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1 Research Background and Objective

With the promotion of green transformation and lifestyle!"'”!
and the public’s raising awareness about environmental and
ecological protection, cities strengthen holistic development
of urban waterfronts. With a prominent positive externality',
waterfronts have become engines for urban regeneration and
community revitalization'. A large number of ongoing research
and practice projects on ecological restoration of urban rivers

51~[8]

and waterfronts! emphasize response to the public’s social,

recreational, aesthetic, and ecological demands for quality

[5109]

waterfronts™"" through spatial improvement that enhances

1

. e 10 .
ecosystem services overall capac1t1es[ , S0 as to achieve the goal

of ecological civilization that “sound ecological environment is the
most inclusive benefits to people’s wellbeing.”!""!

Existing research and practice on urban river ecological
restoration concentrate more on improving landscape aesthetics,
enhancing community identity, and providing open and recreational

[12][13

spaces for residents ! while less on ecosystem health. Most

research explores the methods and technologies of ecological
restoration*, but lacks perspectives on the public’s perception'®.
This hinders the human-city-nature integration and the ecological-
aesthetics coordination in river ecological restoration process.

For example, native plants growing in waterfronts are often
misunderstood as “wild grasses” and lack of maintenance and
management!"*'"®; instead, colorful ornamental grass species

such as Muhlenbergia capillaris Trin. may be more attractive for
citizens"”). To study and address the incoordination between
ecological and aesthetic values, Paul H. Gobster, et al. introduced
the concept of “landscape perception” in the ecological aesthetic
theory[lsl. Different from traditional dualistic aesthetic ideas"?, the
landscape perception process emphasizes the combination of
the public’s aesthetic demands and ecological knowledge, and
the interplay between humans and ecosystems in ecological
aesthetic experience processes!"”?”, Unlike traditional landscape
aesthetics evaluation, which aims to explain general rules of
landscape aesthetics through the visual quality of landscape
elements (form, color, and vegetation), ecological aesthetic
evaluation attempts to explore the ecological processes of
landscape as well as the correlation between ecosystem services
and landscape aesthetics*"*?,

This research emphasizes the importance of the ecological
aesthetic experience process based on the belief that ensuring
the health of ecosystem should be part of primary goals in river
ecological restoration. This paper combines methods of river

041

health assessment and research approaches to ecological aesthetic
preference, integrates the goals of ecosystem health and public
aesthetic demands in urban river restoration, and constructs a
framework of the influencing mechanism of ecological aesthetic
preference on urban riverfronts. Based on this framework, the
paper proposes three major affecting factors of ecological aesthetic
preference—ecological characteristics of the riverfront, social and
cultural background characteristics of the visitor, and the visitor’s
ecological awareness and knowledge level—and carries out
empirical research with 24 typical riverfront samples in Kunshan
City, Jiangsu Province, China. With the outcome of correlation
analysis and the optimal scaling regression model, the affecting
factors and their influencing mechanisms are revealed, which
explores the collaborative optimization of ecological and aesthetic
values in urban river ecological restoration practice.

2 Research Methods

2.1 Research Framework
Ecological aesthetic theory points out that individuals’
ecological awareness and knowledge level affects their aesthetic

'8l Defined by ideas about biodiversity and ecological

experience
balance, ecological awareness goes beyond anthropocentric

value consciousness and standards, as well as “human aesthetic
preference"@; knowledge here refers to natural science knowledge,
especially ecological knowledge''®. Raising ecological awareness
facilitates people’s mindset change from traditional aesthetics
towards ecological aesthetics, and ecological knowledge can affect

%1125 and so as impact on their

ecological aesthetic experience
aesthetic preference. Therefore, the research defines “ecological
aesthetic preference” as the aesthetic experience generated through
interactions between humans and the perceptible ecological
landscape pattern. It can be understood as a subjective and
rational landscape spatial evaluation determined by individuals’
physiological and psychological capacities, aesthetic preference,
cognition, and knowledge level.

In addition, existing literature illustrates that the public’s

aesthetic preference for urban riverfronts is affected by both

@ The term “human aesthetic preference” refers to the anthropocentric aesthetics that ignores
ecological values or even confuses benefits and adverse impacts caused by traditional
aesthetic activities (regarding protecting biodiversity and ecosystem dynamic balance
as benefits). For example, humans appreciate the beauty of Eichhornia crassipes which
often causes biological invasion and ecological disasters, illustrating a tradional aesthetie
preference over loss of living spaces for native species (Source: Ref. [18]).
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[24]

environmental and subject factors**®!, The environmental

factors include: 1) physical elements (e.g. water, vegetation,

) [24][26],

animals, artificial facilities, and buildings 2) structural

characteristics (e.g. spaciousness, straight to curved, coherence,
and complexity)™"*”); and 3) site context (e.g. urbanization
degree, land use, and socio-economic status)"***, Such factors
determine the aesthetic value, ecological functions, and social and
cultural services of urban riverfronts'®. In this research, physical
elements and structural characteristics are collectively referred

to as ecological factors. The subject factors include physiological

[28]

characteristics such as age“” and gender, as well as social-cultural

characteristics such as education level®, income, occupation®,
place of usual residence, religious beliefs, cultural values, and
environmental protection experience®"'®?, All characteristics

of subject factors in this research are collectively referred to as
social-cultural characteristics.

Based on the model of human-environmental interactions and
the influencing mechanism of landscape aesthetic preferences
proposed by Gobster et al.!"*!, the research constructs a triple
framework of ecological aesthetic preference on urban riverfronts
(Fig. 1). 1) the sensory experience defined by individuals’ direct
perception on the characteristics of riverfront ecological factors; 2)
the identity experience generated from the appreciation of beauty

Collaborative
optimization

Human society

’[ Space carrier

Perception carrier

Urban riverfronts

according to individuals’ social-cultural characteristics; and 3) the
reflective experience rooting in individuals’ rational evaluation

of ecological awareness and knowledge level. The characteristics
of riverfront ecological factors, individuals’ social-cultural
characteristics, and their ecological awareness and knowledge
level are the three affecting factors to their ecological aesthetic
preference.

2.2 Riverfront Sample Selection

Urban riverfronts in Kunshan were selected as the study samples
in this research. Kunshan sits in the downstream area of Taihu
Lake watershed with a dense water network shaped by numerous
lakes, rivers, and ponds—the area of rivers and lakes accounts for
16.58% of the total area of the city"®’. Impacted by human activities,
rivers in Kunshan have suffered from varied ecological problems,
such as morphological damage, water quality deterioration,
hydrological changes, and habitat degradation. Through water
environmental management and ecological restoration over recent
years, the riverfronts in the city have mostly been restored into
multi-leveled, multi-typed waterfronts with diversified landscapes.
In this research, river sections with typical characteristics and
combinations of ecological factors were selected as study samples
and displayed with photographs in order to avoid the disturbance

First level : ''''''''''''''''''' 'I
The character_istics of riverfront |Direct : Sensory :
ecological factors perception ; experience I
1 |
) Appreciatien Combination
! of beauty !
Second level ; :
i Identity i Individuals’ social-cultural
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Ecological aesthetic preference of
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1. The triple framework of ecological aesthetic preference on urban
riverfronts
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caused by landscape disparity to the respondents’ direct perception
experience, and to improve the credibility of the research.

Based on terrain data and remote sensing images, the width
regulations for all level of the river in Kunshan River Blue Line
Protection Plan®®”, as well as the characteristics of river ecological
factors, the research team conducted a preliminary screening to
select rivers with a width of 20 ~ 100 m, and then further selected
river sections of 300 ~ 500 m in linear length referring to the
Urban River Survey (URS)"*, a highly operable and applicable
method—It is one of the international mainstream urban river
evaluation methods"®*®* developed from the UK River Habitat
Survey (RHS) and already been used in Chinese urban river

10861, Consisting of two parts, i.e. classification

health assessmen
and index, this method assesses the urban river health status
impacted by humans—A total of 62 section samples from 27 rivers
in 5 levels? in Kunshan were chosen, covering riverfronts with
various urbanization degree and representative characteristics for
different parts throughout the city.

Research team carried out a field survey in July 2018, and
observation points on the river section samples were set at each
50-meter interval. Using cameras with positioning functions and
mobile phones, and with visual inspection method, researchers
collected URS data, including basic site information, engineering
type and ecological factor characteristics of section samples, and
indicator measurement. Then, to avoid negative impacts of similar
riverfront landscapes on the respondents’ aesthetic preference, the
research compared the characteristics of ecological factors of each
sample, including different characteristics in materials, physical
habitats, and vegetation (Table 1), and finally selected 24 typical
and heterogeneous river section samples (Fig. 2)®, covering 4
material types, 2 physical habitat types, and 6 vegetation types.

2.3 Variables Setting

Developed on previous research on the aesthetic preference of
urban riverfronts, the research defines characteristics of riverfront
ecological factors, individuals’ social-cultural characteristics, and
their ecological awareness and knowledge level as independent
variables, and takes ecological aesthetic preference as the
dependent variable (Table 1) to analyze the affecting factors and

@ According to Kunshan River Blue Line Protection Plan, rivers in Kunshan are classified into 5
levels.
(3 Most river sections in central city area are large channels that exceed the width range for

the influencing mechanisms of ecological aesthetics on urban
riverfronts.

2.3.1 Characteristics of Riverfront Ecological Factors

Referred from three decision trees of the URS method, the
research measures the characteristics of riverfront ecological
factors with 14 indicators, concerning material characteristics,
physical habitat characteristics, and vegetation characteristics, to
evaluate the perceivable ecological quality; then, according to the
decision trees, the research classifies, evaluates, and assigns each

indicator".

2.3.2 Individuals’ Social-Cultural Characteristics

[1210811281~132) 31 dividuals’ social-cultural

Based on literature review
characteristics that affect their ecological aesthetic preference
include social-economic factors and environmental background
factors. The former covers age, gender, education level, occupation,
industry, average monthly income, registered household type,
and place of usual residence; and the latter covers environmental
protection experience, the closest walking distance between home

and rivers, frequency of accessing river, and activity diversity.

2.3.3 Individuals’ Ecological Awareness and Knowledge Level
Ecosystem services link the ecosystem with human society.
Enhancing people’s awareness of various ecosystem services
to human well-being helps harmonize the human-nature
relationship®®”'®®. Therefore, the research applies individuals’
cognition level of the importance of ecosystem services to measure
their ecological awareness and knowledge level. The ecosystem
services include four types, namely regulating, cultural, provisioning,
and supporting services, which were subdivided into 10 specific
indicators: stormwater regulation and storage, water purification,
and soil and water conservation® for regulating services; aesthetic
appreciation, education, recreation and eco-tourism, and city image
and identity™*” for cultural services; fresh water supply and aquatic
products for provisioning services; and maintaining biodiversity for
supporting service. The research adopts the mean values of the 10
indicators in related calculations.

2.3.4 Ecological Aesthetic Preference

Gobster pointed out that “landscape patterns are perceptible
instantiations of interrelated, interdependent, environmental
phenomena.”"™ He defined landscape aesthetic experience as “a

: _ _ feeling of pleasure attributable to directly perceivable characteristics
sample selection; also these sections are relatively homogeneous, so only a small number

representative sections were selected. of spatially and/or temporally arrayed landscape patterns.”™* Cheng
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Table 1: The independent and dependent variables impacting the ecological aesthetic preference of urban riverfronts

Data source/data

Variable type Group Factor Indicator collection method
Independent X: Ecological factor characteristics of Proportion immobile substrate
variable urban riverfronts Proportion no bank protection
X1: Material characteristics Bank sediment caliber index
Bed sediment caliber index
Dominant bank material type
Count of vegetated side bars
X2: Physical habitat characteristics Proportion natural bank profiles On-site investigation
Count of in-channel habitats
Proportion of glides
Complexity tree cover
. o Count of tree features
X3: Vegetation characteristics .
Average channel vegetation cover
Dominant channel vegetation type
Complexity bank face structure
Y: Individuals’ social-cultural Y1: Age
characteristics Y2: Gender
Y3: Education level
Y4: Occupation
Socio-economic factors Y5: Industry
Y6: Average monthly income
Y7: Registered household type Structured questionnaire
Y8: Place of usual residence
Y9: Environmental protection experience
Environmental Y10: The closest walking distance between home and river
background factors Y11: Frequency of accessing river
Y12: Activity diversity
Z: Individuals’ ecological awareness Z1: Cognition level of the Regulating service cognition level
and knowledge level importance of ecosystem Cultural service cognition level . ) )
. S . o Likert scale questionnaire
services Provisioning service cognition level
Supporting service cognition level
Dependent . . . ) . . .
variable Ecological aesthetic preference EAV: Ecological aesthetic value Likert scale questionnaire

NOTE The specific calculation methods and formulas for X1, X2, and X3 used in this paper were sourced from Ref. [34].

Xiangzhan et al. also argued that only in perceptible environments, alternating from traditional human aesthetics"®. The research
human beings can acquire aesthetic experience*". Thus, this takes ecological aesthetic value to measure the respondents’

paper shows that ecological aesthetic preference is different from ecological aesthetic preference for urban riverfronts, which means
the separated experience of “appreciation” and “beauty” which that ecological aesthetic value is adopted in this research. Since
may confuse benefits and adverse impacts in human aesthetic the research only explores the respondents’ ecological aesthetic
preference; it highlights Ecological Ethics as the ideological basis preference through visual evaluation, the influence of other sensory
and enriches people’s imagination and emotions with ecological perceptions such as sound and smell on aesthetic preference is not
knowledge. It is a new aesthetic method and aesthetic value be discussed.

VOLUME 10/ ISSUE 1/ FEBRUARY 2022
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2. The map of section samples of urban riverfronts in Kunshan

Table 2: Characteristic of ecological factors of the riverfront samples

Material SNM: Semi-natural (mixed)
LE: Lightly engineered
EN: Engineered

HE: Heavily engineered

Physical habitat SNS: Semi-natural (stable)

US: Uniform stable

Vegetation UVHTconn: Un-vegetated channel; high bank tree cover, connected

to channel
MVMT: Medium channel vegetation cover; medium bank tree cover
HVMT: High channel vegetation cover; medium bank tree cover
LVLT: Low channel vegetation cover; low bank tree cover

LVHTdisconn: Low channel vegetation cover; high bank tree cover,
but disconnected from channel

UVHTdisconn: Un-vegetated; high bank tree cover, but disconnected
from channel

~ © Wang Min, Hou Xiaohui, Wang Fangxinyi, Wang Jiegiong

2.4 Data Collection

According to the decision trees in URS, the research collected
data of each indicator from the 24 section samples, and analyzed
the corresponding specific material, physical habitat, and vegetation
characteristics (Table 2).

Existing research proves that the evaluation results have
no significant differences between indoors and in the field*?.

The influence of irrelevant variables (e.g. weather and time) on
preference can be eliminated by photo editing (for example, using
Photoshop to adjust light and color), so as to better meet the
needs of visual preference evaluation in this study. So this research
systematically photoshopped the photos of the section samples to
ensure the normalized presentation of the three ecological factor
characteristics of urban riverfronts (Table 1).

From September to October 2018, questionnaires were
nationwide distributed to collect data of the respondents’ social-
cultural characteristics, ecological awareness and knowledge
level, and ecological aesthetic preference. Single-choice questions
were adopted for all indicators of individuals’ social-cultural

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



characteristics except for activity diversity (multiple-choice
question adopted). In terms of ecological awareness and knowledge
level, the respondents’ cognition level of the importance of
ecosystem services was measured with five-point Likert scale (1
for not important, 5 for very important) by 10 sub-indicators of
four types of ecosystem services, and the mean value of every sub-
indicator was calculated. Finally, to enhance the reliability and
generality of the result'*’, the research probed into the differences
in the respondents’ ecological aesthetic preferences and improved
the results of optimal scaling regression model by asking the
respondents to randomly evaluate and rate the photographs of

12 section samples by seven-point Likert scale (1 for strongly
dislike, 7 for strongly like, and the mean score of each photograph
was adopted). A total of 504 valid questionnaires were collected
in the survey, and each photograph was evaluated by 222 ~ 272
respondents.

Results of the questionnaires (Table 3) show that the numbers
of male and female respondents are approximated. The overall
education level of the respondents was relatively high, nearly 60%
of them had a bachelor’s degree, and 20.44% had a graduate or
higher degree. Respondents come from a wide variety of industries
and occupations. The overall income level of the respondents was
relatively high. Only 6.94% of the respondents had a monthly
income of less than 2,000 yuan, and that of most respondents
was higher than the national median per capita income level of
2,295 yuan in 2020"*. Most respondents were urban registered
households. Only 36.71% of the respondents were living in the
Yangtze River Delta (YRD) region, and Kunshan residents accounted
for 18.06%—which is also conducive to exploring whether there
is a significant disparity in ecological aesthetics between residents
from different cities/regions. Nearly half of the respondents had
environmental protection experience before. Most respondents
lived within a 10-minute walking distance from rivers. They had a
high frequency of accessing river overall, and 85% of them had 2 or
more activities in riverfronts.

The average score of the respondents’ overall cognition level of
the importance of ecosystem services is 4.260 (Table 4), indicating
generally the respondents were aware of the importance of
ecosystem services provided by urban riverfronts to human well-
being. The mean values of four ecosystem services by 10 sub-
indicators are, from high to low, 4.460 for supporting services,
4.420 for regulating services, 4.190 for cultural services, and 4.070
for provisioning services, which is in consistent with the result of
previous research that provisioning services are less likely to be

[40]

cognized by the public

VOLUME 10/ ISSUE 1/ FEBRUARY 2022

The evaluation results of ecological aesthetic preference of 24
samples are analyzed with SPSS (Fig. 3). Overall, the score of each
photo ranges from 3.84 to 6.08, with an average of 4.97, and the
median values range from 4 to 6. It shows that the urban riverfronts
in Kunshan are generally attractive to respondents. Among them,
Sample 21 was the most popular one with the minimal evaluation
discrepancy, while Sample 12 saw the opposite.

2.5 Optimal Scaling Regression Model

With SPSS, the research conducted a chi-square test of
significance on the variables and ecological aesthetic value. This
research used Spearman correlation analysis with two variables
because the data of individuals’ ecological awareness and
knowledge level and that of ecological aesthetic value are not in a
continuously and linear distribution. Analysis results reveal that
ecological factor characteristics of urban riverfronts, individuals’
social-cultural characteristics, and their ecological awareness and
knowledge level all have a significant impact on ecological aesthetic
value (p < 0.001). Therefore, in the establishment of optimal scaling
regression model, the research used ecological factor characteristics
of riverfronts, individuals’ social-cultural characteristics, and
their ecological awareness and knowledge level as independent
variables, and ecological aesthetic value as the dependent variable
(Table 1). According to the nature of each independent variable,
age, education level, average monthly income, the closest walking
distance between home and river, frequency of accessing river,
and ecological aesthetic value were classified as ordinal variables;
activity diversity, and cognition level of the importance of ecosystem
services are interval variables; and the rest are nominal variables.
In order to quantitatively analyze the nominal variables, the
optimal scaling regression model was used, in which dependent and
independent variables represent categorical variables of different
types. Based on this model, the original categorical variables were
transformed into appropriate quantitative scores by applying the
nonlinear transformation approach to replace the original variables
for regression analysis, so repeated in a loop.

3 Research Results and Discussion

3.1 Overall Affecting Characteristics

The optimal scaling regression model is statistically significant
and has high significance (p < 0.001) (Table 5), indicating that
three independent variables all have significant impacts on
ecological aesthetic preference. The adjusted goodness of fit of the
model is 0.222, meaning that about 22.2% of evaluation results



Table 3: Questionnaire outcomes of the respendent social-cultural characteristics

Age Percentage (%) Average monthly income Percentage (%)
16 ~ 25 14.49 2,000 yuan or less 6.94
26 ~35 20.83 2,000~5,000 yuan 24.21
36 ~ 45 26.79 5,001~10,000 yuan 39.09
46 ~ 65 37.89 10,001~20,000 yuan 17.06
More than 20,000 12.70

Gender Percentage (%) orethan yuan
i 0,

Male 4821 Registered household type Percentage (%)
Female 51.79 Urban 88.29
Non-urban 11.71

Education level

Percentage (%)

Primary or middle school
High school
College or professional training
Bachelor’s degree

Graduate or higher degree

2.18
7.34
11.51
58.53
20.44

Place of usual residence

Percentage (%)

Kunshan
Shanghai
YRD
Non-YRD

18.06

11.31
7.34

63.29

Occupation Percentage (%) Environmental protection experience Percentage (%)
Institution and enterprise worker 23.81 Have participated before 47.42
Business manager 18.45 Never participated 52.58
Technici 12.90
echmaian The closest walking distance between home and river Percentage (%)
White collar or clerical worker 13.89
Education, health, or sport professional 11.11 Within 5 minutes 29.37
Labor; retail, or service worker 1.59 5~10 minutes 31.94
Self-employed 3.37 11~30 minutes 19.44
Unemployed or retired 2.58 More than 30 minutes 19.25
Student 6.15 Frequency of accessing river Percentage (%)
Others 6.15
Nearly everyday 38.49
Industry Percentage (%) Weekly 30.75
Agriculture and forestry 6.15 Monthly 21.63
Production, supply, and transportation 6.75 Almost never 9.13
Planning, construction, and real estate 23.61 Activity diversity Percentage (%)
Public and social management 7.74
Others 55.75 Only 1 type 15.00
2 or 3 types 53.00
4 or 5 types 24.00
More than 5 types 8.00
Table 4: Cognition level of the importance of ecosystem services
Overall Regulating service Cultural service Provisioning service Supporting service
Average score 4.260 4.420 4.190 4.070 4.460
Standard Deviation 0.615 0.664 0.707 0.849 0.811

047
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can be explained by these factors and that some other affecting

7 factors were not included. The tolerance values of each factor

o were all considerably greater than 0.1, showing a high reliability
of regression model with no significant collinearity among

5 independent variables. In terms of the regression coefficient and

1 o o o

significance of each independent variable, factors except average
monthly income and registered household type were all important
to affect ecological aesthetic preference. By calculating the mean
value of the importance level, the three independent variables

Ecological aesthetic value
~
1

can be ranked in order as: individuals’ ecological awareness and

knowledge level (0.409), ecological factor characteristics of urban
riverfronts (0.085), and individuals’ social-cultural characteristics
(0.034).

o o

T T T T T T T T T T T T T T T T T T T T T T T T
12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
River section samples

w © Wang Min, Hou Xiaohui, Wang Fangxinyi, Wang Jiegiong

3. Box plot result of ecological aesthetic preference

Table 5: Results of optimal scaling regression model for ecological aesthetic preference

Tolerance

Independent variable Factor Regression coefficient Significance Importance
After conversion Before conversion

X:Ecological factor X1: Material characteristics 0.156 0.000* 0.101 0.993 0.448
characteristics of X2: Physical habitat characteristics 0.120 0.000* 0.019 0.796 0.434
urban riverfronts X3: Vegetation characteristics 0.210 0.000* 0.135 0.795 0.871

Y: Individuals’ Y1: Age 0.101 0.000* 0.040 0.573 0.615
social-cultural Y2: Gender 0.019 0.000* 0.010 0.889 0.888
characteristics Y3: Education level 0.135 0.000* 0.052 0.796 0.745

Y4: Occupation 0.101 0.000* 0.085 0.865 0.853
Y5: Industry 0.019 0.000* 0.050 0.860 0.850
Y6: Average monthly income 0.135 0.306 0.000 0.866 0.864
Y7: Registered household type 0.101 0.859 0.001 0.778 0.743
Y8: Place of usual residence 0.019 0.004 0.003 0.884 0.874
Y9: Environmental protection experience 0.135 0.000* -0.022 0.739 0.830
Y10: The closest walking distance between home and river ~ 0.101 0.000* 0.035 0.825 0.785
Y11: Frequency of accessing river 0.019 0.000* 0.008 0.740 0.722
Y12: Activity diversity 0.135 0.000* 0.075 0.905 0.899

Z:Individuals’ ecological
awareness and Z1: Cognition level of the importance of ecosystem services  0.296 0.000* 0.409 0.948 0.941

knowledge level

Adjusted

goodness of fit 0.222

Optimal scaling regression model Variance test 42.063

Significance 0.000*

NOTE * means p < 0.001.
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3.2 Influence Analysis of Individuals’ Ecological Awareness and
Knowledge Level

Respondents’ ecological awareness and knowledge level is the
factor that impacts ecological aesthetic preference the most with
a significant positive correlation (0.296)—the respondents who
have higher cognition on ecosystem services, show a stronger
aesthetic preference for urban riverfronts. Therefore, enhancing the
public’s awareness about the importance of ecosystem services can
positively influence the public’s ecological aesthetic preference for
urban riverfronts.

3.3 Influence Analysis of Ecological Factor Characteristics of
Urban Riverfronts

Ecological factor characteristics of urban riverfronts can
positively affect individuals’ ecological aesthetic preference.
Vegetation characteristics had the most significant impact, followed
by material characteristics and physical habitat characteristics.
The public’s perception of different ecological factors is various.
So ecological and environmental quality improvement, especially
in vegetation and material conditions of riverfronts, can more
effectively enhance people’s affection for urban riverfronts.

3.3.1 Suggestions on the Design of Different Ecological Factor
Characteristics

The scores of the optimal scaling regression model of material
characteristics, physical habitat characteristics, and vegetation
characteristics are shown in Table 6.

1) In terms of material characteristics, SNM and LE have the
lowest and highest scores respectively, showing that moderate
engineered riverfronts is more popular by the public. According to
the decision trees in URS, corresponding suggestions for landscape
design practice would be a riverfront with non-hardened eco-banks
and of a moderate engineered level. In the research, Sample 21 is a
LE riverfront and had a higher popularity; while Sample 12 is a SNM
riverfront with the opposite evaluation result (Fig. 2).

2) In terms of physical habitat charasteristics, SNS is appreciably
less popular than US. In other words, generally the public prefer
tidy riverfronts with less changes in riparian habitat and a lower
natural ratio in cross bank section, according to the decision trees
in URS. In the research, compared with Sample 12, Sample 21 is a
typical tidy and less-changed riverfront, and is more appreciated by
the public (Fig. 2).

And 3) in terms of vegetation characteristics, HVMT, and LVLT
were less popular than MVMT, UVHTdisconn, and UVHTconn, while
MVMT has the highest popularity. In general, the public prefer

049

moderate or relatively low channel vegetation cover and high tree
cover—higher tree cover complexity and moderate count of tree
features, accordingly to the decision trees in URS. In the research,
Sample 21 has moderate channel vegetation cover and tree cover
that creat a more inviting landscape effect. On the contrast, Sample
12 is suffering from water bloom, with high channel vegetation
cover and moderate or low tree cover, seeming lack of proper
management. The evaluation result that Sample 21 was more
popular to the respondents than Sample 12 (Fig. 2) proves the
outcome of the regression model.

3.3.2 Typical Combinations of Spatial Elements

In spatial design practice, the result of aesthetic preference
evaluation is usually used as an important reference to aesthetic
value measurement. In ecological aesthetics, urban river ecological
restoration projects are usually in the form of combination of
different ecological factor characteristics (Fig. 4). Through the
selection and combination of varied materials, physical habitats,
and vegetation, ecological value and aesthetic value can be better
integrated that helps maximize the overall benefits of urban
riverfronts. Ecological restoration practice should prioritize
those combinations with high ecological and aesthetic values. In
cases with spatial limitations, combinations need be selected in
accordance with functional demands of the specific conditions of

Table 6: Scores of optimal scaling regression model of material,
physical habitat, and vegetation charasteristics

Ecological factor Score of optimal scaling

characteristics Name regression model
Material SNM -2.0
LE 1.6
EN -0.6
HE -0.2
Physical habitat SNS -2.2
Us 0.4
Vegetation UVHTconn 0.8
MVMT 2.6
HVMT -1.0
LVLT -0.8
LVHTdisconn 0.1
UVHTdisconn 0.6
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4. Typical combinations of ecological factor characteristics of riverfronts in urban river ecological restoration practice

riverfront sites, to make trade-offs or alleviate value conflicts with 3.4 Influence Analysis of Individuals’ Social-Cultural
engineering techniques, design methods, and social resources'*’’. Characteristics

The characteristics of ecological factors of attractive urban In order to further explore the deviation of ecological aesthetic
riverfronts often include: 1) lightly engineered and non-hardened preference by individuals’ social-cultural characteristics and related
banks; 2) less changes in riparian habitats and lower natural ratio impacts, the ecological aesthetic deviation (EAD) is measured by the
of cross bank section, creating a tidy physical environment; and 3) absolute value of the normalized difference between the evaluation
high tree cover with diverse and complex vegetation communities. results of ecological factor characteristics of urban riverfronts with
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the URS method and ecological aesthetic value. The value of EAD
represents the degree of difference between evaluation results
of Ecomorphology quality and the public’s ecological aesthetic
preference—the higher the EAD value, the greater the difference
between the public ecological aesthetic preference and the
ecological quality of the riverfront.

The research conducted a Kruskal Wallis (K-W) or
nonparametric Spearman test on individuals’ social-cultural
characteristics and EAD, and the results (Table 7) show that age,
education level, occupation, industry, average monthly income,
place of usual residence, and activity diversity can lead to significant
differences in EAD (p < 0.05), while gender, registered household
type, environmental protection experience, the closest walking
distance between home and river, and frequency of accessing
river had no significant correlation with EAD. However, there are
great differences in the K-W test result for place of usual residence
and EAD between respondents from Kunshan and Shanghai, and
between respondents from Shanghai and non-YRD regions, while
the EAD of rest combinations in terms of place of usual residence
had no significant difference (Table 8). Table 9 discovered that
Shanghai respondents had the lowest EAD while that of the
respondents from other regions was relatively high. This might
result from the construction of urban ecological riverfront projects
in Shanghai in recent years, which promotes public ecological
education and improves citizens’ ecological aesthetics.

The research further conducted Spearman correlation analysis
of four ordinal and interval variables with significant differences
(Table 10). The results evidenced that age (r = 0.214) is positively
correlated with EAD, while education level (r = -0.228), average
monthly income (r = -0.091), and activity diversity (r = -0.189) are
negatively correlated with EAD, suggesting that the respondents
who are younger, with a higher education level, a higher income,

and more diverse environmental protection activities normally have
a lower EAD. Strengthening ecological education and developing
diverse activity programs can promote people’s understanding and
awareness of ecological aesthetics.

4 Conclusions and Implications

By defining the concept of “ecological aesthetic preference,” this
research explores the public’s ecological aesthetic preference for
urban riverfronts. Based on the triple framework of the influencing
mechanism of ecological aesthetic preference, 24 typical river
sections in Kunshan City, Jiangsu Province were analyzed through
the correlation analysis and with the optimal scaling regression
model to study the affecting factors and related influencing
characteristics.

In conclusion, individuals’ ecological awareness and knowledge
level is the most important factor to ecological aesthetic preference,
followed by ecological factor characteristics of urban riverfronts
and individuals’ social-cultural characteristics. Here are several
suggestions for urban river ecological restoration practice.

1) Differing from traditional aesthetic paradigms, ecological
restoration projects that improve urban river health should
integrate and assess ecological factor characteristics in the process
of aesthetic evaluation. Riverfronts of inviting landscapes and
with ecological factor characteristics of both high ecological and
aesthetic values (such as lightly engineered material, tidy physical
habitat, and high bank tree cover) can be created to optimize spatial
environment, and improve riverfront aesthetic quality as well as the
overall ecosystem services capacities.

2) Prioritizing the enrichment of aesthetic experience, future
practice should provide the public with better landscape perception
of river ecosystem services, in order to enhance their ecological

Table 7: Test outcome of social-cultural characteristics and EAD of the respondents

Social and Y1: Y2: Y3: Y4: Y5: Y6: Y8: YO: Y10: Y11: Y12:
cultural Age Gender Education Occupation Industry Average Registered Place of Environmental The closestwalking Frequency  Activity
background level monthly  household  usual protection distance between of accessing  diversity
characteristics income  type residence  experience home and river river

Significance 0.000*** 0.461  0.001** 0.000%** 0.000***  0.010* 0.483 0.000***  0.728 0.069 0.833 0.003**

NOTE
*means p < 0.05; ** means p < 0.01; *** means p < 0.001.

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



Table 8: Results of K-W test of EAD and place of usual residence of the respondents

Place of usual residence Kunshan-Shanghai Kunshan-YRD Kunshan-Non-YRD Shanghai-YRD Shanghai-Non-YRD YRD-Non-YRD
Significance 0.005* 0.496 1.000 1.000 0.000* 0.215
NOTE * means p < 0.001.
Table 9: Mean value of respondents’ EAD with different place of usual residence
Place of usual residence Kunshan Shanghai YRD Non-YRD
Mean value of EAD 0.494 0.417 0.454 0.495
Table 10: Spearman correlation test results of the social-cultural characteristics and EAD of the respondents
Individuals’ social-cultural characteristics Y1: Y3: Yeé: Y12:
Age Education level Average monthly income Activity diversity
Spearman correlation analysis
Correlation coefficient (r) 0.214 -0.228 -0.091 -0.189
Significance 0.000* 0.000* 0.041 0.000*

NOTE * means p < 0.001.

aesthetic experience. When ecological and aesthetic needs conflict,
restoration projects should prioritize primary goals by using
ecological engineering approaches (e.g. building multi-layered
banks) that can improve both ecological quality and aesthetic
experience to meet various demands.

And 3) optimizing value cultivation, by acknowledging the
public’s ecological aesthetic deviation, related practice should
employ spatial design methods in accordance with traditional
aesthetics in the short term, and promote the public’s ecological
awareness and knowledge level through ecological education
(for example, displaying the beauty of “weeds” or “wildness”)
in the long run. Coordinating ecological and aesthetic values of
urban riverfronts is means to enable the endogenous power for
sustainability.

There are still deficiencies in this research. In the model
establishment, the incompleteness of affecting factors determination
and the limited sample size of respondents might cause bias in
representing the public’s ecological aesthetic preferences; Besides,
the URS method might be localized in the application of ecological
evaluation of China’s urban riverfronts, because different from
the UK where the URS method developed, China’s river ecological

VOLUME 10/ ISSUE 1/ FEBRUARY 2022 052

restoration practice started late and dominated with heavily
engineered river banks. Future research needs to explore empirical
evidences that test the rationality of the URS method, or make
appropriate adjustments adapted to local conditions of China’s
urban riverfronts, such as introducing indicator species of specific
habitats and adjusting the length of river section samples.
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O AXFERG —IHENRAREERFER SN PFEBNESNERED “THaE” (It
RELVBR FENZHERESEANNSFE L) , DE UERD" BRIOAEFOEN

BHENE—WNAERGFRIEE ( Eichhornia crassipes ) 23, HMESMEMNBIHERLES
KRE—BMEE T (EF R ENAAIEMI AT YIEFZ NS (SNSE G [18]) »
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PR AR, 578 T T2 N BCHAR HIELEE A e 3 i i
U ) A A S A A S 5 o SR (B R LA 2R S I BRR R

2 W54

2.1 WFFEHEZE

PEASTT LIS, AT A 25 B R B R AR T 2 B W HL A 5 R
iR o, AR AR LA Y SR AR A I, A
O F SR ME AR R < AEH Kb Vs M IEE g <y B
K ARBRFHR, R AR AREAEASENE, o5k
B AW IS, TRl AR S R AT R e A 2 A SR i X
Klmbr A 5m . R, AR “AERT RIREF” & ATEN S A&
A FORAE ] BB R o AR R AR, R R R,
NEAEABRRLGERRE ) 58 e m) . MRV AR ACE S R E T
i PSR 5 B AL A 1) SO As WLTARY

AN, B SCERFEBA, 5200 28 AT 30k T 0] U 2 R] o S& s - 1 I 2R
T B H RO T ARARAE . Hop R AREIEE . 1) P Bas|]
FER (WA, Y. s N T A siss ) PP 2) g5 HRfE
CanFFiate . dhitE . ELetEmE JutEs ) PP 3) FREETE R (W
SRR . MR St e U 2 h 45 ) I OB AR AE U T T
W2 M SN E . AEATIRE . HESTIRES ORI AU, e
g, BRI A [ 2R SRRSO AE SR . ERFEEN
ALE AR P R B A BRARAE , DA 2 Pl A BOEE, TR
SEHASI . SO E AR T AL 7 5540 2 Sk 15 502 A oY
, EIRETE F R AE GERR okt 2 AT 5

TR TR TR I A - BB E B UL AT
DR AL, AHIE SRS A TR X T R I A [ 4 A S A O e e — L AE
2L 2 1) ERTHEERFRAESEREE “CHREEM EE R ;
2) TR FMEA ST 5 W - JEscE” pNFERS:; 3) BT
ARG PR “BEHEEAL B RUERE . Bk, RN ER
FRAE . o 92 FiRAE S SO TS SR AR S R TS TR K P2 X A 28 5
7 A A B 14 =D R TR T

2.2 MIRMR

AR SCHEWCIL 548 B Ll VAT 3t 2 TR R TR 8 % 5 o B L i b Ak
TR U D] 0l DX, K D A 135 A 2 FLTTHE R, T I K A T
U T R R 16.58%™ 22 NG sy, B (L mii il i A7 AEAS [l i
BEM AR, RS HBIR . K BUEAL . K SO s R AR B AL
o EFERKIRESIR S A BB R E KR TR MK E A 2R
AR 22 SEEIII RO, DI, ASIFSY 38 A S e B AR AR R 5 e AE



A 1 MRS IR0 2 A S D 4 B 1 RS R

AR e HHEIH 7 kb U
HAZE X BARAESERRE (&1 7 B 5 LA
R AE LA
X1: #F ey ME V=AY ]
AR TR RE
EEvE ) e=E Nl
T RO E 2
AR Tl B SR EA] JE I B VA I SRS R R R
X2: %E$Eﬁi (ﬂi&ié’iiﬁﬁéﬁg?&%
i LA
FERE R E L
TR ARFHIER R
X3: MM TR AR 7 ) E
= N A A A
Al R H S5
Y: EfRESbE R Y1: 4
Y2: M5l
Y3: ¥
Y4: Bk
AR T Y5: 17k
Y6: EHAIA
Y7: P§E SR L8 2 [r) B R EL
Y8: JE{EHE
YO: AESMRE
RIS B R YM:%%%@ﬁ%ﬁﬁﬁE%
Y11: EEflir s
Y12: 7807 SRR
Y& AR S5 INEIK -
ARSI
s AEREIR THIK s BB RS ey} ou R R RTE] R
Z: BB IR FEIRK 71: EBRGIRS EEMINFIKF N - iR R R NI
AR S INHIKAE
SRS AR R ERFEMGEME (EAV) R R FRIA NG IR

i FEPIFERTF X1, X2 71 X3 WEAHERES ARSI [34].

GEFT T A SRR A S, BRI T AT B SO A 25 5 T2
Vi W B HAVARS:, ST E

S5O ROCTHERI TR, A5 A BAAR A B L1 b B 50 a0 R Sk RGO B L
O HEA TR A A . AR R T ) T A AR AP ] ) e A
W LR L R AR, DA S AR S R AR TR, R
20 ~ 100m Y3 o J5 2% SR WA e A (RHS ) A i3k i vl v i

(URS) JriEt (s ik i 3 MR bR IR A L, 3 0 TITAG 32 A6
AN TR JBE - 4J0 18 08 T O ) RROIR O, B A 5 v ) T R A P A S A
J2 I B 2 L A 300 T TR DA O i 22— A e AR T O AR B T A e
WA R e BRI BE 300 ~ 500m i B B
BOHE IR LTI S AN 227 ST 962 1 B REAS 5 K B LL i L3
DX HPIRIXFIRIARIK £ XA R S 1 8 55 7K ZR R )R] I 25 ] o
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B BN LA 29 50m oAy BLRERE 3 S REASTT BRI 23 s A /MR B, AR
WLIAE A5, I T 2018457 A JT i I B 8 A —— 1 i B A7 7 (52 DI RE A9 AH
Pl FHLR HAET A, RERE, S URSHAMEER, HIANE
GG R . B TR | T B S BRI B AR AR A . okt
Gt 22 J0 W I 22 e AT AL 2 ) T 5 Qb S AR T, P e A
ASAEATT LA T TR0 245 6] 4 0 A A A R IE—— R TR | BB
TR (1), e vk 244 ML) B S5 B REARTT B ([812) @,
LR AR T | 2 ) BB 2 T A O R AR T

2.3 ZRIE

B 2 T 1 A A 3 T 9 3 2 [ SO Gr S, A B IR E SR
fit  EMAE 2SO SR S IR R RUK 58 SO A AR, R AR
TR A T (1), MR BTS2 Sl T Jo 2 i) 14 A 25 S i A 7
FAE AL

2.3.1 BRATERIFE (X)

S URSTIIE T B =280/, DR E b Al (X1) . 9
FHERBEIEA (X2) | MEHER (X3) =7 N a4 Bk i &R A4 745
B AR VT 48 AR AR Ry 8T AT U S 18] B A B i A 25U o P RR A Y REAE
IARYE DR S £-H8hR 32 . PPN FIIRAE

2.3.2 EELscE R (Y)

ARG SRR A B2 IPER g gk e A A SR A 1 AR S kT
5, BAEHSAFE RN TR R b, faaii iy
AEZ VI AR (Y1) o PER (Y2) | 2407 (Y3) . Bk (Y4) |
il (YS) L FHAWA (Y6) . & (YT7) FUmMHL (Y8) 5 i
W SN PO AESHRED (Y9) | 5 i ik 17 i 3
(Y10) | BEMRNAAR (Y11) FiGsh i X2 rerE (Y12) .

233 BRI (2)

BRGNS RMERRGE G NSRS Z R B R, A0 LU
WA R ARG MG AR AL EE A, EMAS AARNER
SABAES M EN ) N, ARBETOR  9E EA AR S R G R 55
PEINFIKY (Z1) AR HA SR SRR B 5 8- pFge bl &
MAS RGNS WHERTT . SCb . HEes 5 SRR S RS, IR HE IRk

@ (BUmyEELFRFNL) BEMNTRYTEN S 5 Ko
@ hOEKITRKZETMERE, TRKE, BHIAFEEE; BEURENERN, PEFEKE
BEAEREML.
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SRy R 10T I R M5 WA R B E L KB L K R
R SCARIR S AR S R . A L IRIRR A AR 3 B R s Ik T 4
SCARRR I, RS IR S5 AL FE SR BRI R ™ i 5, DL RS R IR S5 A4 32
FHEYZ RS . 10D T IUR AR BAATHR T IS TR ME

2.3.4 A2 S 4F

KL RS UM R (patterns ) JE 2SRRI . AHE SCER SUAH
FARAFIME NG R (instantiations ) , AR SO SRS v] 30 i B
Fe B 7S [8] / W R] 23 L G 0 SOUAR SR REAE 77 A B sz, VAR o 55
AR NS FURE DA AT RN 3] 4 PR B 4 v BN o e A B S
PLEWLA, ARSI, AR Rl AR T ANRH L™ A
Pras®” 0y W - 387 R UARL:, BRI DA SR B g AR,
AR AIRFE AR 51K, 2 —f B R ARG T L 0H
AU S5 SR WY BT DA A S R AT BIME (EAV) —— 132
T 6 Ik T TR L 2 ) = R O - I —— AR M AR S B R n 3R
TER o ARWFSEAGRTEA RFE T HEAT PP, SO A IS & A
I S8 At R P 208 7 S (i e 14 5

2.4 Bk
5 AT B\ o SR B 244 FEAS T B i F8 A i, FE T URSHEH Y
PRI, OB AT AR 25 T TR N AR RS RL | BR85S R

(#£2) .
20 FEARMAE AR
e T ERIES (SNM)
BETEL (LE)
T (EN)
HEE TR (HE)
WHEREERA IR EARE (SNS)
MERE (US)
EE e TCIEREY, FEFARRE S SMEMERSE (UVHTconn)

EMER S REAARTE SRR (MVMT)
BN S SR, FREAAPEER (HVMT)
EMEPR S REAAMRERER (LVLT)

B IRE SR, WEAAKEE SR ARSI ERER
(LVHTdisconn)

TCIERE S, FRTRR G E &R RS E
(UVHTdisconn)




CAHBFRERY, AMTEENITFN SRR () WM rEs Ris
BEESW . I A A (AR FHPhotoshop G € ) AT BR
ANAHDCAE 5 (AN RAFNEFR] ) X &7 2F 0 B 52 e, LB G- JE A o
TRLDEVEAN O 7 (9 7 5K o IR0 FH 8 e A 2 o S AR 2 (409 i 25 ] R
AT RGEACAL R, DABRORAEAR A R VP B AR S B R A 5 11
SPREAE R AR DRI A 2 TEDREAE. (AR SR AR ) o

20184E9~10H , BT M) 4 [ Ao A ) 4, R4 F RS S0 fb Ty
s AERERSHSUKF AR B =5 fE B Hrh, Bk
LA SHE BRI s N REME (Y12) SRECEEBIE AL, HRI
BRI O . X T AEREREAVUK-, ZUiE S RGIRS
BRI R AR XS KPR ] Tl 2 ok i Rk (1 URIRA T, 5
SPRERARTEE ) |, XU IRSS KRR 10 FIgE T4, T A F
TR F- 141 43 (AR 3R 32 T 56 SR AR (R A 28 3R 49 e 5 A B MR A IR o
W, R AR ER T R 255, Hmas R T 50k 535S W OE
A5 S sne e RUBE I AR R 5 0L 32 1 3 5 3 ik L 4 i 4% o A o 2 1 Bl
BLVEH 125K FF B B8 —— 32 D7 AR~ A% BB R T 5 W £ 388 Tl ¥ 3t 25 1]
HEBRES (UMGERBAER, 70RFRER) , REITHEIBEK
W PP P20 ME . W9 e 28 DSCA A80 £ I 45 3L 1150440 , R ok IR 4R
58222 ~ 272 NIKFA o

B A LSRR (R3) , ZUEMWEN MBI, TSN TIH
KARIETT, 20.44% 13258 M KU E2EDT, BIRZHE KR
ZUTE AT A R 2 AR 6.94% 132 Ui A AR T2 000
TG, KRS T202045 4 [E 5 AP K- i 82 295781, Al
AN Z VB2 5 W TR, K= MX 280 5
36.71%, AR IITER (518.06%, 3t Fl TR A R i {5 1 iy 5
RN RN B 25 AESWRMCE N2 iH R, £
B2 Ui B A SR A BE B AR 103 B A TRE BYG FEI LAY s 52 U5 e fulil it
IR AR R 5 85% 32 U8 S AT 2 [ HEA T 270 S LA E 13 3

ZUIF N AR TS R GRS BRI A R 4.260 (£4)
FeW 2 73 © 38 i DA R 8 388 T VAT U 2 (R BT B AL A AR S R G R g5 0 T AR
FEME R FEEEE . X104 AE 28 R G0 IR 55 - WU 4l 6] 17 i 55 25 70 3 2 1y 34
EITAL R WoR, BRI AR S R R SR RS (¥1H4.460) . JHTT IR
% (¥{H4.420) FCARMRSS (H91H4.190) LIRSS (H11H4.070) B
ZAL R EM . AR S DIEMTE T, SR IR 55 A 5 A AR Y F
FEEE A — 2

WFFEAR B SP S SERA I3 #r 24 5K FF B IR Py 119 A2 25 17 26 Ji 4 I A1 25
(E3) . BEEH, A B YE i 1E3.84 ~ 6,085 Z (8], AW
EAw bV ME R 4.975), BN TEA ~ 653 2 08), KBTI 7 B AGRIY
B 1L it % () i 2 B 2 D B o o, MEAR2 1R 325 2% HTHr 22
S/ BEAR 1232 5 B B SR BV M 22 ook

2.5 B R B Il A B et

HRAEHISPSS V&, X2 i 548 W R MmiF-F4E (EAV)
PATHIBR R R RS AR E IR UK S EA VA 2 ES: H 2P
MR, RME A Spearman XU i #EATAHOCHE 738 o 045 SRR W], I
T 3025 (8] (9 & A AR S R ARAE . R RHE & S0 s SR AE S B IR R
AKOF XS e e R 2R H W M AR /N 170001, BISEm 5. itk
EXERAEBERFE (X) . FRESS0iss (Y) AESERY
PR (Z) =g RAs (A4 ) , EAV IR (HA2
), DA R AR (1) o JFARS A P AR i ) B
i, AR (Y1) o 2405 (Y3) . SFB¥AMA (Y6) . AR Sl
AATHEE (Y10) | Mg (Y11) MEAVE ChEFAE R, 58)
FREHE (Y12) FAES RS S HEEAFKT (21) 2 LR ERE
ik, HRRERAE ., e A8, AHFI0 sk B U RUEE [l 5
RUFEAT o3 T ———2 A5 R Fev/F DR AR H R A8 RO R TR R R o0 AR i, A
IR b, A Lt AR Ty v R T 43 S A e e A TS > ) AL
AR A R HEAT A 5307, DA R %40

3 W& RS

3.1 BRI E

WA SRR, e RS [P AR e 24 L =
(p<0.001) (F£5) , VLB =41 [ A8 GE B0 A  SE A - A 2 52
Wi 5 A5ETRY (0 R S UL O B R 0,222, SR IIARHIE ST P A RRAE Y T A R 4
22.2% WA S MR AF A A, A AL PR 2 RN A ST . A RAIE R
MAEZEH B ERT0.1, RULHEFRITCEMILLEMICR, MIERIRIZE
TEATAE BE e o AR AR AL i AR DR [0 U 2R 08 3 A el L, BR
SERHA (Y6) FFEE (YT7) Z A HAD R -1 S5 e A 25 1 S A 114
FENFE, RIEEEERIRE S E AL =R AR mEE (RITHETE
B AW A PSS E G ) BB . AR RKE
(0.409) . BHALSEERIFME (0.085) MFEMRHLILTT S (0.034) .

3.2 BRI G HBUK PR WRAE

ST B AR 2 TR SRR IR Y2 R 0 3 R 4 1) A 2 O D 4 1)
HENE, WHERFIEMRER (MHRHCH0.296) , KB AL
RO A5 W25, RS AT s 8] A 2 A R . e R L, RS
EIREUKCE-RERS 25 S R R 5 AT SE RO, R THA ARXTHE S R S5
B AR DA AT R AR X T ] 9 2 ) 94 A 2 T S A A

3.3 BIMES LA ML
BB S BRI A A S I A 4 R A AR 1 R, BRI

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



#* 3: ZyiAt L RER

AR Lesl (%) BRI sl (%)
16 ~ 25 14.49 2000 TERA R 6.94
26~ 35 20.83 2000 ~ 5000 JC 24.21
36 ~ 45 26.79 5001 ~ 10 000 7C 39.09
46 ~ 65 37.89 10 001 ~ 20 000 J© 17.06
P FEB (%) 20 000 JtAE 12.70
5 48.21 a1 el (%)
« 51.79 W 88.29
=215 FeBl (%) AR 11.71
SIEEINIEN 2.18 JEEH el (%)
. R RIRAR 7.34 A 18.06
KL 11.51 g 11.31
AR 58.53 K= H A X 7.34
fint: & DA b 20.44 JEK=AMX 63.29
g4 Lesl (%) A BIMME D) Lesl (%)
MR, Sk 23.81 = 47.42
&= N 18.45 % 52.58
FABAAG 12.90 (PR 5 A1 TR HBI (%)
8 AT SCHR A R 13.89 R 29.37
Bom, TEMRE TIEE 11.11 5~ 10 436h 31,04
T B R H Attt = RS AR 1.59 11 ~ 30 434 19.44
TS 337 30 Z3h AL 19.25
Tk, Rl AR B IR IR A R 2.58
e 615 FfinT iRt Ll (%)
- 615 2, JLTFEREES 38.49
o, Bl 06 e, GRS 30.75
R, RA—PH—R 21.63
e BRL ARG L 6.15 LT 913
HERE, R, SEHHEEAT L 6.75 —
MR, HE, PR 23.61 WANTTAZ A w0
S SRR L 7.74 B 15.00
il 55 75 2. 3 FhiEZ) 53.00
4. 5 gz 24.00
5 FRA 753N 8.00
i 4: ZUIBEERGNRS BEMEINADKE
R VAR SS BEZE AR X F RS
THIE 4.260 4.420 4.070 4.460
P22 0.615 0.664 0.849 0.811
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2 5 A AT BRI b4 R

wi
HA R FHERF EVEEY4 BEM BN
g i)
X: B4 X1: Mmss 0.156 0.000* 0.101 0.993 0.448
W RE X2: YRR 0.120 0.000* 0.019 0.796 0.434
X3: FEPEA 0.210 0.000* 0.135 0.795 0.871
Y: B e Y1: 4R 0.101 0.000* 0.040 0.573 0.615
Y2: R 0.019 0.000* 0.010 0.889 0.888
Y3: %5 0.135 0.000* 0.052 0.796 0.745
Y4: Bk 0.101 0.000* 0.085 0.865 0.853
Y5: 47k 0.019 0.000* 0.050 0.860 0.850
Y6: EHHIRA 0.135 0.306 0.000 0.866 0.864
Y7: P 0.101 0.859 0.001 0.778 0.743
Y8: JE{EH 0.019 0.004 0.003 0.884 0.874
YO: AAIMRZT 0.135 0.000* 0.022 0.739 0.830
Y10: RS i B 41 7 R 0.101 0.000* 0.035 0.825 0.785
Y11: Befihinl s 0.019 0.000* 0.008 0.740 0.722
Y12: iGEhy e het 0.135 0.000* 0.075 0.905 0.899
Z: BV Z1: EBRGIRS EEMINHIKF 0.296 0.000* 0.409 0.948 0.941
TR JE ol i TR BILE 0.222
F LR 42.063
B 0.000*
& %83 p < 0.001.
IS S A EE THA B TR A AR B AR i 2 0] i) = 2 AR . o, F6: MR, VRIS R SR R LR ) SR B AL PR oy 32
PR (X3 ) XA R R b 15 i fe ol 3, HUOB MR R gz - AR R R
T N
(X1) , WFIEREEAM (X2) MFSIAELES, WA DO AR A A 2% A BRI LISy
B SE R BN AT e 22 5, SO BB R ME MM AT psm  maRRa -2.0
AR T A QKR e 2 D ) 2 B I TR 16
T -0.6
‘ o TR 0.2
334K AR ER IR
PR (X1) . WBHEREEEAY (X2) SR (X3) il VIR R BT 2.2
PE B B L5 T 6. == omERE 04
A T SRR A A AR5 B NE e . . N
) MBI LR SR CSNMD) BRI RART AT pon ey, w0 5 e 0.8
R TRAL M B R, M TR (LE) BB e T TRl R S TR R R 2.6
(EN) FIEE TSR (HE) , RIS A5 B A TR0 5 52 3 TEEEEE G, WRFATE RS -1.0
[ . , . . S TRIE A 5 17 2 TR AR (IR 25 3R -0.8
ISIREE . ARYEURS T 1 SR A0 B A% 1 1) EL VR R —— 1 R A2 7E 1L f "
‘ B e MR SR, WA SR LRSI 0.1
\ X LLL > Fr e L > Sy 4 52 N —1 ] L
BlE P DR A A SR O R AP i S A SRR AR T 2 A, [R)RE ToTIERIYE, AT T o LR 5 A A 0.6

0, FERTIEH, FEAR2URRE TRACIERL, W ER, 2N RE%E;
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* 7 ZViB BRSNS EAD KSR

EXNS- A Y2: Y3 Y4: Y5: Y6: Y7: YS: YO: Y10: Y11: Y12:
EE R FER R 2 Bk 17k SEE AW PR EEH AESUMESLS  ES5REIESTEE  EBEERER TSRS R

BEN 0.000*** 0.461 0.001** 0.000*** 0.000*** 0.010* 0.483 0.000*** 0.728 0.069 0.833 0.003**

i *%Ep < 0.05; *%Ep <0.01; ™ {z*Ep < 0.001,

8. ZYiHF{ENY EAD I K-W K5 sonf bez
it Bilim— kigm Bld—K=mHMX  RBlWm—ERK=AtKX  bET-KEAEMEX RET-IEREABK KEAHEMIEX — R R =mAX

BEM% 0.005* 0.496 1.000 1.000 0.000* 0.215

i "% p <0.001,

FEAC 12830 FARIR G287 ﬁ—éﬂfﬁ% HARBIZRBR (E2) . (LVHTdisconn) . JoiMiBAEHE, T Fe A 2 55 5% HOR 55 Tl 38 A i 4%

2) YIBEIAELEA H, UT H AR E A (SNS) IFr ] AR T (UVHTdisconn ) FIJCIMiEAE B, T I% A 5 2 25 5% H 5 Tl 3 AH % 2
MR FERBL (US) , RN b BRI i 25 18], ARYEURS Ty (UVHTconn) , T EAEY S FEIFATERE (MVMT ) BIF5r 5
T PSR B A ELAR TS bR —— R o B A B B AR SRR RV RN ARAR e BRI, AT G 3 rh s Xl A A v T T A 5 R S R TR
SR W7 IAT LU ) S5 R A 30 T T i 2 1] o AW SE HRE AR 2 LA R A 125 i TeARBHR, MRIEURSTr ik 1 PSR XTI ) BAR R bR —— T AR
e, BIMRE SPITE, BFmIEa T (E2) , BAAGAREL. SATERGE . IOARBGERHEE h A, AT, AEAR2 1T TE A B S

3) HEHBEE Uﬁﬁi(ﬁ R AR R MERT D o N L Te AR R, SOWSCRAR; FEAS 120 38 i A 2% 0, AT AR B e 2
(HVMT) | WEM#E S ESARAME SRR (LVLT) MIFs0 F, WEHAAPMEE SR, BB EHZE A2V &
I T V0 ﬁﬁﬁ%%i T T R B a R AN 550G A (K2) , HEZAREZ, FET BIEABR AT

FE EH: I

3.3.2 WAL A
e 7 TR ST B LA 5 7 1 B 65 A S 45— 51
A (LA TS T R T U A 06 5 10 A 2 0 20 G AR A %6 A
BRI ALS (F4) | MR YRR Bk
9 2 W) 1 5 L A 0 A5 R 0 S (B, BRI T T3 2 )
ELHREEPRHE 0494 047 0454 0495 AR A A R W TR, TE RSB SR, AL JE e A
Br(ERN T 2 00 RS IO 2K s (R AR PR R B0 T, TR I 32 il g
FE LT R 5 U ST O B A TR | T R
Lo AR GBI e M 8 b 2 078 VAU LA 88 W7 | ) 9 kvl o
#210: ZVHE MWD B RS EAD B & Spearman K545 8 AR ERENEAW TR, 1) RAHRE TEA . BT
B s 2) G kIR TR A R (N [ SR 2% X MU R SE O

% 9: ZPiFm{E) EAD ¥{H

JE At B ki K= HAbX R =MMX

TR A s Y1: Y3: Y6: Y12: A
R =351 SEH AN IEIT R R PG 3) TR ARE SRR, R, BRHE A2k,
Xz (r) 0.214 -0.228 -0.091 -0.189
Spearman 3.4 ERRE 2 LTS R
AR SEE 0.000% 0.000% 0.041 0.000% N .
R E— R RS R RSB A S E L 25, DA
s *Ep < 0.001, TRZEF=A R, AT R R A BB R IE LR URSLER N G 45
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REARH EME-FE (EAV) & H—1b 5 2508 00 46 6 A DL LR
WS H EMZ (Ecological Aesthetic Deviation, EAD) o EADKAR/
FAE TABIELES (Ecomorphology ) it P45 5 A A 25 o i &
PERERY 22 AR R, BVEADBOR, 20 ARAE 2T i 5 YTt 25 18] ) A= 2 5
2R,

R B S0 R S5 AES W E M2 (EAD) ##47Kruskal
Wallis (K-W) HSpearmandi 280k, 45REY] (£7) . FiE
(Y1) . 205 (Y3) . Bk (Y4) | 47k (Y5) . FHHKA
(Y6) . Jaflsh (Y8) ANGah X ZHEPE (Y12) SR AT FEHEAD
(p<0.05) WS B, MU (Y2) . PE (Y7) . AR
IR (Y9) | AT EE i i i AT R ES (Y10 ) 42 f Jaf 30 45 2%
(Y11) WSS EADTC B E . X R4S EADHITK-WE T, &
BRI BT 2058 M T 5AEK =M Z U5 & B EAD
2R, MERAFEEMAEGNZVIHEADBE T 3 (K8) . R
orf, JEAETF RIgETRZ I HEADRAR, HAHX Z Ui #H EADHXEE,
AT DA 4 Ok b MR A 25 AR T Tl it 2 () 1) i 2 b, SR A
BME, AREBBRIT 2R AERHE, Rk T i E RS %
MIHE

TR — L RBANFEREEFRANET . EEZEHT
Spearmanff CHEAHr (£10) : 8 (Y1) (r=0.214) SEADEIEA
Ko P (Y3) (r=-0.228)  FHHIA (Y6) (r=-0.091) FIif
SRR (Y12) (1=-0.189) SEADR AL, RI4FERR/N, 2%
il . F WA WSS U R, ZUTEEADBUN, K
W, AR AR S E IR NS B 75 2 2 R M T AR 2 Ao AR 2 56 Y S
5

4 855 TR R

WRoiad AR S LT MR RE . RIE T A AR T R R
23 (6] B AR 2 T SR G, e = EAE SR A 2 S e 2 T L A TR ) B
b PIVTIRAR Bl 24 SR BEAR M AR e X &2, il ad A OG0 AT 5 i
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