the comprehensive dimension width value of Bus Line 708
is 2.127, as shown in Figure 4.

5. Conclusion and Discussion

The main conclusions are as follows:
The capacity of Tram Line 2 to occupy niche resources is

average. The niche width of Tram Line 2 in most dimensions
is approximately 2, and the average value is 2.198, while the
comprehensive dimension niche width value is only 2.214,
which is quite different from the maximum niche width

value of 4. This shows that Tram Line 2 has an average abil-
ity to occupy niche resources in the region.

Tram Line 2 has high demand generalization in three
dimensions: Operating Time, City Size Matching, and
Regional Economic Matching. The niche width of Tram
Line 2 in three dimensions, Operating Time, City Size
Matching, and Regional Economic Matching, all exceeds 3,
which shows that Tram Line 2 occupies a large range of
these resource gradients, the respondents have high general-
ization of demand for these three dimensions, and their
understanding is not uniform. Tram Line 2 occupies high
ecological resources in these three dimensions, so it has great
potential for survival and competition.

Tram Line 2 occupies a strong demand specialization in
the Thermal Environment, Spatial Scale, Interior Decora-
tion, and other dimensions. The niche width values of Tram
Line 2 in Vehicle Environment dimensions such as Thermal
Environment, Spatial Scale, and Interior Decoration are all
lower than 2, which shows that people’s opinions on Tram
Line 2 in Vehicle Environment dimension tend to be consis-
tent, and Tram Line 2 occupies a small resource gradient in
Vehicle Environment dimension, with strong selectivity to
ecological resources and strong niche specialization. This is
consistent with the actual state. At the same time, this is
related to the specialization of the respondents’ demand for
trams in these dimensions.

There were differences in the utilization of ecological
resources in the different criterion layers of Tram Line 2.
Tram Line 2 has the highest niche width in the dimension
of Economic Suitability, which shows that the utilization
ability of Economic Suitability ecological factor resources is
obviously generalized, and the demand provided by Eco-
nomic Suitability ecological factor resources for Tram Line

0

2

4

Tram line 2
Bus line 708

Figure 2: One-dimensional niche width of the Tram Line 2 line and Bus Line 708.

0 0.5 1 1.5 2 2.5 3

Functional technology

Vehicle environment

Operation management

Cultural image

Economic suitability

Bus line 708
Tram line 2

Figure 3: Niche width of Tram Line 2 and Bus Line 708 on criterion layer.

0

1

2

3

4

5

Tram line 2 Bus line 708 Maximum
breadth

Figure 4: Comprehensive dimension niche width of Tram Line 2
and Bus Line 708.
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2 is diversified. The niche width of Tram Line 2 in the
dimension of Operation Management is relatively high,
which also shows that the demand provided by the ecologi-
cal factor resources of Operation Management for Tram
Line 2 presents diversified characteristics. For ecological fac-
tor resources with relatively high niche dimensions, the
potential for survival and competition is relatively large.
The niche width of Tram Line 2 in the dimension of Vehicle
Environment and Cultural Image is relatively low, which
shows that the utilization ability of ecological factor
resources of Vehicle Environment and Cultural Image is
highly specialized. Among them, in terms of Vehicle Envi-
ronment, Tram Line 2 strictly implements ISO3381, TB/
T1804-2009, and other standards, and the respondents’
needs for the internal environment of vehicles tend to be
consistent, and there is not much difference. In terms of Cul-
tural Image, Tram Line 2 fully displays Chengdu elements
such as Qingcheng Mountain, Wuhou Temple, Giant Panda,
and Jinsha Site and has become a flowing Chengdu business
card. Most of the respondents had lived in Chengdu for a
long time and had high recognition of regional cultural
elements.

There is little difference in the capacity to occupy niche
resources and comprehensive competitiveness between
Tram Line 2 and Bus Line 708. The comprehensive dimen-
sion niche width of Tram Line 2 is 2.214, while the compre-
hensive dimension niche width of Bus Line 708 is 2.127.
Although the niche width of Tram Line 2 is relatively high,
it does not show obvious advantages. Since its opening,
Tram Line 2 has not been fully recognized by passengers.
Many passengers said that compared with road buses, Tram
Line 2 has no obvious advantages in time saving efficiency
and passengers’ feelings.

According to the above discussion, we can optimize
Tram Line 2 according to the evaluation results. For exam-
ple, the niche width of Tram Line 2 in City Size Matching
and Regional Economic Matching are higher; we can carry
out in-depth research on the behavior habits of residents
along the route and adopt special strategies targeted, such
as monthly service, firmly attracting residents along Tram
Line 2 travel as the main means of transportation. We can
also increase the infrastructure construction along Tram
Line 2 to improve the driving capacity of Tram Line 2 to
the surrounding economy and land value. For this point,
the transformation project of Tram Line 2 has been put into
practice. This also fully illustrates the feasibility of this study.

In the future, we will also establish the concept of tram
niche overlap and tram niche suitability, and tram niche
width, as an important tool of tram niche evaluation, to ana-
lyze the structure of the trams in the environmental space,
study the competition between trams and other vehicles,
and evaluate the tram ecological resource occupation or uti-
lization ability and suitability to comprehensively evaluate
the adaptability of trams to the ecological environment.

Data Availability

The data used to support the findings of this study are
available from the corresponding authors upon request.
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